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Abstract. Penile structure and function aroused interest since ancient times, when the
erectile activity was mainly attributed to an accumulation of air by Greek and Roman
physicians. In the Renaissance period Leonardo da Vinci was one of the first to recog-
nize the right functional importance of the presence of blood in penile tissues. Since
then, although with different techniques and interpretations, the morphological stud-
ies reported the description of blood vessels differently arranged in complicated net-
works. The discovery of blood circulation by William Harvey in his famous Exercita-
tio anatomica de motu cordis (1628) and the demonstration of capillaries by Marcello
Malpighi stimulated a deeper research. In particular, the presence of a non vascular
spongy tissue (cavernous bodies) with cellular texture (cellular theory) was postulated
and interpreted as consisting of a loose and elastic spongy tissue arranged in several
cells into which, during erection, blood is poured from the arteries, and from which it
is afterwards removed by veins. In the beginning of the 19th century, when both vas-
cular and cellular texture theories concerning the penile anatomy were still coexisting,
a particular attention was paid to the urethral structure. Thanks to improved injection
techniques, Paolo Mascagni and Alessandro Moreschi provided accurate works on this
subject, demonstrating the vascular nature of the cavernous bodies. Finally, in 1899
Victor Vecki von Gyurkovechky confirmed the vascular theory, histologically demon-
strated by the presence of endothelium.

Keywords: cavernous body of the penis, corpus spongiosum, urethra, cellular theory.

The dynamics of penile erection evoked an anatomical and physiological
interest since ancient times. In Greek and Roman medicine, represented by
the great figures of Hippocrates and Galen, respectively, an accumulation of
air (pneuma) was believed responsible for such a phenomenon (Driel, 2015).
Significantly, the mythological Priapus just embodied this particular condi-
tion, with oversized genitals and permanent erection, giving rise to the medi-
cal term priapism.

Although influenced by the previous tradition, in the Renaissance period
Leonardo da Vinci (1452-1519) was one of the first anatomists to recognize
the presence of blood instead of air in the penile tissues during erection and
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a similar conclusion was achieved also by the anatomist
Costanzo Varolio (1543-1575) (Driel, 2015).

The first anatomical description of erectile tis-
sues can be found in the book V, chapter XIV (De viri-
lis membri, penisque structura; On the male organ and
the structure of the penis) of the famous De Humani
corporis fabrica published in 1543 by the father of mod-
ern anatomy, Andreas Vesalius (1514-1564) (Fig. 1), who
also illustrated male genitals. In his masterpiece Vesa-
lius denied the nature of cavernous bodies of the penis
in terms of blood vessels, nerves, tendons, bones or liga-
ments, but he recognized the presence of venous (dark)
blood, describing several fasciculi of arteries and veins
closely interwoven, within an investing sheath (Vesalius,
2007, p. 163):

The Creator constructed the penis from two bodies that
resemble nothing else in the human frame (with the possi-
ble exception of the nipple). These two bodies can become
erect, grow longer, and swell considerably when they are
filled with spirit; and when the spirit disperses they con-
tract, collapse, become flaccid, and shorten. They are not
veins or arteries or nerves, for they take origin from bones.
They are not tendons, for they are not enervations of mus-
cles, they cannot (as they can in dogs and weasels) be
regarded as bones or cartilages, for when they are slack and
relaxed they can easily be bent and folded like a ligament.
But you cannot call them ligaments either, for they definite-
ly have sensation, show clear holes or cavities within them,
are rather fleshy and soft in the middle and, quite unlike
ligaments, are filled with dark blood.

The Italian physician and anatomist Giovanni Filip-
po Ingrassia (1510-1580), student of Vesalius, in his work
De tumoribus praeter naturam, published in 1552, clearly
stated that corpora cavernosa are an aggregate of blood
vessels (Levi, 1835).

The development of injection techniques and the cre-
ation of anatomical models contributed significantly to
anatomical discoveries and were very effective in convinc-
ing that an accumulation of blood, rather than its mere
presence, was important during erection. When Regnier
de Graaf (1641-1673) injected the hypogastric artery with
water, he observed an engorgement of penile blood ves-
sels, as well. Similar results were obtained by Frederik
Ruysch (1638-1731), who also performed injection tech-
niques, realizing wax-like casts of penis (Driel, 2015).

After the discovery of the blood circulation
described by William Harvey (1578-1657) in the famous
Exercitatio anatomica de motu cordis et sanguinis in ani-
malibus (Harvey, 1628), and the microscopic identifica-
tion of capillaries by Marcello Malpighi (1628-1694) in
the De pulmonibus observationes anatomicae (Malpighi,
1661), it became clear the continuity between arter-
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Figure 1. Plaster bust of Andreas Vesalius. Museum of Human
Anatomy “Filippo Civinini”, University of Pisa.

ies and veins. In particular, in its Dissertatio epistolica
varii argumenti de cornuum vegetatione, utero, viviparo-
rum ovis, plantis ¢c, Malpighi (1687, p. 211) considered
the structure of the penis as composed of diverticula or
appendices of veins. In 1703 the surgeon and anatomist
William Cowper (1666-1709) admitted the large com-
munication between arteries and veins in the spleen and
penis, as reported in An answer to Dr Wright’s Letter,
concerning the Cure of an Aposthumation of the Lungs,
published in Philosophical Transactions (Cowper, 1703).
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However, in the late 18th century this vascular dis-
position was not recognized in all organs. In some par-
ticular tissues, such as spleen and genitals, the anatomi-
cal continuity between arterial and venous system still
had to be clearly demonstrated.

One of the first anatomists who showed a vascular
structure on the surface of the cavernous body of the ure-
thra was Lorenz Heister (1683-1758). In the footsteps of
his master Ruysch, he examined this part more closely,
so that in the fifth table of his Compendium anatomicum,
published in Nuremberg in 1741, he included two figures,
illustrating both dorsal and ventral sides of the penis,
clearly and accurately demonstrating blood vessels of the
surface of the glans behind the mercury injection pushing
for the dorsal vein. With this method, not only the perfu-
sion of the surface of the glans, but also of the whole cor-
pus cavernosum of the urethra was easily obtained. Sur-
prisingly, Heister did not note the real anatomical nature
of the urethra and the whole glans (Levi, 1835).

This uncertainty favored alternative hypotheses.
For instance, in the case of erectile tissues of genitals,
the presence of a non vascular spongy tissue with cellu-
lar texture (cellular theory) was postulated. In detail, in
spite of advanced injection techniques, the nature of the
cavernous tissue of the glans and around the male ure-
thra still had to be structurally elucidated. In Elementa
physiologiae corporis humani, published in 1765, Albre-
cht von Haller (1708-1777) described corpora cavernosa
penis as ex tenacissima cellulosa stipata natura facti. Fur-
thermore, he found the spongy tissue of urethra distinct
form that of the two cavernous body of penis, but he
observed a communication between arteries and veins
(Haller, 1765). Similarly, Guichard Joseph Duverney
(1648-1730), Herman Boerhaave (1668-1738), and Marie
Francois Xavier Bichat (1771-1802) also interpreted the
cavernous bodies of the penis and urethra as consisting
of a loose and elastic spongy tissue arranged in several
cells into which, during erection, blood is poured from
the arteries, and from which it is afterwards removed by
veins (Todd, 1839).

On the contrary, the famous surgeon John Hunter
(1728-1793), who also dealt with the concept of angio-
genesis (Lenzi et al., 2016; Natale et al., 2017), in Obser-
vations on certain parts of the animal oeconomy observed
that cavernous bodies were not spongy or cellular, but
consisting of a plexus of veins (Hunter, 1792, p. 43):

In the perfect male the penis is large; the corpora caver-
nosa* being capable of dilatation. The corpus spongiosum
is very vasculart; that part of the canal which is called the
bulb is considerably enlarged, forming a cavity; and the
musculi acceleratores urinae, as they are termed, are strong
and healthy.

The notes are very illuminating:

* The cells of the corpora cavernosa are muscular, although
no such appearance is to be observed in men: for the penis
in erection is not at all times equally distended. The penis
in a cold day is not so large in erection as in a warm one;
which, probably, arises from a kind of spasm that could not
act upon it if it were not muscular.

T It may not be improper to observe, that the corpus spon-
giosum urethrae, and glans penis, are not spongy or cel-
lular, but made up of a plexus of veins. This structure is
discernable in the human subject; but much more distinctly
seen in many animals, as the horse, é-c.

Accordingly, other authors, including Georges Cuvi-
er (1769-1832), Friedrich Tiedemann (1781-1861), Barto-
lomeo Panizza (1785-1867), and Ernst Heinrich Weber
(1795-1878), also recognized the vascular nature of the
cavernous tissue in man and other animals (Todd, 1839).
In particular, Pierre Augustin Béclard (1785-1825) pro-
vided the following definition of the erectile tissue in
his Elémens d’anatomie générale, ou Description de tous
les genres d’organes qui composent le corps humain, pub-
lished posthumously in 1828 (Béclard, 1828, p. 172):

Le tissu érectile, caverneux ou spongieux, consiste en des
terminaisons de vaisseaux sanguins, en des racines de
veines surtout, qui, au heu d’avoir la ténuité capillaire, ont
plus d'ampleur, sont trés-extensibles, et réunies a beaucoup
de filets nerveux.

The earliest and most commonly used anatomi-
cal technique was to obtain the turbulence of the cav-
ernous bodies of the penis and urethra by pushing the
waxy material for a random hole in the cavernous body
of the urethra in the bulb region, or in the root of the
cavernous bodies of the penis. In fact, examining the
anatomical preparations included in the Index Rerum
Musei Anatomici Ticinensis, published in 1804 by Anto-
nio Scarpa (1752-1832), the preparations number 129,
134, 311 and, in particular, the number 130 realized by
Giacomo Rezia (1745-1825), obtained with the proce-
dure just described, clearly demonstrated the superficial
vascular network of the cavernous body of the urethra
(Levi, 1835).

In the beginning of the 19th century, when both vas-
cular and cellular texture theories concerning the penile
anatomy were still coexisting, a particular attention was
paid to the urethral structure. Two figures contributed
to the understanding of the vascular nature of the ure-
thra. In the Elogio del celebre anatomico Paolo Mascag-
ni, Farnese (1816) attributed to his mentor Mascagni
(1755-1815) the demonstration in 1809 of the continuity
between arteries and veins and the description of venous
plexuses, this term replacing the previous and mislead-
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Figure 2. Plate VII, taken from Tavole figurate di alcune parti organiche del corpo umano, degli animali e dei vegetabili, esposte nel Prodromo
della grande anatomia di Paolo Mascagni by Francesco Antommarchi (1819b). Library of Medicine and Pharmacy, University of Pisa.

ing name of spongy body attributed to the inner part of
penis. In 1817 Alessandro Moreschi (1771-1826) also pub-
lished two important works on the same subject (More-
schi, 1817a; 1817b) and a dispute also arose. A detailed
description of the dynamics of this scientific controversy
has been recently published (Armocida and Natale, 2019).
The Prodromo della grande anatomia, a posthumous
work by Mascagni edited in 1819, included a plate dedi-
cated to the structure of the urethra (Fig. 2) and a com-
prehensive view of this scientific story (Antommarchi,
1819a; 1819b). Then, Mascagni developed a technique to
inject urethral blood vessels, but Moreschi was the first to
publish an accurate work on this subject.

In Medico-Chirurgical Transactions the demonstra-
tor of anatomy John Shaw (1792-1827) published On the
structure of the membranous part of the urethra, where
he stated that Italian anatomists did not extend their

observations to the membranous part of the urethra
(Shaw, 1819). For this reason, he considered himself the
first to demonstrate the vascular structure of this tract
of the urethra, as also affirmed in A manual for the Stu-
dent of Anatomy (Shaw, 1825, p. 76):

There is, likewise, a set of vessels immediately below the
membrane, which, when empty, are very similar in appear-
ance to muscular fibres. I have discovered that these vessels
form an internal spongy body, which passes down to the
membranous part of the urethra, and forms even a small
bulb there.

In Additions to the general anatomy of Xavier Bichat,
when dealing with erectile texture, Béclard (1823, p. 118)
stated that its vascular nature was recognized by several
anatomists, including the Italian ones:
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In our time Mess. Cuvier, Ribes and others in France,
Mascagni, Paul Farnese and Moreschi in Italy, and Tied-
dmann in Germany have perfectly demonstrated this fact,
both in man and various other animals.

Some years later, the anatomist and physiologist
Johannes Peter Miiller (1801-1858) anticipated in his
Handbuch der Physiologie des Menschen fiir Vorlesun-
gen (Miiller, 1833) a very detailed study with eight
magnificent illustrations on the vascular arrangement
of erectile tissues, published in 1835 in the second
number of Archiv fiir Anatomie, Physiologie und wis-
senschaftliche Medicin, directed by himself: Entdeckung
der bei der Erection des mdnnlichen Gliedes wirksamen
Arterien bei dem Menschen und den Thieren (Miuller,
1835a). The study included the description of the deep
artery of penis and, besides nutrient ramified arter-
ies, a second set of tendril-like branches, named arte-
riae helicinae, demonstrated with an injection tech-
nique. An English translation of Miiller’s work sum-
mary appeared in different journals (Miiller, 1835b,¢,d;
1836). A Miiller’s lecture dealing with the innervation
of erectile tissues was also published (Miller, 1837):
Uber die organischen Nerven der erectilen mdnnli-
chen Geschlechtsorgane. The famous French physiolo-
gist Flourens (1835) also dedicated a short work to the
history of vascular structure of the penis, where he
praised Miiller’s findings.

In the second edition of his Elements, Craigie (1851)
included also Miiller’s observations and proposed a
hemodynamic role for the vascular structure of erectile
tissues:

It seems not doubtful that the accumulation of blood in
these helicine arteries is the physiological cause of the phe-
nomena of erection. [...] In the tissue now described it is
manifest that the physiologist ought to place the phenom-
ena of the process distinguished by the name of vital tur-
gescence (turgor vitalis) by Hebenstreit, Reil, Ackermann,
and Schlosser. Though these authors suppose vital turges-
cence in different degrees in almost all the textures of the
animal body, their most distinct examples are taken from
those parts which consist of erectile vessels.

Finally, Victor Vecki von Gyurkovechky (1857-1938)
in his Pathologie und Therapie der Mdnnlichen Impotenz
reported the vascular nature of the cavernous spaces, as
histologically demonstrated by the presence of endothe-
lium (Vecki, 1899, English edition, p. 51): These small
hollow interspaces of the three corpora are coated with
endothelium resembling that of the veins, and are conse-
quently venous spaces.
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Abstract. A multiple deposition burial in a lithic coffin was found on a hill located in
the Campidano valley, in Central South Sardinia (Italy). The site was used from 1800
BC to 500 AD, the burial seems to be dated to the Roman age (238 BC-470AD). A
total of 98 human bones and 3 human teeth were present. Anthropological and paleo-
pathological analyses were made. The biological profile was defined with standard
anthropological methodologies. The anthropological analysis. A large part of the bones
can be referred to as an adult male. Most of the bones display the presence of patholo-
gies, in most cases osteophytosis, the correlation of the same pathologies in contigu-
ous bones indicate that they may belong to the same individual. Very interesting is a
possible blade injury in the lateral epicondyle of the right male humerus and a plau-
sible pertrochanteric fracture. The presence, in the same coffin, of a small number of
individuals, with the presence of one subadult, can’t completely exclude that they were
members of the same family group. More analyses will be necessary to better under-
stand the context.

Keywords: Sardinia, anthropology, paleopathology, blade injury.

INTRODUCTION

Sardinia is an island located in the middle of the Mediterranean Sea. Its
history started with local people’s civilization: two different phases named
“Pre-Nuragic” (450.000-1.800 BC) and “Nuragic” (1.800-238 BC) ages (Lilliu
G. 2004). Nuragic age gets its name from a truncated cone megalithic struc-
ture called “Nuraghe”, present all over the island.

From 800 BC, there were many dominions in Sardinia, perhaps due to
its position in the middle of the most important trade routes of the past.
These dominions were present mostly near the coast, while the middle of the
island was interested in the survival of the previous domination.
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Phoenicians and Punics (Bartoloni P. et al 1997),
and Roman (Angiolillo S. et al 2017), mentioning some
of them, settled their village along the Sardinian coast,
at the beginning; just later their presence is evidenced
also in inland. Historical changes in Sardinia have
influenced the native population and civilization and
marked the history of the island. A recent study (Mar-
cus J.H. et al 2020) has investigated the genetic history
of the island, underling the introduction of new genetic
inheritance and the survival of the local population at
the same time. Many studies have concerned humans
remain in all ages all over the island, evidencing life-
style, feed, occupational markers, origin, and migration.

The anthropological study provides a better under-
standing of the evolution and changes of Sardinian civi-
lization. The southern region characterized by the Cam-
pidano valley was interested in a more significant pres-
ence of eastern dominance than the northern part. That
part of the island has, at the present time, a lack of stud-
ies and information.

MATERIALS AND METHODS

The site of Genoni is located on a hill, in the Cam-
pidano valley, in the middle of Sardinia. The area was
used from the Nuragic Age (1800-238 BC) to the Punic
(470-238BC) and the Roman Age (238 BC-470 AD), evi-
denced by the presence of many Nuragic and Roman
structures.

One of these structures was a lithic coffin that con-
tained human remains from different people. To under-
stand the real use of the site we decided to study the bio-
logical profile of these people, using the main standard
anthropological methodologies (Ubelaker D.H. 1989;
Perrot R. 2012), supported by newer methodologies
when it has been necessary (Catteneo C. et al 2004).

Sex was determined using morphologic methodolo-
gies (Agsadi C.Y, Nemeskéri J. 1970; Phenice T.W. 1969).

To determine the age of death we use standard
methodologies (Iscan M.Y. 1984, Lovejoy C.O et al 1985;
Meindel R.S., Lovejoy C.O. 1985, Brooks S., Suckey J.M.
1990), also considering the new evaluation of methodol-
ogy (Verzeletti et al 2010; Russel K.F. et al 1993).

Estimation of stature was based on the Trotter and
Glaser methodology (Trotter M., Gleser G.C. 1952)
which considered the maximum length of the bone.

To better understand pathological conditions, mark-
ers of occupational stress (Henderson C.Y. et al 2013,
Mariotti V. et al 2007) and state of health (Fornaciari G.,
Giuffra V. 2009; Ortner D.J et al 1985) have been stud-
ied. All the analyses were done in the paleoanthropology
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laboratory of the Department of Biomedical Sciences at
the University of Sassari.

Pathological conditions are assessed according to
traditional classification and divided into bones and
anatomical regions. Markers of occupational stress were
also considered in the same bones.

RESULTS AND DISCUSSION

We have analyzed an amount of 98 human bones
(complete and fragmented) and 3 teeth (Table 1). Most
of them are vertebrae and ribs (an amount of 57), and
among the other bones, the most present is the right
femur (3) and the left pelvis (3).

Starting from the total number of bones, only one
person could be present; but they are not only the adult’s
bones, considering that the minimum number of indi-
viduals became two. But to understand the number of
individuals it is necessary to consider the biological pro-
file, which was calculated for each bone.

Biological profile

Table 2 presented the division of bones among sex
after anthropological analysis.

- Three individuals are computed from the pelvis: one
adult male, one adult female and one sub-adult.

- Three individuals of the right femur: 2 adult males
and 1 subadult.

- Two individuals occur from most other bones, gen-
erally two adults or one adult and one subadult.

To summarize, the anthropological analysis of each
bone shows a minimum number of 4 individuals: 2 adult
males, 1 adult female and 1 subadult.

For determining the age of death, we used the same
methodology. The estimation displayed homogeneity in
the distribution; the most diagnostic, as usual, is the
pelvis.

Table 3 shows the age range of death for each bone,
taking into account their gender determination.

Most of the bones showed an age range “older than”,
sharper data from ribs. They are referred to two sex
indeterminate individuals in the age range of 24/35 Y
(YA) and 40/50Y (OA), and a female individual of more
than 30Y (MA). Another diagnostic data comes from the
pelvic bone of three individuals: a male of 50/59Y (OA),
an indeterminate adult of 35/45Y (MA) and a subadult
of 4/7Y (INF).

Crossing results of age and sex determination, and
considering the minimum number of individuals esti-
mated, apparently present a totality of 4 individuals:
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Table 1. Bones present with the number of them. Note: Tooth
(FDI number of tooth present); vertebra (C=cervical; T=thoracic;
L=lumbar); bones (R=Right; L=Left).

Com(plete
Bone fr(agn(lle)ntar)}//) Note
skull fr
tooth com 3 36;37;46
vertebra com 31 10G;16T;5L
rib fr 26 10R; 16L;
clavicula fr 5 3L;2R
sternum fr 1
scapula fr 2 2L
humerus com/fr 3 1R; 2L
radius com 1 1L
ulna fr 3 2L;1R

2 1st metacarpal R; 1 proximal

hand fr phalanges R; 1p2nd mefacarpal L
pelvis fr 3 2 ilium L; 1 acetabulum L
sacrum fr 2
femur com/fr 6 3comR;1comL;2frL
tibia fr 5 41L;1R
fibula fr 1 1R
foot f 1 talus R; 1 talus L; 1 calcaneus L; 1

2nd metatarsal L

Table 2. Division of bones among sex. (M=male; F=female;
I=indeterminate; SubAd=Sub-adult; TOT=total).

Anatomical regions M F I SubAd TOT

skull
teeth
vertebrae

o

NN ==

ribs
clavicle
scapula
humerus
radius

—_ b
—

ulna
hand 2
pelvis
sacrum
femur
tibia
fibula 1
talus 1 1

—_ N =
—

calcaneus 1

P DN = N WO WD = DNDNDNDDNDDNDN

II metatarsal
TOT 2 1 2 1

Table 3. Age range of death for each bone. (M=male; F=female;
I=indeterminate; SubAd=Sub-adult).

Anatomical regions M F I SubAd
skull
teeth 7/8y
vertebrae >18
. 24/32y;
ribs 40/50);
clavicle >30y >30yy
scapula >22y >22y
humerus >21y >21y
radius >18y
ulna >18y >18y
hand >16y
pelvis 50/59y 35/45y  3/5y
sacrum >25y >25y
femur >21y 517y
tibia >2ly >21y
fibula >21y
talus
calcaneus >21y

IT metatarsal >18y

- Two adult males, the former in the range of young
adults (YA) aged between 25 and 35 years, the latter

in the range of middle adults (MA) aged between 35

and 45 years.

- One adult female, in the age range of old adult (OA)
aged older than 46 years.
- One subadult aged between 5 and 8 years.

