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Abstract
Background: Postmortem tissues are a potential source of stem/
progenitor cells for cellular therapies, preservation of germplasm and 
revival of endangered and/or dead species by cloning. How long they 
can be recovered after animal death, however, is not known precisely. 
The objective of this study was to evaluate the window of postmortem 
interval (PMI) within which live and proliferative cells can be recovered 
from refrigerated sheep skin. Ear skin was procured from animals from 
slaughterhouse and stored at 4°C in the lab. Small explants (2-3 mm2) were 
then cultured in DMEM media supplemented with 10% FBS, 50 units/mL 
of penicillin, 50 µg/mL of streptomycin, and 2.5 µg/mL of fungizone after 
different PMI. Outgrowth of cells around the explants was scored after 
10-12 days of culture at 37°C in a CO2 incubator and cells from selected 
PMI were sub-cultured for 3-5 times and characterized with respect to 
their growth profiles, genetic stability, cryopreservation ability and gene 
expression. 

Results: A total of 474 explants adhered to dish surface, of which 369 
(77.89%) exhibited outgrowth in various PMI including 34.79% of 65-
days postmortem (dpm) interval. We observed recovery of proliferative 
cells up to a maximum of 65 days of PMI. Percent of explants exhibiting 
outgrowth as well as relative confluence of outgrowing cells decreased 
with increasing PMI. Comparative Growth Curves and GFP expression 
patterns, upon transfection with a GFP plasmid, were not significantly 
different in 0-dpm and 65-dpm cell populations (p<0.05). Recovered cells 
cryopreserved with >80% post-freezing cell-viability and were passaged 
up to 35 times in in vitro cultures. The cytogenetic analysis of 65-dpm 
tissue derived cells exhibited a normal female sheep karyotype without 
any genetic aberrations. 

Conclusions: These results show that normal proliferative cells can be 
recovered from sheep skin up to about 2 months postmortem, if tissues are 
kept refrigerated. To our knowledge this is the first report of recovering 
proliferative cells from mammalian tissues up to such a long time of >2 
months after death. The discovery has potential applications in preserving 
veterinary and livestock germplasm after death to revive in future by 
cloning as well as in cellular therapies in human and veterinary medicine. 
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Interval; SD: Standard Deviation; GFP: Green Fluorescent Protein; GC: 



Singh M and Ma X., J Biotechnol Biomed 2024
DOI:10.26502/jbb.2642-91280130

Citation:	Mahipal Singh, Xiaoling Ma. Recovery of Proliferative Fibroblast Cells from Refrigerated Sheep Skin after Different Postmortem Time 
Intervals and their Characterization. Journal of Biotechnology and Biomedicine 7 (2024): 93-100.

Volume 7 • Issue 1 94 

Growth Curve; DPM: Days Postmortem; SCNT: Somatic 
Cell Nuclear Transfer; P: Passage

Background
Recovery of proliferative cells from postmortem tissues is 

an emerging area of research. It is considered potential source 
of stem and progenitor cells for cellular therapies in human 
and veterinary medicine [1,2]. It is also an important source 
of preservation of domestic, wild, and endangered animal 
species to prevent permanent loss of genetics, especially at 
a time when effects of climate change on reproduction and 
food production systems are being experienced worldwide 
[3-6]. Collection of tissues from live animals present an 
ethical issue, however, accidentally dead animals (domestic 
or wild) and slaughterhouse is a potential alternate to harvest 
tissues. Death, however, brings successive cessation of 
metabolic activities and ultimately carcass decomposition 
compromising nuclear DNA integrity of the individual cells in 
postmortem tissues [7] and ultimately cell death. Cold storage 
of biological tissues has been shown to delay decomposition 
and cell death [8]. However, how long the individual cells can 
live in postmortem tissues stored in refrigerating conditions 
remains under explored. Earlier research on muscle stem 
cells reported cell survival up to 17 days postmortem in 
human beings and up to 16 days in mice [9]. Neural stem and 
progenitor cells from postmortem rat brains were recovered 
up to a week, when stored at 4°C [10]. Skin tissues stored at 
4°C postmortem were cultured up to 14 days in rabbits and 
pigs [11], 12 days in goats and sheep [12], 41 days in goats 
[13] and 49 days in bovine [14]. Here we show recovery of 
live and proliferative cells from refrigerated sheep skin up 
to 65 days after animal death and their characterization with 
respect to cytogenetic stability, growth profile, longevity in 
culture, post freezing cell-viability and GFP gene expression.

