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HRAG B BR8] FE BT AR o BRiE TR R

FRT IMEY WE ERE
(VL P TR A T VA5 e FOL - 1 1) s S8 =2, B 341000; 2L VU3 TR AL B B s 5 TR E
25 1) E A S0 =, M 341000; 3 AL K =AM 2E B A AR R AR B 5% szt =, JEET 100193)

WE AR 168 # 8 kA G AR 5 B3R F R8T 9 )(G-MSCs), MLIEKG-
MSCsA RaF i, A BRINFRR 77 ik 69 T K X R 5 iuﬁo min kK XA, @ KABG-MSCs /£
RIN IR AN T BA RGO 3G 48 ), EP3R A3 4E ) B4F. @ id R4 IR A-Ba bk X R RL
(RT-PCR)# 2. T 4w o & @ #79T 40 04 R A L, CD29. CD44. CD73. CD71. CD90. CDI05%.[8
M &k, CD31. CD45. CD34Z MM AL, R/E 5 FAE T G-MSCsEA s E o1 F i g
MALEE . AR iﬁi*iw%%%i&ﬁﬁif%’w\%f%%, £ R A IARIZ I RE B 7T AT 4L R 3k, 12
REFFERZ. %Fﬂmm%mﬁﬁWCMB&ﬂﬁ%%iy% . EHR R H G R ALK

B4R T o BIEFE TG-MSCsH S 2 T AW F 4, HBG-MSCst) Bt R E 2 T Hah, A+
A G-MSCsi# 4T B %#&%éﬁ/éﬁkﬂ%%ﬁ 3,
KHIE ORI, B A R AR M R e

Isolation, Culture and Characterization of Gastric Mesenchymal
Stem Cells from White Leghorns
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Abstract  The aim of this study was to explore the growth characteristics of G-MSCs (gastric mesenchy-
mal stem cells) isolated from 16-day-old White Leghorns, which provided methods for in vitro chicken research.
Cell growth curve showed that G-MSCs possessed a good amplification ability in vitro. A better amplification
ability occurred in P3 generation. The expression of cell surface markers was determined by RT-PCR (reverse
transcription polymerase chain reaction). The CD29, CD44, CD73, CD71, CD90 and CD105 were positively ex-
pressed, while CD31, CD45 and CD34 were negatively expressed. Osteogenic induction experiment confirmed
that G-MSCs could differentiate into osteogenic and adipogenic cells. Some osteogenic tissue blocks could be

formed via a microsomal osteogenesis induction, with a low osteogenesis rate. An in vitro migration could also
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be observed from the target G-MSCs via cell scratch. The G-MSCs of White Leghorns were successfully isolated

and identified, providing a basis for the further research on chicken G-MSCs and gastric cancer diseases treat-

ment.

Keywords

6] 78 Jii T 4H iy (mesenchymal stem cells, MSCs)
e TR A AR IE ) T 4 —, HORIENR
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W2 04 MSCsitfl i 55 73 WA A2 K B 7 A ) T2 R 1
B3 Ak 9 TR A D% BT 4 4T R A A KRB E
H, SEmig e, FeRe i R, N Rt 251, I e
Y B2 (A R B 40 B R R0

H 1T MSCs [ % B 7t 2 5 6 7L 3 # A
NKU & RMSCs I Tl 5D . R,
R B U7 A U8, B Bk ) R i POYSE ZH 2 B
H 8 AT B IR MSCs, B B 7E NTHAL R G E A L
BEREIEmRSE L, BEHAT R SRS E
i #R HMSCs, HE: 7% H IMSCsHRe P an iy 3 75 A
2o ARHIEFT UG T RIS A BTN R, 4 B
Fr F RS B 5 (8] 78 5 T 41 2 (gastric mesenchy-
mal stem cells, G-MSCs). HIT ¥ 36 & Mgt X
JZ N (reverse transcription polymerase chain reac-
tion, RT-PCR). &AM 3G . 5 340 40 55 S 06 U7 V2%
Xt G-MSCs AW R EREAT T W5, v a ik —
AT G-MSCs IR & FI F G-MSCsHEAT B 8 55
PRI HIR YT BLE 1 R

