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Abstract. Determination of Post Mortem Interval (PMI) has always been based on
empirical analysis of microdata not always endowed with sufficient reliability. Due to
its significancy in medico-legal issues, PMI estimation needs to be assessed by applying
new and more reliable methods and/or biomarkers. Considering the growing interest
and use of stem cells taken from cadaveric tissues and the success in their isolation from
death donors, with the maintenance of vitality and regenerative capacity, we evaluated
the Literature “state of the art” on this topic to understand if those stem cells could also
be used for thanatochrologic estimation. The results obtained from Literature analy-
sis show the possibility of using these cells as a marker for the post-mortal interval. In
particular Mesenchymal Stem cells, isolated from adipose and muscular tissues, can be
used to evaluate their regenerative capacity over time according to the PML
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INTRODUCTION

Post mortem interval (PMI) is defined as the elapsed time since the
death of an individual. Assessing PMI is one of the most difficult task and
recurrent challenge in forensic pathology due to the influence of various
intrinsic and extrinsic factors, but it is of fundamental importance in med-
ico-legal issues.

Due to its significance and complexity, PMI estimation needs to be
assessed by applying new and more reliable methods and/or biomarkers and
this, in recent years, is reflected by an increasing focus of research in thana-
tochronology.

Several methodological approaches have been proposed but, to date,
none of these resulted to be reliable for forensic purposes.
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Considering the growing interest of regenerative
medicine in cadaveric stem cells with a view to mini-
mize ethical problems associated with their obtainment,
we evaluated the Literature “state of the art” on this top-
ic to understand if those stem cells could also be used
for thanatochrologic estimation.

MATERIALS AND METHODS:

A review of publications was performed using Pub-
Med database. The search was limited to work and stud-
ies published in English. Key words included were: stem
cells, forensic medicine and/or cadaver.

373 articles were found. Exclusion criteria were: case
reports, trials, reviews, book chapters, articles with una-
vailable fulltext and studies performed on brain dead
but beating heart donors.

A total of 91 studies were retained, involving both
human and animal cadavers.

RESULTS:

15 of the analyzed articles used only animals of dif-
ferent specimens, 65 focused just on human cadavers, 7
compared results between human and animals cadavers
while the remaining 4 compared results between human
cadavers and living donors.

The most sampled tissues were the ones derived
from eye ball like corneas, conjunctiva, retina and cili-
ary body (30 articles), followed by bone marrow (23 arti-
cles) and central nervous system (14 articles).

Considering the type of stem cells studied, large
majority of Literature focused on limbal stem cells, mes-
enchymal stem cells and hematopoietic stem cells with
18, 16 and 13 studies respectively.

All the articles aimed at finding useful tools for
regenerative medicine purposes, while 2 studies also
considered data of medico-legal interest, but only as col-
lateral observations.

DISCUSSION:

The aim of this work is to evaluate the possibility
of using stem cells as a marker for post mortem inter-
val estimation in medico-legal issues. The idea to focus
on cadaveric stem cells arised from the growing inter-
est, especially in regenerative medicine field, on deceased
donors in order to avoid ethical controversies.

Literature analysis permitted to underline that
cadaveric stem cells are successfully isolated from vari-
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ous tissues and that, within a certain timeframe, they
maintain viability and proliferative capacity. To evaluate
which stem cells could be most suitable for forensic pur-
poses, we initially focused on the most studied organs
in Literature which resulted to be eye, bone marrow
and the central nervous system. However, none of these
organs are particularly useful in medico-legal analysis
as they undergo rapid degradation after death, cannot
be sampled in all the contexts (i.e. site inspection) and
moreover are often affected by pre-death patients clinical
conditions.

We then focused on the most studied types of stem
cells that resulted in limbal, mesenchymal and hemat-
opoietic by analysing 18, 16 and 13 articles, respectively.

Of these three types of cells, the first and third ones
are collected almost exclusively from eye ball tissues and
bone marrow respectively, and therefore are scarcely
useful for forensic purposes for the reasons afore men-
tioned, while mesenchymal cells are of greater interest as
they derive from various tissues, (see Table 1).

In particular muscular and adipose tissues are con-
sidered superior by some studies in terms of prolifera-
tive and differentiative capacity if compared to other tis-
sues such as bone marrow. Moreover these tissues are
very resistant to ischemic insults, are easily accessible
for sampling and they are little affected by the most fre-
quently pre-existing pathological conditions and by the
cause of death of an individual.

