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Establishment of Cell Lines of Porcine Embryonic Fibroblasts Effectively
Expressing Porcine Leukemia Inhibitory Factor

Yang Ning”, Zhao Lihua®, Zhang Manling, Jin Yong, Hou Daorong, Wu Zhaogiang, Chen Yuan, Li Rongfeng*
(Jiangsu Key Laboratory of Xenotransplantation, Nanjing Medical University, Nanjing 210029, China)

Abstract  The purpose of this study is to establish the cell lines (PEF-pLIF) of porcine embryonic fibroblasts
(PEF) effectively expressing recombinant porcine leukemia inhibitory factor (pLIF) in order to lay the foundation
for establishing stable naive porcine embryonic stem cells (pESCs). The pL/F genes were obtained from the total
RNA of porcine embryonic fibroblasts by polymerase chain reaction. The pL/F cDNA fragment was inserted into
the eukaryotic expression vector pPCAGDNA3 to generate the eukaryotic expression plasmid pCAGDNA3-pLIF.
After nuclear transfection of the plasmid pCAGDNA3-pLIF into PEF, the cell lines that effectively express pLIF
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stably were screened by G418. The expression of the L/F gene and recombinant pLIF was detected by RT-PCR and
Western blot. The functions of PEF-pLIF maintaining the characteristics of stem cells were investigated by mouse
embryonic stem cells (mESCs) culture, the alkaline phosphates expression detection and immunocytofluorescent.
The results showed that the eukaryotic expression plasmid pCAGDNA3-pLIF was constructed successfully. The
cell lines expressing effectively the recombinant pLIF (PEF-pLIF) were successfully established and mESCs could
maintain formal morphology with them as feeder cells. The PEF overexpressing the recombinant pLIF (PEF-pLIF)

were successfully established. As feeder cells, they could keep mouse embryonic stem cells at undifferentiated state.

The derived PEF-pLIF cell lines could be possibly helpful for establishing stable naive pESCs in the future.
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5'-AGG GGA TCC GGT GCT AGG GGA CCT TCC
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HE02 min, 22 FRITAA; K SR T, BT R,
LA WG T WL, FH20 pL PBSEE BT i [ Wi
DNA, il F 5840 3 6 6 B VA D sk ik 2 s, i A7
T—20°C#%H.
124 A8% R L HLIFG) 55 IE ib s 4T 4 tm it & 89
#3 TG difE £ O 8 AR IR i RR 2
Yt 40 e, 160 cm4H 3k IR ML b, B IR AT R
85% DMEM+15% FBS; i 4% J& 4 R 40 il 45 J5 ik
80%~90%H], BEATANMUEEGx . FIFHAZHE AL, K45 ng
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T4y AT I e 3135 cDNA. R 5, 4393l LAPEF-
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B LIFREIA () cDNA F Bt e PCRJW M AR Z8 425 uL,
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5%t fE A=W () TBS-THF 11 h, 2R Ji5 5 24T P 4l —
HUWEE, 209 A (1)LIF(1:500, Santa, sc-48575); (2)
Tublin(1:5 000, Sigma, T5168), 4 °Cil# . 455 H
TBS-THEE3 Y, B 10 min. X5, 73 5 HTHRPARIC
(1) ¢ °F-(Bioworld, BS30503)#14/{ fil(Thermo, 31430)
M PL=HETE L h. WHCHEE TBS-THE3X,
%10 min. FECLK Jt #i(Potent ECL Kit, ¢ #} 4=
), P1425)h [ AT B IR 4 £ K EL R & ), i
FIPVDFE b, W55 S W1 min, Wk 2 4 k6, T
BIO-RADHER SAZAX b 12 52
12.8 4R E4&E  FPEF. PEF-pLIF. MEF
S A 53 591 FH 10 ng/mLI¥) 22 5455 2% Ab 73 h)i5, PBS4
R, FH0.05%1) ik 2 1 89 462 min, H 7515% FBSIH
DMEMZ 113546 IS 1 500 r/min 254005 min i 12
15% FBSH/DMEM & 41 its, 77 1l APEF 0.8%10%4L+
PEF-pLIF 0.8x10%4L. MEF 1x10%4LH% 4l 10.1%
B Fie T Ah R 14 DU FLAR 1, $-38.5 °C 5% COL K ML AN
WA R FR24 he
129 /) RIERGT e a3z i BaiemhmBa e &, &
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Table 1 The antibody used for immunostaining