Material and Methods
Ethics, sample collection and storage

All experimental protocols for animal tissues in this 
study were approved by Institutional Animal Care and 
Use Committee # SP-R-01-2016. Ears of individual sheep 
(Katahdin breed; age 2-3 years) were collected from 
university slaughterhouse. Ears excised from the animal head 
were brought to the laboratory within an hour, cleaned with 
70% alcohol swabs, wrapped in clean sterile paper towels, 
and stored in plastic bags in a refrigerator set at 4°C. 

Explant preparation and culture
Ear skin explants were prepared and cultured as described 

[15]. In brief, inner side of the stored ears were cleaned with 
70% ethanol swabs, and the skin explants (2-3 mm2) excised 
aseptically after 0, 10, 20, 27, 30, 35, 38, 41, 45, 50, 55, 60, 
65 and 70 days of postmortem storage. Excised explants 
were adhered onto 60 mm diameter dishes (Falcon, B. D. 

Biosciences, Oxnard, CA, USA) pre-scratched using a scalpel 
at 5 uniform spots to facilitate adherence. Adhered explants 
were cultured in DMEM media supplemented with 10% FBS, 
50 units/mL of penicillin, 50 µg/mL of streptomycin, and 
2.5 µg/mL of fungizone at 37°C, 5% CO2 in a humidified 
environment. The media in dishes was changed twice a week 
and any floating explant and/or contaminated dishes removed 
from the study. Outgrowth of cells around explants was 
observed under an inverted microscope. Presence or absence 
of the outgrowth of cells around explants (clusters of > 50 
cells) was recorded and the level of confluence captured on 
day 10-12 of culture for different postmortem intervals (PMI).  

Recovery of primary cells and cryopreservation
Primary outgrowing cells around the explants were 

recovered by trypsinization on reaching around 80-90% 
confluence as described [15]. Briefly, the cells in dishes were 
washed twice with 2.0 mL of the balanced salt solution without 
calcium and magnesium (Gibco@ Life Technologies, Grand 
Island, NY, USA), and incubated with 2.0 mL of 0.125% trypsin 
for 5-10 min at 37°C. The trypsinized cells were neutralized 
with five volumes of growth media and counted to assess 
cell-viability using Trypan Blue Dye Exclusion Method [16]. 
The cells were pelleted at 200 X g for 7 min. and suspended 
in Synth-a-Freeze® (Life Technologies Corp., Carlsbad, CA) 
media. Cells were aliquoted into cryogenic storage vials (1.0 
X 105 cells / vial) and frozen at -80°C deep freezer overnight 
using Nalgene™ Cryo 1°C Freezing Container (Nalgene, 
Rochester, NY). Next day the vials were transferred to liquid 
nitrogen tank and stored until used for further experiments. 
To study cell characteristics, the frozen vials were quickly 
thawed at 37°C, mixed slowly with 9.0 mL of the media, 
pelleted at 200 X g for 7 min, dissolved in complete growth 
media, and cultured in appropriate culture flasks/dishes. To 
determine post cryopreservation cell-viability, representative 
vials in triplicate thawed and viable cells counted manually 
using a hemocytometer as well as plated for in-vitro culture. 
Cell-viability was expressed as percentage of live cells from 
total cell count. The cells passaged at least twice before using 
for an assay. For mycoplasma testing of the cells used for 
further characterization, the cells were cultured for a total 
of 10 d, and the culture supernatants were tested for the 
contamination at day 4 as well as day 10 of the culture using 
a MycoFLUOR TM Mycoplasma Detection Kit (Molecular 
Probes) using the manufacturer's instructions.

