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Abstract: Some limited reports suggest that cells can survive in the cadavers for much longer than it was previously thought.
In our study we explored how time after death, tissue type (muscle, brain and adipose tissue), storage temperature of cadavers
(4 °Coratroomtemperature) and form of tissue storage (stored as cadavers or tissue pieces in phosphate buffered saline) affect
the success of harvesting live cellsfrommice after death. Cellswere isolated from dead tissues and grownin standard conditions.
Some cells were used for RNA extraction and RT2 Profiler™ PCR Array for cell lineage identification was performed to establish
which lineages the cells obtained from post mortem tissues belong to. Results of our study showed that viable cells can be regu-
larlyisolated from muscle and braintissue 3 days post mortem and with difficulty up to 6 days post mortem. Viable cells from brain
tissue can be isolated up to 9 days post mortem. No cells were isolated from adipose tissue except immediately after death. In
allinstances viable cells were isolated only when tissues were stored at 4 °C. Tissue storage did not affect cell isolation. Isolated
cells were progenitors from different germ layers. Our results show that live cells could be obtained from mouse cadavers severall
days afterdeath.

Key words: mouse; cadaver; stem cells; brain; muscle; adipose tissue

longer than it was previously thought. Viable cells
were obtained from different mammalian species
at different time periods after death. Viable cells
were obtained from murine liver up to 27 hours
post mortem (5) and from murine inner ear up to
10 days post mortem (6). Neural stem cells from

Introduction

Biological death is an irreversible cessation
of circulatory and respiratory functions or
irreversible cessation of all functions of the entire
brain, including the brain stem (1). On the basis of

biological death organ and tissue procurement can
be processed. Cells that have been successfully
used in donor transplantation procedures already
in the eighties, were harvested very shortly,
usually within 1 hour post mortem (2-4). In recent
years, however, several studies have shown that
viable cells can survive in the cadavers for much
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forebrain of one day old rats were obtained up
to 6 days after death (7). Silvestre et al. (8) have
obtained viable cells from rabbit and pig ears up
to 10 days after death. Fibroblast like cells were
recovered from refrigerated goat skin up to 41
days post mortem (9) and cattle skin even up to
49 days post mortem (10). Equine tendons yielded
viable stem cells up to 72 hours post mortem (11).
From human, myogenic cells were isolated up to
17 days post mortem (12). Results of these studies
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suggest that viable cells survive in the cadavers
in different tissues for longer time periods after
death. It appears in general that viable cells
survive in the tissues for longer time after death
if tissues or cadavers are stored at 4°C and even
longer when stored in liquid nitrogen (13). It is not
known what is happening with cells after death.
Due to the lack of studies in this area, it is not clear
whether cells survive in all tissues or perhaps only
in certain niches, neither is certain whether cells
in the cadavers remain active or perhaps assume
some dormant state. The latter was proposed by
Latil et al. (12) who showed that stem cells are
enriched in post mortem tissue due to cellular
quiescence where cells adopt a reversible dormant
state and thus possess a selective survival
advantage compared with other cell types. A
recent study has shown that also transcriptional
activity of genes remains active for at least several
hours after death. Appearance of new transcripts
was shown in zebra fish and mouse cells up to
48 hours after death. Interestingly, the relative
amount of gene transcripts declined gradually
after death from the time of death in murine
liver, while in murine brain samples, the amount
of transcripts actually increased during the first
hour after death. Total number of transcripts
that increased in murine samples was over 500,
suggesting that gene transcription also continues
after death (14). However, there are no systematic
studies examining the effect of time after death
and different storage conditions on success of
postmortem cell harvesting. The purpose of our
study was therefore to establish the effect of
different post mortem time points, tissue type,
storage temperature and form of tissue storage
on the success of harvesting live cells from mice.
Finally, we investigated which lineages the cells
obtained from post mortem tissues belong to.