AR 40 M 22 ek A —¥i -

Pluripotency markers Primary antibody Secondary antibody

OCT4 Rabbit anti-OCT3/4 (Santa Cruz Biotechnology) Goat anti-Rabbit IgG FITC (Abcam)
Nanog Mouse anti-Nanog (Millipore) Goat anti-mouse IgG FITC (Abcam)
SOX2 Mouse anti-SOX2 (Calbiochem) Goat anti-mouse IgG FITC (Abcam)

FBS. 2 mmol/L L-Glutamine. 0.1 mmol/L NEAA.
0.1 mmol/L 2-mercaptoethanol. 100 pL/mL 7 /4% %5 %);
(2)PEF-pLIF i 77 J2 40 )il S AN /)y BULIFEAL 1~ F) /0 B
T4k R (DMEM Skl . 15% FBS. 2 mmol/L L-
Glutamine. 0.1 mmol/L NEAA. 0.1 mmol/L 2-mer-
captoethanol. 100 puL/mL /4% 77 %); (3)PEF-pLIF/H
I 2 A0 M K% /s BRULTETR /)y BT 40 i 35 73 M{(DMEM
b 15% FBS. 2 mmol/L L-Glutamine. 0.1 mmol/L
NEAA. 0.1 mmol/L 2-mercaptoethanol. 1 000 U/mL
LIF. 100 nL/mL7/8E %7 3%); (MEFUIFE 2 41 & 7
/INELIFF) /I T4 TR (DMEM B . 15% FBS.
2 mmol/L L-Glutamine. 0.1 mmol/L NEAA. 0.1 mmol/L
2-mercaptoethanol. 1 000 U/mL LIF. 100 uL/mL 75 /4%
FEER)o BERHEHT UM, 4 di 14K,

FAEETE T3 HE6 d, XFRT IR A 41/
JV 36 1 40 28 AT el 7 W TR R (. A J Alkaline
Phosphatase Detection Kit(Millipore, SCR004)iE4T %%
0, BARD B Ui W] B AT . Jetasg ie s T3
AT MW~ GRS S (]
1210 NREFETF @b mie fxkbize W
F AU T ARG At/ BUR G T 40 i, XBRT
A I, FIPBSYELIXR, 5 minja, FI4%2 56 FH ik il 5
10 min; #HIPBSYE3 UK, FEHKS min; 2 J5 1% Triton
X-100iW3% 1 h; 285 FIPBSPE3 VK, K5 min; FH10%
Goat serum:¥f Y P 1 h, I & 1:200%
B —t, 4 CHEHIFH . £ RK¥K—H1, HPBS
VE3IR, BEIXS ming ' 0 3 P 14008 FE 1R
Pi, FWECHTF; 1 hia, BOCHER —dt, HIPBSTE2
K, BEIRS ming 2 J I JH 3 P11 100H #EDAPI,
I 3 min; BFERDAPUS, HIPBSUELIR, 5 min/5
TN KHIDABCO Anti-fate, M8G5, i H]
HUERENIES I8
1.3 #RFEIt o

843 HA R FISPSS 20045 1 #3047 B IR 3%
Ti 2203 M. BEAT W R IGTT 22 73 M, P<0.01H)E

2 R

2.1 FHRBLIFRIESHKBME

2.1.1 pMDIST-pLIFfi#:t43k4F  MPEF#EELK)
ERNAID(EH1.9, LWIRNASE =, 715 4:
SEHG . HH2 pug PEFHIARNANBRAR, [ % 5% icDNA;
PAPEF[¥IcDNA AR, 8 FH A LIFEE RS 5 | 3k AT
P4 3K15 T 677 bpHIELIFHE K ¥ H iRIcDNA F B
(El1). ZHie. Tak v b A AL DHS o5 3R 145 T
42K:3 369 bpIpMDI18T-pLIF i ki, £ BamH T %
€, RATF T P IR H I B(E2). XpMDIST-
pLIFFII 45 B o, 3RA3 00 B 1 v BC S R LIFRE A
J¥31)(GeneBank & 5% 5 - NM._214402) [ Y5 7 4 100%,
Ve LN 3545 T 34 LIF(F)cDNAJEA