Immunofluorescence
An aliquot of actively growing 65-dpm cells (p3) was 

cultured overnight in chambered polystyrene slides (BD 
Falcon, Bedford, MA). The cultured cells were labeled with 
mouse monoclonal anti-vimentin-FITC antibodies (Abcam 
Inc., Cambridge, MA) to test for their true fibroblastic 
nature using immunofluorescence technique as per the 
manufacturer’s instructions. 
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Growth profiles
Growth curves were generated from passage 3-4 cultures 

using a 24-well micro titer plate format as described [17]. 
Briefly, 20, 000 live cells were inoculated in each well in 
0.5 mL of DMEM media supplemented with 10% FBS. The 
wells were trypsinized (in triplicate) after 2, 4, 6, 8, 10, 12, 14 
and 16 days of culture. The viable cells were counted in each 
well using a hemocytometer. Mean and standard deviation 
of the cells / mL in triplicate wells were plotted against time 
using Excel program (Microsoft) to generate growth curves. 

GFP transfection of primary cells
Plasmid pcDNA™3.1/NT-GFP containing GFP gene 

was prepared using EndoFree Plasmid purification kit 
(Qiagen Inc.) and DNA was quantified using NanoDrop 
2000. We transfected fibroblast cells prepared from 0-dpm 
and 65-dpm cell-lines at p5 level as per the manufacturer’s 
instructions, using a Transfectamine 3000 kit from Invitrogen 
(Life Technologies Inc., CA). GFP gene expressing cells 
were compared in 0-dpm and 65-dpm cell populations by 
observing under UV light in EVOS fluorescent inverted 
microscope using GFP filter. GFP positive cells were counted 
under inverted microscope using in at least 10 visible areas 
for each sample. 

Cytogenetic analysis
Sheep cells recovered from 65-dpm interval at p3 were 

processed for karyotyping using GTL Banding technique as 
previously established [18] at Cell-line Genetics (Madison, 
WI; www.clgenetics.com

Statistical analysis
Growth curve data were expressed as mean ± standard 

deviation of cells/mL. Post-freezing cell viability data 
expressed as % of live cells from total cell count. GFP data 
were expressed as mean ± SD of GFP expressing cells in at 
least 10 visible areas.  All experiments performed in triplicate 
and all data analyzed using Excel program (Microsoft). 
Statistical significance was assessed using unpaired Student’s 
t-test at p < 0.05. 

Results 
Recovery of proliferative cells up to 65 days of 
postmortem interval

We cultured 60 explants (2-3 mm2) each after different 
days of PMI from tissues stored at 4°C. Twelve dishes (60 
mm diameter) were used for each time point (2 dish/animal, 
5 explants/dish). After 10-12 days of culture in a CO2 
incubator, the outgrowth of fibroblast-like cells around the 
explants was scored. Out of 474 explants that adhered to dish 
surface, 369 (77.85%) exhibited outgrowth in different PMI. 
Results show outgrowth of cells in all the time points tested 
except 70-days postmortem (Table 1). In general, percent of 
explants exhibiting outgrowth was inversely correlated with 
PMI (Figure 1). Additionally, the confluence of outgrowing 
cells around the explants on a given day also decreased with 
increasing PMI (Figure3). On the other hand, the percentage 
of non-adhering (floating) explants increased with increasing 
PMI, especially after day 41 (Figure2), although during initial 
days of storage the pattern is not consistent.

Growth characteristics of recovered cell populations
The outgrowth observed around skin explants exhibited 

cells with large, flat, bi, or multipolar, elongated (spindle-
shaped) with flat and oval nucleus consistent with fibroblast 
cell morphology. To test whether they were truly fibroblasts, 

  # of explants with positive outgrowth / # of explants adhered to dish surface*

Sheep ID Day 0 Day 10 Day 20 Day 27 Day 30 Day 35 Day 38 Day  41 Day 45 Day 50 Day 55 Day 60 Day 65 Day 70

Sheep-2 10/10 n/d n/d 08/08 04/10 08/10 04/04 06/09 03/4 02/4 08/10 03/08 02/06 n/d

Sheep-3 10/10 n/d n/d 07/10 05/09 05/10 09/10 05/10 07/10 10/10 02/05 02/10 01/06 n/d

Sheep-4 10/10 n/d n/d 08/10 10/10 09/10 06/08 08/10 10/10 05/10 03/10 06/07 01/04 n/d

Sheep-2622 10/10 10/10 08/08 n/d 09/09 n/d n/d 00/10 04/09 05/10 n/d 05/05 01/02 .