Materials and methods
Animals

In all experiments, adult, 4 to S months old, male
BALB/C mice were used. Only males were used in
this study to reduce the number of animals. Mice
were bred at Institute for preclinical sciences with
water and food ad libitum in standard conditions
(12:12 light dark cycle and room temperature 22
°C). All animal experiments were approved by

the Administration of the Republic of Slovenia
for Food Safety, Veterinary Sector and Plant
Protection of the Republic of Slovenia and were
carried out according to ethical principles, EU
directive (2010/63/EU), and NIH guidelines. Mice
were euthanized by CO,. The death was confirmed
by cardiac arrest. After death mice were used
in two ways: some mice (n = 9) were dissected.
Approximately 150 mm?® of adipose tissue, muscle
tissue (musculus quadriceps) and brain tissue
from hippocampus and subventricular zone was
obtained. Dissected tissues were placed in 0.01
M PBS either for storage or for cell isolation at
time point 0. Other mice (n = 9) were stored as
whole cadavers. Whole cadavers and tissue pieces
were stored for 3, 6 and 9 days at 4°C and at
room temperature (20-22°C). At given time points
cadavers were dissected and the same tissues as
those stored in PBS (adipose, muscle and brain
tissue from hippocampus and subventricular
zone) were obtained. Afterwards tissues both from
cadavers and those stored in PBS were further
processed.

Cell isolation and cell culture

Time point O was used for determination of a
better method for cell isolation. Tissues at time
point O were either enzymatically digested or pieces
of tissue were placed directly into tissue culture
plates as tissue explants. For enzymatic digestion,
tissues were dissected with scalpel into very small
pieces and then incubated at 37 °C overnight in
Dulbecco — modified eagle medium (DMEM, Gibco,
USA) containing 0,1% collagenase type II (Sigma -
Aldrich, DE). The digested tissue was centrifuged
at 240 rcf/min for 4 minutes. Supernatant was
discarded. Pellet was resuspended in cell culture
medium containing DMEM and 20% Fetal Bovine
Serum (FBS, Gibco, USA). Cell suspension was
plated into 12 — well plates and cultured at 37 °C
in a 5 % CO, incubator. For direct explantion of
tissues, tissue pieces were placed into the center
of 12 - well plate wells with cell culture medium.
Due to considerably better isolation of cells from
tissue explants, tissues from time points 3, 6
and 9 were subsequently used only as tissue
explants and were cultured at 37 °Cin a 5 % CO2
incubator. Cell culture medium was changed every
2-3 days. Explants were observed daily to monitor
the appearance of live cells. Isolation of cells from
tissue explants at time point O served as positive
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control. All cell experiments were repeated 3 times
- 3 different male mice for each time-point (3, 6 or
9 days after death) and storage conditions (4°C or
room temperature).

RNA isolation

RNAisolationwas performed from the cellsisolated
from muscle, hippocampus and subventricular
zone tissues. All samples were stored at 4 °C for 3
days after death. After 80 - 90 % confluence was
reached, cells were detached using cell scrapper.
Cell suspension was removed from the wells and
centrifuged at 240 rcf/min for 4 minutes. Pellet of
cells was resuspended in DPBS and centrifuged
again. Total RNA extraction was carried out using
Trizol (Invitrogen, USA) according to manufacturer's
protocol. The amount of extracted total RNA was
measured by UV spectrophotometer (Thermo
Scientific, USA) at 260/280 nm wave length.

Reverse transcription quantitative polymer-
ase chain reaction

Following RNA isolation, reverse transcription
quantitative polymerase chain reaction was
performed. Reverse transcription was carried out
on 2 samples from each tissue source (muscle,
hippocampus and subventricular zone). In the
first step, 66.5 ng and 100 ng of total RNA of
brain and muscle tissue, respectively, was reverse
transcribed into cDNA using High Capacity cDNA
Reverse Transcription Kit with RNAse Inhibitor
(ThermoFisher) according to the manufacturer’s
protocol. Negative reverse transcription controls
were included. All reactions were conducted
in a total volume of 20 pL. Conditions for
reverse transcription were as suggested in the
manufacturer’s protocol: 25°C for 10 minutes,
37°C for 120 minutes, 85°C for 5 minutes. Due to
very low amount of isolated RNA, 100 ng of total
RNA of each muscle sample was amplified using
RT? PreAMP cDNA Synthesis Kit (Qiagen, USA)
prior to quantitative polymerase chain reaction.
In the second step RT? Profiler™ PCR Array for
mouse cell lineage identification (Qiagen, USA)
was performed. All RT? Profiler™ PCR Array
amplifications were conducted in a total volume
of 25 pL. For brain tissue, 66,5 ng cDNA was used
as a template. For muscle tissue, 100 ng cDNA
amplified with RT? PreAMP cDNA Synthesis Kit
(Qiagen) was used as a template. The amplification