2.1.2 pCAGDNA3-pLIF/f #1649 # %  pMDI8T-
pLIF# 4K [{pLIF i Bt JpCAGDNA3-hFatl %k 14 [

M 1 2

bp
2000

1 000
750

500

677 bp

250

100

M: DL2000 DNA marker; 1: RT-PCRY™ 14 [fIpLIFKE [F]; 2: %% 11 % 1
(ddH,0).
M: DL2000 DNA marker; 1: pLIF gene amplified by RT-PCR; 2: blank
control (ddH,0).
[E1 RT-PCRY 1EHYSEIERR A AR pLIFE
Fig.1 RT-PCR result of pLIF gene by amplifying the total
RNA of PEF
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1: BRI N DI BamH 18I pMD18T-vector; 2: PRI DIl BamH 15§
)% 52 pMDI18T-pLIF fiii; 3: pMD18T-vector; M: 500 bp DNA marker
1: restricted endonucleases digestion of pMD18T-vector with BamH I;
2: restricted endonucleases digestion of pMD18T-pLIF with BamH I; 3:
pMD18T-vector; M: 500 bp DNA marker.
&2 pMDI18T-pLIFFRHIEE L E
Fig.2 Restricted endonucleases digestion of pMD18T-pLIF

hFatl J7 B (%) 9 35 34 24 BRI 1A D) i BamHL 1) 15 1)
f7 15, ¥ pMDI18T-pLIF FlpCAGDNA3-hFat14) %) Hi
B 31 12 P4 D) Bam ML THEAT i V) J 3% $2 3k 19 pCAGD-
NA3-pLIFJFifi, 427 505 bp. [¥13ApCAGDNA3-

(A) Ml pge

CAGG

colEl ori
pCAGDNA3-pLIF

7505 bp

Hind 111

pLIFFUR: 45 Mg A X 1K . Nde TH1)pCAGDNA3-
pLIFJF R, 3K 157 505 bplf I3 ¥ 4 1K 5Ok F B
BamH DU V)% J5ORL, 53 3 3K 13677 bplf LIFAL
J BEAI6 828 bpfipCAGDNA3R A4 F BE; FNde T
Sma WNFY) %58 i BOE ROEFL I, $R1S T 15 1034
FZ11605 bp. 1 498 bpAll5 402 bpI Tl H (B
Be(#3). P EEgY) 45 RuiWl, pLIF H ) v B 2 OE
% NpCAGDNA3# {&, pCAGDNA3-pLIF Ji fi 4 %
I
2.2 TBEFRIZFELIFE SRR A HEMR R
REIRETE
221 FAMLIFAREL  KEPELT) pCAGD-
NA3-pLIFJ5URL I8 I 4% % G B o e N I iR B 2T 4
g0, FGA18BEAT i ik, 259 dit £ v b, L4958 3
PEF-pLIFAH il R AL174 40 B bk 1428 350 75 4t i ve
W I e

X IX 174 4 Mo ik 3 0l 3F 4T RT-PCRHQ-PCR %
JE, S5 R TR, Tk 1R B 5 LAk pLIFEE R (1) 4h i #k
PEF-pLIF1~17(5AFKESB), 5 ERPEFAHLL, H
A W 55 22 7 (P<0.001). L [RIAN [ 41 g ik () pLLF
B R R TE IS AN B4 T 3O 0 40 AR F A

(B)

A: pCAGDNA3-pLIF Fthi £ # A5 5 B: pCAGDNA3-pLIFFRiEF ) %5 . M1: 1 Kb DNA marker; M2: DL2000 DNA marker; 1: pCAGDNA3-
Fatl 5Ol 2: Nde IR Ll)pCAGDNA3-Fatl; 3: BamH 1/ /JpCAGDNA3-Fatl; 4: pPCAGDNA3-pLIF)itki; 5: Nde TfiFJjpCAGDNA3-pLIF; 6: BamH 1

fiti J)pCAGDNA3-pLIF; 7: Nde 1/Sma 1 J)JpCAGDNA3-pLIF .