The poor conservation of most bones consented to
the stim of stature only in five of them (Table 4).

In three cases the individual was a male, and the
stature estimated was 164m, 165cm and 158 cm. Is
evident a difference between the average of the the
first two compared to the last, but it is also impor-
tant to remember that there are two adult males indi-
viduals.

One stature estimation is referred to as a sub-adult,
with a height of 107 cm.

The last estimation, 165cm, comes from a talus of
sex-undetermined individuals.

Pathologies

A high percentage of bones show pathological condi-
tions: in a total of 98, 36 (37%) of them were pathologic,
all of them related to adult individuals (Figure 1)

More than 80% of the observed pathologies were
osteophytosis:
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Table 4. Stim of stature in cases where complete bones were pre-
sent, standardized to Trotter e Gleser method.(m=adult male;
I=adult indeterminated; inf= subadult; R=right side; L=left side).

Sex m m m inf I
Bone humerus radius femur femur talus
Com(plete)/ Fr(agmentary) com  com com fr com

R/L R L R R L
Stature (Trotter & Gleser) 165,314 164,06 158,752107,344 165,21

- 20 of the 31 vertebrae (5 cervical; 10 thoracic, 3 lum-
bar, 1 sacral);

- 7 ribs of the 26 (6 from left and 1 from right side);

- 3 clavicles of the 4 (1 from the right; 2 from the left);

- 2 humeri from 3 (1 from the right;1 from the left);

- 2 ulnae from the 3 (from the left);

- 2 femora from 6 (1 from the right 1 from the left).
Considering the bones in which pathologies are

present (Table 5), with the presence of two left ulnas

and two left clavicles, at least two adults are present but
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is also true that many of them are ascribable to a male
individual.

Very interesting pathological signs occur in the right
and left male humerus

The left (Figure 2b; 2d) and right (Figure 2a; 2c¢)
humerus exhibit an abnormal evolution of the distal epiph-
ysis. The lateral epicondyle appears smoother as usual, with
the presence of osteophyte lips at the posterior margin.

This abnormality is localized at the origin of the
anconeus muscle, an extensor muscle of the forearm
inserted in the proximal dorsal epiphysis of the ulna
(Figure 2e).

Unfortunately, we have a few presences of forearm
bone probably related; only a left proximal ulna, where
marked osteophytosis is present.

Another interesting situation is present in the same
right humerus. The medial epicondyle of the distal epi-
physis has an irregular shape, with an anterior deep
groove. Considering the development of new formation
bone on the medial edge of the groove, we suppose a
traumatic lesion.

Figure 1. Pathologic bones from the burial.
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Table 5. Bones with pathological condition with an indication of the type of pathology and location. (R=right side; L=left side; I=adult

indeterminate; M=adult male; F=adult female).

Bone Com(plete)/ R/L Sex Pathology
fr(agmentary)
Cervical Vertebra com I Osteophytes vertebral body
Cervical Vertebra com I Diftuse osteophytes
Cervical Vertebra com I Osteophytosis right vertebral body and Right inferior rib facet
Cervical Vertebra com I Diftuse osteophytes
Cervical Vertebra com I Osteophytosis superior left facet and inferior body
Thoracic Vertebra com I Osteophytosis spinous process and anterior left facet
Thoracic Vertebra com I Osteophytosis inferior rib facet and transverse process
Thoracic Vertebra com I Osteophytosis transverse process
Thoracic Vertebra com I Osteophytosis spinous process and vertebral body
Thoracic Vertebra com I Osteophytosis rib facets
Thoracic Vertebra com I Osteophytosis of vertebral foramen
Thoracic Vertebra com I Osteophytosis spinous process
Thoracic Vertebra com I Osteophytosis spinous process and left rib facet
Thoracic Vertebra com I Osteophytosis inferior body
Thoracic Vertebra com I Osteophytes vertebral foramen and hernia in inferior body
Lumbar Vertebra com I Hernia in the inferior body facet
Lumbar Vertebra com I Hernia in the inferior body
Lumbar Vertebra com I Osteophytosis in inferior body and left rib facet, Hernia in superior body
Rib body fr L I Osteophytosis. tubercle
Rib body/head fr L I Osteophytosis superior body
Rib body/sternal fr L I Osteophytosis sternal end
Rib body/head fr L I Osteophytosis tubercle
Rib body/head fr L I Osteophytosis tubercle
Rib body fr L I Osteophytosis tubercle
Rib body/head fr R I Osteophytosis tubercle
Sternum fr I Ossification of right costal cartilage manubrium
Clavicula com L I Osteophytosis sternal facets
Clavicula fr R I Osteophytosis and macroporosity sternal end
Clavicula fr L I Osteolisis acromial end
Humerus com R M Abnormal shape in medial ep1c01r1dlyaltee ::itilp(i)cs(t)enodp;’lg;tosw; groove probably by a blade in
Humerus fr L M Abnormal development in medial epicondyle
Ulna fr R M Pronounced osteophytosis in styloid process
Ulna fr L I Osteophytosis olecranon
Pelvis fr L F Neoplasm bone in anterior superior iliac spine and acetabular rim
Sacrum fr I Lumbarization S1
Osteophytosis in superior articular surface; new formation bone in greater trochanter and
Femur com R M  transverse acetabular ligament; shape modification and osteophytosis on the top of linea
aspera (pertrochanteric fracture?)
Femur com L M Shape modification and osteophytosis on the top of linea aspera

To study the depth, width, direction and the possible
presence of signs, a mould of the groove was made (Figure
3). The analysis of the shape reveals a thinner groove in
the deepest part, with a linear pattern and a surface char-
acterized by the presence of parallel lines with an oblique
angle, currently, a blade cannot be completely excluded.

Very interesting also, a pathological situation of the
right femur (Figure 4). Located in the proximal diaphysis,
in the sub-trochanteric position, evident mainly in the ante-
rior (Figure 4b) and cranial (Figure 4c) face of the great tro-
chanter. The shape and location of the lesion can be identi-
fied with the consequence of a pertrochanteric fracture.
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Figure 2. Pathological condition in forearm bones. (a= right humerus- anterior view of distal epiphysis; b= left humerus- anterior view of
distal epiphysis; c= right humerus- medial view of distal epiphysis; d= left humerus- medial view of distal epiphysis; e= left ulna-dorsal view

of proximal epiphysis).

=

Figure 3. Mould of the groove in the medial epicondyle of the right
humerus.

Some pathologies found in contiguous bones suggest
that these modifications may be related to each other.
In addition, the general appearance is similar, and they
can be attributed to an adult male (as mentioned before)
and it is not completely excluded that they could be con-
ferred to the same person.

For this reason, we have decided to consider markers
of occupational stress (MOS) in these bones, as well.

Markers of Occupational Stress (MOS)

Analyzing MOS we have noticed the correspondence
between lesions and more marked markers (Table 6).

We can see, indeed, in the upper limbs that a robus-
ticity of 3 degrees is present in the right clavicle (Costo-
clavicular ligament) and distal right humerus (Brachio-
radialis muscle); high degree also at the insertion of the
Deltoideus muscle in both humeri. All of these insertions
are in the same locations as the lesion mentioned above.

In the lower limbs, we can see a higher degree of
MOS in the right femur, corresponding to the Gluteus
maximus muscle, where the possible fracture is present.
The left side still has a high value, but not as high as the
right side.

CONCLUSION

The multiple burials that we analyzed are an inter-
esting case study, because of their composition. Of a
total of four individuals, only one may be considered
nearly complete.

Very interesting the pathologies present in 37% of
the bones. These pathologies are, in most cases, ascribed
to male individuals and it is possible that can be attrib-
uted to the same person. Considering this possibility, we
can analyze the number of pathologies to understand
possible relationships between them. A right humerus
presents a possible blade injury at the medial epicon-
dyle and this lesion can be related to the strong osteo-
phytosis and macroporosity in the sternal epiphysis of
the right clavicula and the pronounced osteophytosis in
the styloid process of the right ulna. Moreover, MOS in
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Figure 4. Lesion observed in the proximal epiphysis of the right femur. (a= posterior view; b= anterior view; c=cranial view).

the same bones is very high. Perhaps the movement of
the right humerus may have been modified and difficult,
with consequences on the whole joint.

Another interesting condition is on the femur. Here is
present a lesion that interests the proximal epiphysis, may-
be a perthocantheric fracture, resulting in a wrong walk
which may have created the osteophytosis and the shape
modification at the top of linea aspera of the left femur.

One more aspect of interest is the composition of
the individuals in the burial. There are two adult males,
one is a middle/old adult, and another one is a young
adult. Furthermore is present a young adult female and
one subadult (a child). Considering all these aspects, a
family burial can’t be completely excluded, but an addi-
tional genetic study should be done to better understand
this aspect.
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Abstract. The COVID-19 pandemic significantly changed the way anatomy classes
were carried out, depriving students of practical learning using real anatomical speci-
mens. Once COVID restrictions were lifted and students returned to a normal class
setting a randomized study was carried out to elevate effectiveness of practical anatomy
didactics. The aim of this study was to evaluate the impact of an anatomy workshop
based on demonstrating anatomical structures delivered in a face-to-face format, and
to compare it with a standard course based on online learning. The randomization
involved 350 students from whom 80 participants were drawn to form both a study
and control group. The study consisted of three parts: exam 1, workshop, exam 2. The
study group participated in all parts of the project, while the control group partici-
pated only in the exam. The workshop was held by near peer teachers (NPT). Statis-
tical analysis showed that participation in the workshop had an effect on the passing
score of exam 2 (p=0.039). It was also shown that the difference in scores was signifi-
cantly higher (p=0.049) in the study group compared to the control group. The study
proved that the workshops which were based on demonstrating anatomical structures
by NPT significantly affected the scores obtained by trainees. In conclusion, the project
confirmed the importance of student interaction with anatomical specimens and that
online teaching is not a substitute for teaching in a dissecting room. Additionally, this
study confirmed the high usefulness of NPT as a support for the didactic process con-
ducted by experts.

Keywords: anatomical education, medicine students, human specimen, teaching,
Covid, PAL, near-peer teaching.

INTRODUCTION

The didactics of anatomy in Poland differs from other countries in the
European Union [3, 4, 20] primarily because the academic teachers play
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a dominant role in the learning process, but also the
method of teaching is based on anatomical demonstra-
tions. In Germany, teaching of anatomy relies on eas-
ily accessible cadavers from the national donation pro-
grams. Also important is the didactic activity carried
out by medical students in upper years [11], providing
young students with direct knowledge from soon-to-
be specialists. Some colleges in the United Kingdom
shifted the majority of their anatomy course to the post-
graduate period, limiting the amount of anatomy classes
in the pre-graduate studies. Similarly like in Germany,
access to cadavers in the UK is quite easily available,
often centralized in a single specialized location [17,
27]. As mentioned earlier teaching anatomy in Poland
are structured around the dominance of the academic
teacher and their methods of conducting classes as well
as preparing specimens. The above mentioned along
with the limited availability of cadavers results in practi-
cal anatomy classes which are more difficult to conduct
[29]. A common solution is demonstrating anatomical
structures on previously prepared anatomical specimens
[2].

In many European countries as well as in numerous
universities in the USA and Canada, a significant por-
tion of the anatomy course consists of practical learning,
dissections and preparation of whole cadavers. The theo-
retical part of classes is limited to an introductory semi-
nar at the beginning of the course [28].

It is worth mentioning that senior medical students
play a significant role in these countries, directly influ-
encing the learning process. By taking part in anatomy
classes, they generate psychological support for junior
colleagues and develop essential teaching skills [12, 26].

In scientific nomenclature, this kind of student
teaching is defined as peer-assisted learning [32]. Stu-
dent-teachers may be peer teachers of students (co-peer
teachers) or they may be senior year students - near-peer
teachers (NPT) [22].

This is a relatively popular form of education in
many countries and it is worth noting that in Germa-
ny a near-peer-educator receives a small salary and is
employed as a student assistant (personal communica-
tion with prof. Lars Brauer, FAU University, Erlangen,
Germany).

This type of solution greatly relieves the workload
of the staff, who can focus on the individual needs of
each student during classes or devote more time towards
scientific and organizational activities. Furthermore,
near- peer teachers are a necessity due to the shortage of
trained and experienced anatomy teachers.

Peer assisted learning has not been implemented
in Poland as an educational tool due to legal as well as
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financial limitations. Students are not recognized by the
legislator as academic teachers, so their employment
in such a position is impossible. Such decisions are the
result of high expectations for academic lecturers in
Poland [31].

The system in German universities proves that even
when the dominant role is carried out by the academic
teacher, there is still room for peer assisted education.
It should be emphasized that the Covid 19 pandemic in
Poland made access to anatomical preparations signifi-
cantly more difficult. In many Polish medical universi-
ties, as well as in parts of Europe, dissection classes have
been abandoned and replaced with online teaching.
Depending on the financial status of the university, in-
person classes were substituted by short films showing
the stages of anatomical dissections/demonstrations and
commercially available 3D solutions such as 3D atlases
or 3D films of idealized dissections [13, 24, 37]. Upon
return to the dissecting room, halfway through the pre-
vious academic year, a project was carried out, evalu-
ating the effectiveness of teaching anatomy using real
anatomical specimens. In addition, due to NPT-based
didactics demonstrated in the global literature [9, 22], it
was decided that the students’ first exposure to human
cadavers should be carried out in a student-friendly
atmosphere in order to minimize any stress and simulta-
neously increase the sensitivity of the study and improve
its quality.

The aim of this study was to evaluate the effective-
ness of anatomy workshops based on demonstrating
anatomical structures using real human specimens,
conducted face-to-face, and compare this to a standard
course conducted online using available 3D atlases and
online presentations and visualizations.

MATERIAL AND METHODS

All (350 individuals, including 230 females and
120 males) 1st year students of the Faculty of Medicine
from the year 2020/2021 were invited to participate in
the study. 80 study participants in the age range 19-21
years were selected based on randomization techniques
(40 participants were qualified to the control group and
40 participants were qualified to the study group). Ran-
domisation was conducted using the computer program
- “R” package, version 4.1.2 (The R Foundation for Sta-
tistical Computing, Vienna, Austria).The system numeri-
cally selected participants from a group of volunteers
who volunteered for the project based on their album
number. This guaranteed anonymity and randomness of
qualification.
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Figure 1. Flow chart of conducting the research project.

During the study, 21 people resigned from both
groups (20 people in the control group and 1 person in
the study group) for reasons beyond the control of the
researchers (lack of consent to continue participation,
Covid infection, accidental reasons, fear of the impact of
the test result on the final exam, lack of willingness). In
order to keep the same conditions of the experiment, no
new participants were recruited in their place. Finally, 59
people (25 men, 34 women) participated in the study.

All eligible students were never before exposed to
donor specimens/cadaver throughout their anatomi-
cal education due to the Covid 19 pandemic restric-
tions. Each random and qualified participant gave their
informed and free willed consent to participate in the
study. The limited number of participants in the project
was due to restrictions related to the SARS-CoV-2 pan-
demic. A maximum of 60 subjects could be accommo-
dated in the dissecting rooms at one time.

Recruited participants were coded and then a com-
puter system randomly selected individuals and sepa-
rated them into a control group as well as a study group
(Figure 1). Randomization was conducted by a research-
er (ZD) who did not personally know the students or
have contact with them at the time of recruitment to
the study. The research consisted of three parts: (i) exam
1 (test 1), (ii) workshop, (iii) exam 2 (test 2). The study
group participated in all parts of the project and the
control group only in the exams (Figure 1). Both groups
also participated in a standard course delivered online
without access to a dissecting room.

Examination

Each exam consisted of 10 stations with anatomical
specimens, 2 arrows (each representing a question) per
station (20 arrows in total). The amount of points neces-
sary to pass was set according to the exam regulations
published at the beginning of the academic year by the
department. On the basis of these regulations stand-
ardized sets of questions were prepared from structures
similar in area and characterized by a similar level of
difficulty. All participants in the study answered the

same questions. The test was carried out simultaneously
for all groups. The number of stations and the way that
the test was organised was such that no exchange of
information between students was possible.

The eligibility of pin sets and selected specimens was
decided by consensus. A team of experts (ZD,BKD,SW)
was responsible for the substantive assessment of the
pins/arrows.

The order of the stations was fixed, and each par-
ticular anatomical region was associated with a certain
position. Each student had 60s per station (30s per ques-
tion) and station changes were indicated audibly by an
electronic timer. Students wrote their answers on answer
sheets prepared by the organizers. There was a maxi-
mum of 20 answers available and the passing grade of
the exam was at least 14 correct answers (70% of the
maximum score). The results were checked twice by the
same experts. In case of doubts concerning the correct-
ness of an answer, the decision to credit or not to credit
the answer was made jointly by two experts. The experts
could not see the personal data of the students and did
not know whether the test came from a person from the
study group or from the control group. Doubts arose
when students used similar names or the names of ana-
tomical details located “near” the indicated structure.
The rules of assessment were laid down in the exam reg-
ulations. Results were published online no later than one
week after the examination due to multiple test checks.

Workshops

The workshop included 4 topics. The topics were cho-
sen by the students in an anonymous questionnaire. A
total of 8 workstations were created following the sugges-
tions of the respondents. Two students from higher years
were assigned to each station (near peer teachers -NPT).
NPT student instructors did not attend the first round
of exams. The demonstration time at the station was 30
min. followed by a change of student groups. The presen-
tation was limited to the most important, relevant infor-
mation with emphasis on clues to quickly identify the
marked anatomical structure. Continuous supervision of
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student tutors was provided by experts (BKD/SW) with
over 10 years of experience in anatomy education.

Final evaluation.

In order to evaluate the impact of the workshop and
assess its quality, the results of the study group from the
first and second test dates were compared and analyzed
in relation to the final results of the control group.

Statistical analysis

A significance level of p = 0.05 was assumed for the
experimental design. The randomisation and statisti-
cal calculations were performed using the statistical
package “R”, version 4.1.2 (The R Foundation for Sta-
tistical Computing, Vienna, Austria) and the PyCharm
2021.2.3 environment (Community Edition, Vienna,
Austria), graphing was performed using the ggplot2
library for the R package (R-Studion, Boston, USA) [14].
The software was used to calculate descriptive statistics,
non-parametric tests: the Shapiro-Wilk normality test,
the McNemar’s test, to look for inter-group differences,
and a paired Wilcoxon signed rank test with continuity
correction and Mann-Whitney test with correction for
continuity.

The research project received a positive opin-
ion from the UMW local bioethics committee ( No. of
approval: 451/2021).

RESULTS

The evaluation of both the control group and the
study group showed that 49% of the participants passed
the first test and 69% of the participants passed the sec-
ond test (Table 1). Based on McNemar’s test, there is no
reason (p=0.37) to reject the hypothesis that retaking the
exam, not preceded by a workshop, had no effect on the
pass rate in the control group. In the control group, the
number of points obtained by students in E2 was sig-
nificantly higher (p = 0.029) than the number of points
obtained in E1 (Wilcoxon signed rank test with continu-
ity correction) (Figure 2).
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Figure 2. Assessment of the effect of a second attempt on the pass
rate and scores in the control group.

Evaluating the impact of workshops on pass rates and
scores

It was demonstrated that attending a workshop had
an effect on the score pass rate of test 2 (McNemar test;
p=0.039) (Figure 3). In the study group, the number of
points obtained by students in test E2 is statistically and
significantly higher (p<10*) than the number of points
gained in test E1 (Wilcoxon signed rank test with conti-
nuity correction).

Comparison of the impact of workshops on pass rates and
scores between the control and research groups

In the study group the workshops had a significant
impact on the pass rate in the group, but at the same
time in the control group there is no reason to reject the
assumption that the workshops had no impact on the
pass rate .

Due to the significantly higher (p=0.042) scores

Table 1. Comparison of all participants’ results - pass rate (Z) and number of achieved points, E1-first test, E2-second test, Q- quartile

All participant N Z (N) Z (%) min
E1 59 29 49% 1.0
E2 59 41 69% 2.0

Q1 median mean Q3 max
9.0 13.0 12.1 16.0 19.0
13.0 15.0 14.4 16.5 20.0
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Figure 3. The results of exams in the study group (E1- exam 1
before the workshop, E2- exam 2 after the workshop)

Table 2. Difference in the number of scores in the study group and
the control group between examination 1 (E1) and examination 2
(E2); Q- quartile, N-number of participants.

E2 - El1

N

min Q1 median mean Q3

-2.0 0.0 0.0 1.3 2.3 9.0
-5.0 0.0 2.0 2.9 5.5 11.0

Control group 20
Study group 39

contro!
O test

10

0 5
points delta = E2 - E1

Figure 4. Individual (for each student) differences in the number of
credits obtained between E2 and El in both groups (E1 - exam 1;
E2 - exam 2).

achieved by the students in the control group in test
El compared to El of the study group, and the higher
pass rate in E1 and E2 of the control group - in order
to compare the effect of the workshops on the number
of obtained points - the individual differences in the
number of obtained points between E2 and El in both
groups were calculated (Figure 4). It was shown that the
difference in the number of obtained points was signifi-

cantly higher (p=0.049) in the study group compared to
the control group (Table 2) (Mann-Whitney test, Wil-
coxon rank sum test with continuity correction).

DISCUSSION

In the present study, the effectiveness of practical
training in anatomy was proven. The participants in the
control group achieved better results during the sec-
ond test, which the researchers interpret as the effect of
familiarizing the students with this form of examina-
tion, training better concentration and developing strat-
egies for completing it.

Furthermore, it has been shown that this result can
be improved by a series of demonstrations carried out by
the NPT using anatomical preparations made before the
start of the study and cadavers obtained through a local
conscious donation programme.

The first medical anatomical dissections were initi-
ated in antiquity by Herophilus of Chalcedon (325-255
BC). In contrast, the use of the human body for the
systematized study of anatomy was introduced in the
late 14th and early 15th centuries by Italian anatomists
[19]. The most famous of these (from Brussels) work-
ing in Padua- Andrea Vesalius- through the creation of
anatomical atlases based on experiments and observa-
tions, brought anatomy into medical sciences [10, 30].
The study of anatomy is a challenge that requires the
acquisition of a vast amount of knowledge which can
only be studied in the appropriate setting. As early as
the 16th century, Charles Estienne argued that anatomy
can only be learned accurately in specially equipped
places [35]. Students themselves used to proclaim that
there is no better teacher of anatomy, teacher of empa-
thy and teacher of the human body, than the corpse
itself [15]. The topic of concern for the ethos of anato-
my and the humanistic basis of medicine, is threatened
by the need to digitalize the classroom in the age of the
pandemic, as particularly relevant in the twenty-first
century [23].