was carried out in 96 - well RT2 Profiler PCR array
plates (Qiagen) with a Light Cycler 96 (Roche Life
Science) using the following program: 50 °C for 2
minutes, 95 °C for 10 minutes, and 45 cycles at
95 °C for 15 seconds, 60 °C for 60 seconds. List of
gene symbols and names according to Mouse Cell
Lineage Identification RT2 Profiler PCR Array is
presented in table 1.

Results
Cell isolation at time point O

Dissected tissues (adipose, muscle and brain
tissue from hippocampus and subventricular
zone) at time point O after death were first used for
determination of a better method for cell isolation.
Considerably fewer cells were obtained from
enzymatically-digested tissues that yielded viable
cells only occasionally compared to the tissues
that were used as explants. Isolation of cells from
tissue explants at time point O therefore served
as positive control. In all four positive control
tissues (adipose, muscle and brain tissue from
hippocampus and subventricular zone), viable
cells were obtained.

Cell isolation at 3, 6 and 9 days after
death

In all instances at all time points cells were
isolated only when tissue pieces or cadavers were
stored at 4 °C. No cells were obtained from cadavers
or tissue pieces when stored at room temperature.
Cells from 3, 6 and 9 days after death were first
observed 5 to 15 days after tissue explants were
placed in the tissue culture, depending on the
time of storage. Earlier observation of cell isolation
correlated with earlier time point of tissue explants
being placed in the tissue culture. Three days after
death, viable cells were obtained from muscle
tissue (Figure 1), brain tissue - hippocampus
(Figure 2) and subventricular zone (Figure 3),
but not from the adipose tissue. Cells from all
brain tissues and muscle tissue stored as whole
cadavers were obtained from all samples whereas
cells from muscle tissue stored as tissue pieces
were obtained in 1 out of 3 samples. Six days after
death, live cells were obtained only occasionally,
when stored at 4 °C. Cells from muscle tissue
were obtained in 2 out of 3 samples stored as
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Table 1: Gene symbols and names according to Mouse Cell Lineage Identification RT2 Profiler PCR Array

Gene Gene name Gene Gene name

symbol symbol

Alb Albumin Krti4 Keratin 14

Apoh Apolipoprotein H Krt19 Keratin 19

Agpl Aquaporin 1 Leftyl Left right determination factor 1

Bmp4 Bone morphogenetic protein 4 Map3k12 | Mitogen-activated protein kinase kinase kinase 12
Cer5 Chemokine (C-C motif) receptor 5 Miox Myo-inositol oxygenase

Cd34 CD34 antigen Mixl1 Mix1 homeobox-like 1 (Xenopus laevis)

Cd3e CD3 antigen, epsilon polypeptide Msin Mesothelin

Cd79a gr]izzgoi?;;eggr;gﬁ:)mnogbbu_ Myh1 Myosin, heavy polypeptide 1, skeletal muscle, adult
Chat Choline acetyltransferase Myhll1 Myosin, heavy polypeptide 11, smooth muscle
Coll0al Collagen, type X, alpha 1 Myh?7 Myosin, heavy polypeptide 7, cardiac muscle, beta
Comp Cartilage oligomeric matrix protein | Myl3 Myosin, light polypeptide 3

Cpal Carboxypeptidase Al Nanog Nanog homeobox

Ctsk Cathepsin K Neurod 1 Neurogenic differentiation 1

Dcn Decorin Neurog2 Neurogenin 2

Dcx Doublecortin Nkx2-2 NK2 transcription factor related, locus 2 (Drosophila)
Dnmt3b DNA methyltransferase 3B Nppa Natriuretic peptide type A

