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Dimethyl sulfoxide (DMSO), a commonly used cryoprotectant in cryopreservation procedures, is detrimental
to viability of cells. In this view point, a comparative study was carried out to evaluate the effect of DMSO
on porcine mesenchymal stem cells (pMSCs). We compared the viability, colony forming unit-fibroblast
(CFU-F) assay, expression of Bak and Bcl2 genes, Bcl2 protein antigen, and CD90 in pMSCs cryopreserved
with 5%, 10%, and 20% DMSO. pMSCs isolated from bone marrow were characterized by alkaline phospha-
tase activity and the expression of transcription factors, such as Oct 3/4, Nanog, and Sox2. The cells were
then cryopreserved by cooling at a rate of −1°C/min in a programmable freezer and stored in liquid nitrogen.
The results of survival of pMSCs cryopreserved at 5% DMSO were comparable to control group (fresh
pMSCs). The survival and the number of colonies formed in cryopreserved pMSCs were inversely propor-
tional to the concentration of DMSO. The number of colonies formed in pMSCs cryopreserved with all
concentrations of DMSO was significantly (p < 0.05) lower than the control group. An increased tendency
for Bak and Bcl2 gene expression was noticed in cryopreserved pMSCs at 3 h postthawing compared to
control group. There was a close resemblance in higher level of expression of CD90 between control and
cryopreserved pMSCs. Because there was no considerable difference in the results of pMSCs cryopreserved
at 5% and 10% DMSO, this study strongly suggests the use of 5% DMSO in cryopreservation of pMSCs as
an alternative to conventional 10% DMSO.
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INTRODUCTION lular ice formation, cryoprotectant toxicity, and dehydration
by rapid temperature change, especially at intermediate
temperature zone, from −15°C to −60°C (5,7). The mostAlthough mesenchymal stem cells (MSCs) possess

several benefits, cells under long-term ex vivo culture commonly used permeating cryoprotective agent for the
storage of MSCs, hematopoietic stem cells (HSCs), andconditions give rise to unsatisfactory results such as ge-

notypic drift, senescence, transformation, phenotypic in- embryonic stem cells is dimethyl sulfoxide (DMSO).
The concentration of DMSO used in general cell cryo-stability, contamination, or incubator failure (14,35,36).

To preserve their biological characteristics unaltered, preservation is about 10% (v/v) of cryopreservation me-
dium (1,2,12,19) with the cooling ramp adjusted toMSCs should possibly undergo a minimal duration un-

der ex vitro culture conditions. In addition, there is an −1°C/min in a mechanical freezer or controlled rate
freezing device (5). The successful storage of MSCs andurgent need for improvement in cryopreservation tech-

nology for the storage of isolated and cultured MSCs for HSCs with a relatively higher survival rate after thawing
has been achieved by traditional cryopreservation methodthe benefit of research and future clinical applications.

Cryopreservation of MSCs has several other advan- (12,18,19).
Recently, several side effects such as nausea, chills,tages, such as saving of time and culture medium, pro-

tection from infection/contamination, genetic drift, and hypotension, and cardiac arrhythmia have been reported
in humans, especially in children submitted to infusionavoidance of immune rejection at autograft (20,36). How-

ever, the conventional slow freezing has always been as- of HSCs cryopreserved with DMSO (9,34,38). There-
fore, a complete removal of DMSO from cells is verysociated with cell damage and mortality due to intracel-
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important before transfusion to avoid the toxic side ef- 106 cells /ml, the 500 µl cell suspension was transferred
to 1.5 ml cryovials and mixed with 500 µl of 40%, 20%,fects. Studies in humans have reported the reduced tox-

icity and a better performance of HSCs (12) and MSCs or 10% DMSO solution diluted with ADMEM solution
(1:1, v/v) supplemented with 10% FBS and 1% penicil-(7,29) with reduced concentration of DMSO. Once, the

studies reported are limited to human model, there is a lin-streptomycin (Pen-Strep) solution. Then the cryovi-
als were transferred to the controlled rate programmableneed for animal cell model for detailed comparison of

toxic side effects of DMSO used in cryopreservation. freezing device chamber (Kryo 360, planer 300, Middle-
sex, UK) set at 25°C. After freezing the cells at a cool-Due to the physiological and genetic similarities be-

tween pigs and humans, porcine skin has been used for ing rate of −1°C/min from 25°C to −80°C, the vials were
immediately plunged into liquid nitrogen (LN2) andtransplantation in humans (13) and also as a biomedical

model (24) for skin replacement therapy, including tis- stored in LN2 for less than a month.
The cryopreserved pMSCs were thawed by immers-sue-engineered skin substitutes (22). Further, porcine

