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Biological Characteristics of Porcine Primordial Germ Cells

Ma Jing#, Zhang Yo', Wang Jianyu, Xue Binghua, Wei Renyue, Li Yan, Liu Zhonghua*
(College of Life Science, Northeast Agricultural University, Harbin 150030, China)

Abstract Embryonic germ cells (EGCs) are a kind of pluripotent stem cells derived from primordial germ cells
(PGCs). Studies on biological characteristics of PGCs are favorable for the establishment of EGCs and understanding
the development program of germ cells. In this study, we observed growth behaviors of primary porcine PGCs as well
as expression patterns of pluripotency and germline markers during their reprogramming. The result showed that PGCs
isolated from genital ridge of porcine embryos age of 26 d were alkaline phosphatase-positive cells, with larger size and
nuclear-cytoplasmic ratio; the PGCs exhibited enhanced migration and proliferation abilities at the beginning of ex vivo
cultivation, and the propagation reached a plateau at day 5, when the clones were with elevated levels of Oc#4, Nanog,
Sox2, c-Myc, KiIf4 and Ifitrm3 (P<0.05) and depressed level of Blimp1 (P<0.05), compared with porcine embryonic fibro-
blasts. Besides, the primary clones had the potential to differentiate into different cell types.

Key words primordial germ cell; embryonic germ cell; porcine; reprogramming
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e, 3 A JVR i At IR ¥ P 03t s 2 P AHE L 23 BSICMIT)
YIRIRAL T IRAF A0 B R ik £

19924F, ResnickZ5E!M M FIMatsuiZE P /N R PGCAA
AN GRS T EGC, I % %40 M i AE K AT Ry A0 4y
T it HESCILL, B, StewartZEBRIE 52/ FREGC
HA M ARG RS, G A Re i 1, M
MR T w2 S8 % Ar A Rl b 2 L EGHH i 5%

Vol 19974, Shim&E MM 24~25 H & % 1) AE 5l

I 4y BIPGCHE . T HEGHI ML R, FE3R18 Tk & 1A
5 19984F, Piedrahita%5 5% T 15 I EGCHEAT 4 Jk Al
BAE, IEHZEGCHI & ik G A8, K15 T AP ik & 44
Fo UbJa, BESATE Py 4h 1) S5 S HRIE T HEEGCHY
AT, BLFRA S O (E R T IR A R EGCHR I &
TE— B BG4 M I 25 5 b, FOEH
HRP R kA e FIEEGH I R A A #E koK. 5
FLJRA, A W T S B 97k R SCRFPGCI AR A1 5l
b B4R Z BePE R A UL 1
IERE M. T4k, HPGCH: R RN —H
SR LA T AR R, B AR SR R A M A I
B LR AN [R5 PR 1l 77 2 At 1y e
TG H R RTEGCH: R AR 2L & 5 2 se ik
FHOR I 5 38 B /N 1 300 7] ) F8 O A FH 250, 4R
1M, ZERRMARA B8 G TR R, MR T Bl At
PGCZ et 4ERFFI /AL AM LI IR T i

PGC/ZEGCHHME— 5 Sk 4il fl. Wi % 8 913,
FARE T PG ) A= JH I XL A% 11 [ I X S 34 4,
AR JE, PGCE ) T 3R M istfL i gn F2 T I 28 o0 1k
M AEARSNE B IR FRAAE T, PGCIn A= 5 41 i
() ARE A Ak BEL KT, 4 A 0 B8 B 3R ST HLE 22 1) 43
¥ REMEGC, B T, X Tz BEAL ] BT 90 3 22
Erh /R, B IHRIE 202 6 TEGCH R IF 5%
IR AIPGCER 10 AH 2 ) 22 W38t A% 2% 1 48 (1) i 901011,
IR T HEPGCA 5 A 1 2 R 11 (e o) o 6 o o 2 0k
FErp 2 ReTE) AETH FR bR i 2k PR 3R A X IR i 7
AHE. SR, %7 R R AR TIHEGCH]
B TR AR, TN AR T A0 AR 9 R B HILA ) i ok H
HEER X