Dpp4 Dipeptidylpeptidase 4 Olig2 Oligodendrocyte transcription factor 2

Enol Enolase 1, alpha non-neuron Otx2 Orthodenticle homolog 2 (Drosophila)

Fabp7 Fatty acid binding protein 7, brain | Pdgfra gleaggileet derived growth factor receptor, alpha poly-
Fgf5 Fibroblast growth factor 5 Podxl Podocalyxin-like

Foxal Forkhead box Al Pou4f2 POU domain, class 4, transcription factor 2
Foxd3 Forkhead box D3 Pou5f1 POU domain, class 5, transcription factor 1
Foxg1l Forkhead box G1 Prom1 Prominin 1

G6pc Glucose-6-phosphatase, catalytic Ptcra Pre T-cell antigen receptor alpha

Gadl Glutamic acid decarboxylase 1 Rcurn Recoverin

Gad2 Glutamic acid decarboxylase 2 Runxl1 Runt related transcription factor 1

Galc Galactosylceramidase Ryr2 Ryanodine receptor 2, cardiac

Gatal GATA binding protein 1 Sftpb Surfactant associated protein B

Gata2 GATA binding protein 2 Sftpd Surfactant associated protein D

Gata6 | GATA binding protein 6 Ste17as | Sclute carrier family 17 sodium-dependent inor-
Gbx2 Gastrulation brain homeobox 2 Slc17a7 ::L?éep%irsr;iaftinégﬁr;rzs(;gf's;?,l_r(ril?r)rfl?iegt mor-
Gdf3 Growth differentiation factor 3 Slc2a2 igi?etf) ’Cilréill;irgﬂy 2 (facilitated glucose trans-
Gfap Glial fibrillary acidic protein Slc32al igi‘g’) ,Cf‘rfer;flgiinllﬂy 32 (GABA vesicular trans-
Hand1 I;f;;;igg E:;Zigfit derivatives Smtn Smoothelin

Hand2 Ie_l}(e;rr(:szlzg ?r?fsa(lzlricg‘?zt derivatives Sox17 SRY-box containing gene 17

Hes5 (}]Igarlgof}lf;;n hancer of split 5 Sox2 SRY-box containing gene 2

Hnf4a Hepatic nuclear factor 4, alpha Sox7 SRY-box containing gene 7

Ibsp Integrin binding sialoprotein T Brachyury

Igf2 Insulin-like growth factor 2 Tat Tyrosine aminotransferase

Ins2 Insulin II Tyr Tyrosinase

Itgb4 Integrin beta 4 Zfp42 Zinc finger protein 42

Krti0 Keratin 10 Zicl Zinc finger protein of the cerebellum 1
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whole cadavers and in 1 out of 3 samples stored
as tissue pieces. Cells from hippocampus tissue
were obtained in 1 out of 3 samples stored as
whole cadavers and in 1 out of 3 samples stored
as tissue pieces. Cells from subventricular zone
were obtained in 1 out of 3 samples stored as
whole cadavers. Nine days after death live cells

were obtained in one sample from hippocampus
tissue of one mouse, stored as a cadaver at 4°C.
No difference in cell isolation at any time point was
observed in regard whether tissue was obtained
from the cadavers, or was stored as tissue pieces
in PBS. Results of successful harvesting of cells
from tissue explants are presented in table 2.

Figure 1: Cell isolation from muscle tissue stored at 4°C for 3 days, 17 days after seeding. A: cells coming out of

muscle tissue explant. B: The same image at larger magnification
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Figure 2: Cell isolation from brain tissue - hippocampus, stored at 4 °C for 3 days, 15 days after seeding. A: cells
coming out of hippocampus tissue explant. B: The same image at larger magnification
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Figure 3: Cell isolation from brain tissue - subventricular zone, stored at 4 °C for 3 days, 15 days after seeding. A:
cells coming out of brain tissue explant. B: The same image at larger magnification

Table 2: Number of samples from which cells were obtained regarding post mortem time points of tissue explantion,
tissue type, storage temperature and form of tissue storage

