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Biological characteristics of human umbilical cord mesenchymal stem cells following

cryopreservation
Wang You-wei', Han Zhi-bo?, Yan Shu-lin", Mao Ai-bin', Wang Bin', Wang Ding? Chen Ke?, Han Zhong-chao'?

Abstract

BACKGROUND: An effective freezing-thawing technique is crucial for the clinical application of human umbilical cord
mesenchymal stem cells (UC-MSCs).

OBJECTIVE: To investigate biological characteristics of UC-MSCs after cryopreservation.

METHODS: UC-MSCs were isolated from human umbilical cord and frozen in liquid nitrogen. The survival rate and the
suppressive effect of y-interferon (IFN-y) of cryopreserved-thawed and fresh human UC-MSCs were compared. Furthermore, the
multiple potentials and phenotype of UC-MSCs were estimated after cryopreservation.

RESULTS AND CONCLUSION: There was no significant difference between cryopreserved-thawed and fresh human UC-MSCs
on the survival rate and the suppressive effect of IFN-y of peripheral blood mononuclear cells (PBMCs). After cryopreservation,
human UC-MSCs had the potential differentiation and the phenotype of mesenchymal stem cells.
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Figure 1 Adherent growth of umbilical cord mesenchymal
stem cells
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Figure 2 Survival rate of fresh cells and cryopreserved-thawed
cells
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Figure 3 Phenotype of umbilical cord mesenchymal stem
cells after cryopreservation

B3 VRAs i Al 18] 78 o T 4m i 2 2

24 ZHEEFEEFFHUC-MSCsH L& HEAEST
JE HIUC-MSCs £ il 2L Ot n] WALt i s B % 5o
TR 44 Von Kossab i j5 il LR ik, $enfy
Wi ERPERT RIEFRET, HAFEHUC-MSCs
RE IR FI & 04k, UT39R B 2 M kig e .

b: Osteoblasts detected by Von Kossa (x40)

Figure 4 Differentiation potency of umbilical cord mesen-
chymal stem cells after cryopreservation

4 URAFJT AT 1R 78 T4 2 A T e

1731



@272 .0 v

LHH, BN FIE TS TR T HI L) I

2.5 RIEMFEUC-MSCsHIHI A S\ B i 2 N A f2
v-FIRRDWEE 18785 T 40 18 G &N )
Rtk EARNBFCH, 78R T4l R PR A BLTE
FRGIN; A gt RN, A7 T4 R T
ARG, A0 AN IRy - TR

SO LU T VR AEALET i UC-MS Cs i A4 A I 2
AN ZAN Y- TR 2 W IR . 5 R I UC-MSCs|#)
NSNS Z A AR EE, I AUC-MSCsHE i 3 BRI
NAME MM Ry-T IR e, HEFRAEE
PR (P < 0.05), (ERYIMER IR, Bt A
17 [FIUC-MSCs#l RE NI A A1 s Z iy - T30 3
oy, EESLEEMNR (P >0.05),

WEZ B §H8 . YR A7 )5 BIUC-MSCsllin PR A I ) 22
MR R

LSRRI, AR R IR, (87854 A
RO 32 B B RE, EI5 J  TR 78 5T T 4 i B 1R
gf, [FFERTCLEEATY Y AR TR. A, BRAEJE
UC-MSCsTR#F T 8] 78 5T T4 O FE AR P, R
A2 BRAU B R T P2 (B 78 T TR 2 AR, BAT
BH S IR R AT RE . AR TR S BN A4 A1 5
5, RAFAIUC-MSCs 25 1l A\ &0 il I 54 4% 48 7
Y- TR, HAM F A UC-MSCs Z A A .7
SEIG 25 SR N SLUC-MSCs Y FI AT YE4R 1 7 4120 5286
(/P

15 000

12 500

10000 |

7 500 t

IFN-y (ng/L)

5 000 | a a

O 1

Fresh-UCMSC Cryo-UCMSC Non-UCMSC

P < 0.05, vs. Non-UCMSCs group

Figure 5 Secretory volume of y-interferon (IFN-y)
K5 y—FHm R AL

3 Wi

) 78 5 T4l P e B R R o A9 3, RIS TAE
WRANEATY 3G, TEEUR M, 7RG A R R A T
T N BN 17 AR S & = i L1 i e o
Et, UC-MSCsEUM T 7. §HGE /. 2 EEi5
PIMERAT, ORI 7 — A0S

EARUC-MSCSTEIRIT — L4 [ B S 5 SR 17 1t
T3 AR S8 7 T LA W e B AR A BP0, (B AN B BT
5o NIHARI R ) LA AN 75 B3 AT 10 78 T T 40 B R A,
Hof 1) 78 J5 400 P P 75 SR A A R A A2 1 O (b 473 ot T
ST B B AN (1 S RS AR 1) 70 R T A M B A S S R A
YibiAeE 500 R T BT ) B LA (i s Ak SR A7 1
PR 5. PILE BEHUC-MSCsik ek, LA&H
T4 5 FHEB R .