White Leghorns; gastric mesenchymal stem cells; culture; identification

1 #MR5RE
1.1 550 R ardst

FIRARS F R P RO R 2R L . AN 30
UL IR 4HAf/ NI H Coming A 7]; 0.2 pmol/LIE#S
JI&) F Millipore A 7] ; DMEM sifEE5 77 0E. DMEMIIGHEES
73k, DMEMF1255 77506 H Hyclone A 7l 2R 5 5 2%
At R H AL R IE AR AR R A PR A F; B
By IVAUR G, 4135 H 22 (bovine serum albumin,
BSA). HWFEKFA. B-HIMBERREN. PUAMIR. 3-7T
FE -1-FAFETEIENS (3-isobutyl-1-methylxanthine, IBMX). 5]
I ¥ 1 H Sigma A 7l i64- I (fetal bovine serum, FBS)
Jt) H Gibeos 7] ; GoSeript [ 3G H PromegaZy
7] ; DNA Ladder MarkerJ) F RARAARHL (LSO HRA
F]; PCR Premix/¥y [ TaKaRaA 7; #2552 . EGF. bFGF.
TGF-B3J | Peprotech’ A 1] 5 JHIZLO. PHERAL. BMERENR
B bt E R A TR A F
1.2 DR, B

HUSZHRS S AL 16 H IR RIS A AR, F 75%0H
W H b B T, RS VRE HH RO TG B 5 3R LA, 125 15
TR LR, HWERR 221 i (phosphate buffered saline, PBS)
TEVEOIR, B NTCEHE M . TR B 28T &
1 mm* (R IE /N, N 0.5% TV S5 2R (I BEHATR,
IR2IJET 37 °C AL 30 min, JIAZEARRRI A L
BRI B, RS 4k . 200 H 48
F it e A, K 2 M A N B0 R, ZEIE400 xg
B0 10 mine FEPE FIER, IR TR AN IR
JH1X108N/mL, K2 FeFp B 4u s IR, & &
SE4 K973, (4 10 ng/mL bFGF. 10 ng/mL EGF. 10%
FBS. 1% 8 =555 2 090), IIA37 °C. 5% CO%
TR HHTERR . 24 W, B2 RNGEESE, LS
B R LR, A 2 M i 5 FEE I 311 80%~90% ], 652
AR 28 3, 76 ARIRIES 52 BB 40 ML B 70
T TAEAR, B RACHAIC A PO, AE AR AR VbRid
NP1, P2:+++++Pn,
1.3 RSN 4G

BUAEKOIRZS RAFH P3. P8AR I SRAAS G-MSCs,
Rl & IR B 80% 2e AT AT AR LI AR, K343 31l
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BEFPTE 24L0RH , B ALANAIR A 13104 /mL, F4%
HIAN3T °Cy 5% COBEFRFHHEFE 24 h, IREREHL
e 3FLANM, A B, ST 8 K. ARYEUREE
B ezt A A th 28 S B R A A S e [
(population doubling time, PDT). PDTiH& A UT:
__0301(~1) 0
logN —logN,

Forb, o XA A TS R BB TR] (h); fo: R ECAR
KHAFF LA IR 1] (h); Ve o 5004 K 3 45 SRR f 4 it %
5 No: WHUEKIATF a6 I B 240 i g
1.4 BXRMBG-MSCsTKEFRCHILEE

I RT-PCRAG M 1 KA G-MSCs 3 [ Frid
Yy, WYEXS gapdh. CD29. CD31. CD34. CD44.
CD45. CD71. CD73. CD90. CDI05¥}E:[H ¥]ORF/F
FIWFRT-PCRYEE 514, 51907515 BRI s .
1.5 RBIFES