Days 0 3 6 9
Tissue
Muscle tissue 3/3 3/3 1/3 0/3
ac Adipose tissue 3/3 0/3 0/3 0/3
Subventricular zone 3/3 3/3 0/3 0/3
Tissue pieces i 3/3 3/3 1/3 0/3
stored in PBS ippocampus / / / /
Muscle tissue 0/3 0/3 0/3
Adipose tissue 0/3 0/3 0/3
Room temperature -
Subventricular zone 0/3 0/3 0/3
Hippocampus 0/3 0/3 0/3
Muscle tissue 1/3 2/3 0/3
ac Adipose tissue 0/3 0/3 0/3
Stored Subventricular zone 3/3 1/3 0/3
cadavers :
Hippocampus 3/3 1/3 1/3
Muscle tissue 0/3 0/3 0/3
Adipose tissue 0/3 0/3 0/3
Room temperature -
Subventricular zone 0/3 0/3 0/3
Hippocampus 0/3 0/3 0/3
mRNA expression in isolated cells In muscle tissue, mesoderm germ layer markers

Dcn, Gata2, Pdgfra and Runxl were expressed.

Mouse Cell Lineage Identification RT2 Profiler Further, Cd79a, Ptcra and Cd34, mesoderm
PCR Array was used to profile the expression of 84 progenitor markers of early B and T cells and
key genes for cellular differentiation with positive muscle stem cells were expressed, respectively. Of
PCR controls included. Genes, for which Ct value mesoderm terminal differentiation markers, genes
was 35 or lower, were marked as genes expressed. encoding smooth muscle cells, osteoclasts and
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Table 3: Genes expressed in cells isolated from muscle and brain tissue. Genes for which Ct value was 35 or lower,
were marked as genes expressed. Genes expressed in cells isolated from muscle tissue are marked in purple.

Genes expressed in cells isolated both from muscle and brain tissue are highlighted in blue

