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Establishment of STO cell lines expressing porcine leukemia inhibitory factor
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(Jiangsu Key Laboratory of Xenotransplantation ,NJMU , Nanjing 210029, China)

[Abstract] Objective;To establish the STO cell lines expressing the recombinant porcine leukemia inhibitory factor(LIF)and try to
culture the rat induced pluripotency stem cells (riPSCs)with the established STO-pLIF cells as the feeder layer. Methods: We
established the stable STO cell lines (STO-pLIF cells) which express LIF gene effectively by lipofectin transfection with the pig LIF
eukaryotic expression vector pCAG-pLIF. The expression level of the inserted exogenous LIF gene was tested by RT-PCR,qPCR and
Western blot. The cell lines which expressed pig LIF efficiently were used as the feeder cells to culture the riPSCs. Besides the RT-
PCR testing the pluripotency factors,we also undertook the growth curve and the alkaline phosphates expressions detection as well as
the immunocytofluorescent to identify the pluripotency of the riPSCs. Results: The expression level of the inserted exogenous LIF
gene of the STO-pLIF cell lines was higher than that of the STO (P < 0.05), and the riPSCs cultured with the STO-pLIF were close
to the traditional riPSCs, and had difference with the riPSCs cultured with the N2B27 without LIF(P < 0.05).Conclusion: The stable
STO cell lines effectively expressing porcine recombinant porcine leukemia inhibitory factor were established successfully and these
cells can maintain the pluripotency and self renew of riPSCs as the feeder cells.
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B8 naive IEIG TAHML R ARSARE . HIER
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1 #MEFT %

1.1 A

¥ DMEM . DMEM/F12 Neurobasal N2 B273%
TR, WEIR Eh 52 vh (PBS) , 55 %K ,0.25%Trypsin-
EDTA, G418, Lipofectamine2000 (Gibco 23 ] , S5 );
HRP pric =51/ [gG (H+L) —H1(Thermo A ],
) ; I 4 M3 (SV30087, Hyclone ARl FE [ ) ; i
132 (Roche A H) B ) ; L- ABEIE , 2-5i Kk O BF
2B 1ML 3E H & H (BSA), Gelatin, DMSO, PD0325901 ,
CHIR99021,Monoclonal Anti-a-Tubulin antibody pro-
duced in mouse (Sigma 23 F) , E[H); £ 25 K (134-
07911, Wako 23], HAS) 5 B MU ] A mLIF
R AR ARG N 1200 & (SCRO04, Millipore 23wl

ZE[H ) ; Taq Master Mix(Fg 5% Vazyme 23 A ) ; 25 i PR
PN YIBE ,EX Taq,DNA marker, RNA $2 Bk 77 &
RNAiso Plus, Recombinant DNase [  (RNase-free )iz
F 4 F1 High Fidelity PrimeScript™ RT-PCR Kit %5 (X
HFAEYAF]) ; BobL/Na: KO E R BUH & (b
KR 25 7] ) ;Wizard Genomic DNA Purification Kit
(Promega /3 F], EE);LIF (sc-48575,Santa Cruz 23
H), 2 ) ;Potent ECL Kit (P1425, Hit M B R4 1 2>
) ;0CT4 Uik (Santa Cruz 2 7], FEH ) ; Nanog HiL {4
(Merck Millipore 2~ ®] , 78 [& );SOX2 $i 1 (Cal-
biochem 23 &, #8H ) ; 405 1gG FITC Sl , FHT
IgG FITC HtfA (Abcam A H], 35 , fEREFAE (NU-
4250E, Thermo 22w, 32 [H) , 2% i PCR {X (Light-
Cycler96,Roche 28 Hl , Fit:), @& & O HL
(5417R ,Eppendorf A ], 2 ), R HUEE (eclipse,
Nikon AH), HA), BERMAIL (Bio-Red 247, 3%
), i CA (BD A W], 5EE ), MEF 0 KRl
WURLET 4 41 B (REF 41 ) F1 pCAG-LIF Jofs AR 52
B A F Ao, /N STO A (h R Bedn
ML), Btk DHS (AL 5T RARAF])
1.2 Fik
121 RZFZH LIF LB 8 STO 2o fie & 09 5% 5
¥ pCAG-LIF FiRi 54k Z itk DHSa 1, FFAH
FHTE A R Bk R 32100 & (DP117) , # B A 45
FRE 4] LIF 321Kk 8RBk pCAG-pLIF; 1] Bgl
I BRI DI, 2 B E ] 5 X $2 U pCAG-LIF
BB AT SRR BT WL BEY)E Y pCAG-LIF UL
AT B RE M GE R FL K, BAIA IR E 28 4 58 A 2k
Ak, FEFI ] S BEDTE 1 6] o A etk AL BORLHEA T 10
LT, A 43 560 B A6 00 Jo A i B2 RN 2B 32 | it A
F-20C&H,