Sheep-2623 10/10 10/10 05/05 n/d 09/09 n/d n/d 10/10 10/10 10/10 n/d . . .

Sheep-2628 10/10 10/10 10/10 n/d 10/10 n/d n/d 05/05 08/10 - n/d . 03/05 n/d

Total 
explants 60/60 30/30 23/23 23/28 47/57 22/30 19/22 34/54 42/53 32/44 13/25 16/30 Aug-23 0/0

% outgrowth 100 100 100 82.14 82.46 73.33 86.36 62.96 79.25 72.73 52 53.33 34.79 0

Note:  Ten explants used for each animal for each PMI. Age of animals was 7-24 months.  n/d = not done; (.) = dish contaminated during 
experiment and thus removed from the study; (-) = no outgrowth. *explants not adhering to dish surface, never exhibited outgrowth in our 
experience.

Table 1: Outgrowth of fibroblast cells around skin explants after different postmortem time intervals.

http://www.clgenetics.com
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we labelled these cells with anti-vimentin antibodies. 
Vimentin is a fibroblast specific marker protein and express 
only on fibroblast cells. As can be seen in figure 9, all cells 
in our experiment stained positive, suggesting that these were 
indeed true fibroblasts. Occasionally epithelial cells were 
seen but they disappear after 2-3 sequential passages. To 
see the growth profile of the recovered cells, we generated 
Growth Curve (GC) of 0-dpm and 65-dpm tissue derived 
cell populations. The mean and standard deviation (SD) 
of 0-dpm cell populations was 1.90±0.04 x104, 8.80±3.40 
x104, 11.79±1.01 x104, 14.32±4.09 x104, 17.1±7.07 x104, 
22.29±2.63 x104, 22.25±2.26 x104 and 19.13±1.72 x104 for 
2, 4, 6, 8, 10, 12, 14 and 16 days of culture, respectively. 
Similarly, Mean and SD for 65-dpm cell population was 
1.78±0.16 x104, 9.32±0.78 x104, 11.14±4.43 x104, 14.32±4.09 
x104, 17.10±7.07 x104, 17.69±5.85 x104, 19.62±5.67 x104, 
16.11±4.16 x104 for 2, 4, 6, 8, 10, 12, 14 and 16 days of culture, 
respectively. The data shows that the growth of 0-dpm cells 
was slightly higher compared to 65-dpm cell populations but 
was not significantly different (p < 0.05) for any time point 
(Figure 4). Both cell populations were negative when tested 
for mycoplasma. 

Figure 1: Correlation of outgrowth with postmortem interval (PMI).

Figure 2: Relationship between PMI and non-adherence of explants 
to dish surface.

Figure 3: Comparative confluence of outgrowing cells in different 
PMI on day 10-12 of culture. Arrow marked dark black areas are 
skin explants adhered to dish surface. Images captured by Nikon 
Eclipse TS100 inverted microscope. Magnification, x100. dpm = 
days postmortem. Note the progressive reduction of cell numbers 
with increasing PMI.

Figure 4: Growth curve of 0-dpm and 65-dpm cell populations.

