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500th anniversary of Gabriele Falloppio’s birth

Alessandro Vercelli
Department of Neuroscience, University of Turin, I

Gabriele Falloppio (1523-1592), from Modena of 
noble origins, lost his father Geronimo at the age of just 
10, and due to his family’s fi nancial problems he had to 
become a priest, inheriting the canonary with a fi nancial 
income from his uncle. However, he never exercised his 
function and aft er a few years he abandoned the eccle-
siastical condition. He studied fi rst in Modena, then in 
Ferrara and fi nally in Padua, where it is not certain that 
he was directly a pupil of Vesalius or rather belonged to 
his school. He became professor of Pharmacy in Fer-
rara, then instructor of Anatomy in Pisa and, in 1555, 
professor of Anatomy, Surgery and Botany in Padua. 
Finally, he obtained a professorship in Bologna, where, 
however, he was unable to move and died in the mean-
time, it seems probably of tuberculosis. His favorite 
pupil was Hieronymus Fabricius (Girolamo Fabrici 
d’Acquapendente).

Of him we remember the enthusiasm and skill of 
the teacher, and his important clinical activity as a sur-
geon. His work as an anatomist left  an indelible mark on 
all anatomy books. We owe him the description of the 
uterine tube, the ileocecal valve, the canal of the facial 
nerve and the hiatus of the superior petrosal nerve 
(which took their eponym from him). In addition, he is 
owed some medical terms such as vagina, placenta, cri-
coid cartilage and tympanum. We owe him one of the 
fi rst descriptions of the arterial polygon at the base of 
the brain (which will go down in history as the circle of 
Willis).

His main work, published at his expenses, “Observa-
tiones anatomicae”, has no drawings, as it is a commen-
tary on Vesalius’ treatise “De humani corporis fabrica”, 
of which some anatomical “errors” are corrected. His 
contributions to Anatomy are fundamental and range 
over all systems and organs.

In addition to his teaching activity, Falloppio was 
an original doctor, and his treatment of nasal polyps is 
remembered and, shortly before his death, he was the 
fi rst to have proved the importance of the use of con-

doms in preventing venereal diseases, aft er having tested 
in 1,100 subjects, in a real clinical trial in which none 
of the subjects fell ill with syphilis, published posthu-
mously in 1594. In reality, although it is one of the fi rst 
descriptions of the condom, its use was post-coitum, in 
order to disinfect the organ. He used a small linen cap 
soaked in a solution of salt and herbs, and sometimes 
milk, to cover the glans and under the foreskin, held in 
place by a pink ribbon. A way to block the disease that 
had taken away his father when Gabriele was a child.

References

1. Gabriele Fallopio (1523-1562) and his contributions 
to the development of medicine and anatomy. Mor-
tazavi MM, Adeeb N, Latif B, Watanabe K, Deep A, 
Griessenauer CJ, Tubbs RS, Fukushima T. Childs 
Nerv Syst. 2013 Jun;29(6):877-80. doi: 10.1007/
s00381-012-1921-7. PMID: 22965774

2. Gabriel Fallopio, one of the 16th century found-
ers of modern anatomy; also distinguished physi-
cian and surgeon, 1523-1562. WELLS WA. Laryngo-
scope. 1948 Jan;58(1):33-42. doi: 10.1288/00005537-
194801000-00002. PMID: 18900887

3. Preventing syphilis in the 16th century: the distin-
guished Italian anatomist Gabriele Falloppio (1523-
1562) and the invention of the condom. Tsaraklis A, 
Karamanou M, Androutsos G, Skandalakis P, Venier-
atos D. Infez Med. 2017 Dec 1;24(4):395-398. PMID: 
29286023

4. Th e history of the condom. Youssef H. J R Soc Med. 
1993 Apr;86(4):226-8. doi: 10.1177/014107689308600415. 
PMID:. 7802734

Keywords: Fallopian tube; canal, hiatus; valve; history; 
Renaissance; syphilis; condom



INVITED LECTURES



Italian Journal of Anatomy and Embryology 127(1) Supplement: 6, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Th e Translational Value of Morphology at Th e Basis of Innovative 
Th erapies for Diabetes, Obesity, Osteoporosis and Breast Cancer

Saverio Cinti MD
Scientifi c Director of Obesity Centre, Marche Polytechnic University, Ancona, Italy
Affi  liated Professor Copenhagen University, Copenhagen, Denmark
Distinguished Emeritus Professor at Bonn University, Bonn, Germany

WHITE ADIPOSE TISSUE

White adipocytes are spherical cells whose volume 
is 90% composed by a single fat vacuole used to provide 
energy to the organism in the intervals between meals 
(1). Th ey also produce hormones that acting on brain 
induce behaviours for food search (leptin) and ingestion 
(asprosin) (2, 3).

BROWN ADIPOSE TISSUE

Brown adipocytes are smaller than white and con-
tain several small lipid droplets used to dissipate ener-
gy under the form of heat. Th is is due to the activity of 
their specifi c mitochondria protein UCP1 (4).  

UCP1 is a protonophore uncoupling fatty acids oxi-
dation from ATP synthesis. Th us, most of the intrinsic 
energy of fatty acids is dissipated as heat. Of course, 
physiologic energy consumption became an interesting 
tool for the treatment of obesity and related disorders.

THE ADIPOSE ORGAN

Organs are dissectible structures composed by at 
least two diff erent tissues cooperating for a specifi c phys-
iologic role. WAT and BAT form a unitary dissectible 
structure fi tting the organ defi nition both in mice and 
humans (5). Considering the opposite functions of WAT 
and BAT which cooperative function allows the organ 
defi nition?

TRANSDIFFERENTIATION 

After chronic cold exposure white convert into 
brown adipocytes to increase thermogenesis. In chronic 
positive energy balance brown convert into white adi-
pocytes to allow increase of energy storing capacities 
because a fasting period is not predictable.

Th ese data, while answering the question suggest 
also a new basic property of cells: transdiff erentiation (6). 

Reinforcing this concept, we found that during preg-
nancy subcutaneous white adipocytes convert reversibly 
into epithelial cells of alveolar glands producing milk. 
Th ese cells contain large lipid droplets, thus fi tting the 
adipocyte defi nition. White adipocytes occupy the white 
part of the organ, brown adipocytes the brown part, 
thus we nominated these cells pink adipocytes because 
of the color of the organ during pregnancy (7).

THE OBESE ADIPOSE ORGAN

Obese, hypertrophic adipocytes produce chemoat-
tractants attracting macrophages and causing chronic 
low-grade infl ammation (8, 9). A large proportion of 
these macrophages form characteristic histopathology 
fi gures that we nominated crown-like structures (CLS) 
where residual lipid droplets from dead adipocytes are 
surrounded by actively phagocytic macrophages (10).

Th is infl ammation plays a role linking obesity to 
type2 diabetes because active macrophages produce sub-
stances that interfere with the insulin receptor physiol-
ogy causing insulin resistance ending, in the long run, 
in type2 diabetes (11). 
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TRANSLATIONAL CONCLUSIONS

Considering all together the above-described data 
open new therapeutic strategies for obesity and conse-
quently of type 2 diabetes (12). Furthermore, considering 
the white-pink transdifferentiation and chronic inflam-
mation of obese fat several physiopathology implications 
in breast cancer are becoming more and more evident 
(13). 

Physical activity induces production of a new dis-
covered hormone by skeletal muscles and BAT: irisin 
(14). We found that the main target of this hormone is 
bone. Treatment with this hormone of mice is able to 
treat induced osteoporosis (15).

Keywords: white adipocytes, brown adipocytes, pink 
adipocytes, transdifferentiation, obesity, type2 diabetes, 
breast cancer 
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Th e PI 3-Kinase and AKT Signaling Pathway in Cell Biology and Disease: 
From Discovery to Th erapeutics

Alex Toker
Department of Pathology, Cancer Research Institute, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA, USA.

Th e PI 3-kinase (PI3K) and AKT signaling pathway 
plays a critical role in regulating all aspects of normal 
cellular physiology, and is also frequently deregulated 
in human pathophysiologies, most evidently in cancer 
and diabetes. Growth factors and hormones stimulate 
PI3K leading to the biosynthesis of the lipid-derived 
second messenger PIP3. In turn, PIP3 elicits the mem-
brane recruitment of the protein kinase AKT, original-
ly discovered in 1987 by Staal and colleagues as v-Akt, 
a transforming oncogene. In the early 1990s, three 
independent groups cloned and described the cellular 
homolog c-AKT, a serine/threonine protein kinase with 
a high degree of homology to other AGC family pro-
tein kinases. In the ensuing three decades, the mecha-
nisms by which AKT transduces signals to cell growth, 
proliferation, motility and metabolism were uncovered. 
Th ree AKT isoforms exist in humans encoded by dis-
tinct genes (AKT1, AKT2, AKT3), and although origi-
nally thought to function redundantly, many studies 
have shown that AKT isoforms have non-overlapping 
and unique roles in both normal physiology and disease. 
Similarly, genetic lesions in the PI3K and AKT onco-
genes have been described, and many of the genes that 
contribute to PI3K/AKT pathway activation and also sig-
nal termination have been found to be altered in human 
cancers. Numerous drugs that inhibit PI3K as well AKT 
have been developed for therapeutic use in patients, and 
many of these are being evaluated in late-stage clini-
cal trials. During the lecture, I will highlight the major 
advances in PI3K and AKT fi eld over the past 30 years, 
with a focus on mechanistic insight into this ubiquitous 
lipid signaling pathway. Genetic lesions in the PI3K/AKT 
pathway in human cancers will also be discussed, as well 
as eff orts to target this pathway therapeutically. Th e sec-
ond part of the lecture will focus on recent eff orts in our 
laboratory to uncover novel mechanisms of AKT signal-
ing and biology, with an emphasis on breast cancer and 
with a focus on metabolic reprogramming mediated by 

AKT. I will also present recent eff orts aimed at target-
ing AKT with novel therapies, including degrader tech-
nologies and how these have illuminated novel aspects of 
AKT biology.
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High resolution MRI in exploring peripheral nerve anatomy and axonal 
damage in rodent models

Paola Alberti1, Alfonso Mastropietro2, Giovanna Rizzo2, Maria Giovanna Taccogna2, Pietro Bontempi3, 
Simona Schiavi3, Annalisa Canta1, Alessia Chiorazzi1, Eleonora Pozzi1, Angela Napolitano4, Simonetta 
Gerevini4, Stefano Tamburin5, Guido Cavaletti1

1 Experimental Neurology Unit, School of Medicine and Surgery, Monza, Italy
2 Consiglio Nazionale delle Ricerche, Istituto di Tecnologie Biomediche, Segrate, Italy
3 University of Verona, Department of Computer Science, Verona, Italy
4 Papa Giovanni XXIII Hospital, Department of Neuroradiology, Bergamo, Italy
5 University of Verona, Department of Neurosciences, Biomedicine and Movement Sciences, Verona, Italy

Preclinical animal models are crucial to understand 
pathogenesis and devise novel treatments for peripheral 
neuropathies. To meet this goal, highly translational 
outcome measures are needed. High resolution diff u-
sion MRI could be a surrogate, translational, biomarker 
to characterise early morphological changes as axonal 
damage ensues. 

We aimed at characterising MRI changes in a con-
sistent model of axonopathy. We exploited a neurotoxic 
chemotherapy drug, paclitaxel (PTX) to induce a rel-
evant nerve damage (Pozzi et al., IJMS 2023). We com-
pared 2 groups (n=12 each, female Wistar rats). Vehicle 
treated (VEH, iv) and PTX treated (10mg/kg, 1qwx4, iv). 
At the end of treatment, neuropathy was assessed via a 
multimodal approach: mechanical allodynia (Dynamic 
test), nerve conduction studies (NCS) and light micros-
copy of the caudal nerve. In a proof-of-concept and a fea-
sibility setting, 7T MRI was performed on rat tails (col-
lected aft er sacrifi ce and formalin-fi xed, n=3/group) to 
study caudal nerves and the whole tail anatomy. High 
resolution anatomical images were acquired by means of 
a T1w sequence with a voxel size of 50x50x50 µm3. Dif-
fusion weighted images were acquired in fi ve b-shells: b 
of 500, 2000, 4500, 6000, 8000 sec*mm-2 with 15, 24, 33, 
42, 51 isotropically distributed gradient directions and a 
voxel size of 125x125x125 µm3. Diff usion data were fi t-
ted with the Diff usion Tensor Imaging (DTI) classical 
model and Fractional Anisotropy (FA), Axial, Radial 
and Mean Diff usitìvity (AD, RD and MD) were com-
puted. 

Behavioural test (dynamic test), NCS and histopa-
thology confi rmed a relevant axonopathy was induced 

in PTX group. For what regards MRI, DTI showed a 
decrease of FA (by 5%) and an increase of diff usivity, 
being the more relevant variation in RD (by 15%), in the 
PTX group, if compared to VEH group. Th ese prelimi-
nary results may sustain the hypothesis that PTX-related 
axonal damage leads to an increased water diff usivity 
in the tissue microstructure. We provided preliminary 
promising results suggesting the possible role of the 7T 
MRI to detect axonal damage in rodent models. Th is 
technique has a high translational potential and, if con-
fi rmed in further studies, may have a prompt clinical 
translation.
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A motor neuron-like 3D model for in vitro evaluation of 
neurodegeneration

Pietro Arnaldi1, Valeria Crippa2, Grazia Bellese1, Michela Relucenti3, Maria Cristina Gagliani1, Elena 
Casarotto2, Patrizio Castagnola4, Katia Cortese1

1 Dipartimento di Medicina Sperimentale, Cellular Electron Microscopy Lab, Università di Genova, Genova, Italy
2 Dipartimento di Scienze Farmacologiche e Biomolecolari, Università degli Studi di Milano, Milano, Italy
3 Dipartimento di Scienze Anatomiche, Istologiche, Medico Legali e dell’Apparato Locomotore, Sapienza Università di Roma, Roma, Italy
4 IRCCS Ospedale Policlinico San Martino, Genova, Italy

Th ree-dimensional spheroid models bridge the gap 
between standard monolayer cultures and in vivo tis-
sue environment by means of self-clustering cells to 
mimic the extracellular matrix (ECM). The NSC-34 
cell line, created by fusing mouse spinal cord motor 
neurons and neuroblastoma cells, is a widely accepted 
model for studying motor neuron diseases, however, the 
characteristics of this cell line in 3D context have not 
been thoroughly investigated. In this work, we gener-
ated NSC-34 spheroids using a non-adhesive hydrogel-
based micro-wells template. We characterized the for-
mation and development of spheroids over fi ve days by 
light and electron microscopy imaging and western blot 
analysis. Aft er 5 days, spheroids showed a diameter size 
of 377±13 µm, high circularity (0.91±0.07) and a viabil-
ity of ~92%. At diff erence with 2D cultures, character-
ized by adherent cells with heterogenous neuron-like 
morphology and protrusions, scanning electron micros-
copy showed that NSC-34 cells in 3D adopt and main-
tain a round-like shape, enabling a stable structure with 
membrane connections among cells interspersed by 
pore-like cell clusters. Ultrastructural analysis of sub-
cellular organelles revealed alterations in mitochondria 
morphology and positioning as well as the presence of 
peculiar U-shaped nuclei, suggesting that NSC-34 cells 
are aff ected by 3D context. Indeed, when we investi-
gated how the 3D environment shapes the expression 
of TAR-DNA-binding protein 43 (TDP-43), a known 
marker of ALS pathology, immunoblot analysis showed 
reduced expression of the full length TDP-43 in the 3D 
model, with the appearance of 35 kDa truncated frag-
ment (TDP-35). Our results highlight a diff erent behav-
ior of the NSC-34 cell line in 3D environments and 
suggest that further studies are needed to explore the 

potential of NSC-34 spheroids for motor neuron diseas-
es and associated pathologies.
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Chemotherapy-induced peripheral neuropathy 
(CIPN) is one of the most common dose-limiting side-
eff ects of paclitaxel (PTX) treatment. Many age-related 
changes have been hypothesized to underlie suscepti-
bility to damage or impaired regeneration/repair aft er 
nerve injury. Th e results of these studies, however, are 
inconclusive and other targets, which might be used as 
potential biomarkers of nerve impairment, need to be 
investigated.

Twenty-four young (2 months of age) and 24 adult 
(9 months of age) Wistar male rats were randomized to 
either paclitaxel (PTX) treatment (10 mg/kg i.v. once/
week for 4 weeks) or vehicle administration. Neurophys-
iological and behavioral tests were performed to inves-
tigate nerve damage at baseline, aft er 4 weeks and the 
2-week follow-up period. Skin biopsies from sacrifi ced 
animals were examined for intraepidermal nerve fi ber 
(IENF) density assessment. Blood and liver samples were 
collected for targeted metabolomics analysis using Ultra-
Performance Liquid Chromatography-Mass Spectrom-
etry (UPLC-MS/MS).

At the end of treatment, the neurophysiological 
studies revealed a reduction in sensory nerve action 
potential amplitude (p < 0.05) in the caudal nerve of 
young PTX-treated animals, and in both the digital and 
caudal nerve of adult treated animals (p < 0.05). Behav-
ioral tests revealed a signifi cant decrease in the mechani-
cal threshold in young PTX-treated animals (p < 0.001), 
while adult treated rats showed no signifi cant diff erence 
in mechanical threshold compared to controls. Concern-
ing IENF assessment, both young and adult PTX-rats 
had reduced IENF density (p < 0.0001), which persisted 
at the end of follow-up. Targeted metabolomics analysis 
showed signifi cant diff erences in the plasma metabo-

lite profi les between PTX-treated animals developing 
peripheral neuropathy and age-matched controls, with 
triglycerides, diglycerides, acylcarnitines, carnosine, long 
chain ceramides, sphingolipids, and bile acids playing a 
major role in the response to PTX administration.

Our study identifi es for the fi rst time multiple relat-
ed metabolic axes involved in paclitaxel-induced periph-
eral neuropathy, and suggests age-related diff erences in 
CIPN manifestations and in the metabolic profi le.
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Studying the brain as a network of interconnected 
nodes and the recent developments of network theo-
ry contributed to unveil the key structural principles 
underlying the topology of the healthy human brain 
connectome at the macroscale level. However, despite 
the increasing advances in connectomics and network 
neuroscience, disentangling the structure and the hid-
den organization of the cerebellum network is still chal-
lenging. Herein, we applied a new class of dimensional-
ity reduction techniques1,2 in order to explore the hidden 
network geometry of cerebellar structural connectomes 
reconstructed from diff usion MRI data of 100 unrelated 
healthy individuals of the Human Connectome Project 
repository. Our fi ndings suggest that the cerebellar net-
works tend to segregate into two distinct sections repre-
senting the left  and right cerebellar hemispheres. Anoth-
er noteworthy result was the perfect angular ordering of 
the nodes in the hyperbolic representation, which closely 
matched those of the anatomical regions in the fl at rep-
resentation of the human cerebellum3. Th is remarkable 
alignment highlights the strong agreement between the 
inferred geometric coordinates and the actual anatomi-
cal distribution of cerebellar lobules. Furthermore, the 
radial coordinates of the cerebellar nodes showed a high 
correlation with the hierarchical functional organization 
of the cerebellum as estimated by within-cerebellum 
connectivity gradients of resting state functional MRI 
data. Interestingly, the most radial and therefore central 
nodes were the lobules Crus I and Crus II, highlight-
ing the fundamental role and extreme level of informa-
tion processing of these non-motor regions. Overall, our 
fi ndings provide compelling evidence for the accurate 

representation of cerebellar networks in the embedded 
geometric space. To our knowledge, this is the fi rst study 
to reveal the hidden network geometry of the human 
cerebellar structural connectome.
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Th e subcortical network of the substantia nigra pars 
compacta (SNc), one of the main dopaminergic nuclei of 
the brain, is well known and mainly represented by the 
nigro-striatal pathway that exerts a regulatory function on 
the basal ganglia circuitry. However, dopaminergic inner-
vation of other brain centers has been only investigated in 
non-human primates and never characterized in humans. 
Th e impossibility of tract-tracing studies in humans has 
boosted advanced magnetic resonance imaging (MRI) 
techniques that have shed new light on the whole brain 
connectivity, in particular diff usion tensor imaging (DTI).

We aim to dissect the dopaminergic innervation of 
the human thalamus using multi-scale and integrated 
analyses. 

First, consecutive human thalamic sections will be 
processed for immunohistochemistry (IHC) and stained 
for morphological analysis (Nissl, Haematoxylin and 
eosin) and for the main dopaminergic markers (TH, 
VMAT-2, DAT, AADC). 

Second, high-resolution MRI segmentation of the 
SN (that allows the identifi cation of the postero-medial 
SNc from the gabaergic anterolateral SN pars reticu-
lata - SNr) and multi-shell high-angular resolution dif-
fusion MRI (MS-HARDI) (that allows the tractographic 
reconstruction of the SNc) will be performed in a group 
of 10 healthy subjects (age 25-30, sex-matched, 5M, 5F). 
Finally, PET-FDOPA data coming from healthy subjects 
(n=20) will be evaluated for both qualitative and quanti-
tative analysis of the thalamic region.

Our preliminary MS-HARDI results performed 
with two previously validated diff usion MRI schemes on 
10 healthy subjects demonstrate a reproducible structur-
al connectivity between the SNc and the thalamus, with 
up to an average of ~19% of the total number of stream-
lines encompassing the SNc and the thalamus, with no 
other major subcortical structures involved (and without 
necessarily reaching the cortex).

To the best of our knowledge, this is the fi rst report 
of a direct nigro-thalamic dopaminergic projection, with 
a multi-scale and integrated approach. Th e signifi cance 

and the characterization of these connections, however, 
is still under investigation. Understanding of these new 
pathways will lead to the optimization of the treatments 
for dopaminergic-related disorders, paving the way for 
targeted and personalized therapies.
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Amyotrophic lateral sclerosis (ALS) is a progressive 
neurodegenerative disease characterized by the degener-
ation of motor neurons (MNs). Previous transcriptomic 
analysis conducted in a subset of sporadic ALS patients 
as well as SOD1G93A mice showed an up-regulation of 
C-X-C motif chemokine receptor 2 (CXCR2)-mRNA. 
Th is receptor and related ligand, CXCL8, is known to be 
involved in various biological events including apoptotic 
cell death. Previous papers have demonstrated CXCR2 
expression in human ALS cortex and in SOD1G93A 
mice brain. Th e aim of the present study was to investi-
gate the functional role of this receptor on motor neuron 
degeneration during ALS progression. Th e expression 
of CXCR2 was evaluated in hSOD1-G93A mice spinal 
cord. Subsequently, we investigated CXCR2 role and its 
related ligands in motor neuron-like cells overexpress-
ing hSOD1-G93A, representing a model in vitro of ALS. 
Th e results showed an increased expression of CXCR2 in 
G93A-SOD1-expressing cells with respect to wild-type 
control. Furthermore, CXCR2 activation by GROα and 
MIP2α, two murine homologs of CXCL8, reduced cel-
lular viability and triggered apoptosis in a dose depend-
ent manner. The treatment with a CXCR2 inhibitor, 
reparexin, signifi cantly counteracted GROα and MIP2α 
induced cell death. Overall, the present data confi rm the 
involvement of CXCR2/CXCL8 axis in MNs degenera-
tion, opening a new perspective to ALS therapy.



Italian Journal of Anatomy and Embryology 127(1) Supplement: 17, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Anticancer activity of novel heme oxygenase-1 inhibitors: focus on 
glioblastoma aggressiveness 

Agata Grazia D’Amico1, Grazia Maugeri2, Benedetta Magrì2, Salvatore Saccone3, Concetta Federico3, 
Luca Vanella1, Valeria Consoli1, Valeria Sorrenti1, Antonino Nicolò Fallica1, Valeria Pittalà1, Velia 
D’Agata2

1 Department of Drug and Health Sciences, University of Catania, 95125 Catania, Italy 
2 Department of Biomedical and Biotechnological Sciences, Section of Anatomy, Histology and Movement Sciences, University of Cata-
nia, 95125 Catania, Italy
3 Department of Biological, Geological and Environmental Sciences, Section of Animal Biology, University of Catania, 95125 Catania, 
Italy

Th e heme oxygenase-1 (HO-1) is an enzyme that cat-
alyzes the degradation of heme, which is an iron-contain-
ing prosthetic group found in proteins that play critical 
roles in oxygen transport, energy production, and enzy-
matic reactions. Its aberrant expression is associated with 
progression and chemoresistance occurring in several 
cancers. In particular, much evidence has suggested the 
inhibition of HO-1 as a possible antitumor strategy [1]. 

Th e aim of the present study was to identify a new 
molecule able to interfere with cancer progression 
through inhibition of HO-1 activity.

In this work we tested the eff ect of novel acetamide-
based HO-1 inhibitors in diff erent in vitro models of 
cancers. Firstly, we detected the basal expression and 
distribution of HO-1 in prostate (DU145), lung (A549) 
and glioblastoma (U87MG, A172) cancer cells. Subse-
quently, we tested the eff ect of six novel inhibitors on 
viability and HO-1 protein expression in these cells. 
Among the synthetized inhibitors, N-((4-chlorophenyl) 
(phenyl)methyl)-2-(1H-imidazol-1-yl)-N-methylaceta-
mide (VP18/58) was selected to deepen investigation 
since it was able to signifi cantly reduce viability and 
HO-1 expression in U87MG cells. To verify the antican-
cer effi  cacy of this molecule in glioblastoma, we evaluat-
ed VP18/58 eff ect on cell invasion and neo-angiogenesis 
process, both events associated with tumor malignancy.

Results obtained have demonstrated that VP18/58 
treatment signifi cantly reduced the percentage of cell 
migration as well as vascular endothelial growth fac-
tor (VEGF) intracellular expression and release in the 
culture medium of U87MG cells. Since VEGF secretion 
in tumor microenvironment is responsible for aberrant 

neovascularization [2], we have further investigated the 
eff ect of VP18/58 in this process. To this end, we have 
tested its eff ect by using endothelial H5V cells that are 
able to form a network of tube-like structures, mimick-
ing neovessel formation. Th ese cells were cultured with 
conditioned medium (CM) derived from U87MG cells 
treated with vehicle (CM1) or VP18/58 (CM2) for 48h. 
Cells cultured in CM2 showed a lower number of tube-
like structures compared to the control group. Overall, 
the present data suggested that this compound might be 
useful to counteract glioblastoma aggressiveness through 
the inhibition of HO-1 activity.
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Th e blood-brain barrier (BBB), an anatomical and 
functional structure located at the cerebral microvessels 
of the central nervous system (CNS), plays a key role in 
maintaining the specialized microenvironment of neu-
ral tissue. Th e BBB, and more generally the components 
of the neurovascular unit (NVU), consists mainly of 
endothelial cells (ECs) sealed by tight junction (TJ) pro-
teins that establish the fi rst barrier between the periph-
eral circulatory system and the brain parenchyma. As 
a result of medical advances and improved quality of 
life, longevity has increased, and it is estimated that the 
elderly will make up a large percentage of the world’s 
population.  Regarding the brain, normal ageing can be 
defi ned as a deterioration of bodily activities without 
cognitive disorders and dementia. Recent studies have 
shown that the normal ageing process is characterized 
by BBB disruption and neuroinf lammation that fur-
ther cause neurodegeneration and cognitive disorders. 
To investigate the possible involvement of the BBB and 
NVU cell and molecular components in normal ageing 
and neurodegeneration, we analyzed the expression pat-
tern of TJs proteins (claudin-5 and occludin), vascular 
basal lamina molecules and neuroinfl ammation markers 
(Iba1 and CD45) in the brains of 2-, 7- and 12-month-
old mice by immunofl uorescence confocal microscopy. 
Th e results confi rmed the disruption of the BBB togeth-
er with moderate astrogliosis and a neuroinfl ammatory 
state. In conclusion, ageing appears to impair the mor-
pho-functional characteristics of the BBB, which may 
lead to general cerebral dysfunction. A precise analy-
sis of the brain vasculature and the factors involved in 
the maintenance and disruption of the BBB could be a 
valuable contribution to understanding the pathogenetic 
mechanisms of neurodegenerative diseases.
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Glioblastoma (GBM) features up-regulation of the 
mechanistic Target of Rapamycin (mTOR), which leads 
to a number of detrimental eff ects on disease course. 
Among the variety of intracellular pathways aff ected by 
mTOR hyperactivity, suppression of autophagy is rele-
vant for the neurobiology of GBM. In fact, in GBM cells 
autophagy inhibition correlates with increased infi ltra-
tion and increased stemness, while autophagy stimula-
tion halts cell proliferation [1], occludes the expression 
of stem cell markers [2], hampers cell migration while 
increasing cell adhesion [2], and clears cells from mis-
folded proteins and altered mitochondria. In line with 
this, alpha-synuclein is overexpressed and accumulates 
within GBM cells, leading to alterations in non-tumoral 
astrocytes when co-cultured with GBM cells [3,4].

A key protein in the biology of GBM cells is the 
cellular prion protein (PrPc) [5,6]. In fact, PrPc in GBM 
PrPc is elevated, it induces proliferation of GBM stem-
like cells and contributes to tumorigenesis by impair-
ing mitochondrial biogenesis. This is in line with 
impaired mitochondrial turnover, which occurs in pri-
on disease [7].

In the present study we demonstrate that in GBM 
cells mTOR inhibition by rapamycin produces a sud-
den and concomitant activation of autophagy, which 
was assessed by measuring autophagy fl ux, the colocali-
zation of microtubule-associated protein 1A/1B-light 
chain 3 (LC3) with cathepsin D immunofl uorescence, 
and the merging of autophagosomes with lysosomes 
using gold standard transmission electron micros-
copy. Th is is accompanied by cell cycle arrest at the G1
phase, as determined by fl ow cytometry, and a simulta-
neous decrease in the levels of PrPc immunopositivity. 
Remarkably, by combining immunofl uorescence, immu-
noelectronmicroscopy and ultrastructural morphometry 

we demonstrate that autophagy-induced suppression of 
PrPc by rapamycin persistently increases mitochondrial 
fi ssion, mitochondrial removal and mitochondria bio-
genesis.

Th ese data shed new light on the close relationship 
between autophagy, PrPc expression and mitochondrial 
status in GBM neurobiology.
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Neurotensin (NT) is a neuropeptide distributed in 
the central and peripheral nervous systems (CNS and 
PNS). In the CNS, NT is involved in dopamine neuro-
modulation mechanisms1. A role of NT in dopamine-
related brain disorders 1,2,3 has been demonstrated. 
Although, we have recently evidenced the presence of 
NT and NT receptor subtype 1 (NTR1) immunoreactive 
neurons in the human cerebellar cortex 4. Th e cerebel-
lum is not considered a neurotensinergic area. In fact, 
in the cerebellum, only few neurotensinergic extrinsic 
fi bers, and the receptors NTR2 and NTR3 have been 
detected. Th erefore, the aim of this study was to evalu-
ate in the human dentate nucleus the presence of an 
intrinsic neurotensinergic neuronal system. Th e study 
was carried out on fragments of postmortem human 
dentate nucleus 36-48h aft er death. Each fragment was 
fi xed in an aldehyde and picric acid solution, embed-
ded in paraffi  n, cut into 5μm sections, and subjected 
to light microscopy immunohistochemical procedures 
using goat and rabbit polyclonal antibodies respectively 
against NTR1 and NT. For positive controls, fragments 
of rat intestine subjected to the same experimental pro-
cedure were used. In the dentate nucleus, the NT and 
NTR1 immunoreactivity were detected in neuronal cell 
bodies and processes of diff erent neuron types, such 
as the small associative neurons, large projective neu-
rons, and perivascular neurons. Moreover, in the den-
tate nucleus the NTR1 immunoreactivity in form of 
fi ne ‘puncta’ (putative axon terminals) in the neuropil 
and in close relationship to the wall of microvessels, 

was also observed. Th e present study demonstrates in 
the human dentate nucleus the existence of an intrin-
sic neurotensinergic neuronal system, which could be 
involved in neuromodulation mechanisms of intrinsic 
cerebellar circuits, in the microvascular innervation, 
and in projective cerebellar circuits with the midbrain 
dopaminergic areas. In the midbrain the neurotensin-
ergic neuromodulatory action is known. Moreover, we 
plan to carry out further studies to evaluate the dopa-
mine-neurotensin co-transmission mechanisms in cer-
ebellar circuits. Finally, this study suggests a role of the 
neurotensinergic cerebellar system in dopamine-related 
brain disorders and may also lead to apply new tran-
scranial magnetic stimulation therapeutic protocols5,6.
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Th e Locus Coeruleus (LC) is the main noradrenergic 
(NA) nucleus of the brain, and plays a crucial role both 
in brain homeostasis and in the modulation of neuronal 
networks [1]. LC degeneration represents the earliest 
pathological feature of Alzheimer’s Disease (AD), and 
it has been associated with several pathogenic mecha-
nisms and pathophysiological pathways involved in AD 
[2]. A recently developed neuroimaging tool has allowed 
researchers in the fi eld to assess in vivo the integrity of 
the LC, profi ting from specifi c sequences of Magnetic 
Resonance Imaging (MRI) [3]. In this study, we used 
LC-MRI to evaluate the integrity of the LC in a cohort 
of cognitively intact elderlies and of patients belonging 
to the AD clinical continuum, to dissect the morpho-
logical features of the LC during healthy ageing and the 
alterations it suff ers from in the pathological one. 

Cognitively intact elderlies (HC), patients aff ected 
by AD dementia (ADD) and Mild Cognitively Impaired 
individuals (MCI) underwent a thorough neurological 
and neuropsychological evaluation and were submitted 
to LC-MRI. Th en, they were followed-up for 2.5 years, 
in order to monitor the conversion of MCI individuals 
to full-blown dementia, dividing them into converters 
(cMCI) and non-converters (ncMCI). LC images were 
analyzed using a state-of-the art approach [4] and LC 
integrity was expressed using two parameters: LC Con-
trast Ratio (LCCR), a proxy of neuronal density, and LC-
belonging voxels (LCVOX), an indirect estimation of LC 
volume. A sub-group of patients (30 MCI and 13 ADD) 
underwent also a Brain [18]Fluorodeoxyglucose (FDG) 

PET, and the association between cortical metabolism 
and LC integrity was explored using voxel-wise regres-
sion.

We included in the fi nal analysis 53 HC, 77 MCI (45 
ncMCI, 32 cMCI) and 34 ADD. Signifi cant diff erences 
were found among diagnostic groups, mainly driven by 
the rostral part of the left  LC; ADD and cMCI subjects 
showed signifi cantly lower values of LCCR (p = 0.042 and 
p = 0.033, respectively) and LCVOX (p = 0.018 and p = 
0.015, respectively). Th e same diff erence was not detect-
ed in ncMCI. LC signal was indirectly associated with 
FDG uptake in the frontoparietal cortex, with left -hem-
ispheric prevalence. 

We successfully detected the LC signal in the 
brainstem acquisitions, located under the fl oor of the 
fourth ventricle, and the post-acquisition reconstruc-
tion matched the anatomical data about size and length 
of the LC [5]. We showed that during normal ageing LC 
does not degenerate signifi cantly. Even more interesting-
ly, we showed in vivo that the loss of integrity of the LC 
occurring in the AD clinical continuum mainly involves 
its rostral subregion. Th is is in line with anatomical lit-
erature, which reports that LC-NA neurons projecting to 
the entorhinal and limbic cortex are placed in the cra-
nial part of the nucleus [6]. We also found an association 
between LC integrity and the metabolism of frontopa-
rietal cortices, which are strongly innervated by the LC 
itself [7]. Applying state-of-the-art neuroimaging tech-
nique and using AD as a “lesion model”, we indirectly 
confi rmed some of the key anatomical features of the 
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LC-NA system, observing in vivo what had been previ-
ously studied only post-mortem.

Funding: Italian Ministry of Health (“Ricerca Final-
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Several environmental pollutants may act as endo-
crine disruptor chemicals causing adverse eff ects on 
many physiological functions, including reproduc-
tion. Indeed, there is growing evidence that hazard-
ous environmental contaminants, such as polycyclic 
aromatic hydrocarbons (PAHs) and heavy metals may 
aff ect neuroendocrine circuits controlling the repro-
ductive axis. In particular, the hypothalamic gonad-
otropin-releasing hormone (GnRH) system appeared 
as a critical target. Using human fetal GnRH neuro-
blasts (FNCB4), we already demonstrated that benzo(a)
pyrene (BaP), a prototypic PAH, aff ects their migra-
tory properties, thus interfering with a crucial step of 
GnRH neuron maturation [1-2]. Moreover, BaP altered 
the ability of these neurons to respond to kisspep-
tin, the main physiological regulator of GnRH neu-
ron activity. Here, we extended our studies analyzing 
the eff ect of cadmium (Cd), the main heavy metal 
environmental toxicant of anthropogenic origin, on 
FNCB4 maturation. Cd (10µM, 24h) induced oxidative 
stress and COX2 mRNA increase in FNCB4, as well as 
altered cell membrane properties and excitability. As 
a functional eff ect, Cd signifi cantly reduced FNCB4 
migration, and the expression of genes crucially 
involved in this process during fetal development. Cd-
treated FNCB4 also exhibited cytoskeletal F-actin dis-
assembly and a signifi cantly increased NCAM1 mRNA 
expression, while Cd exposure signifi cantly reduced 
GnRH and kisspeptin receptor (KISS1R) expression. 
Cd also aff ected the formation of primary cilium, a 
sensory no-motile organelle required for neurogenesis 
and KISS1R signaling in GnRH neurons. In conclu-
sion, our data suggest that exposure to environmental 
toxicants, especially during fetal development, may 
infl uence human reproductive function.
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– A Multiscale integrated approach to the study of 
the nervous system in health and disease (DN. 1553 
11.10.2022

References

[1] Guarnieri G, Becatti M, Comeglio P, Vignozzi L 
Maggi M, Vannelli GB, Morelli A. Benzo[a]pyrene 
impairs the migratory pattern of human gonadotro-
pin-releasing-hormone-secreting neuroblasts. Eur. J. 
Histochem. 2021, 65(s1):3282. 

[2] Guarnieri G, Becatti M, Squecco R, Comeglio P, 
Garella R, Tamburrino L, Marchiani S, Vignozzi L, 
Vannelli GB, Maggi M, Morelli A. Eff ects of benzo[a]
pyrene on the reproductive axis: Impairment of kiss-
peptin signaling in human gonadotropin-releasing 
hormone primary neurons. Environ. Pollut. 2023, 
317:120766.

Keywords: neuroendocrine axis; cadmium, benzo(a)pyr-
ene, neuronal migration; primary cilium



Italian Journal of Anatomy and Embryology 127(1) Supplement: 24, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Autosomal Dominant Leukodystrophy: Deciphering the new role of 
astrocytes

Foteini-Dionysia Koufi1, Isabella Rusciano1, Sara Mongiorgi1, Celeste Gobbi1, Vittoria Piancaldini1, 
Ilaria Cani2, Pietro Cortelli2,3, Elisa Giorgio4,5, Marianna Bugiani6, Giulia Ramazzotti1, Lucia Manzoli1, 
Stefano Ratti1

1Cellular Signaling Laboratory, Department of Biomedical and NeuroMotor Sciences, University of Bologna, 40126 Bologna, Italy
2Department of Biomedical and NeuroMotor Sciences, University of Bologna, 40139 Bologna, Italy
3IRCCS Istituto delle Scienze Neurologiche di Bologna, 40139 Bologna, Italy
4 Department of Molecular Medicine, University of Pavia, 27100 Pavia, Italy 
5Medical Genetics Unit, IRCCS Mondino Foundation, 27100 Pavia, Italy
6Department of Pathology, Amsterdam University Medical Centers, 1081 HV Amsterdam, Th e Netherlands

Autosomal Dominant Leukodystrophy (ADLD) 
is an ultra-rare and fatal late-onset neurodegenera-
tive disorder that affects the central nervous system 
myelination and lacks eff ective therapy. Th e disease is 
caused by lamin B1 (LMNB1) gene alteration that leads 
to demyelination with the disease mechanisms remain-
ing unknown. Although oligodendrocytes are responsi-
ble for myelination, astrocytes and ADLD patients’ cells 
overexpressing LMNB1 have displayed nuclear altera-
tions with activation of proinfl ammatory and oxidative 
stress mechanisms that were absent in oligodendro-
cytes1,2. Th e present study involved the characterization 
of astrocytes overexpressing lamin B1 and the elucida-
tion of their new role in demyelination. Human astro-
cytes (HA) were transfected with LMNB1 and sorted for 
two assays: 1) characterization of astrocytes for expres-
sion of proinfl ammatory markers, and 2) myelination 
assay on 3D microfi ber co-cultures with oligodendro-
cyte precursor cells (OPCs). For the characterization, 
immunocytochemical analysis displayed nuclear locali-
zation of NFAT4 (nuclear factor of activated T cells 4) 
and NF-κB (nuclear factor kappa-light-chain-enhancer 
of activated B cells) suggesting astrocytic activation and 
infl ammation. Th e activation was also confi rmed with 
proteome array of the transfected HA supernatants.  For 
the myelination assay the sorted HA were co-cultured 
with human OPCs on a microfiber scaffold for two 
weeks. It was displayed that OPCs were unable to pro-
duce myelin basic protein when grown with HA overex-
pressing LMNB1 indicating the crucial role of astrocytes 
in supporting myelination. Overall, the study elucidated 

that LMNB1 overexpression leads to astrocyte activation 
that consequently triggers infl ammatory states and hin-
ders myelination. Th us, these novel fi ndings could place 
astrocytes at the epicenter of ADLD demyelination and 
drug development studies.
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Increasing evidence shows that Hypotalamic-Pitu-
itary-Gonadal Axis (HPG) circuits and adult neurogen-
esis (Trova et al., 2020) interact each other, and HPG 
axis participates to the fi ne-tuning of neural plasticity 
through mechanisms that are not yet defi ned. Since the 
kisspeptin system (KpS) is the gatekeeper of HPG axis, 
we studied the localization and expression of kiss1 and 
kissR in the hippocampus of peripubertal male rats and 
analysed the eff ects of Kiss treatment (Kp-10 peptide) 
on adult neurogenesis. Male rats (n=4/group, PND38) 
were injected (i.p.) with a single dose of BrdU (300 mg/
kg b.w.), then Kp-10 was administered for other three 
weeks. Brains were removed, fi xed and coronal sections 
were sampled from bregma -2.04 to -5.04 mm for immu-
nohistochemical analyses. Results showed that Kp-10 
treatment reduced the number of BrdU/NeuN positive 
cells in the DG and this was associated with increased 
Kiss1 expression in the sub granular zone (SGZ) of the 
DG but not to signifi cant variations of KissR expression. 
Since it is well known that the endocannabinoid system 
(ECS) plays a role in adult neurogenesis (de Oliveira et 
al., 2019), we also analysed if ECS could be targeted by 
Kp-10 treatment. We analysed the possible variations 
in the expression of the most expressed ECS recep-
tors in the hippocampus, the CB1 receptor (CB1R) and 
the Transient Receptor Potential Vanilloid 1 (TRPV1) 
receptor which are both involved in neuronal prolifera-
tion, diff erentiation and plasticity. Results indicated that 
CB1R expression was not aff ected upon Kp-10 treat-
ment while TRPV1 expression was highly induced in 
the cell bodies and dendrites of both DG (and CA3). 
WB analysis of hippocampal proteins also showed that 

Kp-10 induced BDNF and SIRT1 expression while reduc-
ing pERK 1/2, thus suggesting a role for these proteins 
in the Kp-10 mediated reduction of neurogenesis. Th ese 
data suggest that the kpS could modulate neurogenesis 
interfering with the ECS and its downstream regulated 
pathways.
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Th e causal mechanisms underlying chemotherapy-
induced peripheral neuropathy (CIPN) are not yet fully 
understood, but primary aff erent neurons have emerged 
as a vulnerable initiating pathophysiological target. Bort-
ezomib (BTZ) is a proteasome inhibitor, which results in 
axonal degeneration, producing in patients a disabling 
painful peripheral neuropathy that undermine its thera-
peutic effi  cacy.

In the current study, we examined whether treat-
ment with BTZ for 24 hours would aff ect microtubule 
(MTs) stability as well as axonal transport and oxidative 
phosphorylation or mitochondrial bioenergetics in pri-
mary cultured dorsal root ganglion (DRG) sensory neu-
rons. MT stability was indirectly measured by western 
blotting and quantitative immunofl uorescence microsco-
py of delta2 tubulin and tubulin acetylation, while axon-
al mitochondrial traffi  cking was evaluated by time-lapse 
confocal microscopy and kymograph analysis. To evalu-
ate the eff ects of BTZ on the generation and regulation 
of cellular bioenergetics, mitochondrial oxidative phos-
phorylation (OXPHOS) and fusion/fi ssion balance were 
described via western blot analysis of key molecular 
markers, and real-time oxygen consumption rate (OCR), 
an indicator of mitochondrial respiration, was obtained 
by Seahorse bioanalyser.

BTZ-treated sensory neurons induced an approxi-
mately 2.5-fold increase of delta2 and acetylated tubulin 
levels, which occurred at the onset of axonal degenera-
tion. Furthermore, DRG axonal mitochondrial motility 
was decreased by BTZ. Finally, BTZ treated DRG neu-
rons had no diff erential protein expression of OXPHOS 
subunits compared to untreated DRG neurons, whereas 

increased Mitofusin-2 protein expression and bioener-
getics defi cits were reported. 

In summary, our results provide support for the role 
of MT stability and mitochondrial dysfunction in the 
development of BTZ mediated neuropathy. Understand-
ing these pathways may provide therapeutic targets for 
the treatment of this debilitating complication.

This work is supported by Fondazione Cariplo, 
Grant # 2019-1482 
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Glioma microenvironment refers to the complex 
cellular and molecular surroundings in which glioma 
cells reside, encompassing interactions with immune 
cells, blood vessels, extracellular matrix components, 
and signalling molecules, all of which contribute to 
tumour progression and therapeutic responses [1]. In 
particular, the tumour secretome refers to the set of pro-
teins, growth factors, cytokines, and other molecules 
that are actively secreted by the tumour mass. Char-
acterizing glioma secretome is essential as it provides 
valuable insights into the communication occurring 
within the tumour mass, aiding in understanding glio-
ma pathogenesis, identifying potential therapeutic tar-
gets, and developing personalized treatment approaches. 
However, current research on glioma secretome is based 
on 2D cultures and co-cultures that possess evident 
liabilities, fi rst and foremost the inability of recapitulat-
ing a comprehensive picture of all the cellular popula-
tions composing the tumour mass. Under this light, we 
adapted and validated a method to extract the secretome 
directly from glioma patients’ tissue. This method, 
based on the physiological stimulation of surgical biop-
sies to induce secretome spontaneous release [2], is cur-
rently validated on intestinal mucosal tissue [3], but was 
never tested before on brain tissue. Th anks to the set-up 
of a fast and standardized workfl ow between the opera-
tion room and the research laboratory, it was possible 
to successfully extract the tumour secretome from three 
patients. Finally, as proof of concept, a preliminary pro-
fi ling of the secretomes was performed using a proteome 
array detecting 84 diff erent cancer biomarkers simulta-
neously. Th ese preliminary data demonstrate that the 
direct extraction of the secretome from glioma tissue is 
not only possible, but can also enable further patient 
profi ling, thus providing personalized, comprehensive 

and reliable information regarding glioma microenvi-
ronment.
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Th e blood-brain barrier (BBB) is an essential cellular 
structure owning the role of strictly select the molecules 
that can enter the brain parenchyma, thus maintaining 
the homeostasis within the central nervous system keep-
ing out toxic substances [1]. In order to comply with this 
physiological function, brain endothelial cells are closely 
sealed to each other by tight junctions (TJ). Moreover, 
other two cellular types, astrocytes and pericytes, key 
components of the neuro-vascular unit [2], are required 
to generate a structurally and functionally complete BBB. 

In order to study the structural features of the BBB, 
various in vitro models have been used, even if little 
attention has been paid to the correct subcellular dis-
tribution of TJs. In order to study the morphological 
and molecular patterns of these proteins, in the present 
research we used two rat cell lines, brain endothelial 
cells (RBE4) and astrocytes (DITNC1), in order to high-
light their role in the establishment of an intact BBB.

Th e cells were cultured from 3 to 7 days in diff erent 
conditions. Th e RBE4 cells, when cultured alone, were 
stimulated with 1 and 5 µM retinoic acid (RA), a well 
known molecule synthetized by astrocytes and pivotal 
for BBB development [3,4]. Th e RBE4 were cultured with 
the DITNC1, both through the interposition of a tran-
swell or in direct contact. Th e expression and the correct 
localization of claudin 5 was examined.

Th e western blotting analysis clearly showed that, 
in the absence of RA, RBE4 express claudin 5 but the 
immunofl uorescent analysis failed to evidence its subcel-
lular distribution. On the other hand, when cells were 
treated with RA, immunofl uorescence shows a scattered 
spot distribution, very diff erent from the normal locali-
zation on the cellular perimeter. 

Interestingly, only when the RBE4 cells were co-
cultured with DITNC1 the claudin 5 was correctly 
expressed and distributed alongside the perimetral sur-
face of the endothelial cells, distinctly in the contact co-
cultures.

Even if the RBE4 cell line provides a validated in 
vitro BBB model, the presence of astrocytes plays a key 
role both in inducing the expression of the tight junction 
proteins such as claudin 5, and the correct distribution 
in the perimeter of the cells in order to seal each other, 
thus highlighting the capacity of DITNC1 astrocyte in 
the contribution of BBB components.
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Sarcopenia is the primary cause of impaired 
motor performance in the elderly, also responsible for 
increased morbidity and mortality. Th e current prevail-
ing approach to counteract such conditions is increas-
ing muscle mass through inhibition of the myostatin 
system. However, this strategy is not able to sustain per 
se the innervation of the hypertrophic muscle, and only 
moderately improves muscular strength, causing a pro-
gressive worsening of the motor performances. In this 
scenario, we have synthetized a novel biological com-
pound, named ActR-Fc-nLG3, by combining the solu-
ble activin receptor (a strong myostatin inhibitor) to the 
C-terminal agrin nLG3 domain. Th is compound has the 
potential of reinforcing neuromuscular stability to the 
hypertrophic muscle. Indeed, we have previously dem-
onstrated that young mice treated with ActR-fc-nLG3 
are capable of remarkably enhancing the endurance of 
their motor tasks (rotarod), with a modest gain of mus-
cle mass, compared to common myostatin inhibitors 
(ActR-Fc).  Now we extended this observation by dem-
onstrating that also in aged (2 years-old) mice, long-
term administration of ActR-Fc-nLG3 increases in a sus-
tained way both muscle strength and endurance, com-
pared with the administration of the ActR-Fc alone and 
the control vehicle (PBS). Histological data showed that 
the eff ects of this new biological are due to the improve-
ment in neuromuscular stability, with preservation of 
endplate’s innervation and changes in neuromuscular 
junctions (NMJs) morphology and dimensions, inducing 
only moderate hypertrophy. Th e presence of increased 
membrane folds in the postsynaptic site off ers a possi-
ble explanation to the increased endurance as a result of 
improved effi  ciency of the neurotransmission at the NMJ 
level. Th us, our peptide may represent a valid option for 

treating disorders of the striatal muscle tissue, together 
with muscle dysfunction caused by altered neuronal 
input to the muscle, raising the hope that a therapy may 
be developed not only for sarcopenia but also for other 
neuromuscular disorders.

Keywords: aging; sarcopenia; neuromuscular junction; 
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Perivascular spaces (PVS), also known as Virchow-
Robin spaces, are located around penetrating arteries 
and are enclosed by astrocytic endfeets expressing aqua-
porin-4 (AQP4). AQP-4 channels help cerebrospinal fl u-
id move into the brain and towards lymphatic drainage. 
Th is network, called the glymphatic system (GS), helps 
to maintain fl uid transportation and waste removal in 
the brain. A rater uses established visual rating scales 
to grade the severity of PVS enlargement. Algorithms 
can automate the segmentation and labelling of PVS 
structures, saving time and eff ort on manual labelling. 
Using one of these automatic algorithms, we conducted 
a single-centre case–control study on PVS in children 
with autism spectrum disorder (ASD). We examined the 
medical records of patients with ASD and those with-
out. We used a 1.5 Tesla Philips MRI scanner to perform 
standard MRI scans. PVS were defi ned as “enlarged” 
when there were at least 3 PVS whose diameter perpen-
dicular to the PVS’ main axis was above 3 mm. We used 
a multi-modal approach combining T1 and T2 images to 
quantify PVS. An algorithm was used, and the images 
were adaptively fi ltered to remove non-structural high-
frequency noise. To normalize the PVS volume value, we 
used the individual’s white matter amount (WM-PVS). 

A total of 136 patients were evaluated. Th e median 
age in the total cohort was 4 years. We found that males 
had higher WM-PVS volume than females (p = 0.01). 
When categorising children with ASD according to age, 
those younger (below 4 yrs) had higher median WM-
PVS volume and more frequent WM-PVS grade 4 com-
pared to those older (at least 4 yrs). Our fi ndings indi-
cate that ASD male patients commonly exhibit PVS dila-
tion as a neuroimaging feature, especially in those who 

are younger than 4 years old. PVS could serve as a bio-
marker for the identifi cation of the impairment of GS.

Keywords: Virchow Robin spaces; perivascular spaces; 
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Management of severe peripheral nerve injuries is 
a challenge in clinical practice as none of the commer-
cially available devices distinguishes over autografts. 
Currently, intense research is devoted towards nerve 
conduits (NC) improvement and introduction of electri-
cal cues seems to be extremely appealing. In considera-
tion of that, this work aims to analyze, through in vitro 
and preclinical studies, the eff ectiveness of vanguard 
nanocomposite conductive NC based on the new poly-
mer oxidized polyvinyl alcohol (OxPVA) [1] and mul-
tiwalled carbon nanotubes (CNT). Th e OxPVA+CNT 
hydrogel was prepared and then assayed for ultrastruc-
ture/in vitro electroconductivity/bioactivity/cytotoxic-
ity/in vivo biocompatibility. Th en, derived OxPVA+CNT 
conduits were investigated for ultrastructure and 
mechanical behaviour prior to be implanted in an ani-
mal model of disease (Sprague Dawley rat; sciatic nerve, 
gap: 5 mm). Four experimental groups were compared 
(reverse autograft/Reaxon/OxPVA/OxPVA+CNT) and 
their eff ectiveness was verifi ed aft er 6 weeks through 
histological/immunohistochemical analyses/morpho-
metric studies. Gathered data highlighted that hybridi-
zation with CNTs conferred to OxPVA a rougher sur-
face than CNT-free OxPVA; an increased superficial 
electroconductivity was detected and potential CNT-
related toxicity was excluded. No thick fi brotic capsule 
was identified surrounding subcutaneous implants, 
suggesting biocompatibility. All NCs supported nerve 
regeneration (S100/β-tubulin) without severe inf lam-
matory reaction (CD3/F4/80). Morphometric stud-
ies showed higher cross-section area and fasci area for 
RA˃OxPVA+CNT˃Reaxon˃OxPVA; epineurium thick-

ness was higher for RA˃OxPVA˃Reaxon˃OxPVA+CNT; 
density of myelinated axons was higher for 
OxPVA+CNT˃OxPVA˃RA˃Reaxon ;  mye l i -
nated axons total number was prevalent in 
RA˃OxPVA+CNT˃Reaxon˃OxPVA. Th e entire cohort 
had operated limb gastrocnemius atrophy. Incorporation 
of CNT may be an appealing strategy to improve OxP-
VA devices outcomes.
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Th e human insula is hidden in the depth of the cer-
ebral hemisphere by the overlying frontal and tempo-
ral opercula, and consists of three cytoarchitectonically 
distinct regions: the anterior agranular area, posterior 
granular area, and the transitional dysgranular zone; 
each has distinct histochemical staining patterns and 
specifi c connectivity. Even though there are several stud-
ies reporting the functional connectivity of the insula 
with the cingulated cortex, its relationships with other 
brain areas remain elusive in humans. From the func-
tional point of view, it is involved in interoception, the 
feeling of physiological conditions of the whole body 
(not only viscera).

von Economo’s neurons (VENs) are large, spindle-
shaped projection neurons in layer V of the frontoinsu-
lar (FI) cortex, and the anterior cingulate cortex. VENs 
have been identifi ed in humans, chimpanzee, bonobos, 
gorillas, orangutan and, more recently, in the macaque. 
Th e phylogenetic distribution may suggest a correla-
tion among the VENs, brain size and the “social brain.” 
VENs may be involved in the pathogenesis of specifi c 
neurological and psychiatric diseases, such as autism, 
callosal agenesis and schizophrenia. VENs are selec-
tively aff ected in a behavioral variant of frontotemporal 
dementia. On the contrary, a higher density of VENs is 
found in superagers, compared to elderly controls and 
people aff ected by mild cognitive impairment.

Our fi ndings document two major complementary 
networks involving the ventral-anterior and dorsal-pos-
terior insula: one network links the anterior insula to the 
middle and inferior temporal cortex and anterior cin-
gulate cortex, and is primarily related to limbic regions 
which play a role in emotional aspects; the second links 
the middle-posterior insula to premotor, sensorimotor, 
supplementary motor and middle-posterior cingulate 
cortices, indicating a role for the insula in sensorimotor 
integration. Th e clear bipartition of the insula was con-
fi rmed by negative correlation analysis. We have recently 

shown that the salience network is altered in patients 
aff ected by schizophrenia compared to healthy controls, 
i.e. VEN-enriched cortical areas are associated with an 
altered resting-state brain activity in people with SZ.
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Several well-known risk factors, including hyperten-
sion, obesity, high cholesterol, dyslipidemia, and diabe-
tes, are recognized in the pathogenesis of cerebrovascu-
lar disease and cognitive impairment1.

Arterial hypertension is accompanied by high levels 
of cellular reactive oxygen species, cholinergic pathways 
dysfunction, and neuroinf lammation. These changes 
contribute to the development of brain disorders 2. In 
spontaneously hypertensive rats (SHR), brain white mat-
ter atrophy and neurovascular unit (NVU) dysfunc-
tion accompanied by gliosis and neuroinfl ammation are 
noticeable.

Our study has investigated if long-term treatment 
with CDP-Choline (CDP) and (+)-thioctic acid (TIO), 
alone or in association, could induce neuroprotection. 
CDP shows potential nootropic activity, increases acetyl-
choline synthesis/release, and is involved in preserving 
cell membrane phospholipids. TIO acts as a free radical 
scavenger, repairing oxidative damage and regenerating 
endogenous antioxidants.  

24-week-old SHR rats were treated for four weeks 
with CDP and TIO alone or in combination. Wistar 
Kyoto rats were used as a normotensive reference. West-
ern blot (WB) and immunohistochemistry (IHC) of neu-
ronal, glial, and infl ammatory markers were performed 
in the hippocampus as the main brain area correlated 
with cognitive functions. 

Treatment with CDP and TIO alone or in associa-
tion slightly decreased systolic blood pressure. WB and 
IHC results showed that CDP and TIO countered gliosis 
and microglial activation, decreased the level of inter-
leukin-1 beta and tumor necrosis factor-alpha possibly 
related with modulation of alpha-7 nicotinic acetylcho-
line receptor. 

Our fi ndings can contribute to better defi ning the 
role of the infl ammatory processes of NVU in brain dis-
orders characterized by vascular impairment. Moreo-
ver, the use of cholinergic neurotransmission enhancers 
associated with an antioxidant molecule could represent 
a therapeutic strategy worth to be investigated in further 
preclinical and clinical studies.
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Type 1 diabetes mellitus (T1DM) is a complex meta-
bolic disorder characterized by a substantial depletion of 
insulin-producing cells. Th e underlying cause of this cell 
destruction is attributed to an autoimmune response. 
Currently, the only effi  cacious treatment represents the 
daily administration of exogenous insulin. On the oth-
er side, there are no eff ective treatments targeting the 
underlying immunological cause of T1DM, then consid-
erable research attention has been directed towards stem 
cell therapy. Specifi cally, the utilization of three-dimen-
sional (3D) cell cultures to better recapitulate in vivo
conditions would increase the immunomodulatory and 
diff erentiative capacity of cell therapy.

Th e goal of this study is to provide a reliable cellular 
model that could be investigated for regenerative medi-
cine applications and evaluate its immunomodulatory 
capacity as a possible cell therapy for T1DM. To pursue 
this aim we created a co-culture spheroid of amniotic 
epithelial cells (AECs) and Wharton’s jelly mesenchy-
mal stromal cells (WJ-MSCs) in a one-to-one ratio. Th e 
resulting co-culture spheroids were analyzed for viabil-
ity, extracellular matrix production, and hypoxic state. 
Moreover, the immunomodulatory ability of spheroids 
was evaluated by co-culturing with activated PBMCs 
and T cells. Our results suggest that co-culture spheroids 
are stable in long-term culture and are still viable with 
a consistent extracellular matrix production evaluated 
with immunofl uorescence staining. Our model is also 
able to modulate PBMCs and T cells by reducing both 
their proliferation and activation. In conclusion, our co-
culture model may potentially be applied for regenera-
tive medicine applications in T1DM. 
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Nuclear Phospholipase C (PLC) β1 plays an impor-
tant role in the progression of Myelodysplastic Syn-
dromes (MDS) to Acute Myeloid Leukemia (AML)1. 
Hematopoietic Stem Cells (HSCs) usually live within the 
bone marrow (BM) microenvironment, where the pres-
ence of mesenchymal stromal cells (MSCs) regulates 
the hematopoiesis by interacting directly with HSCs or 
secreting specifi c molecules2. Here we investigated the 
role of PLCβ1 modulation in leukemic cells, analyzing 
PLCs expression and myeloid diff erentiation markers. 
Moreover, we studied the interactions between leuke-
mic cells and MSCs, focusing on the BM response, in 
terms of cytokine secretion. THP-1 cells were induced 
to overexpress PLCβ1 and both wild-type or PLCβ1 
overexpressing cells (THP-1 OV) were also co-coltured 
with HS-5 cells (i.e., MSCs) for 96 hours. Our results 
showed, in THP-1 OV cells, a reduction of PLCγ1 and 
PLCγ2 genes and a decrease of myeloid diff erentiation 
markers. However, when THP-1 OV cells were co-cul-
tured with HS-5 cells, no signifi cant diff erences were 
observed in the expression of PLCs and myeloid mark-
ers of THP-1 cells. Instead, aft er co-culture with THP-
1 OV cells, HS-5 cells showed a signifi cant increase of 
PLCβ1 and PLCγ2 expression, suggesting that leuke-
mia cells expressing high levels of PLCβ1 could activate 
specifi c signalling pathways, that are normally silent, 
within the mesenchymal counterpart. Moreover, THP-
1 OV cells showed inhibition of IL-8 secretion, while in 
co-colture, regardless of PLCβ1 expression levels, THP-
1 OV cells showed a selective secretion of IL-1β and the 
absence of IL-8. All in all, our results show that PLCβ1 
may be involved in leukemic transformation and tumor 
microenvironment mechanisms, providing new hints to 

identify new therapeutic targeted therapies. However, 
further studies are needed to analyse also MDS or AML 
patients, to confi rm these preliminary data and better 
understand the role of PLCβ1 in MDS to AML progres-
sion using primary samples. 
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Psoriasis is an immune-mediated skin disease char-
acterized by infl ammation, oxidative stress, deregulated 
proliferation and abnormal diff erentiation of keratino-
cytes. To date, the causes that lead to the development 
of the disease are still unclear and current therapies do 
not lead to a defi nitive recovery. Moreover, not much is 
known yet about the behavior of mitochondria in pso-
riasis, despite their direct involvement in oxidative stress 
and infl ammation.