GENE ORIGIN

GENE SYMBOL

Pluripotency markers

Plutipotency markers

Dnmt3b, Gdf3 (Vgr - 2), Leftyl, Nanog, Podxl, Pou5f1 (Oct4),
Zfp42

Germ

layers

Ectoderm

Fgf5, Foxd3, Otx2, Zicl

Neuroectoderm

Gbx2, Neurog2

Mesoderm

Bmp4, Cd34, Dcn, Gata2, Hand1, Igf2, Mixl1, Pdgfra, Runxl,
Brachyury

Endoderm

Foxal, Gatal, Gata6, Hnf4a, Sox17, Sox7

Ectoderm progenitors

Neuronal Progenitors

Fabp7, Hes5, Prom1, Sox2

Immature Neurons

Dcx

Immature GABA Neurons

Gad2, Slc32al

Limbal Progenitors

Enol, Msln

Motor Neuron Progenitors

Foxgl, Olig2

Oligodendrocyte Progenitors

Nkx2-2, Olig2

Mesoderm progenitors

Harly Cardiomyocytes | Hand2

Early B Cells | Cd79a

Early T Cells | Cd3e, Ptcra

Muscle Stem Cells | Cd34
Endoderm Progenitors

Pancreatic Islet Cells | Krt19

Hepatic Stem Cells | Apoh, Dpp4, Map3ki12

Ectoderm Terminal Differentiation Markers

Keratinocytes | Krt10, Krt14

Melanocytes | Tyr

Mature Neurons | Neurod1

Cholinergic Neurons | Chat

GABA Neurons | Gadl

Glutamatergic Neurons | Slc17a6, Slc17a7

Astrocytes | Galce, Gfap

Ganglion Cells | Pou4f2

Photoreceptor Cells | Revren

Mesoderm Terminal Differentiation Markers

Skeletal Muscle Cells | Myh1

Smooth Muscle Cells | Myhl1, Smtn

Cardiomyocytes | Myl3, Myh7, Nppa, Ryr2

Osteoblasts | Ibsp

Ctsk

Osteoclasts

Chondrocytes | Coll10al, Comp

Cct5

Endoderm Terminal Differentiation Markers

Macrophages

Hepatocytes | Alb, G6pc, Tat

Cholangiocytes | Itgh4

Beta Cells | Ins2, Slc2a2

Exocrine Cells

Cpal

Lung Cells | Sftpb, Sftpd

Proximal Tubule Cells | Aqp1, Miox
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chondrocytes were expressed. In addition to genes
of mesodermal lineages, some genes of ectoderm
and endoderm lineages were also expressed (Zicl,
Gata6b, Gad2, Enol, Apoh, Map3k12, Galc, Rcvrn
and Tat). In brain tissue, only expression of two
genes was detected. In subventricular zone, gene
Enol, an ectoderm progenitor marker of limbal
progenitors was expressed and in hippocampus,
gene Rcvrn, an ectoderm terminal differentiation
marker of photoreceptor cells was expressed.
Results of gene expression from muscle and brain
tissue derived cells are presented in table 3.

Discussion

In the present study, we examined the
differences between time after death, storage
temperature and form of tissue storage in obtaining
live cells from mice post mortem. Results of our
study suggest that cells from muscle and brain
tissue can be isolated from murine cadavers or
tissue pieces up to 3 days post mortem and with
difficulty up to 6 days post mortem. Cells from
brain tissue can possibly be isolated even up to 9
days post mortem. Several other studies have also
shown that cells from brain and muscle tissue can
be isolated from cadavers from different species
after different post mortem periods. The longest
post mortem time period that still allows for cell
isolation from muscle tissue was reported by Latil
et al. (12) who showed that viable and functional
murine skeletal myogenic cells can be isolated
up to 14 days post mortem. Interestingly, this
is much longer time period in which cells were
isolated post mortem compared to our study. But
similarly as in our study, it was shown by Xu et al.
(7) that neural stem cells of subventricular zone
from deceased rats can also be isolated for up
to 6 days post mortem, but not longer, in young
rats. Time period in which cells were isolated
was longer in young in comparison to old rats.
In our study adult mice were used. It is possible
that mice age in our study shortened the post
mortem time periods in which cells were isolated
as in most previous studies including study by
Latil et al. (12) younger mice were used. Contrary
to rodent neuronal stem cells, cells from human
brain tissue are reported to be able to survive
only up to 36 hours post mortem (15, 16), which
suggests that post mortem time periods of neuronal
stem cells from rodents might be longer than that

of humans. This suggests that for some cell types
post mortem time period of cell isolation might be
species specific. Contrary, some studies indicate
that post mortem time period might also be tissue
specific. For example, it was shown by Latil et al.
(12) that the longest post mortem time period of
cell isolation from human muscle tissue was 17
days, which means it was not only similar to but
it even exceeded the time period in which murine
cells were isolated. Furthermore, it was shown by
Erker et al. (5) that post mortem time periods of
isolated hepatocytes do not differ between murine,
rhesus macaque monkeys and humans. The lack
of studies to compare post mortem isolation of cells
from different species and tissues and different
methods used in studies hinder speculation
whether certain post mortem time period of cell
isolation is species or tissue specific.

To our knowledge there are no studies in
which comparison of different tissues regarding
post mortem cell isolation from one species were
studied. In our study, no significant difference
was observed regarding post mortem time period
for isolation of cells from brain and muscle tissue.
In addition to brain, muscle and liver tissue, cells
from other tissues have also been isolated post
mortem, such as human retinal progenitor cells
(immediately post mortem) (17), murine vestibular
and cochlear stem cells (up to 10 days post
mortem) (6), equine ligament stem cells (up to 72
hours post mortem) (11) and bovine skin fibroblast
like cells (up to 49 days post mortem) (10).

