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ABSTRACT: Objective To explore the mechanism via which the epidermal growth factor ( EGF) af-
fects the migration of human amnion-derived mesenchymal stem cells (hAMSCs). Methods In vitro cultured
hAMSCs were divided into control ( untreated ), EGF group, inhibitor AG1478 + EGF group, inhibitor
LY294002 + EGF group, and inhibitor U0126 + EGF group. The migration ability of hAMSCs in each group
was measured using Transwell chamber. The expressions of phosphorylated EGFR ( P-EGFR) , phosphorylated
AKT (P-AKT), and phosphorylated ERK1/2 (P-ERK1/2) as well as the expressions of metalloproteinase
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(MMP) -2 and MMP-9 were detected using Western blot analysis. The differentially expressed genes in the
Cells in
EGF group had significantly stronger migration ability than in control group (P =0.0361), inhibitor AG1478 +
EGF group (P =0.0113), inhibitor LY294002 + EGF group (P =0.0169), and inhibitor U0126 + EGF
group (P =0.0293). EGF increased the phosphorylation levels of EGFR, AKT and ERK, and increased the

culture solutions in EGF groups and control group were analyzed with RNA-Seq technique. Results

expression of MMP-2. However, the increased expressions of P-AKT and P-ERK could be suppressed by
AG1478 and LY294002. As shown by GO functional enrichment analysis and KEGG pathway analysis, EGF
increased the transcription of genes, which were mainly involved in transcriptional regulation, protein modifica-
tion, and apoptosis inhibition. Genes that were involved in the MARK pathway included DUSP5, IL1B,
DUSP6, NGF, and HSPA2. Conclusion EGF-induced migration of hAMSCs may be mediated by the signa-
ling pathways of PI3K and ERK, which needs MMP-2 expression and the co-expression of genes involved in
transcriptional regulation, protein modification, and apoptosis inhibition.
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NEER 78T 40 (human amniotic mesenchy-
mal stem cells, hAMSCs) fTEFEph &=+ 5, ik
REJIoR, RETERAP AT X RS, KR, HAWMERER:
T, AT LA S Al R e Bt 5 2 i A R PR, 3R
H: KA T (epidermal growth factor, EGF) w1 5 EGF
Z{K (epidermal growth factor receptor, EGFR) %4
WS EGFR {5 53 5, 76 02 3k 40 0 54 5 . 779 .
TR TR R EEAY . EH AR R,
EGF fEf i hAMSCs (s AT R

W5t o, WENRmEILEEREEE -3 ( phosphatidylinos-
itol 3-kinases, PI3K) XS5 T LMES5 @K, @
T 7 SR W AR B AL A LR, AT DA Y 40 i A B
Wislo Jak/STAT FI4 A4 15 3 H 3 (extracellu-
lar regulated protein kinases, ERK) & #& ] 8 7 4 g
ROgE . AR T, X i e B A B O R R
998 5 £ FI . Sheng %81 B 5t i 9%, ERK A1
PI3K/AKT {55 i J& A2 06 5 g b e M i AL iE
¥ e T 2 R i o R, A2
A # v, PI3K/AKT il ERK 38 f#% 2 [a] 7] 7~
RS RER MR, W AT B R 3 5 40 00 A
T A R LR

W4 )8 & {2 (matrix metalloproteinase-2 ,
MMP-2) & i figk 40 A o0 35 o B 4R 2 1 IV Bt i 3=
Btz —, FES5H0REEERIRE, FER
JEANHL KRR, R R G4 — A Rk
RHEARE N A =T WEFEERW], R 4 i i 22 i
P o LK A 40 I A BE 5T, 25 b b R 40 e Y 4%
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ZYPERE MMP-2 &35 7H 5, EGF {2 3k /1N UK A 1 2
TR I, MMP-2 kg Fhwt .