Therefore, understanding the molecular mecha-
nisms involved in the pathogenesis is essential for the 
development of new more targeted therapies. Our pre-
vious works demonstrated that mesenchymal stem cells 
(MSCs) isolated from psoriatic skin showed pathological 
features related to psoriasis, such as hyperproliferation, 
Th 1-Th 17 imbalance and oxidative stress. Consequent-
ly, the hypothesis that psoriasis could start at staminal 
level opens to other remarkable evidence: MSCs could 
become the real pharmaceutical target and only their 
treatment will allow to reach a lasting result. 

In this work, we have investigated morphological 
and functional aberrations of mitochondria in psoriatic 
mesenchymal stem cells (PSO-MSCs) and their behav-
ior following oxidative and pro-infl ammatory stimula-
tions. Our results show that PSO-MSCs present more 
elongated and interconnected mitochondria, mainly due 
to downregulation of the fi ssion factor dynamin related 
protein-1 (DRP1), and a greater resistance to oxida-
tive and infl ammatory stress than MSCs isolated from 
healthy subjects (C-MSCs). Th ese morphological features 
result in a higher mitochondrial calcium uptake and 
ROS production compared to C-MSCs. Furthermore, 
our results demonstrate that mitochondrial dysfunctions 
predispose psoriatic cells to apoptosis induced by oxida-
tive stress or pro-infl ammatory stimuli. 

Treatments of PSO-MSCs with adalimumab, an 
anti-TNF-alpha human monoclonal antibody, restore 
mitochondrial morphology and functions in resting 
conditions, but has limited eff ects in counteracting the 

damage induced by pro-inf lammatory and oxidative 
stimulations. 

Th ese fi ndings designate that mitochondrial altera-
tion in psoriasis could represent a new interesting start-
ing point for new innovative researches on the patho-
genesis molecular mechanisms and support the key role 
of MSCs in the onset and development of psoriasis.  
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Bisphenols and Perfl uoroalkyls are chemical com-
pounds widely used in industry to produce plastics, 
food packaging and very common household items. 
They are known to be endocrine disruptors (EDs), 
indeed, once ingested through contaminated aliments, 
they mimic the activity of endogenous hormones lead-
ing to a broad spectrum of diseases. Due to the exten-
sive use of plastic in human life, particular attention 
should be paid to antenatal exposure to Bisphenols 
and Perfl uoroalkyls since they cross the placental bar-
rier and accumulate in fetal serum, amniotic fl uids 
and placental tissues. Here we investigated the eff ects 
of Bisphenol-A (BPA), Bisphenol-S (BPS), perfl uorooc-
tane-sulfonate (PFOS) and perf luorooctanoic-acid 
(PFOA), alone or combined, on human-induced pluri-
potent stem cells (hiPSCs) that share several biologi-
cal features with the pluripotent stem cells within the 
blastocysts. Our data show that the EDs aff ect hiPSCs 
inducing great mitotoxicity and dramatic changes in 
genes involved in the maintenance of pluripotency, ger-
mline specifi cation, and epigenetic regulation. We also 
evidenced that these chemicals, when combined, may 
have additive, synergistic but also negative eff ects. All 
these data suggest that antenatal exposure to these EDs 
may aff ect the integrity of stem cells in the developing 
embryos, interfering with the critical stages of early 
human development that might be determinant for fer-
tility. Th e observation that the eff ects of exposure to a 
combination of these chemicals are not easily foresee-
able further highlights the need for wider awareness of 
the complexity of the EDs eff ects on human health and 
of the social and economic burden attributable to these 
compounds. 
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Bone repair aft er fracture is a complex process that 
leads to new bone formation  through sequential cellular 
and molecular events regulated by systemic and local fac-
tors [1]. Infl ammation is an important biological process 
that should be considered to develop successful bioma-
terial-based therapeutics, since prolonged infl ammation 
can result in delayed wound healing or, in some cases, 
biomaterial rejection and additional tissue damage [2,3]. 

Th is study aims to assess the potential of mesen-
chymal stem cells (MSCs) in modulating the infl amma-
tion during osteogenic diff erentiation induced by the 
hydroxylapatite (HA)/Collagen composite biomaterial, 
which is currently used in maxillofacial surgery. MSCs 
were cultured on the biomaterial for 21 days. Upon dif-
ferentiation, cells were tested for matrix mineralization 
and gene expression profi le, using the Real-Time PCR 
Arrays for osteogenesis and infl ammation. MSCs grown 
on the biomaterial produced more mineralized matrix 
than those grown on tissue culture polystyrene ves-
sels, used as control. Among Diff erentially Expressed 
Genes (DEGs) involved in osteogenic differentiation 
(n=31), the transcription factor SP7, secreted phospho-
protein 1 (SPP1) and bone gamma-carboxyglutamate 
(gla) protein (BGLAP) were over-expressed in human 
MSCs grown on the biomaterial compared to control. 
Moreover, n=24 DEGs involved in infl ammation were 
detected in human MSCs, compared to control. Interest-
ingly, the anti-infl ammatory interleukin IL-10, was over-
expressed, whereas several pro-infl ammatory cytokines 
and chemokines, including interleukin IL-6, were down-
expressed in MSCs grown on the biomaterial, compared 
to control. In conclusion, this investigation indicates 

that MSCs combined with the composite biomaterial 
may enhance bone wound healing, possibly lowering 
the infl ammation burden. Th erefore, autologous MSCs 
implanted with the composite biomaterial could success-
fully be used for bone tissue regeneration in maxillo-
facial surgery.
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Bone marrow erythroid progenitor cells (EPCs) are 
one specifi c target of infection by the Parvovirus B19 
(B19V), a human pathogenic virus that can cause serious 
anemia in immunodefi cient people. Moreover, charac-
teristics of B19V include the ability to cross the placenta, 
infecting the fetus, and persist in several other tissues. 
Th e bone marrow hematopoietic niche, including the 
compartment of mesenchymal stromal cells (MSCs), is 
an important component in defi ning the tropism of this 
virus, thus a co-culture model based on the interaction 
between EPCs and MSCs would reveal new insight into 
the viral pathogenesis. 

We aimed to investigate the dynamics of B19V 
infection in diff erent cell culture conditions: monocul-
tures of MSCs or co-cultures of MSCs with EPCs gener-
ated in vitro from PBMCs. 

By studying adult and perinatal sources of MSCs, we 
found that MSCs constitute a non-productive environ-
ment with no signifi cant viral replication; however, they 
can serve as a reservoir of B19V DNA. 

In the co-culture system including Bone Marrow 
MSCs and EPCs, we identified two sub-fractions of 
EPCs that we indicated as adherent or not adherent cells. 
Th ese distinct cell populations sustained B19V infection 
at a diff erent extent, suggesting a distinct pattern of per-
missiveness. Viral transcription and protein expression 
analysis confi rmed the diverse permissiveness observed 
among co-cultured EPCs. 

Considering these fi ndings, our study could have 
fundamental implications for safety in transplanta-
tion biology and in cellular therapy strategies involving 
MSCs.
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Th e liver, biliary tree and pancreas derive embryo-
logically from a common precursor in the primitive 
duodenum. Niches of endoderm progenitors remain in 
specifi c anatomical locations in adult organs. Our aim 
was to study the phenotype of progenitor cell niches in 
duodenum and bilio-pancreatic system, and their pan-
creatic endocrine diff erentiation potency.

Human organs from control (n=5) or type 2 diabe-
tes mellitus (T2DM: n=5) subjects were studied. In vitro, 
progenitor cells were isolated from human duodenum 
and cultured in a well-defi ned pancreatic diff erentiation 
medium (PDM). In mice (n=10), pancreatic islets were 
damaged by streptozotocin (STZ) injection. Samples 
were examined by immunohistochemistry, immunofl uo-
rescence and RT-qPCR.

In normal organs, cells with a progenitor-like phe-
notype were present in duodenal submucosal glands 
(dSG), pancreatic duct glands (PDG), and peribiliary 
glands (PBG). Insulin+ cells were rarely found in PDGs 
and PBGs, but not in dSGs. In T2DM, the β-cell loss was 
associated with a higher proportion of central islets, an 
increased proliferation of PDGs, and the appearance of 
pancreatic islet-like structures within pancreatic duct 
walls. Moreover, insulin+ cells appeared within PBGs 
and, rarely, in dSGs. Isolated dSG cells from normal 
human duodena showed in vitro capability to commit 
toward endocrine pancreatic fate when cultured in PDM. 
STZ mice were characterized by an overall reduced islet 
area, by an increased proportion of central islets, and by 
modifi cations in PDG and dSG cell compartment.

Progenitor cells in adult bilio-pancreatic duct sys-
tem and in dSG glands have the capability to com-
mit towards an endocrine pancreatic fate. Our fi ndings 
could contribute to defi ning the role of progenitor cell 
compartments in islet regeneration.
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Th e long pentraxin 3 (PTX3) is protective in diff er-
ent pathologies but was not analyzed in-depth in Idio-
pathic Pulmonary Fibrosis (IPF). Here, we have explored 
the infl uence of PTX3 in the bleomycin (BLM)-induced 
murine model of IPF by looking at immune cells (mac-
rophages, mast cells, T cells) and stemness/regenerative 
markers of lung epithelium (SOX2) and fibro-blasts/
myofibroblasts (CD44) at different time points that 
retrace the progression of the disease from onset at day 
14, to full-blown disease at day 21, to incomplete regres-
sion at day 28. We took advantage of transgenic PTX3 
overexpressing mice (Tie2-PTX3) and Ptx3 null ones 
(PTX3-KO) in which pulmonary fi brosis was induced. 
Our data have shown that PTX3 overexpression in Tie2-
PTX3 compared to WT or PTX3-KO: reduced CD68+ 
and CD163+ macrophages and the Tryp-tase+ mast cells 
during the whole experimental time; on the contrary, 
CD4+ T cells are consistently present on day 14 and dra-
matically decreased on day 21; CD8+ T cells do not show 
signifi cant diff erences on day 14, but are signifi cantly 
reduced on day 21; SOX2 is reduced on days 14 and 21; 
CD44 is reduced on day 21. Th erefore PTX3 acts on the 
pro-immune and fi brogenic microenvironment to pre-
vent fi brosis in BLM-treated mice.
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Th e lymphatic vasculature starts with blind-ended 
initial lymphatics in the connective tissue surrounding 
blood vessels. Initial lymphatics have a thin wall com-
posed only of endothelial cells with a typical oak-leaf 
shape with overlapping fl aps allowing fl uid entry. Ini-
tial lymphatic vessels merge into precollectors, sparsely 
wrapped by smooth muscle cells and precollectors drain 
into collecting vessels that have a continuous muscular 
coat and are divided by unidirectional valves into pump-
ing units called ‘‘lymphangions”. 

Lymphedema is a progressive condition of the lym-
phatic system characterized by an abnormal accumula-
tion of interstitial fl uid with subsequent infl ammation, 
adipose tissue hypertrophy, and fi brosis. Lymphedema 
may be primary, including congenital and idiopathic 
forms, or, more frequently, secondary to lymph node 
ablation in cancer treatment. 

Previous studies on the histopathological alterations 
of lymphatic vessels in secondary lymphedema have 
shown that aft er an initial phase of ectasia, worsening of 
the disease is associated with wall thickening (contrac-
tion and sclerosis vessel types) accompanied by a pro-
gressive loss of the endothelial marker podoplanin. 

In this study we enrolled 17 patients with primary 
and 29 patients with secondary lymphedema who under-
went lymphaticovenous anastomoses surgery. Histologi-
cal sections were stained with Masson’s trichrome, and 
immunohistochemistry was performed with antibod-
ies to podoplanin (lymphatic endothelial cells marker), 
smooth muscle α-actin (α-SMA, smooth muscle cells 
and myofi broblasts marker), and myosin heavy chain 
11 (MyH11, smooth muscle cells marker). In secondary 
lymphedema, as expected, we found ectasis, contrac-
tion, and sclerosis vessel types. In primary lymphedema 
however, most vessels were of the sclerosis type, with 

no contraction vessels. Th e endothelial marker podo-
planin showed a variable level of expression unrelatedly 
with the morphology of the vessel type. Finally, in both 
primary and secondary lymphedema not all α-SMA-
positive cells were also positive for MyH11, suggesting 
their transformation into myofi broblasts.

Keywords: lymphedema; lymphatic vessels; lymphaticov-
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Spinal muscular atrophy (SMA) is a severe neuro-
muscular disease aff ecting children and young adults. It 
is caused by the mutation of the Survival Motor Neuron 
1 gene (SMN1), leading to reduced SMN protein levels 
and consequent degeneration of lower alpha motor neu-
rons (αMNs), associated with muscle atrophy, as well as 
other peripheral alterations. Nowadays the investigation 
of SMN-independent treatments is spreading ever more 
to overcome the limits of the already available thera-
pies. Here we evaluated the role of MR-409, a growth 
hormone-releasing hormone (GHRH) agonist, which has 
been shown to exert protective eff ects on experimental 
models of muscle atrophy, cardiomyopathies, ischemic 
stroke, and infl ammation.

MR-409 has been administered to SMNΔ7 mice, a 
widely used model of SMA. Daily subcutaneous treatment 
with MR-409 (1 or 2 mg/kg), from postnatal day 2 (P2) 
to sacrifi ce (P12), increased body weight and improved 
motor behavior in SMA mice, particularly at the highest 
dose tested. In addition, MR-409 reduced atrophy and 
ameliorated trophism in quadriceps and gastrocnemius 
muscles, as determined by an increase in fi ber size, as well 
as upregulation of myogenic genes and inhibition of pro-
teolytic pathways. MR-409 also promoted the maturation 
of neuromuscular junctions, by reducing multi-innervated 
endplates and increasing those mono-innervated. Finally, 
treatment with MR-409 delayed αMN death and blunted 
neuroinfl ammation in the spinal cord of SMA mice.

In conclusion, the present study demonstrated that 

MR-409 has protective eff ects in SMNΔ7 mice, suggest-
ing that GHRH agonists are promising agents for the 
treatment of SMA, possibly in combination with SMN-
dependent strategies.
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Mitochondrial neurogastrointestinal encephalomyo-
pathy (MNGIE) is a rare fatal disease caused by muta-
tions in TYMP gene, which leads to toxic nucleoside 
accumulation and mtDNA damage. Liver transplant, 
used to replace TYMP, is demonstrated to be a life-sav-
ing approach for MNGIE patients [1]. Liver has not been 
considered a target organ of the disease, thus the excised 
MNGIE liver will possibly be considered for a domino 
liver donation. Our study aimed to fully characterize 
MNGIE liver at diff erent stages of the disease. Liver tis-
sue biopsies were collected from n=9 MNGIE and n=7 
controls. FFPE sections were used to detect architec-
tural changes, localize and quantify fi brosis, quantify 
immune mediators, detect hypoxia and assess mtDNA 
depletion. Snap frozen tissues were used for metabo-
lomic (NMR), proteomic (mass spectrometry) and tran-
scriptomic (RNA-seq) assessment. Th e combined analy-
sis of transcriptome, proteome, and metabolome has 
shown that MNGIE liver is in a hypoxic state, with a 
downregulation of Krebs cycle and oxidative phospho-
rylation, as confi rmed by COX-SDH assay and HIF-1α 
positive staining. Glucose and glycogen metabolism were 
upregulated. A metabolic rewiring of lipid metabolism, 
mediated by the upregulation of ATP citrate synthase, 
was supported by the detection of steatosis accumula-
tion during the disease progression. Th e detected fi brosis 
and septa formation seem to be mediated by the activa-
tion of NfKB, SERPINE1 and MYC pathway. Th e vas-
cular and biliary branches were altered as indicated by 
VEGF upregulation and localization. Microdissection of 

hepatocytes and portal spaces revealed that the number 
of mtDNA copies decreased with the progression of the 
disease. Immune response was activated and immune 
cells localized at tissue level. In conclusion, our data, 
showing marked morphological, molecular, and progres-
sive metabolic changes, indicate that the liver is a tar-
get organ in MNGIE, thus a domino liver intervention 
should be carefully discussed.
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Intrahepatic cholangiocarcinoma (iCCA), occur-
ring at the level of the intrahepatic bile ducts, is one of 
the most aggressive neoplasms with the worst prognosis 
worldwide. Some clinicopathological prognostic param-
eters have been found but the identifi cation of molecu-
lar prognostic markers is still far off  [1]. Fragile X mental 
retardation protein (FMRP), a missing or mutated RNA-
binding protein in patients with fragile X syndrome 
(FXS) has recently been implicated in cholangiocarci-
noma in which FMRP is suggested playing a role in pro-
moting invasiveness of iCCA cells by acting at the level 
of the leading edges modulating the plasticity of plas-
ma membrane [2]. Th e present study aims to evaluate 
the expression of the FMRP protein in the progression 
of iCCA (non-tumor tissue, intraductal papillary neo-
plasm of the bile duct (IPNB), primary cancer, locore-
gional or distant metastases). FMRP is overexpressed in 
the tumour tissue compared to non-neoplastic bile ducts 
and IPNB. In metastatic iCCA cell lines, the silencing of 
FMRP infl uences adhesion, migration and cellular inva-
sion suggesting a role of FMRP in iCCA progression and 
it has been found to be localized in cytoplasmic RNA 
granules accumulating in the protrusions of the plasma 
membrane binding mRNAs encoding protrusion-related 
proteins. Metalloproteinase (MMP)9 was found to be 
the most overexpressed gene during iCCA progression 
and was identifi ed as a target mRNA of FMRP in iCCA 
and correlated with its expression. In conclusion, FMRP-
dependent regulation of MMP9 seems to play a signifi -
cant role in the pathogenic progression of iCCA, and 
these two proteins could be investigated as new potential 
prognostic markers of disease progression.
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Cholangiocarcinomas (CCA) are a heterogeneous 
group of malignancies arising from the biliary tree. Th e 
tumour heterogeneity at anatomical and histological lev-
els hampered the research for eff ective early diagnosis 
strategies and treatment options, leading to poor out-
comes for the patients. Our aim was to combine digital 
pathology with spatial molecular profi ling for character-
izing tumour phenotypes with relevant clinical value.

CCA samples (n=140) were obtained from dif-
ferent European centres joining the European Net-
work for the Study of CCA. Extensive histological/
immunohistochemical characterization of tumours 
has been performed. Slides were digitalized by Aperio 
Scanscope CS2. Spatial profi ling was performed by using 
Nanostring GeoMx DSP.

CCAs were divided in intrahepatic (n=85), perihilar 
(n=41) and distal (n=14) based on their anatomical loca-
tion. Intrahepatic (i) CCAs were histologically distin-
guished into small (37%) or large (47%) bile duct (BD) 
types. Large BD type iCCAs were characterized by a 
higher mucin content (p=0.021) and more frequent peri-
neural invasion (p<0.001) compared to small BD type. 
In a subgroup of cases (n=10), spatial molecular analysis 
was performed by selecting the CD45-positive cell frac-
tion in the tumour centre or at invasion front, revealing 
CD68 cells at invasion front as signifi cantly associated 
to prognosis. In the entire iCCA cohort, a lower num-
ber of CD68+ cells at the invasion front resulted associ-
ated with a poor prognosis in terms of overall survival 
[HR:3.43 (1.62-7.27), p=0.028].

Th ese results represent a proof-of-concept that the 
combination of digital histology with spatial molecu-

lar profi ling could represent an integrative approach for 
tumour characterization and for development of a per-
sonalized approach.
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In-depth ultrastructural examination of post-mor-
tem specimens from COVID-19 patients frequently 
encounters signifi cant structural deterioration, poten-
tially attributed to the extended time gap between the 
individual’s death and proper fi xation of the sample. To 
enhance tissue structure preservation, we collected sam-
ples from intubated patients through a transbronchial 
“cryobiopsy” approach within 30 minutes post-mortem, 
followed by immediate fixation for electron micros-
copy. We systematically analyzed thin-section elec-
tron microscopy images of samples from six COVID-19 
patients with documented histopathology. Th e diverse 
specimens and regions examined demonstrated ultras-
tructural associations for various phases of diff use alveo-
lar damage, encompassing alveolar epithelium detach-
ment, type 2 cell hyperplasia, exudation, and extracel-
lular material accumulation, such as hyaline membranes 
and fi brin. Macrophages and neutrophilic granulocytes 
were consistently identifi ed. Endothelial structural integ-
rity remained unaltered in areas where alveolar epithe-
lium detachment had occurred. No aggregates of eryth-
rocytes, leukocytes with fi brin, or thrombocytes were 
observed. We report that coronavirus particles were 
detected exclusively in and around a very limited num-
ber of cells in only one of the six patient samples. Th e 
specifi c cell type and origin could not be ascertained, 
although the overall structural preservation of the sam-
ples allowed pulmonary cell type identifi cation. Our 
data suggest that the observed alveolar damage does not 
correlate with viral presence or structural impairment 

due to continued replication during the disease’s later 
stages in fatal cases. Th is fi nding implies that lung dam-
age in these patients may be perpetuated through alter-
native mechanisms, potentially involving an inadequate 
immune or stress response.
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Natural Killer cells (NKs) represent the innate 
counterpart of T lymphocytes and are characterized by 
a high anti-tumor and an anti-viral cytotoxic activity. 
Recently, it has been demonstrated that NKs can express 
PD-1 as an additional inhibitory receptor. Specifi cally, 
PD-1 was identifi ed in a subpopulation of terminally 
diff erentiated NKs from healthy adults with previous 
HCMV infection. So far it is unknown whether PD-1 
appears during NK-cell development and whether this 
process is directly or indirectly related to HCMV infec-
tion. 

In this study, we analyzed the expression and func-
tion of PD-1 on Cord Blood derived NKs (CB-NKs) on a 
large cohort of newborns through multiparametric cyto-
fl uorimetric analysis. 

We identifi ed PD-1 on CB-NKs in half the newborns 
analyzed. PD-1 was present on CD56dim NKs, and par-
ticularly abundant on CD56neg NKs, but only rarely 
present on CD56bright NKs. Importantly, unlike in 
adult healthy donors, in CB-NKs PD-1 is co-expressed 
not only with KIR, but also with NKG2A. PD-1 expres-
sion was independent of HCMV mother seropositivity 
and occurs in the absence of HCMV infection/reactiva-
tion during pregnancy. Notably, PD-1 expressed on CB-
NKs was functional and mediated negative signals when 
triggered. 

To our understanding, this study is the first to 
report PD-1 expression on CB derived NKs and its fea-
tures in perinatal conditions. These data may prove 
important in selecting the most suitable CB derived NK 
cell population for the development of diff erent immu-
notherapeutic treatments.

Keywords: Programmed death receptor 1; human 
Natural Killer cells; cord blood; Killer Ig-like recep-
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Th e bone marrow niche, and in particular the bone 
marrow stromal cells (BMSCs) play a pivotal role in nur-
turing hematopoietic stem and progenitor cells. Acute 
myeloid leukemia (AML) cells modify BMSCs activity 
to their advantage and indeed BMSCs are a main deter-
minant of resistance to AML therapy1,2. We previously 
devised a strategy based on proteotoxic stress by com-
bining low doses of the diff erentiating agent retinoic 
acid (R), the proteasome inhibitor bortezomib (B), and 
the oxidative stress inducer arsenic trioxide (A), which 
exerts strong cytotoxic activity on FLT3-ITD+ AML 
cell lines and primary blasts isolated from patients, due 
to ER homeostasis imbalance and generation of oxida-
tive stress. Indeed, FLT3-ITD mutant protein is par-
tially retained in the endoplasmic reticulum (ER) and 
generates intrinsic proteotoxic stress. However, AML 
cells become completely resistant to the combination 
RBA when treated in co-culture with bone marrow 
stromal cells (BMSC). Nonetheless, we could overcome 
such protective eff ects by using high doses of ascorbic 
acid (Vitamin C) as an adjuvant to exacerbate oxida-
tive stress induction. Importantly, the combination RBA 
plus ascorbic acid signifi cantly prolongs the life span of 
a murine model of human FLT3-ITD+ AML without 
toxic eff ects. Furthermore, we show for the fi rst time 
that the cross-talk between AML cells and BMSC upon 
treatment involves disruption of the actin cytoskeleton 
and the actin cap, increased thickness of the nuclei, and 

cytoplasmic localization of the transcriptional co-regula-
tor YAP in the BMSC. Our fi ndings strengthen our pre-
vious work indicating induction of proteotoxic stress as 
a valid strategy in FLT3-ITD+ AML therapy and open to 
the possibility of identifying new therapeutic targets in 
the crosstalk between AML cells and BMSC, involving 
mechanotransduction and YAP signaling.
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Several pro-infl ammatory cytokine axes - namely 
CCL2/CCR2, IL-1/IL-1R, CXCL8/CXCR-1/2 and IL-4/
IL-131-4 - have been recently proved to be relevant in the 
pathophysiology of myelofi brosis (MF), a chronic, pro-
gressive myeloproliferative neoplasm typifi ed by exten-
sive deposition of reticulin and collagen fi bers in the 
bone marrow (BM). MF is classifi ed in pre fi brotic pri-
mary form (prePMF) and overtly fi brotic primary (overt-
PMF) or secondary (sMF) forms5.

It has been recently demonstrated that the frequency 
of CXCL8 secreting CD34+ cells correlated with bone 
marrow fi brosis and that CXCR2 blockage ameliorated 
the fi brotic phenotype of MF murine models2,6.

The rs4073 SNP of CXCL8 has been extensively 
investigated in chronic infl ammatory conditions, includ-
ing cancer. The T allele, more prevalent Caucasians, 
accounts for increased production of CXCL87.

We analyzed genotypic and allelic frequency of the 
rs4073 SNP of CXCL8 by allele-specifi c PCR in a cohort 
of 99 MF Caucasian patients (57.6% males, median age 
at diagnosis 68 yrs, range 29-84, median follow-up 8 
yrs) of which 45 prePMF, 27 overtPMF and 27 sMF, and 
309 matched controls.  Genotype-phenotype correlation 
was performed according to a dominant genetic model 
(AT+TT vs. AA). No significant differences in geno-
typic and allelic frequencies between MF and controls 
were detected, but, focusing on MF, we found that both 
overtPMF and sMF patients were signifi cantly enriched 
in polymorphic genotypes (25/27, 92.6% in both catego-
ries) as compared to prePMF (32/45, 71.1%, P=0.037 in 
both comparisons). In line with these fi ndings, the pres-
ence of the T allele was associated with higher grading 
(≥II) of bone marrow fi brosis (P = 0.014). Intriguingly, all 
prePMF evolving into overtPMF during the follow-up 
were polymorphic for the CXCL8 SNP. We also found 
that presence of the SNP was associated with leuko-

cytosis in MF (12.6±9.7 vs. 8.0±3.2x 109/L, P=0.017). 
Th ese results are consistent with the recent literature2, in 
which a higher number of CXCL8 secreting cells corre-
lated with the degree of reticulin fi brosis and leukocyto-
sis in MF. Th erefore, germline predisposition to produce 
more CXCL8 (due to the rs4073 SNP) may confi gure as a 
host genetic determinant that favors fi brotic progression 
in MPN.
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Glioblastoma, a highly aggressive brain tumor, typi-
cally results in a life expectancy of 14 to 16 months fol-
lowing diagnosis. Th e Ki-67 labeling index, a measure of 
cellular proliferation, is emerging as a prognostic indi-
cator in glioblastoma. Th is study aimed to explore the 
detailed structure of glioblastoma tissue from 9 patients 
sharing the same molecular characteristics (adult IDH 
wild-type glioblastoma, wild-type ATRX, positive for 
TP53 expression, GFAP expression, and EGFR overex-
pression). Our objective was to identify potential ultra-
structural characteristics that could serve as biomarkers, 
specifi cally correlated with the only diff ering param-
eter among our samples, the Ki-67 labeling index. Our 
morphological fi ndings suggest that both the presence 
of microglia-secreting extracellular vesicles (MsEVs) 
and microglia-storing lipid vesicles (MsLVs) could be 
signifi cantly associated with the Ki-67 labeling index. 
Specifi cally, we observed an increase in the number of 
MsEVs and MsLVs in samples with a high Ki-67 labeling 
index. Th e statistical analysis of our data indicated that 
the amount of MsEVs and MsLVs is directly related to a 
high Ki-67 index, having a potential as a biomarker for 
predicting glioblastoma prognosis. Our ultrastructural 
analysis of glioblastoma blood vessels evidenced and 
documented the presence of small blood vessels with a 
double-layered basement membrane, where fenestra-
tions allowed astrocyte foot processes to come close to 
endothelial cells as they extended long processes toward 
astrocytes. Th is fi nding illustrates the anatomical basis 
for molecular communication between endothelial cells 
and astrocytes. Our in situ study results suggest further 
investigation of the role of vessel modifi cations, and 

mechanisms involved in MsEVs genesis, activity, and 
their EVs, release. Moreover, the role of MsLVs, the type 
of LVs content, and storage mechanisms have to be fur-
ther investigated, to provide viable targets for developing 
novel therapies. 
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Considering the psycho-socioeconomic impact of 
psoriasis, aff ecting 2-3% of the whole population, the 
need to understand the pathogenetic early epidermal 
events is still acute. The development of experimen-
tal models easy to use, but also able to reproduce the 
main psoriatic features is a compelling challenge. In this 
study, we compared the keratinocyte response aft er 24 
hours to a proinfl ammatory milieu composed of TNF-
alpha, interleukin (IL)-17A, IL-22, and IL-23 (MIX) in 
i) a 2D model of in vitro keratinocytes (HaCaT cells) 
induced to diff erentiate with CaCl2 1.8 mM for 4 days 
and ii) in an ex vivo 3D model of healthy human skin 
obtained after aesthetic surgery (n=5). Based on the 
hyperproliferative feature and the impairment of ter-
minal diff erentiation reported in the psoriatic plaque, 
we evaluated cell proliferation analyzed as 5-bromo-
2’-deoxyuridine incorporation and keratinocyte diff er-
entiation by indirect immunofl uorescence in both mod-
els. Keratin (K) 10/K14 were considered as cytoskeletal 
markers of suprabasal and basal layers, respectively, and 
claudin 1/zonula occludens (ZO)-1 components of tight 
junctions (TJs). In HaCaT cells, both cell proliferation 
and K14 immunostaining increased as early as 24 hours, 
while in bioptic fragments keratinocyte proliferation was 
decreased at the same time point. MIX treatment always 
reduced K10 distribution. Claudin 1 fl uorescence inten-
sity was reduced aft er MIX incubation in the uppermost 
diff erentiated epidermal layers and HaCaT cells, while 
ZO-1 immunoreactivity was redistributed in the epider-
mal compartment and resulted fainter in MIX-incubat-
ed HaCaT cells. Th e modulation of TJ composition and 
the impairment of terminal diff erentiation are psoriatic 

events occurring earlier than the proliferation impair-
ment, the latter representing a “response to injury” when 
the epidermis faces an infl ammatory milieu. In conclu-
sion, our observations are relevant not only as it applies 
to general skincare, but also to clinics.
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Th e identifi cation of the origin cell of Merkel cell 
carcinoma (MCC), a rare skin tumor, is prevented by 
the limited molecular knowledge of its two subsets, 
namely Merkel cell Polyomavirus-positive and -nega-
tive MCC (MCCP/MCCN). Given the expression of neu-
roendocrine, epithelial, fi broblast and B-cell markers 
in MCC, a multilinear origin has been assessed. How-
ever, the existence of two subsets may refl ect oncogenic 
events occurring in two distinct origin cell types. Reti-
noic signaling activation has been reported to inhibit 
the epithelial-to-mesenchymal transition (EMT), while 
altered retinoic-associated genes have been identifi ed 
in MCC. However, the role of the retinoic signaling in 
MCC is unclear. Retinoic gene signature was investigat-
ed herein in MCCP, MCCN and in epithelial/fi broblast 
control cells to elucidate the heterogeneous nature of 
MCC. Hierarchical clustering and Principal Component 
Analysis were conducted to categorize cells according 
to the retinoic gene signature. MCCP and MCCN cells 
were hieratically clusterizable from each other and from 
epithelial/fibroblast cells, according to their retinoic 
gene signature. MCCP vs MCCN diff erentially expressed 
genes (n=43) were identified. Among these, ten hub 
genes were identifi ed via protein-protein interaction net-
work. In particular, SOX2, ISL1, PAX6, FGF8, ASCL1, 
OLIG2, SHH and GLI1 were upregulated, whereas JAG1 
and MYC were downregulated in MCCP compared to 
MCCN. Enrichment analyses indicated that diff erential-
ly expressed genes are predominantly related to DNA-
binding/transcription factors involved in development, 
regionalization, pattern specifi cation and morphogene-
sis. MCCP-associated hub genes are transcription factors 
active in neurological development, stemness and EMT, 
thus suggesting that dysregulated retinoic gene expres-
sions might confer a more pronounced invasive/trans-
formation potential in MCCP than MCCN. Our fi ndings 

on retinoic signature in MCC may suggest the neuroen-
docrine origin of MCCP. 
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COVID-19 pandemic, caused by SARS-CoV-2 virus, 
had significant consequences for individuals already 
dealing with various pathological conditions, includ-
ing breast cancer [1]. Emerging evidence suggests that 
SARS-CoV-2 infection may directly aff ect breast cancer 
cell biology, even though a deeper understanding of the 
eff ects of the virus on tumor cells is still not completely 
achieved [2]. Th e present study aimed at examining the 
molecular events taking place in three breast cancer cell 
lines expressing diff erent levels of the SARS-CoV-2 entry 
receptor ACE2, as evaluated by immunofluorescence 
and western blot analysis, upon SARS-CoV-2 infec-
tion. Specifically, MCF7, MDAMB231, and HCC1937 
cell lines, representing luminal A (estrogen receptor 
positive), basal B/claudin low and basal A (both estro-
gen receptor negative) molecular subtypes respectively 
[3], were infected with SARS-CoV-2 and viral replica-
tion was monitored over-time. Our data indicated that 
MCF7 cells exhibited the highest permissiveness to the 
virus, a fi nding also corroborated by electron micros-
copy. Furthermore, gene expression profi le analysis was 
conducted at 24 hours and 7 days post infection. In line 
with our previous observations, functional genomic 
analysis revealed the enrichment of several pathways 
associated to Coronavirus infection, viral recognition, 
immune activation and estrogen receptor signaling in 
infected MCF7 cells at 7 days post-infection. Interest-
ingly, a metagene based on genes found to be up-modu-
lated in all the three cell lines by SARS-CoV-2 identifi ed 
a subgroup of pre-menopausal estrogen receptor posi-
tive breast cancer patients experiencing poor prognosis. 
Since it has been reported that SARS-CoV-2 can interact 
with the estrogen receptor and modulate its biological 
functions [4], our fi ndings suggest a possible involve-
ment of this protein in sustaining virus replication in 
malignant cells. Accordingly, pharmacological inhibi-
tion of estrogen receptor activity by tamoxifen treatment 

was able to reduce SARS-CoV-2 replication rate in MCF7 
cells. Given the ongoing spread of the SARS-CoV-2 
within the population and the high rate of breast cancers 
expressing estrogen receptor, it is crucial to gain a better 
comprehension of its direct impact on breast cancer and 
to assess the long-term consequences of COVID-19 on 
breast cancer outcomes.
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Unexplained miscarriage is a frequent pregnancy 
complication. Th e aetiology includes genetic abnormali-
ties, infections, implantation process dysfunctions and 
immunological disorders, uterine/endocrine abnormali-
ties, lifestyle risk factors and maternal age. Given this 
complexity, the pathophysiological mechanisms and the 
dynamic changes at maternal-foetal interface have not 
been clearly stated. Following the similitude between 
embryo implantation process and wound-healing phases, 
tissue remodeling, controlled infl ammation and angio-
genesis are needed to preserve the regenerative/repair 
processes of the modifying uterine walls, tuned by an 
appropriate anti-inf lammatory milieu when there is 
no need of further actions. In this line, maternal fi brin 
3D organization and fi brinogen levels play a key role in 
embryo implantation and pregnancy maintenance.

To explore the genetic architecture of the 3D-fi brin 
meshwork at the maternal/foetus interface, we inves-
tigated coagulation Factor XIII (F13A1 and F13B) and 
fi brinogen cluster (FGA and FGB) gene variants in a 
group of women who experienced spontaneous early 
pregnancy loss (EPL, n=123) and women who undergone 
voluntary pregnancy interruption (VPI, n=107). Princi-
pal Component Analysis accounting for genetic and bio-
chemical variables and logistic regression have been per-
formed to disclose positive/negative associations. Finally, 
3D-architecture of fi brin scaff olds obtained from select-
ed “extreme genotypes” were analysed by SEM analysis.

Single gene analyses found statistical signifi cance 
in F13A1 V34L (P=0.045), F13B H95R (P=0.035) and 
FGB -455GA (P=0.04) gene variants by comparing EPL 
versus VPI ascribing diff erent risk scores. PCA analy-

ses confi rmed signifi cant interactions among FXIII and 
Fibrinogen (gene variants and levels) ascribing signifi -
cant risk scores: ORF13B,FGB,PLT,PT=0.6; 0.46-0.84;P=0.002, 
and ORF13A,FGB,age,Fib=0.5; 0.40-0.73;P<0.0001. Finally, we 
reported signifi cant diff erences in the nanofi bers organi-
zation (i.e. SEM analysis of pore size, fi bres length and 
diameter, number of branch-points) according to diff er-
ent gene variants and cases subgroups. 

Genetically driven 3D-fi brin architecture, by infl u-
encing secretome niche, angiogenesis and infl ammation 
may in turn predispose to pregnancy maintenance and 
outcome.
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Idiopathic pulmonary fi brosis (IPF) is a chronic, 
progressive form of pneumonia associated with fi brosis. 
Insuffi  cient understanding of driver mutations and poor 
fi delity of currently available animal models has limited 
the development of eff ective therapies. Previous studies 
suggesting that megakaryocytes (MKs) sustain pulmo-
nary fi brosis in the bleomycin mouse model [1] and the 
recent discovery of a novel MK subpopulation (immune-
MKs) exerting immune functions in the lung [2,3] lead 
us hypothesize that abnormalities in immune-MKs may 
be involved in the pathogenesis of IPF. Th is hypoth-
esis was tested in our hypomorphic Gata1low murine 
model of myelofi brosis, whose MKs exhibit high levels 
of several proinfl ammatory proteins (TGF-β, CXCL1, 
P-SEL) that have been implicated also in the develop-
ment of IPF [4]. We discovered that with age Gata1low

mice develop fibrosis in the lung with features that 
recapitulate those observed in IPF in patients: Gata1low

mice progressively develop fibrosis in the subpleural 
region of the basal lobes as they age, recapitulating the 
chronic nature of IPF, and fi brosis is not triggered by 
infl ammatory insults. Moreover, the lungs from Gata1low

mice, as those from the IPF patients, contain numerous 
GATA1neg immune-MKs. Th erefore, Gata1low mice are 
the fi rst genetic-driven model for IPF and provide a link 
between abnormal immune-MKs and lung fi brosis. Since 
immune-MKs diff erentiate in the bone marrow (BM) 
from hematopoietic stem cells (HSCs) under the con-
trol of the transcription factor PU.1 (Spi1) [5], we further 
characterized the abnormalities of the immune-MKs in 
the lung from Gata1low mice by comparing the cells pre-

sent in a knock-in mouse line with reading frames for 
enhanced yellow fl uorescent protein (eYFP) knocked into 
the gene loci for PU.1[6] carrying the Gata1low mutation 
(PU.1-eYFP/Gata1low mice). By fl ow cytometry analysis, 
the levels of eYFP expression divides the MKs (CD41pos) 
of the BM and lungs into four classes: cells not express-
ing eYFP or expressing low, medium or high eYFP lev-
els. Of note, the frequency of immune-MK (CD41pos

CD53pos) and the levels of eYFP expression were higher 
in the lungs from the double mutants than in the BM. 
Since high PU.1 levels has been linked to HSCs fate in 
infl ammatory stress conditions [7], we assume that this 
transcription factor may specifi cally drive MKs abnor-
malities in the lungs of Gata1low mice. 
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Reactive oxygen species (ROS) are recognized as key 
drivers of several physiological processes. Myogenesis is 
accompanied by metabolic remodeling and changes in 
the activity of antioxidant enzymes that lead to changes 
in ROS levels. In turn, fl uctuations in intracellular ROS 
during myogenic diff erentiation appear as a myogene-
sis-regulating factor, despite the molecular mechanisms 
still need to be elucidated1-2. Protein Kinase C (PKC) 
epsilon (PKCe) promotes muscle stem cell diff erentia-
tion and skeletal muscle regeneration aft er injury3. PKC 
plays a tissue specifi c role in redox biology and specifi c 
PKC isoforms may represent both a target of ROS as well 
as an up-stream regulator of redox signaling4,5. Th ere-
fore, we hypothesized that PKCe represents a molecular 
link between redox homeostasis and myogenic diff eren-
tiation. We used the in vitro model of mouse myoblast 
cell line (C2C12) to study the PKC-redox axis. We dem-
onstrated that the transition from myoblast to myotube 
is typifi ed by increased PKCe expression and decreased 
ROS, suggesting that the antioxidant signaling activation 
is required to prevent ROS accumulation and allow cell 
diff erentiation. Indeed, we found that the expression of 
the antioxidant enzyme, superoxide dismutase 2 (SOD2), 
is signifi cantly higher in the late phases of myogenic 
differentiation, mimicking PKCe protein levels. Fur-
thermore, we demonstrated that, while SOD2 silencing 
did not aff ect PKCe expression, a forced in vitro PKCe 
down-regulation was able to induce a reduction of SOD2 
coupled with signifi cant increase of ROS, suggesting that 
the kinase could be an up-stream regulator of SOD2. We 
also identifi ed a plausible molecular link between PKCe 
and SOD2 represented by Nrf2, a well known SOD2 
activator, by demonstrating the formation of the PKCe-
Nrf2 complex in C2C12 cells. Overall, our results indi-
cate that PKCe is capable of activating the antioxidant 
signaling preventing ROS accumulation in myotube, 
eventually promoting myogenic diff erentiation.
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Unilateral condylar hyperplasia (CH) is character-
ized by slowly progressing and enlarging condyle along 
with elongation of body of mandible, which results in a 
shift  in the midline to the contralateral side, ultimately 
leading to facial asymmetry, occlusal disharmony and 
joint dysfunction. It is suggested that the fi rst report 
of this condition in the English language was made in 
1836 by Robert Adams (Adams1873). Aft erwards many 
authors began to study CH although to this day the aeti-
opathogenesis is still unclear, but certain theories have 
been suggested which include trauma, hormonal imbal-
ance, infection, arthrosis, hypervascularity and pos-
sibly genetic role. Th e typical features include enlarge-
ment of mandibular condyle, condylar neck and exces-
sive growth of the body of mandible. Th is pathology is 
treated with a double clinical approach: surgical and 
orthodontic, but it has been seen that years aft er the res-
olution of the problem, it can reappear. Histopathologi-
cal examination reveals excessive formation of articular 
cartilage, with thickened proliferation zone and mani-
fests itself with the characteristic infi ltration of the bone 
tissue as “islands of cartilage”. Th e aim of our study 
was to create a multifactorial approach to try to better 
investigate the nature of the pathology. For this study we 
used 5 patients with condylar hyperplasia (4 female and 
1 male) who were treated with proportional condylec-
tomy and a control patient. Th e samples were observed 
under the optical microscope, the SEM and the confocal 
laser microscope, we used infl ammatory markers, type I 
and II collagen fi ber markers and fi broblast markers. Th e 
results obtained confi rm that the progressive growth of 
the mandibular condyle is due to a pathological hyper-
activity of the cartilaginous tissue, suggesting that this 
condition depends on a metabolic disorder.
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Cachexia is a multifactorial syndrome affecting 
most advanced cancer patients, characterized by loss of 
body weight and skeletal muscle tissue, and responsi-
ble for about 20% of all cancer deaths. Th e receptor for 
advanced glycation end-products (RAGE) sustains can-
cer cachexia in animal models, increasing infl amma-
tion and muscle wasting. Indeed, mice lacking RAGE 
(Ager−/− mice) showed increased survival and delayed 
loss of muscle mass and strength. To unravel the specifi c 
contribution of RAGE to cachexia in the tumor environ-
ment and skeletal muscles, we injected LLC (Lewis lung 
carcinoma) clones stably transfected with full-length 
RAGE, RAGEΔcyto (lacking the cytosolic and trans-
ducing domain) or empty expression vector in C57Bl/6 
WT and Ager−/− mice. We found that RAGE overexpres-
sion sustained the tumorigenic and cachectic potential 
of LLC cells in WT mice, but not in Ager−/− mice, which 
maintained their body weight and muscle masses in the 
presence of tumor and did not activate the ubiquitin-
proteasome system in muscles regardless of the injected 
LLC clone. We also generated a conditional mouse mod-
el (AgermKO mice) in which the RAGE gene is selectively 
deleted in skeletal muscles, by crossing Agerfl x/fl x with 
tamoxifen-inducible HSA-MerCreMer mice. AgermKO

mice showed resistance to LLC-induced loss of body and 
muscle weights, although to a lesser extent than Ager−/−

mice, and an increased survival compared with LLC-
bearing control (Agerfl x/fl x) mice. Altogether, our results 
suggest that overexpression of RAGE in LLC cells is 
not suffi  cient per se to induce muscle atrophy, and that 
RAGE engagement at myofi ber level is a key event in 
inducing muscle wasting in cancer conditions. Since we 

observed the highest protection against cancer-induced 
muscle wasting in the presence of total ablation of 
RAGE, molecular targeting of this receptor might rep-
resent a promising approach to counteract the cachectic 
syndrome in cancer patients.
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Collagen VI (COL6) is a ubiquitous extracellular 
matrix (ECM) protein that plays a crucial role in organ-
izing and anchoring the fi brillar collagen network in 
various tissues, including skeletal muscle1. Mutations 
in genes encoding the three major α-chains of COL6, 
COL6A1, COL6A2 and COL6A3, are responsible for a 
group of inherited disorders called COL6-related myo-
pathies. COL6 deficiency affects ECM structure and 
biomechanical properties, resulting in impaired muscle 
regeneration and eventually progressive muscle weak-
ness and wasting, and joint contractures.

Recent evidence demonstrated that pericytes, a type 
of mesenchymal stem cell closely associated with the 
endothelial cells of blood vessels, contribute to muscle 
regeneration by releasing trophic factors and increasing 
myogenic diff erentiation2. Pericytes are quiescent cells 
but, in response to muscle injury, they become more 
reactive and diff erentiate into muscular cells to enhance 
tissue healing.

Th erefore, to gain insight into the involvement of 
pericytes in the pathogenesis of COL6-related myopa-
thies, we explored cellular and molecular mechanisms 
coordinating regenerative potential of pericyte of aff ect-
ed patients compared to healthy donors. 

Firstly, we evaluated the expression and distribution 
of COL6 and its cell surface receptor Neural/glial anti-
gen 2 (NG2) in primary pericyte cultures displaying the 
COL6 defects and an aberrant NG2 expression in aff ect-
ed patients. 

Interestingly, our results revealed that the impaired 
COL6-NG2 binding could reduce the regenerative capac-
ity of pericytes in response to muscle injury due to an 
irreversible quiescent state of pericytes, as demonstrated 
by the inverse correlation between proliferative signaling 
pathways and quiescent markers expression. 

Taken together, our findings highlight pericytes 
as crucial players in maintaining tissue homeostasis in 
COL6-related myopathies, emphasizing their importance 
in contributing to muscle repair in response to injury. 
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Tendinopathies are common diseases and increase 
in incidence as people age. To date, there is no estab-
lished therapeutic strategy for tendinopathies due to a 
lack of evidence about their exact intrinsic pathogenic 
mechanisms and the absence of characteristic molecu-
lar markers. In general, the main eff ectors of infl amma-
tion upon tendinopathies are myeloid cells, most notably 
monocytes and macrophages. However, the discovery of 
infl ammation markers classically related to myeloid cells 
on tendon-derived cells has broken new ground for the 
understanding of molecular pathways underlying ten-
dinopathies. Our group has previously highlighted the 
involvement of the redox-sensitive transcription factor 
Nrf2 (nuclear factor erythroid 2–related factor 2) in the 
counteraction of H2O2-induced cytotoxicity in tenocytes 
upon HA (hyaluronic acid) administration [1]. In paral-
lel, we have demonstrated that oxidative stress-induced 
apoptosis in tenocytes is driven by caspase 3 and 7, and 
this condition could be counteracted by the administra-
tion of HA [2]. Moreover, it has been reported that ten-
ocytes are capable of restoring their intracellular redox 
homeostasis by modulating the NF-ĸb nuclear transloca-
tion and the expression of iNOS (inducible nitric oxide 
synthase). Finally, we highlighted the involvement of 
the macrophage-related marker CD200 during rotator-
cuff  tendon injury/repair in a model of primary tendon-
derived cells CD146+, stimulated by IFNγ and TNFα in 
vitro [3]. Current proteomic studies show the upregula-
tion of downstream protein involved in the ROS scav-
enging and infl ammation in primary tendon-derived 
cells stimulated by LPS. 

Th e present fi ndings demonstrate that not only mye-
loid cells, but also tendon-resident cells play a role upon 
immunomodulation during tendinopathies. Gaining a 
deeper insight into the nature and function of tendon-

resident cells in tissue homeostasis and disease lays the 
ground for developing new treatment strategies for ten-
dinopathies. 
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Th e Achilles tendon (AT), which represents the con-
joined tendon of the triceps surae muscles complex, is 
one of the largest, and strongest tendons of the human 
body [1]. However, as it serves as the primary plantar-
fl exing mechanism of the ankle, the AT is also one of 
the most common sites of rupture. In the last years, the 
incidence of AT injuries has signifi cantly increased with-
in the middle-aged physically active population due to 
the growing popularity of some recreational sports [2].  
Increasing evidence suggests that alterations in the mus-
cle-tendon complex in response to altered loading and/or 
muscle contraction may not be restricted to the muscle 
alone but can also aff ect the fascial tissue. Ultrasonogra-
phy (US) is currently considered a clinically reliable and 
non-invasive tool for delineating tendon, muscle, and 
fascial echotexture while detecting structural alterations, 
including thickening and echogenicity abnormalities [3]. 

In the present study, a comparative US imaging 
evaluation of textural features of the suro-Achilleo-
plantar complex was performed both in healthy con-
trol and symptomatic subjects with mid-portion Achil-
les tendinopathy. Preliminary data demonstrate that, in 
symptomatic subjects, ultrasonographic alterations are 
not restricted to paratenon and intratendinous areas, 
but also aff ect upstream structures along the myofascial 
chain, resulting in thickening of the fascia interposed 
between medial gastrocnemius and soleus muscles. 
Moreover, positive correlations were found between sole-
us fascia thickening and abnormalities in AT, paratenon, 
and symptom severity. Interestingly, suro-Achilleo alter-
ations comparable to those occurring in the symptomat-
ic group were also found in a subgroup of asymptomatic 
subjects, suggesting that US myofascial alterations may 
be clinically signifi cant in predicting a clinical outcome. 
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Loss of function mutations in DMD gene encod-
ing for dystrophin protein causes Duchenne Muscular 
Dystrophy (DMD), a severe progressive neuromuscular 
disease. Despite remarkable progress has been made in 
genetic approaches to restore dystrophin, or its func-
tion, new therapeutic strategies are needed. In this view, 
muscle weakness in DMD is thought to be dependent, 
at least in part, on damaged mitochondria and com-
promised bioenergetics. Consistently mitochondria are 
an attractive target for therapeutic interventions. Dys-
trophic fi bers show marked mitochondria fragmentation; 
however, few studies have addressed the relevance of 
mitochondrial shape in the muscle damage progression. 
Accordingly, we generated a DMD mouse model with 
intrinsically fl uorescent mitochondria, the mdx-PhAM 
mouse, to precisely define mitochondrial dynamics 
during DMD progression and we confi rmed the exist-
ence of a less interconnected mitochondrial network in 
mdx single fi bers by 3-dimensional reconstruction. In 
agreement, western blot experiments showed a signifi -
cant upregulation of pro-fi ssion proteins, Drp1 and its 
receptors, in mdx muscles starting from 3 months of 
age, suggesting the shift ing of mitochondrial dynam-
ics towards Drp1-mediated mitochondrial fi ssion. Th is 
can potentially contribute to DMD pathological fi brosis 
and infl ammation by triggering the activation of specifi c 
signaling pathways, such as infl ammation by DAMPs 
(mtDNA) release and UPR response. Th erefore, to assess 
the relevance of Drp1-dependent fi ssion enhancement in 
DMD pathogenesis we treated mdx mice with MDIVI-1, 
a specifi c Drp1 inhibitor. We have obtained encouraging 
results as for muscle functionality and phenotype, thus 
confi rming the relevance of Drp1 as a therapeutic target 
in DMD.
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Parkinson’s disease (PD) is the second most com-
mon neurodegenerative disease, and it is characterized 
by the loss of midbrain dopaminergic neurons. Endo-
crine disruptors (EDs) are active substances that leak 
from plastic, and they are known for their detrimen-
tal action on the endocrine system. Data from animal 
studies show that EDs exposure may deteriorate the 
dopaminergic system, but no data are available about 
the eff ect of EDs on human models of the nervous sys-
tem. Th e aims of this study were i.) to analyze the eff ect 
of selected EDs on the phenotype of human midbrain 
dopaminergic neurons (mDANs) using high content 
microscopy and ii.) to develop a prediction model able to 
classify control vs EDs-exposed mDANs using machine 
learning (ML) algorithms applied to morphological fea-
tures. mDANs were treated for 72h with the selected 
EDs (e.g., bisphenols and perfl uoroalkyles) at diff erent 
concentrations and then stained with specifi c mDANs 
markers such as MAP2, alpha-synuclein (aSyn), and 
tyrosine hydroxylase (TH). EDs had a detrimental eff ect 
on mDANs, inducing a signifi cant decrease of neurite 
length and branching. Moreover, a signifi cant increase of 
aSyn expression and TH redistribution within the neu-
rons were observed. Th e ML approach showed a high 
performance in classifying cell phenotypes based on 
the treatments, with very high accuracy (0.92). Here, we 
demonstrate that EDs negatively aff ect human mDANs 
and shift  their phenotype increasing hallmarks of PD. 
Also, the applied ML algorithm can identify these phe-
notypic changes that defi ne EDs eff ects, thus resulting 
in an instrumental future approach to the evaluation of 
pathological state and drug screening.
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Paranasal sinuses are known as highly individualiz-
ing structures in the human body and this property has 
been already assessed for possible applications to person-
al identifi cation, especially for what concerns frontal and 
sphenoid sinuses (1,2). However, the uniqueness of max-
illary sinuses has still to be quantifi ed, as well as their 
possible use for personal identifi cation.

One hundred head CT-scans (equally divided among 
males and females) were extracted from a hospital data-
base. Maxillary sinuses were twice segmented from each 
CT-scan through ITK-SNAP soft ware and the corre-
spondent 3D models were automatically superimposed 
to obtain 100 matches (if belonging to the same person) 
and 100 mismatches (if extracted from diff erent individ-
uals), both for the right and left  side.

Average RMS (root mean square) point-to-point dis-
tance was then calculated for all the superimpositions: 
diff erences according to sex, side and group (matches 
and mismatches) were assessed through three-way ANO-
VA test with Bonferroni correction (p<0.017). 

On average RMS value was lower in matches 
(0.26±0.19 mm in males, 0.24±0.18 mm in females) than 
in mismatches (2.44±0.87 mm in males, 0.20±0.73 mm 
in females) with a signifi cant diff erence (p<0.001). No 
signifi cant diff erences were found according to sex or 
side (p>0.017).

Th e study verifi ed that maxillary sinuses, similarly 
to the frontal and sphenoid sinuses, may be reliably used 
for personal identifi cation in forensic context. 

References

1) Gibelli et al. An innovative 3D-3D superimposition 
for assessing anatomical uniqueness of frontal sinuses 

through segmentation on CT-scans. Int J Legal Med 
2019;133:1159-1165

2) Cappella et al. Th ree-dimensional analysis of sphe-
noid sinus uniqueness for assessing personal identi-
fi cation: a novel method based on 3D-3D superimpo-
sition. Int J Legal Med 2019;133(6):1895-1901

Keywords: personal identifi cation; maxillary sinus; CT-
scan; individual anatomy; 3D-3D superimposition



Italian Journal of Anatomy and Embryology 127(1) Supplement: 71, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Romina Strawberry Extract: the eff ect of phytochemical compound on 
3D uterine leiomyosarcoma cells

Stefania Greco1, Pamela Pellegrino1, Francesca Giampieri2, Franco Capocasa3, Giovanni Delli Carpini4, 
Maurizio Battino2,4, Bruno Mezzetti3, Stefano Raffaele Giannubilo4, Andrea Ciavattini4, Pasquapina 
Ciarmela1

1 Department of Experimental and Clinical Medicine, Università Politecnica delle Marche, 60126 Ancona, Italy; s.greco@staff .univpm.it 
(S.G.); p.pellegrino@pm.univpm.it (P.P.)
2 Research Group on Food, Nutritional Biochemistry and Health, Universidad Europea del Atlántico, 39011 Santander, Spain; 
f.giampieri@staff .univpm.it (F.G.); m.a.battino@staff .univpm.it (M.B.)
3 Department of Agricultural, Food and Environmental Sciences, Università Politecnica delle Marche, 60100 Ancona, Italy; f.capocasa@
staff .univpm.it (F.C.); b.mezzetti@staff .univpm.it (B.M.)
4 Department of Clinical Sciences, Università Politecnica delle Marche, 60126 Ancona, Italy; g.dellicarpini@staff .univpm.it (G.D.C.); 
s.r.giannubilo@staff .univpm.it (S.R.G.) a.ciavattini@univpm.it (A.C.) 

Uterine leiomyosarcoma is a rare but aggressive 
uterine smooth muscle cell-derived cancer recognized 
and diagnosed by histological criteria of hypercellular-
ity, severe nuclear atypia, and high mitotic rate (>15 
mitotic fi gures per 10 high-power fi elds) [1-3]. Over 
the years, our research group has developed several in
vitro studies using phytochemicals on uterine leiomy-
oma cells, obtaining excellent results, and proposing 
the use of strawberries as a method of prevention and/
or therapy [4-6]. In the present study, we observed the 
eff ect of treatment with strawberry extract of Romina 
cultivar in vitro study on leiomyosarcoma spheroids 
formed using an agarose matrix. Strawberries are the 
most common fruit in the Mediterranean diet; several 
in vitro and in vivo studies have shown that, among 
other foods of plant origin, strawberries can be a valu-
able ally in the prevention and reduction of the risk of 
developing common diseases, including cancer; in par-
ticular, most intervention studies focusing on strawber-
ries demonstrated promising eff ects on oxidative stress, 
inf lammatory state, blood lipid size or distribution, 
insulin response, and insulin sensitivity, while other 
studies found no eff ects on these parameters [7]. We 
studied what eff ect of treatment with Romina strawber-
ry extract could have on three-dimensional cultures of 
leiomyosarcoma cells. Th ree-dimensional cultures were 
formed using agarose gel. Subsequently we observed the 
eff ect of the strawberry extract through a morphologi-
cal observation, noting thanks to a cell count a decrease 

in the number of spheroids following treatment aft er 
24 and 48 hours with 250 μg/mL of strawberry extract 
of the Romina cultivar. Th e observation was then con-
fi rmed by histochemical techniques such as DAPI (DNA 
binding f luorescence), hematoxylin and eosin stain-
ing and Masson’s trichrome stain. Finally, we evaluated 
through a molecular study with the real time PCR the 
expression of the genes of the extracellular matrix, and 
observed a signifi cant decrease aft er the treatment with 
the strawberry extract. 

From this study it emerged that the extract of this 
strawberry cultivar could be indicated as a therapeutic 
agent for the treatment of uterine leiomyosarcoma.
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Based on our previous observations pointing to the 
promising features of SCs as anti-infective and drug 
delivery agents1, our study sought to investigate the 
intrinsic in vitro performances of naïve porcine prepu-
bertal Sertoli cells (SCs) or SCs pre-loaded with blank 
poly(lactic acid) microparticles (MP) and Amphotericin 
B poly(lactic acid) microparticles (AmB-MP) against 
Candida tropicalis, one of the most prevalent pathogen-
ic non-albicans species2, to assess the eff ect on biofi lm 
development and the pathways potentially involved in 
cell response.

1x105 SCs /cm2 were preloaded with blank MP or 
AmB-MP, produced by a Mini Spray- Dryer Model 
B-290, by exploiting their innate phagocytic capacity 
and then placed in direct contact with the biofi lm of C. 
tropicalis at 37 °C for 24, 48, 72, and 96 hours. 

TEM analysis showed that SCs were able to internal-
ize C. tropicalis cells, maintaining the viability as dem-
onstrated by the presence of perfectly intact organelles 
such as an RER particularly developed and numerous 
mitochondria. Th e biofi lm inhibition test confi rmed the 
anti-infective action of naïve SCs reaching values above 
70%, which grew to 80-90% in synergy with AmB-MP. 

Th e interaction between naïve SCs or SCs pre-loaded 
with AmB-MP and C. tropicalis induced the activation 
of MAPK, AKT, NF-kB signal transduction pathways, 
which led to an increased gene expression of innate 
immunity factors, including MHC-II, TLR-4, TGF-β, 
IDO, and β-defensin 1233. 