The COVID-19 pandemic made it impossible for
students to interact with cadavers and participate in
autopsies. While theory can be discussed through dis-
tance learning, there is no substitute for dissecting in
any way [33]. Among the various methods of teaching
anatomy (e.g. dissecting room classes, lectures, e-learn-
ing), the most highly rated are those that allow con-
tact with human cadavers, based on demonstrations in
small groups of students [6]. The reduced availability of
cadavers in some universities has naturally forced the
partial replacement of learning at the dissecting table
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with teaching using modern technologies. Centers where
donor cadavers are still available put an emphasis on the
active participation of students in autopsy. Ghosh et al.
stated that this is the only possibility that combines the-
oretical knowledge with medical practice [16].

Current works prove the crucial importance of con-
tact, even limited, with real human bodies in anatomi-
cal didactics. Direct exposure to the specimen is a more
effective way of learning anatomy than using alterna-
tive - digital or traditional - educational techniques.
The recent anatomy literature is replaced with articles
explaining the advantages of digitization and replacing
dissecting classes with classes based on modern infor-
mation technologies [7, 8, 34].

However, the results obtained here clearly indicate
the necessity of great caution in implementing new digi-
tal technologies and abandoning the traditional form
of anatomy classes. The qualitative advantage of typical
dissecting classes over online classes in anatomy teach-
ing has been proven, demonstrating the importance of
contact with the specimen in gaining a better under-
standing of human morphology, as demonstrated in this
publication.

It is worth noting that the high usefulness of work-
shops co-delivered by students from higher years of
study - (NPT) has already been demonstrated [5].

The hybrid workshop based on NPT and experienced
teachers used in the present study therefore meets the
recommendations from scientific papers. [36]. The form
of classes conducted in the relationship between a stu-
dent of first year and a student of the senior years, allows
diversity in methods of acquiring knowledge, supports
the development and broadens the scientific horizons
of students interested in teaching, and also constitutes
a certain facilitation for academic teachers. It is worth
highlighting that this type of assistance takes place in
European countries on a paid basis (Bugaj et al., 2019).
The effectiveness of the so-called peer-assisted learning
can be evidenced, among other things, by the fact that
this solution is an academic everyday feature of many
universities across Europe, including Germany [20] .

The high effectiveness of NPT in anatomy teaching
demonstrated in current work can be attributed to the
fact that, students who have recently studied a subject may
have a better understanding of the difficulties in learning
the given subject and therefore may be better equipped to
help students overcome these difficulties [18, 25].

The creation of a positive atmosphere is important
for students who are beginning their studies in combina-
tion with higher level of teaching would give rise to con-
siderations of introducing peer student assistance from
older colleagues permanently into the medical school
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curriculum.

It has been proven that NPT is perceived positively
by educated students. It offers the opportunity to improve
educational outcomes while reducing the teaching load
of teachers. Therefore, when integrated with other teach-
ing methods, peer teaching can be a viable resource in the
pursuit of excellence in future teaching of anatomy [1].

CONCLUSIONS

It has been shown that retaking the exam in a simi-
lar format increases the chances of passing the learned
anatomical material. It has been also proved that the
introduction of workshops based on the demonstration
of anatomical structures by NPT significantly affects the
results obtained by trainees. In conclusion, this project
has confirmed the important role of student contact with
the anatomical specimen. Additionally, the usefulness
of NPT as a support in the didactic process carried out
by experts — University employees — was confirmed. The
study indirectly suggests that weeks of restricted access
to dissection-based teaching or even anatomical demon-
stration may have a negative impact on the development
of future physicians.

LIMITATIONS OF THE STUDY

The study has some important limitations:

1. Covid-19 pandemic constraints contributed to the
need to limit the study and control groups.

2. Time constraints contributed to limiting the
scope of the material discussed and the duration of the
workshop.

3. the nature of the study was related to only one
anatomical topic.

4. only selected topics from the anatomy course were
discussed.

5. the theoretical knowledge of the students was not
assessed
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Abstract. The efficacy and utility of pentachrome staining has been demonstrated in
many studies on diverse human body tissues. Movat pentachrome technique is used
for multicolor staining of tissue sections and vascular and stroma visualization. So far,
the utility of this method for microanatomical evaluation of placental structures has not
been demonstrated. The aim of this study is to evaluate the image of normal placenta
and to develop some reference images for future evaluation of pathological tissues based
on this technique. Material and method. The study was carried out on 21 paraffin slices
taken from seven mature human placenta of single pregnant women without significant
pathology and completed with a planned, elective Caesarean section. All paraffin slices
were used for preparation of tissue microarrays and then performing a histochemical
staining (HE and Movat). Results. On the basis of the collected material, microscopic
analysis enabled the identification of normal placental villi - terminal villi,mature inter-
mediate villi and stem villi. Moreover the maternal part of placenta was visualized. It is
worth emphasizing that in each case not only the trophoblast but also the stroma struc-
tures were visualized. Conclusions. This study proved the effectiveness and usefulness of
Movat imaging of placenta especially in visualization of the stroma.

Keywords: microanatomy, pentachrome staining, placenta.

INTRODUCTION

The placenta is an organ with a unique function and composition for
the human body. The anatomical structure is relatively simple, consisting of
two surfaces: fetal and maternal. On the fetal surface, which is covered by
the amniotic membrane, there is the separation of the umbilical cord (Rome-
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ro 2015). It is usually located in the central part of the
placenta, but can be found marginally or eccentrically.
There are vessels branching from the umbilical cord,
which usually spread radially (Huppertz 2008). Under-
neath the fetal surface, there is a chorionic plate con-
sisting of a fibrous mass and a thick layer of connective
tissue in which various calibre blood vessels run: veins
and chorionic arteries. From the plate, villous arteries
descend deep into the placenta towards the intervillous
space (Domagala et al. 2020). Small vessels diverge into
the placental villi from the villous arteries. The villi tree
itself grows from the chorionic plate starting from the
broad stem villi, and is formed at a very early stage of
placental development (Huppertz 2008). From the villi
tree, successive generations of villi descend, which at
the very end of the tree produce the intervillous space
floating villi. Together the described elements form the
structural unit of the placenta - the cotyledon (Otake et
al. 2019) (Figure 1). There is a basal plate on the other
side of the placenta on the maternal surface, which is a
partially artificial structure created by the separation of
the placenta from the uterus at birth (Kay, Nelson, and
Wang 2011). It is therefore composed of maternal tis-
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sues including the uterine arterial vessels. A thin layer of
trophoblast separates it from the intervillous space, and
is connected to the individual cotyledons by the anchor-
ing villi (Salaria et al. 2005). Adequate, proper placental
structure is critical for fetal welfare. Any disturbance of
this structure translates into significant clinical abnor-
malities of both the fetus and the mother, e.g. pregnan-
cy-related hypertension. Detailed knowledge of the pla-
centa structure is important, not only from a cognitive
perspective but also that of a clinical one (Kay, Nelson,
and Wang 2011).

The understanding of the placenta microstructure
requires, apart from in vivo and macroscopic analysis, a
microscopic analysis. Immunohistochemical techniques,
i.e. mono- or polyclonally labelled antibodies are most
commonly used to visualise components of the exam-
ined tissue. In spite of this, modern diagnostics and
scientific research still uses histochemical methods for
research as the immunohistochemical technique is based
mainly on the use of two primary colours: blue and
brown. This is a stark contrast to the ability of dye-based
methods to produce multi-coloured images. This type
of staining allows for the simultaneous identification of

Figure 1. Human placenta (A - fetal side B - maternal side C - HE view of exemplary histospot, D - Pentachrome staining of exemplary

histospot).
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many tissue structures in order to provide a microscopic
analysis of their coexisting morphological-functional
interactions (Petrovic et al. 2011).

One such histochemical technique is Movat pen-
tachrome staining (Felfoldi et al. 2021; MOVAT 1955).
In the case of the placenta, the authors believe that this
technique can be useful to visualise parenchyma and
stroma structures and, by simultaneously staining epi-
thelia, also allow assessment of the interaction between
trophoblast, stroma, and fetal vessels. The analysis of the
available literature did not reveal the presence of any
scientific work investigating the pentachrome staining
image of normal placental tissues. Therefore, the aim of
this study is to evaluate the normal microscopic analysis
of the placenta using Movat staining. The definition of
normal morphological images will then enable compara-
tive studies comparing normal and pathological images
to definitively confirm the usefulness of the histochemi-
cal technique in the diagnosis of placental pathology.

MATERIAL AND METHODS

The study was carried out on 21 paraffin slices taken
from seven mature human placenta of single pregnant
women without significant pathology and completed
with a planned, elective Caesarean section (38-40 weeks
of pregnancy).

The mean age of the mothers was 31.62 years, and
mean neonatal weight was 3702 g, with a mean APGAR
score of 9.86 points at the first minute after birth and
10 points at subsequent minutes (Table 1). All eligible
mothers were healthy and the newborns did not show
any abnormalities during the 24-hour clinical follow-
up. Antenatal and postnatal assessment of the mothers
and medical evaluation of the newborns were performed

Table 1. Basic clinical data and general characteristics of the mate-
rial. SD - data in brackets, c-child/children; M- males, F-females;
AG -Apgar points; BMI - body mass index; w - woman/women

Neonatus Neonatus Maternal Maternal Maternal ace
mass AG 1 min BMI parity 8
Oc-5w

3702 (320.4) 9.86 269 (2.4) le-1w 30,57 (1.6)

(8] 2c-1w [years]

Placenta Place.nta Pla.centa Gestational ~ Neonatus

mass vertical horisontal ace ender
diameter diameter 8 &
17.0(1.4)  18.5(2.0) 40 (1.2) F-4

560 (56 [l e [cm] [weeks] M-3

according to Polish medical standards (Zdrowia 2018).
Material was collected from three placental sites (umbili-
cal cord attachment area, paracentral zone and marginal
zone of placenta) based on the technique proposed by
Kay et al. (Kay, Nelson, and Wang 2011) using surgical
clamps and dissecting forceps.

After sampling, the material was preserved in 4%
buftered formalin. The paraffin blots were prepared from
the obtained material in a typical manner. Hematoxylin
and eosin stained slides were then made and, after initial
evaluation in a Leica LD 5000HL light microscope (Lei-
ca Microsystems, Werzlar, Germany), scanned using a
Panoramic MIDI histology scanner (3DHistotech, Buda-
pest, Hungary) to create virtual slides.

Based on these, representative 1.5mm histospots
were selected for tissue microarrays using the automat-
ed TMA Gran Master system (3D Histtech, Budapest,
Hungary).

Pentachrome Movat staining was carried out follow-
ing a standard procedure. In the first step, staining was
carried out in Alcian blue solution (20 minutes). This
step was performed to buffer the basic substance. Next,
the slides were rinsed under running water and then
placed in alkaline alcohol. This part of the procedure
was done to convert the Alcian blue into the insoluble
pigment Monastral fast blue.

The next step was to rinse the material again with
running water and then distilled water. Afterwards,
staining in Verheoffs’ haematoxylin solution was carried
out to stain the cell nuclei and elastic fibres. This step
was again followed by rinsing the material several times
in distilled water. The next step was differentiation in a
2% aqueous solution of ferric trichloride. The differentia-
tion process was interrupted by rinsing the preparation
again. At this stage a microscopic check of the staining
of the slide was carried out. If the result was satisfactory,
the slides were placed in sodium trisulfate solution (1
min) and then rinsed again under running and distilled
water.

The material was then stained in crocein scarlet acid
fuchsin solution to stain fibrin and muscle. Slides were
then washed in distilled water and, in the final step, in
0.5% ice-cold acetic acid. The washing was necessary to
differentiate the slide in 5% hydrated phosphotungstic
acid solution. Differentiation time was a maximum of
10 minutes. The staining effects were evaluated under
the microscope. The slide was then rinsed again in ace-
tic acid solution to remove phosphotungstic acid and
the material was rinsed three times in 100% alcohol to
prepare it for staining in alcoholic saffron solution. This
staining took approximately 15-20 minutes to stain the
collagen and reticulin fibres.
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Finally, the slide was rinsed in alcohol solutions of
decreasing concentrations, and covered with a coverslip.

The expression of the studied markers was evaluated
independently by two independent observers (ZD, JD)
using the Leica LD 5000HL light microscope. Identifi-
cation of tissue types was based on colour evaluation of
stained tissues derived from the available literature (Chu
et al. 2009; Felfoldi et al. 2021; Kajbafzadeh et al. 2017;
Willershausen et al. 2019), Due to the small size of the
material, statistical analysis was omitted and the results
were presented as observational data.

RESULTS

Microscopic analysis based on the obtained material
allowed us to identify normal villi of the placenta: ter-
minal villi (Figure 2a), mature intermediate villi (Figure
3a,b), and stem villi (Figure 4a). Moreover, the maternal
part of the placenta was visualised (Figure 5). Micro-
scopic evaluation was conducted based on the acquired
histospots. Qualification of tissue types was carried out
independently based on the evaluation of the obtained
multicolour image.

Zygmunt Domagala

Figure 2. Terminal villus in HE (A) and MOVAT(B) staining (mag-
nification 400x).

The evaluation of the terminal villi (Figure 2b)
showed the presence of intensely black stained nuclei of
trophoblast cells building the outer structure of the villi.
The purplish-black colour is due to elastin fibres, which
are present within the trophoblast, but also build the
capillary walls and are found in the stroma. Inside the
terminal villus, collagen fibres can also be seen (yellow-
ish coloured tissue fragments).

Figure 3. Human intermediate villus in HE(A,B) and MOVAT (C,D) staining.
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Figure 5. Extravillous trophobrast in HE (A) and Movat (B) stain-
ing.

In the case of the intermediate villi (Figure 3c,d),
the presence of black-stained cell nuclei and black-purple
elastin fibres present within the trophoblast and the cen-
tral part is also demonstrated. In the central part of the
villi, yellowish collagen fibres are visible. Around the few
vessels red or orange coloured muscle fibres and in some
places blue coloured reticular fibres can be seen.

In the case of steam villi (Figure 4), black stained
cell nuclei and trophoblast cells were visualised. Around
the vessels, reddish-brown stained muscle fibres were
visualised and in the stroma blue stained collagen and
brownish-yellow and brown proteoglycans and reticular
fibres were visualised.

Assessment of maternal tissues stained with Movat
demonstrated intense black colouration of villous and
extravillous trophoblasts, red colouration of tissue sur-
rounding villi and beige-yellow colouration of tissues
in the stroma. Bluish staining was also found in limited
areas corresponding to tissues containing large amounts
of collagen and reticular fibres.

DISCUSSION

The reported data demonstrates the advantages of
imaging the human placenta with Movat pentachrome
staining techniques. Histochemical techniques (tri-
chrome or pentachrome stain) are used relatively often
for histochemical evaluation of tissues (Kara et al. 2020;
Kleékowska-Nawrot et al. 2015; Skonieczna et al. 2021;
Zaki and Youssef 2013). Despite its complexity, the
Movat technique allows for simultaneous visualisation of
multiple tissue structures such as muscles, cell nuclei or
tissues containing elastin fibres or glycosaminoglycans
(Wilson et al. 2021).

Its attractiveness lies primarily in the acquisition
of a multicoloured image, which greatly facilitates the
assessment and differentiation of individual placental
structures by the consulting pathologist at a reasonable
cost limit. Presently, most placentas in the postpartum
period are not evaluated histopathologically. Reasons for
this situation include staff shortages as well as the limi-
tations associated with the high cost of histopathological
examination (Hadravskd et al. 2017).

In our opinion, a detailed microscopic evalua-
tion of the placenta should be considered because the
results may present clinically relevant data. Such data
may indicate an association between certain placental
features, assessed macroscopically and microscopically,
and pathologies associated with the later development of
the child as an independent organism from the mother
(Barker et al. 2010; Barker et al. 2012; Cirillo and Cohn
2020; Hodyl et al. 2017). The human placenta is an organ
that exists only during the developmental period and
supports the growth and development of the fetus (Hup-
pertz 2008). Its growth is associated with rapid prolif-
eration of cytotrophoblast cells. This is accompanied by
multistage differentiation into several subpopulations of
cells with different anatomical localisation and function
(Aplin et al. 2020). One such subpopulation, the syncy-
tiotrophoblast, covers the outer side of the chorionic vil-
li. It comes into direct contact with maternal blood and
thus defines the nutritional, endocrine, and immuno-
logical interface between mother and fetus (Pijnenborg
et al. 1981). Some trophoblast cells leave the placenta
and enter the tissues of the mother; they are defined as
extracellular trophoblasts. These cells penetrate the walls
of the spiral arteries in such a way that they replace the
endothelial cells of the mother’s vessels. In addition,
there is displacement of smooth muscle cells and break-
down of the associated extracellular matrix. This process
induces remodelling of the spiral arteries, resulting in a
change in vessel characteristics. The artery transforms
from a narrow vasoreactive vessel into a wider low-
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pressure tube that supplies the placenta and fetus with
nutrient- and oxygen-rich maternal blood (Pijnenborg
et al. 1981). The phenomenon described earlier defines
placental tissues as “pseudomalignant tissue” because of
the numerous similarities of trophoblast cells to tumour
cells. Both cell types are characterised by a high ten-
dency to proliferation and invasion (Wilczynski 2006).
Scientific data suggest that, in their development, cancer
cells revert to primitive developmental processes repre-
sentative of trophoblast cells by taking over genes used
by these cells to achieve metastatic potential (Koslowski
et al. 2007). For example, the epithelial-mesenchymal
transition (EMT) that is characteristic for neoplastic
invasion occurs during early implantation/placentation
(Roldan et al. 2020). Movat’s pentachrome technique
is a useful tool in assisting physicians in the diagno-
sis of cancer. It supports the physician in assessing the
degree of invasion of the proliferative process, and has
been proven to confirm venous invasion in oesophageal
adenocarcinoma (Castonguay, Li-Chang, and Driman
2014). It is also used to evaluate the stroma of tumours
(Haeberle et al. 2018). For example, in pancreatic can-
cer, Movat’s method allows the probability of a success-
ful tumour response to neoadjuvant chemotherapy to
be determined (Haeberle et al. 2021). It is worth empha-
sizing that the assessment of the cell stroma is not only
important in neoplastic diseases but also in the assess-
ment of the physiology and pathology of the human pla-
centa (Ji et al. 2021; Wang et al. 2011).

Pentachrome staining has also proven to be of value
in the assessment of vascular remodelling associated with
damage in the course of atherosclerosis. It allows a reli-
able qualitative and quantitative assessment of glycosa-
minoglycans, elastic fibres, proteoglycans, or collagen in
tissues forming a blood vessel. For example, it has been
shown that it can be used to assess the risk of cardiovas-
cular events in patients after carotid endarterectomy.

In sum, the placenta is an organ whose main pur-
pose is to ensure the exchange of nutrients between the
developing fetus and its mother. This exchange is possi-
ble thanks to the characteristic structure of the organ, in
which the blood vessels are a crucial element. The pla-
centa is therefore characterised by a dynamic cellular
development based on mechanisms typical for neoplas-
tic tissues; simultaneously, it is an unusual “vascular”
organ. The present work demonstrates that the use of
histochemical techniques for tissue visualisation allows
for a more comprehensive assessment of placental tis-
sue in contrast to standard histochemical staining, and
may be useful for both clinical and scientific evaluation
of this tissue. In the future, it is planned to use this tool
to assess placental tissue in health and disease research.

Zygmunt Domagala
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PREFACE

The PhD course in Innovative Technologies in Clinical Medicine & Den-
tistry (InTEchMed) of the University “G. d’Annunzio” of Chieti-Pescara,
is a newly instituted course that brings together professors and researchers
belonging to scientific-disciplinary sectors that are homogeneous and coher-
ent with a scientific project that has as its objective “ the pursuit of multidis-
ciplinarity research” by finalizing the research, in terms of content and appli-
cability, as a priority to satisfying the growing demands for a medicine of
excellence with particular reference to spheres of interest of great relevance
and considerable impact social responsibility attributable to the areas of spe-
cialization identified by the National Research Plan.

The PhD course in InTechMEd incorporates and processes technologi-
cal and scientific innovations in the context of the skills that characterize it
and, with a synergistic work, seeks to interface with the national and inter-
national scientific community with a constructive and innovative spirit. To
this end, to promote the research activity of their PhD students, the First
PhD InTechMEd Conference was organized, where the students presented
the preliminary data of the research carried out and these oral presentations
were collected to be published in the special issue of the Italian Journal of
Anatomy and Embryology.

Professor Oriana Trubiani
Coordinator of PhD InTEchMed Course
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Abstract. Hypoxia has an impact on pathological conditions of different tissues and
especially on the heart where it can have different consequences depending on the
duration of exposure to the hypoxic state. Acute hypoxic exposure can result in revers-
ible acclimatization in heart tissue, maintaining a good systemic oxygen supply, while
chronic hypoxic exposure leads to tissue damage exacerbating hypoxia-induced cardiac
dysfunction. Extracellular vesicles (EVs) are small membrane vesicles, of the order of
nanometers, secreted by different cell types. EVs are mediators of intercellular commu-
nication in both physiological and pathological conditions. EVs produced by oral-cav-
ity-derived Mesenchymal Stem Cells (MSCs), including human gingival mesenchymal
stem cells, have pro-angiogenic and anti-inflammatory effects. For this reason, the EVs
can be identify as a new therapeutic potential for tissue regeneration. The aim of the
present work was to evaluate the effect of treatment with EVs produced by human gin-
gival mesenchymal stem cells (h\GMSCs) on an in vitro model of HL-1 cardiomyocytes
cultured under acute hypoxia state (0,2% hypoxia) followed by normoxia conditions.
The HIF-1a expression was downregulate with EVs treatment. EVs could represent an
innovative platform to prevent the hypoxic damages.

Keywords: extracellular vesicles, human gingival mesenchymal stem cells, cardiomyo-
cytes, acute hypoxia.

INTRODUCTION

The heart is one of the tissues most affected by variations in oxygen
levels and therefore in the hypoxic state, mainly due to phenomena such as
nitric oxide (NO) and reactive oxygen species (ROS) formation and increased
superoxide formation through NADPH, which lead respectively to an altera-
tion of cardiac contractility, mitochondrial damage, and formation of athero-
sclerosis [1-3]. Therefore hypoxia-inducible factor (HIF), key molecule of the
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hypoxic pathway activation [4], has an impact on several
cardiac phenotypes including heart failure [5].