$40.5 pmol/Li ZE KA « 10 mmol/L B-H-H B RN
50 pg/mLYTRMER . 10% FBS. 1% 8 2 557 22 XL
U T DMEMAICHERE 78 rh | B o i S, I
F10.22 i 5 a8 UL B L JERR 1E . HUP3AR AR
RiAS G-MSCs, FIMiBE 41015 77 22 il FE 298 70%
IF, IR 5 AT I E 15 T . BRI LIRS 5
W, 55 14K J5 F 6 41 (Alizarin red)#47 4eh, M52
B SO A, BL100 pLZ14 1x 109N P3AL K
RiASG-MSCs A BB I7 0, I B6FLEEFRMR A 8], 78
JEERRNZ1200 pLog 35725, i 54 h/E A2 mLk
BRI T R HLYGE S . FFIRIR IR TR,
BIR2UR)GE, ¥R E A it AT /K I B IR
AR, SRS HHATH LI R, 37 cCII R . H

PDT

T PE R T —35 15 (alkaline phosphatase-methylene blue,
ALP-MB)HET4utt, S5 W 82 seia 45
1.6 RAEFS

#0.5 mmol/L IBMX. 10 mg/mLJE& 2. 1 umol/L
HFEKAL « 200 pmol/LIG|WSE . 10% FBS. 1% 55 22—
B F PR T DMEM RS 738 rh | E i iR 5
S, 1 0.22 pmiE AR A LIRSS IERR B . HCP3
ARE RTINS G-MSCsiHF AT EERE 7%, & B2 70%
B, ISR ST RIS 5 . B KIS S
W, S 1455 FIMAL (Oil red)#-A7 40, MR
FEDL.
1.7 ‘ApEiEHs

B P3AX 1 KA G-MSCsHEAT M BE R 5% | 2440
MG 9 80% e AT I, Frpi it Rk, FJC Bt kK
2. FPBSIHUE 3R, LB HI4HML, I SE 45
FRILRETR, P RIAE 12, 24, 48 hil, WELRILL R A7 240
PP AR KA T

B P3AR SR A XS G-MSCs, K 5¢ 41 77 5 o 4
SR TE L3 PR 4T 5 7 B 4k 4R % 7R 4N i 24 s, FR e
Bk, H0.25%REEEAT T A R B, FFUSER 40 A .
F & BSAMJC I % 77 2L 5 2 40, VA4 it vk i
2 5x10°/mL. #4 TranswellZ/N 2 N 24 FLHR 7, B
100 pL 40 i 2 M Transwell/NE . 7E 245U
FEHIIN600 nLE&20% FBSIF e &R 774k . 4 HIfE
Br3224. 48 hig, ¥ Transwell/NEHUH, FE LA
R, G PBSZE M B2k« HEE A €30 min,
AF/NE, AN 0.1%45 & 28 44 .20 min. A #2
i b ZEARITRE A0, FJCE PBSIIBE 31K, 1 40%
Yse T BENLIE IS AP0 W22 240 LI AL 175 100

#&1 RT-PCREES|IHFF
Table 1 Primer sequences for RT-PCR identification

A AR/ PNUN

Gene Amplicon size

RS (530

Forward primer (5'—3")

NFGI—3)

Reverse primer (5'—3")

CD29 208 bp
CD44 206 bp
CD71 105 bp
CD90 143 bp
CDI105 229 bp
CD31 221 bp
CD34 204 bp
CD45 233 bp
CD73 247 bp
gapdh 118 bp

TCT GCC CGA TGC GAT GACTTG
GCAACA GAAACGAGGAGCAA
CTG GAT AAT GCA GCG TTC CC
GCC GCTATG AGAACAAGACC
AGAACG CCACACACTTCATG
CAG GCAAAG GAGACG CAC GAT
ACT CGC ATC CAGAGAACACA
GAA CAG CCG CAG CGT CCCA
TCA CAG CCA GGG AAT GAT GT
AGC CAT TCC TCCACC TTT GA

