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Abstract: An effective freezing-thawing technique is crucial for the clinical application of newly derived rabbit em-
bryonic stem (ES) cells. The aim of this study was try to find an optimal cryopreservation protocol for rabbit embryonic
stem cells using slow freezing-rapid thawing without a programmable freezer. We tested the effects of the following cryopro-
tective agents (CPAs) on the post-thaw survival, proliferation and differentiation capacity of rabbit embryonic stem cells:
ethylene glycol (EG), dimethyl sulphoxide (MeSO, DMSO), trehalose and glutamine. Trypan blue exclusion tests
showed that, among the CPA treatments in this study, EG was more toxic to rabbit embryonic stem cells than DMSO. The
highest survival rate (83.7% ) was obtained when the rabbit embryonic stem cells was cryopreserved with 10% DMSO and
20 mmol/L glutamine in the ES cell culture media. Thawed ES cells kept their pluripotency and differentiation potential .
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G N o HAERMAR, (5250 #2455 kAT,
R, ARG T 20 AR e RAIFE b 5 BRURR G 40
N RA SRR . ARSI 3 ARSI R IR Y
A 20 AR A B ) 43 5 R IR T 40 L &R (rabbit in vitro
fertilized, RF) ( Wang et al, 2006 ). %430
G T AN RAT 5 202 ) 2 TR Al R A v i
WELRME, RER RS, TH7E ES 41 M F 4%
PR — e RO R AV R 20, LUk I
SRS K5 % i AT R A A= 04 20 A8 S s g, [
ES A8 Tl RIGTT BEFE IS, 5 2t ~r 4 %
DA ORA IR R A A 2 AR U, (ECR T HRTAY
T ERAE RF ARG R

H HTIRIG T 40 M B U A 2R RN vk 18
PRI AR R (slow freezing-rapid thawing ) #ll
PSR VR (vitrification ) ( Boon et al, 2005b )o
A5 o i v e W0 0 T/ BRUIR MG 48 b A
e B 109% DMSO 55 ML Y BT VR8I A 20 &
WG NGAE, PR E TR PR T If
A — 80CVKFE I B P AR IRAY . i R sk
BT AN R PR R, RIS A A2 — 19C/min
R 2 - 80°C, AW/ UK TR O AR R
TR B A s S, IR AL
PR V4 I A0 5 VR 32 1) 97 o AR S I A L A
XA R T ARG . Z A7, HEM TR
HAMAYARTE, EXFT/NRESME, It R
V2 ES A&, I kBRI A & . T 4E
K, XMT R, JUHR ARG T 408 2471
PR R 220, B 5t ES 4R TR A R
( Reubinoff et al, 2001; Zhou et al, 2004; Tsuyoshi
etal, 2004 ), {HICT7 LI THRAMERL, WA af
AENG N ES 40 oAk 2, T HASIE T i 20 i 19 7R
o

AL USRI T AR R A I E RN %S, R
PSS YRI5, TR B RO o AT HEB Ak -
TR R 2 T (EG) 5 = H RN
(DMSO ) HIPRIERT, LAKAE B VR b s I A
FIVEE BN B ZE R S S A AV VR IR VE T
FEST T — O £S 2 B fRT SR AR R A D T

1 #RFAE

1.1 % ES ZHBa%k RF BOIZFHFFER
L ES QI FE RF 2 M IVF B0 h 2 B 55 57
M4 ( Wang et al, 2006). RF 4532 H 10%

28 103 ( FCS, Hyclone, Logan, Utah) Fl 90%
DMEM R 74 (Gibeo ) 4, FFAEHERIM 2
mmol/L 7 Z Wt % ( Sigma ). 1% Y IE 77 2 HE TR
( Gibco ) F1 0.1 mmol/L B B - FiFELBE (Sigma ) %
W o TEZE Co®HRE A PR /1N BB 2T 445 200 e 1Y ) 5% )2
A B OREER SRS IE 58, B U R R R AR TR
G, B 3—5 KH 5 mg/mL 1Y dispase ( Gibco ) #4T
THAL, FEAH M T Bl B 20 i BB A 12 10 e filE
(v
1.2 REFRPERALILEET