MSCs (pMSCs) have been used as an important medical ing in a circulating water bath at 37°C for 1 min and
were washed twice by centrifugation with ADMEM sup-model for the application in artificial bone and teeth re-

generation for humans (11,26,28,32). Therefore, the plemented with 10% FBS and 1% Pen-Strep at 300 × g
for 10 min.present study investigated the effect of cryoprotectant

DMSO on cryopreservation of pMSCs by evaluating the
Analysis of Alkaline Phosphatase (AP) Activitysurvivability, proliferation by colony forming unit-fibro-
and Early Stem Cell Transcript Factorsblast (CFU-F) assay, expression of apoptosis-related
by Immunocytochemical Staininggenes, Bak and Bcl2, and the ability of pMSCs to main-

tain their immunophenotype by the expression of CD90. For the analysis of AP activity and early stem cell
transcript factors, the pMSCs were grown in a sic-well

MATERIALS AND METHODS tissue culture plate (Nunctm, Danmark) for 2 weeks with
Chemicals and Media regular change of a fresh culture medium at 3-day inter-

vals.All chemicals used in the present study were pur-
Alkaline phosphatase activity was detected with APchased from the Sigma Chemical Company (St. Louis,

chromogen kit (BCIP/NBT) (Abcam Inc., MA, USA)MO, USA) and media from Gibco (Life Technologies,
after fixing with 4% formaldehyde solution (17). TheRockville, MD, USA) unless otherwise stated. For all
AP activity was recorded based on the development ofthe media, the pH was adjusted to 7.4 and the osmolality
purple brown color.to 280 mOsm/kg.

pMSCs transcript factors were analyzed by using
Cell Extract and Culture goat polyclonal IgG octamer-binding transcription factor

3/4 (Oct 3/4) and Nanog, and rabbit polyclonal IgGAll experiments were authorized by the Animal Cen-
Sox2 antibodies. All antibodies were purchased fromter for Biomedical Experimentation at Gyeongsang Na-
Santa Cruz Biotechnology (Santa Cruz, CA, USA).tional University. pMSCs were isolated from bone mar-
Cells fixed with 4% paraformaldehyde solution for 30row of living 3-week-old female pig as previously
min were washed three times with D-PBS. The immuno-described with Ficoll-Paque Plus (Amersham Science,
cytochemistry staining was performed according to theUSA) (10,17). Isolated cells were cultured in advanced
modified method of Carlin et al. (6). Briefly, samplesDulbecco’s modified Eagle medium (ADMEM) supple-
were incubated overnight with Oct 3/4, Nanog, or Sox2mented with 1 mM Na-pyruvate, 0.05 mM pyridoxine
polyclonal antibodies (1:200 dilutions) at 4°C. The sec-hydrochloride, 100 U/ml penicillin G, 100 µg/ml strep-
tions were washed three times with D-PBS. Then thetomycin sulfate, and 10% fetal bovine serum (FBS) (17)
sections were incubated with donkey anti goat IgG-fluo-at 38.5°C in a humidified atmosphere of 5% CO2 in air.
rescein isothiocyanate (FITC) (Oct 3/4 and Nanog) orOnce confluent, cells were regrown for this study until
goat anti rabbit IgG-FITC [sex determining region Yfive passages. Freshly isolated pMSCs, which were
(SRY)-box 2 (Sox2)] (1:200) antibodies at room temper-grown to 90% confluence and did not undergo the pro-
ature (RT) for 1 h. After washing three times with D-cedure of cryopreservation, were treated as control.
PBS the sections were counterstained with 1 µg/ml pro-

Cryopreservation and Thawing of MSCs pidium iodide (PI) solution for 1 h. Precleaned slides
mounted with Vectashield mounting medium (VectorAfter dissociation with 0.25% (w/v) trypsin-EDTA

solution, pMSCs were washed twice by centrifugation at Laboratories Inc., CA, USA) were covered with cover
glass and observed under a confocal microscopy (Olym-400 × g for 10 min with ADMEM supplemented with