Th is study confi rmed the surveillance role of SCs 
against infections and their ability to transport drugs. 
Furthermore, we reported how the strategy of SCs was 

to establish a state of tolerance at the fungus/host inter-
face rather than aggressively tackling microbial popula-
tions, providing signifi cant insights into how microbial 
infections might be managed and controlled thus pro-
posing a new concept of antibiotic therapy.
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In the antral compartment of the ovary of many 
mammals (including humans), there are two types of 
oocytes characterized by a diff erent ability to support 
complete embryonic development. The SN type (Sur-
rounded Nucleolus; 70-80% of the antral population), 
if properly matured and fertilized in vitro, completes 
embryonic development up to the blastocyst stage; the 
NSN type (Not Surrounded Nucleolus; the remaining 
30%) inexplicably stops development at the 2/4-cell stage. 
To date, SN and NSN are selectable only by the pres-
ence or absence of a Hoechst-positive heterochromatin 
ring around the nucleolus and a diff erent cytoplasmic 
organization. Morphological analyses with TEM, molec-
ular and proteomic approaches have shown that struc-
tures and factors fundamental for the correct embryonic 
development, such as cytoplasmic lattices, lipid droplets, 
and some proteins responsible for the Subcortical Mater-
nal Complex (i.e., MATER and FILIA) are respectively, 
absent, abundant and under-expressed in NSN-type 
oocytes. To fi nd non-invasive methodologies to classify 
only human antral oocytes competent for development 
(the SN type; due to the therapeutic advantage that in vit-
ro fertilization procedures would get), we have developed 
an artifi cial intelligence (AI) soft ware trained to select 
the two types of oocytes without nucleolar heterochro-
matin staining or manipulation of any kind. Th e pre-
liminary analysis of AI conducted on 116 murine oocytes 
allows the identifi cation of SN and NSN oocytes starting 
from phase contrast images with an accuracy close to 
90%. Th is result opens the door to developing AI mod-
els for SN oocytes’ in vitro maturation and fertilization 
procedures. Th is means an increase of at least 30% in the 
number of zygotes competent for embryonic develop-
ment, with a consequent decrease in the number of ovar-
ian stimulation cycles of the patients in therapy.
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Uterine leiomyosarcoma is a rare entity among 
malignant gynecologic tumors with a very unfavora-
ble prognosis and the highest prevalence (60-70%) in 
the pre- and peri- menopause. It represents the main 
entity of the heterogeneous group of uterine sarcomas  
(1). Leiomyosarcoma is oft en diagnosed accidentally, 
and correct diagnosis is sometimes tricky as the tissue 
may have leiomyoma-like or STUMPSs (smooth mus-
cle tumors of uncertain malignant potential) charac-
teristics. Surgery is the basis of therapy, and it should 
be done in order to remove the uterus intact (2). At the 
macroscopic level, hemorrhagic and necrotic areas can 
be found, and typically leiomyosarcoma shows char-
acteristic hypercellular spindle cells, diffuse moder-
ate to serious cell atypia, a high mitotic index > 15/10 
HPF (high power field), atypical mitosis and tumor 
cell necrosis (3). Although the exact etiology remains 
unknown, it is known that two molecular mechanisms 
are involved in this tumour progression: fi brosis, char-
acterized by a large amount of extracellular matrix 
(ECM) produced, and metastasis (4, 5).  In the literature 
the model systems for studying uterine fi brotic disease 
are limited to primary cell culture in monolayers, xen-
ograft s, and transgenic mouse models, but with some 
limitations (6). To deepen the study of the pathogen-
esis of the leiomyosarcoma as well as to test therapeu-
tic compounds, we established a three dimensional cell 
model based on the use of agarose. In fact, 3D tumor 
models are useful both for the more accurate under-
standing of the pathogenesis, as well as for performing 
solid-cancer related in vitro assays (migration, inva-
sion, radiation or drug testing) (7). Also, the agarose  is 
a natural biodegradable, non-adhesive, and non-toxic 
polysaccharide derived from seaweed. It has high poros-
ity, it is an optical transparent material, it solidifi es in 
molds at room temperature, and that makes it suitable 

for creating 3D cell culture models (8). We aimed to 
characterize the morphology of the spheroid 3D forma-
tion. Using the 2% of agarose we inoculated 106 cells of 
the leiomyosarcoma cell line, obtaining visible sphe-
roids under a phase contrast optical microscope. We 
characterized the growing rate of spheroids at diff erent 
times (48h, 72h, 7 days, 10 days and 14 days), and the 
ECM formation by histological staining, such as Hae-
matoxylin and Eosin, and Masson’s trichrome, and by 
scanning electron microscopy (SEM) technique. Since 
leiomyosarcoma is a malignant tumor, it was found 
performing in terms of growth rate and development 
of the 3D cellular structure, in fact over time the cells 
that self-organized into this complex structure, assumed 
larger dimensions and the production of collagen fi bers 
characterizing the extracellular matrix could be noted. 
Th is sustainable spheroids culture that emulates the 
tumoral conditions through the accumulation of extra-
cellular matrix and successfully high rate of cellular 
proliferation can represents a good alternative model for 
a better understanding of tumoral pathophysiology, eti-
opathogenesis, and for the study and testing alternative 
preventive drugs.
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Th e knowledge of normal Anatomy is the basis of 
safe and eff ective treatments in the fi eld of Aesthetic 
Medicine. Since the majority of treatments, conducted 
above all on the face, involves the injection of fi llers of 
diff erent nature in the various layers of the skin, care-
fully avoiding accidental intravascular injection, and of 
botulinum toxin in the mimic muscles, it is extremely 
important to have a perfect anatomical knowledge of 
the area to be treated, in order to obtain optimal results 
while avoiding adverse eff ects. For this reason, the use of 
the ultrasound study of the patient’s face is increasingly 
developing, with the aim of studying the anatomy of the 
single individual, evaluating both the precise position of 
the vessels and their possible variations and the organi-
zation of the skin structures, to ensure the precision of 
inserting the fi ller in the right skin layer.

The non-invasiveness of the ultrasound proce-
dure and the current availability of portable ultrasound 
probes, small in size and equipped with wi-fi , make the 
ultrasound study easy to carry out.

Based on these considerations, in the second level 
Master’s degree in Aesthetic Medicine belonging to the 
Department of Biomedical Sciences - section of Anato-
my of the University of Sassari, a didactic module relat-
ing to the study of the Anatomy of the face with ultra-
sound has been added. In this way, students learn to rec-
ognize the various anatomical structures of the face and 
to plan interventions in a safe and conscious way.

Furthermore, at the CRISMENC, the Research 
Center in Aesthetic Medicine always pertaining to the 
Human Anatomy section, in collaboration with other 
Italian centers, the use of ultrasound anatomical study is 
being developed in the understanding and treatment of 
adverse eff ects secondary to injection procedures.

In conclusion, thanks to an advanced but relatively 
easy-to-use imaging technique, ultrasound Anatomy is 
establishing itself as a fundamental discipline in the fi eld 
of Aesthetic Medicine, which will have to involve anato-
mists in an indispensable educational training activity.

Keywords: Ultrasound; Anatomy; Face; Aesthetic Medi-
cine
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3D pathophysiological cell systems to model aberrant cardiac 
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Regenerative medicine is based on stem cells (1) 
which could be a promising treatment for patients suf-
fering from muscle disorders, including Duchenne 
muscular dystrophy (DMD). Recently many research 
groups are relying on pluripotent stem cells and their 
derivatives, including extracellular vesicles, thought to 
be used to deliver targeted drugs, including small non-
coding RNAs to muscle cells. However, no convincing 
results were obtained in stem-cell based clinical tri-
als so far, supporting the idea that more fundamental 
research studies are necessary to better understand the 
DMD pathogenesis. We generated cardiac organoids 
from Duchenne patient-derived induced pluripotent 
stem cells (DMD-COs) and CRISPR/Cas9 isogenic-cor-
rected controls (DMD-Iso-COs) and provided evidence 
that  DMD-related cardiomyopathy and disease progres-
sion occur in the organoids upon long-term cultures (2). 
Recently, we employed DMD-COs and DMD-Iso-COs 
as the perfect pair of control and mutant cardiac cell 
types for drug screening. Utilizing a set of novel NOX4 
inhibitors (3), targeting a key enzyme in the DMD car-
diac pathogenesis, diff erences in cell viability and cal-
cium transients could be detected. Nonetheless, despite 
displaying relevant features, cardiac organoids show 
heterogeneity in the cytoarchitectures and cardiac cell 
sub-types and lack of the endocardium layer, where the 
pathological trabeculation remodelling occurs. Endocar-
dial identity is established during early somitogenesis by 
BMP signalling acting upstream of  ETS Variant Tran-
scription Factor 2 (ETV2) gene. Th rough the use of dox-
ycycline-inducible ETV2-hiPSC line and a specifi c medi-
um supplemented with BMP10, bFGF and doxycycline, 
a highly effi  cient diff erentiation protocol was designed 
for endocardial cells capable of inducing a phenotype 

switch towards trabecular myocardium. Upon fusion 
of COs with ETV2-endocardial organoids we generated 
cardiac assembloids, showing increased spatial organiza-
tion of trabecular markers. Moreover, marked diff erenc-
es in gene expression of trabecular and compact mark-
ers between dystrophic and healthy cardiomyocytes have 
been observed. Finally, the survival and cardiac diff eren-
tiation capacity of DMD- and DMD-Iso-hiPSCs encap-
sulated in GelMA hydrogel was evaluated and confi rmed 
for its future application in the generation of cardiac dis-
ease modeling using 3D bioprinting techniques.
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Uremic retention solutes have been alleged to induce 
cell death in diff erent cell types, including peripheral 
blood mononuclear leukocytes (PBL), which may con-
tribute to uremic leukopenia and immune dysfunction. 
Th e molecular eff ects of these solutes were investigat-
ed in uremic PBL (u-PBL) and mononuclear cell lines 
(THP-1 and K562) exposed to the high-molecular-weight 
fraction of uremic plasma (u-HMW; prepared 50 kDa 
micro-concentrator ultrafi ltration). 

u-PBL show reduced cell viability and increased 
apoptotic death compared to healthy control PBL 
(c-PBL). u-HMW induce apoptosis both in u-PBL and 
c-PBL, as well as in mononuclear cell lines, also stimu-
lating cellular H2O2 formation and secretion, IRE1-α-
mediated endoplasmic reticulum stress signaling and 
JNK/c-Jun pathway activation. Also, u-HMW induce 
autophagy in THP-1 monocytes. u-PBL were character-
ized by the presence in their cellular proteome of the 
main proteins and carbonylation targets of u-HMW, 
namely albumin, transferrin and fi brinogen, and by the 
increased expression of RAGE, a scavenger receptor with 
promiscuous ligand binding properties involved in leu-
kocyte activation and endocytosis. 

In conclusion, large uremic solutes induce abnor-
mal endocytosis and terminal alteration of cellular pro-
teostasis mechanisms in PBL, including UPR/ERSR and 
autophagy. Th ese are potent triggers of JNK-mediated 
apoptotic signaling. Th e fi ndings in this study describe 

at the molecular level the suicidal role of immune cells 
in facing the uremic disturbances of systemic proteosta-
sis, a process that we defi ne as the immuno-proteostasis 
response of uremia.

Keywords: leukocytes; ER stress; JNK; apoptosis; 
autophagy; uremia; uremic toxins; protein carbonyls; oxi-
dative stress; immuno-proteostasis response
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Apurinic/apyrimidinic endodeoxyribonuclease 1 
(APE1) is the major enzyme involved in the base exci-
sion repair pathway working on DNA damages mainly 
caused by oxidative stress. Namely, APE1 hydrolyses 
the phosphodiester bond at the abasic sites generated 
by DNA glycosylases, creating the substrate for DNA 
polymerase β and DNA ligase IIIa which terminate the 
reparative process [1]. APE1 also seems to play a role in 
cell senescence maintaining telomere stability and size 
in interaction with specifi c telomere-protective proteins 
[2]. Here, aortic valve interstitial cells (AVICs) isolated 
from healthy bovine valve leafl ets were cultured under 
normal conditions for up to 90 days to achieve spon-
taneous cell senescence. Time-dependent increase in 
β-galactosidase activity, a marker of cell senescence, was 
paralleled by a remarkable decrease of APE1-expressing 
AVICs starting from day 60, as immunocytochemically 
revealed. Quantitative Western blot analyses also showed 
a drop of APE1 protein content at day 60, whereas RT-
PCR analyses revealed a mild increase of the enzyme 
mRNA over time. Ultrastructurally, AVICs appeared 
well preserved up to 30-day-long culturing. Converse-
ly, starting from day 60, cells showed non-lysosomal 
autophagocytosis features mainly consisting of a hyper-
trophic rough endoplasmic reticulum engulfi ng suff er-
ing mitochondria [3]. Cytoplasm vacuolization due to 
large organelle degeneration was also clearly appreciable. 
In conclusion, decreasing APE1 expression over time 
is supposed to contribute to AVIC decay in a model of 
spontaneous cell senescence.
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Brain regions such as the cerebellum (CB) and 
Purkinje cells (PCs) have been neglected for a long time 
in the study of Alzheimer’s disease (AD) pathogenesis 
(1). Purkinje cells (PCs) are among the largest neurons 
in the brain located in the cerebellum (CB). In refer-
ence to a new emerging hypothesis according to which 
there is an altered cerebellar synaptic processing in 
AD (2), we verifi ed the possible role played by new bio-
markers in the CB of AD patients compared with not-
demented healthy control subjects (NDHS). For this 
purpose, we consulted and processed the data from sev-
eral online sources such as GEODataSet, “Th e Human 
Protein Atlas” (HPA), BioDBnet, and GENESAT online 
web utility tool. Th e analysis of logical relations between 
three brain transcriptome dataset highlighted two genes, 
guanine nucleotide–binding protein (GNG13) and cen-
trosomal protein 76 (CEP76) potentially expressed on 
PCs. Th e GNG13 expression was for the fi rst time asso-
ciated with PCs, at the contrary CEP76 had already 
been described. Th e mouse brain cell population tran-
scriptome, the in situ hybridization techniques in trans-
genic C57BL/6 mouse during embryonic development, 
the bright-fi eld images of EGFP immunohistochemis-
try (GENESAT), and the protein immunohistochem-
istry analysis using HPA,  have confi rmed the GNG13 
detection in the CB and in particular in PCs. Further-
more, we have collected several microarray datasets and 
obtained 626 cerebella sample biopsies belonging to 
subjects who did not die from causes related to neuro-
logical diseases and 199 cerebella belonging to AD. We 
have correlated GNG13 expression levels with already 
widely existing bibliography of PC marker genes, such 
as Purkinje cell protein 2 (PCP2), Purkinje cell pro-
tein 4 (PCP4), and cerebellin 3 (CBLN3). We showed 
that expression levels of GNG13 and PCP2, PCP4, and 
CBLN3 were signifi cantly correlated with each other 
in NDHS and in AD and signifi cantly reduced in AD 

patients compared with NDHS subjects. In addition, we 
highlighted a negative correlation between the expres-
sion levels of PC biomarkers and age. From the outcome 
of our investigation, it is possible to conclude that the 
identifi cation of GNG13 as a potentially biomarker in 
PCs represents also a state of health of CB, in association 
with the expression of PCP2, PCP4, and CBLN3.
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Th e intestinal epithelial barrier (IEB) of elderlies 
undergoes a myriad of changes due to the microbiota 
and intestinal cell alterations, which drive the feed-for-
ward cycle of leaky gut, infl ammaging, dampened cell 
renewal, and defective mucus production 1. Despite dif-
ferent in vivo and ex vivo studies 2 have shed some light 
on the age-associated impairment of IEB integrity and 
cytokine production, the involved molecular mecha-
nisms are not completely understood. Th us, there is a 
critical need to develop an in vitro study model of the 
IEB reproducing the interactions between the absorptive 
and the secreting cells related to aging. 

Th e present study aimed at characterizing the mor-
phology and the physiology of the aged IEB through 
an in vitro model constituted by a co-culture of Caco2 
and HT-29 cells, diff erentiated in absorptive and mucus-
secreting phenotypes respectively 3, and sub-cultivated 
both in standard condition and for a longer time so that 
cell aging is gradually induced in a “physiological” way, 
avoiding the administration of exogenous stimuli. Pre-
liminary results evidenced in the aged co-culture i) a 
diminished epithelial electrical resistance (TEER); ii) an 
increased paracellular permeability; iii) a slight decrease 
in cell proliferation; iv) a less homogeneous distribution 
of the membrane-associated claudin-1 immunostain-
ing. Transmission electron microscopy (TEM) analysis 
revealed that the intracellular mucus and desmosomes 
were less represented in the aged co-culture, together 
with underdeveloped apical microvilli. Taken togeth-
er, these preliminary results suggest the presence of 
impaired barrier integrity associated with a modulation 
of the morphological features mimicking the leaky/aged 
gut as reported in clinics. Future experiments could 
ascertain the use of the aged in vitro Caco-2 and HT-29 
cell co-culture as a useful model for both studying the 
molecular process and testing potential drug/nutraceuti-
cal treatments to ameliorate gut aging. 
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Deposition of β-sheet-rich amyloid aggregates com-
posed of disease-specifi c proteins is a feature shared 
by many neurodegenerative disorders. Misfolding and 
aggregation of these proteins play a key role in neuro-
toxicity. In this context, molecular chaperones are key 
eff ectors of proteostasis, assisting protein folding and 
liaising with degradative pathways. Clusterin (Clu) is a 
multifunctional protein that owns chaperone-like prop-
erties and is highly expressed in the brain. Variations 
in CLU gene are risk factors for late-onset Alzheimer’s 
disease. Clu mediates both amyloid beta and tau depo-
sition and clearance, but whether this modulation is 
neuroprotective or neurotoxic is still controversial. Very 
recently, Clu has also been associated with the regula-
tion of α-synuclein (αSyn) biology in Parkinson’s disease 
(PD). On one hand, Clu binds αSyn and inhibits its αSyn 
aggregation. On the other hand, Clu limited the uptake 
of αSyn fi brils by astrocytes, thus possibly contributing 
to αSyn spreading. In this work we aim to better eluci-
date the understudied role of Clu in PD pathology in 
post-mortem human brains using immunohistochemical 
technique, proximity ligation assay and high-resolution 
confocal microscopy. First, we confi rmed the presence 
of Clu in Lewy bodies and neurites, and we found extra-
cellular Clu accumulation in PD brains. Moreover, we 
evaluated whether a diff erential Clu distribution exists 
between healthy subjects and PD patients. In particu-
lar, we explored Clu expression in diff erent neuronal 
populations and glial cells. Our preliminary data show a 
vesicle-shaped staining of Clu in the cytoplasm of nigral 
neurons, but also astrocytes. Interestingly, we observed 
an increased staining for Clu in astrocytes of PD post-
mortem human brains. Th is study will help to clarify the 
interplay between Clu and PD pathology, which would 
be key in the perspective of developing a therapeutic 
strategy.
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metastatic malignant melanoma cells 
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Th e ion channel two-pore channel 2 (TPC2) local-
ized on the membranes of acidic organelles such as endo-
lysosomes and melanosomes and known to control a 
variety of physiological functions, has been shown to play 
a role in relevant pathologies, e.g. tumour metastasis and 
viral infection and to control neo-angiogenesis. We have 
recently demonstrated that NAADP/TPC2/Ca2+ signal-
ling is involved in melanoma progression and metasta-
sis. Using the murine melanoma B16F0 primary cell line 
and its subline B16F10, which have metastatic traits, we 
have now characterized the relevance of TPC2-regulated 
signalling at diff erent stages of tumour progression. By 
comparing the impact of TPC2 knock-down (TPC2-KD) 
and/or knock-out (TPC2-KO) on parameters of aggres-
siveness in these two cell samples, we have detected 
surprisingly diff erent responses suggesting that, within 
the same tumour type,TPC2 can play a pro- or an anti-
metastatic role, depending on the stage of the malignan-
cy. TPC2 silencing resulted in increased migration and 
increased the epithelial-to-mesenchymal transition in 
the metastatic samples, but abated them in the silenced 
primary ones. Following TPC2 gene inhibition we have 
observed an increase in the autophagic fl ux in B16F10 
melanoma cells, and a decrease in the autophagic fl ux 
in the primitive B16F0melanoma cells. We have found 
that only in the metastatic subline TPC2 silencing reduc-
es binding to collagen type I matrix. In contrast to the 
B16F0 melanoma cells, only in B16F10 did TPC2 silenc-
ing result in increased levels of the mesenchymal mark-
ers vimentin  and N-cadherin. Interestingly, while TPC2 
inactivation failed to aff ect markers of proliferation in 
both samples, it strongly enhanced the migratory behav-
iour of  B16F10 cells, again suggesting that in the more 
aggressive phenotype TPC2 plays a specifi c anti-meta-
static role. In line with this, overexpression of TPC2 in 

B16F10 cells resulted in phenotype rescue i.e. a decrease 
in terms of migratory ability, adhesion to collagen type 
I, and expression of epithelial-to mesenchymal transition 
markers, thus collectively resuming traits of the B16F0 
primary cell line. In conclusion, our research shows a 
novel role of TPC2 in melanoma that is intriguingly dif-
ferent at the late stages of cancer development, compared 
to that during the initial stage of carcinogenesis.
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Diff erent lipid nanovesicle preparations containing C. jejuni CDT lysate 
diff erently inhibit proliferation in tumor intestinal epithelial cells.
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Cytolethal distending toxins (CDTs) constitute a 
family of bacterial protein toxins that are produced by 
various Gram-negative bacteria. CDT creates double-
strand breaks (DSBs), cell cycle arrest at the G2/M 
phase, thereby inducing cell distension and ultimately 
cell death. Recently, diff erent authors proposed CDT as 
a potential tool to be used in anti-tumor strategies [1]. 
Indeed, our group [2], demonstrated that Extracellular 
Vesicles (EVs) from Campylobacter jejuni CDT-treated 
Caco-2 cells inhibit proliferation of tumour intestinal 
Caco-2 cells and myeloid U937 cells. In our system CDT 
targets the endo-lysosomal compartment, partially evad-
ing lysosomal degradation and exploiting unconven-
tional secretion (EV release). CDT-like eff ects are trans-
ferred by Caco-2 cells to uninfected heterologous U937 
and homologous Caco-2 cells: the CDT G2/M blocking 
eff ect is particularly evident in homologous Caco-2 cells 
in respect of the U937 ones, demonstrating both a dif-
ferent uptake degree by cells from diff erent lineages, 
and diff erent CDT eff ect, depending on tissue and cell 
type. In order to confi rm if our data have the potential 
to represent a future bacterial-related biotherapeutic, we 
provided to construct lipid nanovesicles extruded with 
C. jejuni lysates, containing the active CDT. Our pre-
liminary data demonstrate that these diff erent lipid for-
mulations (lipid nano Vesicles-LNVs) 1 and 2, that can 
mimic EVs, can rapidly enter epithelial intestinal tumor 
cells and exert a strong antiproliferative eff ect, with dif-
ferences related to the specifi c formulation of the –LNVs. 
Indeed, the presence of active CDT is demonstrated by 
both low proliferation rates with the characteristic G/M 
blocking, and hypodiploid peak, indicating the induc-
tion of a moderate apoptotic process. Th ese fi ndings rep-
resent a good foundation to consider these formulations 
as a potential tool for anti-tumor strategies.
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Nuclear inositide signaling pathways revolving 
around Phosphoinositide-specifi c Phospholipases C (PI-
PLCs) are implicated in the regulation of proliferation 
and diff erentiation of hematopoietic stem cells (HSCs). 
Indeed, PI-PLCbeta1, PI-PLCgamma1 and PI-PLCgam-
ma2, but also the PI3K/Akt/mTOR pathway, play essen-
tial roles in the pathogenesis of Myelodysplastic Syn-
dromes (MDS) and their progression to Acute Myeloid 
Leukemia (AML)1. Notably, the AML secondary to MDS 
are particularly aggressive and resistant to therapy, and 
their dysplastic HSCs are characterized by increased cell 
proliferation2. 

Even drug-induced modulation of nuclear inositide 
signalling is associated with cell proliferation and dif-
ferentiation in MDS/AML3. Indeed, MDS cells obtained 
from patients losing or lacking response to epigenetic 
therapy, thus showing an increased blast proliferation, 
can acquire common mutations on 3 inositide-specif-
ic genes (PLCG2, AKT3, PI3KCD)4. Interestingly, the 
same refractory patients also showed specifi c micro-
RNA deregulation5, particularly aff ecting miR-192-5p, a 
target of inositides that, in turn, specifi cally targets and 
inhibits BCL2, thus possibly aff ecting cell proliferation. 
All in all, the regulation of nuclear inositide pathways in 
MDS is important to disclose the molecular mechanisms 
underlying normal HSC proliferation and AML progres-
sion, as well as lead to the identifi cation and develop-
ment of new targeted therapies. 
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EGFR-mutated non-small cell lung cancer (NSCLC) 
is successfully treated with small molecules TKI inhibi-
tors. However, tumor relapse occurs and the underlying 
mechanisms of drug resistance remain largely unex-
plored. In this vein, the effi  cacy of antibody poly-therapy 
has been successfully demonstrated in preclinical mod-
els. Th e complete abrogation of EGFR axis, achieved 
through the combination of osimertinib and cetuxi-
mab, leads to the activation of the parallel pathways 
HER2 and HER31–3 along with the upregulation of the 
HER3 ligand, NRG1. In line, NRG1 when overexpressed 
increases proliferation and invasion of cancer cells con-
ferring resistance to EGFR/HER2-targeted therapy4.

Interestingly, EGFR resistant patient-derived cell 
lines, confi rm the strong activation and overexpression 
of HER2 and HER3, which appear as bypass pathways in 
the acquisition of Osimertinib resistance.  

HER3 is the preferred dimerization partner of 
HER2. Th e evaluation of mRNA levels of its ligand, 
NRG1 support the hypothesis of a correlation between 
osimertinib resistance and HER3 activation.  

Proliferation assays performed both in monolayer and 
in 3D growing conditions on sensitive cells shown that 
NRG1 strongly impairs osimertinib response, as tested by 
cell proliferation and invasion in gelatin degradation assays.  

Conversely, employing a monoclonal antibody anti-
NRG1 we observed a reduced gelatin degradation in 
resistant cells, confi rming the key role of NRG1 in cell 
invasion and metastasis. Finally, in vitro and vivo data 
confi rmed that, when combined with osimertinib and 
cetuximab, the anti-NRG1 antibody strongly inhibited 
cells and tumor growth in mice, preventing TKIinduced 
up-regulation of HER3 and its activation. 

Collectively, these fi ndings support the hypothesis 
that NRG1 may represent an escaping mechanism to 
EGFR inhibition and its neutralization will eff ectively 
impair ERBB signaling through both HER2, HER3 and 
HER4 parallel pathways activation. 
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Angiotensin-converting enzyme 2 (ACE2) is a cell 
surface receptor that converts angiotensin II to angio-
tensin-(1-7), which has been identified for its anti-
infl ammatory activity. In agreement, ACE2 has been 
reported to be downregulated under infl ammatory con-
ditions associated with cytokines storm, such as during 
Covid-19 disease and sepsis. 

Since infl ammation is known to induce endothelial 
cell dysfunctions associated with vascular complications 
in patients, the aim of our work was to investigate an 
effi  cient treatment to restore ACE2 levels and ameliorate 
endothelial functions.

In a model of alveolar epithelium (A549-hACE2), we 
preliminarily observed, by western blotting and immu-
nofluorescence analysis, an efficient upregulation of 
ACE2 protein aft er treatment with the MDM2-inhibitor 
Nutlin-3a, contrasting MDM2-depending ubiquitination 
of ACE2 protein.

In a model of endothelium (HUVEC), we further-
more tested Nutlin-3a both in presence and in absence 
of infl ammatory stimuli induced by TNFα, high glu-
cose or LPS to mimic acute or chronic pathologies. To 
this end, cells were treated with several concentrations 
of Nutlin-3a alone or in presence of inf lammatory 
stimuli. Aft er 24 and 48 hours of treatments, cells were 
collected for analysis of ACE2 levels by western blot-
ting and biological eff ects mediated by Nutlin-3a-de-
pendent p53 induction (cell viability, cell cycle, apop-
tosis and protein levels of p53-gene targets). In paral-
lel supernatants were collected for secreted cytokines 
analysis.

Results showed a concentration-dependent upregu-
lation of ACE2, p53 and MDM2 proteins in Nutlin-3a 
treated cells together with induction of a cell cycle block, 
low levels of apoptosis, both in physiological and infl am-
matory environments. Moreover, Nutlin-3a mitigates 

infl ammation by the reduction of IL-6 release respected 
to cells exposed to infl ammatory stimuli.

Th ese results indicate an effi  cient ACE2 stabilization 
and control of infl ammation associated with MDM2 
inhibitors, suggesting an effi  cient tool with therapeutic 
potential for vascular disorders associated with infl am-
mation.
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Lung cancer (LC) is the most frequently diagnosed 
cancer in both males and females (11.6% of all cases) 
and represents the primary cause of cancer-related mor-
tality worldwide (18.4% of all cancer-related deaths). 
LC therapies have undergone signifi cant improvements 
with the advent of immunotherapy; however, the eff ec-
tiveness of the available treatments remains insuffi  cient 
due to the presence of therapy-resistant cancer cells1. Th e 
identifi cation of novel prognostic molecular markers is 
crucial to understand the underlying mechanisms of LC 
initiation and progression. Th e potential role of phos-
pholipase C (PLC) in tumor growth and metastatic pro-
cess has been recently suggested by some researchers2. 
Here, the involvement of PLC isoforms has been evalu-
ated both in patients’ biopsies and immortalized lung 
cancer cell lines. Gene and protein expression has been 
carried as well as PLC cellular localization. Real time 
PCR analysis evidences an overexpression of PLCB1 
gene in most considered patients. PLCB2, PLCB4 and 
PLCE1 genes appear reduced mainly in adenocarcinoma 
samples. PLD4 gene seemed to have an histotype-specif-
ic regulation. 

Gene expression of PLCs in lung cancer cell lines 
shows an evident deregulation of PLCB1 and PLCD4 
which appears highly expressed in some lung cancer 
cells and localized both in the cytoplasm and in the 
nucleus. Th ese fi ndings demonstrate the involvement of 
PLC family enzymes in LC, suggesting for these mole-
cules an emerging role as potential biomarkers. Further 
studies are needed to establish how phospholipase fam-
ily enzymes regulate cancer-associated cellular processes 
and in particular their infl uence on cell motility and cell 
proliferation in specifi c lung cancer types.
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Around 25% of pediatric patients with T-cell acute 
lymphoblastic leukemia (T-ALL)1 exhibit glucocorticoid 
(GC) resistance and encounter a poor prognosis2-4. It is 
therefore mandatory to identify new molecular mecha-
nisms responsible for GC resistance that can represent 
novel therapeutic targets for the development of alterna-
tive therapeutic strategies to improve the prognosis of 
these patients. In a previous study we demonstrated how 
LCK kinase hyperactivation contributes to GC resistance 
and how its inhibition, both in vitro and in vivo, sensi-
tizes T-ALL cells to the pro-apoptotic action of GC5. In 
line, we recently observed that the NFATc1 and NFATc2 
transcription factors, downstream of LCK, are more 
expressed at diagnosis in GC-resistant T-ALL patients 
and that their specifi c gene silencing restores dexameth-
asone response by re-establishing GC receptor transcrip-
tional activity. Conversely, their overexpression con-
fers resistance to GCs. Of note, NFATc1 gene silencing 
decreases the intracellular cholesterol levels and conse-
quently the abundance of lipid raft s (LR), as well as the 
expression/activation of the LCK kinase that is anchored 
to LR. In line, exogenous cholesterol supplementation 
in NFATc1-silenced T-ALL cells restores GC resistance. 
Additionally, NFATc2 gene silencing reduces the Wnt/β-
catenin pathway and the expression of stem cell-related 
markers, enhancing T-ALL cell diff erentiation. Finally, 
in vitro inhibition of cholesterol biosynthesis by simvas-
tatin or of the Wnt/β-catenin pathway by the inhibitor 
ICG-001 sensitizes resistant T-ALL cells to GCs. Col-
lectively, these results suggest that NFATc1 and NFATc2 
control cholesterol biosynthesis and the maintenance of 
a stem-like phenotype respectively in T-ALL GC resist-

ant cells, both processes known to be involved in chem-
otherapy resistance6-8. Th us, the pharmacological inhi-
bition of these signaling pathways could represent new 
therapeutic options for GC-resistant T-ALL pediatric 
patients for whom no alternative therapeutic approaches 
are currently available.

References

1. M. Micale et al., Atlas Genet Cytogenet Oncol Haema-
tol, 2017. 

2. M. Aricò et al., Cancer, 1995.
3. M. Dordelmann et al., Blood, 1999.
4. M. Schrappe et al., Blood, 1998.
5. V. Serafi n, et al., Blood, 2017. 
6. J. Kopecka et al., Drug Resistance Updates, 2019. 
7. R. Fodde et al., Curr Opin Cell Bio, 2007.
8. Y. Kim et al., Research and Reports in Biochemistry, 

2014.



Italian Journal of Anatomy and Embryology 127(1) Supplement: 94, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Th e RNA binding protein QKI guides a pro-mesenchymal splicing 
program driving a subtype switch and limiting outcome in pancreatic 
cancer

Veronica Ruta1, Chiara Naro1,2, Marco Pieraccioli1,2, Livia Archibugi3, Eleonora Cesari2, Valentina 
Panzeri1, Giuseppe Quero2,4, Sergio Alfieri2,4, Claudio Doglioni3, Alexander Kleger5, Gabriele Capurso3, 
Claudio Sette1,2

1Department of Neuroscience, Section of Human Anatomy, Catholic University of the Sacred Heart, 00168 Rome, Italy
2Fondazione Policlinico A. Gemelli IRCCS, 00168 Rome, Italy
3Pancreato-Biliary Endoscopy and Endosonography Division, Pancreas Translational and Clinical Research Center, San Raff aele Scien-
tifi c Institute IRCCS, Milan, Italy
4Gemelli Pancreatic Advanced Research Center (CRMPG), Catholic University of the Sacred Heart, 00168 Rome, Italy
5Department of Internal Medicine I, Ulm University, 89081 Ulm, Germany

Pancreatic ductal adenocarcinoma (PDAC) is char-
acterized by an extremely poor prognosis. Transcrip-
tomic analyses have identifi ed two molecular PDAC 
subtypes, one of which, namely the basal-like subtype, 
is associated with chemoresistance and worse clini-
cal outcomes. Splicing dysregulation is known to con-
tribute to PDAC malignancy. However, its involve-
ment in subtype specifi cation remains elusive to date. 
Herein, we have identifi ed a subtype-specifi c splicing 
signature strongly associated with prognosis in PDAC 
patients. Functional studies in PDAC cell lines identi-
fi ed the splicing factor QKI as a key determinant of the 
basal-like splicing signature, which is associated with 
increased tumor aggressiveness. QKI represses splic-
ing events associated with the classical subtype and 
improved clinical outcome, while promoting basal-like 
events associated with shorter survival. Analyses of sin-
gle cell sequencing data further confi rmed that QKI is 
a reliable marker of the basal-like phenotype. Experi-
ments using PDAC patient-derived organoids and cell 
lines showed that QKI promotes a plastic, quasi-mesen-
chymal phenotype that supports migration and chem-
oresistance of basal-like PDAC cells. Thus, we have 
identifi ed a splicing signature that molecularly and clin-
ically defi nes distinct PDAC subtypes. Furthermore, we 
provide evidence that the splicing factor QKI promotes 
the acquisition of an undiff erentiated and plastic phe-
notype, which renders PDAC cells chemo-resistant and 
responsive to environmental cues.
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To test the safety and feasibility of a challenging 
wild trekking 5-day experience, and its acute eff ects on 
anthropometrics and cardiorespiratory and muscular 
performance in healthy older adults with mountaineer-
ing expertise.

Twelve healthy active volunteers in their sixth dec-
ade of life of comparable training status, mountaineer-
ing experience and age were recruited. Before and aft er 
engaging in a 5-day wild trek (“Selvaggio Blu”, Sardinia, 
Italy), participants underwent a comprehensive evalua-
tion of anthropometrics, cardiorespiratory fi tness, mus-
cle strength and fl exibility, balance, and lipidic profi le. 

The wild trekking was well tolerated by all par-
ticipants who, however, reported moderate pain at the 
ankle joint (mean: 59.2±13.1 mm). Following the trek, 
sovrailiac fold decreased both in men (-21.9%; p=0.006) 
and women (-34.5%; p=0.007). Fat mass was also sig-
nifi cantly reduced (men: -8.5%; p=0.001; women: -6.6%; 
p=0.014). Gender-based diff erences emerged for ener-
gy expenditure, with women displaying higher caloric 
expenditure to complete the trek (women: 12.88±3.37 
kcal/hour/kg; men: 9.27±0.89 kcal/hour/kg). Likewise, 
VO2 peak increased only in women (+12%; p=0.013). 
Centre of pressure sway area during closed eyes single 
stance was found increased, i.e., worsened, both in men 
(+251%; p=0.027) and women (+71%; p=0.043).

With all due caution, especially for balance and pro-
prioception, wild trekking routes off er unique opportu-
nities to rapidly improve anthropometrics, cardiores-
piratory and muscular performance. For older adults 
with technical and physical preparedness for this type 
of demanding activity, wild trekking has the potential 
to evolve from a niche activity for alpine mountaineers 

into a safe and feasible recreational activity and leisure 
pursuit.
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Ponticulus Posticus (PP) is a bony protrusion locat-
ed in the cervical spine, between the posterior portion 
of the superior articular process and the posterolateral 
portion of the superior margin of the posterior arch of 
the atlas vertebrae (C1). It is observed in about 15-20% 
of the population and has been associated with various 
clinical conditions, such as headache, neck pain, diplo-
pia, dysarthria, dysphagia, and vertigo, due to vertebral 
artery compression. The embryological origin of PP 
is unclear, but it may originate from the dorsal arch of 
proatlas or protect the passage of the vertebral artery 
during cranial and neck movements. Th is study aimed 
to investigate the presence of diff erent types of PP in a 
Southern Italian pre-orthodontic cohort and its associa-
tion with skeletal disorders and malocclusion with the 
purpose to improve its clinical and therapeutic evalua-
tion. A total of 212 lateral cephalograms were analyzed, 
and PP was detected in 89.7% of the cases. Th e preva-
lence of PP was higher in subjects with skeletal Class I 
malocclusion compared to Class II and Class III maloc-
clusion. Females had a higher prevalence of PP, but the 
diff erence between genders was not statistically signifi -
cant. PP was also associated with dental anomalies, such 
as hypoplasia, agenesis, and displacement of mandibular 
molars. Th e fi ndings of this study suggest that PP should 
be considered when evaluating and treating individu-
als with skeletal discrepancies and dental anomalies. It 
may have implications for orthodontic treatment plan-
ning, especially in Class II individuals. However, further 
research is needed to understand the exact mechanism 
behind the association between PP and dental anomalies 
and its impact on craniofacial growth and morphology. 
Clarifying this correlation will contribute to comprehen-
sive orthodontic treatment planning.

References

1. Gibelli D, Cappella A, Cerutti E, Spagnoli L, Dolci 
C, Sforza C. Prevalence of ponticulus posticus in 
a Northern Italian orthodontic population: a lat-
eral cephalometric study. Surg Radiol Anat. 2016 
Apr;38(3):309-12. 

2. Adisen MZ, Misirlioglu M. Prevalence of ponticulus 
posticus among patients with diff erent dental maloc-
clusions by digital lateral cephalogram: a comparative 
study. Surg Radiol Anat. 2017;39: 293-297.

3. Lo Giudice A,  Caccianiga G,  Crimi G,  Cavallini 
C,   Leonardi R. Frequency and type of ponticulus 
posticus in a longitudinal sample of non orthodon-
tically treated patients: relationship with gender, 
age, skeletal maturity, and skeletal malocclusion. 
Oral Surg Oral Med Oral Pathol Oral Radiol. 2018 
Sep;126(3):291-297. 

Keywords: Atlas; malocclusion; vertebral anomaly; pon-
ticulus posticus; bony protrusion



Italian Journal of Anatomy and Embryology 127(1) Supplement: 98, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Pilates mat training improves fl exibility in young volleyball players 

Carmine Sellitto1, Alessandro Cattolico1, Gabriele Candela2, Ciro Ivan De Girolamo3, Marta Trucillo1, 
Paolo De Blasiis1, Angelica Perna2, Germano Guerra2, Domenico Tafuri4, Angela Lucariello4

1 Department of Mental and Physical Health and Preventive Medicine, Section of Human Anatomy, University of Campania “Luigi Van-
vitelli”, Naples, Italy
2 Department of Medicine and Health Sciences “Vincenzo Tiberio”, University of Molise, Campobasso, Italy
3 Motor-Sport Evaluation Sciences and Sports Analysis and Planning Techniques for the Disabled, University of Salerno, Italy
4 Department of Sport Sciences and Wellness, University of Naples “Parthenope”, 80100, Naples, Italy

Th e Pilates method stretches and strengthens mus-
cles, improving muscle elasticity and joint mobility. 
Th e eff ectiveness of this method, with reference to the 
Abdominal Resistance and Joint Mobility in a male 
population, was investigated. Th e eff ect on abdominal 
resistance, on the mobility of the shoulder, hip and spine 
joints was studied with bodyweight training (Mat Class). 
The hypothesis was that participants would achieve 
improvements on each of these variables aft er a 28-week 
biweekly training period. Th e study was conducted at 
the Pilates Studio “La Via del Pilates” of Isernia Fitness 
gym (Isernia, Italy), from October 2018 to May 2019. Th e 
purpose of this study is to evaluate the infl uence of the 
practice of Pilates on the Range Of Motion (ROM) of the 
spine, the fl exibility of the lower limbs and the abdomi-
nal strength, evaluating in particular the lumbar fl exion, 
the extension and rotation of the spine.

Forty young athletes who played volleyball from the 
University Sports Center of Campobasso were selected 
and were equally randomized into two groups (Pilates 
group and control group). Th e athletes performed the 
following tests: Modifi ed Schober test for fl exion and 
trunk rotation, Modifi ed fi ngertip to fl oor test, straight 
leg raise test and popliteal angle and half sit-up.

In the Pilates Group, the results from the modifi ed 
Schober test in fl exion statistically varied 12 weeks aft er 
the start of the training protocol (p<0.05), but not in the 
Control Group. Regarding trunk rotation, there was a 
statistically signifi cant improvement in the Pilates group 
(p<0.05) while not in the control group (p=0.07). In both 
groups, for the FTF test the values improved with statis-
tically signifi cance 12 weeks aft er the start of the study 
protocol (Pilates group vs control group, p<0.05).

Pilates mat training can improve fl exibility in young 
volleyball players. Pilates mat training could be an eff ec-

tive way to improve fl exibility in young volleyball play-
ers. Coaches and trainers should consider incorporating 
Pilates into their training programs.
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Defects of the oral cavity occur aft er resection of 
lesions limited to the mucosa, alveolar gum or mini-
mally aff ecting the bone. Aiming at an esthetical and 
functional improvement of intraoral reconstruction, the 
possibility of harvesting a galeo-pericranial free fl ap was 
explored. Th e fi nal objective of this study is to assess the 
technical feasibility of the fl ap harvesting through ana-
tomical dissections and surgical procedure simulations.

Dissections on ten (n=10) cadaveric anatomical 
head and neck specimens were undertaken bilaterally 
to simulate the surgical procedure and evaluate the vas-
cular calibers of the temporal and cervical vessels. Th e 
surgical procedure was therefore reproduced on a revas-
cularized and ventilated donor cadaver: an anastomosis 
between superfi cial temporal and facial vessels was per-
formed and blood-mimicking fl uid presence and entity 
were evaluated using doppler ultrasound.

Anatomical dissections demonstrated that mean cer-
vical vascular calibers are compatible with superfi cial tem-
poral ones, proving to be technically adequate for anas-
tomosis. Perforating branches of the superfi cial temporal 
vascularization nourishing the pericranium were identifi ed 
in all the cadavers dissected. Th e presence of blood fl ow 
was recorded aft er anastomosing superfi cial temporal and 
facial vessels in a revascularized donor cadaver using Sim-
Life® technology, demonstrating both the technical feasibil-
ity of this procedure and the potential revascularization of 
the fl ap, nourishing both the galeal and pericranial layers. 

Galeo-pericranial pedicled fl ap harvesting has been 
proven to be a safe and eff ective procedure for intraoral 

reconstruction in previous clinical studies. Th e good 
intraoral healing and remucosization, together with 
minimum donor side morbidity and no permanent 
complications, have encouraged the evaluation of its 
potential as a free fl ap for defects that aff ect mandibu-
lar alveolar gum or the lower oral mucosa. Th is preclini-
cal study demonstrated the technical feasibility of the 
free fl ap harvesting procedure and of the potential fl ap 
revascularization through vascular anastomosis between 
superfi cial temporal and cervical vessels.
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Adolescent idiopathic scoliosis (AIS) is a type of 
spinal deformity characterized by a three-dimensional 
alteration in the structure of the spine, causing vertebrae 
to rotate and deviate from their normal alignment. Th e 
conventional method for diagnosing scoliosis involves 
the use of X-rays, which can pose potential health risks 
and are sometimes ordered before scoliosis is even sus-
pected. Th e fi xed plumb line, rasterstereography and 
Infrared Th ermography (IRT), represent valuable non-
invasive tools for evaluating and monitoring scoliosis. 
Th is study aimed to investigate new non-invasive meth-
ods for the assessment and monitoring of adolescents 
with scoliosis in order to identify the best suitable 
adapted physical activity treatment. Forty-eight adoles-
cents were recruited, 24 of whom had AIS diagnosed by 
X-rays. Subjects were divided into scoliosis and non-sco-
liosis groups. Th e participants were asked to stand still 
with the FPL touching the most prominent point, either 
the occipital prominence or the reference point for the 
kyphosis. Aft erwards, the patient underwent a 3D analy-
sis of the back with the Spine 3D system. For the ther-
mographic imaging, the trapezius (TM), latissimus dorsi 
(LDM), and quadratus lumborum (QLM) muscles were 
considered. For the fi xed plumb line measurements, the 
scoliotic group showed a C7 depth of 42.06 ± 18.96, T12 
depth of 38.82 ± 14.85, and L3 depth of 39.71 ± 16.72. 
Th e non-scoliotic group showed C7 depth of 32.69 ± 
20.88, T12 depth of 36.92 ± 21.46, and L3 depth of 37.69 
± 20.27. For the Spine 3D measurements, the scoliosis 
group showed a cervical depth of 38.33 ± 17.52, lumbar 
depth of 46.73 ± 21.44, and coronal imbalance of -1.53 
± 12.58. Th e non-scoliotic group presented a cervical 
depth of 43.85 ± 16.40, lumbar depth 40.39 ± 9.52, and 
coronal imbalance of -4.76 ± 8.64. Finally, for the ther-
mography imaging, the scoliosis group showed a mean 
temperature of the TM 33.7 ± 0.94, LDM 32.9 ± 1.1, 

and QLM 32.2 ± 1.2. Th e non-scoliotic group presented 
mean temperatures of the TM 34.1 ± 2.6, LDM 33.3 ± 
1.6, and QLM 32.7 ± 1.8. Th e results of this study con-
fi rm that the combination of these non-invasive methods 
can be eff ective procedures for evaluating and monitor-
ing adolescents with AIS, supporting the identifi cation 
of the best-adapted physical activity treatment. 
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Th e exposure to digital media has a growing trend 
in children and it has an impact on their physical and 
mental health. Additionally, the lockdown periods due 
to COVID-19 pandemic further exposed children to 
digital media for e-learning activities. Th erefore, the aim 
of this study was to systematically review the eff ect of 
digital media on physical and mental health in children. 
Moreover, the eff ect of COVID-19 pandemic was further 
investigated. 

Scientifi c databases were referred for studies selec-
tion. Screening process followed the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses (PRIS-
MA) Statement and fl ow diagram. Th e Joanna Briggs 
Institute (JBI) Checklists were used for quality score 
assessment.

Forty studies were included, mainly cross-sectional 
and rated with moderate quality. Th e included studies 
were discussed according to fi ve identifi ed outcomes: 1) 
physical activity and body composition, 2) motor skills 
and posture, 3) sleep, 4) behaviour, and 5) COVID-19 
and vision function.

The frequent and prolonged exposure to screens 
reduced the physical activity amount in children, with 
adverse eff ects on their body composition. Behaviour 
and sleep habits changed in children overexposed to 
digital media (i.e., emerging feelings of anxiety, poor 
adaptive skills and control abilities, later bedtimes, sleep 
quality reduced). Poor academic performance and learn-
ing development were reported in children with a higher 
number of (and time spent on) digital devices. Finally, 
the exposure to digital screens during COVID-19 pan-
demic resulted in poor vision and ocular condition (i.e., 
myopia).

Different domains of health in children can be 
impaired by excessive exposure to digital media. Con-
sidering that screen time recommendations and guide-
lines are provided, parents and adults involved in chil-
dren’s care should be mainly aware of the exposure risks 

and should diff erently infl uence digital media behaviour 
towards a positive and healthy lifestyle of children.

Keywords: body mass index; adiposity; screen time; qual-
ity of life; sleep disturbances



Morfologia, attività settoria e strategie didattiche



Italian Journal of Anatomy and Embryology 127(1) Supplement: 103, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Pterygomandibular raphe infl uence in Mandibular Advancement of 
Obstructive Sleep Apnea Syndrome treatment: an anatomical and 
morphology study

Alessandra Ruggeri, Giulio Alessandri Bonetti, Desirèe Martini, Giulia Adalgisa Mariani, Stefano 
Ratti, Lucia Manzoli
DIBINEM (Department of Biomedical and Neuromotor Sciences, University of Bologna, Italy)

Obstructive sleep apnea syndrome (OSAS) is a res-
piratory sleep disorder and consists of recurrent epi-
sodes of total or partial blockage of the passage of air. 
A noninvasive and an alternative surgical procedure, as 
maxillomandibular advancement or uvulopalatophar-
yngoplasty, is represented by a treatment using an oral 
mandibular advancement devices (MAD) MAD treat-
ment increases airway space by a mandibular advance-
ment modifying lateral walls of the pharyngeal airway 
and their oral and pharyngeal muscular parameters. Th e 
aim of this study was identifi ed on ten cadaveric ana-
tomical bilaterally head and neck specimens, obtained 
by donors, pterygomandibular raphe tendinous (PMR), 
in particular its presence or none, related with the clini-
cal outcome of MAD treatment. Moreover, evidenc-
ing microstructure of tendinous tissue and measuring 
stretch of the lateral airway tissues, considering PMR as 
a tendon less extensible than muscle.

Th e hypothesis is that participants with tendinous 
PMR presence would have less lateral expansion of the 
upper airway stimulating by mandibular advancement 
by using MAD, its effi  cacy on oropharyngeal space aug-
mentation and a negative consequence on OSAS treat-
ment.
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Th e spina musculi recti lateralis (SMRL) is a bony 
process reported as located along the lower margin of 
the superior orbital fi ssure (SOF) at the junction of the 
wider posterior and the narrower anterior portions of 
the fi ssure. It is known to have a certain variability in 
shape but it still awaits a proper characterization. In this 
study we studied the clinical anatomy of the SMRL. 

Orbits from 291 adult dry skulls and from 60 com-
puted tomography (CT) scans of diff erent age and sex 
were analyzed in order to measure the distance between 
the SMRL and the superior (SOF) or the inferior orbital 
fi ssures (IOF) as well as SMRL height, width and orien-
tation. Foetal skulls were also observed for comparison 
with adult samples.

Results indicated that a SMRL has been found in 
41% of dry skulls and 43.3% of CT orbits analyzed. 
Results obtained by CT measurements were similar 
to those assessed by direct measurement: on average, 
SMRL were orientated almost along the transverse plane 
and showed implant bases as wide as 141.9° or as narrow 
as 36.8°. Th ough mostly horizontally aligned, orientation 
of the SMRLs can be markedly diff erent, even vertical in 
one orbit. Th e functional meaning of a diff erent orienta-
tion is unknown, but it is possibly related to the anatom-
ical structures that take insertion into the spine.

SMRLs were close to the infero-posterior angle of 
the orbital plate of the sphenoid, 1.21 ± 0.84 mm in front 
of the SOF, 5.8 ± 1.9 mm above the IOF and 12 ± 2.3 
mm from the anterior end of the SOF. Th ey were 1.58 ± 
0.64 mm high and did not show any age or sex-related 
prevalence. SMRLs showed wide morphologic variations 
ranging from triangular acuminated spines with a base 
of implant of variable size, to spines with a smooth-
ened or truncated apex. Most of the SMRLs appear as 
relatively large structures as the angle between their two 

margins was more frequently obtuse. By CT, the SMRL 
appeared as the insertion site for the lateral rectus, for 
tendinous ring and, sometime, for the inferior rectus.

Th ese results showed how the SMRL is a process of 
the sphenoidal orbital plate rather than a feature of the 
SOF and, when present, it is also a reliable landmark for 
the insertion of the tendinous ring and lateral rectus. 
Orbital surgeon should be aware of this common variant 
of the orbital apex. 

Keywords: spina musculi recti lateralis; sphenoid; orbital 
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Th e practical activity of surgical residents requires 
them to try their hand at surgeries of increasing com-
plexity and diffi  culty during their education. Th e learn-
ing of the surgical procedure by the neophytes is not 
free from technical mistakes or quality results below the 
standard, despite the supervision of the tutors. Creating 
a surgical gym is extremely important in this setting, to 
help residents train safely with simulated surgery cases 
within a body donation program.

Th e results of a preliminary study involving urol-
ogy residents operating on donated bodies from the 
Body Donation Program of the University of Padua are 
reported. Th e surgical realism perceived, the education-
al usefulness of a simulated setting, and the emotional 
involvement perceived by the learners were investigated.

It has been shown that residents’ expectations 
have been exceeded regarding the realism of the sur-
gical setting, the superiority of the simulation com-
pared to the alternatives practiced today, and an emo-
tional involvement clearly present and signifi cant dur-
ing surgical procedures. Urology residents gained an 
educational benefi t, improving manual skills in safely 
carrying out the planned interventions, with a posi-
tive propensity to participate in future similar training 
opportunities.

A realistic surgical setting simulation by implement-
ing cadaver labs is an utmost positive training option for 
surgical residents, in terms of notions, procedures, and 
emotional involvement, to benefi t their future patients.

Reference

Boscolo-Berto R, Porzionato A, Stecco C, Macchi V, De 
Caro R. Anatomical societies fi nd new ways to come 

together in a post-Covid world. Anat Sci Educ. 2021 
Nov;14(6):739-751.

Keywords: Cadaver lab; Body donation; Surgical simula-
tion; Education



Italian Journal of Anatomy and Embryology 127(1) Supplement: 106, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Th e Use of Anatomage Table in Legal Medicine: Forensic Pathology and 
Odontology applications

Corrado Calì1,2, Elisa Olivetta3, Barbara Abenante3, Emilio Nuzzolese3

1 Dipartimento di Neuroscience, Università di Torino, Torino, Italy
2 Neuroscience Institute Cavalieri Ottolenghi, Orbassano (TO), Italy
3 Department of Sciences of Public Health and Pediatrics, Università di Torino, Torino, Italy

Th e Anatomage Table (Anatomage, Inc. in Santa 
Clara, CA) is a life-sized digital tool enhanced by an 
interactive touchscreen, designed for studying human 
anatomy. It enables students to virtually dissect cadav-
ers and observe specifi c structures by applying arbitrary 
clipping planes in multiple directions. Th is interactive 
experience enhances their understanding of anatomical 
relationships among structures. Th e Anatomage Table 
is utilized in undergraduate medical education, off er-
ing access to an extensive library of CT and MRI scans, 
including 4D scans.

Here, we propose an innovative application of the 
Anatomage Table as a digital aid for legal medicine, and 
forensic pathology and odontology training programs. 
By uploading total body CT scans onto the table, it ena-
bles virtual autopsies and dissections, facilitating the 
learning process of postmortem radiological data collec-
tion, measurements, and analysis. Th is can be done both 
onsite and remotely. Postgraduates can benefi t from the 
high-resolution observation of the entire body, gaining 
valuable experience in autopsy dissection through spe-
cial virtual reversible cuts that are otherwise impractical. 
Furthermore, every tissue can be dissected, allowing for 
detailed observation of any anomalies. Digital analyti-
cal tools can be used in specifi c cases of identifi cation of 
victims through analysis of the jaw and teeth. 

It is important to note that while the Anatomage 
Table off ers signifi cant advantages, it should be consid-
ered as an adjunct training tool in forensic pathology 
programs. It cannot replace the in-situ examination of 
cadavers and traditional autopsies. However, its future 
applications could extend to real forensic casework, 
seeking second expert opinions, or conducting virtual 
autopsies on infected or CBRN-exposed (chemical, bio-
logical, radiological, and nuclear) cadavers.
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Re-associating skeletal remains is challenging and 
needs methods based on morphometric correspondences 
to match skeletal pairs and joint elements [1-4]. Re-asso-
ciating the cranium to the post-cranium is crucial as it 
allows to properly profi le the remains, mainly where the 
skull is disjointed from the rest of the body. Yet oft en 
the skull is still jointed to atlas which is instead the one 
disarticulated from the rest of the body. If disarticula-
tion occurs at the atlantoaxial joint, the correct match 
of atlas and axis is auspicial to assembly the entire body. 
Th ough the importance of this joint, no study has so far 
explored methods to match atlas with axis.

We explored the potential of re-associating atlas and 
axis through a 3D approach testing the congruency of 
their articulating surfaces. Th e superimposition of the 
articular facets of the two 3D vertebrae models acquired 
by a laser scanner was performed to measure the geo-
metrical congruency in terms of point-to-point distance 
(Root Mean Square, RMS) of two jointing elements 
either from the same individual (matches) and from dif-
ferent individuals (mismatches). We verifi ed the RMS 
values for both groups and their diff erences with Mann-
Whitney test, thus providing a threshold value for dis-
criminating between matches and mismatches. Atlas and 
axis from 46 skeletal remains were superimposed for 
making all possible combinations: 41 matches and 1851 
mismatches. No sex-related signifi cant diff erences were 
found for matches and mismatches (respectively p=0.27 
and p=0.21), allowing to group together the two sexes 
in each group. RMS values ranged between 0.41mm to 
0.77mm for matches and between 0.37mm and 2.18mm 

for mismatches. Signifi cant diff erences were found com-
paring the two groups (p<0.001) and the highest RMS of 
matches (0.77mm) used as the threshold value for dis-
criminating matches from mismatches, so reaching a 
sensitivity of 100% and a specifi city of 41%.

We cannot consider the 3D superimposition of the 
atlanto-axial articular facets as a re-association method 
per se, but as a screening one with a negative predictive 
value of 100%. Th e 3D superimposition performed bet-
ter in case of atlantoaxial joint if compared with others, 
as the atlantooccipital and the temporomandibular ones 
[1,5]. Further studies on other skeletal traits might pro-
vide answers to this complex issue.
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Marfan syndrome (MFS) is a rare hereditable con-
nective tissue disorder due to mutations in the fi brillin-1 
gene FBN1, with clinically heterogeneous manifestations 
including distinctive facial features; early recognition 
of MFS is essential to prevent its major cardiovascular 
complications. In a previous study, we pointed out 3D 
morphometric facial features in a group of adult patients 
with MFS [1]. In this study we enlarged the sample size 
and explored the relationship between facial dysmor-
phism and other systemic manifestations of MFS.

Facial linear distances and angles of 104 adult Cau-
casic subjects with MFS (42 males, 37±15 yrs; 62 females, 
42±16 yrs) were computed from the 3D coordinates of 
soft-tissue landmarks obtained by stereophotogram-
metry. Corresponding z-score values were calculated 
comparing patients with 665 healthy reference subjects 
matched for sex and age; their statistical signifi cance 
was evaluated by Student’s t-test. Principal component 
analysis (PCA) was applied to facial variables to reduce 
dimensionality; the relationship between the generated 
components and other manifestations of MFS was evalu-
ated by multiple logistic and stepwise regression analy-
ses.

All the quantitative facial abnormalities identi-
fied in the previous study were confirmed; in addi-
tion, consistently with the increased middle third of 
the face, subjects with MFS showed increased nose and 
ear lengths (p<0.001). PCA generated four components 
that explained 75.32% of the total variance, represent-
ing facial heights, facial depths, facial widths and pal-
pebral fissure abnormalities respectively. The former 
component was positively associated with ectopia len-
tis (p=0.004), systemic score (a value  summarizing the 
systemic  features of MFS, particularly the skeletal ones; 

p=0.008) and mitral valve prolapse (MVP; p=0.047); 
the last component was positively associated with MVP 
(p=0.018). Interestingly, among the diagnostic criteria of 
MFS skeletal features and MVP are considered together.

In addition to confi rming that a detailed 3D mor-
phometric analysis of facial appearance may help clini-
cians in suspecting MFS, the promising fi ndings of the 
study suggest the existence of easily detectable markers 
on the surface of the face with potential predictive val-
ue for less visible but characters of the syndrome and 
encourage further in-depth investigations.
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Bifi d ribs (also known as “bifurcated ribs”) are a 
rare congenital anomaly that accounts for ca. 28% of 
described rib abnormalities. Th eir presence in modern 
populations has been reported in both anatomical and 
radiological studies, but this anomaly’s antiquity has 
never been subjected to a systematic assessment, it oft en 
being merely mentioned anecdotally. 

Th e present study consists of two parts: 
a. a morphological and radiological examination 

of cases from 3 diff erent sites, each one distant no more 
than 1.5 km from one another and all of them locat-
ed around the city of Brześć Kujawski, north-central 
Poland, in the historical land of Kujawy. Th e three pop-
ulations date back to the Neolithic (4600-4000 BCE), the 
Middle Ages (12th-16th centuries CE), the Modern Era 
(15th-19th centuries CE). All analyzed skeletal series came 
from the collections of the Department of Anthropology, 
University of Łódź and the Museum of Archaeology and 
Ethnography in Łódź. Th e possession and the analysis of 
the samples were in accordance with the legal status of 
archeological human remains in Poland. 

b. a comprehensive reassessment of the published 
literature based not only on traditional biomedical data-
bases (Scopus, Web of Science, Pubmed, etc.) but also 
archeological monographs and posters. 

Th e frequency of bifi d rib in the studied populations 
is 0.4% (3/752 individuals). Th e lesions were found in 
typical ribs: the fourth left  rib of a male from the Neo-
lithic population, the fi ft h right rib of an individual of 
unknown sex from the medieval population and two 
right ribs (the third and the fourth) of a male from the 
Early Modern series. Th eir appearance diff ers from a 
barely visible dichotomy with poorly marked independ-
ent surfaces on sternal end of rib, to a clear division 
(approx. 3 cm) with asymmetry in the size of each bifur-
cated part.