TTT GCG GTT CCC CGACTC TTA G
TCC CCT GGA GTT GTG TCATG
ACC CTT AGT GTC CAG GAA GC
GTT CTT GTG CAT GGT GAC GT
ACCTCCTTGTTG ACCTCC AG
CTT CTG GCA GCT CACAACGT
TGATGT TGT GGC ACG TGA TG
TTT GTC CAT TCT GGG CAG GGT A
CCATGAAGG GAT ATG GGC CA
CCATCAAGT CCA CAA CAC GG
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TN ZH IR LT H R 58 73 A, P<0.05SHZE R,
P<0.01 42 103 .

2 H#R
2.1 YHREFTS

SEYINEP SN =R R s e A o
AN I%, 159748 hJ 76 BB T 83 KR A&
N B 20 e, B 60 4 355 5 A 25 B R IV B PR A LS,
SRFD R AT AERENBEAN L . AR FR3~5 KA, T
A T I PO AN It AR KRS, 45 R a1
B, WE FIAPRIE RS HEA B —, 2 =M. 2.
KRILEZMILE, i 2, IRA AR EL
KA RFAME. SR 5 A RE S8
755 —, Y i AL B P3AQ AT 4l R A g, 41 S ARIR
A, HARRAEKNES . SERBIPSAH, 41
T4 5P3C4H Mkl Lok & A2 ) B AR Ak
2.2 YHREAE KRRk

H 20 W, I SRATXS P3AT P]AL G-MSCs A4 K

PO /. sty ALY ¢ b
X P e S [ op ¥ 143
/ A '(j( Ay // i ” y e N
Ip - 4 . A v | 3
/ g mnd — - #9 /’,‘, . -’;
W . T gl il L A
/ T ' ': (7 / / % 7 # 1"
e 4 E e / F 2
2 3 J . 3 -
e fo o 1
4 ¢ i / y ” -
[, el ¥ A

BRI A3 K, TEA~6 RN E A KN, 7R L
JEFUEHENCT G 1. B EoR, N B 41414 MSCs
AKX EOH RN 49K, B 10REENEKFEE
FAEN ARSNGB TR T RS G-MSCs. HR 4
AR (1) G-MSCsif PDT, 45 B &% Fl P3fX PDTZ) )y
32 h, P8/CPDTZ) }y34 ho 4HJfuE K dh £ APDTSS 1)
KW, P35 PARAN AL A HE S X A0 3% 3 A5 1)
P38 EE Sy, Hod, P3RAN A IIETE RE J1ILTP8AR.
2.3 FREFRICYIEN

ARSCHFIFH RT-PCRAEA, ASH F KA G-MSCsZK T
FRied). e FIGEERE R P3R4, B SRS
gapdh RN 2, Kl OFfi FH (1) MSCsAH R i Aric
Y. RIbmCIEE R RIEs R an & 3pR, Hd CD29,
CD44. CD73. CD71, CDY0. CDIOSTEFAFRMIAIG-MSCs
R FH Rk, TICD31. CD45, CD342[MEIL.
24 HBEIFES

TE 55 FE0 A BB 5 4140 M 25 5 ) R 4 3
AME, BRI REFFHMMEEREMEK (K
4A). BEFRI1ORLA, HFAFE RS E (B
4B). RiFR14K )G, FIHTE R 5 7 S 4 55 i
AN BT Yt . F UMM G 4 e, Yeta

£

Maw o ioA (B8
237 y

&

i 7

E1 AREFTHIERASEG-MSCsH AR
Fig.1 Cell morphology of White Leghorns G-MSCs at different periods
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Fig.2 Growth curves of G-MSCs in P3 and P8 generations of White Leghorns
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gE R (K 40), X HRAI4N M 7 R et gt oA
FITE(E4D) . DL Escseah AR, ERATAS G-MSCs
B BE R 4B 7k B A R ok 4
BRI T 2V R I B 2R . ) s 4
SURHH T A 22 e, 25 ORI, H 4 R B 4
H AT o5 R 208 20%, B ALPYLRAE A € (K 4F); 3F
FCE A2 5 80%, #MB 3L A (A (E4G) .