A mild exposure to hypoxia can provoke a reversible
physiological acclimatization in the heart tissue as hap-
pens following an acute and systemic hypoxic exposure
in which there is an immediate increase in heart rate
and lung function maintaining a good supply of sys-
temic oxygen, while the prolonged exposure to hypoxia
(chronic hypoxia) leads to tissue damage [6,7]. Further-
more, oxygenation after acute or prolonged exposure
has been shown to cause oxidative damage exacerbating
hypoxia-induced cardiac dysfunction [8].

Extracellular vesicles (EVs) are nanometer-sized
vesicles containing lipid, proteins and different types
of nucleic acids, enclosed by lipid membranes. These
are secreted by different cell types and act as impor-
tant mediators of intercellular communication in both
physiological and pathological conditions [9,10]. EVs iso-
lated from oral-cavity-derived Mesenchymal Stem Cells
(MSCs) have been shown to carry pro-angiogenic and
anti-inflammatory factors showing themselves as thera-
peutic potential for tissue regeneration [11,12].

The aim of the present work is to evaluate the effect
of EVs produced by human gingival mesenchymal stem
cells (hGMSCs) on an in vitro model of HL-1 cardio-
myocytes cultured under 0.2% hypoxia (acute hypoxia)
followed by normoxia evaluating the HIF-1a expression.

MATERIALS AND METHOD
Hypoxic culture

The HL-1 cells (Sigma-Aldrich, Milan, Italy) were
cultured in Claycomb medium completed with 10% fetal
bovine serum (Euroclone, Milan, Italy), 2 mM l-glu-
tamine, 0,1 mM norepinephrine, and 100 pg/mL peni-
cillin/streptomycin (Lonza, Basel, Switzerland) under
hypoxia 0,2% for 24h and then in normoxia at 37 °C in a
humidified atmosphere of 5% of CO2 in air for 24h. The
hypoxia state was performed using ProOx Model P110
(BioSpherix, 25 Union Street, Parish, NY 13131) hypoxia
chamber, and following the referred Manual.

EVs isolation

EVs were isolated starting from supernatants
(1I0mL) of hGMSCs culture after 48 hours of culture
using ExoQuick-TC (System Biosciences, Euroclone
SpA, Milan, Italy) following the manufacturer’s proto-
col. The mixture was placed at 4 ° C overnight and the
following day was centrifuged 1500 x g for 30 minutes

Ylenia Della Rocca et al.

to settle the EVs and the pellets were resuspended in
200 pL of PBS [13].

Experimental study design

The study design is reported as follows:

(i) HL-1, used as a negative control (CTRL), were kept
in hypoxia at 0,2% for 24 h and successively in nor-
moxia for 24 h;

(i) HL-1 were kept in hypoxia at 0,2% for 24 h and
treated with hGMSCs EVs in normoxia for succes-
sively 24 h (EVs Post-hypoxia);

(iii) HL-1 treated with with hGMSCs EVs in hypoxia at
0,2% for 24 h and then in normoxia for successively
24 h (EVs Pre-hypoxia).

Confocal microscopy analysis

The HL-1 cells were seeded at 8500/well on 8-well
culture glass slides (Corning, Glendale, Arizona, USA),
under hypoxia state and treated with hGMSCs EVs as
described in ii) and iii). The Confocal Microscopy anal-
ysis was performed as previously described [14] using
HIF-la as primary mouse monoclonal antibody (1:200,
Santa Cruz Biotechnology) and Alexa Fluor 568 red fluo-
rescence conjugated goat anti-mouse antibody (1:200;
Molecular Probes, Invitrogen, Eugene, OR, United
States) as secondary antibody. The microscope used is
Zeiss LSM800 confocal system (Zeiss, Jena, Germany).

Western Blotting Analysis

The proteins derived from cell cultures of the three
experimental points were used at the concentration of
50 pg for the electrophoresis and subsequent transfer
on the membrane of polyvinyl-denifluoride (PVDEF) as
previously described [15]. The primary monoclonal anti-
body used (mouse, 1:500, Santa Cruz Biotechnology) is
HIF-la. B-actin has been used as housekeeping protein.
The ECL method was used to visualize the bands with
an image documenter Alliance 2.7 (Uvitec, Cambridge,
UK). The data were normalized with B-actin.

RESULTS

Under the light microscope, the cells show the typi-
cal morphology of the HL-1 mouse heart muscle cell line
(Figure 1).

The immunofluorescence showed that the levels of
HIF-1a was significantly downregulated in HL-1 EVs
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Figure 1. HL-1 Morphological features. Representative image of
HL-1 maintained under normoxia conditions observed under
inverted light microscopy. Scale bar: 20 pm.

Post-hypoxia and EVs Pre-hypoxia groups.

On the other hand, HL-1 CTRL group HIF-la
showed an high expression levels when compared to the
other sample groups (Figure 2). The Western blot analy-
sis confirmed the obtained results (Figure 3).

DISCUSSION

The principal mechanism of response to hypoxia is
that involves hypoxia inducible factors (HIFs)[16]. HIF-1a
proteins is continuously synthesized, but under normoxic

CTRL EVs post Hypoxia EVs pre Hypoxia

HIF-1a

Figure 2. HIF-1a expression in HL-1 at Confocal Microscopy in
CTRL, post hypoxia and pre hypoxia. HIF-1a is highly expressed
in the CTRL while it decreases with EVs treatment both in post
Hypoxia and pre hypoxia. Scale bar: 20 pum.

conditions they are rapidly degraded by the ubiquitin-
proteasome system [17]. HIF-1a is stabilized by low oxy-
gen availability controlling the expression of a multitude
of genes involved in different processes like angiogenesis,
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Figure 3. HIF-1a protein expression in HL-1 in CTRL, post hypoxia and pre hypoxia. (A) HIF-1a specific band protein expression. (B)
Densitometric analysis of HIF-1a normalized with B-actin. ***p<0.001; *p<0.05.
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cell survival, metabolism, and metastasis [18]. Hypoxia,
in which HIF-1a is stabilized, can involve the heart fol-
lowing various pathological conditions leading to car-
diomyopathies [19]. Even in vivo, an increase in HIF-1a
protein levels was detected in heart samples from patients
with cardiomyopathy, indicating that the HIF pathway is
activated during the progression of the disease [20]. The
results obtained show that HIF-1a protein levels decrease
whit EVs treatment both in post-hypoxia and pre-hypox-
ia conditions. These data indicate a protective effect
against hypoxia from EVs at this molecular level.
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Abstract. The aim of this work is to carry out a review about the role of applied load
on bone development and homeostasis and its implications in dental implantology. The
history of theoretical bone physiology has been evaluated in detail. The modern theory
of bone physiology is consistent with the integration among regional acceleratory phe-
nomenon, Utah paradigm, and mechanostat hypothesis: bone modelling and remod-
elling respond to pleiotropic stimuli. To date, several histologic, in silico and in vitro
studies in implant dentistry corroborate the theories about bone physiology. However,
each evaluation method has pros and cons, providing analytical data that can only be
used to esteem the in vivo behaviour of the bone-implant system. There is the need
of further research with highly validated methods and improved measurement devic-
es, to better integrate data form different research types. This would progressively lead
to more structured comprehension of the in vivo performance of dental implants and
their surrounding bone, and hopefully to a clear definition of the impact of loading on
implant failure.

Keywords: applied load, bone homeostasis, bone physiology, bone adaptation, dental
implants, mechanical factors.

INTRODUCTION

Mainly three kinds of factors control the bone tissue development and
morphology: genetic, epigenetic, and environmental factors (Frost 2001).
Among the environmental, it has always been studied if the mechanical
agents (applied load), could be considered paramount factors affecting the
bone homeostasis. In dentistry field, it might be an enormous advantage to
predict the bone response and adaptation to the applied load, in both quali-
tative and quantitative manner. This because of every dentistry procedure is
finalized to comply with the occlusal load, most of all in the implantology
field, where achieving an adequate osteointegration is mandatory for a suc-
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cessful treatment. The purpose of this mini-review is
therefore to outline a historical overview about the role
of loading on bone development and homeostasis, to
highlight its key implications in implant dentistry and to
establish whether the current knowledge is able to pre-
dict the bone response to the applied load.

HISTORY AND CURRENT KNOWLEDGE OF BONE
HOMEOSTASIS

In 1892, Julius Wolff argued that mathematical laws
are the major controllers of the process of bone remod-
elling, and that it results from mechanical load (Wolff
1892). Beginning in 1930, however, it was argued that
osteoblasts and osteoclasts, the effector cells of bone,
were responsible for the health or disease of the tissue
and that they act under the control of non-mechanical
agents. In 1960, all these laws and theories were sum-
moned into the theory of bone physiology called “the
paradigm of 1960”. The modern theory of bone physi-
ology called “the Utah paradigm” was born. in 1964,
during a historic workshop at the University of Utah. A
new element in bone physiology was introduced: the bio-
mechanical mechanisms, acting on a tissue level (Frost
2000). It replaced and integrated Wolff’s law and the
paradigm of 1960. Remodelling, modelling, and repair
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Figure 1. Bone response to applied load following the mecha-
nostat theory. Window of disuse: bone exposed to low or without
load has very low or zero deformation and undergoes resorption,
until reaching a new equilibrium between load and strain. Window
of physiologic load: the bone exposed to physiologic load presents
a continuous remodelling with the achievement of mass balance
between resorption and apposition, with a preservation of the bone
mass. Window of overload: the bone exposed to a load greater than
the physiologic limit presents a high deformation and gets a mass
gain (corticalization) until reaching a new balance between load
and deformation. Window of fracture: the bone exposed to a load
greater than the limit of the overload fractures and resorbs. Y axis:
generic bone mass; x axis: microstrain (e).
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were identified as biological mechanisms which direct-
ly act on bone tissue. The bone acquired a mechanical
competence. In 1987, Frost introduced the concept of
dynamic interaction between form and function of the
bone with the “mechanostatic theory” (Frost 1987). Frost
argued that remodelling, modelling and repair deter-
mine the structural adaptation of the bone to different
demands. This happens in the general context of four
levels (windows) of ascending mechanical stress. The
transition from one window to another is established
threshold values of microstrain. The activation of each
adaptive process requires the attainment of a thresh-
old value of microstrain, defined as minimum effective
strain (MES) (Figure 1). In association with loading,
Frost described the Regional Accelerating Phenomenon
(RAP) as a biological local factor for the control of bone
adaptation. It is an acceleration of the physiological pro-
cess of tissue healing (both soft and hard tissues), local-
ized in the site insulted by a micro-damage (Frost 1983).

Mechanostatic theory consider load as the main
actor on bone adaptation, producing different effects
depending on function of the peak level of microstrain.
The frequency of load can play an equally important
role. The entity of load determines the number of acti-
vated cells, while the level of strain is responsible for the
strength of osteoblastic activity (Forwood and Turner
1995). After, Turner formulated the following mathemat-
ical equation (1):

n

E=Klzeifi (1)

i=l

where the strain stimulus E, with a proportionality con-
stant K, depends on the entity of the strain and its fre-
quency of the load application f. When the frequency
of application of the load is zero (f = 0) the stimulus is
absent (E = 0) (Turner 1998). Figure 2 summarize the
current knowledge about bone homeostasis.

APPLIED LOAD ON THE BONE-IMPLANT SYSTEM:
HISTOLOGICAL AND MECHANICAL FINDINGS

Dental implants transmit loading forces from the
dental arches to the jaw bones. Bone stability around
the margins of fixtures is one of the key factors for
long-term implant success. However, the biomechanical
mechanisms related to implant failure remains unknown
(Pesqueira et al. 2014). The main factors that determine
the mechanical properties of bone are the collagen
fibres orientation (BCFO) and the matrix mineralization
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Figure 2. Schematic representation of current knowledge about bone homeostasis. The Utah paradigm gives an important role to both non-
mechanical and mechanical factors in determining the balance between bone health and disease with the action of biological mechanisms
of modelling and remodelling. This basic mechanism has got continuous feedback modulations. Their maximum expressions are the regen-
erative and adaptive processes through secondary interactions operated by RAP and mechanisms from mechanostatic theory. RAP: Region-

al Accelerating Phenomenon; BMU: Bone Multicellular Unit.

degree (Wang et al. 2001). Applied load has a profound
effect on BCFO: transversely oriented collagen fibres
show the best resistance to compression strength, while
longitudinally oriented collagen fibres show the best
resistance to shear and traction strengths (Riggs et al.
1993). The predominance of transverse BCFO was noted
around an overloaded fractured dental implant after 5
years of function (Traini et al. 2006). In contrast, around
unloaded dental implants, there was a predominance of
longitudinal BCFO (Traini et al. 2007), along with low
mineral density (Traini et al. 2007). These histologi-
cal findings are consistent with in silico studies (Ale-
mayehu and Jeng 2021). However, high-level validation
of Finite Element Analysis using in vivo experiments is
still rare in the dental implant field, therefore the preci-
sion and accuracy of this kind of studies are still ques-
tionable (Chang et al. 2018). In vitro studies concerning

the use of strain gauges to evaluate the mechanical stress
on bone have been performed. However, when complex
geometry is involved in the analysis, it is difficult to
determine the analytical solution (Pesqueira et al. 2014).
Finally, due to the anisotropic property of the bone, the
multitude of factor influencing bone homeostasis, and
the inherent limitation of each analysis’ method, to date
it is difficult to have an in vivo appraisal of the weight of
each factor and of the clear impact of masticatory func-
tion on periimplant bone adaptation. Further research is
needed in this intent.

CONCLUSIONS

The conclusion of this mini-review can be summa-
rized as follows:



42

1. Applied load is an environmental factor influencing
bone homeostasis, in terms of both entity and fre-
quency of application.

2. Experimental findings on bone surrounding dental
implants confirms point 1.

3. In dentistry there is lack of findings to clinically
predict the periimplant bone adaptation.

4. 'To date, the major drawback of the in silico, in vit-
ro and in vivo studies available is the difficulty to
interconnect their findings for a thorough compre-
hension of the bone-implant system response to the
applied load.

5. Stated the above, it would be highly desirable to
have a continuous quantitative control of occlusal
loading on dental implants. This would make us able
to modulate the mechanical stress in order to build
a mechanically competent bone.
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Abstract. Neonatal early-onset sepsis represents one of the most common diseases
leading to morbidity and mortality in preterm infants. A prompt diagnosis is still a
challenge in the clinical practice due to several biases affecting the current standard of
care performance. In this regard, the soluble cluster of differentiation CD14 subtype,
namely Presepsin, has been shown to be a promising diagnostic biomarker of sepsis in
newborns. Although Presepsin provides high accuracy and short results output, its reli-
ability in daily clinical practice is still an issue that needs further investigation. There-
fore, in the present review we offer an overview of Presepsin role as diagnostic tool of
early-neonatal onset sepsis.

Keywords: presepsin, newborns, early onset sepsis.

1. INTRODUCTION

Neonatal sepsis is still a major cause of morbidity and mortality in
NICUs (Shah BA and Padbury JF) with an incidence of 12-17% in very low
birth weight infants (Shane AL et al).

The definition of early-onset sepsis (EOS) is still debated since symptoms
are non-specific. However, among several EOS classification the one com-
monly accepted is “a bacterial infection occurring in the first 3 days of life”
(Ahmed AM et al).

At present, EOS diagnosis is mainly based on blood culture, C-reactive
protein (CRP) and Procalcitonin (PCT) blood assessment although their
poor performance in terms of accuracy and diagnostic value (Poggi C et
al). Nonetheless, several bias such as gestational age and hypoxia have been
shown to affect CRP and PCT reliability suggesting the need of new diag-
nostic tools (Van Maldeghem I et al). Recently, presepsin (P-SEP), the soluble
cluster of differentiation CD14 subtype (sCD14-ST), has been shown to be an
early diagnostic tool of sepsis in adults, children and newborns (Montaldo P
et al; Botondi V et al).

In the present review we offer an update of recent advances in the use of
P-SEP as a biomarker of EOS in newborns.
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2. RESEARCH STRATEGY

We searched in the PubMed database for the peri-
od 2011 to 2022 all records matching the terms “New-
borns”, “Presepsin” and “Early onset sepsis”. We found
6 records in whom P-SEP was assessed specifically as an

early onset sepsis diagnosis biomarker.

3. CONTENT

3.1 P-SEP molecule

P-SEP can be defined as a truncated form of CD14
that is a cell surface glycoprotein expressed by various
innate immunity cells, like monocytic and neutrophils.
CD14 receptor has a high-affinity for bacterial lipopoly-
saccharides and activates the toll-like receptor 4-specific
proinflammatory signaling cascade. At the end of the
process, P-SEP is released in the blood stream (Mussap
M et al).

3.2 P-SEP accuracy

The P-SEP sensitivity and specificity as predictor
of EOS are shown in Table 1. In detail, a wide hetero-
geneity among the studies has been found. In particular
P-SEP: i) sensitivity ranged from 66 to 97% and specific-
ity from 75 to 100%, ii) cut-off references values ranged
from 304.5 ng/L to 1442 ng/L. Nonetheless, a series of
limitations have been also reported affecting its accura-
cy such as: i) the different monitoring time points (from
birth to 72h); ii) different studied populations (preterm
and term), and iii) different measurement techniques. In

Table 1. Available studies of Presepsin as predictor of early onset sepsis.

Valentina Botondi, Ebe D’Adamo, Oriana Trubiani, Diego Gazzolo

particular, 4 out of 6 studies used CLEIA assay that is
to date the main assessment technique providing results
output within 15" (Seliem W and Sultan AM). Moreo-
ver, 2 out of 6 series performed P-SEP measurement by
ELISA assay, that can provide results output about 1-h
(Alhajj M and Farhana A). Another issue deserving fur-
ther consideration resides in the possibility that, similar-
ly to CRP and PCT, perinatal asphyxia (PA) and gesta-
tional age could somewhat affect P-SEP reliability as ear-
ly biomarker of EOS (Botondi V et al). Recently, P-SEP
blood and urine levels of PA newborns have been found
not to be affected by PA and/or multiorgan failure.

4. DISCUSSION

Despite recent advances in EOS management the
early mortality rate is still high (about 50%) particularly
in preterm infants (Maddaloni C et al). The main weak-
ness points regard EOS non-specific symptoms, the low
predictive value of diagnostic parameters to date stand-
ard of care suggesting a pivotal role for new diagnostic
markers (Poggi C et al; Van Maldeghem I et al). On this
scenario, the need of new tools able to early provide use-
ful information to frontline physicians on the occur-
rence of EOS is of utmost relevance. In this respect,
P-SEP pros and cons need to be considered (Poggi C
et al). From one hand pros regard its: i) measurability
in non-invasive biological fluids (i.e. saliva and urine)
(Biria M et al; Koh J et al), ii) speed activation and ear-
ly peak of concentration after 3h from EOS occurrence
(Maddaloni C et al) iii) results output in 15 minutes
(Maddaloni C et al). On the other hand, cons regard
the: i) small number of patients enrolled in the studies,
ii) lack of consensus on a valuable P-SEP cut-off value,
iii) studies heterogeneity in inclusion and exclusion cri-

Population Fluid Assay Time-points  P-SEP cut-off (ng/L) SE (%) SP (%) Ref.
T PB C birth 539.0 80.0 75.0 16
T PB C 48-72h 672.0 97.0 98.0 9
PT CB E birth 1442.0 NA NA 12
PT PB C birth 453.0 66.0 84.0 6
PT PB C 12h 653.0 88.0 94.0

PT PB C 24h 788.0 93.0 100.0 6
PT PB C 48h 744.0 79.0 92.0 6
T PB C ™ 304.5 95.8 84.9 17
T PB E 24h 480.0 96.77 95.0 18

Abbreviations: T, term; PT, preterm; PB, peripheral blood; CB, cord blood; C, CLEIA; E, ELISA; d, days; NA, not available; SE, sensitivity;

SP, specificity; Ref, references; T*, before and after therapy.
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teria, monitoring time-points and assay used for P-SEP
measurement (CLEIA vs ELISA), and iv) potential biases
due to associated adverse perinatal conditions (maternal
diseases, acute/chronic hypoxia, prematurity) (Botondi
V et al; Poggi C et al). Altogether, despite today P-SEP
constitutes a promising early biomarker of EOS its inclu-
sion in clinical guidelines requires the fulfilment of the
aforementioned critical points.
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Abstract. Colorectal cancer (CRC) is the third most frequent cancer. The first-line
adjuvant or neoadjuvant chemotherapy is represented by 5-fluorouracil (5-FU) but
its application is limited due to induction of chemoresistance. Recent studies showed
that the 5-FU resistance in CRC is closely related to the activation of autophagy.
During human carcinogenesis, autophagy has been demonstrated to play oppo-
site roles of inhibitor or promoter of malignant progression depending on initial or
advanced stages of growth. Currently, the autophagy inhibitor chloroquine (CQ) and
its derivate, hydroxychloroquine (HCQ), are the only Food and Drug Administra-
tion (FDA)-approved drugs for clinical use. This review summarizes recent findings
on the possible employment of autophagy inhibitors to overcome chemoresistance
engaged in the CRC.

Keywords: colorectal cancer, chemotherapy, chemoresistance, autophagy, chloroquine.

INTRODUCTION

Colorectal cancer (CRC) is the third most frequent cancer and the sec-
ond most common cause of cancer-related deaths worldwide (Sung et al.,
2021). In the clinical practice, surgery is the primary option followed by
chemotherapy. 5-fluorouracil (5-FU) is utilized for treatment of patients with
stage II/III CRC (Blondy et al., 2020), thus representing the best first-line
adjuvant or neoadjuvant chemotherapeutic choice.

The clinical applications of 5-FU have been significantly limited due to
the development of innate or acquired chemoresistance in most patients with
metastatic CRC. To enhance the efficacy and reduce the adverse effects of
5-FU, novel combination treatments are being currently employed, such as
FOLFOX (5-FU, Leucovorin with Oxaliplatin) or FOLFIRI (5-FU, Leucovor-
in with Irinotecan), which improved both efficacy and survival rate in CRC
patients (Alnuqaydan et al., 2020).
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Despite the impact of the chemoresistance on CRC
patients survival, the mechanisms underlying chem-
oresistance to 5-FU remain poorly understood. Recent
studies have shown that the 5-fluorouracil resistance
in CRC is closely related to the activation of cancer cell
autophagy (Alnuqaydan et al., 2020; Mulcahy Levy et al.,
2017).

Finding effective chemotherapeutic drugs for CRC
remains one of the greatest challenges in long-term
management of metastatic CRC patients. This review
describes the most recent findings that demonstrated
the complex mechanisms underlying chemoresistance in
CRC patients. Among these mechanisms, several stud-
ies have shown that autophagy plays a vital role in the
resistance to tumor chemotherapeutic treatments.