Finally, the presentation offers a comprehensive 
geographical distribution of this anomaly and practical 
suggestions on how to avoid misinterpreting it in the 
anthropological record. 
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Since Vesalius, medical research and education 
have had a strong emphasis on anatomy, being its core 
pillar for centuries, with pivotal discoveries. In the sec-
ond half of the last century, gross anatomical observa-
tions reduced, and education became the primary mis-
sion of anatomy departments. Th ere is also a conserva-
tive tendency in anatomic descriptions, with a seeming 
reluctance of acknowledged anatomists to explore new 
theories by returning to direct studies of gross anatomy. 
Although gross anatomy is considered an undisputed 
core component of the medical curriculum, anatomic 
research and education have reduced in size and status 
to accommodate other disciplines [1]. While microscopic 
and ultramicroscopic anatomy are expanding more and 
more to explore the microworld at a molecular level, 
gross anatomy appears a fundamental discipline which 
however has nothing more to say. Nevertheless, in the 
last years, some gross anatomical discoveries have been 
reported, which overturned the long existing dogmas 
about morpho-functional aspects. For example, the anat-
omy of a previously unrecognized, though widespread, 
macroscopic, fl uid-fi lled space within and between tis-
sues, that is a novel expansion and specifi cation of the 
concept of the human interstitium, was described. Th e 
mesenteric continuity, as well as the novel concept of 
glymphatic system, have been reported [2,3]. Gross anat-
omy of myofascia is terminologically evolving with the 
institution of a Fascia Nomenclature Committee [4]. A 
new fi eld of research is exploring how gut microbiota 
acts as an “invisible organ” to modulate gastrointesti-
nal functions as well as the general homeostasis of the 
body [5]. Apart from the sensational discovery of “new 
organs”, gross anatomy research remains an important 
tool to correct or redefi ne classic concepts and to ascer-
tain anatomical varieties. Independently of the approach 
used (dissection or in vivo imaging techniques), it repre-
sents the unique way to explore the human body. Cadav-
eric dissection presents several advantages: gross anato-

my research; development of new dissection and preser-
vation techniques; forensic medicine research; creation 
of virtual anatomy soft ware; surgical training; enrich-
ment of anatomic museums with specifi c preparations 
(third mission of the university).
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Gross anatomy classes are considered a crucial com-
ponent of biomedical education worldwide. However, the 
most eff ective way to teach anatomy to students is still 
up for debate. It is important to evaluate the curriculum, 
teaching methods, delivery quality, and infrastructure to 
improve the teaching and learning experience. In recent 
years technical improvements changed how anatomy is 
delivered to students and questioned the possible over-
coming of dissection as the main instrument in anatom-
ical education. Traditional approaches like lectures and 
gross dissection courses that focused on topographical 
structural anatomy have been replaced with a variety of 
study modules, including problem-based learning, plas-
tic models, computer-assisted learning, and curricula 
integration.

At the end of 2019, the Covid-19 pandemic spread 
led to a heated debate, especially as the lockdown meas-
ures, physical distancing regulations, and restrictions 
severely aff ected higher education and brought about 
sudden changes in anatomical teaching methods. As 
a result, universities shift ed to distance learning and 
increasingly relied on technology to teach anatomy. In 
2021, most institutions adopted a blended approach. 
Th is study examines how eff ective this approach was 
in sports sciences anatomical education and provides 
insights for students in less familiar and experienced 
curricula. First-year students were anonymously inter-
viewed using a semi-structured questionnaire, and the 
collected data were analyzed. Aft er extensive discussion 
between team members, open codes were developed, and 
themes and subthemes were generated and discussed. 

Th emes’ analysis demonstrated that it might be useful to 
customize diff erent teaching modalities in those classes 
where cadaver dissection might not align with the goals 
of specifi c curricula, such as sports sciences.
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Th e role of the thoracolumbar fascia (TLF) in caus-
ing lower back pain (LBP) is signifi cant. Recent studies 
have shown that patients with LBP have an increased 
thickness of the TLF, which leads to limited movement 
of the fascia.

Th e aim of this research was to use ultrasound (US) 
imaging to measure and compare the thickness of the 
TLF at the L3 level of the lumbar spine, both longitu-
dinal and transversal scans, in individuals with chronic 
non-specifi c LBP and in those without any back issues.

We collected anamnestic data of enrolled chronic 
non-specifi c LBP and healthy volunteers. A cross-section-
al study was conducted involving 92 participants: 46 with 
chronic non-specifi c LBP and 46 healthy individuals.

We assessed the TLF thickness performing a series 
of TLF ultrasound scans in longitudinal and transversal 
axes. 

Th e results regarding TLF thickness showed statis-
tically signifi cant diff erences (p < 0.05) in both longitu-
dinal and transversal scans measurements between the 
two groups. Additionally, the healthy group exhibited a 
statistically signifi cant diff erence between longitudinal 
and transversal scans measurements (p = 0.001 for the 
left  side and p = 0.02 for the right side), whereas this dif-
ference was not observed in the LBP patients. 

Th e study carried out shows that LBP patients expe-
rience a loss of TLF anisotropy, with the fascia becoming 
uniformly thicker and less adaptable in the transversal 
direction. Th e US imaging evaluation suggests that the 
behaviour of TLF thickness indicates abnormal fascial 
remodelling compared to healthy individuals, resem-
bling a condition of a “frozen back.”
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Th e donation of bodies for medical research and 
education is crucial, particularly in the fi eld of human 
anatomy teaching through cadaver dissection, which 
forms the foundation of medical training worldwide[1]. 
However, in Italy, the practice of whole-body dona-
tion is limited due to various factors such as age, edu-
cation, religion, culture, personal characteristics, and 
attitudes towards death. Additionally, potential donors 
lack awareness about this option, needing for informa-
tive campaigns to raise awareness. In order to address 
this issue, an interdisciplinary team comprising sociolo-
gists, physicians, and artists has initiated an experimen-
tal project called Pro.dono at the University of Bologna. 
Th e project aims to utilize Graphic Medicine as a means 
to effectively communicate information about body 
donation, emphasizing its significance and sensitiv-
ity to support medical education and research. Th is ini-
tiative builds upon a previous pilot experience in which 
students from the School of Medicine and Surgery at 
the University of Bologna explored the potential use of 
Graphic Medicine in relation to body donation, result-
ing in the development of fi ve graphic projects[2]. To 
gain insights into the practices, dynamics of knowledge, 
and relationships associated with cadaver dissection, an 
ethnographic observation was conducted. Th e fi eldwork 
involved a fi ve-month observation period supplemented 
by ethnographic interviews with 40 individuals. Draw-
ing from these fi rsthand accounts and fi eldwork notes, 
the students from the Academy of Fine Arts of Bologna 
will create a graphic novel that will ensure the practical 
application of the project’s outcomes beyond its scope.
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Teaching human anatomy, including microscopic 
anatomy, is a crucial aspect of medical education. In 
Italian universities, like the University of Pisa, tradi-
tional methods involve using classic microscopic slides 
to study the structure of human organs. Th ese slides are 
examined under light microscopes during classroom 
activities, providing a unique opportunity to directly 
observe human tissues before final exams. However, 
recent technological advancements have allowed the 
digitization of these slides, making them easily accessi-
ble through online platforms on various devices. Many 
academic institutions provide open access to these digi-
tal anatomical structures, benefi ting students, teachers, 
and biomedical professionals worldwide. Taking advan-
tage of this opportunity, we conducted a pilot session for 
medical students at the University of Pisa. Each student 
independently accessed websites of selected US universi-
ties, using their own devices as virtual light microscopes 
to examine tissues and organs at diff erent magnifi ca-
tions. To assess the eff ectiveness of this virtual approach, 
we conducted anonymous pre- and post-learning session 
polls. Analysis of the responses indicated that students 
found virtual images to be valuable and useful tools 
for studying microscopic anatomy. Th ey also believed 
that interactive tools enhanced their independent learn-
ing. Th ese preliminary fi ndings suggest that the virtual 
light microscope could serve as a valuable teaching tool 
in anatomy courses, fostering student engagement, deep 
learning, and improved performance, aligning with stu-
dent-centered strategies.
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Osteoarthritis is a chronic joint disease which still 
represents a clinical challenge due to the low regenera-
tive potential of articular cartilage. Platelet-rich blood 
components have been recognized as cutting-edge bio-
medical devices to convey regenerative elements to 
the damage site and stimulate cartilage restoration. In 
this context, a new autologous Leukocyte-Fibrin-Plate-
let membrane (LFPm) enriched with growth factors/
cytokines/stem cells was conceptualized for the ortho-
paedical treatment of cartilage lesions [1, 2], but scant 
pre-clinical data supporting its effi  cacy are currently 
available. Hence, this work performed a series of in 
vitro/in vivo studies to support the rationale for LFPm 
clinical use in cartilage Tissue Engineering.

First, viability assay on the bone marrow stem 
cell line HM1-SV40 showed that cell proliferation was 
enhanced when populations were cultured with 10% and 
20% LFPm releasate, being the pro-proliferative eff ect 
proportional to supernatant concentration and time of 
release.

Specific growth factor secretion was assessed by 
ELISA, highlighting that LFPms are able to sustain the 
release of FGF and VEGF up to 21 days in vitro. In par-
allel, in vitro wound healing test showed that LFPm rele-
asate induced cell migration for scar closure.

Finally, the LFPm was prepared as a homogenized 
matrix and combined with a synthetic polymer, oxidized 
Polyvinyl Alcohol (OxPVA), to fabricate innovative 
hybrid scaff olds for cartilage repair. Th e LFPm improved 
OxPVA bioactivity by promoting HM1-SV40 cell adhe-
sion and proliferation. In addition, after omental 
implantation into the abdomen of Sprague Dawley rats, 
the bio-hybrid devices investigated by histological and 
immunohistochemical analyses showed high biocompat-
ibility, eliciting no severe immune response by the host.

Overall, promising pre-clinical evidence was collect-
ed to support the regenerative potential of LFPm and its 
possible use for autologous treatment of osteoarthritis.
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Hypoxia signaling plays an important role in physi-
ological and pathological conditions. Hypoxia in the 
heart tissue can produce diff erent consequences depend-
ing on the duration of exposure to the hypoxic state. 
While acute hypoxic exposure leads to a reversible accli-
matization in heart tissue with normal systemic oxygen 
supply, chronic hypoxia exacerbates cardiac dysfunction, 
leading to a destruction of the tissue. Extracellular vesi-
cles (EVs) are small membrane vesicles that act as medi-
ators of intercellular communication. EVs are secreted 
by diff erent cell types and those produced by oral cav-
ity- derived mesenchymal stem cells (MSCs), including 
human gingival MSCs (hGMSCs), have pro-angiogenic 
and anti- infl ammatory eff ects and showed therapeutic 
role in tissue regeneration. Th e aim of the present work 
was to evaluate the potential protective and regenerative 
role of EVs produced by hGMSCs in an in vitro model 
of hypoxia-conditioned HL-1 cardiomyocytes. Immuno-
fl uorescence and Western blot techniques were applied 
to evaluate the expression of following infl ammatory, 
oxidative stress, angiogenesis, cell survival and apoptotic 
markers: HIF1α, P300, NFκB, NRF2, and VEGF. Results 
showed that hGMSCs-derived EVs exerted protection 
of HL-1 cardiomyocytes exposed to both pre and post 
hypoxic conditions. Moreover, modulation of Caspase-3 
expression demonstrated that EVs reduced apoptosis. 
Th e analysis of microRNAs in EVs derived from hGM-
SCs was performed to assess the epigenetic regulation 
of the presented markers. Th e following microRNAs: 
hsa-miR-138-5p, hsa-miR-17-5p, hsa-miR-18a-5p, hsa-
miR-21-5p, hsa-miR-324-5p, hsa-miR- 133a-3p, hsa-miR-
150-5p, hsa-miR-199a-5p, hsa-miR-128-3p and hsa-miR-
221-3p can directly or indirectly target the studied genes 
by determining their modulation obtained in our study. 
Th e data from this study suggested that EVs obtained 

from hGMSCs may be considered for the cell free treat-
ment option in hypoxia-driven cardiac tissue dysfunc-
tion. 
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Th e treatment of localized prostate cancer is radical 
prostatectomy with frequent iatrogenic damages to the 
periprostatic neurovascular bundles (NVB) responsible 
for erectile dysfunctions. Our team previously demon-
strated the neuro-regenerative eff ect of chitosan mem-
brane on ex vivo cultures of autonomic ganglia and its 
anti-proliferative eff ect on metastatic prostatic cancer 
cells. 

Th e aim of the present study was to test in vitro and 
to develop a functionalized microstructured chitosan 
membrane to support and promote the main regenera-
tive mechanisms, underlying nerve outgrowth and gli-
al cell survival and proliferation for an in vivo use, to 
repair a lesion aff ecting the cavernous nerve. Th e chi-
tosan was blended with 5-15% glycerol and micropat-
terned to obtain the well-established gratings (GR) and 
the asymmetric pattern with scalene triangles (SCA). 
Moreover, the controlled release of phosphodiesterase 
inhibitors (PDEI) was designed to chemically promote 
nerve regeneration and functional recovery.

Th e results of in vitro and ex vivo direct cultures on 
microstructured chitosan membranes demonstrated the 
oriented growth of neurons, a very important step in 
making regeneration more eff ective. Th e in vitro proto-
col for the administration of PDEI (sildenafi l-PDE5I and 
rolipram-PDE4I) was developed and for both stimula-
tions an interesting gene regulation linked to the neu-
roprotective brain-derived neurotrophic factor (BDNF) 
in immortalized cultures of sensory and motor neurons 
was observed. In glial cell cultures, the administration of 
PDEI resulted in up-regulation of the transcription fac-
tor Krox20, which can positively infl uence the expres-

sion of myelin genes, of the proangiogenic Vascular 
endothelial growth factor (VEGF) and in a decrease of 
cell migration. Furthermore, the administration of Silde-
nafi l and Rolipram increased the neuritic extension in 
neuronal populations. Further investigations are under-
way to deepen the study of the eff ect of PDEI adminis-
tration on organotypic cultures of somatic and auto-
nomic ganglia, where neuronal and glial cells co-exist, 
similarly to what happens in vivo. 
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Prostate cancer is the most frequent cancer among 
men and the current treatment is radical prostatectomy 
(RP). Unfortunately, iatrogenic damage to the peripro-
static neurovascular bundles (NVB) occurs, leading to 
erectile dysfunction. Recently, new strategies to improve 
the regeneration of the prostatic nerves are arising, 
among these, the application of chitosan membrane has 
been shown to promote nerve regeneration thanks to its 
useful properties. For this purpose, ex vivo experiments 
performed on autonomic explant ganglia have been 
shown the neuro-regenerative eff ect of a fl at chitosan 
membrane reporting a higher neurite outgrowth. At the 
same time, in vitro experiments on metastatic cancer 
cell lines displayed a lower proliferation rate when cul-
tured with chitosan coating and dissolution products.

Th e safety and the ability of the fl at chitosan mem-
brane to promote nerve regeneration was also tested 
in clinical resulting in higher potency recovery rate in 
patients that have undergone RP.

To improve the regenerative performance achieved 
by the fl at membrane, nanostructured membranes with 
grating arrangement and a zig-zag pattern were used 
to repair cavernous nerve on adult male rats: 3 mm of 
nerve was bilaterally transected and repaired with chi-
tosan membranes. 60 days aft er the surgical procedure, 
samples were harvested and processed for “iDISCO” 
technique that allowed to detect the pathway of nerve 
fi bers on the whole membranes. 

Th ese in vivo results provide the fi rst experimental 
evidence supporting the ability of the chitosan mem-
brane to allow axonal regeneration demonstrating the 
safety of the device for clinical use and supporting its 
application in the urological fi eld.
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Kidney transplant is a lifesaving procedure for 
patients with end stage kidney disease (ESKD). As oth-
er surgical procedures, kidney transplant presents sev-
eral side eff ects. Organs derived from cardiac, or brain 
death donors are constantly increasing, due to the 
high need of kidney donors. However, they are more 
exposed to the onset of ischaemia-reperfusion (IR) and 
Acute Kidney Injury (AKI) events, compared to living 
donors. Th ese phenomena increase kidney cell turno-
ver, to replace damaged cells with functional ones. Th is 
results in an increased exfoliation of cells lining kid-
ney tubules, with exfoliated cells being voided in urine. 
Urine-derived Renal Epithelial Cells (URECs) are rarely 
present in the urine of healthy subjects, and their loss 
has been associated with several kidney disorders. Th e 
present study aimed to characterize the phenotype and 
potential applications of URECs voided aft er transplant. 
Th e results indicate that URECs are highly proliferat-
ing cells, expressing several kidney markers, includ-
ing proximal tubules markers and markers of kidney 
epithelial progenitor cells. Since the regulation of the 
immune response is crucial in organ transplantation and 
new immunoregulatory strategies are needed, UREC 
immunomodulatory properties were investigated. Dur-
ing the co-culture with Peripheral Blood Mononuclear 
Cells (PBMCs) derived from healthy volunteers, URECs 
strongly reduced CD4 and CD8 T Lymphocyte prolifera-
tion, while exerting an anti-apoptotic eff ect on PBMCs. 
Moreover, URECs increased T regulatory (Treg) cells 
and reduced T helper 1 (Th 1) cells producing IFN-�. 
These results suggest that URECs from transplanted 
patients may represent a promising cell source for the 
investigation of regenerative processes occurring in kid-
neys, and for cell therapy applications based on the reg-
ulation of the immune response.
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Natural ovarian aging represents one of the earli-
est phenomena characterizing female aging. It is likely 
that this process depends on multiple intraovarian and 
extraovarian factors whose respective contribution have 
not been fully characterized [Camaioni et al., J Assist 
Reprod Genet. 2022].

The aim of the present study is to describe the 
changes of the ovarian stroma by age in order to verify 
whether the in vivo injection in old mice of “secretome” 
present in media conditioned (CM) by human mesen-
chymal stromal cells derived from adipose (ASC-CM) 
and dental tissues (DPSC-CM) is able to counteract the 
observed changes.

Recently, an age-associated increase in infl ammation 
and fi brosis has been documented in the mammalian 
ovary, accompanied by a shift  in the immune cell pro-
fi le. In line with these studies, we found higher levels of 
transcripts of pro-infl ammatory genes Il6, Il1β, and Tnfα 
in the ovaries of old (O = 8-months) in comparison to 
young (Y = 2-months) females of Sv/129 mouse strain. 
(Il6: Y = 1 ± 0.04; O = 4.6 ± 0.3; Il1β: Y = 1 ± 0.1; O = 3.1 
± 0.3; Tnfα: Y = 1 ± 0.01; O = 1.8 ± 0.1).

Moreover, we verifi ed the presence in the aged ova-
ries of a unique population of multi-nucleated mac-
rophage giant cells oft en observed in close proximity to 
fi brotic foci. We also observed vacuolar changes in the 
aged ovary, consisting of foamy cells, probably a diff er-
ent macrophage population, or a diff erent stage of the 
same population. Th ese cells have been described in the 
ovary as age-associated multinucleated macrophages that 
are swollen with lipids. Th eir presence indicates a pro-
infl ammatory microenvironment, due to high levels of 
tissue dynamics that could be ascribed to follicle atresia, 
cell apoptosis and wound healing, main traits of follicu-
logenesis and ovulation. 

Next, we examined the number of mast cells and 
verifi ed a signifi cant increased at 8-months compared 

to 2-months old females. We hypothesize that all these 
changes in the stroma microenvironment can have a sig-
nifi cant impact on the quality of follicles and oocytes. 
In fact, the in vivo injection in old females of CM was 
able to counteract and/or mitigate most of the observed 
stromal changes and, more important, increase the preg-
nancy rate (CTRL = 8.3%±5.3; DPSC-CM = 25.0%±9.1; 
ASC-CM = 60.7%±10.3) and prolong the reproductive 
life, indicating an improvement on the overall body 
health. 

Keywords: Ovarian aging; Infl ammation; Stroma; Mesen-
chymal stromal cells; Cell-free therapy
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Malar bone could be a source of anchorage for zygo-
matic implants in the fi xed rehabilitation of the fully 
edentulous and extremely atrophic upper jaw.1 How-
ever, their placement requires the careful respect of the 
orbital cavity. Th e implant penetration in the orbit is 
reported as a severe complication that occurred in up 
to 6% of the cases.2 To measure distances with the close 
anatomical structures and depths of the anterior orbital 
fl oor, to guide the surgeon in a correct and safe zygo-
matic implant insertion avoiding ocular complications. 
Human cadaver heads were bilaterally dissected. Th e 
main anatomical landmarks taken into consideration 
were: infraorbital foramen (IF), anterior border of the 
orbital fl oor (OF) and the anterior end of the zygomat-
ic arch (A). Th e following points were moreover identi-
fi ed: “IF” projection on the external orbital border (Point 
1), “A” projection on the external orbital border (Point 
5), midpoint between point 1 and 5 (Point 3), midpoint 
between point 1 and 3 (Point 2) and midpoint between 
point 3 and 5 (Point 4). Th e following linear measure-
ments were taken with a digital caliper from each side: 
distance IF-Point 1 and Point 1-Point 5. With a perio-
dontal probe the anterior orbital fl oor depths were taken 
posterior to the internal orbital rim at Points 1 to 5. A 
total of 66 sides from 33 Caucasian cadavers were eval-
uated: 8 (24.2%) were female and 25 (75.8%) male. Th e 
mean age was 81.0 ± 9.3 years. IF-Point 1 mean distance 
was 7.60 ± 1.43 mm, while Point 1-Point 5 was 23.98 ± 
0.74 mm. Mean anterior orbital fl oor depths were 2.78, 
2.86, 3.65, 4.24 and 3.31 mm at Point 1, 2, 3, 4 and 5, 
respectively. Cadaver anatomic study and dissection are 
of paramount importance to guide the clinician in this 
approach. Th e surgeon should be aware of the anatomi-

cal shape and dimensions of the anterior orbital fl oor in 
order not to invade that noble structure during surgery. 
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Vav1 is one of the signaling proteins normally 
restricted to hematopoietic cells that results ectopically 
expressed in solid tumors, including breast cancer, in 
which it shows a peculiar localization inside the nucleus 
of tumor cells. High amounts of nuclear Vav1 are posi-
tively correlates with low incidence of relapse and dis-
tant metastasis, regardless phenotype, and molecular 
subtype of breast neoplasia [1]. In breast tumor cells, 
nuclear Vav1 aff ects the expression of genes involved in 
epithelial-to-mesenchymal-transition (EMT), invasion 
and/or metastasis, including genes encoding for specifi c 
isoforms of Akt. Using in vitro and in vivo models, we 
demonstrated that the role of Vav1 in down-modulating 
Akt is dependent on tumor subtype [2]. In cells from 
triple-negative breast cancer (TNBC), that represents 
the most aggressive breast tumor, showing a high intrin-
sic variability in terms of both histopathological fea-
tures and response to therapies, we demonstrated that 
the over-expression of Vav1 reduces the levels of Akt2, 
acting at the post-transcriptional level through the up-
modulation of miR-29b. Th e Vav1/miR-29b dependent 
decrease in Akt2 is correlated with a reduced lung col-
onization of circulating tumor cells and occurs only in 
some molecular subtypes of TNBC tumors [3, 4]. 

Despite targeting diff erent members of the Akt path-
ways is a promising therapeutic chance in solid tumors, 
including breast cancer, the variable expression levels of 
Akt isoforms with opposite eff ects on tumor growth and 
metastasis make it diffi  cult to select the inhibitors for 
each breast tumor subtypes. Our fi ndings suggest that 
the activation of the Vav1/miR-29b axis, precisely regu-
lating the amount of an Akt isozyme crucial for tumor 
dissemination, could have great potential for driving 
more accurate therapies to TNBCs, oft en not eligible 
or resistant to treatments. In this context, identify sub-
stances capable of increase the levels of Vav1 could con-
stitute an innovative approach to improve outcome of 

some breast cancers for which target-based therapies are 
not currently available.
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Estrogens are steroids hormones involved in genom-
ic and non-genomic eff ects by binding estrogen receptor 
α/β (ERα/β) and G protein-coupled estrogen receptor 1 
(GPER), respectively. Th e molecular functions of ERα/β 
in specifi c organs are not yet well understood.  Primary 
sclerosing cholangitis (PSC) is a chronic cholestatic liver 
disease characterized by ductular reaction, biliary dam-
age and inf lammatory infiltrate (1). We have shown 
that: (i) cholangiocytes expressed ERα and β in male 
bile duct ligation (BDL) rats and (ii) melatonin admin-
istration ameliorates liver phenotype in male cholestatic 
model (2). Since melatonin has been shown to act both 
on ER by inhibiting their gene expression (3), we aimed 
to investigate the possible inhibitory effect of mela-
tonin on estrogen signalling in cholangiocytes of female 
Mdr2-/- mice (PSC murine model). Female FVB/NJ and 
Mdr2-/- mice had access ad libitum to water with/with-
out melatonin for 12 wk. We evaluated: (i) estrogen lev-
els in serum of both human and murine experimental 
models, (ii) ERα/β in both human PSC and murine sam-
ples, (iii) liver damage by histomorphological staining 
and by measuring ALKP, ALT and AST in the experi-
mental groups, (iv) small and large bile duct mass by 
staining for CK19 and (v) infl ammation by staining for 
F480, CD3 and CD20 that are markers for Kupff er cell, T 
and B lymphocytes, respectively. Both human PSC and 
Mdr2-/- mice showed elevated expression of estrogen lev-
els in serum and immunoreactivity of nuclear receptor 
ERα/β. Melatonin treated Mdr2-/- did not show change 
in estrogen serum levels and ERβ expression when com-
pared with Mdr2-/- but showed a decrease of ERα immu-
noreactivity. Th is suggested that melatonin may infl u-
ence the estrogen signalling by inhibiting the action of 
ERα. Treatment with melatonin improves liver damage 
in cholestatic murine model and its administration may 
reduce the estrogen action in female PSC modulating 
the cholestatic liver disorders.
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Cholangiocarcinoma (CCA) is a class of epithe-
lial malignancies derived from the biliary tree, char-
acterized by an aggressive behavior and a high neu-
rotropism.  In case of documented perineural invasion, 
a form of metastasis through which cancer cells pen-
etrate and move along peripheral nerves, prognosis gets 
signifi cantly worse[1], but little is known about the cel-
lular and molecular processes underlying such worsen-
ing. Recently, Gundlach et al. reported the presence of 
Schwann cells in human CCA specimens, in association 
with a worse prognostic trend as compared to patients 
whose lesions were negative to SC markers[2]. Increasing 
evidence acknowledges SC as key regulators of PNI and 
cancer progression in various cancer models, especially 
pancreatic ductal adenocarcinoma[3], a tumor which 
shares many similarities with CCA [4]. We hypothesized 
that the worse prognosis of patients showing PNI or SC 
within their lesions is due to soluble factors released by 
SC, activated to repair nerves damaged by PNI, which 
may foster cancer progression.  We investigated the 
crosstalk between intrahepatic CCA cell lines (HuCC-
T1 and Oz cells) and primary human SC (HSC) in vit-
ro. We observed increased motility and invasiveness in 
CCA cell lines treated with HSC conditioned medium 
(HSC cm), associated with an epithelial-mesenchymal 
transition. In addition, cells exposed to HSC cm show 
increased viability and clonogenicity and proliferate 
more respect to the controls. To better understand the 
eff ects of HSC cm on CCA cell lines, we performed mass 
spectrometry on lysates obtained  from HuCC-T1 single 
cultures or indirect HuCC-T1/HSC cocultures (transwell 
inserts, 3um pores) and found the modulation of 20 key 
proteins, suggestive of the involvement of TGF-ß. We 
then decided to test the putative role of TGF-ß for the 

pro-tumoral eff ects of HSC cm on CCA cell lines. By the 
use of SB-431542 (a specifi c Tß1R antagonist) we dem-
onstrated clearly the reversion of the eff ects observed, 
proving the mechanistic role of this cytokine in HSC 
dependent CCA progression. The evidence of a pro-
tumoral eff ect of SC-derived TGF-ß opens the perspec-
tive to investigate such mechanisms in other solid can-
cers such as melanoma.
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Smoking related pathologies in the population 
are characterized by macrophage-mediated inf lam-
mation that correlates with the severity of infl amma-
tion Th e major cytokines released by macrophages are 
interleukin-1β (IL-1β), tumour necrosis factor-α (TNF-α) 
and interleukin-6 (IL-6) and and galectins, molecules 
that bind specifi cally to β-galactoside sugars.

The aim of this study was to evaluate the anti-
inf lammatory and anti-oxidant effects of hyaluronic 
acid modifi ed molecules with diff erent amounts of lac-
tose derivative residues (HYLACH®) on an “in vitro” 
model of macrophage-mediated infl ammation. Th e best 
HYLACH ligands for galectins were selected in silico
and subsequently infl amed with the conditioned medi-
um of activated U937 monocytes. Changes in cell viabil-
ity, ROS generation, pro-infl ammatory mediators and 
MMPs expression, at both gene and protein level, were 
analysed.

The in silico results show that HYLACH with a 
percentage of lactosylation up to 10-40% are the best 
ligands for Gal-3 and the in vitro study revealed that 
the compounds with 10, 20 and 40% lactosylation 
(HYLACH-1-2-3) administered to infl amed cell cultures 
exerted higher anti-inf lammatory and anti-oxidative 
eff ects than hyaluronic acid, restoring gene and protein 
expression for infl ammatory cytokines, galectins and 
metalloproteinases to near baseline values.

Th ese data may be relevant in terms of prevention of 
pulmonary deterioration and progression of pulmonary 
diseases and provide an initial step toward the develop-
ment of new therapeutic treatments suitable for chronic 
smoking related pulmonary diseases and smoking relat-
ed diseases. 
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Melanoma is a tumor characterized by high meta-
static potential favored by the epithelial-to- mesenchy-
mal transition (EMT), a process leading cells to the loss 
of epithelial features and the acquisition of a mesenchy-
mal phenotype [1,2].

Although melanoma cells are not of epithelial ori-
gin, they exhibit a spectrum of typical EMT markers. 
Th e present study is aimed at analyzing the expression of 
EMT markers in 2D melanoma cell cultures compared 
to 3D spheroids that better mimic the tumor architec-
ture [3]. 

For this purpose, A375 and BLM melanoma cell 
lines were cultured in 2D monolayers and 3D spheroids 
and analyzed by morphological and molecular methods.

Gene expression analysis revealed that E-cadherin 
is expressed in BLM cells whilst almost undetectable 
in A375 cell line. An opposite pattern was evident for 
N-cadherin, while vimentin was similarly expressed in 
both cell lines. Interestingly, mRNA levels for the adher-
ing cell junctions’ molecules and vimentin were signifi -
cantly induced by 3D arrangement, and this pattern was 
also confi rmed by confocal microscopy analysis.

SDS-zymography, to investigate the invasive poten-
tial, revealed that MMP-2 activity is similar in A375 2D 
and 3D cell cultures while is signifi cantly reduced by 3D 
arrangement in BLM cells. Moreover, MMP-2 activity 
was signifi cantly decreased in BLM compared to A375 
3D spheroids. Conversely, MMP-9 activity is similar in 
2D and 3D cell cultures, but signifi cantly lower in BLM 
compared to A375 cells.

Overall, these fi ndings suggest that A375 and BLM 
cells possess a hybrid phenotype in relation to the 
expression of EMT markers thus contributing to the 
characterization of the role of EMT in melanoma cells 
and, fi nally, confi rm that a 3D cell culture model could 

provide deeper insight into the understanding of the 
biology of melanoma.
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Ferroptosis is an iron-dependent regulated cell death 
characterized by iron accumulation, lipid peroxidation 
and the production of ROS depending on the activity 
of NADPH oxidase (1). Patients with chronic liver dis-
ease may exhibit hepatic and splenic iron loading, usu-
ally inside Kupff er cells. Recent studies emphasized the 
role of low levels of hepcidin in various liver diseases as 
implicated in both iron deposition in hepatocytes and 
participation in stellate cell activation and liver fi brosis 
(2). Hepcidin represents the main regulator of ferropor-
tin, that binds the cytoplasmatic divalent iron, limiting 
iron export to the blood (3-4). Th e involvement of fer-
roptosis in liver fi brosis was recently investigated at the 
level of hepatocytes, Kupff er cells and hepatic stellate 
cells, but not in biliary epithelium, for that reason we 
aimed to investigate it in the most used experimental 
rat models of hepatic fi brosis: treated with carbon tetra-
chloride (CCl4) or with bile duct ligation (BDL) at diff er-
ent times. Th e fi rst one is commonly used to study acute 
liver injury and advanced fi brosis, whereas BDL induces 
cholestatic disease and progresses into acute liver injury 
following liver infl ammation and fi brosis. In these sam-
ples, fi rstly we evaluated the presence of pre-ferroptotic 
markers, such as hepcidin, ferroportin (Fpn), ferritin 
(Ftn) and transferrin, then the proper ferroptosis mark-
ers such as interleukin 6 (IL-6), cytochrome P450 reduc-
tase and the enzyme glutathione peroxidase 4 (GPX4). In 
vitro, we stimulated primary murine cholangiocyte cell 
lines (mCHOL) with erastin, a typical ferroptosis induc-
er, to study similar markers. Data showed lower levels 
of hepcidin that can cause iron overload and increased 
oxidative stress, consequently Fpn is downregulated and 
Ftn upregulated. Moreover, we found an increase in all 
the ferroptosis markers. Targeting ferroptosis in liver 
fi brosis may represent a novel target to better study the 
mechanisms during the fi brotic process.
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In recent years there has been an increase in mari-
juana use1, a product of the Cannabis plant. Th ere are 
many varieties of the Cannabis plant and recently many 
countries in the world have seen a gradual legalization 
of Cannabis Sativa for medicinal purposes and personal 
use, mainly in its Light variant characterized by a very 
low concentration of THC (psychoactive) and a high 
concentration of Cannabidiol (CBD) thanks to genetic 
modifi cation. CBD is gaining increasing interest in liter-
ature for its potential anti-infl ammatory, pain-relieving, 
immunomodulatory, antidepressant, antiepileptic, relax-
ing, antioxidant and antineoplastic eff ects2.

Th e aim of this study is to investigate the biologi-
cal eff ects of acute and chronic CBD administration on 
gingival fi broblasts and oral keratinocytes. In particu-
lar cell viability was assessed by MTT assay, morphol-
ogy by SEM, migration by Scratch assay, apoptosis and 
cell cycle by fl ow cytometry, expression of related genes 
(p53, Bcl2, p21 and BAX) and of endocannabinoid sys-
tem receptors (CB1, CB2 and GPR55) by RT-PCR and 
DNA damage with phospho-γ-H2AX immunofl uores-
cence detection. In acute treatment cells were continu-
ously exposed to CBD for 24h and 72h, in chronic CBD 
treatment the administrations were carried out 3 times a 
day (30 min each) for 1 day and 3 days. Acute treatment 
cytotoxicity testing used concentrations between 100µM 
and 0.001µM and three concentrations were selected for 
subsequent analysis: 50µM, as toxic dose, 25µM, viabil-
ity promoter and 1µM, nontoxic.

Acute treatment reveals signifi cant eff ects compared 
to chronic, in particular in fi broblasts: concentrations 
≥ 50µM are highly cytotoxic, with increased apopto-
sis and reduced migration, confi rmed by morphological 

alterations and reduction of fi lopodia and lamellipodia. 
Cell death correlates with increased p53 and BAX, fol-
lowed by arrest in G0/G1 phase, as evidenced by elevat-
ed p21 levels. Th is suggests a time- and dose-dependent 
damage. An increase in phosphorylation of H2AX was 
observed with 25µM and 50µM, while 1µM was bio-
compatible. Keratinocytes appear less aff ected by the 
cytotoxic eff ect than fi broblasts. In general, induced cell 
damage appears to be dose- and time-related, with less 
cell damage following chronic treatment. Th e prolifera-
tive eff ect at 25µM needs further investigation.

To identify a potential biohazard-free therapeutic 
dose further studies with longer time frames to evaluate 
the dose- and time-dependent eff ects of CBD are of criti-
cal importance. 
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Th e cornea, unique in its transparency, is the out-
most layer of the eye acting as the major refractive ele-
ment. It is mechanically strong and forms a functional 
barrier that protects the intraocular elements from the 
external environment. Th e cornea is exposed daily to 
several insults, such as ultraviolet B (UV-B) radiations. 
Moreover, it can be impaired by various diseases such as 
diabetic keratopathy (DK) representing the major com-
plication of the cornea characterizing diabetes-aff ected 
patients. For these reasons, corneal damage is one of the 
main causes of blindness in the world.

Several studies have shown the protective role of 
pituitary adenylate cyclase-activating peptide (PACAP) 
in diff erent eye diseases. PACAP plays its eff ects through 
the activation of G protein-coupled receptors. Moreo-
ver, some PACAP eff ects are mediated by the stimula-
tion of activity-dependent protein (ADNP). However, 
the role of the PACAP-ADNP axis on the cornea has not 
been investigated, yet. Th erefore, fi rst, we analyzed their 
expression on the human cornea. Results showed strong 
expression of PACAP, ADNP, and related receptors in 
corneal epithelium and endothelium1. So, we analyzed 
the role of ADNP on corneal epithelial cells exposed to 
UV-B radiations, and in an in vitro model of DK. Our 
results showed that the treatment with ADNP mimick-
ing peptide, NAP, decreases ROS production, infl amma-
tory cytokines expression, and enhanced cell viability 
and corneal epithelium wound healing, by counteract-
ing apoptotic cell death induced by UV-B-rays or hyper-
glycemia2. Overall, these data suggested that PACAP or 
NAP might represent a valid strategy for the treatment 
of some corneal diseases.
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Mast cells in superfi cial fascia as modulators of tissue healing
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Th e recent fi ndings showed that the superfi cial fas-
cia is a fi brous layer in the middle of hypodermis, richly 
innervated and vascularized, more complex than so far 
demonstrated. Th is study showed the presence of mast 
cells in the superfi cial fascia of the human abdomen wall 
of three adult volunteer patients (mean age 42 ± 4 years; 
2 females, 1 male), by Toluidine Blue and Safranin-O 
stains and Transmission Electron Microscopy. Mast cells 
are distributed among the collagen bundles and the elas-
tic fi bers, near the vessels and close to the nerves supply-
ing the tissue, with an average density of 20.5 ± 4/mm2. 

Th e demonstration of the presence of mast cells in 
the human superficial fascia highlights the possible 
involvement of the tissue in the infl ammatory process, 
in tissue healing and regeneration processes. A clear 
knowledge of this anatomical structure of the hypoder-
mis is fundamental for a good comprehension of some 
fascial dysfunctions and for a better-targeted clinical 
practice. 
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Sarcoglycans are transmembrane proteins that 
modulate the cell-extracellular matrix interactions in 
muscle and not muscle tissues such as the adipose tissue 
[1].  Th ese proteins have been found to be expressed at 
mRNA level in white adipose tissue; in particular, their 
absence has been correlated to insulin resistance and 
glucose intolerance. Our previous data have shown that 
all sarcoglycans are expressed both in white and brown 
adipocytes and they are more expressed in brown adi-
pocytes if compared to the white ones. Although that, 
the role played in adipose tissue is still unknown. Th e 
aim of the present study was to verify the possible sar-
coglycans involvement during trans-diff erentiation pro-
cesses from white to brown adipocytes. Culture of 3T3L1 
cells were induced to transdiff erentiate using agonists of 
β3-receptors and the cells were processed by immuno-
fl uorescence, RT-PCR and western blot techniques. Our 
results have shown that all sarcoglycans are expressed 
in white adipocytes and their expression increases aft er 
trans-diff erentiation from white to brown. Th ese data 
confi rm that sarcoglycans are not muscle specifi c and 
suggest their involvement in the transdiff erentiation pro-
cess in adipose tissue. 
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To solve the solubility issues of Nutlin-3a, a known 
inhibitor of MDM2 and activator of the p53 pathway, 
which limits its bio-distribution and therapeutic effi  ca-
cy in vivo, we studied a new nanodelivery system based 
on ethosomes, and applied against melanoma. In this 
study we used two in vitro models of melanoma: the 
HT144 cell line, expressing wild-type p53 and there-
fore sensitive to Nutlin-3a, and the SK-Mel-28 cell line, 
expressing mutated inactive p53 and therefore resistant 
to Nutlin-3a. Nutlin-3a-loaded ethosomes were physic-
chemical characterized and used to treat melanoma 
cells at diff erent concentrations, in parallel to Nutlin-3a 
alone and empty ethosomes as control. 24 and 48 hours 
aft er treatments, we evaluated the activation of the p53 
pathway through protein analysis of its target genes, 
the eff ects on viability, cell cycle phases and apopto-
sis rate through fl ow cytometry, and the eff ects on cell 
morphology and migration through xCELLigence real-
time analysis. In addition, we studied TRAIL-R2 and 
NOTCH1, respectively by fl ow cytometry and western 
blotting, as specifi c markers regulated by p53 and key 
molecules involved in survival/apoptosis whose expres-
sion is altered or dysfunctional in a large percentage of 
melanomas. Th e results indicated that ethosomes are 
effi  cient delivery systems that keep Nutlin-3a function-
ally and biologically active. In fact, Nutlin-3a-loaded 
ethosomes inhibited MDM2, as revealed by the increase 
of p53 level and its transcriptional targets on p53 wild-
type cells. In addition, they activated the biological 
eff ects of p53 including cell cycle block and apoptosis. 
Interestingly, the ethosomes signifi cantly reduced mela-
noma cell migration, both alone or carrying Nutlin-3a, 

indicating a possible anti-metastatic role. In addition, 
delivery with ethosomes was signifi cantly advantageous, 
compared to treatment with Nutlin-3a alone, in the up-
regulation of surface TRAIL-R2 and in down-regulation 
of active NOTCH1 (NICD). Since a high percentage of 
melanomas is resistant to TRAIL, TRAIL-R2 overex-
pression together with down-modulation of NICD, and 
to the apoptosis directly induced by Nutlin-3a, may help 
in controlling the resistance to TRAIL and increase the 
cytotoxic eff ects of chemotherapy. 
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The human pulvinar is considered a prototypi-
cal associative thalamic nucleus as it represents a key 
node in several cortico-subcortical networks. Th rough 
this extensive connectivity to widespread brain areas, 
it has been suggested that the pulvinar may play a cen-
tral role in modulating cortical oscillatory dynamics of 
complex cognitive and executive functions. Addition-
ally, derangements of pulvinar activity are involved in 
diff erent neuropsychiatric conditions including Lewy-
body disease, Alzheimer’s disease, and schizophrenia 1. 
Anatomical investigations in non-human primates have 
demonstrated a topographical organization of cortico-
pulvinar connectivity along its dorsoventral and rostro-
caudal axes; this specifi c organization shows only partial 
overlap with the traditional subdivision into subnuclei 
(anterior, lateral, medial, and inferior) and is thought to 
coordinate information processing within specifi c brain 
networks 2. However, despite its relevance in mediating 
higher-order cognitive functions, such a structural and 
functional organization in the human brain remains 
poorly understood. Track-weighted dynamic functional 
connectivity (tw-dFC) is a recently developed technique 
that combines structural and dynamic functional con-
nectivity, allowing the identification of white matter 
pathways underlying the fl uctuations observed in func-
tional connectivity between brain regions over time 3,4. 
Herein, we applied a data-driven parcellation approach 
to reveal topographically organized connectivity clus-
ters within the human pulvinar complex, in two large 
cohorts of healthy human subjects. Unsupervised clus-
tering of tw-dFC time series within the pulvinar com-
plex revealed dorsomedial, dorsolateral, ventral ante-
rior, and ventral posterior connectivity clusters. Each 
of these clusters shows functional coupling to specifi c, 
widespread cortico-subcortical white matter brain net-
works. Altogether, our fi ndings represent a relevant step 

towards a better understanding of pulvinar anatomy and 
function, and a detailed characterization of his role in 
healthy and pathological conditions. 
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The COVID-19 coronavirus disease, caused by 
SARS-CoV-2 (severe acute respiratory syndrome coro-
navirus 2), has generated a pandemic in recent years 
involving every aspect of our globalized society. 
Although the respiratory tract is the one most aff ected 
by SARS-CoV-2, it is emerging that the virus, reaching 
the central nervous system, can lead to severe neurologi-
cal disorders.

In particular, patients diagnosed with Alzheimer’s 
disease (AD) would be a high group risk of contracting 
COVID-19, developing more serious forms with worse 
relapses. On the other hand, the contraction of the virus 
could be the cause of an acceleration of the process neu-
rodegenerative. Th erefore, understanding the connection 
between the two pathologies could help in the develop-
ment of new therapeutic approaches to counter them.

We used the SH-SY5Y cell line diff erentiated into 
neurons, as widely used in studies of AD if supplement-
ed with exogenous fi brillary β-amyloid (Aβ). Since the 
role of cells of macrophage origin is crucial in both the 
pathogenesis of AD and in the infl ammatory process 
that occurs in SARS-CoV-2 infection, as a glial coun-
terpart, a microglia line (HMC3) and an astrocytic line 
(D54MG) were used to create co-cultures with neurons 
via transwell systems. In these experimental models, we 
generated infection with the OC43 version of human 
Coronavirus (H CoV-OC43), a low-risk model of SARS-
CoV-2.

Our results suggest that the infection with H CoV-
OC43 leads to a neurotoxic eff ect not depending on an 
already present event of Aβ deposition.

Indeed, unlike microglia, neurons and astrocytes 
are susceptible to infection and even if the infection has 
not shown a cytotoxic eff ect in the neurons, at least in 
the fi rst few days, signifi cant alterations at a biochemi-
cal and morphological level have been observed, suggest-

ing that the neurons are reacting to a stressful condition, 
which includes the prodromal and neurodegenerative 
features of AD.

Interestingly, the interaction of astrocytes with the 
cell line of infected neurons resulted in development in 
the manifestation of signs of neurodegeneration, such as 
Aβ deposition.

By using exogenous fi brillary Aβ, as an AD in vitro
model, preliminary data suggest that there is an aggra-
vating eff ect both on the infection itself and on the dis-
ease progression.

In conclusion, the results of this study suggest a 
causal interconnection between H CoV-OC43 and neu-
rological diseases and demonstrate that the co-presence 
of CNS cell populations is the necessary condition to 
study the pathogenic eff ects in vitro as a whole. 

Keywords: coronavirus; neurodegeneration; Alzheimer’s 
disease
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Melatonin ameliorates hippocampal infl ammation and redox balance in 
mouse model of autism 
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Autism spectrum disorder (ASD) is a neurodevelop-
mental disorder mainly identifi ed by its two core symp-
toms: an impairment in common social interactions and 
the engagement in repetitive behaviors. Current litera-
ture clearly establishes melatonin supplementation as a 
safe and eff ective long-term treatment for the sleep prob-
lems frequently experienced by ASD patients [1]. Con-
versely, its impact on ASD core symptoms remains only 
partially characterized [2]. Many studies have linked 
abnormalities in hippocampal development and func-
tional connectivity with the onset and intensity of core 
symptoms in ASD patients [3]. Recently, infl ammation 
and mitochondrial dysfunction, leading to reactive oxy-
gen species (ROS) accumulation, have been recognized 
as key elements in the onset of ASD-linked alterations 
in the hippocampus [4]. Extensive research has evalu-
ated melatonin antioxidant and anti-infl ammatory prop-
erties in addition to its eff ectiveness as mitochondrial 
activity modulator in many organs and tissues. Th ere-
fore, the aim of our study is to evaluate the potential for 
melatonin to ameliorate hippocampal infl ammation and 
redox balance in BTBR mice, a well characterized and 
widely employed idiopathic ASD animal model. Th ere-
fore, we treated C57BL/6 and BTBR mice with melatonin 
for 8 weeks. Subsequently, we observed in melatonin-
treated mice brain sections, through immunohisto-
chemical staining, an increase in nuclear localization 
of nuclear factor erythroid 2-related factor 2 (NRF2) 
and in the expression of superoxide dismutase type 1 
(SOD-1), proteins central to the maintenance of a correct 
redox-balance. Furthermore, we detected a downregula-
tion of infl ammatory markers such as the nuclear factor 
kappa B (NFKB) and the NLR pyrin domain contain-
ing 3 (NLRP3) in the hippocampus of melatonin treat-
ed BTBR mice. Moreover, the employment of a DAB-
enhanced Perls reaction protocol allowed us to hypoth-

esize a defi ciency in iron homeostasis in BTBR mice, 
which was ameliorated by melatonin treatment. Our 
data suggest melatonin could potentially benefi t ASD 
patients beyond what already achieved with sleep regula-
tion.
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The enteric nervous system (ENS), our “second 
brain”, consists of a complex network of neurons and 
glial cells located within the gastrointestinal (GI) tract. 
ENS interacts through numerous neurotransmitters, and 
it can work independently of the central nervous system 
(CNS), modulating several functions within the GI tract 
(1). Th e ENS has two ganglionated plexuses, the myen-
teric and submucosal plexuses. Th ere is increasing evi-
dence that several neurodegenerative diseases are not 
confi ned to the CNS but also to the peripheral nervous 
system (PNS), including the ENS (2). In 2003, Braak et 
al. theorized that the biological process underlying Par-
kinson Disease (PD) may originate in the ENS and may 
lead to CNS impairment (3). Alpha-synuclein (α-syn), a 
small presynaptic protein involved in the pathogenesis 
of PD, is abundantly expressed in the CNS, but also in 
the peripheral nerves of PD patients (4). In the normal 
gut, distribution of α-syn has been reported in the nerve 
fi bers of the lamina propria, sub-mucosa, and in the 
ganglia (5). Dysfunctions of vasoactive intestinal pep-
tide (VIP) have been associated with impaired motility 
in infl ammatory bowel diseases (6). Th e present study 
aims to characterize the presence of α-syn and VIP 
in the normal human jejunum. Specimens of proxi-
mal jejunum were collected from patients and sections 
underwent immunohistochemical procedure using anti-
bodies for α-syn and VIP. Alpha-syn immunoreactive 
(ir) structures were detected along both plexuses as well 
as in the circular and longitudinal muscular layers. We 
found perivascular α-syn-ir fi bers in the submucosa and 
a dense ir periglandular network projecting in the axis 
of the villi. Th e distribution pattern of α-syn and VIP 
has been compared. Our preliminary observations of co-
distribution of α-syn and VIP may elucidate their physi-
ological role in the ENS and can shed light on how their 
structural alterations could contribute to the visceral 
pathogenesis of neurodegenerative disease.
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Parkinson’s Disease (PD) is characterized by the 
accumulation of misfolded alpha-synuclein (a-syn) and 
by the activation of diff erent molecular pathways, con-
verging in neuronal death and synaptic loss. Clinical 
diagnosis and treatment of PD are hampered by the pro-
gressive deterioration of target neuronal circuits and by 
the mismatch between clinical and neuropathological 
onset. Molecular biomarkers are of unreplaceable impor-
tance to couple neuropathological and clinical features. 
Salivary glands are richly innervated and nervous fi bres 
enter in contact with serous and mucous adenomeres, 
reversing neuronal-derived extracellular vesicles (EVs) in 
saliva. For this reason, saliva has recently demonstrated 
a great potential as a source of biomarkers for PD.

ELISA analysis [1,2] and Real-Time Quaking 
Induced Conversion (RT-QuIC) assays [3] have been 
applied to detect a-syn aggregates, tau and phosphoryl-
ated aggregates, as well as infl ammation and autophagy 
biomarkers, in the saliva of PD patients and healthy 
subjects. Molecular data have been correlated with clini-
cal features of PD patients and used for molecular clus-
tering through principal component analysis (PCA). 
Immunofl uorescence for a-syn and phosphorylated a-syn 
have been employed on skin biopsies of PD patients and 
healthy subjects and analysed by confocal microscopy to 
correlate molecular alterations in saliva with nerve fi bres 
degeneration. 

Reduced levels of total a-syn and increased levels of 
a-syn aggregates have been demonstrated in the saliva 
of PD patients by ELISA. RT-QuIC assay demonstrates 
seeding competent a-syn species in the saliva of PD 
patients and RT-QuIC kinetic parameters correlate with 
disease severity. Autophagic and infl ammatory mark-
ers were detected in the saliva of PD patients and were 

responsible for their molecular clustering. In skin biop-
sies, a-syn aggregates were detected in sensory intra-epi-
dermic amyelinic fi bres and in autonomic fi bres around 
sweating glands and pilo-erector muscles and correlated 
with a-syn in saliva. 

Saliva represents a key biofl uid candidate for the 
detection of biomarkers in PD and could be also used 
for clustering diff erent PD subtypes, improving molecu-
lar diagnosis and follow-up. 
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Evolutionarily, smell and taste are the oldest of our 
senses, greatly diff ering when compared to the young-
er senses as vision and audition. Interestingly though, 
vision is the most powerful sense to interact with the 
environment and for a very long time, such that it has 
been hypothesized that congenital blindness people 
develop better abilities in making use of the other sens-
es, due to a supposed compensatory plasticity of the 
visual brain areas in the processing of non-visual infor-
mation. To date, there are quite a few studies assessing 
olfaction and gustation in blindness and only two works 
reported sensory food experience in blind individuals. 
Indeed, fl avour is among the most complex and pow-
erful of all human sensations, involving, besides smell 
and taste, vision, audition and somatosensory modali-
ties. Here, we would like to report our experience as an 
“on the fringes” event of the Neuroscience Congress in 
Milan, named “Tasting in the dark” at Villa della Torre, 
Verona, Italy. Th ree groups of people were involved: con-
gress participants (non-expert/normal sighted, n=28), 
experts (wine producers/sommeliers, n=17) and late 
onset blind participants (non-expert, visually impaired/
blind, n=8). Participants, all blindfolded, had to taste six 
diff erent brands of Amarone Valpolicella wine. Before, 
some of them underwent smell-validated tests (Th resh-
old, Discrimination, Identifi cation). In particular, dur-
ing the identifi cation test (16 diff erent odours) every 
participant had to identify each odour before and aft er 
the presentation of four written options per odour each 
time. From this pilot experience, we found a signifi cant 
interaction between wine descriptors X group, p=0.013 
and the multiple comparisons showed, particularly for 
the blind group, the ability to discriminate among the 
descriptors of the diff erent wines. Within the olfactory 
and taste status, we found one close to be signifi cant 
correlation (p= 0.056) only for blind people, consider-
ing the test for smell identification without options. 

Th us, instead of sensory compensation, blind individu-
als could rely on diff erent cognitive strategies involving a 
better use of verbal memory processes. Future research, 
including cognitive assessment as well as brain-imaging 
investigation, could help for a better understanding of 
multisensory systems integration and how is the brain 
reorganized when a perceptual source of information is 
impaired or temporarily unavailable.
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Oxytocin (Oxt), peptide produced by the supraoptic 
(SON) and paraventricular (PVN) hypothalamic neu-
rons, closely collaborates with the fat-derived hormone 
Leptin (Lep) to regulate the energy balance. Intracer-
ebroventricular (icv) Lep administration activates Oxt 
PVN neurons which partly mediate Lep anorectic eff ect. 
On the other hand, exogenous Oxt induces satiety and 
promotes lipolysis in white adipose tissues where the 
expression of its receptor is the highest. Nonetheless, 
the eff ect of peripheral Lep on Oxt neurons is unknown, 
and possible sex and age-dependent variations in the 
crosstalk between these two systems have not been 
investigated yet.  

In this study we explored the Oxt-Lep crosstalk 
assessing the eff ect of intraperitoneal (ip) Lep injection 
(0.5 µg/g) on Oxt neurons in male and female C57BL/6 
mice at postnatal day 21 (p21, weaning) and p60 (adult).

A different age- and sex-dependent trend in the 
number of Oxt neurons was revealed by morphome-
try: while it was higher in males SON and PVN at p21 
compared to p60, it had the opposite trend in females, 
overall resulting in a greater Oxt neurons population in 
males and females at p21 and p60, respectively. Th ese 
data suggest that the Oxt system is shaped by sex-hor-
mones during the postnatal development.

We then performed immunof luorescent double 
staining to establish whether peripheral Lep targets Oxt 
neurons. While we did not detect p-Stat3 (Lep down-
stream) staining in Oxt neurons following Lep ip injec-
tion, cFos positivity (marker of neuron activation) was 
observed in 28% and 21% of Oxt neurons in females 
SON at p21 and p60, respectively. Only a non-signifi cant 
trend for cFOS+ was detected in males in the same area, 
while no activation was observed in the PVN in both 
sexes. 

As Lep anorectic eff ect is achieved through POMC 
neurons activation in the arcuate nucleus (ARC), we 
used our C57BL/6J-Tg(Pomc EGFP)1Low/J model to 
assess POMC projections to Oxt neurons. POMC projec-

tions to the PVN were evidenced in both adult females 
and males, while POMC fi bers were observed in the 
SON only in the former.

Collectively, these data suggest that female SON Oxt 
neurons may be activated by peripheral Lep indirectly 
through POMC projections from the ARC, highlighting 
the existence of a novel, sex-dependent pathway possibly 
involved in the regulation of the energy balance.
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The tumor microenvironment exerts significant 
inf luence over the development and progression of 
cancer. Th e peripheral nervous system, as part of this 
microenvironment, can shape tumor initiation, growth 
and metastasis. In melanoma biopsies high levels of 
neuronal genes have been detected and the interaction 
of melanoma with nociceptor neurons has been dem-
onstrated to enhance neurite outgrowth while suppress-
ing immune surveillance through neuropeptide release 
(Balood et al., Nature 2022).

We have analysed by immunohistochemistry the 
expression of neuronal and Schwann cell markers in 
human melanoma biopsies. We observe that nerve fi bers 
and glial cells are distributed mainly in the peritumoral 
areas of high-grade melanomas especially in association 
with lymphocyte infi ltrations. Also, benign naevi were 
included in this study as non-pathologic controls with 
similar histological origin and similar cutaneous distri-
bution.

An in vitro co-culture model system was developed 
to analyse soluble factors produced by human primary 
Schwann cells that can aff ect proliferation/migration of 
human melanoma cell lines.
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Neuroinf lammation is a protective mechanism 
designed to sustain the brain in response to infl ammato-
ry stimuli, however a prolonged infl ammatory status, as 
well as oxidative stress, creates an environment that pro-
motes the onset and progression of neurodegenerative 
disorders. Microglial cells are responsible for the defence 
and homeostasis of the Central Nervous System (CSN) 
and are activated in response to infl ammatory stimuli 
they are commonly referred to as ‘brain resident mac-
rophages’. Th e pathogenesis of several neurodegenerative 
diseases is closely linked to the persistent activation of 
microglia, due to their fundamental role as mediators of 
infl ammation in the brain. Th e present study is designed 
to investigate the biological eff ects of Vitamin E on BV-2 
microglia as a potential neuroprotective and anti-infl am-
matory agent following stimulation with lipopolysaccha-
ride (LPS). Vitamin E represents a family of lipid-solu-
ble compounds consisting of four tocopherols and four 
tocotrienol derivatives. Vitamin E has both anti-infl am-
matory and antioxidant properties on CSN, although its 
neuroprotective eff ects are clear, the underlying molecu-
lar mechanisms remain to be elucidated. Results show 
that pre-incubation of microglia with vitamin E has 
neuroprotective eff ects on LPS-induced microglial acti-
vation, preserving the branching morphology typical of 
microglia in a physiological state, reducing the migra-
tory capacity, the production of pro- and anti-infl amma-
tory cytokines such as TNF-α and IL-10, and fi nally the 
activation of receptors such as TRL4 and CD40, which 
modulate the PI3K-Akt signalling pathway. Th ese results 
require further understanding and research. However, 
they open up new future scenarios for the use of vitamin 
E as an antioxidant to provide greater neuroprotection 
in vivo for the prevention of possible neurodegenerative 
diseases.

Keywords: Vitamin E; microglia; inflammation; cen-
tral nervous system; neuroprotective eff ects; antioxidant 
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Amyotrophic Lateral Sclerosis (ALS) is a neurode-
generative disease characterized by progressive degen-
eration of upper and lower motor neurons. Mutations in 
the gene encoding Cu/Zn superoxide dismutase (SOD1) 
account for approximately 20% of familial ALS cases.  
Th e pathological mechanisms underlying mutant SOD1-
mediated neurotoxicity remain unclear. However, an 
overproduction of reactive oxygen species (ROS) leading 
to oxidative stress (OS), has been observed in the spinal 
cord and motor cortex of ALS patients as well as in cel-
lular and animal models suggesting that OS may play 
a crucial role in the pathogenesis of ALS. It has been 
reported that SOD1 mutations reduce the ability of cells 
to react to oxidative stress by impairing the expression 
of the nuclear factor erythroid 2-related factor 2 (Nrf2), 
which plays a crucial role in the protection against OS 
[1]. Many studies have shown the protective eff ects of 
pituitary adenylate cyclase-activating peptide (PACAP) 
in neurodegenerative disease. Its eff ects are mediated 
by the activation of three diff erent G-protein-coupled 
receptors: PAC1R, VPAC1, and VPAC2. Th e stimulation 
of PAC1R triggers diff erent signaling pathways  includ-
ing adenylate cyclase (AC), protein kinase A (PKA), and 
phospholipase (PLC)/protein kinase C (PKC). Previously 
it has been demonstrated that PACAP prevents motor 
neuron death following serum deprivation by increasing 
EGFR phosphorylation through protein kinase A (PKA) 
activation  [2]. Moreover, some PACAP eff ects are also 
mediated by the stimulation of an intracellular factor 
known as activity-dependent protein (ADNP) through 
PKC activation  [3]. However, the role of PACAP-ADNP 
axis on mutant SOD1 motor neurons degeneration has 

not been investigated, yet. Th e purpose of the present 
study was to investigate whether the protective eff ect of 
PACAP against apoptotic cell death induced by growth 
factor deprivation is mediated by ADNP activation and 
the role of the small peptide derived from ADNP, known 
as NAP to counteract ROS formation. Our data revealed 
for the first time that PACAP is able to rescue cell 
degeneration following growth factors deprivation acti-
vating PAC1R and increasing ADNP expression via PKC 
stimulation. We also demonstrated that PACAP/ADNP 
axis counteracted ROS formation through NRF2 nucle-
ar translocation. In conclusion, our study provides new 
insights regarding the protective role of PACAP-ADNP 
in ALS. 
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Choline alphoscerate (α-GPC) is a choline-con-
taining phospholipid and an acetylcholine precursor 
enhancing cognition [1]. Th ioctic acid (TIO) is a potent 
antioxidant with the ability to promote neuronal pro-
liferation, and the eutomer (+)-TIO is more active than 
the racemic form or (−)-enantiomer to counter neu-
ronal damage [2]. Th us, both these compounds have 
previously been shown to exhibit neuroprotection [2,3]. 
Since microglia plays a crucial role in brain develop-
ment, homeostasis, and disease, this study investigated 
the eff ects of α-GPC and the (+)-TIO on the infl amma-
tory response in BV2 culture cells, a cell line of murine 
microglia origin, stimulated with lipopolysaccharide 
(LPS). BV2 microglia were treated with or without LPS 
and were incubated with LPS and α-GPC and (+)-TIO 
alone or in the association for 24 h. MTT assay, immu-
nocytochemistry, and western blotting methods were 
utilized. MTT assay did not show signifi cant changes 
in cell viability aft er treatments at diff erent concentra-
tions in unstimulated cells. On the contrary, LPS trig-
gered morphological changes and an increase in ionized 
calcium-binding adapter molecule-1 (Iba-1) expression 
in BV2 cells. Moreover, an up-regulation of the nuclear 
factor-kappa B (NF-κB) and the interleukin-1β (IL-1β) 
were found in LPS-treated BV2 cells. Th ese alterations 
were reversed by the treatment with α-GPC alone but 
not with (+)-TIO. Th e mechanism underlying α-GPC-
mediated attenuation of inf lammation in BV2 cells 
appeared to involve the suppression of translocation of 
NF-κB into the nucleus. In conclusion, we provide evi-
dence that α-GPC attenuates LPS-induced neuroinfl am-
matory responses, and this suggests that it may have 
therapeutic potential for the treatment of neurodegen-
erative diseases that are accompanied by microglial acti-
vation.
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Glioblastoma is the most lethal brain tumor aff ect-
ing adults. Despite numerous eff orts to seek new thera-
peutic approaches, the survival rate of patients remains 
unsatisfactory. Th is project aims to identify a new poten-
tial pharmacological strategy, exploiting the peculiar 
feature of glioblastoma cells to express lamin A, a key 
constituent of the nuclear lamina, diff erently from the 
healthy nervous tissue1,2. It is known that, the compro-
mised maturation of prelamin A, the precursor of lamin 
A, hinders the proper activation of the response to DNA 
damage caused by reactive oxygen species (ROS), leading 
to a state of accelerated cellular ageing, as observed in 
laminopathies3. In this context, it is proposed to investi-
gate the possibility to make glioblastoma cells more sen-
sitive to oxidative stress, aft er prelamin A accumulation, 
in order to aff ect their survival and aggressiveness. To 
achieve this objective, a combination of two drugs has 
been suggested. Firstly, Lonafarnib was used to induce 
prelamin A accumulation. Secondly, Menadione was 
employed to induce ROS-mediated injury. Th is study 
shows how the combined treatment induced morpho-
logical changes in glioblastoma cells, resulting in evident 
nuclear reorganization. Additionally, the proposed treat-
ment reduced the migratory and invasive capabilities 
of cells, inhibited colony formation, and impaired cell 
survival and aggressiveness. A deeper comprehension of 
how the proposed treatment infl uences the structure of 
the cell, particularly the interactions between the nucle-
ar lamina and the cytoskeleton, as well as its impact on 
the associated signaling pathways, could pave the way 
for new therapeutic approaches for this tumor that is 
currently incurable.
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Neuroinfl ammation is a protective mechanism with 
the aim to clear infective agents and also to repair, regen-
erate and remove the damaged cells [1]. The chronic 
inf lammation and the resulting prolonged activation 
of brain cells, however, drive to alterations in neuronal 
structure and functions leading to neurodegeneration [2]. 