10% FBS. Followed by adjusting the cell density to 2 × pus, Japan). The green and yellow color staining indi-
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cates the positive reaction of transcript factors and red cycle consisting of a initial denaturation step at 94°C for
2 min, annealing step at 55°C for 30 s, and elongationcolor shows the nucleus.
step at 72°C for 90 s, and 10 min final extension at 72°C

Survival Rate of pMSCs by Trypan Blue Exclusion Test after the 25 cycles. PCR product was mixed with gel
loading dye (bromophenol blue and xylene cyanol) in 5:Immediately after thawing, pMSCs were stained by

1:1 dilution of 0.4% trypan blue solution. A drop of so- 1 ratio and loaded on to 1% agarose gel containing 1
µg/ml ethidium bromide and electrophoresed at 100 Vlution containing stained pMSCs was transferred to he-

mocytometer, covered with a cover glass, and observed for 20–25 min. Gel images were analyzed using zoom
browser EX5.7 Software (Cannon, Korea) with Unok-under a light microscopy. The numbers of dead and via-

ble cells were recorded based on the development of 8000 Gel Manger System Gel viewer 1.5 (Biotechnol-
ogy, Korea).blue color. Survival rate of pMSCs was calculated using

the formula: number of blue positive cells/total cell
Flow Cytometry Analysis of Bcl2 Antigennumber × 100.
and Cell Surface Marker CD90

Colony Forming Unit-Fibroblast (CFU-F) Assay For the analysis of Bcl2 antigen the cryopreserved
of pMSCs pMSCs were thawed and washed twice with PBS. After

adjusting the cell density to 1 × 106 cells/ml the cell sus-A concentration of 5 × 105 pMSCs was seeded on
each well of a six-well tissue culture plate and grown pension was incubated either with 5 µl FITC-labeled

anti-human Bcl2 (Caltag Lab., CA, USA) or FITC-for 2 weeks with regular change of a fresh culture me-
dium at 3-day intervals. After removing the culture me- labeled mouse IgG1 antibody (Caltag Lab.) as isotype-

matched negative control at RT for 30 min. pMSCs ofdium on the 14th day the tissue culture plate wells were
air dried and fixed with 100% methanol for 5 min each. the control group were harvested by 0.25% (w/v) tryp-

sin-EDTA solution and treated essentially as describedThe pMSCs in the tissue culture plate wells were stained
with 4% Giemsa solution for 5 min and washed with above.

For the analysis of cell surface marker antigen CD90low stream tap water to remove the excess stain. Then
the plates were observed under a light microscope for (THY1) the cryopreserved pMSCs were thawed and

grown to 90% confluence. After adjusting the cell den-CFU-F colonies ranging from 1 to 8 mm in diameter.
This assay was conducted in six replicates. sity to 1 × 106 cells/ml the cell suspension was incubated

either with 1:50 dilution of the FITC-labeled mouse
Analysis of Apoptosis-Related Genes, anti-human CD90 (THY1; BD Bioscience, USA) or
Bak and Bcl2, by Reverse Transcription-Polymerase FITC-labeled mouse IgG1 (isotype matched negative
Chain Reaction (RT-PCR) control, Caltag Lab.) at RT for 30 min. FITC mouse

anti-human CD90 used for this experiment has beenpMSCs cryopreserved with various concentrations of
DMSO were grown in the culture medium for 0 h, 3 h, known to cross-react with porcine antigens.

The above experiments were conducted in triplicateand up to 90% confluence culture to evaluate the expres-
sion of apoptosis related genes. Following the extraction with 10,000 cells per sample using the Becton Dickinson

FACS Calibur flowcytometer (BD Bioscience, Heidel-of total RNA from each pMSCs using RNeasy micro-
Kit (Qiagen Valencia, CA) the cDNA was synthesised berg, Germany) and data were analyzed by cell Quest

Prosoftware.using an Omniscript RT kit (Qiagen Valencia, CA) and
10 µM Oligo-dT primer (Invitrogen, CA, USA) at 37°C

Experimental Designfor 60 min. The specific primers in the present study
were used by targeting the amplicon size of 209 bp (Bak Experiment 1 was assessment of AP activity and

stem cell transcript factors such as Oct 3/4, Nanog, andF: 5′-ACCGACCCAGAGATGGTCAC-3′ and Bak R:
5′-CAGTTGATGCCACTCTCGAA-3′), 196 bp (Bcl2 Sox2 by immunocytochemistry to confirm the presence

of stem cells in the control group. Experiment 2 wasF: 5′-GAAACCCCTAGTGCCATCAA-3′ and Bcl2 R:
5′-GGGACGTCAGGTCACTGAAT-3′) and housekeep- estimation of survival rate among different groups (cryo-

preserved with 5%, 10%, and 20% DMSO) by exclusioning gene, glyceraldehyde-3-phosphate dehydrogenase
primer targeting the amplicon size of 230 bp (GAPDH test using 0.4% trypan blue solution in six replicates.