Chromosome stability of recovered proliferative cell 
population

To determine cytogenetic stability of the postmortem 
tissue derived cells, we tested cultured cells from 65-dpm 
tissues (SSF65 cell-line, p3). Cytogenetic analysis was 
performed on twenty G-banded metaphase cells. All 20 
cells exhibited an apparently normal female karyotype. The 
diploid (2x) number of the chromosomes in the cell-line was 
determined to be 54, XX [20]. As can be seen in Figure 5, it 
consisted of 52 autosomes and 2 (X and X) sex chromosomes. 
This result is consistent with other sheep cytogenetic studies 
[15,20-22].
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Comparative GFP gene expression in recovered cell 
populations

To determine, if the recovered cells have equivalent 
transcriptional and translational machinery, we transfected 
equal number of 0-dpm (control) and 65-dpm cell populations 
with pcDNA3.1-GFP: NT, a GFP gene containing plasmid. 
GFP gene was expressed in both the cell populations (Figure 
6). Mean ± SD of GFP expressing cells per visible area 
was 31.33±3.51 and 22±4.58 for 0-dpm and 65-dpm cell 
populations, respectively. Although, the number of cells 
expressing GFP in 0-dpm (control) was slightly elevated, it 
was not statistically significant (p < 0.05).

Longevity of primary cells in in-vitro cell cultures 
To see as how long the cells can continue proliferating in 

in-vitro cultures, we performed serial passaging of the cells 
until they stopped growing. We observed that cell cultures in 
earlier passages (p1-p15) grow faster and fill the dish within 
3-5 days (Figure 7, upper panel, p3 d5) whereas cultures in 
subsequent passages, especially after passage 15, take longer 
time to reach the same level of confluence. Both 0-dpm and 
65-dpm cell populations exhibited slow growth after passage 
20 (takes an average of 25 days to reach 80-90% confluence) 
and almost stopped growing at passage 32.  For example, 
p33 cells could not expand even after 15 days of additional 
culture (Figure 7, middle panel vs lower panel). We observed 
that 0-dpm and 65-dpm cultures did not differ in number of 
passages they can go in in-vitro cultures.

Recovery of cryopreserved cells
To test the freezing potential of PMI recovered cells for 

long-term storage, we cryopreserved 65-dpm cell populations. 
After 5 years of storage in liquid nitrogen tanks, we thawed 
the frozen vials and analyzed them for cell viability as well 
as post thaw in vitro culture potential.  Post thaw cell cultures 
had >80% cell viability (data not shown) and exhibit normal 
fibroblast morphology (Figure 8).

Figure 5: Cytogenetic analysis of 65-dpm cell-line SSF65. Panel 
“a” is a representative single metaphase cell spread, and panel “b” is 
karyotype with 27 pairs of chromosomes.

 

Figure 6: GFP gene expression in 0-dpm (left panels) 
and 65-dpm (right panels) tissue derived cell populations 
(p5). A & B, light microscopic images of cultures 
(magnification, x100); C & D, GFP expression after 72 
h post-transfection (magnification, x200); E & F, same 
as C & D but magnification, x400 to focus single cells. 
Light microscopic images were captured using a TS100 
inverted microscope and DSL2 camera (Nikon), whereas 
GFP images were captured using an EVOS fluorescent 
microscope with a GFP filter.

Figure 7: Comparative cell morphology and confluence of 
0-dpm and 65-dpm cell-lines at low (p3) and high (p33) 
passages. d5 and d20 represent 5th day and 20th day after 
culture initiation of the same cell cultures. Magnification, 
x100, note that picture correction tool of power point was 
used to highlight the morphology and flatness of cells in 
this figure.
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Discussion
Earlier we developed a simple method of primary cell 

cultures by adhering small skin explants from postmortem 
tissues onto a dish surface to recover outgrowing proliferative 
cells and to use them as an in vitro model to study mammalian 
cell physiology [15]. Using that model system, here we 
studied the limits of postmortem cell survival in sheep 
skin tissues especially the effect of low temperature. We 
observed outgrowth of cells around skin explants up to 65 
days in tissues that were stored at 4°C after animal death. 
Percentage of explants exhibiting outgrowth as well as the 
level of confluence of cells, when compared on a given day, 
decreased with increasing postmortem interval (Figure 1 & 
figure 3). It is thought that the individual cells in mammalian 
tissues die gradually over time suggesting gradual reduction 
in stem cell pool in postmortem tissues [7]. The time taken 
to have complete death of all cells in a tissue may depend 
upon several variables such as environmental temperature, 
chemical or radiation exposure, humidity, age, and health of 
an animal. When a mammalian heart stops pumping blood, 
oxygen is no more circulated from lungs to body tissues. 
Lack of oxygen leads to progressive decomposition of tissues 
postmortem, due to lysosomal enzyme activity, ultimately 
resulting in cellular death [23]. This phenomenon could 
explain the observed reduction in outgrowth with increasing 
PMI observed in this study (Figure 3). Similar reduction in 
cells with increasing PMI has been reported in neurosphere 
cell cultures in human retina [24], fibroblasts in goat ear skin 
[13], and pig tendon [1]. Percentage of floating explants (non-