THE DUAL ROLE OF AUTOPHAGY IN CRC

Autophagy protects cancer cells from stress-induced
damage, promoting resistance and reducing the efficien-
cy of anti-cancer drugs. Therefore, identifying the mech-
anisms underlying autophagy modulation during malig-
nant progression might provide new approaches in the
pharmacological treatment of CRC (Yang et al., 2015)

Autophagy is an evolutionarily conserved cata-
bolic process by which the cells degrade and recycle
their internal components. Autophagy is accomplished
through the formation of autophagosomes, double-mem-
braned vesicles that engulf cellular proteins and orga-
nelles for delivery to the lysosomes and following deg-
radation. The formation and turnover of the autophago-
somes is divided into five stages: initiation, nucleation
of the autophagosome, elongation of the autophagosome
membrane, fusion with the lysosome for cargo degrada-
tion (Boya et al., 2013).

A large number of studies have demonstrated that
autophagy plays a dual role in cancer progression. In
early stages of tumorigenesis autophagy maintains cellu-
lar homeostasis by degrading damaged and toxic cellular
components. On the other hand, autophagy facilitates
malignant progression at later stages by promoting can-
cer cell growth under stressful stimuli such as hypoxia
and nutrient deprivation (Singh et al., 2017).

Despite the complex interplay between the tumor
suppressive and promoting role in cancer, autophagy is a
novel and promising target for CRC therapy. The use of
various autophagy inhibitors has been recently proposed
as a novel strategy to sensitize CRC cells to chemothera-
py and overcome drug resistance.

Martina Ceci, Manuela Iezzi, Marco Trerotola

AUTOPHAGY IN CLINICAL PRACTICE

Recently, several extensive studies on autophagy
clarified the possible molecular mechanisms engaged in
the CRC progression, in order to hypothesize and devel-
op novel targeted drugs. Currently, chloroquine (CQ)
and its derivate, hydroxychloroquine (HCQ), are the
only Food and Drug Administration (FDA)-approved
drugs for clinical use. These drugs inhibit the last step of
the autophagic flux, by deacidifying the lysosomes and
compromising the activity of most lysosomal proteases
(Mulcahy Levy et al., 2017). This results in the accumu-
lation of late endosomes and redirection of their content
to the extracellular space.

The SOX2/B-catenin/Beclinl/autophagy signaling
axis has been shown to be able to regulate chemo-resist-
ance, cancer stem cells properties, and epithelial-mes-
enchymal transition in CRC (Zhu et al., 2021). This is
particularly important in clinical contexts, as inhibition
of cancer autophagy could lead to strong reduction of
metastatic spreading.

Another study reported that targeting ERK leads to
the production of high concentrations of reactive oxygen
species (ROS) which turn on autophagy by activating
ROS/p53. The combination of autophagy and ERK inhi-
bition was shown to have a strong additive antitumor
effect in CRC treatment (Mi et al., 2021).

Wang et al. recently suggested a novel potential
therapeutic strategy for CRC by combined inhibition of
PI3K/Akt/mTOR signaling and autophagy. This combi-
nation therapy was demonstrated to lead to a significant
increase of apoptosis (Wang et al., 2021).

Several experimental evidence is now accumulat-
ing that provides insight in the molecular mechanisms
underlying autophagy and chemoresistance in CRC. One
of these studies conducted by Chen and colleagues iden-
tified serine hydroxymethyltransferase-2 (SHMT2) as a
critical regulator of 5-FU chemoresistance in CRC. The
authors showed that patients with CRC that expressed
low levels of SHMT?2 exhibited resistance to 5-FU and
suffered of worse prognosis compared with patients
with CRC expressing high levels of SHMT2 (Chen et al.,
2021). Under 5-FU treatment, SHMT2 depletion pro-
motes autophagy and inhibits apoptosis, thus suggest-
ing that the lethality of 5-FU treatment to CRC cells
was enhanced by treatment with CQ in vitro and in vivo
(Chen et al., 2021).

Other mechanisms involved in 5-FU resistance of
CRC have been described. Among them, Sun and col-
leagues performed a series of in vitro and in vivo experi-
ments and found that ubiquitin-specific protease 11
could induce resistance to 5-FU activating autophagy
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through AMPK/Akt/mTOR pathway via stabilization of
valosin-containing protein (Sun et al., 2021). Although
the clinical outcome of using autophagy inhibitors for
treatment of CRC patients is still under assessment
(Mohsen et al., 2022) and clinical trials are now in pro-
gress (https://clinicaltrials.gov/ct2/results?cond=Colo-
rectal+Cancer&term=Autophagy), there is strong experi-
mental evidence that these agents should be employed in
combination with specific signaling modulators in order
to maximize their potential.

CONCLUSIONS

We summarized here the most recent findings of
the involvement of autophagy in the chemoresistance in
CRC. CQ and HCQ appear to represent efficient inhibi-
tors of autophagy both in vitro and in vivo, making them
potential targets for future cancer therapies.

Taken together, these findings contribute to improv-
ing our understanding of the molecular mechanisms
of chemotherapy resistance in CRC. The signaling tar-
gets described here may contribute to the development
of novel combined therapeutic strategies for treatment
of CRC based on modulation of cell autophagy, provid-
ing a potentially novel window of intervention to reduce
chemoresistance.
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Abstract. Scientific evidence showed variable degree of marginal bone loss around
dental implants both during integration process and during function. Among the dif-
ferent factors that seem to influence this process, a crucial role is up to the crestal
module of dental implant. In order to reduce marginal bone loss, different configura-
tions of crestal module have been proposed. The aim of this study was to evaluate the
efficacy of half treatment dental implants with a coronal smooth portion of 3.5 mm
compared to rough surfaced implants with a smooth coronal portion of 0.5mm, to
reduce peri-implant marginal bone resorption. The degree of marginal bone loss was
assessed through radiological measures. In addition, soft tissues healing was evaluat-
ed through plaque index and gingival index. The results demonstrated a significantly
(p= 0.03) lower value of MBL (mean 0.7mm), than HT implants (mean 1.03mm) after
lyear functional loading. In conclusion, use of FT implants could be determine better
results in order to reduce MBL.

Keywords: marginal bone loss, osteointegration, implants surface treatment.

INTRODUCTION

The clinical success of titanium dental implants is based on a high per-
centage of bone/implant contact, and for this purpose, dental implants sur-
faces have been treated in order to trigger cellular actions and enhance the
proper integration of the implant with the surrounding bone. (Scarano et
al., 2007) (Shin et al., 2006) The crest module of an implant is defined as the
active part of the implant and serves as the region which receives the crestal
stresses after loading.(Hermann et al., 2000) Some studies have demonstrated
that peak stress, especially shear stress, was concentrated at the crestal bone
area. (Hansson, 1999)for example a rough surface of suitable micro-archi-
tecture and/or a micro-thread. It is furthermore suggested that retention
elements at the implant neck will counteract marginal bone resorption in
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accordance with Wolft’s law. This paper is a revision of:
Hansson, S. (1997).

Others claimed that a smooth, parallel-sided crest
module may result in shear stresses in this region and
described a positive correlation between surface roughness
parameters and interfacial shear strength and suggested
that microthreads at implant neck may counteract margin-
al bone resorption. (Oh et al., 2002; Jung et al., 1996)

On the other side, Iezzi et al (Iezzi et al., 2012).
showed that machined implants present higher bone-
implant-contact percentage (92.7%) than sandblasted
implants (85%). Thus, if on one hand, rough implant
surfaces enhance initial bone formation and osteointe-
gration, on the other hand they seem to increase adhe-
sion and colonization of oral plaque. (Quirynen et al.,
2006)split-mouth, single-blind study followed the coloni-
zation of ‘pristine’ sulci created in 42 partially edentu-
lous patients during implant surgery (e.g. abutment con-
nection

Implants with a shorter polished smooth collar have
proven to be more effective in decreasing marginal bone
loss. Nowadays, gold standard is represented by rough
surface implants.Thus, the aim of the present study
was to radiographically analyze MBL on HT and FT
implants after lyear follow-up.

MATERIAL AND METHODS

Three partially edentulous patients who needed
two single implant supported restorations afferent to
department of “Oral Surgery” at University of studies
“G.D’Annunzio” Chieti-Pescara, Abruzzo, Italy, were
recruited for this study.

Inclusion criteria

Patients between 21 and 75 years old of both sexes;
partially edentulous who needed at least 2 single implant
rehabilitations on both the upper and lower jaws;

Exclusion criteria

General contraindications to implant surgery; smok-
ing more than 10 cigarettes per day; patients irradiated
to the head or neck during preceding 2 years; patients
undergoing chemotherapy during preceding 1 year;
patients with uncontrolled diabetes; post-extraction sites
with acute or purulent infections; patients with uncon-
trolled systemic or metabolic disease; patients with peri-
odontal disease.

Stefano Oliva et al.

Patients were randomised according to a split-mouth
design to receive one half treatment implant (HT)
(Group I) and one full-treatment implant (FT) (Group
IT). Two different titanium dental implants surface
(Resista, Omegna, VB, Italy) have been used:

- Full treatment implants (Fig 1, A):

Micro-Nano Dae surface treatment speeds up bone
recovery processes, removing the manufacturing organic
residuals along with Argon Plasma Cleaning. It increases
surface and wettability improving the first fibrin bridg-
es adhesion, protein adhesion and cellular adhesion
through the nano-micrometric roughness suitable for
actine filaments anchoring. Finally, itchanges the chemi-
cal surface increasing cellular proliferation and vitality.
(Giordano et al., 2006) (Morra et al., 2006) (Cassinelli
et al., 2003) (Park and Davies, 2000) (Neugebauer et al.,
2009)four different implants were used for immediate
loading. The following implants were placed 3 months
after tooth extraction: screw with low thread profile and
anodic oxidized surface (LPAOS

- Half treatment implants, also named hybrid surface,
present 3,5mm machined neck in order to reduce
bacteria adhesion and plaque colonization. (Fig 1, B)
In order to evaluate radiographic change of the peri-

implant bone, intraoral radiograph, applying the parallel

ray technique, was realized at TO and at 1-year follow-
up. The mean value between mesial and distal region
was used as the primary outcome measure for this study
and indicated as marginal bone loss (MBL). The com-
mercially available Rinn film holders, used for intraoral
radiographs applying the parallel X-ray technique, were
customized using a silicone key for the exact reposition
in every subject, in order to obtain a highly reproduc-
ible and faithful radiograph. To evaluate the difference
between the groups, Student’s- test was used. Signifi-
cance was set at p < 0.05.
Evaluation of soft tissues comprehended:

- Plaque index (PI)

- Gingival index (GI)

Probing depth of peri-implants pocket (PPD). (Loe,

1967)

RESULTS

All implants were perfectly osseointegrated and clin-
ically stable. No implant fractures occurred.

FT implants presented a significantly (p= 0.03) lower
value of MBL (mean 0.7mm), than HT implants (mean
1.03mm) after 1 year functional loading.
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Figure 1. Full treatment implant (A) and Half treatment implant (B).

Table 1. Values of marginal bone loss (MBL) in one half treatment
implant (HT) and one full-treatment implant (FT) at 1 year follow-

up.

MBL 1Y
Pz
HT FT
1 0.7
1.2 0.8
0.9 0.6

Table 2. Clinical parameters, Gingival index (GI), Plaque index
(PI), Probing depth of peri-implants pocket (PPD) of soft tissues.

GI PI PPD
HT 0.66 0.66 2.91mm
FT 1 1 2.33mm
DISCUSSION

Success of endosseous implants treatment is strictly
related to maintaining of hard and soft tissues health
and stability, in order to obtain osseointegration. Sur-
face topography and roughness influence the early heal-
ing stages of bone integration. Also, surface properties
such as wettability, topography, and charge are known
to affect endothelial cells attachment and growth, likely
by altering the rate of the amount of adsorbed proteins
and their conformational change (Scarano et al., 2017).

Screw Pitch

In this study comparison were made between two dif-
ferent implants neck designs on soft and hard tissue
responses. Results showed how after 1 year of functional
loading, there is a largest share of MBL to hybrid sur-
face implants than rough surfaced implants. As regards
soft tissues health, HT implants revealed better results
than FT implants. Results analysis confirmed literature
scores. Presence of surface roughness on implants neck
seems to reduce MBL. Soft tissues seem to benefice to
smooth surface on implants neck, confirming the reduc-
tion of bacterial adhesion and plaque colonization.

This study can be intended as a pilot study since the
small size patients examined does not allow to draw def-
inite conclusions.

FUNDING

This research receives no external funding.

REFERENCES

Cassinelli, C., Morra, M., Bruzzone, G., Carpi, A., Di San-
ti, G., Giardino, R., Fini, M., 2003. Surface chemistry
effects of topographic modification of titanium dental
implant surfaces: 2. In vitro experiments. Int. J. Oral
Maxillofac. Implants 18, 46-52.

Giordano, C., Sandrini, E., Busini, V., Chiesa, R., Fum-
agalli, G., Giavaresi, G., Fini, M., Giardino, R.,
Cigada, A., 2006. A new chemical etching pro-



54

cess to improve endosseous implant osseointegra-
tion: in vitro evaluation on human osteoblast-like
cells. Int. J. Artif. Organs 29, 772-780. https://doi.
org/10.1177/039139880602900807

Hansson, S., 1999. The implant neck: smooth or provided
with retention elements. A biomechanical approach.
Clin. Oral Implants Res. 10, 394-405. https://doi.
org/10.1034/j.1600-0501.1999.100506.x

Hermann, J.S., Buser, D., Schenk, R.K., Higginbottom,
EL., Cochran, D.L., 2000. Biologic width around
titanium implants. A physiologically formed and
stable dimension over time. Clin. Oral Implants
Res. 11, 1-11. https://doi.org/10.1034/j.1600-
0501.2000.011001001.x

Iezzi, G., Vantaggiato, G., Shibli, J.A., Fiera, E., Falco, A.,
Piattelli, A., Perrotti, V., 2012. Machined and sand-
blasted human dental implants retrieved after 5 years:
a histologic and histomorphometric analysis of three
cases. Quintessence Int. Berl. Ger. 1985 43, 287-292.

Jung, Y.C., Han, C.H., Lee, K.W,, 1996. A 1-year radio-
graphic evaluation of marginal bone around dental
implants. Int. J. Oral Maxillofac. Implants 11, 811-
818.

Loe, H., 1967. The Gingival Index, the Plaque Index and
the Retention Index Systems. ]. Periodontol. 38, Sup-
pl:610-616. https://doi.org/10.1902/jop.1967.38.6.610

Morra, M., Volpe, C.D., Siboni, S., 2006. Comment to
the paper: Enhancing surface free energy and hydro-
philicity through chemical modification of micro-
structured titanium implant surfaces, by F. Rupp, L.
Scheideler, N. Olshanska, M. de Wild, M. Wieland,
]. Geis-Gerstorfer. J. Biomed. Mater. Res. A 79, 752—
754; author reply 755-757. https://doi.org/10.1002/
jbm.a.31044

Neugebauer, J., Weinldnder, M., Lekovic, V., von Berg,
K.-H.L., Zoeller, J.E., 2009. Mechanical stability of
immediately loaded implants with various surfaces
and designs: a pilot study in dogs. Int. J. Oral Maxil-
lofac. Implants 24, 1083-1092.

Oh, T.-J., Yoon, J., Misch, C.E., Wang, H.-L., 2002. The
causes of early implant bone loss: myth or science?
J. Periodontol. 73, 322-333. https://doi.org/10.1902/
jop.2002.73.3.322

Park, J.Y.,, Davies, J.E., 2000. Red blood cell and plate-
let interactions with titanium implant surfaces.
Clin. Oral Implants Res. 11, 530-539. https://doi.
org/10.1034/j.1600-0501.2000.011006530.x

Quirynen, M., Vogels, R., Peeters, W., van Steenberghe,
D., Naert, 1., Haffajee, A., 2006. Dynamics of initial
subgingival colonization of “pristine” peri-implant
pockets. Clin. Oral Implants Res. 17, 25-37. https://
doi.org/10.1111/j.1600-0501.2005.01194.x

Stefano Oliva et al.

Scarano, A., Carinci, F, Quaranta, A., Iezzi, G., Piattelli,
M., Piattelli, A., 2007. Correlation between implant
stability quotient (ISQ) with clinical and histological
aspects of dental implants removed for mobility. Int.
J. Immunopathol. Pharmacol. 20, 33-36. https://doi.
org/10.1177/039463200702001s08

Scarano, A., Piattelli, A., Quaranta, A., Lorusso, E, 2017.
Bone Response to Two Dental Implants with Dif-
ferent Sandblasted/Acid-Etched Implant Surfaces:
A Histological and Histomorphometrical Study in
Rabbits. BioMed Res. Int. 2017, 8724951. https://doi.
org/10.1155/2017/8724951

Shin, Y.-K., Han, C.-H., Heo, S.-J., Kim, S., Chun, H.-J.,
2006. Radiographic evaluation of marginal bone level
around implants with different neck designs after 1
year. Int. J. Oral Maxillofac. Implants 21, 789-794.



W AE

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

a OPEN ACCESS

Citation: Luigi Falconio, Oriana Tru-
biani, Diego Gazzolo, Francesco
Valente, Tonino Traini (2022) Presepsin
assessment in maxillo-facial infec-
tions: a new early biomarker of sep-
sis?. ltalian Journal of Anatomy and
Embryology126(2):55-58.doi: 10.36253/
ijae-13797

Copyright: ©2022 Luigi Falconio, Oriana
Trubiani, Diego Gazzolo, Francesco
Valente, Tonino Traini. This is an open
access, peer-reviewed article published
by Firenze University Press (http:/
www.fupress.com/ijae) and distributed
under the terms of the Creative Com-
mons Attribution License, which per-
mits unrestricted use, distribution, and
reproduction in any medium, provided
the original author and source are
credited.

Data Availability Statement: All rel-
evant data are within the paper and its
Supporting Information files.

Competing Interests: The Author(s)
declare(s) no conflict of interest.

Firenze University Press
www.fupress.com/ijae

Presepsin assessment in maxillo-facial
infections: a new early biomarker of sepsis?

Luict FaLconNio™*, OriaNA TRUBIANI', DIEGO GAzzoL0O?, FRANCESCO
VALENTE!, TONINO TRAINT*

I Department of Innovative Technologies in Medicine ¢ Dentistry, University “G.
DAnnunzio” of Chieti-Pescara, 66100 Chieti, Italy

2 Neonatal Intensive Care Unit, Department of Pediatrics, University G. d’Annunzio,
65100 Chieti, Italy

*Corresponding author. E-mail: luigi.falconio@unich.it

Abstract. Odontogenic infections can cause serious inflammatory problems of the soft
and hard tissues in the maxillofacial area up to, albeit in quite remote circumstances,
involvement of the brain tissues. In recent years, therefore, a holistic diagnostic-thera-
peutic approach has been developed in the management of odontogenic infections by
carrying out a careful systemic history of the patient who has an infectious condition
in the oral cavity. The early detection of systemic sepsis conditions was facilitated using
serum biomarkers such as PCR, Procalcitonin (PCT) and Presepsin (PSEP) in hospi-
tal emergency rooms. However, even if used in combination, their diagnostic accuracy
is such as to suggest the importance of researching new, more specific, and sensitive
biomarkers. A total of 9 articles was analyzed to investigate the use of the PSEP as bio-
marker in the maxillo-facial region infections and including only English-language
articles and the electronic search of publications from 1 January 2017 to 31 December
2021. This study aimed to determine the diagnostic value of presepsin in condition of
sepsis derived from an odontogenic infection and to evaluate its use in the prognostic
evaluation phase of surgical interventions performed in the maxillofacial area.

Keywords: sepsis, dentistry, presepsin, odontology infection.

INTRODUCTION

Odontogenic infection is a type of bacterial infection that can appear in
the maxillofacial region (1). When it is affected by the fascial spaces it can
cause cavernous sinus thrombosis and sepsis, including facial and cervical
necrotizing fasciitis (2). Sepsis (S) can lead to systemic tissue damage, organ
failure, and death. Therefore, early S diagnosis can have a significant impact
on patient’s management and prognosis. On this scenario the assessment in
biological fluids of new biomarkers of S can be useful to determine the sever-
ity of the patient’s inflammatory and infectious conditions (3). More recently,
presepsin (PSEP) as an early biomarker of S in adults, pediatric and infant
patients has been proposed (4,5).
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Table 1. Risk associated with anatomical location.

Luigi Falconio et al.

Risk Low Moderate High Extreme
Spaces Vestibular Submandibular Lateral pharyngeal Mediastinum
Infraorbital Submental Retropharyngeal
Buccal Sublingual Pretracheal
Pterygomandibular
Submasseteric
Temporal
PSEP or soluble CDI14 subtype (sCD14-ST) is a [ |dentification of studies via databases and registers ]
13kDa fragment derived from the cleavage of CD14, a —
. . . Records identified through database

cell surface antigen cluster marker protein expressed in searching (n= 16):
bone marrow anchored to the membrane of monocytes, 222,“,‘;“(&":6?’

macrophages, and polymorphic neutrophils (6,7). CD14
acts as a receptor for lipopolysaccharides complexes
(LPS) and for the specific binding protein of LPS (LBP);
it can bind to peptidoglycans and other surface struc-
tures present in both Gram-Positive and Gram-Negative
bacteria. Once bound, the LPS-LBP complex activates
the intracellular inflammatory response of the Toll-Like
4 receptor (TLR4) initiating the host inflammatory cas-
cade against the infectious pathogen; phagocytosis and
plasma protease activity result in the formation of the
sCD14 subtype fragment (8,9).

The immune response occurs when various patho-
gen-associated molecular patterns are into contact with
the pathogen, where sCD14 acts as a ubiquitous core-
ceptor, but sCDI14 itself is not a specific factor for sep-
sis caused by bacterial infection. However, it has been
shown that PSEP levels, unlike other inflammatory bio-
markers, increase very rapidly (2-4 h) in the presence of
systemic infections in adults, children, and newborns,
thus determining diagnostic speed and therapeutic pos-
sibilities (10,11).

In accordance with previous findings, PSEP has
been shown to play a key role in the diagnosis of sepsis
caused by various organ infections (12).

The purpose of the present mini review was to offer
an update on the potential role of PSEP as an early bio-
marker of S in patients requiring maxilla facial surgery
and/or odontostomathologic care (13,14).