Experiment 3 was confirmation of proliferation capacityF: 5′-GGGCATGAACCATGAGAAGT-3′ and GAPDH
R: 5′-AAGCAGGGATGATGTTCTGG-3′). PCR ampli- among different groups by estimating the number of col-

onies using CFU-F assay. Experiment 4 was expressionfication was carried out in an automated thermal cycler
(MJ Research Inc., USA) using the Maxime PCR pre- of apoptosis-related genes such as Bak and Bcl2 using

RT-PCR following cryopreservation. Experiment 5 wasmix Kit (iNtRON BIO, Korea) in 25 cycles with each
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expression of Bcl2 antigen among different groups by
flow cytometer. Experiment 6 was expression of CD90
to confirm the presence of MSCs among different groups.

Statistical Analysis

Differences among the groups were analyzed using
one-way analysis of variance (ANOVA) by SPSS 12.0
(SPSS Inc. Chicago, IL, USA) of proportional data. Data
were expressed as mean ± SD or percentage. Compari-
sons of mean values among treatments were performed
using Duncan’s and Tukey’s multiple comparisons test.
Differences were considered significant when p < 0.05.

RESULTS

General Observations and Expression of AP
and Stem Cell Transcript Factors Such as Figure 2. Survival rates of pMSCs cryopreserved with differ-
Oct 3/4, Nanog, and Sox ent concentrations of dimethyl sulfoxide (DMSO). Error bars

indicate standard means ± SD (*p < 0.05).Morphological appearance of cells when attached to
the culture dish was similar to fibroblasts, and colonies
were formed by overgrowth of cells (Fig. 1).

spectively. In comparison to the control group, theA strong alkaline phosphatase activity was noticed in
higher percentage of pMSC survival was noticed in thecells, particularly by the colonies of cells (Fig. 1B). The
5% DMSO group, whereas the survival rate was signifi-transcript factors Oct 3/4, Nanog, and Sox2 were ex-
cantly (p < 0.05) lower in the 10% and 20% DMSOpressed both in nucleus and cytoplasm of the individual
groups.cells. However, the expression of transcript factors in indi-

vidual cells was poor when compared to colonies (Fig. 1).
CFU-F Assay of pMSCs Cryopreserved With Different
Concentrations of DMSOSurvival Rate of pMSCs Cryopreserved With Different

Concentrations of DMSO The results of CFU-F assay of pMSCs cryopreserved
with different DMSO concentrations are shown in Fig-The percentage of survival of pMSCs cryopreserved
ure 3. The number of colonies ranging from 1 to 8 mmwith different concentrations of DMSO is shown in Fig-
in diameter was noticed in all groups of pMSCs. Theure 2. The survival rates of pMSCs at concentrations of
numbers of colonies were 1087.0 ± 12.1, 1197.7 ± 2.1,5%, 10%, and 20% DMSO and the control group were
and 1437.3 ± 113.2 in 5%, 10% DMSO, and control83.9 ± 5.8%, 77.6 ± 4.4%, 67 ± 7.9% and 92 ± 1.4%, re-

Figure 1. Expression of stem cell transcript factors, octamer-binding transcription factor 3/4 (Oct 3/4), Nanog, and SRY (sex
determining region Y)-box 2 (Sox2), and alkaline phosphatase (AP) activity in porcine mesenchymal stem cells (pMSCs). (A)
Colonies observed under a fluorescent microscope; green- and yellow-labeled cells indicate the transcript factors and red indicates
the counterstaining of nucleus. (A-1) Colonies observed under a light microscope. Scale bars: 50 µm. (B, B-1) pMSCs and colony
after and before AP staining, respectively. Scale bars: 100 µm.
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Figure 3. Colony forming unit-fibroblast (CFU-F) assay of pMSCs cryopreserved with different concentrations of DMSO. (A, B)
Morphology of CFU-F assay after and before 4% Giemsa solution staining. 1, 2, 3, and 4 represent the control group (fresh pMSCs)
and pMSCs cryopreserved with 5%, 10%, and 20% DMSO, respectively. Scale bar: 200 µm. (C) The number of colonies in pMSCs
cryopreserved with different concentrations of DMSO. Error bars indicate standard means ± SD (*p < 0.05, **p < 0.001).