CONCLUSIONS

Despite the growing interest and use of stem cells
taken from cadaveric tissues and the success in their iso-
lation from death donors, with the maintenance of vital-
ity and regenerative capacity, very little attention is given
to their potential use in forensic medicine, in particular
for thanatochronological purposes.

The results obtained from Literature analysis,
although still limited, show the possibility of using these
cells as a marker for the post-mortal interval. In par-
ticular adipose and muscular tissues can be used also in
comparison, to evaluate the regenerative capacity over
time of stem cells according to the PMI.

REFERENCES

Ahrens N., Tormin A., Paulus M., Roosterman D., Salama
A., Krenn V., Neumann U., Scheding S. (2004) Mes-
enchymal Stem Cell Content of Human Vertebral
Bone Marrow. Transplantation. 78: 925-929.



123

Use of cadaveric stem cells: analysis of literature

Ayoeded uorenuaIdyIp pue UONBIJI[OI] moret paygrads uewngy $7 UTIM SDSIAL JO SI2INOS IATJRUId)[E PUL] D) O[[eAe
BIP P eill auoq pue anssy asodipy 1N q 4 OSINJ [® P O offeaed
BRIt i SIdABPED WO papuedxa-annnd pue pajod[od .
S22 Jo Anpiqein anssy asodipy (wrewmgy) 0g pue uewngy Heit-te 2q ued sHSY wajIounsod uewNY IYOYM WIFUOD) L Oes
Ayoedes uorjenjuaIayIp pue UORINI[OIJ ANSST) TR[NOSEA ¢ uewny yzr1 DSIA JO 20IN0S JANRUI)[E PUL] 'S AJUATRA
SISATeU. dUWIOSOXd PUE UOT)B[OS] BOUIOD) payads uewngj paymads JoN Buigeay punom ferpyids [eauio> ~{ enjosrwes
JON UO SWOSOXd PAALIIP-DSIA [BAUI0D URWNY JO 109
2IN}[02-05 I0J UOT}B[OS P09 TEIIqun pay1ds uewn ay1oads 30 SI9IST SUPLINY Paye[ost 'S Y SYIe,
g } HOLEIOST pUE MOIIBW dUOY JON H oyt 1°N JIM 3SN IOJ WA)SAS 2ININI0D SHSIAT ) PAIBN[BAD IY}IN] $ A Sited
(SOSuAs)

HOHARPSUEI0 10§ UOHT[OS] wntaouds ¢ sas10p] JBap JO)e  S[[9D WId)S [BWAYDUISIU PIALIIP-[LIAOUAS [IIM (NDHUALS) v ‘N Sigsio

Aporerpawurtuy XLIJeW Je[N[[90eI)Xd PIALIOP-[EIAOULS PIZIIR[N[[209P

Sursnjur £q progess WNTAOULS 9AT)OLOIq B 9)BIID)
sn[numns doy1ads Lue Jo souasqe )
ur ajexdjrjoxd pue apIAIp 03 (I) PUE J)B)S PIJRNUIAYIPUN .
Ayroedes uorjeniuaIayIp pue UONRINIOIJ syuawredry ¥ S9SIOH yzL-8¥ ue Ul urewa1 o) ([) AJI[Iqe II9Y) SSISSe 0} PUe WaIour 005 M%Z
-1s0d jo sioy gz 03 dn syuawredi| surba jmpe woiy LOOSTV IS
9NSST} JLIIABPED UT JAIAINS PN[Od SOSIA J[qBIA JT INO Pur]

SIPA] uotssaIdxa Bap I9)je Mmorrew auoq yim paredwod QALIIP-33[ST
oUa3 “WISIOQRIOU ‘SISIBW 0BJINS [[20 searoueg 6 uewny Hieop 19 OSIW 4 pmp OSIN PALEP-IISE [ wny

. Aporerpawurtuy sryearoued jo sampradord ordojounturwur oty ajeSnsoauy

Jo sisA[eue ‘erjusjod UOIIRNUAIIPI

sIYIew [er8 pue (1999 SENTMOLIVT SUOg c s8oq BISBURYIND I3)Je SDSIN U0 oudsaid siayrewr H eurgsturey

[euoInau jo uolssardxe pue UONEIYIIUIP] A[orerpawrtuy oy1oads-Ter[S pue [EUOINIU 20BJINS [[20 JO UOHeNneAq

d
SISATeUR UOTJRIJUSISJIP PUE UONRIJI[0I] JIeoH EHM s BRI UHe syuerdsen) ur asn sOSA derpied a[qissod Jo sisAfeuy " Twey|
sisdeue I0STUD uewn va ﬁwu@ owwamm Satioz Pspustn ‘( e[ye
Ayoedes uonjerdjijord pue uoneosy DS L H  puv wp 1oy snoreA Ul SOSIA 2Tedwrod pue 9z11a3oeIeyd AJnuapy [erqeqd
AJoyerpawrtuy
3 paymads DTN SDSIA .