MATERIALS AND METHODS

This mini-review was performed in accordance with
the PRISMA (Systematic Reviews and Meta-analyses)
statement as shown in Figure 1. Extensive research on
the literature and papers related to PSEP used as a diag-
nostic marker in maxilla-facial infections was performed

Web of Knowledge (n=3)
Cochrane Library (n=1)

|

Records after duplicates removed (n = 9)

:

] [ Identification ]

Screening

Records screened
(n=9)
~ }
)
Full text articles
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> -
= (n=6)
&
g
w
—J
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g review (n= 6)
©
=
—

Figure 1. research method used to identify studies to be included
in the review.

on the databases of PubMed (Medline), Scopus, Web of
Knowledge, and Cochrane Library. Preferred Reporting
Items for the research was performed by using combi-
nations of the following keywords: “sepsis “ AND “den-
tistry” OR “presepsin “ The search included only Eng-
lish-language articles and the electronic search of publi-
cations from 1 January 2017 to 31 December 2021 was
conducted. The search strategy

used a combination of free-text words. To exclude
duplicates, the references of the identified records were
uploaded as Research Information Systems files into
Zotero (RRCHNM, Fairfax, Virginia).
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RESULTS

The search strategy reported records, including
duplicates: 6 from PubMed, 6 from Scopus, 3 from Web
of Knowledge, 1 from Cochrane Library. The duplicates
were eliminated, thus all the selected databases produced
9 records. Data obtained are the result related to the use
of PSEP as a diagnostic marker in the maxillo-facial
infections.

DISCUSSION

Odontogenic infections, the most common cause of
bacterial infections in the maxillofacial region, rarely
progress to sepsis. However, the possibility of progres-
sion to sepsis cannot be excluded in cases of moderate
or severe infections affected by the fascial spaces (15).
According to Kang et al, PSEP can also be useful in
determining the severity of odontogenic infection and
sepsis, and when combined with existing test methods,
it is expected to be better in evaluating patient progno-
sis. In fact, according to this study, a PSEP level of 671.5
pg/ml or higher for odontogenic infection can be consid-
ered an abnormal level (16).

Odontogenic infections can induce the condition of
sepsis, caused by the abnormal response of the immune
system of our body due to the onset of tissue damage
that compromises the functionality of the organs and
can lead to death. Furthermore, the COVID-19 pandem-
ic has imposed new difficulties and challenges; for exam-
ple, the use of tele-dentistry, thus modifying the dental
practitioner / patient relationship. Therefore, it would be
useful, in dental practice, to introduce the use of mark-
ers that can assess the actual risk of sepsis during sur-
gical dental procedures. Several clinical parameters have
been used as prognostic indicators for the severity of the
infection. C-reactive protein (CRP), Procalcitonin (PCT),
fever and anatomical locations have been investigated for
the assessment of the extent of odontogenic infections
(17). Recently, PSEP was identified as a marker of sepsis,
in fact, based on the data collected previously, the sensi-
tivity and specificity of PSEP were 78.95% and 70.83%,
respectively. It is reasonable to think that further stud-
ies should investigate the use of PSEP as an earlier diag-
nostic marker of dental infections and as a prognostic
tool in the healing processes of oral tissues after surgery,
analyzing its concentration not only in serum, but also
in other fluids oral such as saliva to reduce the emotion-
al stress of the patients who must undergo the sampling
(18).

CONCLUSIONS

Persistent odontogenic infections can be a common
cause of sepsis in the head and neck. Infection frequent-
ly spreads in a predictable pattern within the fascial
spaces of the neck and can result in airway compromise.

The focus of infection was mandibular in 70.1% and
maxillary in 29.9%. Further findings regarding biomark-
ers, including PSEP, would be desirable in the diagnosis
of this condition and in the prognosis of oral inflam-
matory diseases, such as periodontal disease, which can
lead to systemic impairment (19,20)
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Abstract. Gastric cancer (GC) is the fifth most frequently diagnosed cancer and the
third leading cause of cancer death worldwide. Helicobacter pylori (Hp) infection is
an important risk factor for GC. However, the etiology of the tumor is multifacto-
rial, since only 1-3% of infected patients develop cancer. Therefore, attention should
be focused on the role of microbiota in gastric tumorigenesis since in some studies an
alteration of the microbiota in GC has been shown. Fusobacterium nucleatum (Fn)
has been found in biopsies of patients with GC. However, since its role is not clear-
ly established, this study investigated the effects of Fn infection on the human gastric
adenocarcinoma cell line AGS. Our results showed that Fn co-localized at level of the
plasma membrane demonstrating the ability of Fn to adhere to AGS cells. In addition,
increases in incubation times were associated with its intra-cellular localization with
loss of the classic curved rod shape. Interestingly, Fn determined a greater capacity of
cell migration compared to untreated AGS cells. Moreover, IL-4 expression significant-
ly increased in Fn infected GC cells. Since cancer cell migration is an integral compo-
nent of the metastatic process, additional studies are needed to better understand the
mechanisms underlying the Fn/host interaction.

Keywords: Fusobacterium nucleatum, gastric cancer, IL-4 production.

INTRODUCTION

Gastric cancer (GC) is the third leading cause of cancer deaths worldwide
(Ferlay et al., 2021) since most patients are diagnosed with an advanced stage
of disease. Thus, great efforts are made on tumor prevention and early diag-
nosis. Helicobacter pylori (Hp) infection is the major risk factor for the onset
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and evolution of GC, but effectiveness of its eradication
by drug therapies is still discussed (Piscione et al., 2021).
Actually, it is not clear whether the presence of Hp or
the imbalanced gastric microbiota generates the condi-
tions for Hp or other pathogens colonization. Fusobacte-
rium nucleatum (Fn), involved in periodontal disease, has
been detected also in human tumor samples (Han et al.,
2015). Indeed, several studies showed the presence of Fn
in colorectal adenomas (Gethings-Behncke et al., 2020)
and in primary colorectal cancer as compared to healthy
tissue (Kim et al., 2020). These data suggest that Fn plays
a role in the initiation and progression of colorectal tumo-
rigenesis (Abed et al., 2017). Fn has also been isolated in
esophageal (Yamamura et al., 2017) and gastric cancer
(Hsieh et al., 2018). In the intestine Fn alters the cellular
pathways through FadA, an adhesin that stimulates the
proliferation of host cells and regulates inflammatory
response (Sahan et al., 2018). Elevated levels of Fn were
detected in biopsies of patients suffering from GC, associ-
ated with low levels of Hp (Hsieh et al., 2018). Hp coloniz-
es the gastric mucosa through its virulence factors and, by
urease enzyme, it raises the gastric pH, making the stom-
ach a more permissive environment towards other patho-
gens such as Fn (Servetas et al., 2016; Hsieh et al., 2018).
Periodontal disease has a link with GC (Zhou et al., 2018)
and Fn could play a key role in making periodontal dis-
ease a worsening factor for the development of GC (Fle-
mer et al., 2018; Toma et al., 2018). Therefore, the aim of
this study was to evaluate the effects of Fn infection on a
model of human gastric adenocarcinoma cell line AGS in
order to verify whether it affects metastatic behavior.

MATERIALS AND METHODS
Bacterial culture

Fusobacterium nucleatum (ATCC 25586) was cul-
tured as previously reported (Maccelli et al., 2020). Bac-
teria were harvested by centrifugation at 6000 x g for
10min at 4°C. The bacterial pellets were washed twice,
resuspended with phosphate-buffered saline and quanti-
fied using a microplate reader.

Cell line culture

Human gastric adenocarcinoma AGS cell line (Cell
Lines Services, Epplheim, Germany) was cultured as
previously described (Savino et al., 2022). AGS cells were
infected with Fn at multiplicity of infection (MOI) of
100-2000. Supernatants were collected after 24h post-
infection and used in Luminex Assay.

Mariangela Mazzone et al.

Confocal microscopy

AGS cells were grown on glass coverslips and infect-
ed with Fn at different MOI. At the established time they
were fixed (2% paraformaldehyde for 10min), treated for
60min with 10% Goat Serum and incubated with pri-
mary antibody anti-Fn ANT0084 (DIATHEVA, Italy)
at 1:100 dilution. Secondary antibody (Alexa Fluor 488
conjugated, Thermo Fisher Scientific, USA) was used at
1:200 dilution. Then, the cells were treated with PHK26
(SIGMA ALDRICH, USA) at 1:1000 dilution to stain
AGS cells membrane. Images were obtained using Zeiss
LSM800 confocal microscopy and acquired by Zen Blue
software (Carl Zeiss, Germany).

Cell migration assay

Cells were infected with Fn at a MOI 500-1500 and
wound healing scratch assays were performed using
noninfected AGS cells as control. Cells were cultured to
95% confluence in 24-well plates and after 24h, a scratch
wound was made followed by Fn infection. Cellular
migration was recorded after 24h and 48h.

Detection and quantification of cytokines with Luminex
assay

Expression levels of IFN-y, IL-1b, IL-4, IL-6, IL-10,
IL-17A were determined in AGS cell culture superna-
tants using Human kits (Milliplex, Merck Millipore,
USA) and Luminex MAGPIX detection system following
the manufacturer’s instructions. The levels of cytokines
(pg/ml) were estimated using a 5-parameter polynomial
curve (Bio-Plex Manager Software, Bio-Rad, USA).

Statistical analysis

The data are reported as the representative values of
three independent experiments.

RESULTS

Localization of Fn after infection of AGS cells by confocal
microscopy

Fn localization and its effects on AGS cells morphol-
ogy were evaluated using a confocal microscope. In Fig-
ure 1 orange fluorescence locates AGS cell membrane,
while green fluorescence identifies Fn as detected using
a specific antibody. After 24h, polygonal AGS cells were
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Figure 1. Localization of Fn after infection of AGS cells by confocal microscopy. Representative images of co-colture of Frn (MOI 100) and
AGS cells acquired using confocal microscopy (green and orange fluorescence respectively). Images were captured near the cells contact to
coverslip side (A to C) or multiple focal plane (Z stack) to obtain XZ, YZ projection (D). Bar=10um

surrounded by rod shaped bacteria. Interestingly, sig-
nals deriving from bacteria in intracellular compartment
appeared with a cytoplasmic spotted pattern, (Figure
1A-C). In addition, some AGS cells showed a yellow flu-
orescence signal, deriving from Fn co-localization with
AGS cell membrane (Figure 1 B and D).

Effects of Fn infection on migration and cytokine expres-
sion in AGS cells

Acquisition of migratory properties is a prerequi-
site for cancer progression. Fn modulates migration and
immune cell signaling in colorectal cancer (Casasanta
MA et al., 2020).
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Figure 3. LUMINEX assay to quantify cytokine secretion in cell

culture media from AGS cells infected by Fn. Infection parameters
were MOI 1000 and 2000 Fn co-cultured with AGS cells for 24h.

Cell migration of AGS cells was assessed using a
wound healing assay after 24h of infection. Our results
(Figure 2) demonstrated that Fn infection promoted cell
migration, as compared to AGS untreated cells.

To find out whether Fn was able to induce the secre-
tion of cytokines from these cells, the expressions of
IFN-y, IL-1b, IL-4, IL-6, IL-10, IL-17A were analyzed in the
supernatants of AGS cells collected after 24h of co-colture
with Fn. Interestingly, while IFN-g showed only a slightly
increased at MOI 1000 as compared to control cells, Fn
infection increased IL-4 and IL-6 from MOI 1000 to MOI
2000, as compared to uninfected cells (Figure 3).

DISCUSSION

The present study showed that Fn co-culture of AGS
cells caused an increase in cell migration capacity and

induced IL-4 and IL-6 secretion. It is known that IL-4
plays an important role in cancer cell proliferation and
migration enhancing the malignant phenotype (Hal-
lett et al., 2012). Moreover, increased plasma IL-4 levels
were significantly higher in GC patients than in healthy
controls (Cardenas et al., 2018). The preliminary results
obtained in this study suggest that IL-4 could increase
the migration ability of AGS cells. Further analysis will
be needed to verify this hypothesis. Moreover, we dem-
onstrated the adhesion of Fn to the plasma membrane
of AGS cells and its presence in their cytoplasm. These
data are in agreement with the evidence obtained in
colorectal adenocarcinoma cells in which the bacterium
is internalized by tumor cells (Casasanta et al., 2020).
In conclusion, we hypothesize that future studies char-
acterizing how Fn influences signaling pathways during
cancer development will lead to targeted approaches that
could potentially decrease the risk of progression to gas-
tric cancer.
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Abstract. Inflammatory bowel disease (IBD) is a chronic pathology characterized by
extensive inflammation, which causes a functional alteration of the intestinal barrier.
Today most of the drugs applied for IBD have adverse consequences. In this scenario,
the development of new therapeutic agents for the treatment of IBD is necessary. A
new approach to develop effective therapeutic strategies is the study of natural com-
pounds with anti-inflammatory properties. Saffron petals contain flavonolic glycosides
(kaempferol), carotenoids (crocin and crocetin) and anthocyanin pigments, with anti-
oxidant and anti-inflammatory activity. Recently, kaempferol and crocin identified in
Saffron Petal Extract (SPE), has been able to reduce oxidative stress in intestinal epi-
thelial cells. Our aim was to evaluate the therapeutic potential of SPE on inflamed
human intestinal Caco2 cells that mimic the intestinal microenvironment. We have
demonstrated that SPE, down-regulating the expression of the ubiquitine FBW7,
inhibits the degradation of the IKB-a subunit and keeps NF-kB in the inactive state.
This leads downstream to a reduced activation of inducible molecules (iNOS, COX-
2 and HO-1) involved on intestinal inflammatory process. In conclusion, since FBW7
increases in colon tissue of IBD patients, SPE may represent an attractive and prom-
ising supplementary treatment for the therapeutic management of IBD with conven-
tional therapies.

Keywords: IBD, inflammation, intestinal epithelial cells, saffron petals extract.

INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic, relapsing inflammatory
disorder of the gastrointestinal tract resulting from a loss of homeostasis
between the gut immune system and the gut microbiome (Chang JT). The
pathophysiology of IBD involves genetic, environmental, epithelial, microbial
and immune factors (Hyun CK).

Effective treatment of IBD is one of the most challenging health prob-
lems for humans worldwide. New treatment options for IBD are continually
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being explored. Chemically synthesized drugs are always
accompanied by adverse reactions (Cai Z, et al.). In the
search for new pharmacologically active substances, nat-
ural ingredients, as saffron and their extracts, are receiv-
ing great attention. The Crocus sativus plant, saffron, is
known for several medicinal uses (Butnariu, et al.). The
petals are discarded, but possess flavonolic glycosides
(kaempferol), carotenoids (crocin and crocetin), antho-
cyanin pigments, and other bioactive compounds with
anti-inflammatory and other therapeutic effects (Cerda-
Bernad D, et al.). It has been shown that the F-box and
WD repeat domain-containing protein 7 (FBW?7) was
augmented in colon tissues from IBD patients. Whether
and how FBW?7 participates with IBD remain unknown
(Meng Q, et al). Therefore, this study investigated the
possible effect of Saffron Petal Extract (SPE) on FBW7
pro-inflammatory pathway using a Caco-2 intestinal epi-
thelial cells that mimic the intestinal microenvironment.

MATERIALS & METHODS
Cell culture

The human colon adenocarcinoma Caco-2 cell line
(ATCC® TIB-202™ Rockville, MD, USA) was cultured as
previously reported by (Wu XX, et al.).

Cytotoxicity assay

The Methylthiazolyldiphenyl-tetrazolium bromide
(MTT) assay (Sigma-Aldrich, St. Louis, MO, USA) was
performed, as previously described (Franceschelli S,
et al.), to assess the cell viability of Caco-2 cells treated
with different concentrations of SPE (from 50ng/ml to
Img/ml) provided by Hortus Novus (UAquila, Abruzzo,
Italy) after 24h and 48h.

ROS Detection

An NBT (nitroblue tetrazolium) assay was per-
formed as previously described to detect intracellular
ROS levels (Franceschelli, S. et al.).

RNA extraction, reverse transcription, and Real-Time PCR

Cells were collected in 1mL QIAzol lysis reagent
(Qiagen, Hilden, Germany), total RNA extraction and
Real-Time PCR was performed as previously described
(Pesce M, et al.).

Federica De Cecco, Sara Franceschelli, Lorenza Speranza

Western Blot Analysis

Western blot analysis was performed as described
previously (Patruno A et al.) using the following anti-
bodies against ICAM (OTI1ES5; 1:700), IKB alpha (NFK-
BIA) (OTI1D4; 1:400), FBXW7 (OTI6B1; 1:1000), COX-2
(ab52237; 1:500), and P-actin (Santa Cruz Biotechnol-

ogy).

Statistical analysis

Quantitative variables are summarized as the mean
value and standard deviations (SD) in the Tables and
Figures. To assess the accuracy of fold change data, the
95% confidence interval (95% CI) and standard error
(SE) were determined. A Student’s t-test for unpaired
data was applied to evaluate the significance of differ-
ences. All tests were two-tailed. The threshold of statis-
tical significance was set at p=0.05. Data analysis was
performed on GraphPad Prism 6 Software, version 6.01,
2012.

RESULTS
SPE does not affect the viability of intestinal cells

To determine the non-toxic concentrations of SPE,
we examined the cell viability (at 24h and 48h) on Caco-
2 cells treated with different concentrations (see Fig.
1A,B). SPE did not affect the viability cells (Fig. 1A,B).
Furthermore, the superoxide anion (O,) radical-scav-
enging activity was also measured in a non-enzymatic
method at 24h. The generation of O, was markedly
inhibited (~50%) from the concentration of 50 pg/ml in
respect to cells LPS-stimulated (Fig. 1C). Thus, SPE at 50
g/ml was more often used in the following experiments
to test its anti-inflammatory activity.

Effect of SPE on inducible proteins

To strengthen our hypothesis about the effect of SPE
on intestinal epithelial cells, the expression of induc-
ible proteins, known to be controlled by NF-kB and
up-regulated in the inflammatory state of IBD, were
checked. SPE-treatment induces a down-regulation of
both mRNA and proteins expression of iNOS (Fig. 2A),
COX-2 (Fig. 2B) and HO-1 (Fig. 2C) compared to acti-
vated cells.
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Figure 2. Effect of SPE on inducible molecules in Caco-2 cells.
Representative image of Western blot analysis with relative den-
sitometry and real-Time PCR analisys for iNOS (A), COX-2 (B),
and HO-1 (C). To the left, in the densitometric analysis (n=3),
each bar is reported as the intensity of optical density (IOD) +SD.
The following primer pair sequence was used: iNOS (F:5’- CATT-
GCTGTGCTCCATAGTTTC-3’-, R:5- CAGGACGTAGTTCAG-
CATCTC-3’); COX-2 (F:5-CGATGCTGTGGAGCTGTAT-3%;
R:5-CATTGCTGTGCTCCATAGTTTCG-3’); HO-1 (F:5°- CCAG-
CAACAAAGTGCAAGAT -3’5 R: 5-TCCACCGGACAAA-
GTTCAT-3"). §P<0.05, vs control cells and *P <0.05 vs LPS-stim-
ulated cells.
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Figure 3. Effects of SPE on FBW?7/ IKB-a Signaling in Caco-2
cells. Representative image of Western blot analysis for FBW7 (A)
and IKB-a (B). To the left, in the densitometric analysis (n=3),
each bar is reported as the intensity of optical density (I0D)+SD.
§P <0.05, significance vs control cells. For qRT-PCR analysis, the
following primer pair sequence was used: FBW7 (F:5-CAGTC-
CGCTGTGTTCAATATG-3, R:5-GCCCTGTTAACGTGT-
GAATG-3); 18S (F:5’- CTTTGCCATCACTGCCATTAAG -3,
R:5’-TCCATCCTTTACATCCTTCTGTC-3’). *P<0.05 significance
vs LPS-stimulated cells.

Effect of SPE FBW7/NF-«B signaling

We study the effect of SPE on FBW7, a novel E3
ubiquitin ligase for IKBa related to NF-kB activation
and intestinal inflammation. Protein and mRNA analy-
sis of FBW7 were significantly up-regulated in cells LPS-
stimulated confirming its role in regulating the inflam-
matory response. SPE-treatment induces a down-regula-
tion of the FBW7 expression. This could make us think
of its possible involvement in the negative regulation of
a process of inflammation. IKBa level was significantly
expressed by SPE-treatment respect to cells LPS-activat-
ed, making us hypothesize that SPE exerts its negative
effect via NF-kB/FBW?7 pathway.

Federica De Cecco, Sara Franceschelli, Lorenza Speranza

DISCUSSION

IBD is a chronic, relapsing inflammatory disorder of
the gastrointestinal tract resulting from a loss of home-
ostasis between the intestinal immune system and the
gut microbiome in genetically predisposed individuals
(Chang JT).

Despite the incredible progress of modern medi-
cine, significant obstacles remain in the treatment of
IBD. There is high interest in alternative natural agents
in the management of IBD (Duan L, et al.). Saffron has
been used for health management since ancient times for
its several pharmacological effects as well as peptic ulcer
and ulcerative colitis (Butnariu M, et al.). Recent stud-
ies have demonstrated the efficacy of SPE as a protective
agent against several diseases (Maccarone R, et al.). For
the first time, we demonstrated that the SPE significantly
reduce the expression of FBW?7, involved on regulation
of inflammatory pathways, in activated Caco-2 cells.

SPE induce a significative reduction of the ROS pro-
duction (Fig. 1C), as well as the expression of inducible
iNOS, COX-2 and HO-1 proteins (Fig. 2). Nuclear factor
kB (NF-kB), a transcriptional factor, is the hallmark of
inflammatory response and several studies have report-
ed that NF-kB activation contribute to colitis. Upon
stimulation with LPS, the inhibitor of kB (IkB) kinase
(IKK) complex activates leading to phosphorylation and
ubiquitin-dependent degradation of NF-kB inhibitory
protein IkBa (Franceschelli S, et al.). This allows NF-kB
to translocate into the nucleus and trigger a variety of
target genes transcription as iNOS, COX-2 (Pesce M, et
al.). FBW7 is a ubiquitin ligase that regulate the devel-
opment of colorectal cancer and has recently emerged as
an important regulator of NF-«B in intestinal inflam-
mation (Zhang Z, et al.). Our results evidenced that
SPE, down-regulating the expression of the ubiquitine
FBW?7, inhibits the degradation of the IKBa subunit and
keeps NF-kB in the inactive state (Fig. 3). Our findings
demonstrate that the SPE inhibited the expression of
pro-inflammatory proteins of iNOS, COX-2 and HO-1
in LPS-stimulated Caco-2 cell line by suppressing the
NF-«B activation via FBW7. Since proteins degradation
plays a critical role in the pathogenesis of human diseas-
es (Hanna J, et al.), the inhibition of FBW7 by the SPE
could alleviate a multitude of NF-kB-driven inflamma-
tory disease as IBD.
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Abstract. Marinesco-Sjogren Syndrome (MSS) causes cerebellar ataxia, myopathy and
congenital cataracts in people carrying SILI mutations. SIL1 is an ATP exchange factor
for BiP, the major endoplasmic reticulum (ER) chaperone involved in protein folding.
SIL1 loss influences BiP activity, leading to ER stress and the activation of unfolded
protein response (UPR). Purkinje cells and skeletal muscle fibers are the most sensi-
tive cells to prolonged pathologic UPR, but adverse effects are detectable in other cell
types. Currently a clear genotype-phenotype correlation is missing, due to the variable
symptomatology and to the discovery of new SILI variants. We decided to focus our
attention on two recent works providing different strategies to shed light on the patho-
physiology of MSS. In the first one several cellular biomarkers have been evaluated to
distinguish between malignant and benign SILI mutations. The other study proposed
a proteomic approach to clarify adaptative mechanisms of MSS fibroblasts in response
to SIL1 loss. Further investigations are needed to better understand the pathogenesis of
MSS and to simplify the diagnosis in patients.