25 HEES

G-MSCsRAM 753 45 R I, 175 5 4140 iy
b5 S AT, dUH S R, A R AR R,
AR T AR i A8 0K, 240 B A 0 R 30/ 0N PR R 7 3 T
YN H 2 ER N, TEEARR AN . FEE 5 S0
(a0, 75 5240 A P9 SR R T R 2, 15 S 14K
JE RO AT e ta, 25 R ESARTR, 5 F4AE

O B R RN SN
9SS PSS

E3 B%&ATSG-MSCsHfaRERCRIEER
Fig.3 Expression of cell surface markers of G-MSCs in White Leghorns

Induced group (7 d)

~

A BSRTRINE S AL B: BFR 10K M SAME; C: HIR14K, HRAYOIEIESHAMML: D: BIR 14K, $ 3R 05 K0 A4 E:
5 Sk TR i 52 1 R B B AL 2 Fe e 2 e (1 B A B A ALP YL b by € G e 2HL A e (10 A Ay 4 A e MIB L Fl i €
A: 7-day-cultured induced group cells; B: 10-day-cultured induced group cells; C: 14-day-cultured induced group cells with Alizarin red staining; D:

14-day-cultured control group cells with Alizarin red staining; D: the arrow indicated the osteogenic tissue blocks induced at 21 days; F: osteoblasts

were stained brown by ALP; G: non-osteoblasts were stained blue by MB.

El4 BRAIBG-MSCsHEIES
Fig.4 Osteogenesis induction of White Leghorns G-MSCs

(A) Induced group (14 d+Oil red)

i
A B FR1AR, I AL (S 15 AL B: 1597 14K, IZL 4 ()5 (0] IR AL 20

(B)  Control group (14 d+Oil red)
7w 7 AN

' 'l | 7

A: 14-day-cultured induced group cells with Oil red staining; B: 14-day-cultured control group cells with Oil red staining.

E5 BEXRAMBG-MSCsifsiES
Fig.5 Adipogenic induction of White Leghorns G-MSCs
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12h

El6 HEMMIEG-MSCsLAPIXIELIGLER

24h 48 h

Fig.6 Results of wound healing assay of White Leghorns G-MSCs

(A) 24 h Crystal violet staining (B)

48 h Crystal violet staining

(C) 25-
2 ) % P=0.004

— J o
(=3 w (=]
P s W 5 0

Number of migrating cells

W
1

(=]
I L

24 48
Culture time /h

A: 557724 AL/ S BEG s B B 9748 hi 2 /N S B &5 C: S RIS SR I (8] B 4 I A% Hox) B, ##P<0.01.

A: microscopic image of cells cultured for 24 h; B: microscopic image of cells cultured for 48 h; C: comparison for the number of migrating cells at dif-

ferent culture time, **P<0.01.

E7 BRAIBG-MSCsHifl N ELILER
Fig.7 Results of Transwell assay of White Leghorns G-MSCs

K ~F- 4 L H D R s 9 A T AT O S R AT €5 XoF R
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AT RS, G-MSCsHIIT# Z 2158 28%; 24 hit), £
50% I AR E ., TR Z L1 855%; 48 hitt, 41
RIJREE S8 3 6028 CANBR 2., BB J L P4 e 4
B . MIERIYRSCISUE, HRATS G-MSCsH A &
SMTRERE T AHIRKRIIRAS 5 2 0 T B A4t d 1Y
PRI THISER ,  1 ik —28 T 8 R G-MSCs (1)
PRANTRE DL, J5 824/ %= s2 6 3t — B 56 E (B
TAFETB). TEARSNEFE24 Wik, FSRATAY G-MSCsfg
UEIT R BN N = ARG 7748 hit), iTF2 B4/
= T E I EL 824 265 70).