AW012135 DS JO $122y2 drueBorBue-nuy BIUI00 JON pue uewnyy pagoads 10N paaLIDp [eautod Jo sanzadoid oruadorSue-njue ayenyeay W oS

anssty asodrpe

S QALIOP-INSST) dsodIpe pue MOLIBUW dUOQ IM
pue (9e1qaUId)s)MOLIR BISBUBYIND I9)je OSIN paALIop B pep q

SISA[eUe UOTJEUSISHIP PUE UOTJRII[0I] sui0q ‘onssn [eatsoriad 01 SISIOF] Aoyerpouru] uorsredwod ur OGN PIALIdp wndjsorrad pue spsnwi jo T D MIpey

) renuajod oruagdoayso pue Lyoedes uonerdjord aredwon

anssT) SN
o TOMEIOS MoLIew paymads e BISBURJND Io)JE S[Apuod v berpe
OSINJO HOReIOsT 2U0q [EINUID} PUE. [RIqL], 10N s Apyerpowrtu]  renqrpuewr padeys-uewny paiodurSus-anssy e ajeaI) v brIprdY
S[[92 JO uonEdYHUENY) MOIIBW dU0q [BIQIIIIA EHM% uewNy ~ paypads JON  UOTOBIIXD JO SIS JUAIAPIP UT JUu0d DS aredwro)) "N SUIqy
s1sA[eue UonERUSIRIA Mmoxrewr duoq ‘wnajsorrad , o BISBURYIND IO)E DSIA PRALISp MoILIew du pue dsodipe -
opsnu ‘anssty asodipy A[orerpawrtuy 0) DSIA paALIap wndjsorrad pue spsnw aredwo)
Joquinu

stsA[eue UTejAr ansst, asen) so[dureg INd NIV JOUINe JSIL]

T 2I9EL



124

Alhadlaq A., Mao J.J. (2003) Tissue-engineered Neogen-
esis of Human-shaped Mandibular Condyle from Rat
Mesenchymal Stem Cells. ] Dent Res. 82: 951-956.

Cavallo C., Cuomo C., Fantini S., Ricci E, Tazzari PL.,
Lucarelli E., Donati D., Facchini A., Lisignoli G., For-
nasari P.M., Grigolo B., Moroni L. (2011). Compari-
son of alternative mesenchymal stem cell sources for
cell banking and musculoskeletal advanced therapies.
Journal of Cellular Biochemistry. 112(5): 1418-1430.

Chahla J., Papalamprou A., Chan V., Arabi Y., Salehi
K., Nelson T.J., Limpisvasti O., Mandelbaum B.R.,
Tawackoli W., Metzger M.E, Sheyn D. (2021) Assess-
ing the Resident Progenitor Cell Population and the
Vascularity of the Adult Human Meniscus. Arthros-
copy. 37(1): 252-265.

Eslani M., Putra 1., Shen X., Hamouie J., Afsharkhamseh
N., Besharat S., Rosenblatt M.I., Dana R., Hematti
P, Djalilian A.R. (2017) Corneal Mesenchymal Stro-
mal Cells Are Directly Antiangiogenic via PEDF and
sFLT-1. Invest Ophthalmol Vis Sci. 58: 5507-5517.

Kami D., Kitani T., Nakata M., Gojo S. (2014) Cardiac
Mesenchymal Progenitors From Postmortem Cardiac
Tissues Retained Cellular Characterization. Trans-
plantation Proceedings. 46: 1194-1197.

Kamishina H., Deng J., Oji T., Cheeseman J.A., Clem-
mons R.M. (2006) Expression of neural markers on
bone marrow-derived canine mesenchymal stem
cells. American Journal of Veterinary Research.
67(11): 1921-1928.

Kim J., Breunig M.J., Escalante L.E., Bhatia N., Denu
R.A., Dollar B.A., Stein A.P., Hanson S.E., Naderi
N., Radek J., Haughy D., Bloom D.D., Assadi-Porter
EM., Hematti P. (2012) Biologic and immunomod-
ulatory properties of mesenchymal stromal cells
derived from human pancreatic islets. Cytotherapy.
14(8): 925-935.