Keywords: fibroblast, Marinesco-Sjogren syndrome, pathogenic mechanisms, SIL1.

INTRODUCTION

Marinesco-Sjogren syndrome (MSS) is described as a rare, early onset,
multisystem disorder which is usually characterized by cerebellar ataxia, myo-
pathy, and congenital bilateral cataracts. MSS patients could present additional
symptoms including mental retardation, intention tremor, hypergonadotropic
hypogonadism, short stature, and skeletal deformities (Anttonen, 2006). Learn-
ing disabilities and poor motor coordination are due to cerebellar degenera-
tion, consisting primarily in Purkinje cell loss (Ichhaporia and Hendershot,
2021), while hypotonia occurs because of myopathy associated to gradual sub-
stitution of muscle with adipose tissue (Roos et al., 2014). First clear symptoms
of the disease manifest after few months from birth, but diagnosis is not so
immediate. Regardless, life span appears to be normal (Anttonen, 2006).
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In 2005, two different research groups discovered
SILI gene mutation in patients affected by MSS (Ant-
tonen et al., 2005; Senderek et al., 2005). In the same
year, it was also reported that the spontaneous reces-
sive mutation of SILI1 (SILI"?) is responsible of Purkinje
cells degeneration and myopathy of woozy mice (Zhao
et al., 2005). Subsequently, homozygous or compound
heterozygous variants of SILI gene have been found in
more than 60% of patients. SILI gene encodes for an
ATP-exchange factor (SIL1), which is able to bind the
endoplasmic reticulum (ER) HSP70 chaperone-binding
immunoglobulin protein (BiP). BiP is responsible of pro-
tein folding, and SIL1 allows the release of the folded
substrate catalyzing the exchange of ADP with a new
molecule of ATP (Figure 1). In MSS, mutant SILI gener-
ates instable protein that is further degraded, therefore
BiP remains associated with the client protein. Conse-
quently, unfolded proteins accumulate in the lumen of
ER, inducing the activation of unfolded protein response
(UPR) (Chiesa and Sallese, 2020). The UPR is a complex

Anna Giulia Ruggieri, Michele Sallese

cellular mechanism aimed at reestablishing the normal
ER proteostasis by improving ER protein-folding poten-
tial, degrading unfolded proteins, and reducing pro-
tein synthesis. This is achieved through the activation
of three distinct ER transmembrane protein effectors:
inositol-requiring enzyme 1 (IRE1), activating transcrip-
tion factor 6 (ATF6), and protein kinase R (PKR)-like
endoplasmic reticulum kinase (PERK) (Restelli et al.,
2019). Protracted activation of UPR caused by SILI loss
induces degeneration of specific cells, namely Purkinje
neurons and skeletal muscle fibers. Nevertheless, lack of
SIL1 leads to ER stress and functional injuries in other
cellular types (Ichhaporia et al., 2015; Ittner et al., 2014;
Potenza et al., 2021).

Consistently with the actual knowledge of MSS, a
clear genotype-phenotype correlation is missing, because
of the variable symptomatology present in some patients,
and the increased number of SILI sequence variants,
including a heterozygous missense mutation showing
cerebellar ataxia without signs of myopathy or cataract
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Figure 1. HSP70 chaperone BiP cycle. ATP is needed to bind a new unfolded protein, and its following hydrolysis leads to a conformational
change of BiP, which promotes the folding of the client protein. SIL1 protein binds ADP-bound BiP and catalyze the ADP-ATP exchange.
Folded protein release occurs in presence of ATP, and then BiP is ready to bind a new unfolded client. When SIL1 protein is missing, BiP
remains associated with its client protein, and newly synthesized proteins accumulate in the ER.
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(Noreau et al., 2015). In this review we reported two
different recent approaches to study cells carrying SILI
mutations, with the purpose of clarifying the pathophys-
iology of MSS.

GENOTYPE-PHENOTYPE CORRELATION ANALYSIS
IN MSS

In 2019, Gatz and colleagues examined several cel-
lular biomarkers to evaluate the pathogenicity of SILI
mutations in cell models (Gatz et al., 2019). They used
Hek293 cells to overexpress 5 different mutant forms of
SIL1 protein, including three known malignant muta-
tions (p.V231_I232del, p.G312R, and p.L457P), one mis-
sense mutation (p.R92W) with an atypical phenotype
(Riazuddin et al., 2009), and one polymorphism as a
control (p.K132Q). This work suggested that several
read-out measures could be useful to evaluate the patho-
genicity of amino acid changes in SILI protein. Among
them, high molecular weight bands in a native PAGE
were signs of aberrant SIL1 protein complexes, along
with the presence of SIL1 degradation products. Fur-

thermore, cells with a pathogenic SILI mutation showed
reduced metabolic activity and a non-reticular pattern
of immunoreactivity. Other distinctive markers were
subcellular ultrastructural alterations, such as abnor-
mal mitochondria, vacuoles and protein aggregates,
dispersed Golgi, and disintegrated centrosomes (Gatz
et al., 2019). In this work SIL1 interactome was also
investigated, and this led to the discovery of a disrupt-
ed interaction with POC1A (a centriolar protein) and a
gain of interaction with DNAJBI1/ERj3 (another BiP
co-chaperone) by pathogenic SILI mutations. Finally,
this study confirmed the increased expression of UPR-/
ERAD-related proteins as a common cellular pathogenic
biomarker. In conclusion, Gatz and colleagues provided
a new approach to distinguish between malignant and
benign SILI variants and demonstrated that p.R92W
missense mutation could more properly be considered a
polymorphism (Gatz et al., 2019).

The importance of defining other read-out measures
is becoming more evident for genetic counseling and for
characterizing clear genotype-phenotype correlations of
MSS patients, especially because of the increasing num-
ber of discovered SILI mutations.
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Figure 2. Marinesco-Sjogren fibroblast showing mild signs of UPR. Proteomic analysis revealed downregulation in splicing, ribosome syn-
thesis and translation. TCA cycle is boosted because of enhanced acetyl-CoA production, resulting from increased catabolism of proteins
via lysosome-based structure, and reduced biosynthesis of some amino acids. Lipid production is also downregulated, while beta-oxidation

is increased.
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CELLULAR PROTEOMIC ADAPTATION TO SIL1 LOSS

In 2021 our research group decided to focus on the
proteomic adaptation to SIL1 loss in skin fibroblasts col-
lected from a young MSS patient (HF-MSS), affected
by SILI R111X mutation (Potenza et al., 2021). Despite
fibroblasts are not among the main cellular targets of
MSS, mild signs of UPR activation were detected, in
addition to an altered cell metabolism. Proteomic analy-
sis on HF-MSS showed differential expression of more
than 600 proteins in comparison with control fibroblasts
(HF), and after accurate investigations we discovered
that these cells reached a senescence-like state to face up
to SIL1 loss (Figure 2) (Potenza et al., 2021). In particu-
lar, HF-MSS showed an evident downregulation of the
spliceosomal complex, as well as ribosomal proteins and
RNA translation initiation. Lipids metabolism was also
affected with reduced synthesis reactions and increased
beta-oxidation. Proteomic analysis also revealed that
biochemical pathways leading to acetyl-CoA production
were enhanced, resulting in a boosting of TCA cycle and
an increased ATP production. ATP, indeed, seems to be
more necessary when ER is under stress conditions, and
this could explain why MSS fibroblasts undergo meta-
bolic changes when SIL1 protein is mutated (Potenza et
al., 2021).

CONCLUSIONS

Marinesco-Sjogren syndrome is not easy to diagnose
and there is currently no cure. The detection of new
pathogenic cellular biomarkers in addiction to a bet-
ter understanding of the cell reaction to SILI mutation
is useful to bring out genotype-phenotype correlations.
Further studies with multi-omics approaches will be
needed to learn more about the pathogenesis of Marine-
sco-Sjogren syndrome.
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Abstract. The aim of this mini-review is to report current knowledge about left ven-
tricular systolic function assessed by global longitudinal strain in hypertensive patients
with and without left ventricular hypertrophy, that is, stage A and B heart failure. We
conducted a literature search through PubMed, Web of science and Cochrane Library
by using terms such as myocardial strain, speckle tracking echocardiography, systolic
dysfunction, left ventricular hypertrophy, left ventricular geometry, essential hyperten-
sion. We identified 2 meta-analyses including 30 studies, 1 review including 8 studies
and 5 other studies. The evaluation of published studies suggests that global longitudi-
nal strain is significantly reduced in hypertensive patients than in normotensive sub-
jects, despite normal ejection fraction. This alteration may be present in both patients
with and without left ventricular hypertrophy, though it is more relevant in those with
left ventricular hypertrophy. Global longitudinal strain is a more sensitive marker for
early abnormalities of left ventricular function and can be of greater help than conven-
tional methods in predicting hypertensive disease progression and outcomes. However,
the prevalence of left ventricular longitudinal dysfunction in hypertension, its predict-
ing factors and its clinical relevance are not yet completely clear. Thus, other studies
are needed to shed further light on this topic.

Keywords: hypertension, left ventricular hypertrophy, global longitudinal strain.

INTRODUCTION

Hypertension is one of the most important factors for the development
of heart failure (HF) (Rapsomaniki et al, Williams et al) which is becoming
a major public health problem (Roger VL, Ponikowski et al). The population
attributable risk of hypertension for HF has been reported to be as high as
that of coronary artery disease (Dunlay et al).

According to the American College of Cardiology/American Heart
Association guidelines, HF can be divided into different stages (Hunt et al).
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Stage A includes patients at high risk for HF (for exam-
ple hypertension, atherosclerotic disease, diabetes, obe-
sity) but without structural heart disease or signs and
symptoms of HF. Stage B includes patients with struc-
tural heart disease but without signs or symptoms of
HF. Stage C includes symptomatic patients and Stage D
includes those with refractory HF.

Historically, left ventricular (LV) systolic func-
tion has been assessed by ejection fraction (EF), but
this index has some limitations. Strain and strain rate
are promising technologies for the evaluation of car-
diac function (Geyer et al, Voigt et al). Speckle tracking
echocardiography (STE) is now the preferred method
for strain measurements and global longitudinal strain
(GLS) is the most frequent reported measure (Geyer et
al, Voigt et al). Some studies have shown a reduction in
myocardial contractile function, despite normal EF and
absence of symptoms, in various cardiovascular disor-
ders and measurement of GLS has been reported to pro-
vide incremental prognostic information (Stanton et al,
Lee et al, Kuznetsova).

Thus, the use of GLS in the evaluation of cardiac
function could be helpful in identifying Stage A and B
patients at higher risk to develop clinical HF.

The aim of this mini-review is to report current
knowledge about LV systolic function as assessed by GLS
STE in hypertensive patients with and without LV struc-
tural alterations, that is, stage A and B HF, respectively.

METHODS
Search Strategy, inclusion criteria and study selection

We conducted a literature search through PubMed,
Web of science and Cochrane Library up to June 28,
2022. The terms used to identify studies were myocar-
dial strain, speckle tracking echocardiography, systolic
dysfunction, left ventricular hypertrophy, left ventricular
geometry, essential hypertension. Inclusion criteria were:
full articles published in peer-reviewed journals; 2D STE
echocardiographic studies assessing LV GLS in patients
with hypertension with and without LV hypertrophy.
Among published studies, we identified 2 recent meta-
analyses (Tadic et al a, Tadic et al b), 1 recent review (Oh
JK, Park JH) and 5 other studies (Imbalzano et al, Sou-
fi Taleb Bendiab et al, Qingfeng et al, Salas-Pacheco et
al, Takahashi et al). The first meta-analysis included 22
studies, the second meta-analysis included 8 studies and
the review included 8 studies.

Francesca Coccina et al.

RESULTS

In a meta-analysis (Tadic et al a), 2089 normotensive
controls and 2187 hypertensive patients were included.
EF was not significantly different between normotensive
and hypertensive subjects. GLS was worse in subjects
with hypertension (- 18.14 + 0.40) than in those with
normotension (- 20.58 * 0.33). The standardized mean
difference (SMD) between the groups was 1.07 + 0.15,
95% confidence interval (CI) 0.77-1.36, P <0.0001.

In the other meta-analysis (Tadic et al b), 267 nor-
motensive subjects and 712 hypertensive patients (234
normal geometry, 97 LV concentric remodeling, 176
eccentric LVH, 205 concentric LVH) were included. EF
was not different between normotensive and hyperten-
sive individuals. GLS was worse in the whole hyperten-
sive group (-18.1+ 0.73) than in the normotensive one
(-20.8 £ 0.7); the SMD between the groups was 0.87+
0.25, 95% CI 0.38-1.37, P < 0.0001. When the hyperten-
sive group was analysed separately, compared to patients
with normal LV geometry, those with eccentric (SMD
0.49 £ 0.10, 95% CI 0.29-0.70, P < 0.0001) and con-
centric LVH (SMD 0.90 + 0.11, 95% CI 0.68-1.10, P <
0.0001) showed altered GLS, but those with LV concen-
tric remodeling (0.18 + 0.13, 95% CI - 0.06 to 0.44, P =
0.15) did not attain significance.

In the other studies, when compared with normo-
tensive subjects, patients with hypertension had reduced
GLS both in the absence and in the presence of LVH,
though GLS was more impaired in patients with LVH
(Imbalzano et al, Soufi Taleb Bendiab et al, Qingfeng et
al, Salas-Pacheco et al, Takahashi et al). A study showed
that, beyond LVH, the duration of hypertension, diabe-
tes and increased filling pressures were associated with
GLS reduction (Soufi Taleb Bendiab et al). Another
study reported that patients with 3 or 4 risk factors, who
also had higher LV mass, showed significantly reduced
GLS (Takahashi et al).

DISCUSSION

Studies suggest that GLS is lower in hypertensive
patients than in normotensive subjects. This alteration
may be present in both patients with and without LV
hypertrophy. Early impairment of myocardial contrac-
tility may be secondary to hemodynamic or biochemi-
cal changes. The increased end-systolic wall stress may
play a crucial role in leading to longitudinal dysfunc-
tion in hypertensive heart disease. During time, chronic
increase in end-systolic wall stress promotes progressive
increase in LV wall thickness due to myocyte hypertro-
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phy and interstitial fibrosis which are associated with LV
systolic longitudinal dysfunction. Indeed, GLS gradu-
ally reduces from hypertensive patients with normal LV
geometry to those with concentric remodelling, eccen-
tric LVH and concentric LVH. A possible explanation
for the increased cardiovascular risk in patients with
hypertension, and particularly in those with eccentric
and concentric LVH, may be related to the subclinical
reduction in longitudinal function, which is undetect-
able by traditional measures of LV systolic function,
such as EF. In this context, GLS assessed by 2D STE is
a more sensitive marker for early subtle abnormalities
of LV myocardial function and can be of greater help
than conventional methods in predicting hypertensive
disease progression and outcomes. However, the preva-
lence of LV longitudinal dysfunction in both hyperten-
sive patients with and without LVH, its predicting fac-
tors and its relevance for future LV deterioration and
cardiovascular outcomes are not yet completely clear.
Thus, other studies are needed to shed further light on
the pathophysiology, predictors, epidemiology and short-
and long-term clinical consequences of impaired longi-
tudinal systolic function identified by GLS assessment.
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Abstract. The anatomy of the maxillary sinus has been widely analysed over the last
few years, specifically when it comes to its vascular anatomy, relationship to the teeth,
and alveolar process. In fact, surgical procedures require the most accurate knowledge
of anatomical structures, facilitated by the use of some state-of-the-art imaging tech-
nologies such as the cone beam computed tomography (CBCT). Such systems are con-
stantly evolving in terms of quality, definition, image detail, and accuracy. This review
aims to analyse the international literature of the last decade that has dealt with the
topic of sinus anatomy, especially looking at the presence, percentage and localization
of Underwood’s septa, with the aim of supporting dentists to diagnose these anatomi-
cal structures in as much detail as possible and to perform surgery in this area with
greater confidence.

Keywords: CBCT, macxillary sisus septa, oral surgery.

INTRODUCTION

The presence of adequate bone volume is crucial and represents a pre-
requisite for predictable results in implantology and implant prosthetics.
Considering the upper jaw, large bone defects are rather treated with both
autologous and/or non-autologous bone grafts but they are often associated
with issues having different nature, such as the need for additional surgery,
the limited availability of bone graft material, the short-time resorption, the
inability to have intrinsic osteogenic (heterologous biomaterials) and the
volumetric contraction of the material itself. Moreover, several anatomical
complications are implicated in the upper jaw during sinus floor augmen-
tation procedures. In fact, the presence of anatomical variants, such as the
presence of one or more septa (as described by Underwood in 1910), also
increases the risk of sinus membrane perforation during surgeries. Sinus sep-
ta are walls of cortical bone, located inside the sinus, whose shape has been
described as an inverted Gothic arch arising from the sinus’ lower or lateral
walls and can even divide it into two or more cavities (Whyte A. et al, 2019;
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Lorkiewicz-Muszynska D., 2015). Radiographic identi-
fication of these structures is extremely important since
the design of the lateral hatch is based on the presence
and size of the maxillary sinus septa, during sinus floor
augmentation procedures (Von Arx et al, 2019). There-
fore, the rapid progress made in recent years in dental
radiology, specifically in cone beam computed tomog-
raphy (CBCT), allowing for high detail and resolution
images has been considered, also in light of the progres-
sively frequent use of this technology made by dental
specialists. Accordingly, this review aims to analyse the
main articles published in the last decade on the pres-
ence, percentage, location, and average size of Under-
wood septa in the maxillary sinuses.

MATERIALS AND METHODS
Study design

Firstly, a Pubmed and Hand-Search were performed
with the following keywords: “maxillary sinus septa”,
“sinus anatomy”, “maxillary sinus anatomy”, “paranasal
sinus septa”. These keywords were then combined with
the Boolean operators ‘AND’, ‘OR’, ‘NOT". The following
filters were applied: in the last 10 years, Meta-Analysis,
Review, Systematic Reviews, and clinical trial. For what
concerns the Hand-Search, references from the following
journals were also consulted: Clinical Implant Dentist-
ry, Journal of Periodontal and Implant Science, Clinical
Oral Implants Research, Implant Dentistry. Therefore,
the following inclusion criteria were considered: trials
investigated using 3D radiographs that presented data on
the prevalence and location of septa (primary outcome).
The words “augmentation” and “elevation” were exclud-
ed, as well as all studies presenting secondary outcome
data related to septa integrity, septa orientation, and sep-
ta diagnosis only by orthopantomography (OPT). Below
is the flow chart (Figure 1) of the research:

RESULTS

Table 1 below summarises the results of the study.
A total of 16 scientific papers were included (e.g., Books,
Clinical Trials and Systematic Reviews) and analysed
with respect to the number of sinuses studied, number
of septa found, and respective percentages. Moreover,
the most frequent location and the average size of septa
were analysed as detailed in Table 1.

Manlio Santilli et al.

Pubmed
1777 citations

H

Hand-Search
10 citations

Inclusion
exclusion
criteria applied

1750 Articles
Excluded

72 Articles Excluded
after Abstract screen

16 articles Included

Figure 1. Flow-chart.