1 #5754
1.1 FR¥wtR

256 FH A AR AR K 2 2 2 e 2
PRI

1.2 AT RILEE

Jif 2F- L35 (FBS)~ =1 #FIDMEMI [ Gibeo 2
BERE . A7 % W H Cellgros #; NYET-41 K1
(human stem cell factor, h\SCF) S A ¥ ik 1" B T 4
i ff 4= 4 X -7+ (human basic fibroblast growth factor,
hbFGF)Il [ R&D 22 w5 A& [ M5 # il I8 f (human
leukemia inhibitory factor, hLIF)%J F Millipore A #];
— $1O0ct4. Sox2. NanogHISSEA1 H Santa Cruz
Biotechnology /A r]; Stellally [ Abcam /2 w]; Blimp 1)t
[ Thermofisher A &) ; B P % g s (4377 & . H&E
P G B 28 2 RAEVE AR . HAbih 2
TR A 3 B il o

6FL F124FL 41 g £5 7% B (Costar); — 28 Akl £ 77
#i(Thermo-FORMA); {8 2 il 5% (Olympus cx21);
P X 4 B2 (Olympus Dfplapoix-4); £ Y 7 #l
(Leica-RM2235); Real-time PCRIX(ABI 7500).
1.3 #EPGCHIN B RIESF

AT 20 8526 dIE IR iR, PBSIEUES S IR
FRHEGE /I o0 3] BB A1 v Y P ) AR LU, PBS VR S
B mm?’ PR I ZH 2L, TN0.25% Trypsin-EDTA
137 °CHA10~15 min, 1A S S IRFT3~50K, I &
DMEM-10% FBSZ 11:H 4k, #5005 FHEGAH fu 777
HR A I T WAl S A B TR b, B R4

EGH 55 72 % #720% KOSR.  FiHfDMEM.
2 mmol/LAF 24 Wi Jfd . 1%3F 0 75 24 FE 1R 1% AL
10 pmol/L B-3% #& £ ¥, 5 ng/mL hLIF. 10 ng/mL
hSCFA110 ng/mL hbFGF.

1.4 JEETEIBHE LAY FAH &

P L3P 1) 20 BRER 26 Q8 IV Jif (1) A i U,
PBSISUE3 IR, B T4%% 5 14 °ClH & i &
HUURAET0% 80% 90%. 95% LI 4% i /K6 h,
JoK CEEPRIKT b, 20k — HAIE W]20 min,
2R, HRHT1 1 56~58 CCHA i Hhifu2
DG AT LI fpif e A 2 5, MRS D) A
BUEHSED) I, DI IR EE 46 pm.

1.5 W SEREE R E

7 LRI R IR, PBSIHVE3 R, THA4%
%2 5 W R[5 %2 1 min, PBS{H P63V i A i& #=BCIP/
NBTH 8 TAEW, i DR 3L 70 40 7 a5 FF i, 37 °Clilit s
% 530 min; PBSISUE3 UG T Wi Be T WS T4 .
1.6 RBRALE

W2 4 I 55 979, PBS(pH7.2)WE3 K A 4%
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LR -

% 5% FE [ 52 30 min; PBSYE3VK, 37 °Cif %
JE1 h; WS, SN B AR A h, DAH R —
$1Oct4. Sox2. SSEA3. Nanog. BlimplakStella,
4 °CHF & 1 & PBSUE3 G RGN — 41, 37 °Ci
JEFE 1 h; Hochest33342%44% 10 min; iEVE3 X, A
B 9¢ JEi KA, 96 BT NS A IR .
1.7 ERFEFTEEN