SEEG— ARSI B VRIS o 5 4 B R TRAY
LR RN R I T 20 8% 5 W R %) BR AL Ah, FE LAY 4
0 B s 1)10% DMS0,(2)10% EG,(3)
10% DMSO + 0.1 mol/L Trehalose,(4)10% DMSO +
20 mmol/L Glutamine ¥ ; 5250 — . 7E 5250 — LA 1Y
815 BB 3 ) A b 53 3PS A ] 94 B2 1 4 2 T
FE#( 0.5.10.20 .40 mmol /L ), BF 58 Ho R A (978 ¥k
TRAPHE
1.3 HEEAGFEMER

Wk ES 40129 1 x 10%/mL, LA 0.5 mL B R
BRI, A 1.8 mL RAFE, BIRAFAEE TR
J7 IR & (freezing container, Nalgene, USA ) WK
A — 80°CUKARIL B HH 5 AMARAT . Fr Al I TE W
AP — AL B, ARAPBUEE T 40°CK
W PGERAR S, FEAR 6 mL & 10% MIE 55
e, PL200 g B0 5 min YEEBTARW, ARG
TAMIIE TR, R AR T i AR SR 2 B
It o
1.4 EFREMEGFEEDEN

SRR BUR AR 7 A M AT 5 W e (B, 3
FLANBE AT A, AR IR HEAD TR 572 2 iR
24 fL P, 557 3 KIG WA I AR VR L S 1 45
I EAER LA TER LR ES 215 7% 40
BUN, IR B RER (18 3a); B 4niE
BRI, SRIEFARL (18] 3b ).
1.5 ESHfEREMETE

XA I b R — BT R] B A0 ML 4.9 19 22 58 TP
R E 20 min. FHA NBT/BCIP @I & (h
I PH ), 2 fd P UL I AT P W R il e (5. A e
AL, [ A B A0 20 o3 ) A LR B A
SSEA-1. SSEA-3. SSEA-4. TRA-1 - 60. TRA-1 -
81 F11 OCT-4 ( Chemicon International, Temecula CA )
FNE, FH 109% =103 B S A FITC- ( fluorescein
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isothiocyanate ) 3% PE- ( phycoerythin ) ¥ % ) —#1 R, BHREINGMBAERER 7T1%, EG LA

(Santa Cruz Biotechnology, Santa Cruz, CA ) & f{i,
4 #% H Hoechst 33342 ( Sigma ) . TEHOGIE
LT (Zeiss, LSM 510 META ) T W54,

A TRIZOL RNA #2 Bk il & ( Inv1tr0gen,
Carlsbad, CA) #RIAMLE RNA. FEH 591751 L
% 2, RT-PCR Kl ES ZHAfIH Sox-2. Nanog A& &
B 6 RIPUA P AR 3 MRJZRgIEA . B
AFP (W IRJZE ). PAX-6 (SMIEJZ ). BMP-4 ( HIR
JZ) 235 (Wang et al, 2006 )o
1.6 Zithmix

KT SPSS10.0 B, 73 R4 I AR Y S IE
spEEA, i ad B IR R 5 28 0 B R /N S 3 22 B0k
(least significant difference, LSD ) HLAESEHE 2 [H]HY
BEMESR (P<0.05).

2 & B

2.1 JLFBEEFI R ES AL HEERE
BRI
% 1 B/R: DMSO H A ¥ 4F 1% Uk P ir &k

HIZH B TE

1

RN 57T.4%, WEAREZR (P <0.05), £
10%DMSO B V5 18 5 ik 1 4% Ji 165 35 B o 4 2 ot i
YHMLAF T R Bk 67.6% F1 83.7%, fGH&YH
Hih 5 HBBE2ZSR (P <0.05). SXTHEME,
R ISR T 40 i oAk R B 2 Hm (P <
0.05), HELWHZ KA BEER.
2.2 ARREBREIEX RF HRAL RERPR
ES
MUA E R BE 439028 0. 5. 10, 20 F1 40
mmol/L BV VAR N E 5% 109% DMSO B Bl VR
SN JE A A NE RN 68.4% . 72.6% .
77.9% . 86.2%#176.8% (& 1), 20 mmol/L HI4F
LM I S R AR AR, RS =
FRE (n=6, P<0.05), {H4&44ME5%E% 1L
RYWAHBEER (K 2).
2.3 EXFEESHRSFEE
2.3.1 WMIRTHRFRIMCEAMRE A4
BhE, @i RE RS, B—AMEMARS RF
S A T 1 3 3K 5 A B W R T M f g A Ak