Upon injury, the astrocytes have the potential to 
acquire neural stem cell properties to be reprogrammed 
into neurons [3], but the chronic exposure to infl amma-
tory signals diminishes progressively the neuron’s recov-
ery due to the inhibitory environment and the glial scar 
formation [4].

In this work we investigated the eff ects of lactofer-
rin, an iron-binding glycoprotein with known immu-
nomodulatory functions, on the reprogramming proper-
ties of DI-TNC1 astrocyte cell line. To mimic a chronic 
infl ammatory environment, the astrocytes culture was 
treated with lactoferrin (LF) (4µg/ml), or LPS (0,4µg/
ml), or LF+LPS, adding LPS 24 hours later the LF treat-
ment. Th en, cells were analyzed at three time points (t), 
respectively, at 2, 9 and 16 days from the fi rst stimula-
tion. We showed that LF boosts the neurogenic proper-
ties of the astrocytes at t2 and t9 evidenced by the over-
expression of the stem cell markers, SOX-2 and Oct4, 
and the neural diff erentiation marker, β-tubulin III. In 
addition, we also performed a morphological analysis, 
evidencing that the number of cells with neuronal-like 
morphology and the length of neurites were increased 
by the pre-treatment with LF. Interestingly, aft er 16 days, 
the LPS treated-cells showed signs of necrosis, whereas 
the LF+LPS-treated cells exhibited neural morphological 
features without signs of suff ering.

Taken together, these results demonstrate the lacto-
ferrin capability to trigger and boost the astrocytes 

reprogramming into cells with neural phenotype, sug-
gesting its possible protective effects in a context of 
chronic infl ammation. 
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Histone deacetylases inhibitors (HDACi) are a fam-
ily of epigenetic regulators, able to act on both histones 
and non-histonic proteins, such as tumor suppressor 
proteins and oncogenes. 

A deregulation of epigenetic control, as occurring 
aft er an increased activity of HDACs, is a common early 
event in tumor development and progression; for this 
reason, HDACi could have an anti-proliferative action, 
modulating acetylation by targeting histone deacetylases.

In addition, HDACs could play a crucial role in neu-
rodegeneration, mediating both neurotoxic and neu-
roprotective eff ects, therefore HDACi could also have a 
neuroprotective activity. Th is point may be particularly 
useful to fi ght Chemotherapy-Induced Peripheral Neu-
ropathy (CIPN).

CIPN is a common side eff ect occurring during the 
treatment with the mainly used antineoplastic drugs. 
CIPN onset oft en forces a reduction of the clinical eff ec-
tive drug dose, or even the anticancer treatment inter-
ruption, besides aff ecting patient quality of life.

In this study, we verifi ed if HDACi may be used in 
combination with the gold standard anticancer drugs, to 
enhance their antineoplastic eff ect and/or to reduce their 
neurotoxicity.

We first identified the IC50 of different HDACi 
(SAHA, SW100, Panobinostat and Romidepsin) in the 
colorectal adenocarcinoma-derived cell line, HT-29. 
Th en, we evaluated the eff ect of the combination of each 
HDACi with Oxaliplatin (OHP), the gold standard drug 
used for the treatment of colon cancer. Th e putative neu-
roprotective eff ect was assessed on organotypic dorsal 
root ganglia (DRG) cultures by neurite length evalua-
tion, a very reliable neurotoxicity assay.

We observed that HDACi slightly enhanced OHP 
antineoplastic eff ect, but overall that inhibitors targeting 
HDAC6 were also able to counteract OHP neurotoxic 

eff ect, thus being theoretically useful against CIPN. We 
are now focusing on the molecular mechanisms poten-
tially involved in such a neuroprotection.
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Th e Roman low-(RLA) and high-avoidance (RHA) 
rat lines are one of the most validated genetic models for 
the study of fear/anxiety- and stress-related behaviors. We 
have previously shown that, in RLA rats, an intense acute 
stressor such as forced swimming (FS) elicits a marked 
decrease in the level of the brain-derived neurotrophic 
factor (BDNF) protein in the ventral hippocampus (vHC) 
associated with an increase in the dorsal HC (dHC), but 
no signifi cant changes in BDNF levels are observed in 
both compartments of the HC in RHA rats. Since the 
modality and intensity of the stressor may impact dis-
tinctly on the expression of BDNF and its tyrosine-pro-
tein kinase B (trkB) receptor in diff erent brain areas, it 
was considered of interest to examine the eff ects of tail 
pinch (TP), a mild acute stressor on BDNF/trkB signaling 
in the dHC and vHC of the Roman rat lines. 

Using western blot (WB) and immunohistochemis-
try assays, we show that TP induces distinct changes in 
the levels of BDNF and trkB proteins in the RHA and 
RLA rats.

In particular, the WB assays showed that TP increas-
es BDNF and trkB levels in the dHC of both lines but 
induces opposite changes in the vHC decreasing BDNF 
levels in RHA rats and trkB levels in RLA rats. Th ese 
results suggest TP may enhance plastic events in the dHC 
and hinder them in the vHC. In keeping with WB data, 
immunohistochemical labeling revealed that TP induces 
changes in the dHC and particularly in the CA2 subfi eld, 
increasing BDNF-like immunoreactivity (LI) in both 
Roman lines, in the CA3 subfi eld increasing BDNF-LI 
in RLA rats, and in the dentate gyrus (DG), increasing 
trkB-LI in RHA rats. In contrast, in the vHC, TP elicits 

only a few changes, represented by decreases of BDNF- 
and trkB-LI in the CA1 sector of RHA rats. Collectively, 
these results provide additional evidence that the geno-
typic/phenotypic features infl uence the eff ects of an acute 
stressor, even as mild as TP, on the basal BDNF/trkB 
signaling, eliciting diff erent changes in the dorsal and 
ventral subdivisions of the HC and infl uencing the direc-
tion and subregional distribution of the adaptive plastic 
responses of BDNF/trkB signaling in the HC. 
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Spinal muscular atrophy (SMA) is a neuromuscular 
disease caused by deletions of the human Survival Motor 
Neuron 1 (SMN1) gene, which encodes the ubiquitously 
expressed SMN protein. However, reduced expression of 
SMN primarily aff ects the viability of spinal motor-neu-
rons, resulting in a severe muscle atrophy. Although sev-
eral treatments for SMA have been approved and ame-
liorate the course of the disease in most patients, they do 
not yet represent a cure. Th us, a deeper knowledge of the 
molecular mechanism/s underlying SMN expression reg-
ulation and the identifi cation of prognostic biomarkers 
to better stratify SMA patients will improve their clini-
cal management. Our laboratory has recently identifi ed 
numerous circular transcripts deriving from the SMN 
locus (SMN circRNAs). Interestingly, for their biochemi-
cal properties circRNAs tend to accumulate in long-lived 
cells (i.e. post-mitotic neurons) and they are abundant 
in body fl uids (i.e. blood). Based on this evidence, we 
investigated the functional relevance of SMN circRNAs 
in human SMA fi broblasts and induced pluripotent stem 
cells (iPSCs). Our results show that SMN circRNAs are 
ubiquitously expressed in all SMA cell lines tested and 
that the most of them are predominantly localized into 
the cytoplasm, with the exception of two SMN circRNAs 
which are exclusively expressed in the nuclear compart-
ment. Lastly, we evaluated the expression of the most 
abundant SMN circRNAs in the total extra-cellular vesi-
cles (EVs) extracted from blood of SMA patients. Our 
results show that one of the SMN circRNAs is abundant 
and positively correlates with the response to the thera-
py. Further studies on SMA patients with diff erent clini-
cal responses to therapy will give us information about 
their potential as prognostic biomarkers.



Italian Journal of Anatomy and Embryology 127(1) Supplement: 155, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Petroclival Clinoidal Folds and their Relationships with Arachnoidal 
Membranes of the Anteromedial Incisural Space: An Anatomical 
Dissection

Samanta Taurone1, Lorenzo Pescatori2, Yaroslava Longhitano3, Antonello Ciccarelli1, Mauro Palmieri4, 
Alessandra Serraino4, Marco Artico5, Francesco Fornai6,7, Pasqualino Ciappetta8

1Department of Movement, Human and Health Sciences, Division of Health Sciences, University of Rome “ForoItalico”, Rome, Italy 
2Department of Neurosurgery, S. Eugenio Hospital of Rome, Italy
3Department of Anaesthesiology and Intensive Care, Azienda Ospedaliera SS. Antonio e Biagio e Cesare Arrigo, Alessandria, Italy
4A.U.O. “Policlinico Umberto I” Neurosurgery Division Sapienza University, Human Neurosciences Department, Rome, Italy
5Department of Sensory Organs,“Sapienza” University of Rome, Rome, Italy
6IRCCS Neuromed, Pozzilli, Italy 
7Department of Translational Research and New Technologies in Medicine and Surgery, University of Pisa, Pisa, Italy
8Sacred Heart Catholic University, Rome, Italy

In this work  particular attention was focalized on 
the anatomy of the area located at the junction of the 
sphenoid and the basal portion of the temporal bone 
(petrous bone, petrous apex, upper petro-clival region)  
encircled by the free edge of the tentorium, the inser-
tion of the tentorium itself to the petrous apex and the 
anterior and posterior clinoid processes that give rise to 
three distinct dural folds or ligaments: the anterior pet-
roclinoid ligament, the posterior petroclinoid ligament 
and the interclinoid ligament. Th ese dural folds consti-
tute the posterior portion of the roof of the cavernous 
sinus denominated “the oculomotor triangle”(1). 

The main purpose of this review study was to 
describe this anatomical region particularly in the light 
of the relationships between the anterior margin of the 
free edge of the tentorium and the above-mentioned 
components of the sphenoid and petrous bone. Th e anat-
omy of this interesting region is studied in the light of 
the available anatomical and neurosurgical literature. 
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Cognitive dysfunctions are characterized by a 
decrease in the weight and volume of the brain, due to 
cortical atrophy, with widening of the grooves and fl at-
tening of cortical convolutions.  Brain atrophy that 
mainly involves the hippocampus is related to the pro-
gression of cognitive impairment and the conversion 
from mild cognitive dysfunction to dementia.

Th e study of hippocampal atrophy has been shown 
to be a sensitive and suitable approach to confi rm Alz-
heimer’s disease (AD) diagnosis. Hippocampus develops 
degenerative changes before the onset of cognitive symp-
toms, and is the fi rst region to degenerate in AD, fol-
lowed by other brain areas.

Th e development of morphological models of the 
hippocampus can represent a starting point in identify-
ing the tools allowing an early diagnosis of neurodegen-
erative disorders, but also an interesting tool to evaluate 
the impact of treatments in AD.

Th is work has analyzed Magnetic Resonance Imag-
ing (MRI) of 56 patients participating in a clinical trial 
evaluating cholinergic (choline alphoscerate) supple-
mentation in AD with vascular involvement (the ASCO-
MALVA trial). Data regarding hippocampal morphology 
were subsequently correlated with cognitive, functional 
and behavioral performance assessed by neuropsycho-
logical testing.

The obtained results showed the strong correla-
tion between hippocampal volume and cognitive per-
formance. A lower correlation was found between neu-
roimaging and functional tests and no correlation was 
noticeable between hippocampal volume and behavior. 
Th ese results have also demonstrated that patients on 
active treatment with choline alphoscerate experienced 
less hippocampal atrophy in the fi rst few years of treat-
ment, which translated into a slower decline in cogni-
tion.

Th e study of hippocampal atrophy, in addition to 
being a powerful predictive tool, may also represent an 

effi  cient means to evaluate the effi  cacy of treatments pro-
posed for AD and other age-related dementia disorders.
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α-synuclein is a neuronal synaptic protein known 
to regulate neurotransmitter release and vesicle traffi  ck-
ing. In synucleinopathies, such as Parkinson’s Disease, 
insoluble forms of α-synuclein are known to accumulate 
in neurons and glial cells leading to Lewy Body Pathol-
ogy. While α-synuclein in synucleinopathies has been 
widely studied, very little is known regarding its normal 
subcellular, cellular and topographic expression in the 
normal human brain. Furthermore, synucleinopathies 
present specifi c anatomical vulnerability patterns, so 
that distinct neuronal populations appear to be particu-
larly susceptible to α-synuclein pathology. Yet, the mor-
phological and biochemical causes of this vulnerabil-
ity are unknown. Here we investigate the expression of 
monomeric strands of α-synuclein in the normal human 
medulla, a region particularly susceptible to synucle-
inopathies and implicated in the fi rst stages of the dis-
ease. To evaluate the specifi c populations of neurons 
expressing monomeric strands of α-synuclein, we inves-
tigate the co-expression of main Calcium Binding Pro-
teins (CBPs) (Calbindin, Calretinin and Parvalbumin), 
which are known to serve a neuroprotective role and are 
downregulated in neurodegenerative diseases.

Th e brains of 10 neurologically healthy body donors 
of the Body Donation Program of the University of 
Padova underwent double label immunohistochemistry 
to determine Calbindin, Calretinin, Parvalbumin, and 
monomeric α-synuclein expression within standard-
ized sections of the medulla. Semi-quantitative morpho-
metrical assessment was performed to compare protein 
expression within the structure.

α-synuclein was found to be predominantly 
expressed in the reticular formation, tegmental nuclei 
and olivary nuclei. CBPs appear to have a distinctive 

pattern of expression throughout the brainstem, with 
Calbindin having marked reactivity within neurons 
involved in motor control, respiration and autonomic 
functions, while Calretinin expression was limited to 
mostly reticular formation nuclei. Colocalization analy-
sis was performed to assess co-expression of α-synuclein 
and CBPs.

This study helps better understand the localiza-
tion and interplay between diff erent groups of CBPs and 
α-synuclein within the human brainstem advancing the 
understanding of patterns of anatomical vulnerability in 
neurodegenerative diseases.
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Glioblastoma multiforme (GBM) is the most com-
mon primary tumor of the central nervous system 
(CNS) with a poor prognosis. GBM cells migration 
is supported by resident astrocytes and extracellular 
matrix (ECM) remodeling. GBM cells connect with neu-
ronal networks, destabilize synaptic activity and alter 
the blood-brain barrier with infi ltration of macrophages 
from the peripheral circulation. Microglia and mac-
rophages are recruited by the GBM for immune mim-
icry, which ensures tolerance by the adaptive immune 
system. 

To date, there is no approved therapy for blocking 
GBM progression. Th e lack of knowledge regarding the 
CNS remodelling is mainly responsible for the failure of 
translational research in this area. In the present study 
we aim to investigate the molecular dynamic of glial 
cells in the peritumoral tissue from both murine and 
human organotypic slices.

Human primary GBM cells tagged using lentiviral 
transduction were injected into the organotypic cortex 
of whole brain mouse slices or peritumoral tissue from 
patients aff ected by glioma (day 0). Th e activity of the 
slices was tested before and aft er the GBM cells injec-
tion through a multi electrode array, and the tumor pro-
gression was studied at diff erent time points until DIV 
14 using pharmacological assays and morpho-molecular 
techniques. 

GBM cells change their morphology with time and 
form spheroids in the late stage. Molecular targets relat-
ed to astrocytes (Cx43, GFAP), microglia/macrophages 
(Iba1) and ECM (CD44, MMPs) revealed diff erential gli-
al morphology and ECM protein expression patterns in 
the tumor core and peritumoral tissue, with heterogene-
ous profi les among the human specimens. Th e blockage 

of Cx43 hemichannels modifi ed GBM evolution, glial 
reaction, and ECM composition, indicating a role for the 
astrocytic Cx43 in orchestrating the CNS response to the 
tumor.

Our results shed light on Cx43 dynamic in the peri-
tumoral tissue and the identifi cation of time-dependent 
targets in the GBM microenvironment that may be cru-
cial for the reinforcement or re-education of the glial 
cells to counteract the progression of the disease.

Keywords: astrocytes; microglia; invasiveness; extra-
cellular matrix; time-dependent targets
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Th e CXCR1/CXCR2 Inhibitor, Reparixin Reduces the Emperipolesis 
Between Neutrophils and Megakaryocytes in the Gata1low mice
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Pathological emperipolesis between megakaryo-
cytes and neutrophils is frequently observed in the 
bone marrow of patients with myelofi brosis (MF), the 
most severe of the Philadelphia-negative myeloprolifera-
tive neoplasms (1) in which it is believed to contribute 
to increasing the transforming growth factor (TGF)-β 
microenvironmental bioavailability responsible for 
fi brosis (2). Using confocal microscopy, we can detect 
emperipolesis by staining with CD42b, specifically 
expressed on megakaryocytes, coupled with the Ly6B or 
Neutrophil Elastase antibodies, that recognize the neu-
trophils. We fi rst confi rmed that the bone marrow from 
patients with myelofi brosis and that from the Gata1low 

mouse model of myelofi brosis, contains great numbers 
of neutrophils and megakaryocytes in emperipolesis. 
Both in patients and in Gata1low mice, the emperipo-
lesed megakaryocytes were surrounded by high num-
bers (5/megakaryocytes) of neutrophils, suggesting that 
neutrophil chemotaxis precedes the actual emperipole-
sis event. Because neutrophil chemotaxis is driven by 
CXCL1 (3), the murine equivalent of human interleukin 
8 (IL-8) that is expressed at high levels by the malignant 
megakaryocytes, we tested the hypothesis that neutro-
phil/megakaryocyte emperipolesis could be reduced 
by Reparixin, an inhibitor of the receptors of CXCL1, 
CXCR1/CXCR2 (4). Indeed, this treatment greatly 
reduced both neutrophil numbers (by 4-fold), neutrophil 
chemotaxis (by 4-fold) and emperipolesis with mega-
karyocytes (by 3-fold) (Figure 1). Since treatment with 
Reparixin was previously reported to reduce both TGF-β 
content and marrow fi brosis in Gata1low mice (5), these 
results identify neutrophil/megakaryocyte emperipolesis 
as the cellular interaction linking IL-8 to TGF-β abnor-
malities in the pathobiology of marrow fi brosis. 
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In general, mesenchymal stromal cells (MSCs) show 
intrinsic antitumor property due to their anti-prolifera-
tive activity, induction of apoptosis, and suppression of 
angiogenesis. However, it is not fully understood how 
these cells govern their anti-cancer eff ects. Moreover, the 
anti-cancer eff ect of MSCs seems to be cancer type-relat-
ed. In recent years, the MSCs derived from the amni-
otic fl uid (hAFSCs) and amniotic membrane have been 
introduced as an attractive and potent stem cell source 
for clinical application because of their easy, safe, and 
painless collection procedures with minimized ethical 
issues. Until now various studies have obtained contro-
versial results and poor understanding of mechanisms 
behind the eff ect of hAFSCs on cancer cells. On the con-
trary, other studies have shown that these cells promote 
tumour progression and metastasis by enhancing angio-
genesis, upregulating Akt/mTOR pathways and promot-
ing metastasis.

Amniotic fl uids were obtained from both the second 
and the third trimester, in order to compare the anti-
cancer potential of diff erent amniotic cell populations. 
To evaluate the eff ects of hAFSCs secretome on human 
melanoma cells (SK-MEL-28) and the possible mecha-
nism involved, cell cycle analysis, western blot and 
scratch tests were used.

In the presence of hAFSCs secretome, a reduction 
of G2/M phase was observed. In parallel with the block-
age of the cell cycle, an activation of the apoptotic path-
way occurred. Moreover, the exposure to the secretome 
reduced the migration ability of SK-MEL-28 cells 
through inhibiting the epithelial-mesenchymal transi-
tion (EMT) process. A similar trend was observed for 
the secretome obtained from amniocentesis and caesar-
ium hAFSCs, even if a more evident eff ect on EMT can 
be noticed with caesarium hAFSCs secretome. 

Our data demonstrated that hAFSCs can release sol-
uble factors in cell culture, causing an effi  cient antican-

cer eff ect inhibiting melanoma cell proliferation, tumour 
growth and migration, possibly by altering cell cycle 
arrest and ERK signalling-triggered EMT.
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Trophoblast cell-surface antigen 2 (Trop-2) is a 
transmembrane glycoprotein expressed by stem/pro-
genitor-like cells and epithelial cells at various stages 
of diff erentiation (1, 2). First identifi ed on the surface 
of invasive trophoblast cells (3), Trop-2 has emerged 
as a driver of tumor growth and progression since 
the discovery of its overexpression in the majority of 
human carcinomas (2). Th is makes Trop-2 an attrac-
tive target for anticancer therapy, already applied in 
the clinic with the FDA-approved antibody drug con-
jugate Sacituzumab govitecan. Recent fi ndings have 
demonstrated that Trop-2 undergoes proteolytic cleav-
age at the R87-T88 site, which activates the molecule to 
promote tumor growth and metastasis dissemination 
(4). Cleavage/activation is cancer specifi c, and absent 
in normal adult epithelia, where Trop-2 is present in 
its unprocessed full-length form. Given the stem-cell-
like properties of human Amniotic Epithelial Cells 
(hAECs), we used them as a model to investigate Trop-
2 expression/activation in stem cells. Based on our 
reported subdivision of human amniotic membrane 
regions (5), we also aimed at detecting whether this 
expression/activation could belong to specifi c areas of 
the amniotic membrane. Placentas were collected from 
healthy women aft er caesarean section at the Hospital 
SS. Annunziata of Chieti, and OCT-embedded. Fro-
zen tissue samples were analysed by confocal multi-
color immunof luorescence using anti-Trop-2 anti-
bodies directed against either an immunodominant 
pan-Trop-2 epitope or distinct cleaved/activated form, 
followed by Western blotting analyses. Th is approach 
allowed us to show that Trop-2 is expressed by hAECs, 
with a specifi c pattern of expression/activation that 
was heterogeneous across the 4 distinct areas of the 
amniotic membrane.
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Every day many polluting substances are released 
into the environment by industrial and agricultural fac-
tories, which can potentially represent a risk to human 
health, and due to their ubiquity, their exposure is dif-
fi cult to avoid. Particular concern derives from those 
substances defi ned as “endocrine disruptors”, which can 
interfere and mimic the actions of natural hormones 
leading to a range of developmental, reproductive, 
immune, neurological, or metabolic diseases in humans 
and animals. In recent years, among the potentially con-
taminating substances involved in endocrine disruption, 
Bisphenol A (BPA) has received increased attention due 
to its adverse eff ects on health, particularly in promoting 
carcinogenesis. In the current study, an in vitro model of 
human periodontal ligament stem cells (hPDLSCs) dif-
ferentiated into endothelial cells (e-hPDLSCs) has been 
developed for the evaluation of the potential role of BPA 
on on endothelial diff erentiation and its potential car-
cinogenic eff ects. In our experimental model, hPDLSCs 
were treated with BPA at 10 μm during endothelial dif-
ferentiation (e-hPDLSCs), promoting an increase of the 
expression of angiogenesis markers such as PECAM-1, 
VEGF, VEGFR, and vWF. Moreover, through the Next 
Generation Sequencing technique (NGS), it was pos-
sible to evaluate diff erentially expressed genes during 
endothelial diff erentiation which were characterized by 
expression profi les related to the induction of cancer 
growth and metastasis. Th e results obtained suggested 
that may BPA represent a risk for human health since it 
can induce upregulation of angiogenic factors and, as a 
consequence, neoplastic formations and tumor progres-
sion, highlighting the directly proportional relationship 
between angiogenesis and carcinogenesis. 
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Type 1 diabetes (T1D) is a complex metabolic 
pathology characterized by the autoimmune destruction 
of pancreatic β cells resulting in decrease of insulin pro-
duction [1]. In recent years, the therapeutic approaches 
to T1D were aimed to restore fully functional insulin 
producing cells and, in addition to pancreatic islet trans-
plantation, various strategies have been implemented to 
obtain high number of β-like cells by diff erentiation of 
pluripotent or multipotent stem cells. Despite the dif-
ferentiation of human embryonic stem cells is consid-
ered the gold standard, obtaining insulin producing cells 
from adult induced pluripotent stem cells (iPSC) opened 
new horizons in regenerative medicine of diabetes [2]. 

During the complex diff erentiation process of iPSCs 
to β cells, several pathways are hierarchically modulated, 
and specifi c markers are evaluated during the matura-
tion stages. To obtain fully functional β cells, a better 
knowledge of the intracellular signaling involved in the 
diff erentiation process is required. 

In the diff erentiation of the multipotent human bil-
iary tree-stem cells (hBTSCs) to β cells, a crucial role 
was revealed for the multidomain protein Vav1, whose 
expression in mature pancreatic islet is limited to cells 
showing low levels of insulin [3]. Vav1 also sustains the 
expression of insulin in the partial trans-diff erentiation 
to β cells of pancreatic ductal adenocarcinoma-derived 
cells [3]. 

Here, we explored the expression of Vav1 in the dif-
ferent stages of a six-step diff erentiation process of iPSCs 
to insulin producing cells [4]. Because in other cell mod-
els Vav1 participates in modulating specifi c Akt isoforms 
[5,6], we also evaluated the levels of the members of 
this protein family, a critical determinant of β cell mass 
and function [7]. We revealed that Vav1 is expressed in 
iPSCs and dynamically decreases during the diff erentia-

tion, with a slight recovery in the last maturation stage 
(β cells). Both expression and activation of Akt inversely 
correlated with Vav1 levels, suggestive of a relationship 
between these molecules.

Even if preliminary, these data identify Vav1 as a 
new potential marker of specifi c stages of the diff eren-
tiation of multipotent precursors into insulin producing 
cells, and indicate its possible role in modulation of Akt 
signaling, a promising therapeutic target for T1D.
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Myeloproliferative neoplasms (MPNs) are clonal 
disorders driven by the somatic mutations JAK2V617F, 
MPLW515L and CALRdel at the level of the hematopoietic 
stem cell. Myelofi brosis (MF) is the most severe MPN 
and is characterized by bone marrow failure and fi brosis, 
increased hematopoietic stem/progenitor cell traffi  cking, 
extramedullary hematopoiesis in spleen with splenomeg-
aly. Th e serum level of the pro-infl ammatory cytokine 
interleukin-8 (IL-8) expressed by the malignant mega-
karyocytes has been proposed as a possible marker to 
predict adverse prognosis in MF (1). In previous studies, 
we demonstrated that megakaryocytes from the Gata1low

mouse model of MF express high levels of CXCL1, the 
murine equivalent of human IL-8 and that their bone 
marrow has a CXCR1/CXCR2, the receptors for CXCL1, 
activated signaling. Furthermore, treatment with the 
CXCR1/CXCR2 inhibitor Reparixin reduces bone mar-
row fi brosis in this model. (2, 3,4). 

To further validate CXCL1 as a marker for myelofi -
brosis, we correlate the level of fi brosis and those of 
CXCL1 expressed by several mouse models of the dis-
ease. Th is study included analyses of Gata1low mice (at 
pre-MF and MF stage), and MPLW515L mice and JAK2
V617F (early and later stages of the disease) and WT con-
trols. Variegation was observed both in the level of fi bro-
sis and CXCL1 with the (m)CXCL1 antibody, expressed 
by the bone marrow from the diff erent models. 

In the old control WT mice for all the models, the 
level of fi brosis in the bone marrow was barely detect-
able (Figure 1A). In Gata1low mice, fibrosis raised 
from 7.8% at the pre-MF to 16.1% at the MF stage; in 
MPLW515L mice, it went from 2.1% at three weeks post-
transplant to 12.7% at six weeks post-transplant and in 
JAK2V617F mice, it went from 2.8% at 2 months to 7.8% 

at the 6 months. Th e CXCL1 levels in the bone marrow 
from the WT controls were also barely detectable (Fig-
ure 1B). In Gata1low mice, they went from 56.5AU in 
the pre-MF to 146.2 AU at the MF stage. In MPLW515L

mice, CXCL1 levels went from 49.8AU at three weeks 
post-transplant to 89.7AU at six weeks post-transplant 
stage and in JAK2V617F mice, they went from 91.3 AU at 
2 months to 96.0 AU at six months. Overall, the levels 
of fi brosis and CXCL1 observed in the diff erent models 
were directly correlated (Figure 1C). Th ese data provide 
a spectrum of the severity of fi brosis detected in the ani-
mal models most frequently used for preclinical valida-
tion studies and further support the role of IL-8 as the 
driving pro-infl ammatory cytokine of myelofi brosis.

References 

1 Zingariello M et al. Biomolecules (2022) doi: 10.3390/
biom12020234. 

2 Verachi P et al. Frontiers in Oncology (2022) doi: 
10.3389/fonc.2022.853484. 

3 Emadi S et al. Blood (2005) doi: 10.1182/
blood-2003-12-4415. 

4 Arciprete F. et al. Exp. Hemat. (2023) doi: doi: 
10.1016/j.exphem.2023.02.003 



Italian Journal of Anatomy and Embryology 127(1) Supplement: 167, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Characterization and secretome evaluation of human Mesenchymal 
Stromal Cells derived from Adipose Tissue and Dental Pulp: an 
innovative therapy to counteract pathophysiological processes

Alessia Ventura1, Maria Assunta Ucci1, Serena Marcozzi1, Francesca Gioia Klinger3, Vincenzo 
Campanella2, Antonio Libonati2, Cosimo Tudisco3, Manuel Scimeca4, Giulia Salvatore1, Simone Vumbaca5, 
Andrea Galgani6, Rosita Russo7, Mario Picozza8, Angela Chambery7, Giovanna Borsellino8, Massimo De 
Felici1, Antonella Camaioni1

1Department of Biomedicine and Prevention, University of Rome Tor Vergata, Rome, Italy 
2Department of Clinical Sciences and Translational Medicine, University of Rome Tor Vergata, Rome, Italy
3Saint Camillus International University of Health Sciences, Rome, Italy
4Department of Experimental Medicine, University of Rome Tor Vergata, Rome, Italy
5Department of Biology, University of Rome Tor Vergata, Rome, Italy 
6CIMETA, University of Rome Tor Vergata, Rome, Italy
7Department of Environmental, Biological and Pharmaceutical Sciences and Technologies, University of Campania Luigi Vanvitelli, 
Caserta, Italy
8Neuroimmunology Unit, Santa Lucia Foundation I.R.C.C.S., Rome, Italy

Mesenchymal Stromal Cells (MSCs) derived from 
Adipose Tissue (ADSCs) and Dental Pulp (DPSCs) were 
obtained from healthy patients in order to evaluate their 
use in regenerative medicine.

ADSCs and DPSCs were isolated by two methods, 
one based on enzymatic digestion and the other on 
mechanical fragmentation. Among the DPSCs, more 
than 90% were Nestin+ and less than 10% αSMA+, while 
the ADSCs showed an increased positivity to αSMA 
(~30%) and negativity for Nestin (<1%) compared to 
the DPSCs. Interestingly, the doubling time of DPSCs 
was significantly lower in DPSCs compared to both 
ADSCs. Multivariate analysis by PCA for the expression 
of 16 surface markers by fl ow cytometry showed that 
the organ source (dental pulp vs adipose tissue) was the 
most critical factor responsible for cell clustering. Th en, 
we collected conditioned medium (CM) from the vari-
ous stem cell populations aft er three days of culture and 
evaluated the presence of 27 analytes and total miRNAs. 
Th e analyte composition of CMs from diff erent types of 
DPSCs appeared very similar while the method of isola-
tion was responsible for diff erences between CMs from 
ADSCs. PCA analysis on miRNAs showed that these 
molecules clustered into two distinct groups based on 
the organ source. Th e interest in miRNAs arises from 
recent evidence that these molecules can promote tis-

sue regeneration and decrease infl ammation, oxidative 
stress, and fi brosis, processes that characterize aging 
as well as later stages of many human diseases. Recent 
studies conducted in our laboratory, showed that CMs 
from ADSCs and DPSCs can recover age-related ovarian 
dysfunction and we hypothesise that miRNAs may rep-
resent major players in this process. To validate whether 
such media were able to protect ovarian tissue from oxi-
dative damage, we tested in vitro the ability of CMs to 
preserve murine granulosa cells viability following treat-
ment with H2O2. Preliminary results suggest a protec-
tive action by all conditioned media compared to con-
trols, with DP-CM being the most eff ective. All together, 
these results indicate that MSC populations show diff er-
ent phenotypic and functional signatures depending on 
tissue source and isolation method that need in-depth 
studies in order to diff erentiate the use of them and of 
their products as next-generation therapy in the diff erent 
pathophysiological processes. 
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In humans several diseases are associated to a 
microbiota dysbiosis. Since every organ has a distinct 
pattern of microbial population, recent clinical and 
experimental evidence have demonstrated that an inter-
organ translocation of microbial communities could play 
a key role in driving pathological processes. aff ect

Recent advances in human microbiota studies shed 
light on the relationship between the gut microbiota and 
the cardiovascular system, revealing its contribution 
to the development of several cardiovascular diseases 
(CVDs).

In this context, we recently investigated in an in 
vivo experimental model the eff ects of gut microbiota 
homeostasis alteration, induced by the administration of 
an antibiotic dissolved in drinking water, on the cardiac 
muscle tissue. Light microscopy analysis did not reveal 
any morphological alteration and tissue structure was 
preserved. However, immune profi le analysis suggested 
an impairment of innate immune response in antibiotic-
treated mice.

Th e aim of the present study is to investigate, in the 
above described experimental setting, the murine car-
diac muscle tissue morphology by transmission electron 
microscopy (TEM), aiming to defi ne the eff ect of dysbio-
sis on the myocardium at the ultrastructural level.

Briefl y, at the sacrifi ce, the hearts of untreated (CT) 
and vancomycin-treated (VAN) Friend leukemia virus B 
(FVB) mice were immediately processed for TEM obser-
vations. Image analysis of digitalized images of cardio-
myocytes showed that the regular arrangement of myofi -
brils was preserved, but mitochondria in the VAN group 
were significantly larger and with a more elongated 
shape compared to CT. 

Characterization at molecular level of pathways 
involved in fi ssion, fusion and biogenesis of mitochon-
dria are ongoing to elucidate the relationship between 
morphology and function alterations.

Moreover, a slight decrease of immune activation 
at the systemic level has been confi rmed by analysis of 
immune infi ltrate of mesenteric lymph-node.

Th e mechanisms involving gut microbiota in CVDs 
are not yet described but our preliminary evidence sug-
gest a role for microbiota signalling to mitochondria, 
which indeed it was previously demonstrated to aff ect 
mitochondrial metabolism and immune cells.
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Breast cancer is the most common neoplasia in 
women of industrialized and developing countries, and 
includes tumor subtypes showing intrinsic morphologi-
cal, molecular, and clinical heterogeneity that oft en lead 
to the failure of even the most advanced therapeutic 
strategies (1). In this context, the use of natural agents 
to integrate conventional therapies was proposed to 
improve breast cancer approach (2). 

In recent years, garlic (Allium sativum) has been 
used as a healthy functional food due to its great content 
of active phytochemicals, as organosulfur compounds, 
and antioxidants. High garlic consumption is protec-
tive against various solid tumors and its anti-cancerous 
potential has been validated by preclinical studies also in 
breast tumors, in which garlic derivatives act at distinct 
stages of carcinogenesis and interfere with cell prolifera-
tion and motility (3). Our research group fi rstly revealed 
anti-cancer properties of garlic in non-invasive breast 
tumor cells, demonstrating a protective role of this natu-
ral product against the malignant progression of breast 
neoplasia induced by low oxygen availability (4).

In this study we explored the role of a garlic extract 
on malignancy of invasive breast tumor cells, revealing 
specifi c and phenotype-dependent eff ects on their mor-
phology, cell cycle, motility, and invasive potential. Anti-
tumor role of garlic was confi rmed in breast tumor cells 
showing a Luminal or Basal-like phenotype, in which it 
promotes an epithelial-like phenotype, but garlic extract 
induced a mesenchymal phenotype in HER2 positive 
cells and improved their invasive potential. Th ese eff ects 
are correlated with a phenotype-dependent modulation 
of the Akt isoforms, crucial signaling molecules in solid 
tumors (5). 

Although they need to be confi rmed by in vivo stud-
ies, our results fi rstly demonstrate that the eff ects of 
garlic on breast cancer cells are not unique and depend 

strictly on the tumor phenotype. Th is suggests that a 
precise knowledge of action mechanisms activated by 
this natural product in the diff erent tumor subtypes may 
be at the basis of the use of this natural compound in 
personalized therapeutic approaches for breast cancer 
management. 
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Sickle Cell Trait (SCT), besides the increasing evi-
dence of erythrocyte stiff ness and the long-term onset of 
chronic kidney disease in the trait carriers1, is still con-
sidered a benign condition. Th e transgenic mice devel-
oped by T.M. Townes, harboring two sickle HBB human 
alleles (HBBS/S), is one of the most used disease models 
to study Sickle Cell Disease (SCD)2. However, there are 
scanty data on the morphology and histopathology of 
heterozygous animals (HBBA/S - Sickle Cell Trait). 

Using this model, we have recently demonstrated the 
existence of ultrastructural vascular modifi cations that 
could be responsible for possible multi-organ damage 
in the carrier of SCT3. To date no confi rmed data exist 
regarding chronic ischemic disease of the nervous cen-
tral system associated with the SCT trait. On this topic, 
the literature is fragmentary and rather contradictory; 
thus, while among African Americans, one of the most 
SCT-aff ected populations, SCT appears not to be associ-
ated with the incidence of ischemic stroke3, other stud-
ies showed silent cerebral infarcts, linked to the sickle 
cell trait and associated with impaired cognitive ability. 
Th us, to extend our previous study, here we present a 
study of the ultrastructure of cerebral vascular beds of 
SCT carrier mice. 

12 mouse brains, comprising 6 heterozygous Townes 
mice (i.e. the SCT carriers) and 6 healthy controls were 
examined by conventional light and transmission elec-
tron microscope (TEM). A part of the tissue samples 

1 Yeral & Boğa. Turk J Haematol. 2021;38(2):159-160. doi: 10.4274/tjh.
galenos.2020.2020.0344
2 Ryan TM, Ciavatta DJ, Townes TM (1997). Knockout-transgenic 
mouse model of sickle cell disease. Science. Oct 31;278(5339):873-6
3 Hyacinth HI, Carty CL, Seals SR, et al. Association of Sickle Cell Trait 
With Ischemic Stroke Among African Americans: A Meta-analysis. 
JAMA Neurol. 2018;75(7):802-807. 1

was paraffi  n-embedded and cut into 10 µm thick sec-
tions to perform the histopathological analysis, while 
another part was rapidly immersion-fi xed in glutaralde-
hyde and embedded into epoxy resin. Ultrathin sections 
underwent staining with UranyLess and lead citrate for 
TEM analysis.

Th e histopathological analysis of the brains of the 
SCT carrier mice revealed a normal parenchymal struc-
ture except for mild congestion of the vessels associated 
with the choroid plexuses. In the semithin sections, a 
slight tortuosity of the cerebral vessels was observed in 
heterozygous mice. At the ultrastructural level, the cor-
tical capillaries of the SCT mice showed a three-times 
thicker basal lamina compared to control mice. Myeli-
nation and oligodendrocytes at the cortex-white matter 
boundary were conserved in both control and SCT mice.

Th e results obtained in the brain, added to previous 
multi-organ data, point out that, besides their ubiquitous 
presence, the chronic vascular alterations could aff ect 
long-term organ function also in heterozygous mice 
brains whose molecular nature requires further insights. 
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Repeated liver injury has the potential to lead to 
liver fi brosis in which the regenerative capacity of the 
organ in the context of chronic infl ammation results 
in excessive extracellular matrix deposition and, over 
time, impaired liver function [1]. A dysregulated type 
2 immune response, promoted by IL-13, is implicated 
in myelofi brosis [2] and it has been recently claimed as 
pivotal in liver fi brosis too [3]. Th e aim of the present 
study is to compare the role of IL-13 expression in sus-
taining bone marrow and liver fi brosis. We investigated 
liver fi brosis in the following mouse models of myelofi -
brosis: Jak2+/V617FVav-Cre+ mice, at baseline and over-
expressing murine IL-13 (56.6 vs 564.5 pg/ml of plasma, 
respectively) [2], and Gata1low mice (b.d. levels of IL-13 
in plasma). Mild to moderate liver fi brosis was observed 
in Jak2+/V617FVav-Cre+ mice with and without IL-13 
overexpression in terms of increased reticular fi bers, 
collagen III deposition and activation of hepatic stel-
late cells (HSCs). By contrast, in Gata1low mice, fi brosis 
with high number of HSCs was observed at 10 months 
but not at 15 months, despite persistence of HSCs. Of 
note, by 15 months the liver of Gata1low mice became a 
site of extramedullary hemopoiesis with a large number 
of megakaryocytes (MKs) in close contact with HSCs, 
some of which acquired features of degenerated cells. 
Th ese results suggest that interaction between HSCs and 
MKs in presence of low IL-13 tissue content, reduces 
the pro-fi brotic activity of HSCs in the liver of Gata1low

mice. Further studies which will include a deeper molec-
ular characterization of HSCs and MKs are underway to 
clarify the complex interplay leading to spontaneous liv-
er fi brosis resolution in Gata1low mice and whether this 
mechanism may pave the way for innovative approaches 
in the treatment of liver fi brosis in humans. 
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ERBB2/HER2+ breast cancer aff ects around 20%–
30% of patients and is characterized by amplifi cation 
of the ERBB2/HER2/Neu gene or overexpression of 
the ERBB2 receptor. Neratinib (NE) is an irreversible 
pan-ERBB tyrosine kinase inhibitor that is currently 
approved only for the treatment of ERBB2+ breast 
cancer. NE exerts its anti-cancer eff ects by inhibiting 
ERBB2 downstream signaling kinases, such as pERK 
and pATK, which are critical for cancer cell survival. 
Interestingly, NE also aff ects autophagy and mitochon-
drial homeostasis, two physiological processes that can-
cer cells exploit to survive. By combining high resolu-
tion microscopy and molecular approaches, we found 
that NE inhibited kinases involved in cancer cell sur-
vival aft er 2 hours of treatment, while kinases involved 
in DNA damage response were inhibited aft er 72 hours. 
NE was also found to transiently enhance autophagy, 
a process by which cells degrade and recycle dam-
aged cellular components, and to aff ect mitochondrial 
dynamics and energy metabolism. Specifically, NE 
increased the expression levels and nuclear localization 
of the TFEB and TFE3 transcription factors, resulting 
in increased autophagic fl ux. Additionally, NE increased 
the release of extracellular vesicles (EVs) with reduced 
ERBB2 positivity. In conclusion, NE is a potent activa-
tor of TFEB and TFE3, acting through ERBB2 and/or 
other kinases to suppress cancer cell survival by pro-
moting autophagy, unbalancing mitochondrial func-
tion and response to DNA damage, as well as reducing 
ERBB2 dissemination through EVs.

References

1. Santamaria S et al. J Histochem Cytochem. 2021 
Jul;69(7):461-473. 

2. Marconi S et al. Membranes, 2021 Mar 12;11(3):199. 
doi: 10.3390/membranes11030199. 

3. D’Alesio C et al. Biol Open. 2019 Apr 
18;8(4):bio038323. doi: 10.1242/bio.038323.

4. D’Alesio C et al. J Exp Clin Cancer Res. 2017 Nov 
3;36(1):154. doi: 10.1186/s13046-017-0615-0.

5. Cortese K et al. Mol Biol Cell. 2013 Jan;24(2):129-44. 
doi: 10.1091/mbc.E12-04-0282.



Italian Journal of Anatomy and Embryology 127(1) Supplement: 174, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Deacetylases inhibition in cellular models of Fanconi Anemia: eff ects on 
antioxidant responses and on mitochondrial network

Vanessa Cossu1, Nadia Bertola2, Stefano Regis3, Silvia Bruno1, Andrea Nicola Mazzarello1, Martina 
Serra3, Michela Lupia4, Federica Sabatini5, Fabio Corsolini6, Enrico Cappelli4, Silvia Ravera1

1 Dipartimento di Medicina Sperimentale, SSD Anatomia Umana, Università di Genova, Via De Toni 14, 16132 Genova, Italia
2 Unità Operativa di Patologia Molecolare, IRCCS Ospedale Policlinico San Martino, Largo Rosanna Benzi 10,16132, Genova, Italia
3 Laboratorio di Immunologia Clinica e Sperimentale, IRCCS Istituto Giannina Gaslini, Via Gerolamo Gaslini 5, 16148 Genova, Italia
4 Unità di Ematologia, IRCCS Istituto Giannina Gaslini, Via Gerolamo Gaslini 5, 16148 Genova, Italia
5 Laboratorio Cellule Staminali e Centro di Terapia Cellulare, IRCCS Istituto Giannina Gaslini, Via Gerolamo Gaslini 5,16148 Genova, 
Italia
6 Centro di Diagnostica Genetica e Biochimica delle Malattie Metaboliche, IRCCS Istituto Giannina Gaslini, Via Gerolamo Gaslini 5, 
16148 Genova, Italia

Fanconi anemia (FA) is a rare genetic disease char-
acterized by defective DNA repair and oxidative stress 
accumulation due to a defect in aerobic metabolism relat-
ed with the mitochondrial network alteration1. Th is redox 
imbalance is not counteracted by endogenous antioxidant 
defenses, whose expressions and activities are lower than 
in healthy cells2-3. Since the reduced expression of these 
proteins might depend on the hypoacetylation of the 
respective genes, we investigated the eff ect of deacetylase 
inhibitors (i-HDACs) in the cellular models of FA, evalu-
ating i) expression and activity of enzymes involved in 
antioxidant responses and ii) morphology and function 
of mitochondria. Lymphoblasts and fi broblasts mutat-
ed for the FANC-A gene were treated with 3 diff erent 
i-HDACs: valproic acid (VPA), β-hydroxybutyrate (OHB), 
or EX527 (a Sirt1 inhibitor) under both baseline condi-
tions and aft er oxidative stress induction. Under basal 
conditions, VPA treatment increased both expression and 
activity of enzymes involved in the antioxidant response. 
On a metabolic point of view, VPA incubation corrected 
the metabolic defect resulting in an increase of energy 
status and in a reduction of oxidative damage. Th ese 
improvements might depend on a restoration of mito-
chondrial dynamic due to a decrease in DRP1 expression, 
which led to a mitochondria reorganization, improving 
their functional effi  ciency. By contrast, OHB impaired 
the mitochondrial function defect, increasing the oxida-
tive stress production, probably also acting as a metabo-
lite of oxidative phosphorylation, which is impaired in 
FA. Treatment with EX527 showed no eff ect.

Finally, the different i-HDACs showed the same 
eff ects even in the presence of an oxidative insult aft er 
the addition of H2O2.

In conclusion, the data suggest that VPA could be 
a promising drug to modulate gene expression in FA 
cells, confi rming that the modulation of the antioxidant 
response plays a central role in the pathogenesis of FA, 
acting both on oxidative stress levels and on mitochon-
drial function and organization.
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Hyperthermic intraperitoneal administration of 
chemotherapy (HIPEC) increases locally drug concen-
trations and reduces systemic side effects associated 
with prolonged adjuvant intraperitoneal exposure in 
patients aff ected by either peritoneal malignancies or 
metastatic diseases originating from gastric, colon, kid-
ney and ovarian primary tumors. Th e molecular mecha-
nisms that render HIPEC treatment more eff ective than 
systemic therapies have been poorly explored. Herein 
we documented the role of miR-145-5p tumor suppres-
sor activity during HIPEC treatment in a pilot cohort of 
patients with ovarian peritoneal metastatic lesions. Low 
miR-145-5p expression level was closely associated with 
metastatic tissues of many cancers and poor prognosis of 
patients.

RNA sequencing from metastatic nodules treated at 
diff erent times of HIPEC allowed the identifi cation of 
the mechanism by which HSF-1 transcriptional factor 
was able to rescue miR-145-5p expression.  Th e restored 
miR-145-5p levels resulted in the downregulation of its 
oncogenic target genes such as c-MYC, EGFR, MUC1 
and OCT4, revealing that the involvement of heat stress-

related genes was able to promote the response to intra-
peritoneal chemotherapy.

In aggregate, our fi ndings highlight a novel tran-
scriptional network involving HSF-1, miR145-5p, MYC, 
EGFR, MUC1 and OCT4 whose proper activity contrib-
utes to HIPEC anticancer effi  cacy in the treatment of 
ovarian metastatic peritoneal lesions. 
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Since the Fukushima Daiichi Nuclear Power Plant 
(FDNPP) accident, there was great attention to the expo-
sure damages to low-dose-rate (LDR) radiation on the 
biological systems [1]. Male reproductive functions are 
sensitive to radiation, with implications connected to 
infertility [1,2]. Th is preliminary study aimed to evaluate 
the eff ects of LDR radiation on the testis ultrastructure 
in the Large Japanese fi eld mouse (Apodemus speciosus), 
captured from three diff erent contaminated sites, Tan-
ashio area (low-dose-rate, air dose rate: 0.29 μGy/h), Ide 
area (intermediate-dose-rate, air dose rate: 5.11 μGy/h) 
and Omaru area (high-dose-rate, air dose rate: 11.80 
μGy/h), in the FDNPP accident ex-evacuation area. Mice 
captured from the unpolluted site in the Niigata Prefec-
ture were used as a control. Testes were fi xed in 2.5% 
glutaraldehyde/PBS and subjected to the preparative 
for Light Microscopy (LM) and Transmission Electron 
Microscopy (TEM) [2,3]. Results showed a good pres-
ervation of seminiferous tubule morphology in mice, 
suggesting a normal process of spermatogenesis com-
pared with the control. Some modifi cations were noted 
in the ultrastructure of mitochondria, which appeared 
sometimes vacuolated; cytoplasmic vacuolization, which 
seems due to dilatation and vesiculation of the endo-
plasmic reticulum, was also present. Furthermore, TEM 
revealed the presence of lipid droplets in the sperm cyto-
plasm, associated with an increase in the phagocytic 
activity of Sertoli cells. However, these fi ndings could 
be correlated with the physiological dynamics occurring 
during spermatogenesis. In conclusion, although testes 
are hypersensitive to radiation, LDR radiation exposure 
associated with the FDNPP accident had no signifi cant 

eff ects on the male reproductive organs in Large Japa-
nese fi eld mice. Th ese ultrastructural data may be used 
for further studies on the male reproductive potential of 
mammals, inhabiting the Fukushima area and chroni-
cally exposed to LDR radiation. 
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Recent investigations have indicated the poten-
tial negative consequences of SARS-CoV-2 infection on 
pregnant women and pregnancy outcomes. Studies have 
described pathological changes in the placental tissue of 
SARS-CoV-2-positive mothers, which may or may not 
be associated with infection severity or the trimester of 
infection [1]. Among the various molecules involved in 
the normal structure and functioning of the placenta, 
sialic acids (Sias) appear to play a signifi cant role. Th ere-
fore, our objective was to examine potential alterations 
in the distribution and levels of Sias with diff erent gly-
cosidic linkages, specifi cally α2,3 and α2,6 Galactose- or 
N-acetyl-Galactosamine-linked Sias, as well as poly-
meric Sia (PolySia), in placentas from pregnant women 
infected with SARS-CoV-2 during diff erent trimesters of 
pregnancy [2, 3].

We employed lectin histochemistry, utilizing Maack-
ia amurensis agglutinin (MAA) and Sambucus nigra
agglutinin (SNA) for the evaluation of α2,3 and α2,6 
Galactose-linked Sias, respectively. Immunohistochemis-
try was employed for the detection of PolySia.

Th e data revealed decreased levels of α2,3 Galactose-
linked Sias in the trophoblast and underlying basement 
membrane/basal plasma membrane in placentas from 
women infected during the second and third trimesters, 
in comparison to uninfected cases and those infected 
during the fi rst trimester. Conversely, higher levels of 
PolySia were observed in the trophoblast during the sec-
ond and third trimesters of infection.

Our fi ndings suggest that alterations in the sialyla-
tion status of the trophoblast and its basement mem-

brane/basal plasma membrane, in conjunction with oth-
er concurrent factors, could underlie the most common 
placental histopathological changes and gestational com-
plications found particularly in pregnancies with SARS-
CoV-2 infection during the second and third trimesters.
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Prostate cancer is one of the most frequent malig-
nancy in men worldwide1. Genetic traits, advancing 
age and diff erences in social and environmental aspects 
are well-established risk factors, together with black 
race/ethnicity2.Th e risk of advanced prostate cancer is 
increased also by lifestyle factors, including obesity3, 
diabetes mellitus4, insuffi  cient physical activity, nutri-
tional factors and smoking5. Conventional treatments 
for recurrent and/or metastatic prostate cancer typically 
produce side eff ects and new approaches have been con-
sidered to reduce disease progression or recurrence in 
patients with known disease. 

Natural compounds or phytocomplexes with known 
anticancer properties are oft en used as dietary supple-
ments6,7. Several fi ndings have shown that the secondary 
metabolites present in the drupe and leaves of Olea euro-
paea L. have a protective role on digestive, breast, and 
prostate cancer8,9,10.

In this study we analysed the phytochemical pro-
fi le, the antioxidant activity and the cytotoxic eff ect of 
an aqueous enriched extract obtained Olea europea L. 
leaves, collected in the fl owering time in Syracuse (Sic-
ily, Italy), on two prostate cancer cell lines (LNCaP, 
PC3) and on a fi broblast cell line (HFF-1). Our results 
confirmed the quantitatively and qualitatively high 
content of phenolic compounds in olive leaves (evalu-
ated by HPLC-DAD analysis, Folin-Ciocalteu method 
and aluminium chloride method) and their related 
antioxidant activity (assessed by DPPH test and intra-
cellular ROS and RSH quantifi cation). We also showed 
a signifi cant cytotoxic eff ect, confi rmed by MTT test, 
on the two prostate cancer cell lines. Remarkably, the 
extract resulted non-toxic on HFF-1 cells at the con-
centrations and exposure times tested, so showing a 
good selectivity towards tumour cells. Th e cytotoxic-
ity was associated to evident morphological changes 
and further investigated by LDH release assay, which 

allowed to establish necrosis as the main cell death 
mechanism.
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Th e signaling pathways leading to renal pathology 
in obesity are not understood well. Growing evidence 
suggests that FFAs induced oxidative stress plays a role 
as the critical factors linking obesity with its associated 
complications. Our study demonstrates  that the  modi-
fi ed protocol of Oliveira et al, for conjugating palmitate 
with albumin, produces an unbounded palmitate frac-
tion able to cause podocytes dysfunctions similar to the 
one observed in the ORG. 

Conditionally immortalized human podocytes 
cells line were exposed to diff erent ratios of conjugated 
PAL / BSA for 24h and then cells were incubated, for 
an additional two days, in medium without palmitate. 
Palmitate, at concentrations seen in obese patients, 
causes ROS overproduction in human podocytes. Th is 
oxidative stress induces podocytes dysfunctions such as 
infl ammation, and changes in profi brotic and lipotoxic 
markers.  HMGB1 appears to be the main mediator of 
ROS damaging action, since its pharmacological inhi-
bition prevents all ROS eff ects on podocytes. Moreover, 
palmitate is able to start a feed-back loop that causes 
a persistent overproduction of ROS and consequently 
a persistent podocyte dysfunction. Th erefore,  a “met-
abolic memory” has been demonstrated  aft er FFAs 
treatment on podocytes, causing a persisting dam-
age even in presence of a normalized lipid profi le. Th e 
present fi ndings may provide further insight into the 
underlying mechanisms that contribute to the patho-
genesis of ORG.

References

- Oliveira A et al. In vitro use of free fatty acids bound to 
albumin: A comparison of protocols. Biotechniques. 
2015 May 1;58(5):228-33.

- D’Apolito et al. Urea induced ROS generation causes 
insulin resistance in mice with chronic renal failure, 
J. Clin. Investig. 120 (1) (2010) 203e213

- Giardino, I. et al. Vascular toxicity of urea, a new “old 
player” in the pathogenesis of chronic renal failure 
induced cardiovascular diseases. Turk. Arch. Pediatr. 
2017, 52, 187–193.

- D’Apolito M, et al. Urea Memory: Transient Cell Expo-
sure to Urea Causes Persistent Mitochondrial ROS 
production and Endothelial Dysfunction. Toxins 
(Basel). 2018 Oct 11;10(10).

Keywords:  ROS; ORG; FFAs



Italian Journal of Anatomy and Embryology 127(1) Supplement: 181, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Oxidative/glycative damage and morphological alterations in the PCOS 
mouse tubal ampulla: the protective eff ects of L-carnitines 

Mariacarla De Rubeis1, Ilaria Antenisca Mascitti2, Domenica Cocciolone2, Carla Tatone2, Giovanna Di 
Emidio2, Martina Placidi2, Guido Macchiarelli2, Stefania Annarita Nottola1, Maria Grazia Palmerini2

1Department of Anatomy, Histology, Forensic Medicine and Orthopaedics, Sapienza University, Rome, Italy
2Department of Life, Health and Experimental Sciences, University of L’Aquila, Italy

Polycystic ovary syndrome (PCOS) is a multifacto-
rial metabolic disorder associated with female infertil-
ity. Aft er having assessed the metabolic features and 
morpho-functional eff ects of this syndrome on mouse 
ovaries and uteri (Di Emidio et al., 2020a; Di Emidio 
et al., 2020b; Palmerini et al., 2023), we here analyzed 
morphological alterations in the third portion of the 
uterine tubes, the tubal ampullae, in a mouse model of 
PCOS. Based on the antioxidant eff ects of carnitines, 
we also investigated whether L-carnitine (LC) and acyl-
L-carnitine (ALC) could improve the PCOS phenotype 
in a mouse model induced by dehydroepiandrosterone 
(DHEA). 

Adult CD1 mice received DHEA for 20 days alone 
(DHEA, 6 mg/100 g body weight) or with 0.40 mg LC 
and 0.20 mg ALC (LC-ALC), by oral gavage. Control 
animals were untreated. At the end of the treatments, 
tubal ampullae were collected and subjected to histol-
ogy, immunohistochemistry, and transmission electron 
microscopy (TEM).

Respect to well-preserved controls, hematoxylin-
eosin, Azan-Mallory and Col1 stainings highlighted 
hyperplasia, hypertrophy, and hyperfi brosis in the lumi-
nal epithelium of DHEA ampullae. MG-AGE accumu-
lation was indicative of glycative stress. A decreased 
Tomm20 expression associated with increased HNE and 
17 β-HSD4 stainings showed mitochondrial and oxida-
tive damages, with altered steroidogenesis. Th e DHEA 
group showed by TEM a preserved ampullar epithelium 
with ciliated and nonciliated cells. However, numer-
ous mitophagic vacuoles, large lysosomes, and vesicles 
were visible in the apical cytoplasm. LC-ALC adminis-
tration induced a decrease in hyperplasia and hypertro-
phy of the luminal epithelium, with ampullae showing a 
normal collagen distribution. Expression of MG-AGEs, 
HNE and 17 β-HSD4 were reduced if compared to the 

DHEA group, while Tomm20 increased. Th e ultrastruc-
tural study evidenced similarities with controls, with 
an abundant presence of ciliated cells and the absence 
of mitophagic vacuoles and vesicles; mitochondria 
appeared well preserved, similarly to controls.

In conclusion, LC-ALC in the murine DHEA model 
of PCOS decreased glycative and oxidative stress with an 
evident reduction of ultrastructural damages, thus pro-
viding promising therapeutic strategies for L-carnitines.
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La leucemia linfatica cronica (LLC) presenta una 
evoluzione clinica estremamente eterogenea. La defi-
nizione delle cinetiche del clone e delle sue sotto-
popolazioni intraclonali (ovvero delle caratteristiche 
morfologiche, fenotipiche e funzionali) durante il ciclo 
di attivazione/proliferazione negli organi linfoidi sec-
ondari e successivi cambiamenti a livello periferico) è 
essenziale per comprenderne la patogenesi, l’evoluzione 
clinica e sviluppare nuove ed effi  caci terapie. Le interazi-
oni con il microambiente (a livello linfonodale, splenico 
e midollare) determinano nuove mutazioni dovute alla 
maggiore sopravvivenza e divisione cellulare. Perciò, la 
possibilità di identifi care le cellule leucemiche che hanno 
subito recentemente un processo di divisione mitotica 
può consentire di studiare la sottopopolazione (o le sot-
topopolazioni) più probabilmente responsabile della pro-
gressione della malattia e della resistenza alle terapie.  

