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Study of Effective Cryoprotectants on the Cryopreservation of Porcine
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ABSTRACT : The objective of this study was to investigate the effective cryoprotectants for the cryopreservation of porcine
mesenechymal stem cells (pMSCs). In order to understand the effectiveness of various cryoprotectants on pMSCs, we
studied the most commonly used cryoprotectants; dimethyl sulfoxide (DMSO), ethylene glycol (EG), DMSO and EG.
pMSCs were isolated from bone marrow matrix of piglet (2 month) and characterized by alkaline phopshatase (AP) activity,
colony forming, and differentiation to adipocyte. In slow cooling cryopreservation, the pMSCs were exposed to cell medium
containing Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% DMSO, 1.5M EG and 5% DMSO0/0.75M
EG, respectively, and freezed to —1C/min from 25T up to —80C in a cryo-container. The proportion of viable cells and
the growing rates in fresh pMSCs were significantly (P<0.05) higher than those of other groups, but did not differ between
the cryopreserved groups. The expression of Sox-2 and Nanog gene was increased by extending culture time in cryopreserved
groups. The expression of Bax gene in cryopreserved groups was similar with fresh pMSCs. Moreover, the gene expression
of adipocyte-specific marker as well as chondrogenic/osteogenic factors in cryopreserved groups was similarly to fresh
PMSCs. Taken together, our results suggested that all these cryoprotectants of 10% DMSO, 1.5M EG and 5% DMSO/0.75M
EG could be used for cryopreservation of the pMSCs.
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Fig. 1. Isolation and characterization of porcine mesenchymal stem cells (pMSCs). A, pMSCs formed colonies and differentiated into
adipocytes (a: phase contrast, b: colony formations, ¢ and d: pMSCs was induced to differentiated into adipocytes in adipogenic
medium for day 7 (c) or day 15 (d), respectively, and the derived adipocytes were identified by oil red O staining (x100). B,
Colony formation and AP staining in pMSCs before or after cryopreservation with different cryoprotectants. (a: AP stain of
pMSCs, b: AP stain of post-thawed pMSCs with 10% DMSO, c: AP stain of post-thawed pMSCs with 1.5M EG, d: AP stain

of post-thawed pMSCs with 5% DMSO/0.75M EG (*40).
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Fig. 3. Cell viability and gene expression before and after
cryopreservation with different cryoprotectants. FACS
analysis for fresh and post-thawed pMSCs cell viability
(a: fresh, b: 10% DMSO, c: 1.5M EG, d: 5% DMSO/
0.75M EG). The top quadrant both left and right;
necrosis cells, the lower left quadrant; live cells, lower
right quadrant; apoptosis cells.
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Table. 1. Viability of pMSCs following different treatments

MeantSEM of

Treatments Groups ; ; ;
Live  Apoptosis Necrosis

Fresh - 92.3+£1.3* 5.7+0.7 2.0£0.9"
10% DMSO 72.3+4.3" 34406 8.8+0.3°

Frozen 15 M EG 70.3+4.3° 3.5£0.9 9.3+0.7°
5% DMS0/0.75M EG 66.842.8° 3.440.8 9.4+0.6°

Different superscripts in the same column denote significant
difference(P<0.05) and 6 replicates were performed.

(3.420.6), 1.5M EG(3.5+0.9), 5% DMS0/0.75M EG(3.4+
0.8)°1 4 <&l ol 7} §les & 4 UL, Necrosis &
A= 52 A A E(2.0£0.9)7F 10% DMSO(8.8+0.3), 1.5M
EG(9.3+0.7), 5% DMS0/0.75M EG(9.4+0.6) 2.t} 22 o
Z33E AT & Q% thTable 1).
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Fig. 4. Gene expression analysis by RT-PCR in fresh and post- thawed pMSCs. A, The expression analysis of genes (Sox-2, Nanog,
or Bax) involved in stem cells maintenance or apoptosis was performed using mRNA isolated from fresh and post-thawed pMSCs
with different cryoprotectants (F, Fresh; D, 10% DMSO; E, 1.5M EG; D/E, 5% DMSO and 0.75 M EG). The results shown
are representative of at least three independent experiments. B, RT-PCR analysis for the expression of adipogenic/chondrogenic/
osteogenic genes in fresh and post- thawed pMSCs. The expression levels of stem cell differentiation-related genes were
investigated in pMSCs before and after cryopreservation with different cryoprotectants (F, Fresh; D, 10% DMSO; E, 1.5M
EG; D/E, 5% DMSO and 0.75 M EG). The results shown are representative of at least three independent experiments.

Table 2. Primer used for the RT-PCR analysis for stem cell specific and differentiation markers

Gene Primer sequence Product size (bp) Accession No.
F-ATC CAG CTT GTC CCC AAA
Nanog 438 AY 596464
R-ATT TCA TTC GCT GGT TCT GG
F-GCC TGG GCG CCG AGT GGA
Sox-2 443 NM003106
R-GGG CGA GCC GTT CAT GTA
F-AAG CGC ATT GGA GAT GAA CT
Bax 251 AJ 606301
R-CTG GAC TTC CTT CGA GAT CG
F-GGC CAA ACC CAA CCT GA
ap2 167 AF 102872
R-GGG CGC CTC CAT CTA AG
F-TAC GGA GTT CAT GCC TGT GA
PPARa 209 NMO001044526
R-TTG GCT TTT TCA GAC CTIT GG
F-TGG AAT TAT TTT ATA ATA TG
Collagen Type xl 205 AJ 536287
R-AGG TCC TGG ATT TCC TTG TT
F-TCC GGA TCT TTC CTT TGC TTT CTA
Osteonectin 187 AW 436132
R-CCT TCA CAT CGT GGC AAG AGT TTG
F-CTG CCC CTT CTG CTG ATG C
GAPDH 151 AF 17079
R-GAC AAC TTC GGC ATC GTG GA
o E woll Al EZ2sAN BT AR FoAS vSY A%
o] gtk wrok FAE T STMEE AT HES
AZEH 25 A% 100, BAS AN 25 5 JL FA F 2L AEER 279 50|59 B AF
FoolAe A 44L AT AT 28 THUCE 02 Bapl /ety Astd golN, 55 el AR
OB i, 304 2712 A% ATL AL TF w2 Ae] e Akl A FAS $48 AL
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