53 B RO A7 2 I RS F ZE R I UC-MSCs & — Tl
B TAE, TE™RNREEENERR, G0E
B LTHUC-MSCsfE, M R A 2]UC-MSCs
B L RAE IR LR ) I R N R
5 FHUC-MSCs#B S jifi /4% [{IGMPE B, UF AR 47 Hh {7

1732

4 BEH

[1]  Pittenger MF, Mackay AM, Beck SC, et al. Multilineage potential
of adult human mesenchymal stem cells. Science. 1999;
284(5411): 143-147.

[2] ChiY, Wang YW, Han ZB, et al. Zhongguo Zuzhi Gongcheng
Yanijiu yu Linchuang Kangfu. 2009;13(45):8825-8828.

WL, ANy, B2, SN E B SRR AN F A AR BN R 7
171 78[5~ 200 0 3 T 0 9 A 00 [ v [ 4L 3 AR T 90 5 1 R
%, 2009, 13(45): 8825-8828.

[8] Yan XB, Guo ZK. Jiepou Kexue Jinzhan. 2009;15(4):416-419.
SN, SR R R YR 8] 78 0T 400 A 0 2 e M I R S P i
SRR R, 2009, 15(4): 416-419.

[4]  Barry FP, Murphy JM: Mesenchymal stem cells: clinical
applications and biological characterization. Int J Biochem Cell
Biol. 2004;36(4):568-584.

[5] Hayashi N, Takahashi K, Abe Y, et al. Placental/umbilical cord
blood-derived mesenchymal stem cell-like stromal cells support
hematopoietic recovery of X-irradiated human CD34+ cells. Life
Sci. 2009;84(17-18):598-605.

[6] Feng JX, La XL, Ma Y. Zhongguo Zuzhi Gongcheng Yanjiu yu
Linchuang Kangfu. 2009;13(45):8854-8860.

Ty, BEWERK, T PR Sy BRI IR N 2E KRG AR 18] 78 57+
AR I AP A RAE ] P B A TR 7S S IR R, 2009, 13(45):
8854-8860.

[71 Liao W, Xie J, Zhong J, et al. Therapeutic effect of human
umbilical cord multipotent mesenchymal stromal cells in a rat
model of stroke. Transplantation. 2009;87(3):350-359.

[8] Li JM, Zhu H, Liu Y, et al. Zhongguo Bijiao Yixue Zazhi. 2009;
19(12):1-4.

s, dHe, XU, EL-107E N B BB R AR e T &
A i e L op A ] P B LR R 22 2 8, 2009, 19(12): 1-4.

[9] Ball LM, Bernardo ME, Roelofs H, et al. Cotransplantation of ex
vivo expanded mesenchymal stem cells accelerates lymphocyte
recovery and may reduce the risk of graft failure in
haploidentical hematopoietic stem-cell transplantation. Blood.
2007;110(7):2764-2767.

[10] Le Blanc K, Frassoni F, Ball L, et al. Mesenchymal stem cells for
treatment of steroid-resistant, severe, acute graft-versus-host
disease: a phase Il study. Lancet. 2008;371(9624):1579-1586.

[11] La Rocca G, Anzalone R, Corrao S, et al. Isolation and
characterization of Oct-4+/HLA-G+ mesenchymal stem cells
from human umbilical cord matrix: differentiation potential and
detection of new markers. Histochem Cell Biol. 2009;131(2):
267-282.

[12] LuLL, Liu YJ, Yang SG, et al. Isolation and characterization of
human umbilical cord mesenchymal stem cells with
hematopoiesis-supportive function and other potentials.
Haematologica. 2006;91(8):1017-1026.

[13] Troyer DL, Weiss ML. Wharton's jelly-derived cells are a
primitive stromal cell population. Stem Cells. 2008;26(3):
591-599.

[14] Zhong Q, Zeng HL. Zhongguo Zuzhi Gongcheng Yanjiu yu
Linchuang Kangfu. 2009;13(40):7942-7946.

B, WSR2 AR 1] 78 5T 4 R AR 2R R R R ] L 42
THE T S IRARRESE, 2009, 13(40): 7942-7946

[15] Bonab MM, Alimoghaddam K, Talebian F, et al. Aging of
mesenchymal stem cell in vitro. BMC Cell Biol. 2006;7:14.