A questo scopo, la cinetica intraclonale delle cel-
lule B della LLC è stata studiata in sottogruppi clonali 
defi niti da livelli reciproci di espressione in membrana 
di CXCR4 e CD5. In questo modello, sono state identifi -
cate tre frazioni: “Proliferative Fraction” (PF: CXCR4Dim-

CD5Bright), “Intermediate Fraction” (IF: CXCR4IntCD5Int) 
e “Resting Fraction” (RF: CXCR4BrightCD5Dim).  

Le cellule LLC non manipolate, studiate ex vivo da 
10 pazienti che avevano assunto 2H2O (Acqua Pesante) 
per 4 settimane, sono state selezionate in base alle 
densità relative di CXCR4 e CD5 per isolare le sotto-
popolazioni PF, IF e RF e due frazioni non precedente-
mente caratterizzate, “Double Dim Fraction” (DDF: 
CXCR4DimCD5Dim) e “Double Bright Fraction” (DBF: 
CXCR4BrightCD5Bright). Per ciascuna frazione è stata 
misurata la quantità di deuterio incorporato nel DNA 

cellulare in vivo. Coerentemente, la PF conteneva livelli 
signifi cativamente più elevati di DNA marcato con 2H 
e tassi di divisione cellulare più elevati rispetto alla RF 
e alla IF. È interessante notare che anche la DDF conte-
neva una quantità signifi cativamente maggiore di DNA 
marcato con 2H rispetto alla RF; al contrario, la DBF 
assomigliava maggiormente alla frazione RF. Il gradiente 
complessivo di incorporazione di 2H osservato è stato: 
PF>DDF>IF>DBF>RF. 

Nella LLC, la segnalazione del BCR è fondamen-
tale e la quantità di IgM di membrana (m) è associata 
alla competenza di segnalazione e all’aggressività della 
malattia. Inoltre, se attivate indipendentemente, mIgM e 
mIgD possono portare a sequele di segnalazione diverse. 
Pertanto, abbiamo analizzato le 5 sottopopolazioni 
per le densità di mIgM e mIgD.  Ciò ha mostrato una 
distribuzione simile a quella dell’incorporazione di 
2H-DNA: per le IgM: PF=DDF>IF=DBF=RF, e per le 
IgD: PF>DDF>IF=DBF>RF.  

Di conseguenza, abbiamo misurato il 2H-DNA in 
sottopopolazioni con livelli bassi, intermedi e alti di 
IgM e IgD. Ciò ha rivelato una correlazione diretta tra le 
densità di IG e la sintesi di DNA in vivo, coerente con le 
sottopopolazioni intraclonali con IG elevate che si sono 
divise più di recente rispetto a quelle con IG basse.  

Tuttavia, questi risultati non sono in linea con 
l’ipotesi che la divisione cellulare sia avviata principal-
mente dalla stimolazione del BCR, poiché ciò ridur-
rebbe i livelli di mIgM. Pertanto, abbiamo verifi cato se 
la stimolazione attraverso il TLR9 potesse infl uenzare la 
densità di mIG sulle cellule LLC. Dopo la stimolazione 
di 32 cloni di LLC con CpG+IL15, anti-IgM+IL4, anti-
IgD+IL4 o anti-IgM-IgD+IL4, si è osservato un aumen-
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to significativo delle mIG solo dopo l’attivazione con 
CpG+IL15; ogni stimolazione anti-IG ha portato a una 
downregolazione delle mIG.  

Infine, ci siamo interrogati sull’efficacia, in vivo ed a 
livello subclonale, degli inibitori delle chinasi coinvolte 
nella segnalazione del BCR utilizzati modernamente in 
terapia. I campioni di LLC prelevati dagli stessi pazienti, 
prima e durante il trattamento con ibrutinib (inibitore 
della Bruton’s Tyrosine Kinase: BTK), hanno mostrato 
cambiamenti intraclonali nelle densità di mIgM e nelle 
caratteristiche di dimensioni e complessità morfologica 
cellulari. Questi ultimi possono essere considerati mar-
catori di attivazione cellulare e metabolica, collegati ai 
tassi di proliferazione della LLC in vivo. Il trattamento 
con ibrutinib ha normalizzato le densità intraclonali di 
mIgM e mIgD e ha portato a una riduzione complessiva 
delle dimensioni e complessità delle cellule. Gli elemen-
ti più grandi e complessi, arricchiti di 2H e con più alta 
densità di mIG risultavano maggiormente colpiti dalla 
terapia (PF>DDF>IF>DBF>RF). 

Nel complesso, questi risultati suggeriscono che le 
cellule che hanno avuto una recente replicazione las-
ciano gli organi linfoidi secondari ed entrano in cir-
colazione come PF, da cui transitano a fenotipi con 
espressione inferiore di CD5 (DDF) o superiore di 
CXCR4 (IF e DBF). Ciascuna di queste sottopopolazio-
ni alla fine converge come RF, morfologicamente meno 
complessa, di dimensioni minori e con caratteristiche 
funzionali di quiescenza. Inoltre, poiché le densità di 
mIG nelle popolazioni di recente divisione (PF e DDF) 
sono elevate, i dati implicano che il successo della divi-
sione cellulare non è solo una conseguenza della sti-
molazione del BCR. Il coinvolgimento delle vie TLR, in 
concomitanza o in serie con la segnalazione del BCR, è 
coerente con i livelli più elevati di mIG, con l’incremento 
di dimensione cellulare e con la maggiore complessità 
intracellulare. Infine, il trattamento con ibrutinib sem-
bra colpire preferenzialmente le cellule di recente divi-
sione con elevati livelli di mIG e con caratteristiche mor-
fologiche di cellule attivate. 

In conclusione, fenotipi più complessi, che includono 
le densità di membrana sia di CXCR4/CD5 che di smIG, 
possono migliorare la nostra capacità di individuare sot-
topopolazioni leucemiche che differiscono per il tempo 
trascorso dall’ultima divisione cellulare e per la loro 
sensibilità ad interventi terapeutici. Pertanto, possono 
migliorare la nostra capacità di identificare e compren-
dere i meccanismi biologici alla base della suscettibilità a 
varie terapie, fondamentale per lo sviluppo di trattamen-
ti specifici e duraturi che agiscano nella proliferazione e 
nella maturazione delle cellule della LLC. 
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It is known that exposure to heavy metals impairs 
female fertility. Particularly, cadmium (Cd) exposure 
has been associated with an increased risk of endome-
triosis and breast and endometrial cancer. Cd exposure 
disturbed follicle development, increasing the number 
of atresia follicles [Dong et al., 2020; Qu et al., 2022]; in 
mammals, Cd presence impairs oocyte meiotic matura-
tion rate both in vivo and in vitro and alters the qual-
ity of oocytes via oxidative stress leading to a decrease 
in female fertility. Th erefore, the present study aimed to 
investigate the presence of Cd in the intrafollicular fl u-
id (FF) of women no-smokers but exposed to HMs for 
professional reasons (garbage women, crossing guard) 
or living in rural areas near landfi lls and waste dis-
posal areas and correlated the intrafollicular Cd levels 
with possible alterations in the ultrastructure of human 
cumulus-oocyte complexes (COCs).  FFs were collected 
from the two most prominent individual follicles for 
each ovary, and corresponding oocytes surrounded by 
cumulus cells (COCs) were subjected to ultrastructural 
analyses by Transmission Electron Microscopy [Migli-
etta et al., 2023]. We demonstrate that intrafollicular Cd 
levels, at nanomolar concentration, may be associated 
with morphological alteration of the oocyte ultrastruc-
ture. Moreover, COCS showed scarce active steroidogen-
ic elements, whereas regressing ones, with cytoplasmic 
alterations related to Cd, were numerous. According to 
Cd’s endocrine-disrupting activity, the poor steroidogen-
ic activity of cumulus cells might correlate with delayed 
oocyte cytoplasmic maturation. We conclude that Cd 
exposure negatively aff ects oocyte maturation, subse-
quent fertilization, and embryo development.
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Infl ammatory bowel disease (IBD) forms a group of 
idiopathic immune-mediated inflammatory conditions, 
associated with various areas of the intestinal tract(1). Th e 
main are Crohn’s disease (CD) and Ulcerative colitis (UC). 

Telocytes (TCs) are a type of stromal cells identifi ed 
in many human tissues and organs, including the gas-
trointestinal tract(2). Th ey are characterized by cytoplas-
mic extensions called telopodes. TCs play a crucial role 
in the tissue homeostasis and regeneration, they are also 
involved in the modulating the infl ammatory response 
of many pathologies(3).

S100 protein family represents the largest group of 
the Ca2+-binding protein (4). It is expressed by a vari-
ety of cell types including innate immune cells, epithe-
lial cells, and fi broblasts(5). Th is multifunctional protein 
has a regulatory role in a variety of cellular processes as 
growth arrest, apoptosis, and stimulation of cell prolif-
eration (6); furthermore, S100 protein acts as damage-
associated molecular patterns (DAMPs) and interacts 
with pattern recognition receptors (PRRs) to modulate 
proinfl ammatory responses. S100 protein may also have 
fundamental roles in gut defense or in the pathogenesis 
of IBD(7). 

In this study we evaluated the involvement of telo-
cytes, characterized with vimentin antibody and the 
expression of S100 in IBD. Th e results showed numerous 
immune cells S100 positive in the mucosal surface and 
in the connective tissue in IBD specimens as compared 
with control samples; furthermore, we have observed a 
progressive loss of TCs leading to a reduced number or 
even absence of TCs in fi brotic areas in both CD and 
UC, correlating to the severity of the disease. Some telo-
cytes co-localizing with S100 e vimentin, demonstrating 
their involvement in infl ammatory state. 

In conclusion, by referring to our previous studies 
about IBD(8), we can confi rm that the crosstalk between 
diff erent types of cells is crucial, for the maintenance of 
homeostasis and in the pathogenesis of these diseases.
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The endothelium, consisting of a single layer of 
endothelial cells, functions as a homeostatic organ that 
maintains the structure and tone of the vascular system. 
Oxysterols, products generated by cholesterol oxidation, 
are involved in endothelial dysfunction and development 
of atherosclerosis. In the last decade, some studies have 
investigated the mechanism and in vivo relevance of 
endoplasmic reticulum (ER) stress in the atherosclerotic 
process. ER redox homeostasis is crucial for the protein 
folding process and disulfi de bond formation represent-
ing a potential activator of unfolded protein response 
(UPR). Recent studies support the view that ER protein 
folding pathways are highly correlated with nitric oxide 
(NO) production and oxidative stress conditions. Recent 
evidence reported that an altered bioavailability of NO 
causes nitrosative stress (NSS), inducing S-Nitrosylation 
(SNO) of ER stress sensors, such as IRE1α and PERK
(1). Here, we described how 3β-hydroxy-5β-hydroxy-B-
norcholestane-6β-carboxaldehyde (Secosterol-B) - an 
autoxidation derivative of cholesterol found in athero-
sclerotic plaques - aff ects ER stress in human primary 
endothelial cells (HUVEC). 

Our fi ndings demonstrated that Secosterol-B trig-
gers ER stress by the activation of ATF4 and XB1s. Th e 
enlargement of ER membrane and GRP78 relocaliza-
tion from ER to the cytosol has been shown by electron 
and confocal microscopy, respectively. Besides, at early 
time Secosterol-B is able to induce the increase of ROS 
and eNOS protein expression followed by increase in 
intracellular NO production. Moreover, the induction of 
ER stress promoted by Secosterol-B brings an excessive 
accumulation of misfolded proteins as observed by con-
focal microscopy.

Taken together, our fi ndings provide new insights 
into Secosterol-B induced UPR activation and NSS pos-
sibly leading to endothelial dysfunction.  
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During pregnancy, the presence of SARS-CoV-2 
infection is associated with various negative outcomes, 
including an increased risk of pre-eclampsia, preterm 
delivery, hypertensive disorders, gestational diabetes, 
and fetal growth restriction due to the development of 
placental vascular abnormalities [1].

In our study, we examined human placenta samples 
from uncomplicated, full-term pregnancies that were 
aff ected by SARS-CoV-2 infection during the fi rst, sec-
ond, or third trimesters. Using immunohistochemistry, 
we analyzed the expression of CD34 and podoplanin 
(PDPN) as markers of vasculogenesis to identify any dif-
ferences [2]. Additionally, we investigated the correlation 
between maternal symptoms and histological changes in 
the placenta, such as fi brin deposits, lymphocyte infi ltra-
tion in the villi, edema, and thrombi.

Our fi ndings revealed the presence of PDPN expres-
sion around the villous stroma, forming a plexiform net-
work around the villous nucleus of fetal vessels. Notably, 
a signifi cant down-regulation of PDPN expression was 
observed in the villous stroma of women infected dur-
ing the third trimester. However, we did not observe any 
changes in the expression levels of CD34.

Among the common maternal symptoms experi-
enced during SARS-CoV-2 infection were fever, anos-
mia, ageusia, and asthenia. Th e majority of patients were 
treated with medications such as paracetamol, corticos-
teroids, and azithromycin. Patients requiring multiple 
symptomatic treatments displayed a substantial amount 
of fi brin deposition in the villi.

It is evident that PDPN plays a crucial role in pro-
moting healthy placental vasculogenesis and maintain-

ing proper placental physiology. Th e altered expression 
of PDPN due to SARS-CoV-2 infection indicates a dis-
ruption in normal placental function. Further research 
is needed to understand the specifi c mechanisms that 
are being aff ected in order to mitigate potential compli-
cations for both the mother and fetus, considering that 
infections will continue to occur.
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The purpose of the study is to investigate how 
antiretroviral drugs inf luence the differentiation of 
adipocytes using an in vitro adipogenesis model. Th e 
researchers focused on four integrase inhibitors (DOL, 
CAB, DOR, RIL) administered individually or in com-
bination, as well as two nucleoside reverse transcriptase 
inhibitors (NRTIs) (TAF and TDF) in combination with 
specifi c integrase inhibitors.

Were used 3T3-L1 cells, a commonly used cell line 
for studying adipocyte diff erentiation [1]. Th e cells were 
cultured in diff erentiation medium for eight days [2, 3]. 
Th e antiretroviral drugs, at a concentration of 30 μg/ml, 
were added to the diff erentiation medium on the fi rst 
day and administered daily until the fourth day of dif-
ferentiation [4]. Th e diff erentiation of the adipocytes was 
assessed using Red Oil O staining to evaluate the accu-
mulation of intracellular lipids, and western blotting to 
measure the expression levels of specifi c markers of dif-
ferentiation (PPAR� and C/EBP�).

Each integrase inhibitor, when used individually, 
induced adipocyte diff erentiation. Th is was evidenced 
by an increase in lipid droplet formation and up-regu-
lation of PPAR� and C/EBP� compared to the control 
group. Moreover, the combination of integrase inhibi-
tors showed a synergistic eff ect, resulting in enhanced 
adipocyte diff erentiation and morphological changes in 
the cells indicating a shift  towards the adipocyte pheno-
type. When TAF was combined with RIL, was observed 
an inhibition of adipocyte differentiation. There was 
a reduction in lipid droplets and down-regulation of 
PPAR� and C/EBP� compared to the control group. A 
similar, but less pronounced, inhibition was observed 
when TDF was combined with DOR.

In conclusion, the study demonstrated that both 
integrase inhibitors and nucleotide analogues can signif-
icantly induce adipocyte diff erentiation in 3T3-L1 cells. 
Combination treatments showed greater eff ects than sin-
gle drug treatments, indicating a synergistic eff ect. Inter-
estingly, TAF acted as an antagonist when combined 
with RIL and DOR, inhibiting adipocyte diff erentiation. 
Th ese fi ndings emphasize the complex eff ects of antiret-
roviral drugs on adipose tissue biology and highlight 
the need for further research to elucidate the underlying 
mechanisms of these interactions.
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Th is study aims to evaluate the Nerve Growth Fac-
tor (NGF) levels in human semen and study the locali-
zation of its receptors (p75NTR and TRKA) on testis, 
epididymis and ejaculated sperm suggesting a role of 
this molecule on human male reproductive function.

Semen samples were collected from 21 individuals 
(31-40 y) subdivided as following: varicocele (n=7); uro-
genital infected (n=7) and control group (n=7). Semen 
samples were microbiologically tested, stained for leuko-
cyte identifi cation, and analyzed for the classical param-
eters: concentration, motility, morphology, and viability 
(evaluated according to WHO guidelines). Th e amount 
of seminal NGF, IL-1β and F2-Isoprostanes (F2-IsoPs) 
was dosed, and the gene (qPCR) and protein (f low 
cytometry and western blot) expression of NGF recep-
tors on sperm cells were tested. Immunofl uorescence 
analysis of NGF receptors on ejaculated sperm, testis 
and epididymal tissues was performed.

As expected, control group showed normal param-
eters compared to infection and varicocele groups. In 
addition, signifi cant reduced levels of NGF, F2IsoP and 
IL-1β were detectable when controls were compared to 
pathological groups. Notably, in normal sperm, TrKA 
and p75NTR were both localized in the entire tail, more-
over TrKA in the postacrosomal sheath.

Their localization appeared different in altered 
sperm, in particular a strong signal was detected in the 
midpiece, presence of cytoplasmic residue or coiled tails.

Th ese results were also confi rmed by other tech-
niques. In line with these fi ndings, NGF receptors were 
both strongly expressed in epididymis and in interstitial 
tissue of testis.

Th ese preliminary data may indicate an involve-
ment of NGF and its receptors in human sperm physi-

ology and pathology suggesting a role for new targeted 
therapies.
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Changes in lamin levels and nuclear lamina-associat-
ed proteins are associated with poor prognosis in several 
cancers1. Th e interaction between lamins and LINC (link-
er of nucleoskeleton and cytoskeleton) complex proteins 
mediates the transmission of mechanical stimuli from the 
extracellular matrix to the nucleus, resulting in chroma-
tin reorganization and gene expression regulation2,3. Th is 
interaction modulates epigenetic mechanisms which con-
trols cell diff erentiation. Several pieces of evidence identi-
fi ed the LINC complex as a crucial factor involved in mes-
enchymal stem cells (MSC) commitment2,4, while lamins 
are already known to have a role in inducing MSC diff er-
entiation towards osteogenic lineage5,6. 

For these reasons our aim was to investigate the role 
of LINC complex in normal and pathological diff eren-
tiation in bone sarcomas. We already demonstrated that 
lamin A levels were signifi cantly reduced in osteosar-
coma (OS), compared to diff erentiating osteoblasts7, and 
that the overexpression of lamin A pushes Ewing sar-
coma cells to a more diff erentiated phenotype, rescuing 
LINC complex8. 

Here, we assessed the expression and localization of 
LINC complex proteins during human osteoblast diff er-
entiation, compared to osteosarcoma. We found a sig-
nifi cant increase in lamin A expression in both models 
during diff erentiation, accompanied by a strong increase 
in the expression of SUN1, Nesprin 2, and Emerin. 
Interestingly, these modulations were observed already 
aft er 24 hours of diff erentiation in normal osteoblasts, 
while in OS cells, the increase of SUN1 and Emerin was 
evident only aft er 7 and 14 days of diff erentiation, with a 
partial rescue of the LINC complex. Th e comprehension 
of how to repristinate physiological nuclear envelope 
dynamics will be particularly relevant for these tumors, 
aberrantly stopped in their process of diff erentiation 

and where diff erentiation-based non-toxic strategies are 
urgently needed.
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Obesity is a pathological condition involving a high 
percentage of the world population, which oft en consti-
tutes an important risk factor for cardiovascular patholo-
gies and diabetes. Th e induction of the browning process 
has been identifi ed as a promising anti-obesity therapy. 
By that, the discovery of new and specifi c markers for 
transdiff erentiation could be useful for anti-obesity treat-
ment. Sarcoglycans are transmembrane glycoproteins 
which link each other to form the sarcoglycans sub-com-
plex. Sarcoglycans have been mainly studied on muscle 
tissue but they aren’t muscle specifi c; in particular, their 
presence has also been highlighted in adipose tissue. Pre-
vious data have shown that the absence of sarcoglycans 
determines insulin resistance and glucose intolerance. 
Due to the hypothetical role of sarcoglycans in adi-
pose tissue we aimed to investigate the involvement of 
these proteins in obesity condition. We tested sarcogly-
cans expression in adipose tissue of obese Male Zucker 
Crl:ZUC-Leprfa rats before and after treatment with  
anti-obesity natural drugs products such as lycopene and 
hydroxycitric acid obtained from Garcinia Cambocia 
fruit; samples of visceral adipose tissue were treated for 
molecular and immunohistochemical techniques. Our 
results show that all sarcoglycans decrease in adipose tis-
sue of obese mice and increase aft er anti-obesity treat-
ment. Th ese data suggest us that sarcoglycans could play 
a role as protective markers against obesity.
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Cardiac development is a complex process, con-
sisting of heart tube formation, looping and septation. 
Disruption at any point during primary morphogenesis 
results in a large spectrum of congenital heart defects1. 
Endocrine disruptors (EDs), such as bisphenol A (BPA) 
pass the placenta and deposit to embryo and fetal tis-
sues, calling for risk assessment of gestational expo-
sures2. 

Given that it is still diffi  cult to establish a causal link 
between the BPA exposure during pregnancy and poten-
tial eff ects on embryos development, this study focus on 
the BPA exposure during the highly sensitive cardiac 
developmental stages, highlighting sex-related dispari-
ties, in order to understand if and how sex-based fea-
tures could advance the study of cardiovascular chemi-
cal-induced diseases. 

Pregnant C57BL/6 mice were exposed to BPA (4 μg/
kg/day) via gavage administration from embryonic day 
0.5 (E0.5) to E14.5. Prenatal BPA exposure leads to an 
increase of embryo and liver weights in both male and 
female E14.5 embryos compared to the controls (treated 
with 0.1% EtOH).

Micro-computed tomography (μCT) showed a 
decreased heart/embryo volume ratio in female BPA-
treated embryos. In particular, female embryos BPA-
treated displayed a signifi cant reduction of atria volume 
and an increase of ventricles volume compared to the 
female controls. Conversely, male embryos did not show 
any signifi cant diff erence in morphological heart param-
eters, except for a 12% increase in interventricular sep-
tum (IVS) thickness similar to what observed for female 
BPA-treated embryos. Th ese sex-related diff erences were 
linked to a specifi c modulation in heart transcriptome 
and metabolome in response to BPA exposure.

Based on these preliminary results, this research 
suggests that prenatal exposure to BPA could specifi cally 

lead to morphological sex-specifi c changes during the 
embryonic heart development and could clarify the toxic 
eff ects of BPA on cardiac development during embryo-
genesis. 
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In 2007, during urban works in Sassari city centre, 
in front of San Nicola cathedral, was brought to light a 
medieval cemetery area, with diff erent multiple deposi-
tion. Th is cemetery has undergone anthropological study, 
to defi ne biological profi le and presence of pathologies, at 
the paleo-anthropological laboratory of the Department 
of Biomedical Sciences at the University of Sassari.

A recent analysis of the presence of arthritis in those 
individuals has brought to light a high incidence of spon-
dylarthritis compared to other anatomical regions. Th is 
high incidence had some consequences in upper and low-
er limbs, but just like a higher presence of enthesis. 

Th e situation appears diff erent compared with  sites 
in the same area in previous age when arthritis of limbs 
was more frequent. In fact, 5% of cervical vertebrae pre-
sent were pathological, a higher percentage for thoracic 
(20%) and lumbar vertebrae (27%) in the medieval age, 
only 2% of cervical and thoracic and 10% of lumbar 
vertebrae in the previous age; considering individuals 
present in cemetery areas, 12% of medieval people were 
pathologic and only 1% of previous age people were. 
Th is change in body region can be related to a dissimilar 
occupational stress, hypothetically related to a change of 
lifestyle between urban medieval society and previous 
non-urban societies in the ancient ages.

This hypothesis can be confirmed by analysing 
anthropological data that comes from another medi-
eval local site, a cemetery area of San Michele, Alghero, 
where spondylarthritis is anyway incident. 
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Galectin-3 (Gal-3) is a pleiotropic lectin that regu-
lates multiple cellular processes in a multitude of tissue 
types. In bone, depending on its cellular localization, 
Gal-3 has a dual and opposite role: if on the one hand, 
intracellular Gal-3 promotes bone formation, on the 
other, its circulating form antagonizes osteoblast dif-
ferentiation and increases osteoclast activity. In the pre-
sent study, we demonstrate that Gal-3 is released into 
the extracellular environment from myoblast cells dur-
ing diff erentiation into myotubes. Moreover, by way of 
a direct co-culture in vitro system simultaneously com-
bining the growth of myoblast and osteoblast cells, we 
unveil the Gal-3 role as a mediator of muscle-to-bone 
crosstalk. Proteomic and biochemical analyses revealed 
that, at the molecular level, secreted Gal-3 modulated the 
fi rst biochemical processes occurring in the early phases 
of bone formation, impairing the activity of STAT3, and 
PDK1/Akt signaling pathways, and at the same time trig-
gering that one of NOTCH1. Circulating Gal-3 was also 
able to aff ect the expression of the most common factors 
involved in bone remodeling processes, including BMP-
2, -6 and -7. Intriguingly, Gal-3 was able to interfere with 
the ability of diff erentiating osteoblasts to interact with 
components of the extracellular bone matrix, a crucial 
condition required for a proper osteoblast diff erentiation. 
All in all, suggesting an antagonizing role for Gal-3 in 
the early phase of bone remodeling in an in vitro model, 
our evidence lay the foundation for further studies aimed 

at presenting this protein as a novel putative myokine 
involved in muscle-to-bone crosstalk.

Keywords: Galectin-3; muscle-to-bone crosstalk; 
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The sarcoglycan subcomplex (SGC) is a trans-
membrane protein system, important in the interac-
tion between the extracellular matrix and cytoskel-
eton, SGC plays a key role at the cell membrane and is 
crucial in maintaining sarcolemma viability in muscle 
fi bers. Th e sarcoglycan subcomplex (SGC) is a system 
connected laterally with the dystroglycan subcomplex, 
and is formed by a group of transmembrane glycopro-
teins, in which six isoforms are recognized: α, β, γ, 
δ, ε and ζ. Th e α, β, γ and δ subunits were discovered 
fi rst, while the ε and ζ were discovered more recent-
ly. Many studies have shown that the subunits of this 
complex were not all present in the various tissues, 
for example in skeletal muscle and cardiac muscle, the 
sarcoglycan complex (SGC) is made up of α, β, γ and 
δ-sarcoglycans, while in ε-SG smooth muscle replaces 
α-SG (48,21,8). Furthermore, other studies have been 
able to refute, for example, that the levels of β-, δ- and 
ε-SG are elevated in the lungs; modest in brain, heart, 
muscle and skeletal muscle; poorly expressed in the 
liver and kidneys. Th e aim of this study was to evalu-
ate for the fi rst time in the literature the presence of 
sarcoglycans in cartilage tissue. Th e following methods 
were used for this study human primary chondrocytes   
were obtained from Scien Cell™ Research Laboratories 
(Carlsbad, CA, USA). Cells were cultured in 75  cm2

plastic fl asks containing 15 ml of the specifi c chondro-
cyte medium with 2,5% FBS, l-glutamine (2.0 mM), 
and   a mixture of penicillin/streptomycin (100 U/mL, 
100 mg/mL). Cells were incubated at 37 °C in humidi-
fi ed air with 5% CO2. Experiments were performed 
using chondrocyte cultures between the third and fi ft h 
passages. Th e data coming from the preliminary results 
confi rm what was stated in our previous works, that 
sarcoglycans are ubiquitous proteins which, based on 
their localization, play a specifi c role.
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Although the hypoxia-inducible factor (HIF)-1α 
has been highlighted as a regulator of the functionality 
of the resident skeletal muscle stem cells namely satel-
lite cells (SCs), its spatio-temporal expression and its 
role in SCs undergoing myogenic diff erentiation remain 
controversial. HIF-1α represents the oxygen-sensitive 
subunit of the transcriptional factor HIF, that is usu-
ally degraded in normoxia and stabilized in hypoxia to 
translocate to the nucleus and regulate its target gene 
expression. However, in SCs an oxygen level-independ-
ent regulation of HIF-1α expression and activation has 
been observed, thus suggesting a role of such protein in 
skeletal muscle physiological functions and homeostasis. 
Here we aimed to further investigate the role of HIF-1α 
in murine C2C12 myoblasts and primary SCs undergo-
ing myogenic diff erentiation under normoxia conditions. 
Furthermore, based on the reported role of metallopro-
teinase (MMP)-9 in myogenesis, we evaluated MMP-9 
as an HIF-1α downstream eff ector. We fi rst showed that 
the cells underwent metabolic reprogramming during 
diff erentiation: proliferating myoblasts mainly depends 
on glycolytic energy production whereas myotubes show 
a superior aerobic capacity. We found that: i) HIF-1α 
expression synchronized with that of MMP-9 and of the 
myogenic activation marker MyoD, increasing aft er 24 h 
of diff erentiation, ii) MMP-9 was a target of HIF-1α and 
iii) HIF-1α/MMP-9 axis was required for myoblast myo-
genic commitment, as judged by gene silencing experi-
ments and morphological, biochemical and electrophysi-
ological analyses. In conclusion, we showed HIF-1α/
MMP-9 axis involvement in the early phases of skeletal 
myoblast diff erentiation.
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Cancer cachexia is a paraneoplastic syndrome char-
acterized by skeletal muscle atrophy leading to pro-
nounced weight loss and poor prognosis, and responsible 
for about 20% of all cancer-associated deaths. Effi  cacious 
treatments for cancer cachexia are still lacking. We dem-
onstrated that, in cancer conditions, the overexpression 
and chronic activation of RAGE (receptor for advanced 
glycation end-products) sustain all hallmarks of cachex-
ia. Genetic ablation of RAGE (Ager−/− mice) translates 
into reduced serum levels of proinfl ammatory cytokines, 
delayed loss of muscle mass and strength, reduced tumor 
progression, and increased animal survival aft er tumor 
injection. Th us, RAGE appears as a potential molecular 
target to counteract cancer-induced cachexia. We inject-
ed Lewis lung carcinoma (LLC) cells in C57Bl/6 mice 
and treated them with intraperitoneal injections of the 
RAGE inhibitors, FPS-ZM1, Azeliragon (TTP488), RAP 
(RAGE antagonist peptide) or papaverine, or the S100B 
(a RAGE ligand) inhibitor, pentamidine, from the day of 
tumor appearance until 25 days post-injection. We found 
that only papaverine was able to strongly prolong animal 
survival and reduce the loss of body and muscle weights, 
muscle protein degradation, and activation of the pro-
teolytic systems in LLC-bearing mice. Conversely, Aze-
liragon and pentamidine showed toxic eff ects, inducing 
premature death in tumor-bearing mice; and, FPS-ZM1 
and RAP did not show signifi cant eff ects in terms of pro-
tection against muscle wasting. Th us, inhibiting RAGE 
with the use of papaverine appears as a promising phar-
macological strategy for anti-cachectic purposes.

Keywords: cachexia; muscle wasting; RAGE; papaverine; 
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Down syndrome (DS) is a genetically based disease 
caused by triplication of chromosome 21. DS, which 
aff ects approximately 1 in 700 newborns in humans, is 
characterized by multi-system premature aging associat-
ed with severe muscle weakness, defi cits in motor coor-
dination, balance and postural control. 

Th e extracellular matrix (ECM) is a dynamic com-
partment that structurally and functionally supports 
the myofi bers of skeletal muscle. Th e ECM is involved 
in muscle development, growth/repair and transmission 
of contractile force. Th erefore, alterations in the normal 
remodeling of the ECM can have an impact on the func-
tional properties of skeletal muscle.

Using a morphological, morphometrical and immu-
nocytochemical ultrastructural approach, the study 
investigated the eff ect of adapted physical training on the 
ECM characteristics of vastus lateralis muscle of Ts65Dn 
mouse, a murine model of DS, and whether the forecasted 
exercise-induced ECM remodeling impacts on sarcomere 
organization, Z-lines alignment and distribution/abun-
dancy of telethonin (Z-line molecule that anchors titin 
and maintains sarcomere architecture). Ultrastructural 
morphometry and immunocytochemistry demonstrated 
some interesting parallels between trisomy and aging: tri-
somic sedentary mice showed a thicker basement mem-
brane, larger collagen bundles with increased interfi bril-
lar spacing, as well as irregular registration of sarcomeres 
and lower telethonin density on Z-lines than their seden-
tary euploid counterparts. Th e ECM was remodeled by 
adapted physical training in both trisomic and euploid 
mice: collagen bundles enlarged in association with 
hypertrophy of collagen fi brils and reduced interfi brillar 
spacing. Moreover, in trisomic mice the sarcomeres rea-
ligned and telethonin density increased at the Z-line. 

Altogether the fi ndings suggest that physical train-
ing may be an eff ective tool to limit and counteract mus-

culoskeletal anomalies associated with trisomy, and pro-
vide a solid experimental background for further study 
on the possible positive eff ect of physical training on 
skeletal muscle performance.
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Phosphoinositide-specific phospholipase C (PLC) 
family groups enzymes that hydrolyze the head group 
of inositol phospholipids producing two intracellular 
messengers: inositol-1,4,5-triphospate (IP3) and diacyl-
glycerol (DAG). Th irteen PLCs are known in mammals, 
categorized in six isotypes (β, γ, δ, ε, ζ, and η) depend-
ing on similar structural characteristics [1]. PLCs usually 
localize at the cytoplasmic membrane due to the activ-
ity of phospholipid hydrolysis. PLCs can also be found 
within the nucleus, in podosome-like structures and in 
vesicles [2, 3]. Much scientifi c evidence suggested that 
PLC enzymes are involved in human osteoblasts (hOb) 
diff erentiation, especially PLC-β1 [4]. 

In the present study, in order to modulate the PLCs, 
U73122 aminosteroid was used as a specifi c molecular 
inhibitor of PLCs [5]. U73122 bears several off -target 
eff ects, as it is involved in several signaling pathways not 
related to PLCs, such as the extracellular ions affl  ux or 
the estrogenic eff ect, due to the structural similarity of 
U73122 compared to 17β-estradiol. U-73122 off -target 
also acts upon the regulation of PLC genes’ expression, 
downregulating or upregulating genes depending on the 
isotype and on the type of tumor, with special regard to 
human osteosarcoma [6,7].

In order to investigate the eff ects of U-73122 upon 
hObs’ diff erentiation, cells were treated with low dose 
U73122 (10µM), and PLC genes’ expression and PLCs’ 
intracellular localization were investigated. 

Our results confi rmed literature data excluding cell 
toxicity of U73122, and indicated no diff erence in hObs 
growth aft er 10µM U73122 exposure. We observed that 
hObs expressed all the PLC genes, with the exception 
of PLCD3 both in freshly thawed and cultured cells. 
Apparently, U73122 had no ON/OFF eff ects upon the 
transcription of PLC genes, and aff ected the intracellu-
lar localization of PLC enzymes instead, as PLCs were 

observed in cell protrusions derived from plasma mem-
branes, and in the endoplasmic reticulum. 
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Individuals at risk of developing rheumatoid 
arthritis (RA) can be identifi ed preclinically by the 
presence of autoantibodies and a combination of 
symptoms, while clinical arthritis is still absent (clini-
cally suspected arthralgia, CSA). Th e presence of sub-
clinical infl ammation at the (teno)synovial level is an 
independent risk factor for the development of RA, 
but to date no data are available on the cellular and 
molecular composition of the (teno)synovium of CSA 
who will develop RA. Only very limited studies have 
investigated the synovial tissue characteristics of indi-
viduals with CSA that showed no evidence of histo-
logically proven synovial inf lammation. This study 
was designed using an innovative methodological 
approach combining diff erent spatial transcriptomics 
and multifunctional imaging technologies. Minimally 
invasive ultrasound-guided procedure was developed 
to retrieve good quality samples to be used in transla-
tional studies and will be used to collect (teno)synovial 
tissue from patients with CSA and treatment-naïve RA 
patients. We intend to create a comprehensive cellu-
lar and molecular atlas of (teno)synovium in diff erent 
clinical stages of RA aiming to identify novel potential 
biomarkers for treatment decision-making in the man-
agement of RA pathogenesis1,2. Furthermore, the use of 
novel in vitro migration assays will dissect how adhe-
sion molecules, such as certain isoforms of CD443-4, 
are involved in tissue traffi  cking of immune cells infi l-
trating (teno)synovial tissue in the preclinical phase of 
RA. Th e aim of this methodological approach is to (i) 
generate a comprehensive cellular and molecular atlas 

of the (teno)synovium and blood of CSA individuals at 
risk of developing RA and (ii) discover molecular tar-
gets for the development of future therapies to counter-
act the pathogenic processes leading to chronic infl am-
mation, in the context of the precision medicine.
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Adult skeletal muscle possesses the ability to regen-
erate lost damaged tissue mainly thanks to the activity 
of a small population of resident stem cells, namely sat-
ellite cells (SCs). In the case of chronic or severe damage, 
the functionality of SCs may be compromised by the 
occurrence of an aberrant fi brotic reparative response. 
Strategies aimed to improve the muscle intrinsic regen-
erative capacity while limiting the excessive deposition 
of fi brotic tissue may be promising. In this perspective, 
photobiomodulation (PBM) (i. e. application of light 
with 400-1100 nm wavelength using diff erent laser or 
LED devices, power density less than 100 mW/cm2 and 
energy density less than 10 J/ cm2 at target) may repre-
sent a valid option based on its well-known pro-regen-
erative eff ects and increasing evidence of its antifi brotic 
potential. However, results on the PBM actual benefi ts 
on skeletal muscle are controversial and light-tissue 
interactions need to be better elucidated.

To this aim we evaluated the eff ects of a treatment 
of red PBM (laser diode 635±5 nm, energy density: 0.4, 4 
and 8 J/cm2, single exposure) on myoblastic cells under-
going diff erentiation and on diff erentiated cells (myo-
tubes). Preliminary results obtained by morphological 
analyses (cell viability, myogenic markers, myotubes) 
and electrophysiological investigations (cell membrane 
passive properties and ion currents) suggest the capa-
bility of red PBM to positively aff ect myoblast diff eren-
tiation. At the same time, PBM treatment did not alter 
myotube viability and dimension. Experiments are 

ongoing to explore the eff ects of red PBM on mitochon-
dria and on myoblasts induced to diff erentiate on a liq-
uid crystalline network used as a cell instructive scaff old 
to support a correct myogenic diff erentiation.

Keywords: skeletal muscle; satellite cell; photobiomodula-
tion; myoblast diff erentiation
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Advanced glycation end-products (AGEs) are non-
enzymatic adducts, especially glycosylated proteins, 
endogenously formed in oxidative stress and aging con-
ditions, or introduced with the diet (dAGEs) by con-
sumption of ultra-processed and high sugar/fat foods 
typical of Western diet (WD). AGEs damage tissues by 
altering proteins’ function or by interacting with their 
receptor, RAGE, leading to generation of reactive oxy-
gen species and amplifi cation of infl ammation. AGEs/
RAGE signaling sustains the progression of many dis-
eases. High levels of AGEs have been associated with 
muscle wasting (MW) associated with aging and sev-
eral human diseases, including cancer (cachexia). Here, 
we report that the consumption of WD containing high 
dAGEs induces MW in adult mice. Indeed, muscles of 
WD- vs standard diet (SD)-fed mice showed: i) a signifi -
cant weight reduction concomitantly with high presence 
of atrophic myofi bers; and ii) upregulation of RAGE and 
the ubiquitin ligase, atrogin-1. In accordance, the prin-
cipal endogenous AGE, AGE-bovine serum albumin 
(BSA), and the exogenous AGE, methylglyoxal (MG) 
induced myotube atrophy in vitro. Vaccinium macro-
carpon (VM) standardized dry extract: i) dramatically 
counteracted AGE formation; ii) increased myotube size 
and viability; iii) counteracted the reduction of myotube 
diameter and MyHC-II degradation induced by AGE-
BSA or MG; iv) preserved myotube trophism in the pres-
ence of pro-infl ammatory cytokines (TNF-α), or cachec-
tic factors secreted by Lewis lung carcinoma (LLC) cells, 
as in vitro models of cachexia, by reducing AGEs accu-

mulation. Collectively, these data suggest that VM has 
the property of blunting dAGE formation/activity and 
might be used as a food supplement to prevent WD-
dependent detrimental eff ects in muscles, also in cancer 
conditions.
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Th e age-associated osteosarcopenia (OS) is an emerg-
ing geriatric giant syndrome characterized by concomi-
tant deterioration of bone (osteopenia) and skeletal mus-
cle (sarcopenia) tissues increasing the risk of falls, fragili-
ty and mortality. A chronic low-grade infl ammatory state 
in aging is a determinant common pathogenetic factor 
for the progression of sarcopenia and osteoporosis. 

An unbalanced bone remodeling process, in which 
excessive resorption is followed by inadequate deposi-
tion of new material, is the main cause of bone micro-
architecture deterioration in osteoporosis. Excessive 
protein breakdown and reduced protein synthesis, espe-
cially type II myosin heavy chain (MyHC-II), together 
with myofi ber shift  towards oxidative type, are mainly 
responsible for loss of muscle mass and strength in sar-
copenia. Equisetum arvense (EQ) is traditionally rec-
ommended for treating many pathological conditions, 
due to its anti-infl ammatory eff ects. We administered 
for 3 months a standardized dry extract of EQ in pre-
geriatric (21-month-old) C57BL/6 WT mice, as an ani-
mal model of OS. We found that during aging EQ: i) 
preserves muscle performance and mass, myofi ber area, 
and MyHC-II expression; ii) restrained oxidative shift  of 
myofi bers, and muscle infl ammation; iii) reduced loss of 
bone volume and surface, trabecular thickness and con-
nectivity density; and iv) maintains microarchitecture 
and reduces the levels of proinfl ammatory cytokines in 
the spleen. Collectively, our data identify EQ as the fi rst 
natural compound able to preserve both muscle func-

tionality and bone microarchitecture and metabolism 
during aging by restraining the infl ammatory state in 
muscle and spleen. Th us, EQ might represent a potential 
intervention for OS, which is an unresolved and urgent 
health problem due to the growing life expectancy.
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In the last years, the progressive aging of population 
and the increasing incidence of musculoskeletal diseases 
has led to solutions for overcoming the limitations of 
autologous transplantation and bone substitutes. One of 
the main concerns in the clinical scenario is the disrup-
tion of vascularization following critical size fractures 
that causes the inability to repair spontaneously. In fact, 
a functional vascular network is a necessary pre-requisite 
to allow the regenerative processes, particularly osteo-
genesis. Bioactive glasses (BGs) are a class of synthetic 
materials that exhibit outstanding properties, such as 
osteoconductive abilities1, and anti-bacterial activity. In 
particular, the 45S5 Bioglass® had stood for its capacity 
to form a chemical bond with bone, while stimulating 
osteoprogenitor cells at genetic level. However, 45S5 has 
the tendency to crystallize during the thermal treatments 
that are necessary to the fabrication of porous scaff olds 
for regenerative medicine applications2. To overcome this 
challenge, two novel BGs, namely BGMS10 and Bio_MS, 
were designed by adding strontium and magnesium. 
Th ese BGs had demonstrated osteogenic abilities, sup-
porting bone cell adhesion, colonization and diff eren-
tiation in vitro better than 45S53,4. In this study, BGMS10 
and Bio_MS, together with 45S5, were tested for their 
angiogenic potential by means of the Chorio-Allantoic 
Membrane (CAM) assay. Th is simple and versatile model, 
simulating the in vivo conditions but in compliance with 
the 3Rs’ principle for animal experimentation (Replace-
ment, Reduction, Refi nement)5, acts as a natural biore-
actor that could rapidly predict the angiogenic potential 
of the graft ed materials. Th e BGs, both in the form of 
granules and scaff olds, were evaluated at a morphologi-
cal level (count of the neo-formed vessels and histological 
evaluations) and molecular level (expression of genes that 

have a role in angiogenesis): preliminary observations 
show that granules seem to be more angiogenic than 
their relative scaff olds.
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Th e suprapatellar fat pad (SFP) is an adipose tissue 
of the anterior knee with a debated role in osteoarthri-
tis (OA). As anatomy drives the function, the aim of this 
histotopographic study was to elucidate the SFP morpho-
logical characteristics versus the IFP in absence of OA, 
for a comparative analysis. Human SFP and IFP tissues 
underwent microscopical/immunohistochemical staining 
and transmission microscopy analysis (TEM); thus, ves-
sels and nerve endings, lobuli, adipocytes features, septa, 
extracellular matrix proteins were focused. Multiphoton 
microscopy was also adopted to determine collagen fi b-
ers orientation. Th e absence of infl ammation was con-
fi rmed, and comparable counted vessels/nerve endings 
were shown. Like the IFP, the SFP appeared as a white 
adipose tissue with lobuli and septa similar in diameter 
and thickness, respectively. Tissue main characteristics 
were also proved by semithin sections and TEM analysis. 
Th e SFP showed roundish adipocytes with a smaller area/
perimeter/major axis than that of the IFP; the collagen 
fi bers surrounding them showed no signifi cant diff erence 
in collagen type I and signifi cantly higher values for colla-
gen type III in the IFP group. As for the septa, elastic fi b-
ers were statistically comparable between the two groups, 
even though more represented by the SFP. Total collagen 
was signifi cantly higher in the IFP and comparing colla-
gen type I and type III they were similarly represented in 
the whole cohort, despite collagen type I appeared to be 
higher in the IFP than in the SFP and vice versa for col-
lagen type III. SHG microscopy and coherency calcula-
tion assessed an anisotropic distribution of septa collagen 
fi bers. From a mechanical perspective, the diff erent mor-
phological compositions determine a major stiff ness of 
IFP versus the SFP. Th is study provides, for the fi rst time, 
a SFP topographic description versus the IFP; diff erences 
between the two groups may be ascribed to a diff erent 
anatomical location within the knee.
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COVID-19 pandemic caused by the Severe Acute 
Respiratory Syndrome-Coronavirus-2 (Sars-Cov-2 virus) 
emerged in late 2019 as the biggest global health emer-
gency in recent decades. Patient response to Sars-Cov-2 
infection is very diversifi ed and depends on a series of 
factors (age, gender, the co-presence of cardiovascular 
pathologies, co-morbidities such as diabetes and obe-
sity). Current immunological research is still trying to 
understand the reasons for this strong diversifi cation of 
patient reaction and a key role in the response to infec-
tion is thought to be played by the cells of the innate 
immune system like Natural Killer (NK) lymphocytes. 
Based on that, this study performed a single-cell multi-
omics analysis of transcripts and proteins of NK lym-
phocytes in COVID-19 patients, for the characterization 
of the innate immunological response to infection.

NK cells were isolated from peripheral blood sam-
ples collected from adult subjects divided into 3 study 
groups: 1) non-infected subjects (Naïve group, n=3), 2) 
post COVID-19 convalescent subjects (Healed group, 
n=3) and 3) patients that were vaccinated against Sars-
Cov-2 (Vaccine group, n=3). Cells were then analysed 
by the BD Rhapsody System for the single-cell multi-
omics investigation of membrane proteins and transcrip-
tome. Th e bioinformatic analysis identifi ed 5 cell clus-
ters which diff erentially expressed gene/protein markers 
which defi ned NK cell subsets as “Active NK cells” and 
“Mature NK cells”. Calculating the relative proportion 
of each cluster within patient groups, more than 40% 
of the Naïve group cell population was found to belong 
to Mature NKs, whereas more than 75% of the Vaccine 
group cell population belongs to the cluster of Active 
NKs. Many diff erentially expressed genes (DEGs) were 
detected comparing the profi le of the 3 patient groups, 
suggesting the possibility to identify novel biomarkers 

for clinical-diagnostic use of non-specifi c resistance to 
Sars-Cov-2 infection and/or re-infection.

Keywords: innate immune response; Natural Killer lym-
phocytes; COVID-19; multi-omics analysis; Rhapsody 
System



Italian Journal of Anatomy and Embryology 127(1) Supplement: 211, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

A fl uid dynamic system to test diff erent kinds of compounds on human 
skin explants

Andrea Galvan1, Manuela Malatesta1, Elisabetta Esposito2, Laura Calderan1

1Sezione Anatomia e Istologia, Dip. Neuroscienze, Biomedicina e Movimento, Università degli Studi di Verona
2Dip. Di Scienze Chimiche, Farmaceutiche e dell’agricoltura, Università di Ferrara

Th e study of biological barriers is always of great 
importance in various research fi elds: in the study of 
the impact of pollutants or in the assessment of the bio-
availability of compounds for both pharmaceutical and 
cosmetic use. Of great importance is the morpho-func-
tional characterization of biological barriers in relation 
to their function and possible pathological alterations. 
Especially in the biomedical fi eld, the design, synthe-
sis and production of new formulations is focused on 
delivering drugs to their site of action more effi  ciently, 
increasing their bioavailability and bypassing biological 
barriers, such as the skin. In this study, the ability of dif-
ferent types of compounds to penetrate human skin was 
tested by exploiting an in vitro model using human skin 
samples immediately aft er explantation and incubated in 
an innovative fl uid-dynamic system1,2. Diff erent types of 
compounds were evaluated such as a particular kind of 
nanovesicles, already characterised 3,4,5 (ethosomes and 
transethosomes, phosphatidylcholine and polysorbate-
based nanoconstructs with average diameters of 100-350 
nm) or diff erent formulations of hyaluronic acid. Each 
compound was applied topically to human skin explants 
kept in a bioreactor for up to 24, 48 and or 72 hours, a 
time frame in which tissue integrity is optimally pre-
served1,2. Th e eff ectiveness of penetration into the deep 
layers of the skin was tested with bright-fi eld microsco-
py and scanning and transmission electron microscope 
analysis. Th e results showed that all the diff erent com-
ponents were able to penetrate the skin while preserv-
ing its structural integrity, but reaching diff erent levels 
of depth. Th e ability to reach the diff erent skin layers 
depends essentially on the physico-chemical character-
istics of each compound. Th erefore, our dynamic skin 
model not only demonstrated its suitability to act as a 
biological barrier in vitro, but provided original insights 
into the effi  cacy of diff erent types of formulations for 
topical administration.
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Myotonic dystrophy type 1 (DM1) is a genetic disor-
der characterized by a progressive dysfunction of multi-
ple organs and tissues, one of the most severely aff ected 
tissues being skeletal muscle. Currently no therapies 
are available and the treatments are administered to 
only manage the symptoms. Pharmaceutical research 
is evaluating the capability of small molecules, such as 
pentamidine (PTM), to mitigate the pathological hall-
marks of DM1. However, despite its promising therapeu-
tic eff ect, PTM has limited applicability due to its high 
systemic toxicity. To overcome this limitation, hyalu-
ronic acid-based polymeric nanoparticles (HA-NP) have 
been developed [1], and their features and eff ects have 
been evaluated by microscopy techniques. Morphologi-
cal analyses performed through transmission electron 
microscopy (TEM) and cryoelectron microscopy (Cry-
oTEM) showed the rounded shape and size (around 200 
nm) of HA-NPs. TEM analysis demonstrated that HA-
NPs were rapidly internalized into cultured C2C12 mus-
cle cells via endocytosis, then they escaped endosomes 
and occurred free in the cytosol without causing cell 
organelle damage or alteration. Moreover, conventional 
fl uorescence microscopy proved that HA-NPs loaded 
with PMT are able to reduce nuclear foci (a hallmark 
of DM1) in C2C12 cells transfected with altered human 
genes responsible for this dystrophy. Conventional and 
confocal microscopy were also used to visualize the 
biodistribution and targeting effi  cacy of NPs injected 
into explanted murine skeletal muscles, showing an 
effi  cient NPs internalization within skeletal muscle fi b-
ers at both short and long incubation time. Further-
more, NPs were found to be homogeneously distributed 
into the entire muscle suggesting that NPs were able to 
move into myofi bers [2]. Th e results obtained from this 
work underline the potential of the nanotechnological 
approach to mitigate the DM1 pathology. 
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The process of skin wound healing after dam-
ages appears to be a complex biological process, which 
involves the interaction of cells, extracellular matrix and 
growth factors. It has been demonstrated that simulated 
microgravity impaired the process of skin regeneration 
aft er injury and for this reason astronauts injured in 
space have a harder time healing [1]. Recent advance-
ment in the fi eld of molecular biology has demonstrated 
that small non-coding microRNA (miRNA) can have a 
broad eff ect on gene expression networks and play a key 
role in cellular response to environmental stresses [2]. 
For this reason, we tried to analyse how the simulated 
microgravity could perturbate the expression of some 
miRNAs and genes involved in the process of wound 
healing. Simulation of µg was achieved by a rotary cell 
culture system (RCCS), in collaboration with ASA Cam-
pus (Florence, Italy). A human cell line of keratino-
cytes (HACAT cells) was exposed to modeled µg for 24 
and 72h and the miRNAs analysed were: miRNA 21-5p
(involved especially in re-epithelialization), miRNA 
31-5p (it acts as an inhibitor of proliferation and migra-
tion of keratinocytes) and miRNA 203a (most expressed 
in the skin). In addition to miRNA previously described, 
we also performed qRT-PCR on CK1 and CK10 genes, 
the prominent suprabasal skin differentiation mark-
ers. Th e expression of miRNAs and keratin genes were 
strongly infl uenced by simulated μg, in particular at 72h 
there is a signifi cant up-regulation of miRNA 21-5p and 
miRNA 203a, and a down-regulation of miRNA 31-5p 
with respect to HACAT cells exposed for only 24h. 
Regarding CK1 and CK10 genes, the expression was sig-
nifi cantly reduced in HACAT cells exposed to simulated 
μg for 24 and 72h. Based on these results, we can con-
clude that simulated microgravity by RCCS can signifi -

cantly aff ect the expression of stress-related miRNAs in 
HACAT cells and of genes involved in cutaneous wound 
re-epithelialization. 
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The rapid technological progress in the field of 
image analysis has inspired signifi cant changes in mul-
tiple fi elds of medicine. Th e evolution and widespread 
availability of slide scanners capable of producing digi-
tized images of entire histological slides (WSI, whole 
slide images) now allow the visualization and analysis of 
histological slides using digital systems, comparable to 
conventional microscopy. In many contexts, traditional 
workfl ows have been enhanced with digital tools and 
soft ware that facilitate the visualization and analysis of 
WSI. A crucial step for the eff ective use of digital slides 
is colour normalization. Various methods for colour 
normalization exist, and the method employed in this 
study is the one proposed by Macenko et al. [1], applied 
to histological sections of liver tissue stained with hae-
matoxylin-eosin using diff erent staining and mounting 
protocols, resulting in signifi cantly diff erent colour ren-
dering.

Th e transition to digital off ers tremendous possibili-
ties for pathologists, but also presents new requirements, 
such as workfl ow standardization and colour normali-
zation. We propose a workfl ow that leverages the tools 
of digital image analysis to establish easily reproducible 
staining standards that simplify the visualization and 
interpretation of histological and histopathological prep-
arations.
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Th e preparation of histological specimens follows 
well-established criteria that have been used for decades, 
including preparations to distinguish the structures they 
consist of and benefi t the specialist in the evaluation 
traditionally linked to observation with optical micro-
scopes. Recently, the possibility of digitising histological 
slides, using appropriately designed scanners, is gaining 
ground, transforming them into so-called virtual slides 
or WSI (whole slide images). Th is innovation, in addition 
to allowing a more practical visualisation of histological 
preparations, introduces the possibility of performing 
computational analyses using tools that help the mor-
phologist maximise the information that can be extract-
ed from both histological and histopathological slides. 
Th is new use requires us to investigate the adequacy of 
traditional technical protocols also in the digital envi-
ronment.

In the present work, we evaluated the yield of liver 
tissue sections stained with haematoxylin/eosin and 
mounted with diff erent mounts, following distinctive 
protocols.

Th e slides were digitised with an Aperio AT2 scan-
ner using the same protocol, aft er which the WSIs were 
subjected to qualitative analysis using artifi cial intelli-
gence models designed for this purpose. 

Th e tool used was HistoQC, an open-source tool 
that performs a quality check not only to identify and 
delineate artefacts but also to discover outliers at the 
cohort level, e.g. slides coloured darker or lighter than 
others in the cohort, focus defects, etc. The system 
returns a score, based on dozens of features, indicative 
of the overall quality of the preparation and its usability 
in the computational domain. [1].

The enormous potential that the conversion to 
digital off ers in the fi eld of microscopic morphological 
analysis must be confronted with an increase in quality 
standards. We propose a workfl ow that allows for seri-
al and automatic quality control to identify inadequate 
preparations at an early stage.
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Th e use of eff ective, low-cost, and easy-to-use prod-
ucts for early caries management will avoid loss of den-
tal vitality and impairment in oral function. Th e abil-
ity of fl uoride to re-mineralize dental surfaces has been 
widely reported as well as vitamin D demonstrated to 
have signifi cant potential in improving the reminerali-
zation of early lesions on enamel surfaces(1). Th e aim of 
the present ex vivo study was to evaluate the eff ect of a 
fl uoride and vitamin D solution in terms of formation 
of mineral crystals on the enamel of primary teeth, and 
their permanence over time on dental surfaces. Meth-
ods: Sixteen extracted deciduous teeth were cut to obtain 
64 specimens that were divided into two groups. Th e 
fi rst consisted of immersion of specimens for 4 days in 
a fl uoride solution (T1); in the second group, the speci-
mens were immersed for 4 days (T1) in fl uoride and 
Vitamin D solution, and for a further 2 (T2) and 4 days 
(T3) in saline solution. Th en, samples were morphologi-
cally analyzed by using Variable Pressure Scanning Elec-
tron Microscope (VPSEM) and underwent 3D surface 
reconstruction(2). Results: Aft er a 4-day immersion in 
both solutions, octahedral-shaped crystals were formed 
on the enamel surface of primary teeth, demonstrating 
any statistically signifi cant diff erences in terms of num-
ber, size, and shape. Moreover, the binding of the same 
crystals seemed to be strong enough to be maintained 
until 4 days in saline solution. However, a partial disso-
lution was observed in a time-dependent manner. Con-
clusions: A topical application of fl uoride and Vitamin 
D promoted the formation of persistent mineral crystals 
on enamel surfaces of deciduous teeth and should be 
further studied to be potentially used as an alternative 
strategy in preventive dentistry.
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Studying cell interactions in healthy and pathologi-
cal conditions occurring in musculoskeletal apparatus 
requires to set-up a new optimized in vitro model allow-
ing the isolation of cellular compartments for region-
specific analyses. Indeed, the molecular mechanisms 
that cause both muscle and bone loss, namely osteosar-
copenia, are still unclear, and how skeletal muscle cells 
send retrograde signals to motor neurons (MNs) repre-
sents an intriguing fi eld of research.

With the purpose to study the perturbation in neu-
ro-muscle junctions (NMJs) occurring in muscle atro-
phy, beside bone side defects, an ideal model would con-
tain MNs, myotubes and osteoblasts to better recapitu-
late the human disease pathology. 

Th us, we developed a three culture system exploiting 
the use of well-known transwell supports, in which oste-
oblasts could be treated separately from muscle and neu-
ron cells. In this model, precursors of osteoblasts (lower 
side) were diff erentiated and then could be induced to 
osteoporosis with a pharmacological treatment before 
the insert, carrying both myotubes and neurons, will be 
put in co-culture into the well. In fact, the insert (put 
upside down) can be fi rst seeded with a neuroblastoma 
cell line, then the myoblasts will be put on the other 
sheet and then a common diff erentiation medium will 
be added. Indeed, the fi rst aim of this study was to fi nd 
a common diff erentiation medium for both MNs and 
myotubes and we demonstrated that a medium contain-
ing retinoic acid (RA 1μM) and horse serum (HS 2%) 
is able to drive an effi  cient diff erentiation of both cell 
types.

Th is model is useful since it allows us to perform 
several analyses. Th e conditioned medium can be col-
lected to analyze the modifi cations in the secretome 
produced by the cells. Aside from the biochemical inter-
action, additional modifications in morphology can 
be explored. All the cell samples can be analyzed with 

histological stating or immunofluorescence analysis: 
the osteoblast part are seeded onto coverslips, while the 
muscle-nervous system can be treated to be included 
and cut in slices in order to analyze the neurites pass-
ing through the transwell net (3 μm diameter) and con-
tacting myotubes. Preliminary experiments demon-
strated that the neurites can reach the myotubes passing 
through the membrane of the insert, recapitulating their 
physiological interaction.

Collectively, this method will be useful to under-
stand if the modifi cations induced in osteoblasts during 
bone disorders have a cascade in the muscle and neuron 
parts. Th is system mimics the events occurring during 
aging, such as osteoporosis arising in females aft er men-
opause that leads to muscle weakness and it will also be 
applicable to identify prospective targets for future inter-
ventions.
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Triple-negative breast cancer (TNBC) is a hetero-
geneous and highly aggressive breast cancer subtype, 
for which surgery and chemotherapy remain to date 
the standard of therapy1. Being a high degree of tumor-
infi ltrating lymphocytes a predictive marker of good 
prognosis and of lower risk of relapse for TNBC patients, 
therapies enhancing tumoral immunogenicity represent 
a promising therapeutic approach for this disease2. 

Neo-antigens expression is a major determinant of 
tumoral immunogenicity and aberrantly spliced tran-
scripts contribute to their generation. Th is process can 
be pharmacologically enhanced by treatment with splic-
ing inhibitors, such as indisulam, which acts by induc-
ing the degradation of the splicing factor RBM39 via 
DCAF153. Neo-antigens are presented by cancer cells 
via the MHC-I proteins, whose downregulation is a 
common mechanism of immune-evasion. In immune 
desert TNBC, downregulation of MHC-I genes is due 
to the epigenetic repression operated by EZH2, whose 
pharmacological inhibition was recently shown to pro-
mote an anti-tumoral immune response4. Interestingly, 
analysis of transcriptomic data from TCGA revealed 
that DCAF15 and EZH2 are highly expressed in TNBCs, 
suggesting that combining indisulam treatment with 
EZH2 inhibition might be a promising immune-enhanc-
ing therapy. By performing RNA-sequencing of a repre-
sentative TNBC cell line, MDA-MB-231, we identifi ed 
several splicing-derived transcripts elicited by indisulam 
treatment and encoding for potential neoantigens with a 
high MHC-I affi  nity. Experiments on both TNBC cells 
lines and patients derived organoids showed that induc-
tion of selected neoantigens is maintained in a com-
bined treatment with indisulam and the EZH2 inhibi-

tor tazemetostat, which concomitantly increases MHC-I 
proteins expression. Collectively, our observations hint 
at the combination of alternative splicing and EZH2 
inhibition as a putative therapeutic strategy to improve 
TNBC immunogenicity.
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Alzheimer’s disease (AD) is its most common type 
of adult-onset dementia disorder. Although at the pre-
sent no disease-modifying agents capable of reversing 
the pathological changes occurring in AD are available, 
early detection can contribute to delay worsening of the 
disease and the complete loss of autonomy of patients.  