A: structure pattern of pCAGDNA3-pLIF plasmid; B: restricted endonucleases digestion of pCAGDNA3-pLIF. M1: 1 Kb DNA marker; M2: DL2000
DNA marker; 1: pPCAGDNA3-Fatl plasmid; 2: restricted endonucleases digestion of pCAGDNA3-Fatl with Nde [; 3: restricted endonucleases digestion
of pCAGDNA3-Fatl with BamH I, 4: pPCAGDNA3-pLIF plasmid; 5: restricted endonucleases digestion of pPCAGDNA3-pLIF with Nde I; 6: restricted
endonucleases digestion of pPCAGDNA3-pLIF with BamH T; 7: restricted endonucleases digestion of pPCAGDNA3-pLIF with Nde 1/Sma 1.
&3 pCAGDNA3-pLIF AL K HEFEE
Fig.3 The structure pattern and restricted endonucleases digestion of pPCAGDNA3-pLIF
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A 26 GA1SALFE (175 5 [ Xt HEPEF; B~D: 4:G4180i 1% [ PEF-pLIFAI 3 52 % .
A: negative control, PEF processed by G418; B~D: cell clones of PEF-pLIF selected by G418.

El4 ZG4187H1E R B 2R AR 5E B (40%)
Fig.4 Cell clones selected by G418 (40%)
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PEF PEF-pLIF mix

A: 17/PEF-pLIFA i R ZRT-PCRFEBH2 (. M: DL2000 DNA marker; 1~17: 22540 % PEF-pLIF 40 i k; PEF: B M BLK: 25 (1% 1 B:
PEF-pLIF 441 il R £ RT-PCR /5 5 FEPCR(3K A S8, B v Hicdis b P38 B br il 22, #+P<0.001, SPEFMILLE); C: WA )5 IPEF-pLIFAH fu bk 4
RT-PCRJFEB#:{%,. M: DL2000 DNA marker; PEF-pLIF mix: Ji5 5 PEF-pLIFZl Jfi#k; PEF: BHYEXS [ ; BLK: %5 (%) i D: PEF-pLIFiE & 41 o bk
ZERT-PCR i 5E SPCRUM LS, B bl 4~ P8 8 brfE 72, ##P<0.001, S5 PEF LAY
A: ethidium bromide staining of RT-PCR for porcine LIF genes of 17 cell strains of PEF-pLIF. M: DL2000 DNA marker; 1~17: 17 cell strains of PEF-
pLIF selected by G418; PEF: negative control; BLK: blank control; B: quantitative analysis of RT-PCR for porcine LIF genes of 17 cell strains of
PEF-pLIF. The graphs showed mean+S.D. of the amount of PCR product obtained in three independent experiments, **P<0.001 vs PEF; C: ethidium
bromide staining of RT-PCR for porcine L/F genes of PEF-pLIF after mix. M: DL2000 DNA marker; PEF-pLIF mix: the cell strain of PEF-pLIF after
mix; PEF: negative control; BLK: blank control; D: quantitative analysis of RT-PCR for porcine LIF genes of PEF-pLIF after mix. The graphs showed
mean=S.D. of the amount of PCR product obtained in three independent experiments, **P<0.001 vs PEF group.

E5 JELIFEFEEPEFFIPEF-pLIFZAAE F B mRNA Rk K F

Fig.5 Expression level of mRNA of porcine LIF genes in PEF and PEF-pLIF cells
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(A)

PEF-pLIF

LIF

Tublin

®)

3.5~

3.0 ~

2.5 1

2.0 1

1.5 4

1.0 1

0.5 7

Relative expression of LIF (D ratio)

0-

PEF
A: LIFZRIA Western blot7) #T; B: LIFER [ 31K /K P (1156 f: 4301, DUGAH A PEF-pLIFAN JULIF#3A LEPEF AN ILIF K 1A (n=3), **P<0.001, 5PEFZH LLE
A: Western blot analysis of LIF expression in PEF and PEF-pLIF cells; B: protein expression level. D ratio of LIF between PEF and PEF-pLIF cells.
Data are reported as mean+S.D.. n=3, ¥**P<(.001 vs PEF group.
El6 Western blot% # & LIF& B £ PEFFAPEF-pLIFZH Al fh 89 2R3
Fig.6 Western blot analysis of pLIF expressed in PEF and PEF-pLIF cells