JLFh B %R %t 52 BEBG T 248 BE RF 809 R RIPRR

Tab. 1 Effects of different cryoprotectants on the cryopreservation of rabbit ES cells

I (BB ) HILIREL YA EAE T VR
Cryoprotectant composition Repeats Survival rate ( % ) Differentiation rate ( % )
XFHEZH Fresh control 5 97+1.1° 5.1+1.2°
10% DMSO 5 71.0£9.7° 31.7+7.73"
10% EG 5 57.4+6.7¢ 28.0+5.4"
10% DMSO + 0.1 mol/L trehalose 5 67.6+9.2" 31.7+6.5
10% DMSO + 20 mmol/L glutamine 5 83.7+5.2¢ 28.5+6.0°
A EAR T REFRR I AR S 3 (P <0.05, LSD Al ).
The different superscripts showed significant differences between every two groups ( P <0.05, LSD test ).
&2 PCRERGIMFFIMT RN
Tab. 2 PCR primers and conditions for gene analysis
A Gene 5973 Primer sequences . BARE F=Y Products
Annealing temperature ( °C )
Nanog 5'-AGCAGAAGATGCGGACTG-3’ 56 350
5'-GGTCTGGCTGCTCCAAGT-3’
SOX2 5'-AGCATGATGCAGGAGCAG-3’ 56 270
5'-GGAGTGGGAGGAAGAGGT-3’
BMP4 5'-AAAGTCGCCGAGATTCAGG-3’ 58 634
5'-GAGTCTGATGGAGGTGAGT-3’
PAX6 5'-CATGCAGAACAGTCACAGCGG-3' 60 414
5'-CCCATCTGTTGCTTTTCGCTA-3’
AFP 5'-AAATACATCCAGGAGAGCCA-3’ 55 416
5'-CTGAGCTTGGCACAGATCCT-3'
GAPDH 5'-GGAGCCAAACGGGTCATCATCTC-3’ 62 233

5'-GAGGGGCCATCCACAGTCTTCT-3'
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Fig. 1 The survival rates of cryopreserved-thawed RF R URE IR I AL AR V5 oAk

cells in different concentrations of glutamine
HEARR RPN AR R 2% (P <0.05, LSD Kl ).
The different letters on the bars showed significant differences be-

tween every two groups ( P <0.05, LSD test ).

Fig. 2 The differentiation rates of cryopreserved-thawed
RF cell clones in different concentrations of glu-
tamine

FAZIMTLFERES (P<0.05, LSD K ).
There was no significant difference among the groups ( P < 0.05,
LSD test ).

Kl 3 SRIRERIRIY RE A0SR 7R A A R A e (421
Fig. 3 Morphological characteristics of cryopreserved-thawed rabbit ES
cell colonies and the results of alkaline phosphatase activity tests
a: IVEHESR 36 h ROMEIIER (RETTELER T 30 ES I/NMEHR ); b ZIREETE 36 h Ml by (REFTLIER
TR AEEETE ); o0 RO TIERERREE R GO IHYE; A AR SRE IR RE R RS S 2 0 BT . AR (Scale bar)
=50 pmo

a: morphological characteristics of undifferentiating RF cell clones from 36 hours of culturing after thaw; b: the morphological characteristics
of differentiating RF cell clones from 36 hours of culturing after thaw; c: the Alkaline phosphatase activity was positive in undifferentiating
RF cell clones; d. the Alkaline phosphatase activity was negative in differentiating RF cell clones.