I SR 2 A T R 5 DR T R U 5 19 R R o %
AT AR AP R R W R Ik, 8RR AR Y 2
R DA R R AR R A AL, R A
BALE S E A RN RERS B R sRal ™ . B
KF ARG T EEEPERKERGS
W E, B EBIARKER IS . AR T EGF
XPRSN B F2 hAMSCs X #% (9 8 0, F: 75 5% 3% 41k F
ARG T RN A 225, R T EGF 205 hAMSCs
TR HIHLH

F R i

## DMEM/F12 35350 B 35 [H Gibco BRL 2y
H], FBS Ity B 3% [E Hyclone /3 6], Transwell /NE W H
% [E Corning /4], EGF, AG1478 ., LY294002, U0126
Wy 36 [ Sigma 2 7], BEERICE KA T (phos-
phorylated Epidermal growth factor, P-EGFR) . # & fk
4 B (phosphorylated protein kinase B, P-AKT) |
AR TR AL 200 L #0355 25 19 ( phosphorylated extracel-
lular regulated protein kinases, P-ERK1/2) ., MMP-2 #i
RN [ 5% 5] Cellsignaling 23 &), H il 1 -3 - Wi R 5 L 7l
( glyceraldehyde-3-phosphate dehydrogenase, GAPDH )
LRI B [E Kangehen 23], IEHR ZHt. 1F
/N B ¥, Trizol W B 3¢ [H Invitrogen /3 ), RT-
PCR i #| & . Realtime-PCR & 5] & g B K % Takara
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hAMSCs E# e AMME R H 8 um AL
RBKIR TR B 1 Transwell /)28 0 5 48 Jfd 149 1F 7% g
EL{&% . hAMSCs TG IfiL 3% i DMEM/F12 %1/ 12 h,
T 1Y P 9 P G I 375 B 9% % W B BE N 2 x 10°/ml
WA B, ARG T IR (RARFE) . EGF 4] .
P06l ) AG1478 + EGF 4 . 1)1 il 7] LY294002 + EGF
AN ) U0126 + EGF 2 5 215 #% 100 wl 2 i &
WormmALfL L%, TEMA 600 pl & 10% FBS
1) DMEM/F12 }5 3858 1555 24 h GG /NE, DIAR
AL/ N DRI AN, NE IR T AT 4%
Z 5 W [ € 10 min, DAPT B¢ €5, Hy T DAPI fig
AR s 6, 1A R AR, Bk
3 TS € Y 0 A B H AT DA B 5 A T 4
MLEL . FEDEE WA T AL S >t LR, TH 4k
bR A H , BOFRME, SCRER 3 K.

Western blot HSE 4l S & H, H 10% RN
I3 Tt Jie B RS LUK 0 B9 JE A AR BV R EDE| PVDF I
J TBST [ 10 mmol/L Tris-HC1 (pH 7.6), 150 mmol/L
NaCl, 0.05% Tween20] V3 ¥k, #RJ5FH 5% WJiihg
WA B 1 h, —Hiesgad s, TBST ¥k 3 ik, HHIM
MR A AL AR 0 — 40428 1 h, TBST P& 3 K,
J& [l ECL plus ( GE Healthcare) &l .

Real-time PCR 3% ABI Prism 7500 ( 22 [E ABI
NH]), FH SYBR Green JEEATRE I, B> HF A 3
A~EFL, L GAPDH i xf g, HAk K. H Trizol &7
PLEUAN G 3 RNA, DL RNA g 854K S5 5% 5% B cDNA,
FHFE 5 M 51 P48 g-PCR, Az ) 3% IR 19 AH X 38 38
214 5% B Primer 5 ¥ i1, GAPDH I it 5|4 5°-GCA
CCG TCA AGG CTG AGA AC, TFiEB|# 5-TGG TGA
AGA CGC CAG TGG A; MMP-2 |54 5°-CTC ATC
GCA GAT GCC TGG AA, T84 5°-CAG CCT AGC
CAG TCG GAT TTG,

RNA-Seq AR $REUEWFE S B RNA,
afifl i mRNA; Rl A P 740 3 mRNA {3 R
Bk, SRIEH R BoA i) mRNA S 5% 5 & OWLEE eD-
NA, #A cDNA S, Jf s R G k1T PCR
PG LLUE E 3 219 DNA 3% A Tlumina Ge-
nome Analyzer “F- & % 13 2| i) <DNA 3L 3 47 I 7,
X e B HE AT A 15 R 2 b PR S S 53T o