PEF-pLIF

A: PEF//N UG T 41055 332 (N B LIF); B: PEF//N RV T4 L5535 (57 LIF); C: PEF-pLIF//) UG T-40 Ju 3 32 M (AN & LIF); D: MEF//M R,

JA I 40 s 7R (R LIF) o

A: PEF/culture medium of mESC without mLIF; B: PEF/culture medium of mESC with mLIF; C: PEF-pLIF/culture medium of mESC without mLIF; D:

MEF/culture medium of mESC with mLIF.

E7 FREEFFER /R AR T4 Aam It i ER R R 2. (200%)

Fig.7 Alkaline phosphates expression of mouse embryonic stem cell indifferent culture systems (200%)

— 8, OB 17N G AR VR A % 9%, 15 3140 g R PEF-
pLIF, H H B i 1TRT-PCRFIQ-PCRE 32 . 45 LM,
B 45 40 i R PEF-pLIFAEmMRNA K P-4 AR i R iE pLIF
FEIR, H5 B A RUPEFAH Lo AT B 825 1 2 S (B SC
KI5D)(P<0.001).

222 FAMLIFERG &R PRI YIRIEE R
4 WPEF-pLIF4 i FIPEF 4N Mo ) &2 85 (1, W 25 1k
4309 49 1.64 ug/uLA4.54 pg/ul. LLAR % YL PEF4
LR AR 1R B B, PR ALRE SRR 25 pg i
13517 Western blot. S48 &5 SR B, P LFE S 7EAH
X5y T 237 kDadb B A LIFS& iy & ak, {H B2 41
PEF 35 3 & 1M PEF-pLIFZH 1) 3% A 1 5%, 13 1] B A5 A
PEFA G 7 /b HLIF ik, {HE; Y4 PEF-pLIF4i il 5
K YLPEFAN i AH Lk B 4L LIF R & & A b fe 35 22 5%
(P<0.001)(F6).

223 RAERST iR aE R EE & HIPEF/
/N BRVE G T 40 i 15 FR (AN & LIF, BIPEXT ). PEF/
/N BRVE B T 40 B R (T LIF, BH 44X ). PEF-
pLIF//N W i T 41 i 35 532 (A S LIF, SE56 4) &
MEF//> il R Jify 40 i 15 72 (T LIF, BH PR BOAS
[FRE IR AR R0 R RN R T4 . 7ERE 934K
JEIER6 A, 23 B LA T R IR e . 45 IR
R, PEF//IN BUW G141 s 72 (A & LIF) #5772 44
AT A0 LIRS, T AR L IEHTER,
ool 2 g 1 il % € 555 B, o LR — AR R AR R )
T4 W T A L, Bk Tl R T G £ B (7)), U6
PEF-pLIFAI g A] LAZE £ /I VR JIG T 40 i oK 23 AR
224 PRERBTF@BLAERALE BIEM
Je 56 6 R 77 1) £ 21 /N UV I 40 i 3k AT 40 e
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(A)

(B)

A: PEF//)N U AR T 41 I 15 97 (R S mLIF) R 48 B: MEF//)S R B 1 410 i 15 9% W (5 mLIF) R 48; C: PEF-pLIF//)N fUE R T 41 BB 15 97 (R &

mLIF) & 4t; D: PEF//)N AT 41 LR 328 (FrmLIF) R 56

A: PEF/culture medium of mESCs without mLIF; B: MEF/culture medium of mESC with mLIF; C: PEF-pLIF/culture medium of mESCs without

mLIF; D: PEF/culture medium of mESCs with mLIF.