groups, respectively. However, the numbers (175.7 ± Expression of Bak and Bcl2 Genes in pMSCs
Cryopreserved With Different Concentrations27.6) in the 20% DMSO group were significantly (p <

0.05) lower compared to the others (Fig. 3). Although of DMSO Using RT-PCR
pMSCs of three cryopreserved groups showed signifi-
cantly (p < 0.05) lower numbers of colonies compared Expression patterns of Bak and Bcl2 genes in pMSCs

cryopreserved with different concentrations of DMSOto the control group, no difference was observed be-
tween the 5% and 10% DMSO groups (Fig. 3). are shown in Figure 4.
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Figure 4. Expression of apoptosis-related genes, Bak and Bcl2, in pMSCs cryopreserved with
different concentrations of DMSO using RT-PCR. A, B, and C represents the expression of Bak
and Bcl2 genes at 0 and 3 h, and 90% confluence culture (C), respectively. D represents glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) as internal control.

At 0 h, although pMSCs in control expressed higher cryopreserved with 5%, 10%, and 20% DMSO and con-
trol group was 93.7%, 93%, 92.7%, and 93.3%, respec-levels of Bak and Bcl2 than those in cryopreserved with

different concentrations of DMSO, the levels did not dif- tively (Fig. 6B–D). A significant (p < 0.05) difference
was noticed in the expression pattern of CD90 amongfer among the cryopreserved pMSCs (Fig. 4A). At 3 h

after thawing, although there was a slight difference in the cryopreserved pMSC groups as well as between the
cryopreserved groups and control group.gene expression levels among the cryopreserved pMSCs

groups, the levels of gene expression were noticeably
DISCUSSIONhigh in all groups of cryopreserved pMSCs compared to

the control group, especially the 5% DMSO group (Fig. The present study was conducted to evaluate the opti-
mal concentration of cryopretectant DMSO for cryo-4B). The gene expression levels in all groups of cryopre-

served pMSCs cultured to 90% confluence were compa- preservation of pMSCs. We compared the lowest con-
centration of 5% and the highest 20% of DMSO withrable to the control group (Fig. 4C). GAPDH was used

as a positive control to compare the gene expression lev- conventionally used concentration of 10% DMSO to
minimize the toxicity on cryopreserved pMSCs. Weels in control and cryopreserved pMSCs (Fig. 4D).
have observed that the effect of 5% DMSO was similar

Expression of Bcl2 Antigen in pMSCs to the conventional concentration of 10% with respect to
Cryopreserved With Different Concentrations the survivability, expression of apoptosis-related genes,
of DMSO Using Flow Cytometer proliferation capacity, and the maintenance of stemness

by pMSCs in LN2 for a month.The expression pattern of Bcl2 protein assessed by
flow cytometer is shown in Figure 5. Although Bcl2 an- In general, the parameters such as AP activity (6,15)

and the expression of early transcript factors (6) (Oct 3/tigen expression level was lower than that observed in
pMSCs cryopreserved with 20% DMSO, a significant 4, Nanog, and Sox2) are used to confirm the presence

of adult stem cells (16). In the present study, AP activity(p < 0.05) difference was not observed in the Bcl2 anti-
gen expression level among cryopreserved pMSCs and the expression of early transcript factors in pMSCs

revealed the characteristics that were similar to the ob-(96%, 95%, and 95% in 5%, 10%, and 20% DMSO
groups, respectively) compared to the control group servations made in the earlier reports (6,15). pMSCs iso-

lated from bone marrow exhibited typical MSC charac-(97%) (Fig. 5).
teristics of fibroblast-like structure and colonies on