[16] Moon JH, Lee JR, Jee BC, et al. Successful vitrification of
human amnion-derived mesenchymal stem cells. Hum Reprod.
2008;23(8):1760-1770.

[17] Kim J, Kang HM, Kim H, et al. Ex vivo characteristics of human
amniotic membrane-derived stem cells. Cloning Stem Cells.
2007;9(4):581-594.

110004

P.O. Box 1200, Shenyang cn.zglckf.com



LHH, NI T 17 TR IT B R) FAFIE

@2’&2 WWW.CRTER.Org

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Park BW, Hah YS, Kim DR, et al. Osteogenic phenotypes and
mineralization of cultured human periosteal-derived cells. Arch
Oral Biol. 2007;52(10):983-989.

Ye XY, Li XJ, Xu'Y, et al. Zhongguo Zuzhi Gongcheng Yanjiu yu
Linchuang Kangfu. 2009;13(36):7029-7033.

HFRIPH, HEZE, 1R, S5 N A 785 A0 A A e B S
SERFE[]. T E H R TREO A S IR IR HEE, 2009, 13(36): 7029-7033.
Dominici M, Le Blanc K, Mueller |, et al. Minimal criteria for
defining multipotent mesenchymal stromal cells. The
International Society for Cellular Therapy position statement.
Cytotherapy. 2006;8(4):315-317.

Krampera M, Cosmi L, Angeli R, et al. Role for
interferon-gamma in the immunomodulatory activity of human
bone marrow mesenchymal stem cells. Stem Cells. 2006;24(2):
386-398.

Ma M, Shan BE, Liu W, et al. Xibao yu Fenzi Mianyixue Zazhi.
2009;25(12):1119-1112.

ot ORI, KR, AR B R 0 5 A X LA A A
%%%ﬁf%mmﬂm%ﬁT%E%%ﬁymw,%m%

Li YF, Sun LJ, Zhao YQ, et al. Zhongguo Zhongyiyao Xiandai
Yuancheng Jiaoyu. 2009;7(9):81-83.

FHOSE, PNETE, BALSR, 5T 7P LT T R ) 7SR T4
TR SR LT A2 R SRR FE[D]. o B R 2 A FE B 7, 2009,
7(9): 81-83.

Feng GJ, Liu H, Deng L, et al. Shengwu Yixue Gongchengxue
Zazhi. 2009;26(6):1300-1305.

Ty, Xk, X7, SR ERAE A AL 2 AR AN Bl ) 7S
A5 2 R =4t FR[J] AR BE 2 TR K, 2009, 26(6):
1300-1305.

Duan Z, Chen XY, Xu YH, et al. Disi Junyi Daxue Xuebao. 2009;
30(23):2761-2764.

BAE, BRbEs, WRHAE, 5 861 70 0T 40 A X KRB 12
W 9 BB S ]38 DU F B2 K 5273, 2009, 30(23): 2761-2764.
Wu LK, Wang XJ, Chu SC, et al. Zhongguo Zuzhi Gongcheng
Yanijiu yu Linchuang Kangfu. 2009;13(40):7951-7954.

RALy, FBEU, HEFRAL, IR 70 A B AR T I SRR
30%1[J]. Hh LR TR L S IR FESL . 2009, 13(40): 7951-7954.
Liu M, Yang SG, Liu PX, et al. Zhongguo Shiyan Xueyexue Zazhi.
2009;17(5):1294-1300.

XUSE, #bole, XUMGET, S5 AE BRI SR 8] 70 54 A 4k 52
FRIG I 68 77 A LL AT FE[J]. R 1 08 i % 4 &, 2009, 17(5):
1294-1300.

Lu H, Miao ZN, Wu WJ, et al. Zhongguo Zuzhi Gongcheng Yanjiu
yu Linchuang Kangfu. 2009;13(45):8955-8960.

Bhfe, BT, RIUL, S5 REIR 7540 e T R
)22 SO REAR I 5 S AL [J]. P A2 R S S IR BR &2, 2009,
13(45): 8955-8960.

Chen X, Hua JY, Shi QZ. Zhongguo Zuzhi Gongcheng Yanjiu yu
Linchuang Kangfu. 2009;13(40):7908-7912.

T, MBI, PR NS ) 78520 A P A R A S A T
%ﬁﬁg@mmﬁ!ﬁ%1ﬁ%ﬁ%%%@ﬁ,mw,Bmw
7908-7912.