TR AN M S RNA, H AR FE 2 M Trizol Rea-
gantBi] . e AcDNAJG, #% M TaKaRa SYBR
PrimeScript™ Kitist B 5 & V7. )& N Ak . GAPDH
KNS, JERE L ECET 4 4 i R 6 R, SR HIReal-time
PCRAS W 4 Ji 43 A= 5 40 Ml 22 fie P L Kl Oct4 - Sox2.
Nanog. c-Myc. KIf4F1 £ 78 & br & %& KIBlimpl
Stella. Ifitm3. Nanosl[F1ZIA/KN-o FrH 514 ¢
KREER G R 51 IR
1.8 S kee
1.8.1 #EARGGET M PO A
B, IIA0.25% Trypsin-EDTAF-37 °Cil§4k10~15 min,
SO TR) s SR AT 3~5 UK HLRL 41 i, i ADMEM-10%
FBSZ LAt Bl . A S A KB T 1
EGHH i % 77 10K 41 i T8 1 B2 280 8 I 2 B 15 7%
ML, 37 °CHEFE3~4 daf WAHEARIE o

1.82 fmlety A A AILERSNESES d, ¥
0 8% R e R AN B AR KR T EGAN I 15 77 8,
B2 A IR, 10~12 dINAE AT TR I .
1.9 #EFIt

K I SPSSHAF A (10.0.1)3E 47 4 b 2, &
FVESy BT K Ml student t-test, P<0.051A K 177E & 2
ZE 5, P<O.OVIANHAEAER 2 3% 2 7 .

2 R
2.1 BRIFHIEMRAIIRS

26 dIFIHE G (B LAY H o B LR B, mT
WARFEIS AL T i, B B (BB i
SKFTRY o AEFHIS D) 200 i 1 Il 2 €, mT AT Bl
bR 5% 28007 A4 B URE T Bk 2 Tl R R 2 1)
PGC(E1CE B #7 Sk i), i 5] 5T 4 1 52 el 1 1% e
iR B ES) B IPGC (B 1D P (0 5 Sk i) 2 [
B, PRAVE A S A0 K, 40 il & mT LA /N £F B4
g,
2.2 BIRBEEMEMEKITA

BIEPGCHE T 1.31IA MEGHN Ju 1 779 h K5 97
FM A KAT A NS IR dJE, 4 et
PRI ERFE O A (BI2 A 4 8 Sk ), HoOK 2 40

&1 51MF5I%

Table 1 Primer sequences

HEH S P

Gene Primer sequence Product length

Oct4 F: 5'-GAA GGT GTT CAG CCA AAC GAC-3' 185 bp
R: 5-CGA TAC TTG TCC GCT TTC-3'

Sox2 F: 5'-AAC CAG AAG AAC AGC CCA GAC-3' 155 bp
R: 5'-TCC GAC AAAAGT TTC CAC TCG-3'

Nanog F: 5'-CCT CCA TGG ATC TGC TTA TTC-3' 210 bp
R: 5-CAT CTG CTG GAG GCT GAG GT-3'

C-myc F: 5-GGA ACT CTT GCC CAT AAA TTG ACC TA-3' 153 bp
R: 5'-AAG GTT GTG AGG TTG CAC TGG ATC-3'

Kif4 F: 5'-AGA TGA ACT GAC CAG GCA CTA CCG-3' 133 bp
R: 5'-TGT TGG GAA CTT GAC CAT GAT TGT AG-3'

Blimpl F: 5'-GCT ACA AGA CGC TCC CCT AC-3' 239 bp
R: 5'-GTG GCAAAC CTG GCATTC-3’

Stella F: 5'-CTG AGT AGG TTG AGC CCA CA-3' 281 bp
R: 5'-CCA AAA GAG GCA AAA CCT GA-3'

Ifitm3 F: 5'-CTA CTC CGT GAA GGC GA-3’ 123 bp
R: 5"-CGC AAT GAT CAG AAG GAG G-3'

Nanosl F: 5'-GTC TGC TAC TGC CAC CT-3' 124 bp
R: 5'-CAT CTC AAG TTC AAC CAA CAG-3'

GAPDH F: 5-GCAAAG TGG ACATTG TCG CCA TCA-3' 213 bp

R: 5-TCC TGG AAG ATG GTG ATG GCC TTT-3’
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A: 26 d¥RRIEAG; B: 26 dRRIEIATK A I, C: 5 A BRI L7 D) J Ik i P At €5 D: B> BSPGCTRTRE R E A (. 7 /X=50 pm.
A: porcine embryo at 26 d age; B: genital ridge porcine embryo at 26 d age; C: alkaline phosphatase staining of histological section of genital ridge; D:
alkaline phosphatase staining of freshly isolated PGC. Scale bars=50 um.