adhering explants) increased with increasing PMI, especially 
after about a month of tissue storage (Figure 2). We have 
observed that the tissue seems to dry up after storing for 
longer periods in refrigerator and that could have been the 
reason of reduced adherence of explants in later time points. 
The primary cultures predominantly exhibited fibroblast 
morphology (Figure 9). In initial passages, a few epithelial 
colonies were also observed, however, they disappeared 
in subsequent passages. It is known that fibroblasts detach 
quickly from dish surface compared to epithelial cells 
when trypsinized and thus leads to selective purification of 
fibroblast cells.

To study the growth profile of recovered cells, we 
generated a growth curve from 65 dpm cell populations and 
compared with 0-dpm (control). The growth curve for both 
cell populations was not statistically significant (p<0.05), 
although 65-dpm cells show slightly less growth compared 
to controls (Figure 4). These cells were also cytogenetically 
stable and exhibited normal female karyotype with 54 
XX chromosomes (Figure 5). Furthermore, the GFP gene 
expression in 65-dpm cells was not significantly different (p 
< 0.05) compared to 0-dpm controls (Figure 6) suggesting 
the similarity of transcriptional and translational machinery 
in both cell populations. 

To know as how long the cells can last in in-vitro cultures, 
we passaged 0-dpm and 65-dpm cell populations, at around 
90% confluence, continuously until they stopped growing. 
Although, these cells lasted in cultures up to 35 passages, 
their growth was slowed after around 20th passage. The 
primary cells were also stored in Liquid nitrogen up to 5 
years and recovered with >80% post freezing cell viability 
which exhibited normal fibroblast morphology (Figure 8), 
suggesting their potential use for long term preservation of 
germplasm which could be used in future to revive the lost 
elite or endangered animals by somatic cell nuclear transfer 
(SCNT) aka cloning. Nuclear integrity is a key requirement 
for successful cloning. Any damage to genetic material will 
lead to defective clones. In vitro culture of somatic cells 
ensures nuclear integrity. In vitro culture of cells from live or 
dead animal tissues, preserved at low temperatures, and their 
use for therapeutic organ reconstruction [25-27] and animal 
cloning [28] has been shown. However, in all these cases 
the tissues used to obtain viable cells as a source of nucleus 
were preserved within few hours of animal death. Delays 
in preservation of tissues may compromise in vitro culture 
potential, and thus the effective use of these tissues/cells. 

Conclusions
This study shows that proliferative cells can be recovered 

from refrigerated postmortem tissues for quite long time and 
most importantly that these cells exhibit normal cell properties 
upon in-vitro expansion of cultures. To our knowledge this is 

Figure 8: High- and low-density cultures of 65-dpm cell populations 
after 5 years of storage in liquid nitrogen (p5). Magnification x100

Figure 9: Immunofluorescence analysis of cultured cells. Cells 
were labelled with anti-vimentin antibodies. Images taken under UV 
light in EVOS inverted microscope with a GFP and DAPI filters. 
Magnification x200
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the first systematic report of in vitro culture of postmortem 
tissues after 65 days of animal death in mammals from their 
carcass stored in refrigerator (4°C). These findings broaden 
our understanding of postmortem cellular life in mammalian 
tissues and may have potential applications in human and 
veterinary medicine for cellular therapies and preservation 
of germplasm after death of wild or domestic animals of 
agricultural value which could be revived in future by SCNT. 
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