(30]

Zhao YM, Zhong GQ, Li JY, et al. Zhongguo Zuzhi Gongcheng
Yanjiu yu Linchuang Kangfu. 2009;13(45):8895-8900.

R, PPE SR, Rk, SRR I A T A R A S
CMURAE K B A% L 4 B 1143 S S BRU%E 2 2R 1145 mRNAI R IA[J].
HE A TR 78 SRR RS, 2009, 13(45): 8895-8900.

REARENE S ES--

e RETHRUFETHM R LM E
(08FDZDSH02900) , B & H5 : By 8 75 T AMATT 7=
RO E R AR RERIERRPOEIR,

Flas5E : ToHARIZRH R,

REHIBIFT A . HERRERTRIR TR E
BREFENFHE R FAREYZEENZNIERE A
MBI A T RORF R R R B R R T AR ENF
BERAT T XY LR

FHIFIGR “ehrE” . BRI RRAN TR TH
FERIF R EMF I REITH LAY AR AL

BRIt AI e S 1 E X BB AR R IFFH
BRERTARRELTFF-ENEE NERFEAZRTAH
RNERENZEHYE  BEKMFAFERREAER/E-—SE
£, LN E 7T LE S-S LS5 E R REH
Ko AEHTRER THAROIEFER T 405, TRE
ERAEZMBNFERITRIBME Z &% INEEE I — L4k
AXR , SEEEREEFUERD.

FEHIGEAELRE : ARRTRREEEZRALN,
B RRENEERRANIGKNANME. 528, B
AASRIRAY ) T BT T AR AR L MIFTHE o 2 BEERER A0 1B 3E /T
THREEERIIBIERE D M EMNSE  #IRT KA
PR FE 5T 4R R B SRR R) o %R A7 Ja B9 5 #6538 o 4R R
REETHRNENFHE , BHRENDERZ IR,
ARBLERNBAFFRER THARENTITHERME T
BE.

@2]&2 ISSN 1673-8225 CN 21-1539/R 2010 /AT (F/HHR TFHI A GIFRR) Fest ity

Wnfal1a) SCI YRHIMF ARG

: {Nature) 5 (Science) ZLtiR(AFI% EER)

EXZHERHYH , KEH (Nature)
MEEMH (Science) BRHRAZFEH2MEEF
RHEY , ENHETENEN LS THMGEM
ZLEHY, —BXEERAPEFT—RRER

XEM PN ERENAENRREENEE .
AHIERR LR : uRRie X E
ALBREXEI . @F AR : {Nature)
Article ; {Science) Research article, @32
#R3& : (Nature) Letter; {Science) Report,
@3Bl :(Nature)Correspondence ;{Science)
Letter, FARNERK , —RAES TRER,
MRBBE—MH2-4T , BR—HRFEI1T,
AHHEEZS2— : (Science) TS
ENBAE—NSEXEHS THE-—MALEH
X#k , e R TFESE SCE T A B

HEERENEEM. ERTIEEECHER

Y%, X287 (Nature) REF AN, H
I, ERI—EXXEFRXF , (Science) RET
RAMZEE, EXNEEERBATANERT ,
XRTHEBSERN—=.

BI—NEEXHIRHHFRERF: X
MNEFERTHHNREERARR, (Science)
B ZENZRHISAMNMSNEST , @
{Nature) NEF—RHEMLAE. (Science)
E-NMEANTHFZRLARETR , IFZER
SRAATRAERIZRARK, XERZERH
EESEBRA N RUNIHEEERANENE,
i {Nature) 3 TR4FHITHEZ HE I TR K,
RUERRENEETFEEXERFTH,

E=A =52 (Science) EALEMEIEH
B8 XMERAAASETIEX, RNEESS
MEARBREZESAA , MEARPNLRERH

Bz FE—H (Science) , At N RITE
B (Nature) K—%t, M (Nature) MEEXZ
BLHLE, BEELRNEEUTRA—L
FARNNESI ARtE -, BXEEZE
FHEBEET,

F4h (Nature) BEMBEKTI (B REZ)
M (BARBRERE) £, ATEZMBREZERY
SHREMEFRRER. HRREFHEEH2
ANER, Bt , (Nature) 5 TFIHI1Z1E AT LUR
D2 EXENHEMRRICXWE D HER
RIEZ , FBREFENHRITEERZHN
&7 (Nature) EEBLLAR,

kR BBS X K & #& i
smth.orgs[FROM: 166.111.36.*|fE & & EH
RERZRETEHDYSE ALFRER , ERT
100044 ; EESFFEEMNMIAFEYR

ISSN 1673-8225 CN 21-1539/R

CODEN: ZLKHAH

1733