B ERERR A FE A AERY RIS

Fig.1 Acquisition of porcine embryonic germ cells

; o 1o ', i = 2 “\ —

A: RSN SRL dINFEPGC; B: AR4M%IR2 dIFRPGC; C: ARAMETR2 dIIPGCINTRIEBERR AL (7 D: ARAMEIRS dTE LI e BE; E: ARAMEIRS dIE ik

o E R PE BRI A (0 F5 =50 um.
A: porcine PGC after 1 d of culture; B: porcine PGC after 2 d of culture; C: alkaline phosphatase staining of porcine PGC after 2 d of culture; D: por-
cine PGC clone after 5 d of culture; E: alkaline phosphatase staining of clone after 5 d of culture. Scale bars=50 um.

E2 JEFRIAEAMMBERSF IR

Fig.2 Morphological characteristics of porcine primordial germ cells

IR, WE2ASCE KPR, TRy B, B IR IR A AU 2 A KR RN PGC(120),
PGCIKEAFAE. HiFRH2 d, WFR MRS I BT L SE A (K O L 327 12 2R 4 i B AT R U 13T 42 g
T oE B RE A0 M SR A R (JE12B), R T EER TRy B85 d, AT RLUER B 5 B TN 20 (K12D),
JRAN LRI PO B AN IR IT A, 06 DGR IR, M IR) 3% B2 5, G S AN W] L el
Uf s JUBPEBETR B0 G IR INPGCHEATAR L, 45 Rk MREER O o (K2B), K2 Bovdke Je (ot 2 8 |
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GG M, R4y v I v R G R A GG
Bk, #RHEPGCIE 1% v I I 5V A7 7 30% A6 1)
UEAh, JEPGCIRARKT FRIAIR], AT T ORI i IR I
FHPE SE R T e Rl (1813) . &5 R o, MR ahE I
(FIHT3 d, APBHPESE R R ARHOE K 254 d)5 19 5E ik
22, 955 ik BIEAH, SEII AN RIS o] LIS )26
B )G v B EORS A T B, BT dnT AN ) e i
AR G
2.3 FERERREEMBEAIRINS 1L
PGCHEANEFES dJi, W5 IR 3 A& A
K 7 I EG 4N Mo 55 77 W 4k 8215 78 5~7 d, nl LA 22 3]
T R I SR A A A A (B 4A) . AT HEFE

35 7

AP positive cells

0 1 2 3 4 5 6 7
Days in culture

B3 JERERR S FEMMAERY ST PE R AL

Fig.3 The clonig efficiency of porcine embryonic germ cells

A MREFEAM, B: AT HERF AL, C: b SR I D: SR, A7 R=100 pm.
A: nerve-like cells; B: fibroblast-like cells; C: epithelium-like cells; D: embryoid bodies. Scale bars=100 pm.
El4 FERMERREEMMRI B A5 1L

Fig.4 Spontaneous differentiation of porcine embryonic germ cells

AN(E4B) LR ANR(EI4C) I, KA S dif)
i BV AL RS0 B, R R FR3 dJE T AR TE 1,
BE N SV AR 5 -5 W R BOIR (B14D) . 1245 2R
IR, PGCIE I IR AREGCH: 7 [ 41l i HL AT 47 1)
A4
24 JERRRREFELMBERY % REME R A FE A B FE R FRIE
A S 1 S T8 e g% SRR M T AHEGCHE v
R 1 % RePE S K T Octd Sox2. Nanog, B 5+
P T SSEA3FI AR FH 53 AH G KL M Stella Blimpl
M 2 0k 1 Bl 45 B 2 7R, Octd. Sox2. Nanog.