139 FEIREAESE . ANTR) B VR0 X G VRS T 0 B S v VR ORAE 1) 52 ) 85

Bl 4 WUREIERFRN RF 2000 ey H LUk L g5 1

Fig. 4 Marker expression of cryopreserved-thawed RF cells
a: Oct-4 B b: SSEA-1 BHE; c: SSEA-3 MITE; d: SSEA-4 FITE; e: TRA-1-60 FITE; f: TRA-1-81 Bfk. (EEEAMITH
Horchst 33342 & A7 BYAHAEAZ ). I HRR (Scale bar) =50 pumo
Cells were positive for: a: Oct-4; b: SSEA-1; c¢: SSEA-3; d: SSEA-4; e: TRA-1-60; f: TRA-1—81. Cell nuclei were counterstained
with Hoechst 33342 (blue ).

(bp) e 45 R B 7% OCT-4. SSEA-1. SSEA-3. SSEA-
4. TRA-1-60. TRA-1 - 81 FHYE, WEB] T ES 4HAf
S0X2 270 AIPRFER MRS o
2.3.2 HEIAIMEMIRSN R EE T BT AL Y A
NANOG 350 MIZE L R 0 e AR AR /R, IR IR AA . sk
IR 6 RIHUMA, $2HL RNA, £ RT-PCR,
R £ 43 AR 2 3 NIRZ AL B AFP (AR
L JZ£). PAX-6 (SMIEJZ). BMP-4 (hiEJZ) ([ 5),
M UE B 5 IR 55 % B A AT 98 AT 1) 3 IR )2 434k
BMP4 634 e B o
3 3 i
416 R T 0 M R A2 P 5 0 R 1
HUFTHR . BNRARTE R R . R RIS 585 5%
GAPDH 233 R, AR A BRSNS, HAREIRFEIR

T4 py B A ae e . HETER T/ B
Q Alz, I, YA Y N N A ) f

Bl 5 RT-PCR 2T A41k RF 408 AYFFAE LR K ES ’m@ﬁﬁfﬁ‘&ﬁ{?%ﬁ%mﬁjﬂ 95% L LA

BRI 6 K EB P 3 MR FE LR i F ik ML ETE L TR RIS ( Yao & Yuan, 2005 ), 7EHAD

Fig. 5 RT-PCR analysis of gene expressions related to kb, HERKENLGZ ES AR R TR
the non-differentiation a.nd differentiation Of. cry- AR TR A VT R AR AT AN I e 4
opreserved-thawed rabbit ES cells and rabbit em- ) N A
bryoid bodies ( EB ) ONOE i E R A S o N T LT IR R b PR

Lo EWEFRIAR VR RE ES 2185 2: WUREIFHIIRIO RF ES o 4 ¢ B S
AL 3. EREFA EB; 4: WU HEFAIN BB, T HAE ES A IR . HHRT ES AT

Lane 1: normally cultured rabbit ES cells; Lane 2: cryopreserved- E‘Jﬁ?{f% LJ}\E/‘J ES ?Hﬂﬂ@ﬁﬂé s EE ﬂ:j\ ES éEHH@[/\J\
thawed rabbit ES cells; Lane 3: rabbit EB from control cultured rab- u% %ﬁiﬁiﬁ . %%E@éﬁﬂ@ﬁ?ﬁ%ﬂ éH}H@‘%ﬁJ\%

bit ES cells; Lane 4: rabbit EB from cryopreserved-thawed rabbit ES

cells. TXHERFA ES MRS R ML A R EREEE, BT
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T8k, A, BB ST AR, A
RINGIRERE ST TR, N ES 4R A7 7 1k 1 el itk
e P TE R R AN B R VR Ly b, s v VR 7
BRI IS I e . £ B (Wu et al, 2005;
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P (Boon et al, 2005b )o
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A% (Tsuyoshi et al, 2005; Sung et al, 2005 )o
SRIMAE A S2 56 b X T iR T 40, 5 DMSO A
Eb, EG A 2= B0 B AIK A 41 A 25 14 R 47 198
R e iaki e
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