Cognitive neuropsychological tests are the conven-
tional approach to detect AD because they are fast and 
not expensive. However, these tests have no predictive 
value, because cognitive impairment develops when 
brain damage is advanced and becomes irreversible. 

Morphological (magnetic resonance imaging, MRI) 
and liquoral biomarkers can contribute to a more precise 
and accurate diagnosis of AD, earlier than that obtain-
able with neurocognitive tests. Computer-aided diag-
nosis (CAD) systems have emerged as valuable tools for 
the early detection of AD, leveraging advanced imaging 
techniques and machine learning algorithms. 

In this work a comprehensive analysis of CAD sys-
tems designed for the early detection of AD is present-
ed. Th ese approaches can be applied to various imaging 
modalities, including structural magnetic resonance 
imaging (MRI), functional MRI (fMRI), positron emis-
sion tomography (PET), and single-photon emission 
computed tomography (SPECT).  

Our analysis has considered different machine 
learning algorithms employed in CAD systems, includ-
ing support vector machines (SVM), random forests 
(RF), convolutional neural networks (CNN), and ensem-
ble boosting algorithms such as AdaBoost and XG 
Boost. Th ese algorithms enable the extraction of mean-
ingful biomarkers from imaging data and the devel-
opment of predictive models for early AD detection. 
Among the considered algorithms, ensemble boosting 
algorithms demonstrated the highest accuracy in AD 
detection. Th ese algorithms combine the predictions of 
multiple weak classifi ers to improve overall performance 

and achieve superior diagnostic accuracy.
Early detection of AD plays a crucial role in pro-

viding timely interventions and improving patient out-
comes. 

Th e use on a large scale of the most effi  cient CAD 
systems can contribute to an early and accurate diagno-
sis of AD with the aim of establishing as soon as pos-
sible specifi c treatments to counter or delay the progres-
sion of the disease. 
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Oral squamous cell carcinoma (OSCC) represents 
approximately 90% of oral tumors and has a fi ve-year 
mortality rate close to 50%. A signifi cant portion (70%) 
of all oral tumors is diagnosed at an advanced stage due 
to the ineffi  ciency of available screening techniques. Th e 
standard diagnostic reference is tissue biopsy with histo-
logical and immunohistochemical evaluation. However, 
this method has some limitations: 1) it is an invasive and 
semi-quantitative examination, 2) highly processed tis-
sues may lead to information loss.

Th e search for biomarkers on tissue/cell fragments 
collected with a cytobrush is a highly promising tech-
nique for the diagnosis and early detection of OSCC, 
thanks to its non-invasive sampling and simple collec-
tion method. In this study, we analyzed tissue samples 
obtained with a cytobrush, collected from the oral cavity 
of 15 patients with already diagnosed OSCC, applying 
an innovative high-sensitivity ELISA technique. To this 
end, we selected six biomarkers, already used in clinical 
practice for the diagnosis of OSCC, or selected based on 
recent scientifi c and clinical data indicating their pres-
ence or overexpression in transforming cells and their 
role as potential molecular targets in immune check-
point blockade therapies.

Th e selected biomarkers were found to be highly 
expressed in the tumor core, while they were virtu-
ally negative in the healthy tissues of the same patients. 
Th ese diff erences were statistically signifi cant and con-
sistent with those obtained using the reference test. 
These preliminary data suggest that the proposed 
approach could be useful as a diagnostic and screen-
ing tool for the characterization of oral lesions in view 

of the application of new anti-tumor treatments, such as 
immunotherapy, targeted to patients with OSCC.

Keywords: oral cancer; screening; tumor biomarkers; nat-
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Th e integration of Artifi cial Intelligence (AI) tech-
niques in microscopy has revolutionized the fi eld, ena-
bling faster and more accurate analysis of microscopic 
images. However, the increasing capabilities of AI in 
generating realistic images have raised concerns about 
their potential misuse in illegal contexts. Th is study 
investigates the risk of illegal use of AI-generated images 
in microscopy, focusing on the methods and techniques 
used to generate these images, the consequences of their 
misuse, and possible solutions to mitigate these risks.

A Google Form survey was conducted using 30 
images, including authentic microscopy images, hybrid 
images combining real and AI-generated content, and 
false images generated entirely by AI. Participants from 
the morphologists’ community were asked to identify 
whether the images were real or AI-generated.

Th e results revealed that over 40% of the manipu-
lated images went undetected by the participants, indi-
cating a signifi cant risk associated with hybrid AI-gen-
erated images. While participants could detect authentic 
and false images at relatively high rates, they struggled 
to identify hybrid images. Th e study also found that 
expertise level and age infl uenced participants’ ability to 
detect hybrid images.

Th e implications of these fi ndings emphasize the need 
for continued research in AI-generated images in micros-
copy to improve the detection of hybrids and ensure 
data authenticity. Proposed solutions include develop-
ing advanced image-verification techniques, educating 
researchers and technicians, updating guidelines and reg-
ulations, establishing centralized databases, and incorpo-
rating blockchain technology for image authentication.

Furthermore, the study highlights the importance of 
addressing the lack of correlation between skills in light 
and electron microscopy image detection, suggesting 
tailored training programs for each modality. Th e limi-
tations of the classifi cation model used were identifi ed, 
guiding future improvements.

In conclusion, the study underscores the risks asso-
ciated with the illegitimate use of AI-generated images 
in microscopy and calls for proactive measures to pro-
tect data integrity. Th e fi ndings contribute to advancing 
research and development in this fi eld and emphasize 
the potential risks posed by future technologies, such as 
generative adversarial networks (GANs), in generating 
highly convincing fake images.
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In addition to the usual secondary electrons (SE) 
and backscattered electrons (BSE) imaging modes, a 
SEM can also be set up for transmitted electrons imag-
ing. Most SEM manufacturers make a STEM option 
available as a relatively inexpensive add-on, but even an 
unmodifi ed scanning electron microscope can provide 
TEM-like pictures from standard TEM sections (same 
thickness, same staining) by means of a simple DIY grid 
adapter.

In this device, low-energy electrons traverse the 
ultrathin section and impinge upon an angled metal 
surface where they give origin to conventional secondary 
electrons. For an optimal yield the surface is gold plat-
ed and is directed toward the existing Everhart-Th orn-
ley detector, where the secondary electrons are collect-
ed as usual. Th e image is still obtained by scanning the 
electron beam across the specimen, so the conversion 
is actually a low voltage STEM. In our case the best 
results were obtained at 3 to 5 kV: the diff erence in elec-
tron-density caused by the heavy metal staining typical 
of TEM gives a contrast high enough for a good imag-
ing, but at such low voltages the contrast can be accept-
able for unstained specimens as well. 

Although the home-made TEM conversion is no 
match for a real TEM, mainly because of effi  ciency and 
signal/noise concerns, it costs literally nothing, can be 
made and put into operation in an aft ernoon, and can be 
a useful shortcut when a real TEM is not at hand. 

Below, a micrograph of an unstained thin section of 
mouse cardiomyocytes in transmitted electrons obtained 
with a FEI XL-30 FEG SEM operated at 3kV.
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Epiretinal membranes (ERM)s are membranes 
composed of cells and extracellular matrix (ECM) that 
pathologically proliferates on the inner surface of the 
retina at the vitroretinal interface. Recently we applied 
a bioinformatics approach on ERM proteins previously 
identifi ed with an MS-based proteomic analysis. Th is 
analysis unveiled interactions occurring among ECM 
molecules, their cell receptors and intra- or extracel-
lular proteins that may play a role in matrix biology in 
this special context (Bianchi et al 2022). Among the sev-
eral proteins identifi ed, we focused on hyaluronic-acid-
receptor cluster of diff erentiation 44 (CD44) which our 
interactomic analysis highlighted as a central regula-
tor of ERM aberrant dynamics and progression. In the 
retina, CD44 is expressed by Mü ller cells and astrocytes, 
and histopathological studies reported glial cells as the 
main ERM cell types. Interestingly, CD44 has been dem-
onstrated to interact with podoplanin (PDPN) and this 
interaction was shown to promote directional migration 
of epithelial cancer cells. PDPN is a glycoprotein over-
expressed in various cancers and a growing body of evi-
dence indicates its relevant function in several fi brotic 
and infl ammatory pathologies. 

Th erefore, we investigated the expression of PDPN 
and CD44 in ERM and we found that ERMs express 
PDPN and the majority of PDPN+ cells also synthe-
size CD44, thus suggesting their possible interaction 
and involvement in cell migration during ERM onset 
and development (Bonente et al 2023). Moreover, PDPN 
could contribute to ERM formation by promoting epi-
thelial-mesenchymal transition. In support of this, it has 
been reported that the ectopic expression of PDPN in 
epithelial cells promotes their switch from an epithelial 
to a fi broblast-like phenotype.

PDPN expression in ERMs may give us a clue for 
possible novel pharmacological treatments of ERM pro-
gression. 
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Infl amm-aging is defi ned as a state of low-grade 
chronic infl ammation underlying the processes of aging 
and cellular senescence and has been associated with the 
onset of several pathologies. Th e identifi cation of mark-
ers associated with such processes (both physiological 
and pathological) and their relationship and interaction 
with environmental aspects could be fundamental for 
monitoring the body responses to the onset and progres-
sion of chronic-degenerative pathologies. HEBE is a pro-
ject born within the 2022-2024 University Strategic Plan, 
the National Recovery and Resilience Plan (PNRR), the 
National Research Program (PNR 2021-2027) and the 
UN Agenda 2030 for sustainable development. HEBE 
is focused on physical activity (PA) (possibly assisted 
by other nutrition and/or pharmacological interven-
tions), in order to favor the reduction of infl ammation 
and promote healthy aging. Phase 1 of HEBE project, 
started in 2022, allowed to test the methods of interac-
tion of the consortium’s skills and to produce solid pre-
liminary data for the continuation of the project. Phase 
1 design consists in 1) Study of population and 2) Per-
sonalized medical intervention. Specifi cally: 1) baseline 
lifestyle habits (PA, sedentary lifestyle, nutrition, smok-
ing, perception of stress, sleep, alcohol, etc.) and clinical 
individual characteristics has been assessed trough an 
anonymous online questionnaire proposed on a volun-
tary basis via institutional email to all UNIMI employ-
ees. Th en, healthy-lifestyle recommendations have been 
proposed, and the changes aft er 6-months obtained in 
terms of quality of life and psychophysical well-being 
has been evaluated using the same questionnaire on 
more than 1000 subjects. 2) Th e fi rst 100 eligible subjects 
who have expressed their availability in the question-
naire were included to undergo a personalized protocol: 
on the basis of the clinical and objective characteristics, 

a personalized PA protocol was prescribed, defining 
modalities, intensity, duration, frequency and progres-
sion of exercise. Th e target population is representative 
of the general population, and for this reason a stratifi -
cation has been made according to age (<50; ≥50 years), 
gender (female; male) and body mass index (BMI<25; 
≥25). For each subject, at baseline and aft er 6-months 
of PA intervention, whole blood, serum, plasma, urine, 
buff y coat, nasal swab, saliva and pricked samples are 
collected to perform the analysis of at least 40 diff erent 
biomarkers, able to monitor the eff ect of PA on systemic 
infl ammation.

To date, Phase 1 of HEBE project allowed to enroll 
100 subjects; to set up a shared biobank; to set up a 
shared database; to build the “HEBE” website, with 
UNIMI domain (www.hebe.unimi.it) containing train-
ing/informative material. We developed a new bottom-
up approach applied involving the cooperation of 140 
researchers from the University of Milan to create a syn-
ergy to assess a panel of clinical, biochemical, epigenetic 
and omic data of infl amm-aging and evaluates its modu-
lation by PA, assisted by lifestyle changes.

Keywords: Infl ammation; aging; circulating biomarkers; 
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Skin care and aging 
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Skin is the largest organ in human body and its 
main function is to act as a barrier against external 
stimuli, so it is constantly exposed to the risk of injury 
and consequently the process of skin care is of primary 
importance [1,2]. Aging and dermatological diseases can 
alter skin integrity [3].

Th e aims of the present study were both extend the 
actual knowledge on aging-related impaired skin care 
and also analyze eventual inter-individual anatomical/
morphological factors that may infl uence and modu-
late the processes of skin aging. Th e present study was 
conducted on lower limb specimens (age range from 
58-year-old to 90-year-old) subjected to an anatomi-
cal dissection at the Anatomical Training Centre “Luigi 
Fabrizio Rodella”, University of Brescia (Italy). Th e skin 
biopsies were obtained at the lower limb cleavage lines. 
Our research group observed, in addition to the signifi -
cant diff erence in epidermal thickness between adult 
and elderly specimens, also that the thickness of the 
epidermal layer signifi cantly varies among the diff er-
ent sampling sites. Furthermore, the elderly specimens 
showed disorganized and altered dermal collagen fi bers 
and almost exclusively type I collagen fi bers. Also the 
collagen component changes among the diff erent ana-
tomical bioptic sites of the same donor. Th e main cause 
leading to not only degradation, but also to reduced syn-
thesis of dermal collagen fi bers is the increased produc-
tion and activity of metalloproteinases. Our research 
group observed also that the metalloproteinase 9 is 
intensely expressed at the level of the dermis of elderly 
subjects with diff erences among the bioptic sites. 

Th e above reported data refl ect the physiological 
cutaneous variability in relation to anatomical site and 
thus to morphological factors and mechanical forces to 
which the skin is subjected.
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Skin photoaging occurs after exposure to UVA 
rays, which are capable of reaching the dermis causing 
oxidative stress and infl ammation. Deep wrinkles and 
skin laxity represent the main macroscopical effects 
and derive from alterations of both cells and extracellu-
lar matrix (ECM). Th e reduction in fi broblast size aft er 
UVA exposure is related to decreased production of both 
fi brillar and amorphous ECM components, regulation 
of ECM degradation, and an increase in mitochondrial 
ROS generation [1].

Here we propose an in vitro approach testing the 
effi  cacy of the olive leaf extract Oleuropein (OLE) in 
contrasting UVA-induced damage in normal human 
dermal fi broblasts (NhDFs). OLE was delivered by two 
diff erent hydrogels, based on low acyl gellan gum (GG) 
blended with sodium alginate (NaALG). Immunofl uo-
rescence, live cell imaging, Western Blotting and RT-
PCR were used to assess fi broblast morphology, expres-
sion of ECM proteins, and production of antioxidant 
enzymes and infl ammatory-related molecules. 

We observed that exposure of fi broblasts to 5 min 
UVA irradiation determined an enlargement and short-
ening of cells, which acquired a rhomboid morphology, 
as well as decreased motility. UVA-damaged NhDFs also 
showed a reduction in Type I Collagen and Decorin pro-
duction, reduced expression of Catalase and Superoxide 
Dismutase 1 (SOD-1) and increased levels of TNF-α and 
IL-6 mRNAs.  We demonstrated that in the presence 
of OLE delivered by the hydrogels, the UVA-damaged 
fi broblasts regained their spindle-shaped morphology 
and motility. Moreover, the treatment with the two dif-

ferent hydrogels delivering OLE was also capable to 
hamper most of the cell alterations induced by UVA 
exposure.

Overall, our morphofunctional results showed the 
properties of the proposed hydrogels to counteract the 
damages caused by UVA and restore normal dermis 
composition by recovering normal fi broblast morphol-
ogy, contrasting oxidative stress and, consequently, 
infl ammation, as well as stimulating the expression of 
ECM proteins [2]. Th ese fully naturally formulated anti-
photoaging materials could be intriguing for potential 
use as facial masks.

References

[1] Shin J.et al. Int. J. Mol. Sci. 2019, 20, 2126.
[2] Busto F. et al. Molecules 2023, 28, 4352.

Keywords: aged skin; dermal fi broblasts; Extracellular 
Matrix; UVA-induced damage; Oleuropein



Italian Journal of Anatomy and Embryology 127(1) Supplement: 228, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Eff ects of caloric restriction on the loss of liver function typical of aging 
evaluated using an animal model

Vittoria Rago1, Silvia Di Agostino2

1Department of Pharmacy, Health and Nutritional Sciences, University of Calabria, Rende, Italy. vittoria.rago@unical.it 
2Department of Health Sciences, Magna Græcia University of Catanzaro, Catanzaro, Italy. sdiagostino@unicz.it 

During the aging process, the body’s organs grad-
ually lose the ability to maintain homeostasis, due to 
structural alteration or dysfunction in cellular metab-
olism (1). Aging represents a major risk factor for 
most chronic diseases including ischemic heart dis-
ease, cerebrovascular disease, chronic obstructive dis-
ability, cancer, and diabetes (2). Aging is associated 
with gradual alteration of hepatic structure and func-
tion, it increases the risks for various liver diseases 
and plays as an adverse prognostic factor, causing an 
increased mortality rate. Th e maintenance of normal 
body weight through dietary modifi cation or habitual 
physical activity are both associated with a reduced 
incidence of serious liver disorders (3,4). In this study, 
we investigated potential interactions between diet and 
liver disorders using an animal model. Th e experi-
ments were performed on 14 (24-month-old) male 
Sprague-Dawley rats, which at the age of 18 months 
were divided into two subgroups: 1) Normal diet (ND) 
(n=7) fed an ad libitum of a standard laboratory meal, 
2) Low-calorie diet (HD) (n = 7) fed a diet of the same 
chow limited to 60% until sacrifi ce (24 months). Aft er 
the sacrifi ce, diff erent markers of fi brosis, infl amma-
tion and aging were evaluated on the liver samples, 
by histochemical, immunohistochemical and western 
blot analysis. Our results showed that caloric restric-
tion (CR) was able to reduce fi brosis, infl ammation, 
and immune cell infi ltration on rat old liver. Th ese 
data strictly suggest that CR protects against fi bro-
sis, infl ammation, and liver injury and mitigates the 
eff ects of aging.
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Although the survival rate of childhood cancer 
patients has improved dramatically over the last four 
decades, it is known that Childhood Cancer Survivors 
(CCSs) more frequently develop clinical complications 
associated with chemotherapy/radiotherapy and are con-
sistent with early aging compared to the age-matched 
healthy population [1]. Recently, we have shown that 
mononuclear cells (MNCs) derived from the periph-
eral blood of CCSs are characterized by an alteration in 
mitochondrial morphology and function that leads to 
the oxidative damage accumulation that could explain 
the early aging [2]. However, oxidative stress accumula-
tion could also depend on low antioxidant defense (AO) 
activity. To verify this hypothesis, we evaluated the 
expression and activity of catalase (CAT), glutathione 
reductase (GR), glutathione peroxidase (GPx), and glu-
cose-6-phosphate dehydrogenase (G6PD), the expres-
sion of NRF2 and KEAP1 and the content of NADPH, 
NADP, GSSG, GSH, malondialdehyde in MNCs isolated 
from 96 CCS aged 5-20 years and from 74 healthy sub-
jects aged 5-106 years, used as controls. 

Th e results show that MNCs isolated from CCSs 
exhibit lower expression and activity of CAT, GR, GPx, 
and G6PD than healthy subjects of the same age. Th is 
altered activity causes a reduction of NADPH and GSH 
content. In addition, reduced AO enzyme expression 
appears to be associated with low expression of NRF2 
and KEAP1, two proteins that act as sensors of oxidative 
stress by inducing AO gene expression. Notably, CCS 
also show low levels of AO defenses compared to healthy 
elderly subjects (>70 years), suggesting that the molecu-
lar mechanisms underlying the premature aging of CCS 
are diff erent from those of physiological aging.

In conclusion, the data suggest that the inability to 
activate AO defenses in response to the oxidative insult 
associated with altered aerobic metabolism may be one 
of the underlying causes of early aging in CCS, thus, 

representing an excellent target for possible therapies to 
slow its progression.
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Frailty is an age-related defi cit defi ned as a clinical 
state of increased vulnerability in which the ability of 
older people to deal with everyday stressors is compro-
mised. It was caused by reduced physiological reserve 
and the decline of multiple physiological systems, all 
associated with age. 

Th e aim of this study was to identify peripheral bio-
markers to generate a biological profi le useful both to 
characterise the frailty condition and to uncover poten-
tial targets for the development of eff ective strategies to 
counteract, limit, slow down or prevent this syndrome.

We enrolled a group of frail elderly patients (N=15), 
aged 65 years or older; a group of non-frail elderly 
healthy subjects (N=15), aged 65 years or older; a group 
of young healthy subjects (N=15), aged between 18 and 
35 years. 

Th e comparison of the molecular features obtained 
from the frail group with the ones from elderly and 
young healthy subjects resulted in: i) signifi cantly modi-
fi ed plasmatic levels of NGF and proNGF (ELISA assays); 
ii) significant modulation of the amount thiols and 
of the thiolation index (PTI) in plasma (HPLC analy-
sis); iii) signifi cant deregulation of expression levels 152 
genes involved to 13 diff erent pathways related to frailty, 
(functional transcriptomic and bioinformatic approach-
es); iv) consistent modulation of 27 diff erent pro-infl am-
matory cytokines and chemokines able to acutely acti-
vate T cells (multiplex assay).

In conclusion, our study highlights the complex 
alteration of the molecular pattern of frailty in the 
context of ageing. Th e combination of peripheral pro-
tein and gene determinants, occurring with this condi-
tion, will be useful to generate oxidative and neurode-
generative and neuroinf lammatory biosignatures and 

will uncover novel potential therapeutic targets for the 
improvement of management of frailty patients.

Keywords: Ageing; biomarkers; NGF; proNGF; thiols; 
gene expression; oxidative stress; cytokines



Italian Journal of Anatomy and Embryology 127(1) Supplement: 231, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Selective eff ect of quercetin on senescent mesenchymal stromal cells

Gabriella Teti1, Valentina Gatta1, Maria Laura Alfieri1, Alessandra Ruggeri1, Mirella Falconi2

1Department of Biomedical and Neuromotor Sciences, University of Bologna 
2 Department of Medical and Surgical Sciences, University of Bologna

Mesenchymal stromal/stem cells (MSCs) have 
shown signifi cant therapeutic potential in preclinical 
studies of regenerative medicine. In addition to their 
potential to diff erentiate into various cell types, their 
ability to secrete paracrine factors to modulate cell 
behavior contributes to their utility in treating infl am-
matory conditions. However, the clinical use of MSCs 
is relatively underdeveloped due to their heterogeneity, 
which largely arises from their susceptibility to senes-
cence during aging. 

Cellular senescence, a natural response to aging and 
stress, is defi ned as a permanent cell cycle arrest in met-
abolically active cells. While senescence has protective 
and reparative roles, it can also contribute to the func-
tional decline of tissues. When senescent cells are not 
cleared, this build-up can lead to aging-related infl am-
matory conditions. Targeting senescent cells by a selec-
tive elimination or blocking senescence-associated secre-
tory phenotypes (SASP) with natural or synthetic com-
pounds has been suggested to improve lifespan. 

Flavonoids such as quercetin are emerging as poten-
tial therapeutic agents to mitigate senescence. Being 
mainly studied for their anti-oxidant eff ects in cancer, 
allergic reactions, inf lammation, and cardiovascular 
disorders their infl uence on cellular senescence in still 
under investigation.

Th e aim of the study was to evaluate the eff ect of 
quercetin as a senolytic molecule in counteracting cel-
lular senescence. Human MSCs were induced to senes-
cence by H2O2 treatment. Diff erent concentrations of 
quercetin were tested to evaluate the effects on the 
expression of senescent cell cycle arrest related mark-
ers p53, p21, and p16. Apoptosis and autophagy markers 
were also evaluated. 

Results showed a strong activation of autophagy fol-
lowed by apoptosis in senescent cells compared to con-
trol ones, underling the potential role of quercetin as a 
therapeutic drug in selectively targeting senescent cells.

Keywords: cellular senescence, mesenchymal stromal 
cells, senotherapy, quercetin
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Helicobacter pylori (H. pylori) is one of the most 
common human infectious agents worldwide. Th e mean 
worldwide incidence of H. pylori infection was 58%1. 
Since its discovery, H. pylori has been closely associated 
with a spectrum of gastrointestinal injuries. Although 
most infected individuals remain asymptomatic for life, 
approximately 15% develop peptic ulcer disease, 0,1% 
develop mucosa-associated lymphoid tissue lymphoma 
(MALT)2 and 1-3% progress to gastric cancer3. 

Cisplatin is the one of major chemotherapeutic 
drugs in gastric cancer, particularly in treating advanced 
forms. However, neoplastic cells oft en develop resist-
ance to cisplatin, which seriously aff ects the effi  cacy of 
chemotherapy4. In the search for chemopreventive com-
pounds that reduce the risk of cancer relapses, preclini-
cal studies have demonstrated promising results with 
various vegetables substances5,6.

Aristolochia Olivieri is a plant belonging to the 
family of Aristolochiaceae widely used in Kurdish Folk 
Medicine for the treatment of gastrointestinal ailments.

Here, the Aristolochia extract eff ect on H. pilory 
and gastric cancer cells have been evaluated to microbio-
logical, morphofunctional and cytotoxic analyses. Data 
obtained showed that Aristolochia is a powerful bacte-
ricide agent against H. pilory. In addition, Aristolochia 
has a potent eff ect as inhibitor of cell viability by induc-
ing apoptosis in diff erent gastric cancer models, as dem-
onstrated by morphological analyses. 

Th ese preliminary results suggest that Aristolochia 
could be used as a chemo-adjuvant in the treatment of 
gastric cancer.
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In mammals, growing follicles develop from a 
reserve of primordial follicles (PMFs) constituted early 
in life. From this pre-established reserve, a second ovar-
ian reserve is formed consisting of gonadotropin-respon-
sive growing follicles that in the adult are cyclically 
selected for ovulation [1]. PMFs reserve progressively 
diminishes due to follicle atresia as well as recruitment, 
maturation, and ovulation. Th e role of LH in the natu-
ral menstrual cycle is undisputed. While the crucial par-
ticipation of LH in both steroidogenesis and ovulation 
is well established, other possible functions in follicle 
dynamics are debated. We demonstrated the presence of 
LH receptor in early postnatal mice ovaries and that LH 
treatment can promote PMF survival [2]. Th erefore, our 
aim is to investigate LH potential role in activating sign-
aling pathways associated with follicle activation in the 
ovarian reserve.

We performed in vitro cultures on ovarian frag-
ments from 4 days post-partum (dpp) female mice 
and treated them with diff erent concentrations of LH 
(LH 0.2 0.5 and 1 IU) every day for 5 days. Th e results 
showed that in the fragments cultured in the presence of 
1 IU LH, both the total number of oocytes and the % of 
those with diameter >40 μm were signifi cantly higher in 
comparison to CTRL.

LH eff ects were also investigated in vivo by treating 
4dpp mice with intra-peritoneal injection once a day for 
8 consecutive days, with physiological solution or with 
LH 1IU. On day 9, ovaries were collected for histologi-
cal analysis. Follicle count in control ovaries showed a 
higher pool of PMF (68,22%) than the other follicles, 
which have as expected undergone activation (growing 
[GR] 14,18%, and primary [PF] 7,2% follicles). Interest-
ingly, in LH treated mice ovaries, we observed a higher 
percentage of PMF (78,29%) and a lower percentage 

of GR (8,56%) and PF (4,05%) than control. Although 
the percentage of secondary follicles (SEC) was similar 
in both groups (CTRL 7,6% vs LH 7,35%), in the LH-
treated mice SECs showed a thicker layer of granulosa 
cells (> three layers CTRL 42,8% vs LH 54,6%). Finally, 
we observed decreased atresia in the LH-treated group 
(CTRL 2,64% vs LH 1,72%).

In conclusion, our results extended our previous 
data about the responsiveness of prepuberal ovaries to 
LH. At this stage, LH seems to favor the maintenance of 
PMF reserve and to sustain the follicle growth toward 
the secondary stage upon PMF activation.
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In humans, the endocannabinoid system (ECS) plays 
an important role in several physiological processes, 
including reproductive system functions (Ligresti et al., 
2009; Maccarrone et al., 2010).

Th e components of ECS comprise two main recep-
tors, CB1 and CB2, two main ligands, anandamide 
(AEA) and 2-arachidonoylglycerol (2-AG) and their met-
abolic enzymes involved in their synthesis and degrada-
tion (Ligresti et al., 2009; Maccarrone et al., 2010)

Th e ECS has been shown to regulate pathways involved 
in the process of implantation and its dysregulation might 
be a determinant of infertility (Maia et al.;2020). In par-
ticular, it has been demonstrated that sustained levels 
of anandamide (AEA) impair decidualization, a process 
known to be necessary for endometrial receptivity.

We are currently investigating whether the adverse 
effect of AEA on decidualization might be a conse-
quence of its negative regulation of the EGFL7/NOTCH 
axis. Th e role of the NOTCH pathway in the regula-
tion of endometrial receptivity has been well established 
(Afshar et al, 2012; Su et al, 2015). We recently dem-
onstrated that EGFL7 can drive the diff erentiation of 
human primary endometrial stromal cells towards the 
decidual phenotype by activating the NOTCH pathway 
(Lacconi et al., 2023). HESC were decidualized in vitro
(DESC) with medroxyprogesterone acetate (MPA), and 
8-Bromo-cyclic AMP (cAMP). At 4 and 6 days decidual-
ized cells were treated with AEA (10µM) for 24 and 72h. 

qRT-PCR showed that HESC and DESC express the 
CB1 receptor and the major enzymes involved in AEA 
metabolism (FAAH). In agreement with data from the 
literature, AEA culture supplementation downregulates 
the expression of the decidualization markers IGFBP1 
and Prolactin (Almada et al.,2016).

Concomitantly we observed downregulation of the 
NOTCH target gene HEY1, whose expression is normal-

ly increased upon decidualization (Lacconi et al., 2023). 
As we previously demonstrated decidualization upregu-
lates the expression of EGFL7 in stromal cells, however 
in contrast with what expected AEA treatment fur-
ther increased its expression. We hypotheses that AEA-
induced EGFL7 excessive increase may negatively impact 
on the activation of NOTCH signalling, as demonstrat-
ed in other biological systems (Nichol and Stuhlmann 
2012), this in turn negatively impact on decidualization.
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Plasma medicine is an interdisciplinary fi eld that 
emerged in the last two decades with the fi nal aim to use 
cold atmospheric plasmas (CAP) for human therapeutic 
applications, including antibacterial activity, regenera-
tive medicine and anticancer eff ects. Th e eff ectiveness of 
CAP as non-invasive anti-cancer solutions is due to the 
possibility of activating liquids - plasma activated media 
(PAM) – to use to treat the tumoral cells1. 

HNSCC is the sixth most common type of cancer 
by incidence worldwide, with an approximate 5-year 
survival rate of 65%, dropping to an average of 40% for 
patients diagnosed in advanced stage2; this is due to a 
poor response to the conventional therapies, such as 
chemotherapy and radiotherapy, and to its heterogeneity, 
which calls for an urgent need of multimodal therapy.

Th erefore, this work is aimed at investigating the 
anti-tumoral eff ects of diff erent PAM on two oral cav-
ity squamous carcinoma cell lines, namely CAL-27 and 
Fadu. 

Two diff erent volumes - 2 mL and 5 mL - of the two 
culture media (DMEM for CAL-27 and MEM for Fadu) 
were treated using a Jet plasma with air gas, provided by 
PBRC, Kwangwoon University Seoul, under a Memo-
randum of Understanding with the University of Chieti-
Pescara, for 5, 10 and 20 min at 6 mm working distance 
between the capillary of the device and the surface of 
the media.

Fadu cell viability, assessed by MTS assay at 24, 
48 and 72 h, showed a decrease in all the experimental 
conditions, but in particular when cells were exposed 
to 2 ml PAM. On the other hand, CAL-27 proliferation 
appeared to be aff ected just when treated with 2 ml 20 
min PAM aft er 48 and 72 h. 

Since the CAP anti-tumoral potential is obtained 
mainly by the generation of a mixture of reactive oxygen 
and nitrogen species (RONS), the total ROS and H2O2
content was measured

and a certain scavenging activity was found in the 
DMEM, respect to the MEM. Th erefore, in order to elu-

cidate any involvement of the culture medium in the 
toxicity exerted by CAP, the CAL-27 cells were exposed 
to 5 ml of MEM treated with plasma for 20 minutes, 
whereas Fadu cells were kept in DMEM treated with the 
same experimental settings. 

Interestingly, CAL-27 suff ered a high reduction of 
cell viability while Fadu cells appeared to be unharmed 
by the exposure to PAM up to 72 h.

Many questions arise in light of these results and 
further studies will be focused on clarifying the role of 
media and liquid composition on the eff ects exerted by 
CAP on tumoral cells.
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Implantation of the embryo into a receptive endo-
metrium is one of the most critical events in human 
reproduction and occurs in a specific period of the 
menstrual cycle called “window of implantation”. 
Th e expression and role of the many modulators (e.g. 
NOTCH1, PGE2, hCG) involved in endometrium-
embryo crosstalk remain partially explored. Alteration 
in this complex network of signals might determine 
pathological conditions, such as implantation failure 
(RIF) and recurrent pregnancy loss (uRPL) [1,2]. EGFL7 
is a secreted factor expressed during embryogenesis by 
the developing vascular system, mouse blastocyst and 
mouse and human trophoblast cells [3,4]. To clarify the 
role of EGFL7 in the regulation of endometrial receptiv-
ity, we analyzed EGFL7 expression in endometrial biop-
sies from fertile women and women undergoing RIF and 
uRPL. Previous presented data showed higher levels of 
EGFL7 in samples from the secretory compared to pro-
liferative phase and a novel, not previously reported, 
expression in endometrial glands and stromal cells. We, 
now, demonstrated that EGFL7 is signifi cantly reduced 
in both endometrial glands and stroma in women with 
uRPL and RIF in secretory phases [9]. Decidualization 
using cAMP/MPA of endometrial stromal cells (EndSCs) 
obtained from fertile women showed an up-regulation of 
EGFL7 expression, whereas cells obtained from women 
with uRPL and RIF did not [5]. To investigate whether a 
physiological stimulus might regulate EGFL7 expression, 
we treated EndSCs with PGE2, a physiological inducer of 
decidualization in vivo [6,7]. PGE2 was able to upregulate 
the expression of EGFL7 in cultures from fertile women 
but no in pathological samples [5]. Since during implan-
tation a cross-talk between blastocyst and endometrium 
occurs, we decided to elucidate whether embryo-derived 
molecular signals regulating endometrial expression 

of EGFL7. To this purpose, we stimulated EndSCs with 
hrCG. Even though hrCG alone was not able to induce 
decidualization, EGFL7 was upregulated in cells from 
fertile women but not from RIF and uRPL. Our data 
suggest that EGFL7 is a new player regulating the modi-
fi cations occurring in the endometrium in preparation 
to implantation and that its downregulation might be 
associated with poor reproductive outcomes.
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The two last decades have shown great sanitary 
emergencies due to the pandemic diff usion of SARS-
CoV-2 that has presented a new scientifi c challenge for 
the search of eff ective therapies against infection, rep-
lication and spreading. One of the targets of the virus 
that plays an important role both in the mechanisms of 
innate immunity and in the control of the cell cycle and 
other pathways that regulate cell replication, damage 
repair, apoptosis and metabolism is the p53 protein.

SARS-CoV, as observed for other viruses, have 
evolved specifi c molecular mechanisms to contrast p53, 
in order to avoid the host response to infection. For 
example the stabilization of its inhibitor, MDM2, and 
the interference with its transcriptional activity, indicat-
ing that p53 has a central role in controlling its prolif-
eration in the host. 

Following all these evidence and considerations, 
the aim of the project was to evaluate a new approach 
against the virus, by using MDM2 inhibitors to eff ec-
tively raise p53 levels and activate p53-dependent path-
ways including cell cycle inhibition. Experiments setting 
was done in the alveolar basal epithelial cell line A549-
hACE2 expressing TP53wild-type and the SARS-CoV2 
receptor ACE2. Cells were treated with several concen-
tration of Nutlin-3 or RG-7112 at the time points of 24 
and 72 hours post treatment for the instauration of a 
cell cycle block steady-state condition before and dur-
ing SARS-CoV-2 infection, and for the evaluation of p53 
activation and impact on virus release and related innate 
immune events.

Th e results of the project suggest that Nutlin-3, as 
well as RG-7112, signifi cantly reduced SARS-CoV-2 rep-
lication in A549-ACE2 cells and promoted a complete 
inhibition of IL-6 expression, associated with inhibition 

of NF-kB and interferon-lambda, important mediators 
of infl ammation. Th ese data indicate that p53 represents 
an effi  cient target for new therapies against the virus 
and that MDM2 inhibitors can be a realistic therapeutic 
option.  
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The effect of Glucocorticoids (GC) on erythroid 
cells proliferation is well reported1,2 and a developmen-
tal specifi city of the GC stimulus was observed previ-
ously on immortalized erythroid cells with fetal phe-
notype3, hybrid cells generated from human fetal liver 
erythroid and murine erythroid cells (MEL cells) that 
accelerates the increase in adult globin in presence of 
GC4 and on certain cord blood cells that do not respond 
to GC in vitro5. We reported an increase of the nuclear 
content of BCL11A in the presence of GC and to dem-
onstrate that this increase was not just associated with 
GC addition, we studied the responses in patients with 
BCL11A microdeletions compared to their parents. Th e 
CD34+ from those patients were not able to generate 
as much erythroid cells as the control and, when the 
patient 2 cells and their mother (as a control) were cul-
tured with or without GC, we observed that the num-
ber of erythroid cells from the patients did not change 
in their proliferation aft er GC stimulation in contrast 
from their mother. Th e same impairment on the GC-
induced proliferation was observed in CD34+ with engi-
neered reduced BCL11A expression (through shRNA). 
We observed that the number of colonies from eryth-
roid progenitors from the CD34+ with low BCL11A is 
decreased with respect to the control, and those cells do 
not modify their diff erentiation upon GC stimulation. 
Further molecular/mechanistic details uncover that GC 
induced BCL11A amplifi cation is necessary both for the 
GC associated response genes(i.e GILZ)6 as well as cell 
cycle associated genes(i.e. CDKN2B (log2FoldChange 
= 2.389, padj < 0.000)7 and CDKN2D (log2FoldChange 
= 1.179 , padj < 0.000)8), or implicated in the quies-
cence maintenance (i.e. MEIS1(log2FoldChange= 1.179, 

padj<0.000), EGR1 (log2FoldChange = 1.523, padj < 
0.000), FOS (log2FoldChange = 1.399 , padj < 0.000))9. 
Our data and previously reported BCL11A eff ects on 
proliferative infl uence on normal HSCs9 and on B-cells10

suggests that BCL11A is an important participant in the 
proliferative response elicited by GC.
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Autophagy is a highly conserved catabolic pro-
cess that is critical for the survival, diff erentiation, and 
function of bone cells and its dysregulation leads to the 
bone disorders [1, 2]. Recently, it has been reported that 
autophagy is regulated by the endolysosomal two-pore 
channel 2 (TPC2) which are voltage and ligand gated 
ion channels that control the release of both Ca2+ and 
Na+ in response to NAADP and PI(3,5)2, respectively 
[3, 4]. Regarding this, we aimed to assess the interac-
tion between autophagy pathway and TPC2 inhibi-
tion during osteoblastogenesis. To achieve this goal, 
bone marrow derived mesenchymal stem cells (MSCs)
were treated with two pharmacological TPC2 inhibi-
tors including naringenin and tetrandrine for 21 days.
Increased osteoblast diff erentiation was observed in the 
presence of both inhibitors as confi rmed by alkaline 
phosphatase staining and RUNX2 expression by west-
ern blot. Furthermore, stimulated expression of early 
autophagy markers (Atg5 and beclin1) was observed and 
interestingly the expression of LC3II as the marker of 
late phase autophagy remained unchanged. To uncover 
the eff ects of TPC2 inhibition on bone mineralization, 
the human osteosarcoma cells (SAOS-2) were used and 
treated with varying concentrations of naringenin and 
tetrandrine. TPC2 inhibition induced the formation of 
calcium deposits by SAOS-2 cells as confi rmed by both 
Alizarin red S and Von Kossa staining methods. Inter-
estingly, inhibition of TPC2 activity reduced the expres-
sion of LC3II in these cells. It could be concluded that 
TPC2 inhibition by naringenin and tetrandrinecan 
enhance the diff erentiation and function of osteoblasts 
and impedes the completion of autophagy process prob-

ably due to modifi cation in release of Ca2+ and Na+ and 
subsequent blockage in autophagosome-lysosome fusion. 
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Cellular alterations induced by ionizing radia-
tion (IR) are associated with some pathological condi-
tions, but information on the infl uence of sex is scarcely 
known. Th erefore, we investigated if male and female 
HUVECs responded diff erently to X-ray exposure and 
if the antioxidants 10 mM taurine (TAU) and 5 mM 
N-acetylcysteine (NAC) can prevent IR-induced damage 
in a sex-dependent way. 

In untreated cells, sex differences were observed 
only in autophagy, which displayed a higher degree in 
female cells. 

TAU and NAC did not modify viability, LDH 
release, migration, and autophagy. NAC increased MDA 
levels in female HUVECs. 

Aft er X-ray irradiation an increase in LDH release 
and a reduction of viability and migration was observed 
both in male and female HUVECs. TAU and NAC did 
not aff ect viability while reduced LDH release in irradi-
ated cells: they have the same protective eff ect in female 
HUVECs, while TAU was more protective than NAC 
in male cells. Moreover, TAU and NAC significant-
ly promoted the closure of the wound in both sexes in 
irradiated cells, but NAC was more eff ective in female 
HUVECs in doing this. 

TAU did not aff ect autophagy, while NAC reduced 
sex differences after X-ray treatment. Finally, MDA 
decreased in irradiated male HUVECs and increased 
in irradiated female HUVECs after NAC treatment. 
In conclusion, female cells seem to be more aff ected by 
IR damage and the eff ects of the two antioxidants pre-
sent some sex diff erences, suggesting the need to deeper 

study the infl uence of sex in prevention of radiation-
induced damage.   

Keywords: ionizing radiation; taurine; N-acetyl cysteine; 
sex diff erences; HUVECs
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Acute myeloid leukemia (AML) is a malignant dis-
order of haemopoietic stem cells characterized by clonal 
expansion of abnormally diff erentiated blasts of myeloid 
lineage with acquired genetic changes1,2. In the last dec-
ades there has been a big urge to continually develop 
new treatments for this disease. Several pieces of evi-
dence highlighted the pivotal role of PI3K/AKT path-
way in leukemogenesis, promoting aberrant cell prolif-
eration and survival3. Being this pathway overactivated 
in 60-70% of AML patients and correlating with a poor 
outcome, it represented an attractive target for therapeu-
tic strategies4. Indeed, the use of PI3K/AKT inhibitors, 
either individually, or by dual inhibitors, has been widely 
tested demonstrating cytotoxic activities in AML cells5,6. 
However, despite the effi  cacy of these small molecules in 
arresting tumorigenesis in in vitro and in vivo models, 
clinical trials for their use as single agents have shown 
limited eff ects, resulting in insuffi  cient clinical antileuke-
mia activity when administrated at tolerated doses7,8. Our 
aim was to investigate possible mechanisms of drug inef-
fectiveness of AML cells treated with PI3K inhibitors. 

Our data showed that the treatment of AML cells 
with the pan-class I PI3K inhibitor (i.e., BKM-120) 
resulted in a signifi cant arrest of cell proliferation and 
cytotoxicity in a panel of AML cell lines. Th ese results 
were also obtained in a co-culture system with human 
stromal cells, which did not signifi cantly support leuke-
mic cells, and were not aff ected by the treatment. AML 
cells also showed a downmodulation of PI3K/AKT, as 
revealed by RPPA (Reverse Phase Protein Array) analy-
ses. However, mass spectrometry analyses of AML 
treated with BKM-120, also revealed an upregulation of 
several molecules. We focused our attention on HDAC1, 
RAD21, and ABCF2. Th ese preliminary results warrant 
further investigation to defi ne possible novel combinato-
rial approaches to target AML effi  ciently.
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Cetuximab (CTX) treatment induces an acquired 
resistance in the majority of head and neck squamous 
cell carcinoma (HNSCC) patients, leading to local and 
distant treatment failures1. The emergence of resist-
ance is associated with compensatory up-regulation 
of HER32, making it a new therapeutic target. In this 
regard, our approach involves targeting the HER3 recep-
tor axis with an innovative drug, known as aptamer. 
Aptamers are DNA-based molecule synthesized in vit-
ro through SELEX technology. Briefl y, a large library 
of random DNA sequences was incubated with puri-
fi ed IgB-3, a fusion protein combining the extracellular 
domain of HER3 and the Fc domain of a human IgG1. 
Any sequences that bounded to the target were retained, 
amplifi ed by PCR to generate a larger pool of molecules, 
and lastly subjected to cloning and sequencing.

Using the HNSCC cell line FADU, we conducted 
experiments to confi rm the binding specifi city of the 
selected aptamer (A33) to HER3, comparing it to a con-
trol primer.

Furthermore, we observed an increased HER3 pro-
tein level by Western Blot already aft er 24hrs of CTX 
treatment. Th ese results suggest its potential involvement 
in the bypass pathway resistance mechanism. 

Based on these results, we proceeded to assess the 
biological function of A33.

Th rough Western Blot analysis, A33 showed a prom-
ising HER3 degradation aft er 24hrs of treatment with 
a consistent downregulation of the downstream sign-
aling pathway, pAKT. Using the Livecyte instrument, 
we observed that incubation with A33 resulted in a 
decreased cell track speed. Furthermore, when com-
bined with CTX, A33 increased cell doubling time and 
decreased cell confl uence. 

Th eir addictive eff ect was also confi rmed in both 
monolayer cultures, with the reduced ability of single 

cells to grow as colonies, and in 3D growing conditions, 
where there was a decrease in spheroid volume. 

Collectively, our promising results shed new light on 
the potential use of DNA-aptamers as therapeutic agents 
in cancer therapy.
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In the Hedgehog (Hh) signaling pathway the inter-
action of the Hh ligand with the inhibitory receptor 
Patched1 (Ptch1) removes the inhibitory eff ect that Ptch1
exerts on another receptor, Smoothened (Smo), a key posi-
tive regulator in signal transduction [1-2]. All these events 
lead to the activation of the zinc-fi nger transcription fac-
tors of the Gli family (Gli1, Gli2 and Gli3), with conse-
quent nuclear translocation and transcriptional activity. 

Of note, this pathway appears to be involved in the 
regulation of T cell proliferation, survival, and diff eren-
tiation. Hh plays a crucial role in the embryonic devel-
opment, but also in tumorigenesis, as well as in the pro-
liferation and maintenance of cancer stem cells. 

The PI3K/Akt/mTOR signaling pathway is also 
known to be oft en hyperactivated in T-acute lympho-
blastic leukemia (T-ALL) and plays a crucial role in tum-
origenesis.

Th erefore, using Gant-61 (Gli transcription factor 
inhibitor), GDC and Glasdegib (SMO inhibitors) and/or 
MK-2206 (Akt inhibitor) pathway, we investigated in dif-
ferent T-ALL cell lines the eff ect of these drugs up to 72 
hours. 

IC50 concentration was assessed by CCK8 assay and 
the expression of total and phosphorylated downstream 
proteins of these two pathways (such as Akt, GSK3αβ, 
p70S6K, Gli) was analyzed. Flow cytometry analysis was 
used to investigate cell cycle and apoptosis (by means on 
Annexin V).

Gant-61 showed a signifi cant cytotoxicity, whereas 
GDC and Glasdegib exerted modest inhibition of cel-
lular viability. In combination with MK2206, Gant-
61 showed a relevant synergy. Total Gli1 protein was 
reduced and Akt phosphorylation was inhibited by drug 
treatments.

Moreover, the treatment with single or combined 
drug administration may have a relevant role in the 
apoptotic process and in inducing cell cycle arrest in G0/
G1 phase. 

In conclusion, our data suggest that the combination 
of drugs targeted to Hh and PI3K/Akt/mTOR represents 
a potential strategy for T-ALL treatment. 
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Asbestos has been practically used everywhere 
because of its unique physical-chemical and techno-
logical properties. It is known that exposure to asbestos 
causes serious damage to health. Th is has led to the pro-
hibition of their use in most countries but, one species, 
the chrysotile, is still mined, marketed and exported 
in many countries like China, India and Russian Fed-
eration where its “safe use” is allowed. Chrysotile is still 
used because it is not bio-persistent and considered less 
toxic than other amphibole asbestos species. It is dem-
onstrated that asbestos fi bres were present in placenta 
tissues. So, the aim of our study was to investigate if pla-
cental tissues diff erentiation and proliferation could be 
modifi ed in presence of asbestos fi bres. We used BeWo 
cell line, an in vitro model that mimics the syncytio-
trophoblast (STB), the outer layer of placental villi treat-
ed with two kinds of chrysotile fi res, long (CHR-L) and 
short chrysotile fi bres (CHR-S). Our data demonstrated 
that both fi bres induced ROS formation and reduced cell 
proliferation but only CHR-L fi bre was able to induce 
irreversible DNA alterations that carried to cell apopto-
sis. Th ese data suggest that CHR-L may induce placental 
villi damage and/or death leading to impaired placental 
development, which is at the basis of many gestational 
pathologies. Since gestational pathologies are very dan-
gerous for foetal and maternal life, we suggest to the 
gynaecologists to carefully evaluate the area of mater-
nal residence, the working environment, the food used, 
and the materials used daily to avoid contact with these 
fi bres as much as possible during gestation.
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Th e tumor-suppressor miR-145 regulates diff erent 
cellular processes in prostate cancer (PC) and its loss is 
involved in the transition from localized to metastatic 
disease progression. Moreover, low expression of miR-
145 is able to predict poor survival of PC patients. A 
recent and promising therapeutic strategy for PC associ-
ates AKT inhibitors to drugs blocking androgen synthe-
sis such as abiraterone. However, AKT inhibition is very 
well known to trigger a rapid development of resistance 
due to the interruption of negative feedback circuits or 
perturbation of pathway homeostasis. Interestingly, in 
our laboratory we found that AKT modulates miR-145 
expression in the prostate cancer cell line PC3. In par-
ticular, we observed that AKT inhibition not only down-
regulates miR-145 but also evokes a dramatic increase 
(~20 folds) in the expression of a gene target of miR-145, 
namely the oncogene RAS. Since RAS is a potent acti-
vator of the PI3K/AKT pathways, we hypothesized that 
AKT inhibition could result in AKT reactivation. Con-
fi rmation that the observed drop of miR-145 triggers an 
increase of RAS, both in terms of mRNA and protein, 
was obtained using PC3 cells engineered by us to tran-
siently silence the 145-5p guide strand of miR-145 fol-
lowing exposure to doxycycline. We further demonstrat-
ed that pharmacological inactivation of AKT with capiv-
asertib leads to overexpression not only of RAS but also 
of another GTPase family member, Rab5, a key regula-
tor of early endosomes formation and maturation to late 
endosomes [1]. Th is fi nding is particularly interesting 
as Rab5 is a direct target of miR-145 [2]. Moreover, the 
overexpression and activation of this protein not only 
has been related to the internalization of growth factor 

receptors, but is also considered a switch in the process 
of tumor cell migration, which also involves more tar-
gets of miR145 such as N-cadherin and β-catenin. Our 
fi nding that N-cadherin and β-catenin expression and 
intracellular localization is aff ected by capivasertib is 
therefore in good agreement with our previous results 
and pave the way to the identifi cation of markers charac-
terizing patient subgroups that will derive maximal ben-
efi t from PI3K/AKT targeting.
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Obesity has become a worldwide issue that can 
exacerbate some ageing-related comorbidities. Physical 
activity (PA) can counteract weight gain and obesity [1]. 
Th e thermal environment, including facilities and treat-
ments, have been described as increasing PA [2], [3]. Th e 
current study aims to assess the PA levels in relation to 
diff erent BMI categories during a week of spa stay.

137 participants (males=35.8%; 64.3±10.5yrs) staying 
one week at GB-Hotels (Abano Terme, Italy) and under-
going spa treatments fi lled in the Godin-Shepard Leisure-
Time Physical Activity Questionnaire (GSL-TPAQ; LSI – 
as measure unit) both at the beginning and the end of 
the spa stay in order to evaluate the PA of the previous 
week and during the spa stay. Actigraph Motion Watch 
8 (CamNtech) monitored daytime activity all week long. 
One-way ANOVA analyses among BMI categories were 
adjusted for age and sex. FORST funded the current 
study.

BMI values classifi ed particpants as normal weight 
(NW: 50.4%), overweight (OW: 35%), and obese (OB: 
14.6%). NW participants collected the highest GSL-
TPAQ score either the week before (NW=31.1±21.9 LSI; 
OW=25.7±23.4 LSI; OB=20.5±17.5 LSI), even though 
without statistical signifi cance (p=0.08), or during the 
week of the spa stay (NW=44.3±33.1 LSI; OW=36.6±24.4 
LSI; OB=27.6±15.9 LSI; p=0.04), with only a tendency 
to statistical signifi cance between NW and OB in the 
Bonferroni post-hoc test (p=0.06). GSL-TPAQ delta val-
ues were higher in NW than in the other two BMI cat-
egories, although they did not reach statistical signifi -
cance (NW=13.1±7.3 LSI; OW=11±6.6 LSI; OB=7.1±4.7 
LSI; p=0.8). Thus, NW seemed to increment the PA 
more during the spa stay. Th e actigraphic data analy-
sis showed a higher percentage of daytime activity in 
NW compared to the other two BMI classifications 

(NW=43±7.6%; OW=40.6±9%; OB=38.5±8.4%) even 
though without statistical signifi cance (p=0.8).

With a view to promoting an active lifestyle and 
increasing PA, it seems that a week of spa stay can be 
eff ective. Th e data showed that NW subjects seemed 
to have more signifi cant benefi ts from the spa stay to 
improve PA and, in general, their active lifestyle, com-
pared to the other two BMI categories. Th e leisure-time 
PA could be favoured by the facilities off ered by the 
resorts, free time, and a greater predisposition to being 
active during the spa stay.
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Background: It is well known that dance can ben-
efi t physical, social, emotional, and cognitive functions 
both in healthy and pathological elderly subjects. How-
ever, most studies on dance techniques lack scientifi c 
rigor. A biomechanical approach based on optical stereo-
photogrammetry, and musculoskeletal modelling can be 
exploited to improve the quality of dance execution and 
reduce the risks of potential injuries [1].

Purpose: In this study, we analysed the biomechani-
cal aspects of the so-called “Cuban Motion”, a basic step 
of Latin dancing from bachata to mambo and cha-cha-
cha. It is characterized by rotation of the hips around 
the spine, which is achieved by an alternate bending and 
straightening of the knees [2].

Material and Methods: Th e experimental acquisi-
tion of the movement, performed by an instructor of the 
Italian Dance Sport Federation, was conducted at the Bio-
mechanics Laboratory of the “Sport and Anatomy” centre 
of the University of Pisa equipped with a Vicon analysis 
system, with eight infrared cameras and two force plates. 
Additionally, collected kinematic and kinetic data were 
analysed in OpenSim (an Open source soft ware for mus-
culoskeletal simulations [3]) to investigate muscle recruit-
ment and coordination.

Results and Conclusions: Th e results showed the 
role of pelvis axial rotation (+30° fw- -17° bw) and list 
(-20° +20°) with a knee fl exion up to 65°. Th e most acti-
vated muscles were the iliopsoas in the lower limbs and 
the external oblique for the upper body. A validation by 
EMG measurement is needed to confi rm the main mus-
cles involved during each movement. 
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Periodontal disease is a chronic infectious and 
inf lammatory condition affecting the supporting 
structures of the teeth, including gums, periodontal 
ligament, and alveolar bone. It is caused by bacterial 
plaque accumulation and, if left  untreated, can lead to 
the destruction of support tissues and tooth mobility. 
Masticatory muscles, particularly masseters and tem-
poralis, work in synergy with each other and are con-
trolled by the central nervous system through neuro-
muscular pathways that lead to periodontal receptors. 
Th e consequent reduction of periodontal receptors and 
the impairment of the stability of dental occlusion may 
aff ect the function of these muscles, during clenching, 
chewing and other functions [1]. Th e aim of the study 
was to investigate, by means of standardized super-
ficial electromyography (ssEMG) the alterations in 
neuromuscular activity of the masticatory muscles in 
patients with tooth mobility and infl ammation of peri-
odontal tissue. 

In the present observational study, subjects aff ected 
by periodontal inf lammation, periodontal bone loss, 
tooth mobility on at least three teeth -one molar- were 
enrolled. In these patients, the function of masseters and 
temporalis was screened and analysed in their clenching 
and kinematic activity with ssEMG. Activation Index, 
Torque Coefficient, Impact Coefficient, Asymmetry 
Index, Percentage Overlapping Coeffi  cient (POC%), both 
for masseters and temporalis were computed and com-
pared to data of healthy subjects from already published 
studies that applied the same methodology.

Seven subjects, 5 male  and 2 female, (mean age 50 
years ± 5.4) with stage III, grade B periodontitis were 
included. At the ssEMG analysis, the variations both in 
static -reduced clenching impact and poc- and dynamic 
conditions -decrease in the chewing impact while main-
taining the masticatory rhythm and the ellipsis’ area – 
was assessed.

Despite the maintenance of the masticatory rhythm, 
in patients with compromised periodontal health, the 
sensory input received from the receptors of the perio-
dontal tissues appears to elicit “protective behaviours” in 
the masticatory system, both during maximum volun-
tary contraction and chewing activities (such as Impact 
and POC). Th e fi ndings may provide insights into the 
interplay between the two entities: the condition of the 
periodontal structures and the generation of the masti-
catory muscles’ contractive signals by the central nerv-
ous system. However further studies assessing changing 
of the neuromuscular activity aft er treatment of peri-
odontal disease are needed.
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Th e “Postural Control System” acts through biome-
chanical strategies and functional neuromuscular adap-
tations to maintain body balance in static and dynamic 
conditions [1]. Postural stability and body weight distri-
bution can be aff ected by external sensory inputs, such 
as diff erent visual stimuli. Little knowledge is available 
on the infl uence of visual receptors on stabilometric and 
plantar pressure parameters. Th e aim of this study was 
to analyse variability, correlations and changes of these 
parameters in open (OE) and closed (CE) eyes conditions.

31 stabilometric and plantar pressure parameters 
[2] were acquired in 20 young and healthy adults dur-
ing baropodometric examination performed in bipedal 
standing in both visual conditions. Variability of param-
eters was evaluated via coeffi  cient of variation, correla-
tion analysis via Pearson R2 and statistical diff erences 
via Wilcoxon test.

High intra-subject repeatability was found for all 
plantar pressure parameters and Center-of-Pressure 
(CoP)-speed (CV<40%) in OE and CE, while CoP-sway 
area (CoPsa) and Length Surface Function (LSF) showed 
larger variability (CV>50%). Mean and peak pressure at 
midfoot and total foot load showed the least number of 
signifi cant correlations with other parameters in both 
visual conditions, whereas the Arch-Index and rearfoot 
load showed the largest number of signifi cant correla-
tions. Limb side signifi cantly aff ected most parameters. 
A trend for larger LSF and for lower CoPsa, mean and 
peak pressures on right forefoot side were found in CE. 

Th e present study provides a deeper insight into the 
associations between postural stability and foot load. 
Interesting postural adaptations, in particular with 

respect to diff erent visual stimuli, the eff ect of the domi-
nant side and the specifi c role of the midfoot [3] in bal-
ance control were highlighted.
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Different levels of cognitive inhibition activation 
during a dual task (cognitive and motor) execution 
[1] were detected by means of electroencephalography 
(EEG)[2]. Lightweight wireless EEG device, with eight 
channels and dry electrodes, was used to minimize 
interference during spontaneous walking assessed by 3D 
gait analysis. Aim of the present study was to investigate 
diff erent levels of executive functions activation during 
walking by EEG. 

Th irteen healthy subjects are included in this explor-
atory study, based on previous evidence showing the 
invariance of neurophysiological features on the activa-
tion of cognitive functions in dual-tasks with ageing [3]. 

Inhibition (Go-NoGo cognitive task) resulted more 
involved than working memory (NBack cognitive task) 
during ambulation as revealed by the variation in stride 
length and foot progression. A signifi cant relation was 
found between the increase of relative power in the delta 
band at Fz and inhibition activation levels in both sit-
ting and walking conditions. No signifi cant EEG-trends 
emerged for working memory during walking. This 
study reinforces the hypothesis of the prevalent involve-
ment of inhibition with respect to working memory dur-
ing walking, until now based only on prefrontal func-
tional near infrared spectroscopy (fNIRS) evidence and 
gait speed. Moreover, the foundations are laid for EEG-
based monitoring of cognitive processes involved in gait.
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Th ree major chronotypes exist: Morning- (M-types), 
Neither- (N-types) and Evening-types (E-types). M-types 
tend to perform better in the morning, while E-types in 
the evening [1]. It has been shown that bad sleep habits 
tend to worsen physical performance [2], but it is still 
unclear the impact that such chronobiological variables 
could have on neuromuscular performance.

Th e current study aims to assess if chronotype, time 
session and sleep can infl uence physical performance. 
13 participants (males=8, 26±4.5 yrs, 26.5±1.7 kg/m2; 
females=5, 28.4±4.5 yrs, 26±3.5 kg/m2) underwent an 
anthropometric assessment and fi lled in the reduced 
Morningness-Eveningness Questionnaire and Pittsburgh 
Sleep Quality Index. Th ey performed 3 neuromuscular 
tests (Squat Jump-SJ, Counter Movement Jump-CMJ, 
Counter Movement Jump with swinging arms-CMJSA) 
on a Chronojump jump mat. Th e tests were carried out 
at 09:00 am, 01:30 pm and 06:00 pm, following a ran-
domized order in 3 diff erent days. From the 3 tests the 
jump height was automatically calculated as function of 
the fl ight time by the soft ware provided by the jump mat 
manufacturer. Both the elastic and coordination indices 
[3] of performance were computed. Mixed ANOVA test-
ed the interactions between chronotype, time session, 
sleep and physical performance, while a paired t-test 
assessed the intragroup comparisons. 

Th e total sample (n=13, 26.9±4.8 yrs, 26.3±2.7 kg/
m2) was classifi ed as M-types (n=4), N-types (n=6) and 
E-types (n=3), and Good Sleepers (n=5) and Bad Sleepers 
(n=8).

ANOVA analysis did not show any statistically sig-
nifi cant diff erence. Paired t-test showed that, in the total 
sample, there was a diff erence between the elastic index 
obtained at 09:00 am compared to those obtained at 
06:00 pm (6.2±6.8 vs 12.5±8.4 %, p= 0.005). Th e same 
diff erence was evident in the male (8.4±6.5 vs 15.4±8.9 
%, p= 0.011) but not in the female sample.