FIH Lipofectamine2000 F& K 5% Je i 57 &, H 4l
U5 B LA B 2H R AR EL G/ INBL STO At %
M 1x10° A~/ AV AN T 10 em BRI [A]
i LAR 256 G4 i STO 4 AR BIPEXT R, 355% 24 h
JRHEAT GA18 25Tt IR ZS PR L 500 pg/mL
G418 ik 7~8 d, T I XF R rh 4 it B e 42 5 5E
J& , IR BERE 2 200 pg/mL ERRIFBE 2~3 d; FFIIL
H B 20 B R XK 25 5% 200~300 A4, F ]
R L BRIG TR ML P 2 i, JFARIH] 0.05%)84E 1
AL B 22 vE REANIE, 4% ol STO-pLIF 40l JF
X R T4 B SR ML A0 0 5l e 5 . FF2BRfG R
10 em AUAESEFR ML 3R, FRANMDIE A BEIAE) 90%
ZeAr s R 0.05% 14 [ 1 i A IS AR 4 i /b
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LIF 35K (STO-pLIF 4 R L5 4k s:
iR 30 A&

122 SEEFRKE ZF PCR 4] STO-pLIF 48 e+ %
LIF RNA & ik K-F

fdiFH RNA $2BUGR 7] & RNAiso Plus, #8560
43 0% 20 e B AR — B STO-pLIF 41 fifd A
AT STO 4 UEAT AL RNA AOHEEL, SR)5 , FIHE4H
DNase I (RNase-free) Z=F 5 RNA 7 0] BEAEAE )
DNA, B 1k JE 225256 7 DNA (4, %58
JECEE TR TG RNA ¥ B RO B {H, A% o PR AT
F-80°C# ., 4 BILA STO-pLIF 4 it A1 £ %Y STO
YA RNA AR, #218 PrimeScript™ RT reagent
Kit (Perfect Real Time) 271 &5 15 B 53647 [ I 5%,
A4 A cDNA, 39 LA STO-pLIF 4 i FiiET A= 54
STO ZHifY) cDNA MAHR , LA pLIFS Al pLIF3 A |
TUESIY, 4T PCR ROV HEHE LIF JEH ) cDNA
FBto VA L5% 0B REEE RS L VKA PCR 74, I H]
BERE S BRAHIC 5 . GAPDH XTI, RS 19143
512 GAPDHS 1 GAPDH3, HAKS [W1)75 L3 1.,

53 1 LA STO-pLIF 4 fg #1842 Y STO 48 At 1Y
cDNA AR | #i i} SYBR ®Premix Ex Taq™ (T
RNaseH Plus) i3 & , ¥ B UL BH B 7E 26 6 2 & PCR
1% Roche LightCycler96 [-i#17 qPCR il (EAK7]
WIWLFR 1), RG34 il 2 Fs fig ih 22
IR Wl R e e, JF TR LIF RNA ERIA &

*&1 PCR REHIS|#FF

Table 1 Primer sequences of PCR amplification

519 J751(5'—3")

pLIF5 TCCGGATCCGCCCTCTGGAGTTCAGCCCATAATG
pLIF3 AGGGGATCCGGTGCTAGGGGACCTTCCATCTAGA
GAPDHS5 TGATGACATCAAGAAGGTGGTGAAG

GAPDH3 TCCTTGGAGGCCATGTAGGCCAT

1.2.3  STO-pLIF zmig ¥ % LIF & & 84

| Western blot K illl STO-pLIF 21 iy 7 36 ik
M LIF SIS O, BAAR T 2 anF - 43 3 $2 B STO-
pLIF 4 i IS A= 7 STO 41 A 86 1, foff FH B UAG:
T A INA SDS-PAGE & FREZZ vhifk (x5) 5
b 5 min, %5 T-20CHEAFEEH . 43 HIEL STO-
pLIF FIEF A7 STO 40 20 pe B H EFET 10%
() SDS— 5 P9 45 i e B8 it ,80 VLK 30 min J& , Ff
HLETA 2 100 V 4RZ2H0K 1 h, HUIKZE A | KHBERE
5 WG J5 9 PVDF E— 2k S yialipy, inA