SSEA-3IStellatt v [ 1 ¥ i BH 1 2% 1%, Blimp1 0]
AFKIL(ELS); 2 Ret sk R 4R b o A e 4 Az
1M StellafE J 5t 52459 53 o

Bt I 11 9¢ ' e s PCR &S R R, Bkl i) 2 6
P 8 3 K FOctds Sox2. c-Myc. KIf4FINanogft
EGCHE vl [ I R IE 7K 1) 2 i T4 G ) LT 4
4 (EI6A)(P<0.05); AEFH FRAHRIE R/ —F )k
A BLA B EGCHE: v FE R Ifitm 3 1) 255 5 0 35 1
THENE ) LS ET 4E 40 Jf1(P<0.05), Blimpl ik B 1%
THERE )L RET 4E 40 Ba.(P<0.05), 1] StellaFNanos 143
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(A)

Ar ZHETEFE R G B F 6K, 3L b 2 18y Hochest33342 4 4 1)
Mz, 4 BEAFITCHR G I 2 REVE RN B: AR5 AR 8 K K) S 520t
Kol e oh 22 18 Hochest33342% (4 i A1 L%, 7 1€ A FITCARIC Y
Octd, 47 E N TRITCHRIC AT RIEH . b5 =50 um,
A: immunofluorescence staining of pluripotency markers of porcine
EGC. Left: nuclei stained by Hochest33342. Right: pluripotency mark-
ers labeled by FITC-labeled antibody; B: immunofluorescence staining
of germline markers of porcine EGC. Left: nuclei stained by Hoch-
est33342. Middle: FITC-labeled Oct4. Right: germline markers labeled
by TRITC-labeled antibody. Scale bars=50 um.
El5 SERRRR A TELMBERY % BRI R A TE R E E Y e R R AR
Fig.5 Immunofluorescence staining of pluripotency and
germline markers in porcine EGC

IR P ERARE(E6B).

3 g
WA WAL G R, A AT 5w 10 4 B A,
I IR by T AR 2 A« B0 T BN G e ML 5 A

(A) 121 OPEF

Log? fold change

= = =)
*
L
|
— %
Ly
|
——1

i

-
T

-
e

DE Sox2 Oct4 c-Myc Klf4 Nanog
(B)
237 0 pEF
%
201 ® EGC
o 151 {7
en
g
£ 101
=
& 57 I
E ot+—F —Ffr— [ ‘ ITT .
S \
M
!

Blimp1 Stella Ifitm3 Nanos1

A: ZREMESEN 3RIE; B: A0 R IL N (KR IE . PEF: /i) L ET 4k
Af; EGC: WM EIHAR . *P<0.05, 5 PEFA HLAL

A: expression of pluripotency genes in porcine EGC; B: expression of
germline genes in porcine EGC. PEF: porcine fetal fibroblasts; EGC:

porcine embryonic germ cell. *P<0.05 compared with PEF group.

Elo JERERREFAMMAIS R REERERM
mRNAZK A&
Fig.6 The mRNA levels of pluripotency and germline

genes in porcine embryonic germ cells

JEH e, B ARSI . Rk, 3G+
I N VA E K- 7 Qe EP S Rt kb N7 S G -
ER R T4 M. 3L N, R RATIR 2
BBk 4 RE AR A AL T IR B AN SR IR N, A
FE LA R B R A R 5 BOVE i AH R AR A 4,
FEZ ek e R B . AR R AL 1
IEM B %% . PGCHE HEGCHVE Sk 40 M, xF JLA &
A P R L g R e e v I R SRR A
WF9E R I AR I EGAN i R B F 2 3