Th e comparison of SJ, CMJ, and CMJSA height are 
worldwide methods to assess neuromuscular capability. 
Th e elastic index could be associated with a better abil-
ity to use the stretch-shortening cycle, generating more 
powerful movements. From this perspective, our results 
may suggest that the elastic index was higher at even-
ing sessions, probably due to the habitual late aft ernoon/
evening training that could act as an environmental syn-
chronizer.
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Th e ability to perform maximal vertical jumps sig-
nifi cantly aff ects athletic feat in several sports, such as 
basketball, handball, and volleyball [1]. A few studies 
analyzed the eff ects of diff erent sensory stimuli on Verti-
cal Jump performance [2], [3]. To the best of our knowl-
edge, no study quantitatively assessed the variations of 
spatial-temporal parameters during Counter Movement 
Jump (CMJ) free arms execution in diff erent acoustic 
and visual stimuli conditions.

Th e aim of the present study is to explore the eff ects 
of the incentive and disincentive sensory stimuli on CMJ 
free arms performance via a digital accelerometer sensor.

Twenty young and competitive volleyball athletes 
were recruited and assessed using “BAIOBIT” (BTS, 
Milan) inertial sensor, during 5 trials, consisting of 
3 CMJ free arms each. Th e athletes executed the sets, 
respectively, without sensory stimulus (NS), with incen-
tive (IAS) and disincentive (DAS) acoustic stimulus, 
and with incentive (IVS) and disincentive (DVS) visual 
stimulus. Spatial-temporal parameters were computed. 
Moreover, statistical analysis was employed to test intra- 
and inter-subject variability and signifi cant diff erences 
between diff erent sensory stimuli.

Th e results showed low intra- and inter-subject vari-
ability for all spatial-temporal parameters (median CV 
< 10%); in particular, the lowest intra-subject variability 
was found for mean time of fl ight phase (CV < 3%) and 
the largest one for peak speed (5%< CV<10%). As far as 
the eff ect of diff erent acoustic and visual stimuli, a trend 
for larger peak speed was found in IVS condition with 
respect to NS one (P value= 0.092). 

Th e present study seems to underline a higher infl u-
ence of visual stimulus on CMJ free arms. Th ese fi nd-
ings may be useful during the training in order to 
improve the performance in the sport competition.
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Th e Squat Test is a functional movement test that is 
commonly used among strength and conditioning coach-
es for screening movement quality. Despite functional 
movement assessments are routinely used in sports to 
recognize the quality of movement and  to identify ath-
letes predisposed to future injury, however, to date, the 
visual (subjective) assessments are the most commonly 
used. Th e aim of the present study is to compare subjec-
tive and objective data obtained from two diff erent squat 
test variations, namely the third (3P, hands on shoulders) 
and fi ft h (5P, overhead squat) position.

Eleven healthy male subjects (25.3 ± 4.5 years, 180.7 
± 6.0 cm height, 77.7 ± 5.4 kg weight) performed fi ve 
repetitions both in 3P and 5P. Each session was video-
recorded. Visual (subjective) data analysis was per-
formed by fi ve expert trainers. For the objective analy-
sis, the Kinovea soft ware and a multi-axis biomechanics 
force plates were used.

5P was more diffi  cult to perform than 3P squat test 
variation (-5.8%, p<0.0001 total quality of movement 
subjective analysis), but the former allowed a better hip 
alignment (+3.1%, p<0.001 subjective analysis). In addi-
tion, 5P showed a greater knee fl exion (+2.1%, p<0.01). 
Visual assessment of total movement quality was strong-
ly correlated with those of knee (R=0.94, p<0.0001) and 
ankle movements (R=0.93, p<0.0001). A slight correla-
tion was observed between visual and objective assess-
ment of the balance of the strength expressed by the 
right to left  lower limb (R=0.42, p=0.0014). Th e squat 
depth did not diff er when performing the test either 
in the third or fi ft h position.  An inverse correlation 
occurred between squat depth and visual assessment of 
knee movement (r= -0.57, p<0.0001).

The present study highlighted some differences 
between visual (subjective) and objective assessments. 
Despite the reliability of visual assessment in functional 

movement tests, such as the squat test, it appears to be 
increasingly necessary the support of objective assessment 
methods to improve the screening movement quality.
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Sarcopenia is the age-associated decline in muscle 
mass and strength that begins in about the fourth dec-
ade of life and is a major contributor to ill health and 
disability in the elderly.

Progressive loss of muscle mass and concomitant 
decline in muscle strength (dynapenia) are associ-
ated with a large and diverse group of diseases, includ-
ing type 2 diabetes mellitus and cardiovascular dis-
ease, cause frailty and disability, increased risk of falls 
and fractures, loss of physical independence, cognitive 
decline, depression and therefore, in general, lower the 
quality of life. 

Th e main factor in the sequence of events leading to 
sarcopenia is lack of physical activity. A high degree of 
inactivity has been shown to result in signifi cant chang-
es in muscle cross-sectional area, volume and mass, pro-
moting metabolic dysfunction (anabolic resistance) and 
leading to reduced muscle function [1].

Th e main tool to counteract the advance of sarcope-
nia is therefore motor activity, even better if carried out 
outdoors.

Physical activity outdoors, compared to that carried 
out in closed spaces, has various benefi ts referable to the 
presence of vegetation, sunlight, air and weather condi-
tions and promotes a greater degree of socialisation.

An activity suitable for the elderly, to be carried out 
outdoors, is Nordic walking.

Nordic walking is an activity involving specially 
designed poles used to push against the ground with 
each stride for the purpose of activating the upper body 
while walking. It is a more intensive form of walking 
using muscles of upper body and lower body. It is a safe, 
feasible and benefi cial form of exercise training in older 
adults. 

Normal walking utilizes muscles of the lower half 
of the body while nordic walking is a whole body activ-
ity that uses muscles of the back, arms, shoulder and 

neck. It reduces load on the lower body and helps people 
remain stable while walking. [2].

A motor protocol that combines aerobic activ-
ity, such as Nordic walking, which enhances endurance 
and muscle strength, and exercises that improve bal-
ance skills, lends itself perfectly to helping the elderly 
to counteract and stem sarcopenia, avoiding problems 
related to posture and balance which very oft en result in 
accidental falls.
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Anterior Cruciate Ligament (ACL) injury is a high-
severity injury in sports, mostly occurring with no con-
tact with other players [1]. During cuttings or landings, 
the ground impact with extended lower limb and knee 
dynamic valgus may lead to ACL lesions [2]. Functional 
landing tests are used to assess players’ ACL injury risk 
by simulating the injury mechanisms. Many studies 
analysed the lower limb kinematics, not considering the 
potential infl uence of trunk on hazardous mechanisms. 
Th is study aimed to analyse trunk movements in 5 uni-
lateral landing tests, investigating the infl uence of initial 
contact (IC) trunk position on knee kinematics in the 
fi rst 100 ms aft er IC, high-risk time window [3].

57 amateur athletes (22.2±2.4 years) performed: 
drop-landing from a box with maintenance of bal-
ance (DL), or a secondary vertical (DV) or forward 
jump (DF); horizontal hop with maintenance of balance 
(HH) or with a secondary vertical jump (HJ) (drop-tests 
height: 20% subject’s height, distance: 60% maximal 
horizontal jump; hop distance: 90% maximal horizon-
tal jump). Trunk and knee kinematics was provided by a 
9-camera motion capture system using 38 skin-mounted 
markers. Th e infl uence of IC trunk fl exion (TF), lateral 
fl exion (TL) and rotation (TR) on knee peak abduction 
and fl exion (100 ms aft er IC), was assessed with 10 mul-
tiple regression models, 5 tests and 2 knee angles, (trunk 
angles=independent variables, knee angles=dependent 
variables, p<0.05).

Knee abduction regression models included TL 
with positive beta coeffi  cient (β>0), and TR (β>0) was 
also included in DF (R2

DL=0.10, R2
DV=0.10, R2

DF=0.19, 
R2

HH=0.08, R2
HJ=0.09). In knee fl exion models, it has 

been found statistically signifi cant regression models 
only for DL and DF (R2

DL=0.04, R2
DF=0.04), including 

TF (β>0), and DV (R2
DV=0.06), including TF (β>0) and 

TL (β<0).

Knee kinematics seems to be aff ected by IC trunk 
position. Ipsilateral TL, associated to higher knee abduc-
tion, moves the ground reaction forces laterally with 
respect to the knee, increasing the ACL injury risk [4]. 
In drop-tests, a greater TF was positively associated to a 
larger knee fl exion, reducing the injury risk. Th e infl u-
ence of IC trunk on knee kinematics suggests the inclu-
sion of core control exercises in preventive and reha-
bilitative programs, to avoid risky posture at the ground 
impact.
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Down syndrome (DS), a disease based on the tri-
somy of chromosome 21, is characterized by intellectual 
disability as well as several pathological traits e.g., early 
aging and altered motor coordination.

Physical training or passive exercise has been found 
to be able to counteract, at least in part, motor impair-
ment in DS subjects. In this study we used a widely 
accepted animal model of DS, the Ts65Dn mouse, to 
explore the ultrastructure of the medullary motor neu-
ron cell nucleus, a marker of the cell functional state, 
and the eff ect thereupon of adapted physical training. 
Using trisomic and euploid TS65DN mice, either sed-
entary or treadmill trained, we exploited transmission 
electron microscopy, ultrastructural morphometry, and 
immunocytochemistry to carry out an in-depth struc-
tural investigation of the trisomy-related alteration(s) 
of nuclear constituents insofar these are known to vary 
their amount and distribution according to the func-
tional state of the cell nucleus.

Results showed that trisomy alone has a limited 
impact on nuclear constituents; however, adapted physi-
cal training showed the capability to chronically stimu-
late pre-mRNA transcription and processing activity in 
motor neuron nuclei of both euploid and trisomic mice, 
although to a lesser extent in the latter. Th ese fi ndings 
represent a contribution to the understanding of mecha-
nisms involved in the positive eff ect of physical activity 
in DS. 

Keywords: Down syndrome; Ts65Dn mouse; cell nucleus; 
motor neuron; physical exercise; transmission electron 
microscopy
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Assessing the vascular supply and the presence of 
Underwood septa in maxillary sinus is fundamental for 
surgical intervention on these structures1,2. 

Th e study aims to provide updated information for 
clinicians to better understand the vascular and surgical 
complications associated with the maxillary sinus.

Two groups of cone-beam computed tomographies 
(CBCT) of patients referred to the Dental Clinic of Uni-
versity “G. d’Annunzio” Chieti-Pescara were collected to 
study the alveolar-antral artery (AAa) and the presence 
of Underwood septa in the maxillary sinus. For the eval-
uation of the AAa, 100 CBCT scans from patients with a 
clinical condition of edentulism of posterior teeth were 
analyzed, examining the presence of the AAa in the 
antral wall of the maxillary sinus, the length of the arte-
rial pathway, the height of the maxillary bone crest, and 
the size of the branches of the AAa.

Th e results showed that the intraosseous variant of 
the AAa was present in 100% of the cases. Th ere were 
no statistically signifi cant diff erences between the pres-
ence of the AAa on the left  and right sides. Th e length 
and height measurements varied slightly between the 
two sides, but the diff erences were not statistically sig-
nifi cant. Th e average size of the branches of the AAa was 
around 1.07mm.

Regarding the presence of Underwood septa, a sam-
ple of 100 CBCT scans was collected, and a total of 200 
maxillary sinuses were evaluated. Th e results showed 
that 19% of the examined sample had septa in the max-
illary sinus, with no signifi cant gender diff erences in the 
presence of septa.

In conclusion, this study provides insights into the 
clinical anatomy of the maxillary sinus, specifi cally the 
arterial blood supply and the presence of Underwood 
septa. The findings can be valuable for clinicians in 
understanding the vascular and surgical complications 

associated with the maxillary sinus and for improving 
surgical planning in procedures such as sinus fl oor aug-
mentation and implant placement.
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During the last academic year, routine dissections 
on human cadaver for Medical School students of Uni-
versity of Bologna, some anatomical variants aff ecting 
the vertebral arteries (VA) were noted. 

Vertebral artery anatomical variations in origin, 
course, size, and branches are quite common.

Regarding the size, the diameter of the left  verte-
bral artery (VA) is slightly greater than the right one. In 
20-40% of cases one VA is clearly smaller than the con-
tralateral one. According to literature, VA was defi ned as 
hypoplastic when its diameter was less than 2-3.5 mm (1).

Th e frequency of this last variation is 2-6% (2), but 
the clinical signifi cance of VAH remains controversial. 

Left  vertebral artery hypoplasia (VAH) was high-
lighted in a 78-year-old female Caucasian cadaver, whose 
cause of death was acute coronary syndrome. 

Th is abnormal artery had an outer diameter of 1 
mm whereas the right one had an outer diameter of 5.5 
mm. Th e two arteries joined to form the basilar artery 
(BA) far above the bulbopontine sulcus probably due to 
the tortuosity of the right VA.

Concerning the branching, the anterior spinal artery 
arises from the medial surface of the right VA only and 
not from the union of two branches of each VA; fur-
thermore, the right posterior inferior cerebellar artery 
(PICA) was slightly greater than the left . 

Some authors considered marked asymmetry of 
VA as a harmless variant due to the absence of clini-
cal symptoms and signs of vertebrobasilar insuffi  ciency 
and its frequent association with a compensatory fl ow in 
contralateral non hypoplastic VA (3). 

Diff erent observations suggested that a hypoplastic 
VA could be a predisposing factor of posterior circula-
tion stroke (2), even in young patients (4). Other studies 
reported a positive correlation between VAH/associated 
alterations in posterior circulation and migraine with 
aura and vertigo (5,6). Moreover, the tortuosity of BA is 
related to the development of aneurysms (7).  

Concerning the branching, the origin of the ante-
rior spinal artery from the right VA only corresponded 
to Type II described by Lanzino (8). In this case, the 
knowledge of the diff erent pattern of origin and course 
of the proximal portion of the anterior spinal artery is 
critical for planning and safely performing endovascular 
and surgical procedures involving the distal VA, the ver-
tebrobasilar junction and the ventral medulla (8). 
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Machine learning (ML) could signifi cantly estimate 
nephron endowment (NE) in kidney assessment for 
transplantation (1). Knowing NE is crucial for assessing 
renal function and predicting the risks aft er transplant. 
ML algorithms can analyze clinical and laboratory data 
to predict NE in each kidney before transplantation. 
Th is preliminary study aims to measure NE, using digi-
tal pathology (2), facilitating the development of future 
ML algorithms for automatic NE recognition and com-
putation.

40 kidneys removed from 26 brain-dead donors (12 
female, 14 male, mean age 62.6 years) were collected. 
Computed tomography was performed on kidneys to 
compute stereologically the volume of the cortical por-
tion (3). Tissue sections from 6 standardized kidney are-
as were harvested and processed for histomorphometric 
analysis. Th e stereological method was employed in each 
section to evaluate the glomerular density, size, and vol-
ume. Th en, NE was computed for each kidney by mul-
tiplying the cortical volume by glomerular density and 
dividing this result by the average glomerular volume. 
Th e number of functional (FG) and atrophic (AG) glo-
meruli were also assessed. 

The mean volume of the cortical portion was 
48.2cm3 ± 17.7. Glomeruli represented 9.53% ± 2.19 
of the cortex. Th e mean glomerular volume resulted 
in 5.75E-6 ± 2.04E-06 cm3. The glomerular number 
was: NE 858.550 ± 373.245, FG 650.606 ± 310.400, AG 
207.944 ± 99.837. Th e number of glomeruli was higher in 
the superior area of the kidney than in the medium and 
inferior areas but not signifi cantly.

Cutting-edge computation strategies, based on the 
foundations of traditional histomorphometry, could be 
useful to defi ne ML algorithms for enhanced diagnos-
tics and a deeper comprehension of the intricate mecha-
nisms and infl uential factors underlying kidney trans-
plantation outcomes, improving the process of patient 
care.

References 

1) Karam G, Kälble T, Alcaraz A et al. Guidelines on 
renal transplantation. European Association of Urol-
ogy, 2014. 

2) Fusco N, Guerini-Rocco E, Del Conte C et al. Her2 in 
gastric cancer: A digital image analysis in pre-neo-
plastic, primary and metastatic lesions. Mod Pathol 
2013;26;816-824. 

3) Calhoun D, LeVeque R. A cartesian grid fi nite-volume 
method for the advection-diff usion equation in irreg-
ular geometries. Journal of Computational Physics, 
2000;143-180.

Keywords: Histomorphometry; machine learning; trans-
plantation; kidney



Italian Journal of Anatomy and Embryology 127(1) Supplement: 265, 2023 Supplement

Firenze University Press
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online)

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Th e puzzle of facial asymmetry: is the dentition stage a contributing 
factor?

Annalisa Cappella1,2, Alice Gervasoni3, Luisa Gigante3, Riccardo Solazzo3, Isabela Regalo4,5, Claudia 
Dolci3, Daniele Gibelli3, Gianluca Tartaglia5,6, Chiarella Sforza3

1U.O. Laboratorio di Morfologia Umana Applicata, IRCCS Policlinico San Donato, 20097 San Donato Milanese, Italy
2Dipartimento di Scienze Biomediche per la Salute, Università degli Studi di Milano, Via Mangiagalli 31, 20133 Milan, Italy
3LAFAS (Laboratorio di Anatomia Funzionale dell’Apparato Stomatognatico), Dipartimento di Scienze Biomediche per la Salute, Uni-
versità degli Studi di Milano, Via Mangiagalli 31, 20133 Milan, Italy
4Department of Basic and Oral Biology, School of Dentistry of Ribeirão Preto, University of São Paulo, Brazil
5Dipartimento di Scienze Biomediche, Chirurgiche ed Odontoiatriche, Università degli Studi di Milano, 20133 Milan, Italy
6U.O. Chirurgia Maxillo-Facciale e Odontostomatologia, Fondazione IRCCS Cà Grande Ospedale Maggiore Policlinico, 20133 Milan, 
Italy

Facial asymmetry is intrinsic in all persons since 
birth. Its degree during growth might vary depending 
on several factors, and its quantifi cation in healthy is 
crucial for its understanding. Still, the literature lacks a 
comprehensive defi nition of normal ranges.

We analyzed facial asymmetry in three-dimensional 
(3D) stereophotogrammetric facial models of 122 males 
of two age groups, 9-14 and 15-20 years old (N=61 for 
both groups), each chosen as representative of a denti-
tion (mixed and permanent) to provide normal ranges, 
and to survey the infl uence of dentition on asymmetry 
degree. We examined asymmetries of trigeminal thirds 
(upper-UT, middle-MT and lower-LT thirds) by a 3D 
superimposition procedure with the VAM software 
(Vectra 3D Analysis Module): the left side was mir-
rored and superimposed on the right one and asym-
metry expressed as root mean square (RMS). A two-
ways ANOVA analysis assessed signifi cant diff erences 
(p<0.05) between age groups and facial thirds. Pearson 
correlation was applied to assess the correlation between 
age and asymmetry.

RMS values ranged from 0.23 to 1.14mm and those 
of younger proved more symmetrical (p<0.001). UT 
RMS values proved higher, followed by LT and MT 
but significant differences were found only between 
UT and MT in both groups. No statistically signifi cant 
interactions were found between the factors age x facial 
third (p=0.92) while a signifi cant positive correlation 
(p<0.001) was found between ages and asymmetry of 
any facial third.

Faces of males from 4 to 20 years always show a 
slight asymmetry degree but its clinical signifi cance is 
challenging since no agreement on tolerance of asymme-
try is reported in literature. In both groups, the greater 
asymmetry of soft  tissues related to mandible and its 
dentition may refl ect its articular mobility, extended 
post-natal development, and presence of a preferential 
chewing side.

Back to the starting question, we can only specu-
late that the dentition type infl uences facial asymmetry: 
though a signifi cant positive correlation was found, this 
might respond to other factors too. Yet, the signifi cant 
diff erences among the two age groups give no space to 
misunderstanding: facial asymmetry increases from 9 to 
20 years old. What are the factors infl uencing this trend, 
whether dentition or skeletal growth or other, remains 
an open question.

Keywords: facial asymmetry; three-dimensional imag-
ing; 3D facial analysis; dentition; reference values; anthro-
pometry; pediatric population; stereophotogrammetry
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Sphenoid bone is one of the anatomical structures 
most affected by anatomical variants, especially for 
what concerns accessory foramina (1,2), such as fora-
men meningo-orbitale, foramen of Vesalius, canaliculus 
innominatus and palatovaginal canal. In literature sever-
al studies report prevalence of each variant, but very few 
information is available about the possible correlation 
among diff erent variants.

Th ree hundred maxillofacial CT-scans of patients 
(equally divided among males and females) were ret-
rospectively assessed to verify the presence of foramen 
meningo-orbitale, foramen of Vesalius, canaliculus 
innominatus and palatovaginal canal. Possible diff er-
ences in prevalence of each accessory foramen according 
to sex and possible correlation among diff erent variants 
were assessed through Chi-square test (p<0.01). 

Overall prevalence of foramen meningo-orbitale, 
foramen of Vesalius, canaliculus innominatus and pala-
tovaginal canal was 30.7%, 67.7%, 14.0% and 35.3% 
respectively, without any difference according to sex 
(p>0.01). A signifi cant positive correlation was found 
between foramen of Vesalius and canaliculus innomi-
natus, both in males and in females (p<0.01). In detail, 
subjects with canaliculus innominatus in 85.7%-100.0% 
of cases show also foramen of Vesalius, independently 
from sex and side.

Th e present study for the fi rst time found a cor-
relation between foramen of Vesalius and canaliculus 
innominatus: results may be useful for improving surgi-
cal procedures of the cranial base. 
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The sciatic nerve (SN), also called the ischiatic 
nerve, is the longest and largest nerve in the human 
body. Th is wide nerve originates from the lumbosacral 
plexus (L4-S3) roots, and exits from the pelvis closely 
below the piriformis muscle (PM). However, many vari-
ations of the SN are present concerning its relationship 
with the PM. Indeed, in this regard, these anatomical 
variations were recorded and classifi ed by Beaton and 
Anson since the fi rst one in 1937 [1].

In the present study, we describe two diff erent case 
reports of the anatomical variations of the SN and 
its relationship with the PM, observed during dissec-
tion classes at the ICLO Teaching and Research Center 
(Verona, Italy), both in male and female bodies aged 
between 62 and 78 years old.

In the fi rst case (a 62 year old male reported), it was 
observed the SN divided into the common peroneal 
nerve (CPN) and the tibial nerve (TN) that, respectively, 
passed between and below the PM. On the other hand, 
in the second case (observed in a 70 year old female), 
even if the SN was split into its two components, the 
CPN passed above the head of the PM, and the TN 
passed through the PM. Eventually, the third case of a 
78 year old female, another case reported the TN emerg-
ing below the PM, and the CNP passed through the PM. 

Th e anatomical variability knowledge of any part of 
the human body, observed by diff erent techniques rang-
ing from imaging to surgery or autopsy, is fundamental. 
Focusing on the SN and its relationship with the PM, 
understanding this variability is essential to eff ectively 
treat the patient with the appropriate medical approach. 
For example, piriformis syndrome is a rare syndrome 
which is one of the main causes of nondiscogenic sci-

atica, causing severe low back pain due to entrapment 
of SN, either by hypertrophy or by infl ammation of the 
PM [2]. Th us, the anatomical features of each variation 
might be useful for the surgical treatment of piriformis 
syndrome.
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Diverse methods are used for facial asymmetry 
assessment, and comparisons are needed to evaluate 
their comparability and interchangeability. The con-
cordance of two methods can be assessed by the Bland-
Altman plot [1] that needs an a priori establishment of 
the clinical signifi cance of the results, i.e. the amount of 
“discordance” between the methods we can accept with-
out causing clinically diff erent results.

Th is study aims at comparing two methods for quan-
tifying facial asymmetry to establish if their measure-
ments are comparable and the methods interchangeable. 
Th e sample consists of 134 Caucasoid individuals’ 3D 
stereophotogrammetric facial models (67 males and 67 
females, 5 to 95 years old). Th e hemiface and facial thirds 
asymmetry, aft er selection according to two common 3D 
methods, is assessed as Root Mean Square (RMS).

Th e fi rst method [2] entails the selection of the two 
hemifaces and related facial thirds (upper, middle and 
lower) according to the trigeminal innervation. Th e left  
facial area is mirrored and superimposed onto the right 
one, and the RMS is calculated. Th e second method [3,4] 
involves the division into thirds, without splitting the 
two sides, according to two horizontal planes: one pass-
es through the inner canthi, and the other through the 
cheilions. Th e facial areas are mirrored and overlapped 
on their original version to calculate the RMS. 

Th e concordance between the RMS values obtained 
with the two methods was evaluated through the Bland-
Altman plot by estimating biases, upper (U) and lower 
(L) limits of agreement (LOA). 

A bias of -0.07 mm was found disregarding the facial 
area, with U-LOA=0.24 mm and L-LOA=-0.39 mm. 
MT and LT had worse values: bias= -0.22 mm, U-LOA= 
0.09 mm, L-LOA= -0.53 mm, for MT; bias= 0.03 mm, 
U-LOA= 0.33 mm, L-LOA= -0.27 mm, for LT. Hemi-
face and UT showed better results: bias= -0.07 mm, 

U-LOA=0.11, L-LOA= -0.26 mm for hemiface; bias= 
-0.03 mm, U-LOA= 0.20 mm, L-LOA= -0.26 mm for UT.

Literature lacks a defi nition of the clinically signifi -
cant limits of facial asymmetry, hindering the practical 
interpretation of “asymmetric” faces in healthy individu-
als. As a result, no conclusive remarks are possible on 
the interchangeability of the two methods but clues on 
the need to provide clinical practical data fi rst, other-
wise statistics might become a trap for research.
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Bone regeneration is a challenge in biomedicine 
to accelerate and promote the patient’s recovery aft er a 
trauma or a defi ned pathology involving the skeleton. 
Bioactive gelatin-chitosan hydrogel scaff olds have been 
previously evaluated for their ability to support the acti-
vation of the bone marrow human mesenchymal stromal 
cells (BM-hMSCs) to osteogenic lineages [1-3]. 

Th e aim of the present research is to evaluate an 
innovative and promising three-dimensional bioresorb-
able scaff old of gelatin-chitosan hydrogel with a stiff  
poly(lactic acid) lattice structure, to ensure temporary 
mechanical support, as an environment for the prolif-
eration and diff erentiation of seeded BM-hMSCs in the 
presence of fetal bovine serum or human platelet lysate 
with or without the osteogenic medium. 

Th e scaff olds were analyzed aft er 28 days,  included 
in paraffi  n, cut at the microtome, and evaluated both his-
tochemically, with Von Kossa staining for calcium depos-
its and Masson Trichrome for extracellular matrix, and 
immunohistochemically for Osteocalcin (OSC), Osteo-
pontin (OSP) and Bone Morphogenetic Protein 2 (BMP2), 
all important molecules in bone matrix deposition.

Th e results showed the presence of calcium depos-
its in the mash of the scaff old, the cells appeared well 
integrated with a positivity for OSC and BMP2, but not 
for OSP, showing a clear diff erentiation state as osteo-
blasts. Th e positivity for BMP2, in particular, indicated a 
remodeling activity for the extracellular matrix.

In conclusion, this innovative scaff old could be a 
promising approach to bone regenerative medicine.
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Titanium (Ti) is the most commonly used biomate-
rial for dental implants. Osseointegration is accomplished 
through three main events: early immune-infl ammatory 
response, angiogenesis, and osteogenesis [1]. Th e latter 
consists in the recruitment of mesenchymal stem cells 
(MSCs) and their diff erentiation into osteoblasts around 
the implant surface. Th e surface properties have a great 
infl uence on both attachment and osteodiff erentiation 
of MSCs. In this work, we have determined the viability, 
morphology and osteogenic diff erentiation of cells with 
diff erent Ti surfaces. To this aim, MSCs isolated from 
human healthy periodontal ligament (hPDLSCs) were 
seeded on Ti disks (medical grade 5) previously treated 
with seven diff erent procedures for surface modifi cation: 
sandblasted with Al2O3 particles, polished, anodization-
colored yellow and grey Ti, polished and anodized yellow 
Ti, polished and anodized grey Ti, double acid etched Ti. 
A 10-mm-diameter Ti bar was machined into 0.6-mm-
thick disks. Standard 24-well tissue culture plates (poly-
styrene) were used as control surfaces.

hPDLSCs were harvested from healthy third molars 
and then cultured in MesenPro medium with low serum 
(2% FBS) containing growth supplement. A commercial 
osteogenic medium was used for osteogenic induction. 
For each experiment, cells derived from at least three 
diff erent samples at passages 3–5 were used. hPDLSCs 
morphology and osteogenic diff erentiation were assessed 
by immunofl uorescence analysis of cells stained with 
phalloidin and Collagen I, respectively. Cell proliferation 
was evaluated by counting the DAPI-stained nuclei. 

Our observations show that Ti surface treatments 
included in this study modulate both cell proliferation 
and osteogenic diff erentiation. All Ti surfaces are able 
to induce the synthesis and the secretion of Collagen I, 
suggesting the stimulation of osteogenesis. Further anal-
yses are in progress to relate these results to the physico-
chemical properties of the Ti surfaces. 
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The regeneration of large bone defects remains 
challenging and requires biocompatible scaff olds with 
osteoconductive and osteoinductive properties. This 
study aimed to evaluate the eff ectiveness of a nano-
hydroxyapatite(nano-HA)/PGLA/dextran-based scaff old 
(Control scaff old) loaded with Polylevolysine (PLL) (1) 
and fi bronectin (FN) (Test scaff old) for bone regenera-
tion in critical-size tibial defects in the ovine model.

Aft er the physicochemical properties characteriza-
tion, the scaff olds were implanted in the tibiae of ten 
adult sheep, creating monocortical defects. Th e animals 
were divided into two groups and euthanized at 3 and 6 
months post-surgery. Th e defects were fi lled with either 
the control scaff old or the test scaff old. Th e distal defects 
served as negative control sites without any scaff old. 
Histological and histomorphometric analyses assessed 
bone ingrowth and residual material 3 and 6 months 
aft er surgery.

Both scaff olds showed submicrometric crystals on 
surfaces and within the structures at scanning electron 
microscopy. Th e light microscope revealed macroscopic 
3-dimensional porous architecture. X-ray diffraction 
confi rmed the presence of highly crystalline nano-HA. 
Histological and histomorphometric evaluations showed 
new bone formation and residual biomaterial within 
the defects at 3 months, with no signifi cant diff erences 
between the scaff olds. At 6 months, the defects fi lled 
with the test scaff old exhibited signifi cantly higher lev-
els of regenerated bone compared to the control scaff old, 
while the residual material was higher in the control 
scaff old.

Th e nano-HA/PGLA/dextran-based scaff old loaded 
with PLL and FN shows promise in promoting bone 

regeneration in critical-size defects, demonstrating a bal-
anced combination of regenerative and resorbable prop-
erties that support new bone deposition.
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Cardiac tissue engineering (CTE) aims at restor-
ing cellular and extracellular compartments of myo-
cardium by combining cells and scaff olds. It has been 
recently demonstrated that decellularized human skin 
(d-HuSk) can be used to prepare three-dimensional scaf-
folds that support survival and diff erentiation of human 
resident cardiac progenitor cells (hCPCs). We hypoth-
esize that the intrinsic elasticity of the dermal matrix 
might be exploited in a cyclic stretch bioreactor to fur-
ther stimulate the maturation of cardiac bioconstruct. 
To test our hypothesis, we prepared d-HuSk scaff olds 
that were repopulated with hCPCs and cultured in static 
conditions for one week. Aft erwards, we transferred bio-
constructs to a bioreactor applying a cardiac-like cyclic 
stretch (10% strain at 1 Hz) for seven days. Th e eff ects of 
the mechanical stimulation were then evaluated by SEM, 
histochemistry, immunofl uorescence, and gene expres-
sion analyses, using bioconstructs cultured in static con-
ditions as a reference. Th e histological analysis showed 
that hCPCs organized into a multilayered tissue on the 
surface of d-HuSk in both conditions. However, cyclic 
stretch promoted hCPC migration towards the inner lay-
ers of the dermal matrix and a well-ordered alignment 
of cells, mainly orthogonal to the direction of stretch 
and parallel to each other. Additionally, gene expression 
profi le including genes typical of main cardiac cell line-
ages showed the up-regulation of transcripts for cardiac 
myocytes, smooth muscle, endothelial and mesenchymal 
cells in hCPCs cultured on d-HuSk in dynamic condi-
tions, thus providing evidence of further maturation of 
stretched cardiac bioconstructs. Collectively, our results 
support the evidence that bioconstruct mechanical stim-
ulation boosts the diff erentiation of hCPCs and strength-
en the suitability of d-HuSk as a scaff old for CTE. 
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Th e combination of hyaluronic acid and polynu-
cleotides (HA-PN) seems to promote cellular vitality, 
to improve tissue trophism and support more effi  cient 
repair [1]. Th e present study aimed to analyze the mor-
phological and morphometric features of newly formed 
bone aft er regeneration using graft  particles embedded 
in HA-PN based gel. 

Horizontal bone regeneration of the alveolar ridge 
was performed. Biopsy samples were taken from 6 
patients during implant placement 5.5 months aft er sur-
gery. Samples were fi xed in formalin and treated for his-
tological examination without prior decalcifi cation. Each 
block was cut longitudinally (Micromet Remet, Bologna, 
Italy), and two slices were obtained from each sample. 
Each slice was thinned to about 100µm, polished and 
stained with Toluidine Blue and Pyronin Yellow. Mag-
nifi cations were fi nally acquired with the optical micro-
scope. Histomorphometric analysis was conducted with 
stereological methodology applying a grid of 100 test 
points positioned on histological images acquired at a 
total magnifi cation of 200 X. Tissue was categorized in: 
1) lamellar bone tissue, 2) woven bone tissue, 3) osteoid 
matrix, 4) residual particles of graft ing material, and 5) 
medullary spaces. Each component has been quantifi ed 
as a percentage relative to the total tissue area present in 
the section (tissue fractions), providing tissue composi-
tion of biopsy samples.

At the morphological observation, the formation 
of highly mineralized and well-organized vital bone 
appeared in all specimens. The remnant particles of 
the grafted biomaterial resulted perfectly integrated 
in the regenerated tissue. Few resorption lacunae were 
observed. Numerous large blood vessels were evident in 
the medullary spaces, and the infl ammatory infi ltrate 
was sparse. Histomorphometric analyses showed that 
on average the 41,2% (SD 12,62%) of the tissue is repre-

sented by newly mineralized bone, in more detail 14,3% 
(SD 9,8%) is lamellar bone tissue and 22,8% (SD 8,3%) is 
woven bone tissue. Th e 4,1% (SD 4,3%) of the entire tis-
sue is represented by osteoid matrix, 29.9% (SD 11,5%) is 
represented by graft ing material and 28,9% (SD 5,2%) is 
represented by medullary spaces.

Data of the present study show that at 5.5 months 
of healing, the use of demineralized bovine bone parti-
cles mixed with hyaluronic acid/polynucleotides for the 
regeneration of atrophic alveolar crest induces the regen-
eration of mature and well-organized bone tissue with-
out arising anomalous infl ammatory response. Further 
qualitative and quantitative data are necessary to con-
fi rm these preliminary values.
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In the last decade, numerous strategies enhancing 
the photoprotection against UV-induced damage have 
been tested in subjects aff ected by Xeroderma Pigmen-
tosum (XP), a rare autosomal recessive genodermatosis 
characterized by an enzymatic defi ciency of the DNA 
nucleotide excision repair (NER) system. Th e onset of 
symptoms is observed in most cases at the age of 1-2 
years, while in 5% of patients, it occurs at 14 years. Ini-
tial symptoms include an abnormal reaction to sunlight 
with the development of severe burns and persistent 
erythema aft er minimal exposure to sunlight. Prema-
lignant actinic keratosis, benign and malignant skin 
neoplasms (melanomas, basal cell or squamous cell 
carcinomas), ocular (photophobia, conjunctivitis, ectro-
pion, keratitis, and neoplasms) and neurologic (pro-
gressive cognitive impairment, sensorineural deafness) 
abnormalities may develop. To date, there is no specifi c 
therapy, and the treatment of XP patients includes i) 
sun  exposure  and  sun  protection practices with sun-
screens, sunglasses, hats, suitable clothes, and plastic 
UV fi lters; ii) the early detection and removal of skin 
tumors. Among the medical devices that guarantee 
photoprotection, the liposome formulation that com-
bines a very high skin protection factor (SPF) (50+) and 
the enzyme photolyase or T4 endonuclease V (T4N5) 
has demonstrated great effi  cacy in the repair of photo-
products DNA [cyclobutane  pyrimidine  dimer (CPD), 
(6-4) photoproducts (6-4 PP)]. In the present work, we 
report the in vitro characterization by fl ow cytometry, 
confocal microscopy, and Nanolive 3D imaging tech-
nology of the biological activity of a custom-made for-
mulation of T4N5-loaded liposomes in cultured dermal 
fi broblasts isolated from an Italian child aff ected by XP 
and protected for four years, starting from the diagno-

sis of the disease, to a photoprotection based on photol-
yase and T4N5.
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Th e role played by the ECM in myocardium integri-
ty and homeostasis is emphasized by cardiac tissue engi-
neering (CTE) focus on biomaterials capable to recapitu-
late ECM properties. However, since ECM abundance 
of chemical and physical cues are still an unmet goal, 
decellularized ECM has rapidly emerged as an attrac-
tive biomaterial. We have recently provided evidence in 
support of the decellularized human skin (d-HuSk) as a 
promising biomaterial for CTE. Since in vivo ECM is in 
dynamic equilibrium with cells, the scope of the present 
study is to evaluate in vitro whether d-HuSk is remod-
eled by resident human cardiac progenitor cells (hCPCs). 
To this purpose, human skin from patients undergoing 
abdominoplasty was decellularized and cryosectioned 
to prepare three-dimensional scaffolds, while hCPCs 
were isolated from explanted human hearts, seeded on 
d-HuSk scaff olds, and cultured for two weeks. Aft er-
wards, hCPCs on d-HuSk were induced to myogenic dif-
ferentiation and cultured for two additional weeks. Th e 
absence of nuclei in H&E staining and a DNA content 
of 9.138 ± 1.009 ng/mg of tissue in d-HuSk scaff olds 
confirmed the decellularization efficiency. Real-time 
PCR analyses revealed a significant up-regulation in 
transcription of diff erentiating and mature cardiomyo-
cyte genes, along with retained transcription of mesen-
chymal, endothelial, and smooth muscle cell genes in 
hCPCs induced to diff erentiate. SEM analysis showed 
a better organized network of elastic fi bers in hCPC-d-
HuSk bioconstructs than in acellular d-HuSk, which 
resulted richer in collagen thicker fi bers. Furthermore, 
quantitative analyses of scaff old composition revealed 
in hCPC-d-HuSk the signifi cant increase of GAGs and 

decrease of collagen and elastin, along with a remarkable 
higher fl uorescence mean intensity for fi bronectin and 
tenascin, thus confi rming the hypothesis that d-HuSk is 
actively restructured and remodeled by hCPCs.
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Mandibular bone has complex anatomy and func-
tions, making it challenging to design bone scaff olds 
suitable for its regeneration. However, additive manu-
facturing (AM) is a promising technique, as it provides 
high control over scaff old architecture, and allows the 
processing of a variety of osteoinductive materials. 

Herein, we developed AM composite scaff olds, made 
of polycaprolactone (PCL) and a high content (40% w/w) 
of tricalcium phosphate (TCP). To obtain more bone-
like architectures, scaffolds with diamond and star-
shaped pores were printed. Interestingly, the diamond 
shape displayed higher compressive modulus than the 
star one. Th e proliferation and diff erentiation of human 
mesenchymal stromal cells (hMSCs) were tested in vit-
ro, comparing the eff ect of the two shapes and the two 
materials (PCL alone vs PCL+TCP). Firstly, the seed-
ing effi  ciency using a dextran-based seeding method 
was evaluated, reaching values around 40% for all the 
samples. DNA quantifi cation also showed good prolif-
eration of the cells aft er 28 days (3.38 ± 0.15 μg of DNA 
corresponding to around 4 million cells). Secondly, the 
expression of osteogenic markers was investigated. At 
early time points, alkaline phosphatase (ALP) reached 
values of 300-400 (A.U.)/DNA μg, and immunostaining 
showed that Runx2 was highly expressed. In both cases, 
no signifi cant diff erences between the composite and the 
polymeric scaff olds were observed. At later time points, 
collagen production was evaluated with hydroxyproline 
assay, and SEM images confi rmed the deposition of the 
matrix. Additionally, collagen I and osteocalcin expres-
sion was also revealed with immunostaining. Finally, 
characteristic osteogenic markers (Runx2, ALP, osteo-
calcin, BMP-2, collagen I) were investigated through 
qPCR, displaying osteogenic differentiation of cells 

over 28 days. Our results showed the potential of scaf-
folds with high ceramic content and biomimetic shapes 
to promote osteogenic diff erentiation of hMSCs. In the 
future, surface treatments will be applied to further 
enhance the osteoinductivity of the scaff olds, increasing 
the particle release in the culture medium.
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Developing customized titanium specimens, with 
modifi ed and innovative surfaces, is a suitable strategy 
to overcome implant failure in regenerative dentistry. 
Additionally, a faster and more effi  cient osteogenic com-
mitment assists tissue regeneration. To investigate the 
interplay between inf lammation and differentiation 
upon implantation, Dental Pulp Stem Cells (DPSCs) 
were cultured on 3D-printed titanium owning an inter-
nal open cell form [1], administering osteogenic factors 
by a liposomal formulation (LipoMix) [2] compared to 
traditional delivery with diff erentiation medium (DM). 
Osteogenic diff erentiation, matrix mineralization, angi-
ogenesis, cell adhesion and inf lammation responses 
were evaluated. Our results demonstrate that LipoMix 
enhances cell proliferation and adhesion, as revealed by 
in-creased integrin β1 expression. Mineralized matrix 
deposition, SP7 gene expression, Collagen I release and 
Alkaline Phosphatase activity all appear signifi cantly 
increased in LipoMix condition. Additionally, the redox-
sensitive transcription factor Nrf2 is overexpressed at 
the earliest experimental times, triggering the catalase 
activity. Data reported confi rm that internal topography 
and post-production treatments on titanium surfaces 
dynamically and positively condition the DPSC progress 
towards the osteogenic phenotype, moreover, the combi-
nation with LipoMix fastens the positive modulation of 
infl ammation under osteogenic conditions. Th erefore, 
the development of customized surfaces with specifi c 
porosity and controlled features, along with the admin-
istration of diff erentiating factors enclosed in a liposo-
mal delivery system, could represent a promising and 
innovative tool in regenerative dentistry.
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When a peripheral nerve injury with a large defect 
occurs, end to end suture is not possible and conduit is 
not enough to obtain good results. Allograft  could be 
an alternative, but nerves from donors frequently cause 
immunogenic response. Several authors are looking 
for the correct way to decellularize nerves preserving 
both the extracellular matrix (ECM) and basal lamina 
to improve nerve regeneration. Over the past years, the 
decellularization of peripheral nerves has been used 
to provide a natural substrate composed of nerve ECM 
without the resident cells to prevent the host immune 
response when transplanted in patients. 

Th e aim of this study is to evaluate the effi  cacy of 
a new decellularization protocol, that is both easy to 
prepare and allow to preserve the nerve ECM, on pig 
nerves, specie that has attracted considerable interest, 
since some tissues derived from it are already used in 
clinical practice showing excellent biocompatibility.

Decellularized pig nerves have been analyzed for 
demonstrating the eff ectiveness in removing cells and 
preserving ECM. Th en, they have been implanted for 
repairing rat median nerves demostrating their ability to 
sustain peripheral nerve regeneration. One month aft er 
injury and repair of the rat median nerve, regenerating 
fi bers have colonized the graft  suggesting a promising 
use for repairing severe nerve lesions.  

Keywords: acellular allograft ; decellularization; large-gap 
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Critical-Size Defects (CSD) are severe bone lesions 
in which the natural regeneration system is unable to 
repair spontaneously due to the dimensions of the bone 
gap: thus, they still represent one of the major challenges 
in the orthopedic fi eld. Th e current approaches do not 
consider the angiogenic-dependent component of regen-
eration, which cannot occur without a previous proper 
development of blood vessels in the site of the lesion. Th e 
full reconstruction of a functional vascular network rep-
resents a necessary pre-requisite to induce and support 
reparative osteogenesis. For this reason, the angiogenic 
potential of diff erent materials was tested by exploit-
ing the chick Chorio-Allantoic Membrane (CAM) assay. 
Th is simple, economic and well-known model allowed 
the selection of the materials with the highest angiogenic 
response, overcoming the limitations of 2D cell cultures 
and animal experimentation1. In this study, we focused 
on the Pal-OS® powder, derived from the mechanical 
fragmentation of the scleral ossicles (SOs), subjected to 
trademark fi ling (Pal-OS®) and to patent, respectively. 
SOs are naturally decellularized bony slice whose cells 
before undergoing massive apoptosis secrete molecules 
that remain entrapped into the bone matrix; such bone 
segments are located in protruding eyeballs of lower 
vertebrates and could be extracted from poultry waste. 
Since they had displayed angiogenic properties both 
in vitro and in vivo2, probably due to osteocyte-derived 
molecules entrapped in the bone matrix, we decided 
to chop up the SO (obtaining a powder with a defi ned 
granulometry) in order to favor the release of the mol-
ecules inducing vascular proliferation. Diff erent Pal-OS®

powder percentages mixed with diff erent hydrogels were 
3D printed by the micro-extrusion technique. Micro-
extrusion bioprinting is a versatile solution to blend and 
print different materials together, while maintaining 
high precision in the fi nal constructs. Th e hydrogel scaf-
folds containing Pal-OS® powder with diff erent percent-
ages were thereby tested in ovo to evaluate their angio-
genic ability. Th e fi nal purpose was to select the scaf-
fold composition with the highest vascular response to 
recover critical-size bone defects, while using a sustain-
able experimental method (the CAM assay) in line with 
animal welfare.
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Several factors such as genetic variants, obesity, and 
unhealthy lifestyle with unbalanced diets are correlated 
to the pathogenesis of nonalcoholic fatty liver disease 
(NAFLD). Th is is a complex disorder ranging from sim-
ple steatosis to infl ammation (nonalcoholic fatty liver, 
NAFL), worsening into fibrosis (nonalcoholic steato-
hepatitis, NASH). Th e driving injury is the alteration of 
lipids homeostasis, leading to an abnormal accumulation 
of triglycerides and other lipids in the liver parenchyma. 
Currently, no resolutive pharmacological treatment for 
NAFLD is available, and the only therapeutic approach 
is represented by a healthy diet and physical exercise, 
although many reports suggest the potential druggabil-
ity of specifi c receptors for fatty acids to improve liver 
fi tness in many metabolic contexts. In this study, we 
targeted the G-protein-coupled receptor 120/free fatty 
acid receptor 4 (GPR120/FFAR4), with a new and spe-
cifi c synthetic agonist, GprA. We monitored the pro-
gression of liver damage in mice fed for diff erent peri-
ods (26 weeks, NAFL stage; and 30 weeks, NASH stage), 
with a “Western-style” diet (WSD) and treated daily by 
oral gavage with 3 doses (30-60-90 mg/Kg) of GprA. Th e 
analyses highlighted that GprA is able to reduce signs of 
steatosis at the two time-point of WSD-fed mice, both 
at the histological and molecular levels, when used at 
90mg/Kg. Furthermore, in NASH-like treated mice, 
GprA is also eff ective in the reduction of collagen matu-
ration and deposition, fi brosis development, and connec-
tive tissue growth factor (CTGF) expression. Altogether, 
our data confi rm the central role of FFAR4 in the con-
text of NAFL/NASH onset and progression and revealed 
that GprA could represent an interesting candidate for 
the development of a new therapeutic approach in NAFL 
treatment. 
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Peritendinous injection of local anaesthetics is com-
monly performed in the treatment of tendinopathies. 
Previous studies have shown that local anaesthetics are 
toxic for many cell types, including neurons, myocytes 
and chondrocytes [1,2], but there has been little investi-
gation of their eff ects on tenocytes [3,4].

Th e aim of this study was to characterize the eff ect 
of lidocaine on collagen turnover pathways in cultured 
human tenocytes.

For this purpose, primary cell cultures were 
obtained from fragments of human gluteal tendons 
of 6 patients (mean age 56.2 ± 10.5 years, 3 males and 
3 females) without any gluteal tendon pathology and 
undergoing total hip replacement through an anterior 
approach. Tenocytes at the 5th passage were treated for 
24h with 0.1% lidocaine (LD group) or served as untreat-
ed controls (CT).

COL-I gene expression was signifi cantly up-regulated 
in LD-treated tenocytes but the levels of COL-I secreted 
in the cell culture supernatants was similar in CT and 
LD-treated samples. Gene expression for LOX and LH2b, 
responsible for collagen cross linking, were not aff ected 
by LD treatment as well as MMP-1 levels in cell super-
natants. By contrast, TIMP-1 and TIMP-2 mRNA levels 
were induced (p=0.07 and p<0.05, respectively). 

Although previous studies demonstrated that lido-
caine exerts a toxic eff ect on tenocytes by decreasing 
cell proliferation and inducing oxidative stress, our pre-
liminary results suggest that collagen turnover pathways 
are not signifi cantly aff ected by lidocaine administra-
tion. However, further experiments using diff erent doses 
of lidocaine and evaluations at longer time points are 
needed to confi rm this pattern and to understand if the 
eff ects of lidocaine at the cellular level could aff ect ten-
don homeostasis and biomechanical properties.
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Autism spectrum disorders (ASD) is a neurode-
velopmental disease characterized by repetitive or ste-
reotyped behaviors, impairments in social interaction 
and restricted interests. In ASD, it has been shown an 
alteration in the brain development, mood and cogni-
tive functions, as well as a dysregulation of gut-brain 
crosstalk, that can aff ect metabolic homeostasis [1]. 
In addition, the establishment of oxidative stress and 
infl ammatory conditions seem to play a crucial role in 
the pathophysiology of ASD [2]. Th e liver is one of the 
most important organs that helps regulate vital events 
by detecting and eliminating pathogens that enter the 
body through the intestines. To date, the liver involve-
ment in the pathophysiology of ASD has been poorly 
investigated. 

We used as autistic model BTBR T+Itpr3tf/J mice 
(or BTBR mice) treated and not treated by melatonin, an 
endogenous indoleamine that has many functions [3]. 
Th e control group shows a normal liver morphology; the 
hepatocytes display central nucleus and regular shape 
with a diff use localization of the glycogen in the cyto-
plasm. In opposition, even if the hepatic cytoarchitecture 
is preserved, BTBR mice hepatocytes showed very low 
presence of glycogen droplet, an increase of binucleated 
hepatocytes number and a decrease in the nuclei diam-
eter. In BTBR mice treated by melatonin we observed a 
decrease in the number of binucleated hepatocytes and 
an increase in the nuclei diameter compared with BTBR 
mice. We analysed oxidative stress and infl ammation by 
immunohistochemical evaluation of many related mark-
ers such as HO-1, IL-1β, SOD-1 and CAT, and observed 
variation in the expression of these markers among the 
diff erent groups of mice. Furthermore, ASD, such as a 
plethora of liver pathological conditions, should be char-
acterized by an alteration in the lipid peroxidation, so 
we have also studied molecular pathways through regu-
latory networks associated with ferroptosis [4].

Evidence obtained from morphological and immu-
nohistochemical analysis suggests liver involvement 
in autism spectrum disorders and a possible benefi cial 
function of melatonin in improving autistic-induced liv-
er changes in mice. Th ese fi ndings could open the way 
for new therapeutic strategies. 
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Skin cells contain various light-absorbing pigments, 
known as chromophores, that can absorb diff erent wave-
lengths of light. In addition, several biomolecules can act 
as light absorbers, such as nucleic acids and carrier mol-
ecules. Th ese biomolecules play crucial roles in various 
cellular processes and can undergo structural changes or 
generate reactive species, potentially leading to cellular 
responses or damage.

Understanding the interactions between light stimu-
li and cell behaviors is important to study the eff ects of 
light on cells and skin tissues, and clarifying the mecha-
nisms provides insights into the potential risks or ben-
efi ts associated with diff erent wavelengths of light.

Th e objective of this research was to examine the 
effects of different light-colored radiations on adult 
human skin cells and the resulting photodynamic 
changes. We conducted the study using an in vitro mod-
el, which involved a keratinocyte cell line (HaCaT) and 
a fi broblast cell line (HDF) [1]. Our aim was to explore 
the potential mechanisms triggered by these radiations, 
including both degenerative and proliferative processes.

Th e cells were exposed to two specifi c light wave-
lengths: 530 nm and 780 nm, with fl uence values of 1.5 
J/cm2 and 3 J/cm2 respectively [2].

In terms of cell viability, we observed an increase 
in viability among HaCaT treated with both the wave-
lengths, compared to the control group. However, no 
signifi cant changes were observed in HDF cells. Interest-
ingly, HDF cells exhibited an enhanced migration rate 
when exposed to the 780 nm wavelength and fl uence 3 
J/cm2, compared to the control, while the migration rate 
of HaCaT cells remained unchanged. Regarding cell pro-
liferation, no notable diff erences were observed in either 

keratinocytes or fi broblasts. 
ECM was also examined. Some of the key compo-

nents of the ECM are fi bronectin and collagen. Using 
immunofl uorescence analysis, we assessed the ECM in 
HDF cells by examining the levels of type I collagen and 
fi bronectin [3]. Th e goal of this analysis was to under-
stand the behaviour of irradiated cells and determine 
whether there was an increase in regenerative capacity, 
knowing that type I collagen and fi bronectin are critical 
for maintaining the structural integrity of the ECM and 
promoting cell adhesion and migration, processes that 
are important for tissue regeneration.
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Th e intercellular adhesion is a key function for epi-
thelial cells. Th e fundamental mechanisms relying on 
epithelial cell adhesion have been partially uncovered. 
Recent evidence indicates this process under the micro-
RNAs (miRNAs) regulation. Hsa-microRNA-1249-3p 
(hsa-miR-1249-3p) plays a role in the epithelial mesen-
chymal transition in carcinoma cells, but its biological 
function in epithelial cells is unknown. Th e purpose of 
this study was to investigate the functional role of hsa-
miR-1249-3p in epithelial cell adhesion. Th e hsa-miR-
1249-3p expression was evaluated by droplet digital PCR 
in epithelial HaCaT and NCTC cells and in cervical 
carcinoma SiHa, CaSki and HeLa cells, used as control. 
Hsa-miR-1249-3p mimic and inhibitor transfections in 
HaCaT cells were carried out to assess hsa-miR1249-3p 
regulatory function on Homeobox A13 (HOXA13) target 
gene and its downstream gene β-catenin. Upon transfec-
tions, cell proliferation, colony forming potential, migra-
tion and apoptosis were assessed. Th e expression of the 
cell adhesion marker E-cadherin was tested. Hsa-miR-
1249-3p expression was higher in epithelial cells com-
pared to carcinoma cells. Hsa-miR-1249-3p inhibition 
prompted the expression of HOXA13 which, in turn, 
favored the expression of β-catenin paralleled with a 
downregulation of the adhesion marker E-cadherin. An 
increased colony forming capability in miR-inhibited 
cells was shown, while no change was detected in cell 
proliferation, migration, and apoptosis. Epithelial cell 
adhesion might be under regulation of hsa-miR-1249-
3p by modulating HOXA13 gene expression and its 
downstream gene β-catenin. Our study provides novel 
insights into the miRNA-based mechanisms which con-
trol epithelial cell adhesion.
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Extracorporeal shockwaves (ESWs) are acous-
tic waves that induce a mechanical wave that passes 
through the cell compartment by cavitational eff ects, 
where cellular reply is proportional to the energy used. 
Th ey are used in the treatment of soft  tissue injuries, but 
their role in the treatment of myofascial pain has not yet 
been demonstrated. 

Th e aim of this study was to investigate changes in 
cell biology of fi broblasts derived from deep/muscular 
fascia following treatment with ESWs. 

Primary fascial fi broblasts were collected from small 
samples of human fascia lata of the thigh of three vol-
unteer patients (two men, one woman) during orthope-
dic surgery, and put in culture. Th ese cells were exposed 
to 100 impulses of 0.05 mJ/mm2 with a frequency of 2.5 
Hz, using 3D-printed support. Th is study demonstrated 
for the fi rst time that ESWs can lead to in vitro produc-
tion of hyaluronan-rich vesicles immediately aft er the 
treatment. At 1, 4, and 24 h aft er treatment, Alcian blue 
and Toluidine blue staining; immunocytochemistry to 
detect hyaluronic acid binding protein (HABP), collagen 
I, and collagen III; and transmission electron microsco-
py demonstrated that these vesicles are rich in hyaluro-
nan and collagen I and III.

Th e diameter of these vesicles was assessed, high-
lighting a small size at 1 h aft er ESW treatment, whereas 
at 4 and 24 h, they had an increase in the size. 

According to Dunn’s multiple comparisons test, 
the diameter comparison between the diff erent times 
showed a statistically signifi cant diff erence for 1 h vs. 4 
h (p < 0.01) and for 1 h vs. 24 h (p < 0.0001), whereas it 
did not show a statistically signifi cant diff erence for 4 h 
vs. 24 h (p > 0.05). Particularly evident was the release 
of hyaluronan-rich vesicles, collagen-I, and collagen-III 
starting at 1 h, with an increase at 4 h and maintenance 
by 24 h.  

These findings demonstrate that, in a model of 
human fascial fi broblasts, ESW treatment can promote 

ECM remodelling, as well as synthetic activity, over a 
short time period, with eff ects visible by the fi rst hour 
that are maintained for up to 24 h, suggesting that 
the clinical benefi ts and timing of this therapy can be 
explained by enhanced effi  cacy in ECM remodeling.Th is 
study indicates that fascial fi broblasts are metabolically 
“activated” by ESW treatment and signifi cantly induce 
the synthesis and release of collagen types I and III and 
HA, compared with untreated cells, in a fast modal-
ity. Future studies may shed more light on how diff er-
ent doses of focused ESW treatment, and other types of 
ESWs, are able to stimulate fascial fi broblasts, thus mod-
ulating the therapeutic eff ect for musculoskeletal dys-
functions and myofascial pain.
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Th e superfi cial fascia of the anterior abdominal wall 
was the fi rst superfi cial fascia to be studied. Antonio 
Scarpa (1752–1832) described it as a membranous layer 
that extends into the subcutaneous fat tissue in the fi rst 
and second editions (1809, 1823) of his famous texts 
regarding the inguinal hernia.

Th e aim of this study was to examine data demon-
strating that Scarpa’s fascia, a superfi cial fascia of the 
anterior abdominal wall, is a vascularized tissue. 

Specimens of the fascia of seven volunteers under-
going abdominoplasty surgical procedures at the Plas-
tic Surgery Unit of the University of Padova Medical 
Center were collected. Fractal analysis and quantitative 
assessment of the vascular network of the fascia was car-
ried out, exploiting the presence of blood in the vessels. 
Each sample was divided and processed for histological/
immunohistochemical analysis (into 5 micron-paraffi  n 
embedded sections and cryo-sectioned free-f loating 
samples) as well as for electron microscopy study. 

A rich vascular pattern forming a fi ne, dense mesh-
work with an area percentage of 6.20% ± 2.10% von 
Willebrand factor stained vessels was noted in all the 
specimens of the fascia examined; the area percentage of 
the αSMA-stained vessels was 2.93% ± 1.80%. Th e diam-
eters of the vessels fell between the 13 and 65 μm range; 
the network was composed of arteries, veins, capillaries 
and lymphatic segments. 

Topological results showed that the vascular net-
work within Scarpa’s fascia is well branched (segments: 
6615 ± 3070 and 8.40 ± 3.40 per mm2; crossing points: 
3092 ± 1490 and 3.40 ± 1.90 per mm2). Fractal analysis 
(fractal dimension = 1.063 ± 0.10; lacunarity = 0.60 ± 
0.10) revealed that this particular vascular network has 
an optimal spatial distribution and homogeneity occu-
pying the entire space of the superfi cial fascia. 

In conclusion, the study’s results confirm that 
Scarpa’s fascia is a highly vascularized tissue and they 
have clarifi ed the types of vessels, topological and frac-

tal parameters characterizing the network. Moreover, 
they contribute to a better understanding of the diff er-
ence between the vascularization of the superfi cial fascia 
and the rest of the subcutaneous tissue and, accordingly, 
explain the benefi ts of the preservation of Scarpa’s fascia 
during abdominoplasty. Future studies should continue 
to examine the vascularization of the superfi cial fas-
cia given its implications for reconstructive surgery and 
pain management.
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Inf lammatory bowel disease (IBD), represents a 
wide range of intestinal disorders that commonly lead 
to an anomalous production and deposition of extra-
cellular matrix (ECM) proteins and consequently to 
fi brosis. Despite much progress made in the last twen-
ty years in the treatment of IBD, once the fi brogenesis 
process is onset, the only resolutive treatment for IBD 
complications is still the surgical approach. Th e main 
driver of fi brosis and epithelial-mesenchymal transi-
tion (EMT) is the transforming growth factor beta 
(TGF-β), as shown by the anti-fi brotic action exerted 
by several molecules able to modulate its signaling such 
as peroxisome proliferator-activated receptor (PPAR)-γ 
and its agonists. We investigated the contribution of 
AGE/RAGE (advanced glycation end products/recep-
tor of AGEs), the senescence pathways, other than the 
EMT in the context of the complex pathophysiology of 
IBD. We evaluated human biopsies from control and 
patients in remission stage of IBD, and a mouse mod-
el of colitis dextran sodium sulphate (DSS)-induced, 
treated or not with GED (PPAR-gamma-agonist), or 
5-aminosalicylic acid (5-ASA), a reference drug com-
monly used in the IBD treatment. In the human sam-
ples, we highlighted an increase in EMT markers 
(β-catenin, E-cadherin, vimentin), AGE/RAGE sign-
aling, and senescence (β-gal, MMP1, IL-1β) pathways, 
compared to controls. Coherently, we found overex-
pression of the same pathways in DSS-treated mice. 
Surprisingly, the GED can reduce all the pro-fi brotic 
signaling, oft en more effi  ciently than 5-ASA. Our data 
suggest that a molecule able to act simultaneously on 
multiple pathways involved in the fi brogenesis process 
could be a valid target candidate for IBD treatment. In 
this context, PPAR-γ activation, enhanced by an ago-
nist such as GED, may represent a good strategy for 
mitigating IBD progression.

Keywords: IBD; intestine; infl ammation; fi brosis; senes-
cence; β-galactosidase; AGE; RAGE; EMT; PPAR-γ
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