BERSOR 100 V BLYK 1.5 h, #EASHL UK BT VKIS 5%
PEF AT, SEIELS S  BUE PVDF S, & 5%
JEW3K A TBS-T & 41 1 h, 48 J5 43 51 LA LIF (1:500)
Al tublin(1:5 000) & —¥t ,4°Cit &, M TBS-T
BRI 3 i, B3 10 min, 4354 HRP ARICH —Hi =
EBEE 1 h, TBS-T YEAR 3 i, % 10 min, K
Potent ECL Kit ' ECL &G A # A1 B 4% Ul
BRI L ENR A IR AW n s PVDF B L
BT L2458 K W5, T Bio-Rad BRI I 5%
JHARRIC SR,
1.2.4  #)4% STO-pLIF 2 fefa 7 E 33 K K iPS 4a i,

W VR A7 1) MEF (STO STO-pLIF 40 Jifd 43 51l fift
2 10 cm FFFEILA, BT 37.5°C 5%CO, i #4885
FEBILAE 90% 12 A5 1) , M & #HHER 10 ng/mL
IREFEMALEE 2.5 h, T MEF U AR K, SO
LAEHS , MEF 1 STO 48735 LA 1.1x10° A>/4LA
1.75x10° A>/FLI 2 BE Al T TAL BEAY 4 FL AR (0.19% ]
JEALBE 30 min) 7, BT 37.5°C 5%CO, £ 748 Th B
TS, (G BE
1.2.5 KR iPS 28 it ed 355 B4 K v 25 a9 4l

Bl KR iPS ARy 2 FREE IR, BP N2B27 &5
FRIR (BRI I 0 K, mLIF) AT N2B27(-)
W (A mLIF), N2B27 1% 3% W 09 7 M
48.13% DMEM/F12 48.13% Neurobasal 0.5% N2 .
1% B27 .1% L-Glutamine , 1% Penicillin/Streptomycin ,
0.1%]Insulin ,0.1% B-mercaptoethanol . 0.002 5% BSA |
0.02% PD0325901 F1 001% CHIR99021 #1 001%
mLIF,N2B27 (=) B3 B~ 48.13% DMEM/
F12 .48.13% Neurobasal .0.5% N2 1% B27 1% L-Glu-
tamine , 19%Penicillin/Streptomycin ,0.1%Insulin ,0.1%
B-mercaptoethanol ,0.002 5% BSA ,0.02%PD0325901 ,
0.01% CHIR99021, & 75 K iPS 4fiffl, LA 750 4~/4L
AR, o3 P HAE R T LU 3 RS R SRR &
(1) 24 LA, OBAPEXT BEZH . B A= R STO A fE Ny
T 322, AR mLIF () N2B27 (- ) K53 i ; @3k
5540 . STO-pLIF 4 fAE R 3% )2, i AN & mLIF /1
N2B27 (-) 555 ; @ FH X B 20 . MEF 40 i /E A il
F22  dH1E mLIF B9 N2B27 35350, 45 R T 45 AH 7
() 40 B 5 T, JF R A IR AS | T80 8 S B
AR Rl B KA 0.05% 88 43 50T
FRCAR 3 RIS FIBE SRR R i R BRL iPS 40 R, {1
TS LSRG I S B iPS 4R MBI AR AL, IR A
Kihk A,
1.2.6 KR iPS 2 il b Bk B B 4 &,
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PHATEANE . Yoot ie)n , FE AT gt
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1.2.7 KR iPS ety T 2 e % 4ubx B T4 m)

RT-PCR A& . 435 B3k 3 PGSR R T 6
FUARH RS FR R iPS 4iilE 3 1R)5, 4 aliicdE 3 FioR
ARG FR AR 2 P A 3% iPS 40, LA KB RS0 Y
MR B REF 4B, 4% BRI 45 55 ) 0 H i A7 5

RNA A4, 730 LA 3 FldE IR R bR B iPS 41 fiE
& REF 40185 RNA ji]*%*fi ¥R PrlmeScrlptTM RT
reagent Kit (Perfect Real Time ) 12 5] AU A Uk AT
J S BRAS45 H B cDNA, SRJE, DL 3 Rk R B %
[ iPS FJ cDNA AR, 053 18 K R 2 BN 1
OCT4,SOX2 2 Nanog, LA 2% S5 IR HESE I L Uk A
M PCR 7=, IFFHEEH R AU ATIC 5% . GAPDH 1%
S PHMEXT R RS 9 70 GAPDHS 1 rGAPDH3,
ARG a 3 2,