3 Wi
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T I R AR TC A A I AT S e, R R
Z PR AR L) S RS 2 MSCs I Dhg 471
) % 22, TR, NEAFEISRIER MSCs
FKMEARCHRIEAE 2, O kT 1A K E
I MSCsHff 7T B, X5-E %8 MSCs! A5 77 MSCs!'™
FIkFWARICY CD29, CD44, CD73. CD71, K
F1k CD34F1 CD31; 5 3 Bz K IE MSCs! I HAG I 1
CD44. CD73. CD71HMICD343E TR0 ) 2k 45 0,
HAEREEHE. Fr RIEMSCsAHL .

AT TR T A RS G-MSCs i 9Fi 4 fs %
MR C Y IRIEE L, 5 DS T4 MSCsHE 7T AH
e, #9077 CD90. CDI105FI CD4SHIKEI . KA
A G-MSCsH £ bric# CD90. CDI105EFHMER
15, CD45 2 IPERIA . RIbRIC CDI0E 40 fu b
Bt F B RRE BRI — 0, 259 -
S HD . 4 HE -4 M 2 TR R SN, FEAR AN B . B
R b B AR P9, CDI05%y 15— TRY 06 75 2
F1, & TGF-BIZ AR A, SIMEA R, MEAEK
BEEBERRD ., XHARMAR I A JG 4L
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W Ft G-MSCs T # A& H 5 15 9 40 i 7] () A8 BAF H
RS . CD45H CD345) 52 14 I 20 i 32 T bt
Y, CD45 1R PER K 3E— 20 U0 B BT B 77 1 40 i A
HA & M40 e . SRR ICY) CD29. CD44.
CD73. CD71Kk W AR bR CD3 1321k 15 I
5 AR B 4y B R FE H IMSCsAREL, #15E A
B IR 40 9 G-MSCs.

Z I B 4 E MSCsif B R brz — 282,
AR FIE I R AR 2R SRS G-MSCs
M2 o biERe. 45REH, AN G-MSCs 5 HAh
SKUR B MSCsHRAL 191 BA B A FH RSN 2 AL e
Ho AHETEHER T R FAL G NGBS FR A TR S i
PSS, R HIMRLAR R 3715 S RS G-MSCs
Ak, S5 R SR IR AR TR REE TS ST U AR
B, (HIL R SR SRR SR EL A AR B 1
Pem. UAEAWFFIRM, SEARREFR T DU A N AR KA
58, $mMSCsITI 73 LRE 715, A T8 HBoRi A 7
KRN iy P RE A2 FR TR AR FR (A BGER S, BRAAR A 57
Y5 R 15 SRR BIAL, AR AR TR 40 S
FCE 5 S AN R A TR AR /N T W B 7% () B e T A
B, AT RS AR AR B IR AN B ER f5 S AE 2
PERE R AE R 5 L o

MSCs B AT # 68 /7, £ R HMSCs#EAT Z M ¥a
ST, MSCsIL# g /7t € 167 BURP . DA XS
T AE FIMSCslt 5T HH AR /D X MSCs T #% BE /1 AT 45
T, ASHIE 5T ) FH 440 e o SRR 200 P /S = 7 el SI2 56 vk
BOAUE F R M ASG-MSCsIRSMNER fE 1. 45 R BoR,
1 3K fii X8 G-MSCSTE 4K 1 52 35 15, Be 6 18 5 #5405
fr, HERAINERRE ). MIRERE SRR, kM
A G-MSCs 1 20 i 4714 5 N 2 Kl FLsh ) vh 43 25
R IR IMSCsHI B+,

AT TR N SR AT B 5 B T MSCs I
SERR T AHOGYE E, #Or T IE G RS G-MSCs
AN BE AR RN B i, MRS I E MATAEM
MSCs[FE € T A, o EHLA TR, SRR
AR R GIEE IR T TN S
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