Kisiel A.H., McDuffee L.A., Masaoud E., Bailey TR,
Esparza Gonzalez B.P,, Nino-Fong R. (2012) Isolation,
characterization, and in vitro proliferation of canine
mesenchymal stem cells derived from bone marrow,
adipose tissue, muscle, and periosteum” American
Journal of Veterinary Research,. 73(8): 1305-1317.

Park K.S., Kim Y.S., Kim J.H., Choi B.K., Kim S.H., Oh
S.H., Ahn Y.R, Lee M.S., Lee M.K., Park ].B., Kwon
C.H,, Joh J.W,, Kim K.W,, Kim S.J. (2009) Influence
of Human Allogenic Bone Marrow and Cord Blood-
Derived Mesenchymal Stem Cell Secreting Trophic
Factors on ATP (adenosine-5=-triphosphate)/ADP
(adenosine-5=-diphosphate) Ratio and Insulin Secre-
tory Function of Isolated Human Islets From Cadav-
eric Donor. Transplantation Proceedings. 41: 3813—
3818.

Martina Bonelli et al.

Radtke C.L., Nino-Fong R., Esparza Gonzalez B.P, Stryhn
H., McDuffee L.A. (2013) Characterization and
osteogenic potential of equine muscle tissue- and
periosteal tissue— derived mesenchymal stem cells in
comparison with bone marrow- and adipose tissue—
derived mesenchymal stem cells. AJVR. Vol 74, No.
5: 790-800.

Reisbig N.A., Hussein H.A., Pinnell E., Bertone A.L.
(2018) Evaluation of equine synovial-derived extra-
cellular matrix scaffolds seeded with equine synovial-
derived mesenchymal stem cells. American Journal
of Veterinary Research. 79(1): 124-133.

Saito T., Sato T., Suzuki K. (2020) Isolation and culture of
human adipose-derived mesenchymal stromal/stem
cells harvested from postmortem adipose tissues.
Journal of Forensic and Legal Medicine. 69 101875.

Samaeekia R., Rabiee B., Putra I., Shen X., Park YJ.,
Hematti P, Eslani M., Djalilian A.R. (2018) Effect of
Human Corneal Mesenchymal Stromal Cellderived
Exosomes on Corneal Epithelial Wound Healing.
Invest Ophthalmol Vis Sci. 59: 5194-5200

Shikh Alsook M. K., Gabriel A., Piret J., Waroux O.,
Tonus C., Connan D., Baise E. Antoine N. (2015)
Tissues from equine cadaver ligaments up to 72
hours of post-mortem: a promising reservoir of stem
cells. Stem Cell Research & Therapy. 6: 253-262.

Valente S., Alviano E., Ciavarella C., Buzzi M., Ricci E,
Tazzari PL., Pagliaro P., Pasquinelli G. (2014) Human
cadaver multipotent stromal/stem cells isolated from
arteries stored in liquid nitrogen for 5 years. Stem
Cell Research & Therapy. 5:8.