AWFFOR MG 53744 R, K IB 5 2511
FEPGCHAT IR B [V B AT R fig 41, K5 F%S dainl LA
EFE N HAT Z M el . v WL, T IiERT
TR SR PGCI B fE . 1445 A 5 PetkovaF7 1)
SEIG A — B, AR M Petkovas K HISTOA i 1 o 1] 77
JEERFEEPGC, ASEIR T IR R R R,
U HbRE o T AR BN R T (RS, Sk S A DAL R
TR T A WA RS 2 41

PGCIH 5 4 FE LB — R V041 AT 4 b ek
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BRI -

AR SIS R, B AR S IR ) AT DU K Rk
T ZE AR AN M . 2 1 7E PR S AT W 0 W,
JNHE24 I R B TR PGC S B/ IR 65 44, 15 Bt
TEUIR 25 4 (R AN W e 4, 28 3 I it TP GC i IR &5 4y 14
K, BRI AR A K 5 v ek HL AT RE SR,
0 B 1) R 20 P AT A B 5 M A0 5 B AH ELAE A,
S v FRATT FH B R B PGCIEAT bR, 45 R K
B, K5 RE (FIPGC o A 1 55 e 4 o v, I e A
o RAF L BAT RIEFIIT AL ). RN, S0 XiE
HTUEPGCH E ik I #O T F-actin, myosin 1A
ROCKAF 5 18 I Fs ™ . S 9722 1, ROCK
5 0 R T AR AN ) 2 B R bR E AR 0,
DRI, oAl 14T 2 d e, PGCAE A sk N AETh g L
BRI — 2840 0, LA, k. TR
AT A R LR EALRAE & RS s R R
(R AEABATE: o

+ 41 M 1¥) 22 BRI T- 22 Rl DAL R 4 9 45 11
FENLFERF ARSI IR EGCH: v b, H 2 R
P S R F-Oct4. Sox2. Nanog Fl Bty 7 4 JIE i
PR SSEA3Y) Jy P17 2 15, Real-time PCR&S S it —
RS H 2 BRI IR (K R AT B3 v T IR ) L ET
Yean i, vl WZM RS R ZaetE. iAW
IPGC A& FL e T 41 L, B MR G e w45
AR PR IE T, I AR B AR e R ) I PR AR A
JEPGCH; A 1 vk 5 K 5. Blimp I ¥% Jy Prdm1, 1
PGCRU I B P R EEAE . A 2/ RAFIT
7, Blimp IR AL W R, PGCHE H W1 kb, 41 i
ANBEIGIE . L%, ASBEFN I Hox 28 1 Ik IR ) ikl
StellaFt IR 2 i &4 S APLE I (Y B (1, 7EPGC.
SHREAN I naive T4 384 KiK. Ifitm3 /gt
P PR ER A RIEE D, B9 R, /N RPGC TR A=
FEISERS (I FE , Ifiom 3BE TR PSS e B AT PGC Y,
Z B ES, Wiife RILITB . Nanosl
BT iR R A R ot TPGCI A1 A B 2E4E
H, BeAk, Nanos 0}~ 5UBEAR I AF e i 5 TS A
HFFUIR o 58 e 5 B o, EGCHE v e Hh RS AS 31
Blimp 115 %5, F HBlimp I f)mRNA/K P . K T
GILET AN . /N B ETE R I, 7R W PGCHS
b )5 BUAASNEGCIE i, Blimp 1 ) #3558 535 K %,
bRk, e-Mye. Kif4. Dh38%Blimp 1 )30 55 A
B P20, iy o-My o FNK I f44E A B2 1 22 REPE A 7,
A MBEOE N EGCH 4t A IE R BE . v I,

FPGCIE B JEAR e b O 8047 T ¥R %1 1) B 4 £2,
Z A H B RS AR T % E 2 A £ 1
SR RE . R fitm3 & TR R AHOCHEE N, (R T
Ifitm3{rPGCIT ¥ i #8 h R 5 7 S5 5 [ 24k
H, Ifitm3FE R R 5 2R AR B2 7R FEPGCJRUAR bt Bt TR ) il
A0 M BV HOR R FF A R IFIRIT R B ), X R/ R
X1 #B CL 4 A 721,
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