Interestingly there are no reports of adipose
tissue derived cells isolated post mortem, although
adiposetissueisanexcellentsourceofmesenchymal
stem cells/multipotent mesenchymal stromal cells
in different species. In our study adipose tissue
yielded cells only immediately post mortem, but
no cells were isolated at other time points after
death, suggesting that cells in adipose tissue do
not survive long after death. One possible reason
for unsuccessful harvesting of adipose derived
cells from mice post mortem in our study could
be unsuitable anatomical site from which adipose
tissue was obtained, since it was shown that there
are intrinsic differences in adipocyte precursor
cells from different white fat depots in mice (18)
and that the concentrations of adipose derived
stem cells from human cadavers differ between
sites (19). Several studies have also shown that
anatomical site of adipose tissue harvesting from
live organisms is an important factor in terms of
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differentiation potential, viability, yield and stem
cell capacity (20-23), although there are no studies
available comparing adipose tissue harvesting
from different anatomical sites from BALB/C mice.
Effect of different anatomical origins of adipose
tissue on stem cell features could also reflect
in the possibility of cells being harvested post
mortem, although no studies are available on this
topic. Another reason for unsuccessful obtaining
of adipose derived cells could be in the adipose
tissue differences between inbred mouse strains,
as was shown in a study by Mo et al. (24), who
compared the frequency of proliferative stromal
cells in 129x1/svj and C57Bl/6J mice. But
comparison of adipose derived cell characteristics
between BALB/C and other mouse strains is yet
to be studied.

In the present study, cells from muscle and
brain tissues were isolated only when tissue
pieces or cadavers were stored at 4°C. No cells
were obtained from cadavers or tissue pieces
when stored at room temperature, suggesting that
low temperatures preserve the cells in cadavers
or tissue pieces while higher (room) temperatures
promote cell death. In most studies where post
mortem cell isolation was examined, cells were
harvested immediately after death for donor
transplantation procedures (2-4, 25), or after
longer periods of time after cadavers were stored
at 4°C (5, 7). Interestingly, in some cases, where
cells were successfully isolated from murine inner
ear and human muscle tissue or arteries long after
death, cadavers were kept at room temperature
from 6 to 12 hours before they were stored at
lower temperatures for later harvesting of cells (6,
12, 13), suggesting that shorter period at room
temperature is compatible with obtaining viable
cells while longer periods (as in our study) decrease
the viability of cells in cadavers. Interestingly, in a
recent study fibroblast - like cells were recovered
up to 15- and 49-days postmortem from bovine
skin stored at 25°C and 4°C, respectively (10).
Although we were unable to obtain live cells when
cadavers or tissue pieces were stored at room
temperature, it seems that in some cases, stem
cells can survive even after cadavers are stored for
certain time periods at room temperature.

In most of the studies where cells were harvested
at certain time points after death, animal or human
subjects were stored in cadaveric form. In others,
cadavers were dissected prior to experiment and
tissue pieces were stored. There are, however, no

studies in which affect of form of storage on cell
isolation was investigated in the same study. In
our study, no difference in cell isolation between
two forms of storage was observed.

To find out which cells were isolated in our
study, we used Mouse Cell Lineage Identification
RT?2 Profiler PCR Array that profiles the expression
of 84 key genes for cellular differentiation. Array
contains gene markers for specific cell types
throughout cellular lineage progression, including
pluripotent stem cells, progenitor cells from
each of the three germ layers, and terminally
differentiated cells. Results from qPCR suggests
that from muscle and brain tissue, cells with
characteristics of germ layer cells, progenitor
cells and terminally differentiated cells were
isolated. Cells obtained from brain tissue seem
to be ectodermal progenitors and ectodermal
terminally differentiated cells. In cells isolated
from muscle tissue there was the strongest
expression of markers for mesoderm germ layer,
mesoderm progenitors and mesoderm terminally
differentiated cells. However, cells isolated from
muscle tissue also expressed some genes from
ectodermal and endodermal lineages, possibly
suggesting that heterogenous population of cells
was obtained from muscle tissue. In general
expression of all markers was low, possibly due
to low amount of RNA obtained from the cells,
and genes that were expressed in these cells were
heterogenous. Therefore, it was not possible to
exactly determine the lineage of cells obtained
from dead mice, possibly suggesting that different
types of cells were obtained, and further studies
will be needed to more carefully examine the
lineage and characteristic of cells obtained post
mortem.