	On the connectivity in the central nervous system and the age-induced changes of its network organization
	Diego Guidolin1,*, Cinzia Tortorella1, Raffaele De Caro1, Luigi F. Agnati2
	Wandering gallbladder wrapping hepatoduodenal ligament and mimicking gastrointestinal stromal tumor at imaging. Case report and literature review
	Silvia Malerba, Giuliana Rachele Puglisi, Piercarmine Panzera, Alessandro Pasculli, Francesco Paolo Prete, Angela Gurrado, Mario Testini*
	Megaureter and hydronephrosis: Consequences of ureteric dysfunction
	Cheryl Melovitz-Vasan1, Amanda McBride1, Susan Huff2, Nagaswami Vasan1,*
	Developmental and surgical anatomy of pathologies of the craniovertebral junction: a much-needed problematization of efficacy and long-term outcomes
	Katarzyna Siwek1, Wiktoria Wieczorek6, Marcelina Łopińska2, Katarzyna Polak-Boroń2, Arthur Saniotis3,4, Francesco M. Galassi3,5,*, Małgorzata Suchanecka1
	Special Issue PhD course in Innovative Technologies in Clinical Medicine & Dentistry (University G. d’Annunzio, Chieti-Pescara)
	Prevalence and localization of Canalis Sinuosus: a mini review
	Francesca Angiolani*, Maurizio Piattelli, Fabiola Rinaldi, Oriana Trubiani, Giuseppe Varvara
	Volumetric evaluation of maxillary sinuses using CBCTS: radiographic study
	Fabiola Rinaldi1,*, Maurizio Piattellli1, Francesca Angiolani1, Sara Bernardi2, Elena Rastelli2, Giuseppe Varvara1
	First year of life: the Golden Age of gut microbiota
	Mariangela Mazzone*, Maria C. Di Marcantonio, Gabriella Mincione, Raffaella Muraro
	A mini-review: valuable allies for human health: probiotic strains of Limosilactobacillus reuteri
	Beatrice Marinacci1,2,*, Benedetta Pellegrini1, Stefan Roos3,4
	A mini-review on different polymerization protocols for resin-based dental composites
	Edoardo Sorrentino1,*, Ylenia Della Rocca1, Guya Diletta Marconi1, Giovanna Iezzi2, Oriana Trubiani1, Camillo D’Arcangelo2, Francesco De Angelis2, Francesca Diomede1
	Role of toll-like receptor signaling pathway in a rat model of spinal cord injury: a transcriptomic analysis
	Simone D’Angiolini1,2,*, Oriana Trubiani1, Emanuela Mazzon2
	Effects of temperature on presepsin assessment in biological fluids
	Valentina Botondi1, Ebe D’Adamo1, Oriana Trubiani2, Diego Gazzolo1
	Antibacterial activity of titanium nitride coating: a mini review
	Stefano Oliva1,*, Oriana Trubiani1, Maurizio Piattelli1, Mario Capogreco2, Giovanna Murmura1
	Modulation of inflammatory pathway in human gingival fibroblasts exposed to resinous materials
	Antonella Mazzone1,*, Ylenia Della Rocca1, Jacopo Pizzicannella2, Francesca Diomede1, Guya Diletta Marconi1, Oriana Trubiani1
	Twin pregnancies and maternal cardiovascular function: literature review and future prospects
	Melissa Foglietta1,*, Francesco D’Antonio2, Sante Donato Pierdomenico1, Elena Bacigalupi3, Jacopo Pizzicannella4
	Reprogramming methods for induced pluripotent stem cells generation
	Ylenia Della Rocca1,*, Antonella Mazzone1, Jacopo Pizzicannella2, Guya Dilletta Marconi1, Oriana Trubiani1, Francesca Diomede1
	Motor behavioural tests for phenotype evaluation of mouse models of ataxia: the case of Marinesco-Sjögren Syndrome
	Anna Giulia Ruggieri, Michele Sallese*
	Artificial intelligence and finite element analysis: applications in implant dentistry
	Francesco Valente1,2,*,A, Luigi Falconio1,2,A, Cristina Falcinelli3, Sandipan Roy4, Oriana Trubiani1,2, Tonino Traini1,2
	STING agonists in cancer immunotherapy: a brief review
	Martina Ceci1,3,*, Marco Trerotola1,2, Manuela Iezzi1,3
	Clinical efficacy of cord blood platelet gel in chronic limb-threatening ischaemia patients: a case series
	Giovanni Mastrangelo1,2,*, Michele Santodirocco3, Luigi Semerano1, Giancarlo Palena1, Vincenzo Sciannelli1, Gabriele Magistro1, Roberto Marinucci1, Pierluigi Di Sebastiano2, Vincenzo Palazzo1 
	Anti-Inflammatory effect of the Saffron Stigma and Saffron Petal Extract on LPS stimulated human Caco-2 cell by transductional signal modulation of FBW7/IKBα
	Federica De Cecco1,2,*, Sara Franceschelli2,3, Valeria Panella2, Maria Maggi4,5, Silvia Bisti6, Lorenza Speranza2,3
	Use of cadaveric stem cells: analysis of literature
	Martina Bonelli1,*, Antonio M. Catena2, Tiziana Pietrangelo3, Marcello Locatelli4, Oriana Trubiani5, Cristian D’Ovidio1
	Ambulatory blood pressure and risk of heart failure: a mini-review 
	Francesca Coccina1,2,*, Rosa Scurti2, Oriana Trubiani1, Sante D. Pierdomenico1
	The implant loading influence on crestal bone remodelling around hybrid titanium implants: a prospective clinical study
	Luigi Falconio1,2,*,A, Francesco Valente1,2,A, Luan Mavriqi3, Oriana Trubiani1,2, Tonino Traini1,2