Expression of CD90 in pMSCs Cryopreserved tissue culture plates. These findings are in accordance
With Different Concentrations of DMSO with previous observations (4,28,35). The results clearly
Using Flow Cytometer showed the successful isolation and expansion of MSCs

derived from pig bone marrow.The expression pattern of CD90 by pMSCs is shown
in Figure 6. The expression level of CD90 by pMSCs The success of clinical cell therapy largely depends
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on the number of viable stem cells in the graft and hence shown). The difference in the number of colonies might
be due to different inoculation concentrations [5 × 105the survival of stem cells following cryopreservation

needs a special consideration (31,33). Therefore, an in- cells/well of a six-well culture plate (52,083 cells/cm2)].
Furthermore, formation of a very few numbers of colo-crease in cell survivability after cryopreservation using

appropriate cryoprotectant and its optimal concentration nies by pMSCs cryopreserved at 20% DMSO indicates
the harmful effect of higher concentration of DMSO onis essential. Several authors have reported the successful

cryopreservation of HSCs, MSCs, and neuronal stem propagation of cryopreserved pMSCs. However, no dif-
ference in the propagation of pMSCs cryopreserved incells using 10% DMSO (14,23,25). DMSO is not only

responsible for exerting toxic side effects on transfusion 5% and 10% DMSO was observed in this study.
In several types of mammalian cells, apoptosis is thebut also promote the differentiation of cells in culture

medium (14). Carvalho et al. (7) have reported the suc- major cause of cell death after cryopreservation (21,30).
The principal proteins involved in regulating the apopto-cessful cryopreservation of cells at reduced concentra-

tion of DMSO. Although there are several attempts in sis are Bcl2 family proteins, which are divided into two
subgroups. Subgroup 1 includes Bcl-2, Bcl-w, Bcl-xL,reducing the concentration of DMSO in cryopreserva-

tion of cells, a direct comparison of effect of DMSO on A1, and Mcl-1 proteins, which are antiapoptotic as well
as promoting cell survival. Subgroup 2 includes Bax,survivability of pMSCs is limited. In the present study,

the survivability of pMSCs was inversely proportional Bak, Bok, Bik, Blk, Hrk, BNIP3, Bim, Bad, Bid, and
Bcl-xs that are proapoptotic and accelerate the cell deathto the concentration of DMSO, although there were no

significant (p < 0.05) differences in the survivability of under various internal and external conditions (8,37).
Keeping this point in view, we have analyzed the ex-pMSCs between 5% and 10% of DMSO concentrations.

Similar observations were also made in the earlier re- pression of Bcl-2 and Bak genes before and after cryo-
preservation of pMSCs at different intervals of time. Theports on adult stem cells, such as HSCs and neural pre-

cursor cells in humans (39) and mice (23). Similarities low level of expression of Bcl-2 and Bak genes in
pMSCs immediately after thawing indicates the detri-in survivability of pMSCs cryopreserved at different

concentrations of 5% and 10% DMSO suggest that 5% mental effect of DMSO on cryopreserved cells. The ex-
pression level of both genes at 3 h after thawing wasDMSO may also be an effective concentration for cryo-

preservation of pMSCs. higher than fresh pMSCs. Further, the expression levels
of genes among different groups were inversely propor-Proliferation capacity of pMSCs in ex vivo culture is

an essential characteristic of stem cells and it is often tional to the concentration of DMSO. However, the gene
expression levels were similar to that of fresh pMSCs intested by CFU-F assay (23,27). The numbers and size

of the colonies in CFU-F assay are influenced by the the postthaw culturing of pMSCs up to 90% confluence
(Fig. 5D). These results, therefore, suggested that cryo-serum concentration in cell culture medium (4). Bosch

et al. (4) reported the formation of 60–70 colonies of 5 preservation and thawing procedures could induce the
transitory silence and upregulation of genes responsiblemm diameter by pMSCs (10 cells/cm2 in 100 × 20-mm

dish) in the culture medium supplemented with 10% for survivability of pMSCs, which can be recovered by
growing the cells in an appropriate medium for requiredFBS. However, we have recorded 1,087 colonies of less

than 2 mm diameter in the present study (data not duration.

Figure 5. Expression of Bcl2 antigen in pMSCs cryopreserved with different concentrations of DMSO using flow cytometer. (A)
The control group (fresh pMSCs) and pMSCs cryopreserved with (B) 5%, (C) 10%, and (D) 20% DMSO. Histogram marked in
green represents the positive reaction and blue filled histogram represents the controls.
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Figure 6. Expression of CD90 in pMSCs cryopreserved with different concentrations of DMSO using flow cytometer. (A) The
control group (fresh pMSCs) and pMSCs cryopreserved with (B) 5%, (C) 10%, and (D) 20% DMSO. Histogram marked in green
represents the positive reaction and blue filled histogram represents the controls.
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