PPEF Y S Bk 3 R IR IR R B R

&2 RT-PCR REHISI ¥ 5)
Table 2 Primer sequences of RT-PCR amplification

HH LI (5'—3") TUEEIY(5'—3")
1iPS OCT4 TGCGGGCGGACATGGGGAGATCC TCTTTCCACCAGGCCCCCGGC
1iPS SOX2 TTGCCTTAAACAAGACCACGAAA TAGAGCTAGACTCCGGGCGATCC
1iPS Nanog GCCCTGAGAAGAAAGAAGAG CGTACTGCCCCATACTGGAA
riPS GAPDH TGCACCACCAACTGCTTAG GGATGCAGGGATGATGTTC

KERiPS 4iiffl 3 U, X G FR 25 5 KA KR iPS 4
WA TS Be DY S Al KBRS AR5
H DPBS &% 3 3, ] 4% R 2 10 min; B
PBS % 3 i , 436 5 min; 25 1%Triton-X-100 %
1 h; B PBS ¥k 3 3, 488 5 min; F 10%=F 117 £ 4]
WEA 1 h 5 IR A HEFE 1:2200 #RER—Pt,4°Cid
BOWE ., 55 2 REFR—Pi, H PBS Uk 3 i, 45l 5 min;
WECIHE A 1:400 FBE 40, BIREDEIF ;1 h
J& , BEERERE B, FH PBS Uk 2 8, Al 5 min; 25
JIOA B 1:100 #i ke DAPL, ZEMFE 3 min;
% DAPI J5, JH PBS ¥ 1 3k ;5 min J5 I % K5
DABCO Anti-fate, FEIE S0 HEE T WA E1E
BLIFHARRIC SR
13 %itFs

KA SPSS20.0 GEi s, i ek AR B b
HE2E (X £ 5)Fm , R ZST,P < 005 hER
BoitEm L,

2 & R

2.1 AR REH LIF A B STO 4a e 7 69 & 5
2.1.1 &% LIF RNA # &k

WL Ag AR R FRIA AR pCAG-pLIF
L% STO 4HAE, G418 TR 10~11 d J5 , 3
AL T AN ER DL STO-LIF 408 5 74 % STO 41
fitl cDNA AR, 43264 RT-PCR 1 qPCR., 255
SR 7 AN R B e R HE SRR LIF 3

(F 1),
212 F¥ LIF &G0 EE

FEHL STO-pLIF 2 A F1EF A= Y STO Y B2
1, 00 B Pk s DA AE R STO i Y B F1 A B

7 STO BLK
750 hp
500 bp

250 bp
GAPDH

B 800007
l+ 70 0007 L
451 60 0007
# 50 000 .
>
2 40 0007 *
Z 30 0001
Z :

= 20 000
3210 000 * *
0 fﬂ .

A: 7 4~ STO-pLIF 4 8 # (% RT-PCR %5 5% ,M.DL 2000 DNA
Marker; 1~7 : 22595 1% STO-pLIF ZHfi%k ; STO ; B4 %+ I8 ; BLK ; 2%
FAX B, B.7 4~ STO-pLIF IRk qPCR 255, 5% AE#Y STO 4H il
AAEL,7 4~ STO-pLIF 4L 4% LIF RNA 3k K F4G, “P < 0.05,
**P <0.01(n=3),

E 1 % LIF £E7 STO #1 STO-pLIF At i) mRNA 3k
EIKE
Figurel Expression level of mRNA of porcine LIF genes
in STO and STO-pLIF cells
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MR A UL EPA R STO A B A /D LIF e T 4HMIE 505 10 B9 5 MEF (R332 +4h
Feik B YL STO-pLIF 4 5 ARG YL STO 4iffiAH  JRASI mLIF AL, WA R AR T ICAMEES N LIF fy8FA:

I, H4 LIF RibmA BEES (P<0.01,E2), K1 STO HFR)Z

A STO 1 2 3 4 5 6 7

LIF
Tblin ——— e — — —

B 144

— —— — T — —

%

* 1
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S

—_ —
S N

1 1
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LIF RNA A% Fik 7K

A LIF iK1 Western blot 2047 ; B LIF 2 1 15K Y 5E 43
Br, SEER STO 4IHATEL, 7 4~ STO-pLIF 4NAR 3% LIF Fikok
AR, P < 0.01(n=3),
2 Western blot #:ill3% LIF & 8 7£ STO #1 STO-pLIF
YA RIK KT
Figure 2 Western blot analysis of pLIF expressed in STO
and STO-pLIF cells
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A AR IR