St FAAE SR JH SPSS 13.0 Gt di:, Bk
B« e 22 0k, Z AL HURCOR I 2 Jr 2247
Br, WP BCRAT g %, P<0.05 H2ZERAS

&l
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%0 hAMSCs f)iE % 1E R X4 . EGF 4,
I ) AG1478 + EGF 21 . 4 ifil 57 LY294002 + EGF
AR HIF] V0126 + EGF 21 5 1 1 40 I % H 43 %1 ok
41.13 + 2.862, 60.33 + 5.482, 35.73 + 0.8110,
37.40 +1.943 F140.97 £1.977, Ht, EGF 4 &%}
HRZHMY 1.5 4% (P =0.0361), #4135 AG1478 + EGF
40 (P=0.0113) . ##HI%] LY294002 + EGF 4] (P =
0.0169) F4 417 V0126 + EGF 41 (P =0.0293)
YA T % R 2

&4 P-EGFR, P-AKT #1 P-ERK1/2 &% 1§
W Western blot ¥l 25 5 B/, EGF 43 10 min J5,
EGF 41 ) P-EGFR . P-AKT A1 P-ERK1/2 3 ik /K F 4%
Jil; 60 min 5, P-EGFR & & % J5i 3k iy /K S, P-AKT
1 P-ERK1/2 {541 F B0k 19 /K S 30l 57 AG1478 +
EGF 41/ P-EGFR 23k WFF&E . P-AKT 1 P-ERK1/2
FaRm AT E . ] LY294002 + EGF 41 [y P-AKT
TRV E TR, P-ERK RiKK V8 EGF 414 Jir
WA, H A B A i At o #0457 V0126 + EGF
1Y P-ERK1/2 REFEAL (K1),

EGF {EH /5 MMP-2 B R iETE R  Western blot
Kz R 7R, EGFAE] 24 h J5, MMP-2 1%k
KT E, MMP9 iK% A 284k, Real-time PCR ¥
MZE 5 EGF 43 12 h J§, MMP-2 mRNA 33k /K F
W, ZETRE (B2),

ERFREERRGEBR X EGF 41 Fxf i 4]
L 22 R GO Thfig & 4R 1 fil KEGG R
WHE R 45 R R W, EGF 440 i b & A i 5% 1
AN FES 5 . A REm . 3l
S arad FE, Hh 5 MAPK {55 3l #5610 56 K oy
DUSP5 ., ILIB, DUSP6 ., NGF #l HSPA2

5 I

3T Al EGF 45 J T hAMSCs Ji %) HoaT B 19 5%
g LA R B Rl g9 S i {5 5l e, AR BIF ST SR
Transwell /NG A [ A B AS1F T hAMSCs 19IE 7%
0L, MAMEK T EGFR, AKT, ERK %{5 57> 1
W LK, IR AG1478 | LY294002, U0126
B — RINE S0 T IR R — LA 550 1
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EGF: REVERNT; P-AKT: WRRLE A B; P-ERKL/2. BRERACANNSN T 8 A ; GAPDH. H-ifh 18 -3 - i Jit =l
EGF: epidermal growth factor; P-AKT: phosphorylated protein kinase B; P-ERK1/2: phosphorylated extracellular regulated protein ki-

nasesl/2; GAPDH. glyceraldehyde-3-phosphate dehydrogenase

A. Western blot # Il EGF 4B [7] i ] J§ P-EGFR, P-AKT. P-ERK1/2 B3 3515 80; B. AG1478 %J EGF 2|2y P-EGFR, P-
AKT., P-ERK1/2 F3k1&0; C. LY294002 %} EGF 5|21y P-AKT, P-ERK1/2 F53K5095%0; D. U0126 X EGF 8|2 P-ERK1/2

SN AL

A. expressions of P-EGFR, P-AKT, and P-ERK1/2 after having been treated with EGF for different time were detected using Western blot
analysis; B. effects of AG1478 on EGF-induced expressions of P-EGFR, P-AKT, and P-ERK1/2; C. effects of LY294002 on EGF-in-
duced P-AKT and P-ERK1/2 expressions; D. effects of U0126 on EGF-induced P-ERK1/2 expressions