E8 FEIEFAGET /R THES 48FF(OCT4. SOX2FINanog)HY 5 % 5 S 147 (200)
Fig.8 Immunostaining of pluripotent markers of mESCs (OCT4, SOX2 and Nanog) in different culture systems (200%)

e P YL ta, 45 B R OR, PEF//N B IR T 41 i 5%
FEWLAS ELIF)ZH 1 /) BV JiEs 1 40 1 355 A RS A 3]
OCT4. SOX2. Nanog®s T 4l ig £ fe A T 1 K ik
PEF//) bl JW it 40 )2 35 97 M (B LIF)41. PEF-pLIF/
/N UV G T 40 B 3% 97 M (AN B LIF) 4 & MEF//) B
JIf2 - 400 B 155 2 (T LIR) 2L 1 /0N BV I 1 4 i 347
FiE0CT4. SOX2. Nanog T4 felkl 1, H&
IR T ZE R (KI8).

3 1Tt

H G40 M I 9T d B LT 19904E M, —
DAk, Fo R K IR R UM ml. B Bk, MK
naive % [& T4 Jl A fE 7 e D)7 AH R r= A AR B
Rk S A MEnaive 2 GE T4 i v AR WHE . F7 LR
BRI, AT HE L5 55 7744 2 b A RS ) 1 7 JE NILIF A
Koo WAL B 7E i AT KA EAUELIF 46 I
JiE AT 44 A i, R DAHCAR S 1) 5% J2 40 i, LAJELIF
AR I 1 N5 B SR LIF LA JE G IR ol A [R) T s
JRRTLIFAE FH BOAN ], TR] A DA I e 2T 44 4 i AR %
STOHMEF Tt 4 i 45 S5 A Sl B 70775 G 1 XU,
M R Gl £ Hmaive VR i T 40 i 1 35 5% R i it —

g AT ek

LIF & —Fh BE R IR I 2 1, 6/ HE L Ab AT
A ARPEREEALFR B AN ), 3oy 71 0] 20 kDaZl|
67 kDaANSEM, ASIZIG B 1 A9 BRSO, TR ALK
LIF K237 kDa, 55 SCHRHRIE If 25 FARTF, iz 45 4
AT RE HH T LIF 30l 240 T 30, 4564 7 s 4 0Bl
b, LIFf K2 78 11567 kDa. J5i k% ik R 452
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PRI AL TE XA LB 2 i PR, (ER SRR
SO A R A DA L G R A A BT
THAAAR I N AZBEAE 16 S o (R, ARSI R g T
1% 3¢ % 3 pCAGDNA3-pLIF, F| JT] 2L 4% % 35 25 4k
pCAGDNA3-pLIFXf JELIF A 1847 &0k, L AE 18
BT B B . 53 4h, pPCAGDNA3-pLIF & H
HGAIPUIE I ELR% AR AR B A, AL v LALE I 7L 3h
Y an i b HEA T AR E RIB G LIFFE N 40 i R ik, 1E
T AESE RGBT 4 40 B b AT LIFFE TR R R e 2R
LIFJ& TIL-6 55", FLAE 2 Bl 2 2R 41 o b #0 A
Ik ARSI IE S, PEFFJRA /> ELIFA Wb, {H
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1L ¥ pCAGDNA3-pLIF JFURL % G HEPEF A Jfd, BE4T 0
B J5 40 i ) LAAS s R IA EEAILIFER [, 5 PEFAH
FE L LIF 73 Wb A B B 2 22

LIFY 52 /KLIFR-gp13045 41920 il il JAK 21
% A8 STAT3 M 1% A0 221, AT i A4 T i B ok IR 1
(1) 2t S RN AR 3, T 00 o VR~ 4l L ) oo BA
PEF-pLIF4H Jiil A 24 1) 5% 2 40 o 1% 57 /N WUV Jif 1 4
0, e s R T R 40 L e 5 D et 2 R R, AEA
INIMANELIF 1550, LAPEF-pLIF4H Hu A 1 9% 12
) 2)N BUVR JIE 40 L PT LR R 7RSS
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JVR i3 1 2T 44 41 i RE 88 il ) 73 Wb B AL LIF 82 1, LA
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Ao MR IR T e N A G TR
Finaivel JI5 40 a2 A S R LA I B 972 4 A8, R ]
H I SRR I BRI AE AR R 38 o fH 5 8234 75 X PEF-
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