23 KA IPS MR LB R B 4 &

3 LA 3 BAS [ () 3155 5 0k R 85 3 KRR iPS 2
i, ERE SR 3 ARG AR 5 RET, 43 IR FL R AT it
BEIREE YL 0 (] 4) , B R BT B2 STO T 3% )2 4
JHL B AN BRI LLF (9 R BT 20 3% 9 W N2B27(-)
BT R R T A0 2 B RS TRk 5 1E
BV A, Bl I il e € 55 FH o, i LA P AL 3 5
R T UM S IE R, it whme i 4y 2 Bk

FRAAXT BE2H

el

B 30 0007
é_j 25 0001
g 200 Sppgma
& 150007 Bttt
T 10000 -
5 000
0 2 3 4 5 6
M) (d)
B3 AEEFEETRRIPS HABHEE(A,x200)F0%E

K%k (B)
Figure 3 Growing status(A,x200)and growth curve (B)of
the riPS cells under different culture conditions
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Figure 4 Alkaline phosphates expression of riPS cells in different culture systems(x100)
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ST LS TR A E FHARARL, ] AZESRF R B iPS 41
[ EINE N A e
2.4 KR PS ta ety T am e % stk B T A
3L 3 AN [R] () 35 95 1R R 85 5 KL iPS 2
i, XPREFE 3 AUEEE 5 KA IE A B KRR iPS 41
PR RNA, 2300 ) 7% 5k i 43 i LA cDNA Ry
B, KB REF 4§ IPEXT I, X OCT4 Nanog .,
SOX2 SF Z etk B F31 794 (& 5) , & BARX 58
Y5 2R PP X BR A, B X BB 2 Bk Y Y ik
AT T P PE X RE REF, 10 52 56 2H A0 FH 4 % BR 2H 1)
FER AT, SR A B R

A > e

907 O RS IR
80 | Wi

70 - ik apict:l
O REF

A 22 R PE D AR R R IR
N
[«

0OCT4 Nanog SOX2
A:RT-PCR # I [ 55 35 2% 44 F KR iPS B Z BEYER 7B R
[ 3EFR A N REL iPS I Z REMEIF I AIXS RIAACT, SR e
HLL, *P<0.05,"*P<001(n=3),
B 5 AEEFEZETARIPS 4156 ETH RT-PCR
Lioal]
Figure S RT-PCR of pluripotency factors in riPSCs under

different culture conditions

25 KAIPS aafaTonhe. % feE BT a9 ea K g &

fERIT R L iPS 4T L3k 3 4RIk R b7
3G, FHIFRE 5 RXFTREFRAVA LK R iPS 41 il
HEAT A0 S 2 HE G 0 (18] 6) , & LB X i 2 s
AR AF] OCT4 SOX2 Nanog 55 T4l il £ R 1
BZEIk; SZUZ AN PH XS BR 2 K B iPS 4R fie
ik OCT4 ,SOX2 Nanog ¢ T-4lifi ZHeH 1, HFRik
LT 25

Merge

Merge Merge

Nanog Nanog

Merge

E6 AEEFRGHKRIPS A S EEFHRBERLE
Wl (x200)
Figure 6 Immunostaining of pluripotent markers of riPS
in different culture systems(x200)
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3 #

A AR B AR KA B RN T, D
55 EWR AL, ORI N2 M 2 B RS
B B gAY , M54 naive G120 M A0 % 2t 2264
B ) T A R AR A (R ST, R R — 2 A R A
SEFT AR . EIEAYSE naive I T 40 0 AHAR T
primed JJRJIG 41 542230 /N BRI iR T 40
TEA BRI AR, AT AL B A AR, ZEAR S
ZAF T 0] MR FR AR RS I TR AR, e A Iy
REREIEITAETE R A . 340, naive ZEAI IR IR T2
Jfl 32 FAR A T BMP4 Fl LIF/STAT3 {553 % 4k 5
AT I e R e RE gt . Ban, KR /D
R E 7 AL naive RJIGT-4IAE R 5], Bl2f
FALC g5 T 7 R R TN RG240
JiL A LIF ARHG 5 iPS i 22 06 (E RS F: 1k & 4
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