DISCUSSION

Sinus Floor Augmentation surgery can cause perfo-
rations of the membrane due to anatomical changes and
septa.. Schneider’s membrane perforation can lead to
postoperative complications, including acute or chronic
sinus infections with bacterial invasion, swelling, and
bleeding. Dislodgement of biomaterial within the sinus
membrane causing sinusitis, chronic or acute, may also
occur. Careful radiographic assessment of the size and
position of the septa prevents complications both during
and after sinus floor augmentation surgery. Based on the
findings of the present study, the prevalence of septa in
maxillary sinuses ranges between 6% and 68.4%. Specifi-
cally, the percentage ranges between 22.93% and 68.4%,
while the size varies from 3.6mm to 7.36mm, except for
a case study carried out in 2019 (Anbiaee N. et al,2019).
This wide variation could be attributed to the fact that
single studies differ based on the radiographic methods
used, the criteria for septa identification, and the sam-
ples. In particular, various radiographic methods such
as panoramic radiography (OPT), computed tomography
(CT), and CBCT have been used to assess the presence
and the anatomy of sinus septa. However, the present
review has excluded those studies assessing this by only
means of orthopantomography, which has represented
the gold standard in literature for several years. In fact,
CBCT has now become the gold standard for identify-
ing the presence of septa, since this facilitates a detailed
assessment of the maxillary sinus anatomy. Some
researchers define a septum as being more than 2.5 mm
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Table 1.
Author Year  CBCT/CT N°=Sinus N°=Septa % Localization Size
Hungerbiihler 2019 CBCT 602 188 31.2% Anterior 56 (29.8%) N.A.
etal Middle 70(37.2%)
Posterior 62(33%)
Zhang et al 2019 CBCT NA. 355 N.A. Anterior 108 (30.4%) N.A.
Middle 180 (50.7%)
Posterior 67 (18.9%)
Al-Zahrani et 2020 CBCT 1010 370 459% Anterior 23 (6.2%) 6.06:0.84 Right
al Middle 233(63%) 5.70:0.93 Left
Posterior 114 (30.8)
Talo et al 2017 CBCT 1000 297 29.7% Anterior 44(8.7%) 4.62+2.50 mm
Middle 123 (24.5%)
Posterior 131(26.4%)
Rancitellietal 2015 CBCT 228 87 38.1% Anterior (29.4%) 5.5mm+1.19
Middle (35.7%)
Posterior (34.7%)
Kocac et al 2019 CBCT 500 287 47 6%. Anterior 23.7% 7.36mm
Middle 57.49%
Posterior 18.81%
Qian Let al 2016 CBCT 1,012 3%0 48.2% Anterior 136(34.8%) 5.56 mm
Middle 160 (41%)
Posterior 94 (24.2%)
Toraman 2016 CBCT 104 31 29.8% Anterior 2(6.5%) N.A.
Alkurt M et al Middle 23(74.2%)
Posterior  6{19.35%)
Taleghanietal 2017 CBCT 300 132 44% Anterior (32.6%) 3.6+£1.56 mm
Middle (34.8%)
Posterior (32.6%)
Anbiagee N et 2019 CcT 199 23 6% N.A. N.A.
al
Khalighi 2017 CBCT 444 265 68.4% N.A. N.A
Sigaroudi el al
Velasco-Torres 2017 CBCT 394 260 65.99% N.A. N.A.
Metal
Chitsazi MTet 2017 CBCT 400 N.A. 26% N.A. N.A.
al
Orhan K et al 2013 CBCT 554 316 58% Anterior 45 (12.2%) 5.12 mm
Middle 254 (69.1%)
Posterior 70(18.6%)
Shen ECetal 2012 cT 846 194 22.93% Anterior 31 (15.98%) N.A.
Middle 105 (54.12%)
Posterior 53 (27.32%)
Jang SYetal 2014 CBCT 200 63 26% Anterior (47.6%) 6.01+2.21 mm
Middle (34.9%)
Posterior (17.5%)

high, while for others, as in the case of Jang et al (Jang
et al, 2014), a septum occurs when the bony walls are at
least 4 mm. This is a key factor that should not be under-
estimated as this could justify the considerable discord-
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ance in the data found in the literature. When describ-
ing the location of the septa, it is usually referred to loca-
tion in the anterior region when the septum is in a mesial
position to the root of the second premolar, in the central
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region when it is in a mesial position to the distobuccal
root of the second molar and the distal root of the second
premolar, and in the posterior region when it is in a dis-
tal position to the distobuccal root of the second molar.
Also in this case, there is a broad debate about the preva-
lence of one area over another (Lovasova et al , 2018) . In
fact, some studies have more frequently shown the pres-
ence of septa in the central region, while for others the
most frequent location is indeed the anterior region, and
finally, only for the study by Talo et all in 2017 (Talo et
al,2017) and Khalighi Sigaroudi et al (Khalighi Sigaroudi
et al, 2017) the posterior region resulted to be the most
frequent one. However, in 10 out of the 16 articles ana-
lysed in the present study, septa were most frequently
found in the middle region, consistently with most of the
data in the literature. This is considered to be an inter-
esting finding that should not be overlooked and certain-
ly deserves further investigation. One of the limitations
of the present study may rely in the fact that the division
between edentulous and non-edentulous patients was not
taken into account, with respect to localization. So, fur-
ther studies could be carried out.
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Abstract. Circulating Endothelial Cells (CEC) and Circulating Extracellular Vesicles
(cEVs) are biological markers of endothelial activity/disfunction and may play a piv-
otal role in the evolution of IH. Our aims were to detect variations in CEC and cEVs
concentration: 1. in IH versus healthy controls; 2. in IH before and after proprano-
lol administration. Twenty-two children (15 cases; 7 controls) from our Department
underwent peripheral blood sampling to study CECs, EPCs and EVs via cytofluorim-
etry. Statistical analyses were performed using XLSTAT ver. 2014.5.03 and GraphPad
Prism ver. 8.0. Data were expressed as mean + standard deviation, median, 5-95th per-
centile. The number of CEC and HSC was higher among cases than controls, even if
not statistically significant. The number of CEC decreased with the evolution of the
hemangioma; number of HSC decreased proportionally with the age of the patienst.
Number of EVs tended to increase when the CECs decrease and vice-versa in the
group of cases but not among controls. Number of CEC and HSC was significantly
reduced after oral propranolol administration (p: <0,0001). In conclusion CECs may
represent a marker of progression of disease. Propranolol seems to affect the number
of CECs and HSCs.

Keywords: circulating endothelial cells, extracellular vesicles, children, infantile
hemangioma, propranolol.

INTRODUCTION

Infantile Hemangioma (IH) is the most common vascular tumor of
infancy, affecting up to 10% of children, especially premature with low
birth weight, with a female predominance [Mattassi R et al., Darrow DH et
al. 2015, Huang J et al. 2019, Satterfield KR 2019, Bauland GC et al. 2006].
They are characterized by an abnormal proliferation of endothelial cells that
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express the Glucose Transporter-1 protein (GLUTI),

which is not usually expressed by normal endothelial

cells, and that do not show a regular vascular architec-

ture [Huang ] et al. 2019, Bauland GC et al. 2006].

Oral propranolol, a non-selective beta-blocker, is the
therapy of choice in the treatment of “complicated” TH
[Huang J et al. 2019, Satterfield KR 2019, Bauland GC et
al. 2006].

It is well known that the endothelial homeostasis
is highly influenced by the evolution of the tumors and
Circulating Endothelial Cells (CEC), Endothelial Pro-
genitor Cells (EPC) and Circulating Extracellular Vesi-
cles (cEV) are recognized biological markers used for
monitoring the endothelial activity/disfunction [Lanuti
P et al. 2012].

Therefore, it is likely that CEC, EPC and cEV may
be used as markers of progression of the disease.

The aims of our study were to detect:

1 variations in CEC and cEVs concentration and in
the CEC/EPCs ratio in children with IH versus
healthy controls;

2. changes in concentration of CEC and cEVs after oral
propranolol administration.

MATERIALS AND METHODS
Patients

After local ethical committee approval (V 1.0, 4 Feb-
ruary 2016), 22 children (15 cases and 7 controls) were
enrolled in the study from the “Department of Pediatric
Surgery”, “Santo Spirito” Hospital of Pescara, Italy.

After written informed consent was obtained from
the parents or guardians, a peripheral blood sample was
withdrawn from each child and repeated in cases after 1

month of oral propranolol therapy.

Data acquisition

10 x 106 events/sample were acquired by flow
cytometry (FACSCanto II, BD Biosciences) at “medium”
flow rate mode.

CEC and cEV were identified as previously reported
[Lanuti P et al. 2018, Marchisio M et al. 2016, Lanuti P et
al. 2020].

Statistical analysis

Statistical analyses were performed using XLSTAT
ver. 2014.5.03 (Addinsoft, Paris, France) and GraphPad

Maria Enrica Miscia et al.

Prism ver. 8.0 (GraphPad Software Inc., La Jolla, Ca,
USA).

Parametric or non-parametric tests were used as
appropriate.

Data were expressed as mean + standard deviation
(SD), median, 5-95" percentile.

RESULTS

Twenty-two infants and children were included in
the study, 15 cases and 7 controls.

We identified the Circulating Endothelial Cells
(CEC) as CD45-/ CD34bright/ CD146+ events by flow
cytometry, while Hematopoietic Stem Cells (HSC) as
CD45dim/ CD34+ events. We also analyzed the extra-
cellular vesicles (EV) whose origin was endothelial
(CD31+) or staminal (CD133+).

Among the whole population, mean CEC num-
ber was 29,55 + 39,12 (range 0-159,8), while mean HSC
number was 4015 + 4865 (range 79,39-18983). Mean
number of EV CD31+ was 114,6 + 202,6/ml (range
0-700,00) and mean number of EV CD133+ was 66,89 +
103,9/ml (range 0-355,6).

When comparing cases versus controls, we found a
higher number of CEC and HSC among cases than con-
trols, even if not statistically significant (table 1).

We did not find any statistical significance also
when comparing the number of EV CD31+ and CD133+
in cases versus controls (table 1). However, the number
of EV CD 133+ was higher in cases than controls, even if
not statistically significant.

We then analyzed the number of CEC and HSC
in cases in relation to the phase of the evolution of the
infantile hemangioma (IH). We found that the number
of CEC and HSC decreased proportionally with the evo-

Table 1. Comparison between cases and controls. p significative
when <0.05.

Cases (n=15) CZ)I?:USIS p value
CEC (mean * SD) 36,5 + 43,55 8,732 + 8,783 0.1444
(range) (1,96-159,8) (0-20,17)
HSC (mean + SD) 4866 + 5359 1503 £ 1713 0.1549
(range) (647,4-18983) (79,39-45,46)
EV CD31+/ml (mean + SD) 117,7 + 211,8 121,8 + 206,9 0.9642
(range) (0-700,00) (0-617,4) ’
EV CD133+/ml (mean + SD) 86,05 + 115,9 36,93 + 75,67 0.2907
(range) (2,8-355,6) (0-222,6)

CEC: circulating endothelial cells, HSC: hematopoietic stem cells,
EV: extracellular vesicles. Mann-Whitney U test.
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Table 2. Number of CEC and HSC according to the stage of the
infantile hemangioma. The patient HRA was analyzed before
(HRA_16) and after (HRA_18) oral propranolol administration.

ID DOB Gender Phaseof IH CEC (n) HSC (n)
HRA_16 01/01/20 F proliferation 87,43 3906,91
CM_22 08/07/20 F proliferation 32,6 3495,79
RR_9 16/06/19 M proliferation 65,73 18982,97
DMA_12 20/01/19 F proliferation 50,61 3197,01
GD_11 31/07/19 F proliferation 13,48 4210,24
TM_23  14/05/20 F proliferation 29,44 2637,97
Al 15 19/05/19 F quiescence 7,20 2800,75
MD_24 25/11/19 M quiescence 9,02 1399,82
PC_20 16/07/19 F involution 159,83 14478,02
VE_06 06/10/12 M involution 25,86 2218,27
HRA_18 01/01/20 F involution 14,28 2066,56
DCS_13 13/07/17 F involution 9,91 647,43

DBA_8 18/07/19 M involution 3,67 7236,06

DOB: date of birth, IH: infantile hemangioma; CEC: circulating
endothelial cells, HSC: hematopoietic stem cells.

lution of the hemangioma and this association was clear-
er when eliminating patient nr.20 (PC_20; table 2).

Of note, the number of CEC and HSC was signifi-
cantly reduced in the patient HRA, before (HRA_16:
CEC 87,43; HSC 3906,91) and after oral propranolol
administration (HRA_18: CEC 14,28; HSC 2066,56; p:
<0,0001) [table 2, figure 1].

Moreover, we found that the number of HSC tends
to decrease when the child becomes older, and this cor-
relation appears to be clear also when analyzing cases
and controls separately.

Among the HSC population, we found a subgroup
of HSC CD117+ which was highly expressed in cases but
not in controls (347744752, range 286,4-15043 in cases;
654,7+614,9, range 42,34-1428 in controls; p= 0.0003).

DISCUSSION

It is well known that the endothelial homeostasis
depends on the equilibrium between CECs and EPCs
[Lanuti P et al. 2015, Sabatier F et al. 2009, Najjar F et al.
2018].

Any variation in their concentration may represent
a marker of endothelial activity or damage: in fact, their
changes have been studied in cardiovascular diseas-
es and tumors [Bauland GC et al. 2006, Lanuti P et al.
2016, Najjar F et al 2018, Shantsila E et al. 2008].

However, there are no studies which focused their
attention on the role of the CECs in the etiopathogenesis
and development of TH.

In a recent study on healthy adults, the normal
values of CECs were determined which were differ-
ent in females compared to males (12,10 +10,02 versus
13,6949,19; p=0,0218) [Lanuti P et al. 2012].

However, there are no studies that define a normal
range of CECs in children. In our study, we found that
the mean CEC count in the whole population was slight-
ly higher than the one found in adults (22,04 * 25,78).
Moreover, the number of CECs was higher in children
affected by IH than in controls (p=ns).

The number of CECs in cases decreases proportion-
ally with the evolution of the IH and this is maybe due
to the reduction of the endothelial activity in the invo-
lutive and involute phases, when the vessels are replaced
by fatty tissue. Therefore, the number of CECs may be
identified as biomarker of evolution of the IH.

It has also been demonstrated that in peripheral
blood of healthy adults the number of HSC is about
2663,3+1288,33 [Marchisio M et al. 2020]. We found a
higher number of HSC in our population (4015 + 4865)
compared to adults, which is even higher when analyz-
ing only the IH group (4866 + 5359), thus reflecting a
higher recruitment of the staminal compartment.

Moreover, we found a subgroup of CDI117+ cells
which are highly expressed only in cases than controls.
This subpopulation needs to be further investigated.

Propranolol seems to influence cells viability and
proliferation [Erdbruegger U et al. 2010]. We found it
to affect the number of CECs and HSCs; however larger
studies are needed to confirm this assumption.

The number of EVs itself does not seem to be a
marker of the disease, but the study of their molecular
cargo will help in elucidating the mechanisms at the
basis of the evolution of the IH.
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Figure 1. Flow cytometry identification of CEC and HSC in PB samples. A, D Cells displaying the lymph-monocyte morphology, alive and
nucleated were analyzed for CD45 and CD34 expression (on a CD45/CD34 dot plot). The whole CD34pos cell compartment was identified
and two subpopulations, displaying different levels of CD34 surface expression, were identified and gated separately: CD34 positive cells,
which are CD45dim and represent the hematopoietic stem cell compartment (HSC), and a CD34 bright population, which resulted CD45
negative (CD34 bright). B, E CD34 bright/CD45neg cell populations were than analyzed for CD146 expression, on a CD146/CD34 dot plot
and represent CEC compartment. C, F The hematopoietic stem cell compartment (HSC) was analyzed for CD117 expression, on a CD117/

CD34 dot plot.
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Abstract. Rituximab is a monoclonal antibody approved for treatment of adults with
severe and refractory pemphigus vulgaris. Concerns about side effects and high costs
of conventional doses have rised the hypothesis that low-dose rituximab regimen may
be cost-effective with a better safety profile. Here we report our experience of seven
patients with extensive/recalcitrant pemphigus, who either were steroid dependent, had
contraindications or refused conventional treatment. Two patients received conven-
tional rituximab (1000 mg 2 weeks apart) while five received ultra low-dose rituximab
(200 mg 2 weeks apart). At 3 months, the two patients treated with high Rituximab
regimen showed respectively a complete remission off therapy (CROT) and a complete
remission on minimal therapy (CRMT), while among the five patients treated with
ultra low-doses, three achieved CROT, one achieved CRMT and one a partial remis-
sion off therapy (PROT). All patients treated with ultra low-dose rituximab achieved
complete depletion of cd19+ and cd19/45+ B lymphocytes after three months and all
patients except one male manteined the zeroing after 6 months. No serious side effect
was documented with low dose regimen except for a case of diziness. Our data suggest
that ultra low-dose rituximab can be effective even in patients with extensive/recalci-
trant pemphigus, with a lower probability of side-effects respect to higher dose regi-
men and may act as a steroid sparing strategy.

Keywords: Rituximab, Pemphigus, low-dose therapy, ultra low-dose regimen.

INTRODUCTION

Pemphigus includes a group of rare autoimmune bullous diseases char-
acterized by flaccid blisters and erosions of the mucous membranes and skin.
This sometimes life-threatening condition, is characterized by the presence
of IgG autoantibodies against the desmosomal adhesion proteins, desmoglein
3 and/or desmoglein 1, on epidermal keratinocytes, that are responsible of
intraepithelial blister formation.

The severity of the disease is based on its progressive course which is
accompanied by an increased body catabolism with loss of body fluids and
proteins and secondary bacterial and viral infections which may lead to sep-
sis and heart failure.
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Rituximab is a chimeric monoclonal antibody
approved for treatment of adults with severe and refrac-
tory pemphigus vulgaris. Recent studies have focused on
assessments of efficacy and safety of low-dose rituximab
(<2 gram in each cycle)[2-8].

We reported our experiences based on a case series
of seven patients treated with Rituximab at rheumatolog-
ic dose regimen (1000) and ultra-low (200) dose regimen.

MATERIALS AND METHODS

Seven patients with extensive pemphigus were
selected (Table 1), who either had recalcitrant pemphi-
gus, were steroid dependent, had relapsed after pulse
therapy, had contraindications to conventional treat-
ment or wanted to avoid conventional treatment and
its side effects. Two doses of conventional rituximab
(1000 mg) or ultra low-dose rituximab (200 mg) were
given 2 weeks apart and patients were regularly fol-
lowed up every 2 weeks for the first month and then
every three months. Complete blood counts, liver func-
tion tests, renal function tests, flow cytometry assess-
ments of B-cell subtypes, skin biopsy, direct immuno-
fluorescence and desmoglein levels were checked before
and after rituximab administration. Pre-rituximab chest
X-ray, electrocardiograph, oculistic evaluation and com-
puted bond mineral density were also obtained. Clini-
cal response was defined by the criteria outlined in the
consensus statement on definitions of endpoints and
therapeutic response for pemphigus [1] Complete remis-
sion off therapy (CROT) was defined as complete epi-
thelialization and absence of new or established lesions
while the patient is off all systemic therapy for at least
2 months while complete remission on minimal therapy
(CRMT) was defined as the absence of new lesions while
the patient is receiving minimal doses of systemic thera-
py. Partial remission off therapy (PROT) was defined as
the presence of transient new lesions that healed with-
in 1 week without treatment and while off all systemic

Table 1. Population dermographic characteristics

Federica Giuliani, Giulio Gualdi, Paolo De Sanctis, Paolo Amerio

therapy. Minimal therapy was defined as prednisone
up to 10 mg/day or azathioprine up to 1.25 mg/kg/day.
Relapse was defined as the appearance of at least three
new lesions in 1 month that did not heal spontaneously
within 1 week or the extension of established lesions in a
patient who had previously achieved disease control.

RESULTS

We recruited seven patients with an average age of
63.1 years old, three were males and four females (Table
1). All of them undergoing and failed previous system-
ic corticosteroid therapy (Metilprednisolone 1 mg/kg/
die or multiple boluses of 1 gr) and/or systemic immu-
nosuppressant (Azathioprine or Mycophenolate). Two
male patients were treated with two doses of Rituximab
at rheumatologic regimen (1000 mg) two weeks away.
One male patient and three female patients were treat-
ed with two ultra-low doses of Rituximab (200 mg) two
weeks away. At 3 months, the two patients treated with
Rituximab at rheumatologic regimen (1000 mg) showed
respectively a complete remission off therapy (CROT)
and a complete remission on minimal therapy (CRMT).
At 3 month, the five patients treated with ultra-low
doses of Rituximab (200 mg) achieved respectively:
three patients a complete remission off therapy (CROT),
one patient a complete remission on minimal therapy
(CRMT) and one patient a partial remission oft therapy
(PROT) (Table 2; Graphic 1).

Two patients showed adverse events, in detail, one
patient treated with Rituximab 1000 mg showed defect
of vision like visual blurring and one patient treated
with Rituximab 200 mg developed dizziness (Table 2).

Flow cytometry assessments of B-cell subtypes dis-
played a lasting maintenance of the zeroing of linf B
cd19 + and cd19 / 45 + at three months and at 6 months
in all patient except one male patient treated with 200
mg (Table 2; Graphic 2).

Patients Age Sex Desease Previous therapy Dose TO Dose T1 (2w)
1 82 M Pemfigo CS 1000 1000
2 32 M Pemfigo CS, AZT 1000 1000
3 74 M Pemfigo CS 200 200
4 66 F Pemfigo CS 200 200
5 55 F Pemfigo CS, MME, AZT 200 200
6 64 F Pemfigo CS, Dapsone, MMF, evIG 200 200
7 69 F Pemfigo CS, RTX 200 200
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Patients Age Sex Dose TO Results Cd19+ Cd19+/ Cd19+ / Cd19+/ Cd19+ / Cd19+/ Aes
(12w) Cd45+% (4 W) Cdd5+% T2 (12w)  Cd45+% T3 (24w)
1 82 M 1000 CROT 0/0 0/0 0/0 -
2 32 M 1000 CRMT 0/0 0/0 0/0 EP
3 74 M 200 CROT 2/0 2/0 1/0 headache
4 66 F 200 PROT 0/0 0/0 191/10 dizziness
5 55 F 200 CROT 0/0 0/0 0/0 -
6 64 F 200 CROT 0/0 1/0 1/0 -
7 69 F 200 CRMT 0/0 1/0 1/0 -
Results PV (Ailabac et al [4]). Schoergenhofer et al. [5] showed that
CD20+ cells were depleted by 68%, 74%, and 97% at 1 h
after the infusion of rituximab at the doses of 0.1, 0.3, and
1 mg/m2, respectively, and the CD20+ cell counts gradu-
& CROT ally returned to baseline in 1-9 months. Therefore, the
authors extrapolated that 100 mg Rituximab may be suf-
& CRMT ficient to fully suppress CD20+ cells for 3 months.
In our series low-dose Rituximab regimen was asso-
PROT ciated with a good and prolonged clinical response with
zeroing of cd19+ and cd19+/45+ B lymphocytes since
- Relapse first week, manteined after 3 and 6 months from the first

Graphic 1. Results at week 12, in patients undergoing two doses of
low-dose Rituximab (200 mg). CROT complete remission off thera-
py; CRMT: complete remission on minimal therapy; PROT: partial
remission off therapy.
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Graphic 2. Manteinance of zeroing cd19+ and c¢d19+/45+ B lym-
phocytes since first week, manteined after 3 and 6 months from the
first infusion.

DISCUSSION

Rituximab has been approved as a treatment for mod-
erate-to-severe Pemphigus Vulgaris (PV). By depleting
B cells, rituximab decreases circulating anti-desmoglein
autoantibodies. However, the optimal dosage has not been
standardized. Since the B-cell burden in autoimmune blis-
tering skin diseases is much lower than that in lymphopro-
liferative disorders, lower dosage regimens, as low as a sin-
gle infusion of 200 mg has been reported to be effective for

infusion (Graphic 2). No serious side adverse events was
reported, and only one male developed diziness.

Our data show that this strategy can be effective
even in patients with extensive and recalcitrant pemphi-
gus, with a lower probability of side-effects, thus poten-
tially reducing the negative consequences deriving from
long-term use of corticosteroids and other immunosup-
pressive drugs.

Instead higher Rituximab doses “at rheumatologic
regimen”, may be necessary in very severe cases with
high levels of anti-desmoglein 3 antibodies, which are
considered predictive of therapy failure.

Such preliminary hypothesis need to be confirmed on
larger and possibly randomized prospective clinical trials.

CONCLUSIONS

Our results suggest that ultra low-dose rituximab
can be a well-tolerated and effective adjuvant therapy
in recalcitrant and/or severe pemphigus which may also
act as a steroid-sparing strategy, avoiding long-term side
effects of chronic corticosteroids intake.
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