Despite the fact that heterogenic lineage
population of cells from muscle tissue was
isolated, it was concluded that, regardless of their
origin, cells can be readily isolated from muscle
and brain tissue 3 days post mortem. Although
with difficulty, cells from muscle and brain tissue
can also be isolated up to 6 days post mortem, and
possibly even up to 9 days post mortem from brain
tissue. Our results are consistent with results of
other studies that showed that cells survive in the
dead organisms for longer time after death than it
was previously thought. In majority of the studies
focusing on post mortem cell isolation, stem cells
were obtained. It is presumed that, for example in
satellite cells, the lack of oxygen, nutrients, or the
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presence of extensive necrosis triggers a cellular
response in stem cells resulting in their adopting
a deeper state of quiescence or dormancy (12).
Similarly, the possibility of post mortem neural
stem cell isolation is ascribed to low metabolic
level of neuronal stem cells and rich vascular bed
in subventricular zone and surrounding tissues
(7), which could act as a niche for neuronal stem
cells (15). Hypoxia, which is prevalent in muscle
stem cell niches (27) as well as in niches of other
stem cells such as neuronal stem cells (28), is an
important factor that contributes to cell viability
and regeneration potential that could maintain
stem cell viability for unusually long periods in
spite of the necrotic microenvironment. Stem cells
are thus assumed to be enriched in post mortem
tissue due to cellular quiescence where cells adopt
a reversible dormant state and thus possess a
selective survival advantage compared with other
cell types (12). Contrary to these studies we
showed, based on gene expression results, that not
only stem cells but also terminally differentiated
cells survive in post mortem tissues for at least 3
days after death.

In conclusion, in this study we showed that (1)
cells from murine animals can be isolated from
muscle and brain tissue readily 3 days post mortem
and with difficulty up to 6 days post mortem.
Cells from brain tissue can possibly be isolated
even up to 9 days post mortem (2). Compared to
muscle and brain tissue no cells were isolated post
mortem from adipose tissue except immediately
after death (3). In all instances cells were isolated
only when tissues were stored at 4 °C. 4) Form of
tissue storage does not affect cell isolation (5). Not
only stem cells but also terminally differentiated
cells seem to survive in post mortem tissues for at
least 3 days after death.
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IZOLACIJA ZIVIH CELIC 1Z RAZLICNIH TKIV MISI DO DEVET DNI PO SMRTI

M.Voga, A. Pleterski, G. Majdi¢

lzvlecek: Nekatere raziskave kazejo, da je prezivetje celic v truplih precej dalj$e, kot je bilo znano do sedaj. V nasi raziskavi
smo proucevali, kako na uspesnost izolacije zivih celic po smrti misi vplivajo razlicen ¢as izolacije po smrti, vrsta tkiva (misi¢no,
mozgansko in mascobno), temperatura shranjevanja trupel ter oblika shranjenega tkiva (kot koSc¢ki tkiv ali kot celi kadavri). Izo-
lacija in gojenije celic iz tkiv mrtvih misi sta potekali pod standardnimi pogoji. Da bi ugotovili, katerim celi¢nim linijam pripadajo
izolirane celice, je bil del celic uporabljen za izolacijo RNK in nadaljno uporabo v sistemu identifikacije izvornih celi¢nih linij z
verizno reakcijo s polimerazo vrealnem ¢asu. RezultatinaSe raziskave so pokazali, da je zive celice mogoce izoliratiizmisi¢nega
in mozganskega tkiva 3 dni po smrti, pogojno tudi do 6 dni po smrti. Iz mozganskega tkiva je bilo zive celice mogoce izolirati tudi
do 9dnipo smrti. Iz masCobnega tkiva je bilo celice mogocCe izolirati zgolj takoj po smrti, ne pa tudi v kasnejsih Casovnih interva-
lih. Vvseh primerih so bile celice izolirane samo v primeru shranjevanja tkiv pri 4°C. Oblika shranjenega tkiva na izolacijo celic ni
vplivala. Izolirane celice so pripadale razlicnim zarodnim plastem. Rezultati raziskave so pokazali, da je Zive celice iz misjih trupel
mogoce izoliratitudivec dnipo smrti.

Kljuéne besede: mis;truplo; mati¢ne celice; mozgansko tkivo; misi¢no tkivo; magcobno tkivo