1 %41 P-EGFR, P-AKT fil P-ERK1/2 {55150

Fig 1 Expressions of P-EGFR, P-AKT, and P-ERK1/2 in each group
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A. Western blot %] EGF bR [F B} ] J5 MMP-2 F1 MMP-9 (#3234 1% ; B. realtime PCR ¥l EGF 4b A [ B ] jF MMP-2 3

RO

A. the expressions of MMP-2 and MMP-9 after having been treated with EGF for different time were detected using Western blot analysis ;

B. expressions of MMP-2 after having been treated with EGF for different time were detected using real-time PCR

2 EGF fERIA[FWE ] 5 MMP-2 F1 MMP-9 #2816 15 5

Fig 2 Expressions of MMP-2 and MMP-9 after having been treated with EGF for different time

TG PR 52 B 5 X8 EGF AR F B 7= A i %2, 45

7R EGF Ab ¥R 5 hAMSCs iE#fig Ji 3458, Jf H PI3K/
AKT i #% 1 (1) AKT 8% 2 167K F1 ERK {5 53 2% 1Y
ERK1/2 #f B8 1t /K °F ¥4 . F EGFR % 4170 i 7
AG1478 ¥E )5, EGFR. AKT. ERKI1/2 {81k /K
IR B PI3K (9 41 i K LY294002 4 A 5, AKT

I ERKL/2 (8RR LK F T B, 4RI AT 3% RE )t
N i EHEN , EGF 5 EGFR M A i1 {5 5 i B nJ
et 2zeid PBK, ERK {5507, #t—PKHITB M
TEFEEN, SUERENEE R, MEMMERK, 4
R A AL T b A9 A R, e AR RS
WRFER W, B4R & e, 502 MMP-2 Al
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MMP-9 7 5 1sF [ fi7E 201 i 4 36 I fof 153 240 - 35 i A 40 -
240 W ) ) AR, DT 23 5 N 2 LR e e 4 i
TR TS R A — ke, B MR
Reall, AR — SRR Y Oy A A L2 Ak A B
FEUESE, MMP-2 {33 225K 5 b a2 28 1 3 % VI A O,
/N ERUVR TR T 4 rpon] 63k MMP-2 T MMP-9, {H L3R 5K
T ST R A X H AT AR . AT R
T EGF fEFIA RS [A] J§ MMP-2 F1 MMP-9 ) # 11 3% ik
B %¥ MMP-2 78 EGF /£ 24 h J5 B2 7+, MMP-9
FRWA LA ; ZJ5 H Real-time PCR £ ARl EGF
YEFIJG MMP-2 7£ mRNA /K335, & B EGF /E 1
12 h J§ MMP-2 F3h 3 &5 i SbHfEdll MMP2 0] g2 5
T EGF X%} hAMSCs 145, S41MiERA %,

YT RO B AR S R R, AR
K I RNA-Seq £ AR Xf hAMSCs J [H 20 | F [5G fic %%
BT T 34007, 1% EGF 41 Fixt B 41 25 7 % ik
FEH BT GO ThBe s L i, 458 R EGF 414
KA LR IER FES 5T 0B
i, A T AR AR A R, 5 MAPK 5558 B A R
{3 [K 5 DUSP5, ILIB, DUSP6., NGF fil HSPA2,
o, DUSP5 J&— i SURy S5 2 1 Jo 186 2 18 196 IR I
it S BR W FR AL 7E P R IE W MM A L oAk AR,
g O B I 0 OB TR I B OS2 AN S 25T
B, g A KRR AR R, B
DUSP5 J& K47 2 A i 15 hAMSCs i B8 Y #0455

ik, RBFRE AR R, EGF Al LI i fA oh &5
% hAMSCs f3F %, Honl fg 23 i+ PBK/AKT. ERK
RSB, T MMP2 [ Eik, KHSEE
SRR LA A 0B A R R T o) S S TR A P TR Rk
B T EGF 16 T 40 j 36 77 o 8 v vl 558 1o 42 ok A7 22 53
HOmAmE R, LR, AP, BT A
R T S| B O (o R A R
hAMSCs f it JRIG YT H & E2EAE .
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