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Effects of metformin on epithelial-mesenchymal transition, migration and
invasion in human choriocarcinoma cell line JAR
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Abstract: Objective To investigate the effects of metformin on epithelial-mesenchymal transition
(EMT) ,migration and invasion in human choriocarcinoma cell line JAR. Methods The human choriocarcino-
ma cell line JAR was divided into control and metformin treated (40 mmol/L) groups. Cell migration and inva-
sion ability were determined by the wound healing assay and fluorescent transwell chamber assay. The expres-
sion of AMPK,phosphorylated AMPK and EMT-related markers: E-cadherin, N-cadherin and Vimentin were
measured by real-time PCR and Western Blot respectively. Results The mRNA expression of AMPK was in-
creased, but total AMPK protein was unchanged. However, phosphorylated AMPK (p-AMPK) protein was
significantly increased in metformin group compared with control group. The ability of cell migration and inva-
sion were decelerated in metformin group. Epithelial marker E-cadherin was up-regulated and mesenchymal
markers N-cadherin and Vimentin were down-regulated after treated with metformin. Conclusion AMPK ac-
tivation may inhibit the EMT ,migration and invasion in human choriocarcinoma cell line JAR.

Key words: metformin; epithelial-mesenchymal transition; migration; invasion

R 906 0 T PR 9008 H G 3R 2 A0 MU AR T 2 A0 Bax (R GR AR BRSO A0 A T . BRAR R Y R
oK FAT L 1 8 SRR 22 8 ) I R R . BT AMPK/mTOR {553 %t 2 15 4% 1 i 8 40 i
TE RO FE A BE - (AT 40 mmol /L USR] Lhl 59 b B ) B e A ad A2 (EMT) W il EMT J2& R 8B B ok
i R R 1S AL B O CAMPKO /i aE KA E B A0 bR 20 B 1A B R A A% B AR 00 E IR 0 o
(mTOR) {551 B 4% U8 T2 A1 K JE ) Caspase-3.Bel-  EMT e % 2 W& AR b g 20 M i 6 B2 6 . 12 i iR %

EE R OIS o FAEHID . EZENHE T AP =5
ARSI AAES OGS WA . I XUNOR A S8 JAR 40 A B B - 1] B AR 2R IT A RE 0 i s L) ] [ e A B e 22 2R L 2019, 40 (14) ¢
1677-1680.



e 1678 - E R I E ¥ 4275 2019 4 7 A % 40 %% 14 #1 Int ] Lab Med,July 2019, Vol. 40,No. 14

(e AR A7 0 NGB O 3% 2 R IR Y g L B
At B R AR 2L S DRI A A A ol G A R o e O 4K
T R EIRIT I OGRS . ANHIESE DL NG AN TAR Sy
SEER X G B AR W OBUNOT 280 A i 1= 28 AN AT A
RE I B2, I Bl EMUT i % b b B 40 i 55 % 26
(E-cadherin) , il £ 71 £5 % 25 1 (N-cadherin) | J% J& &
H (Vimentin) 55 8 5 #9728 b #a #2075 50, o —
KURIE ST G898 I 300 4] HE A % i 4t S 34K 4

1 #MREFE

L1 #E ARESREEAER JAR WE T
BlABE M . R 2F M5 (FBS) I F LA {6 51 BT 28 7
1640 £ 77 B0 T £ [E Gibeo 24 w) s AMPK, # i 1k i
FER TG 1k & E 4 ¥ (p-AMPK) | E-cadherin, N-cad-
herin, Vimentin 4% F$i /&I F 35 E abcam 24 Al , p-
MahE QW T 424N A, FlouroBlok cell cul-
ture transwell /N2 ) T 35 [ Corning 4\ &) ; Matrigel
B T3 [ BD v Al # 2 BUSGH & e BCA #EH
WEN RN & FEH S RAA., 2Obe®REH
5 I (PCROYYX CFX96 114 T35 [ Bio-Rad 24 ] ; {3 &
AH2E B TS-100F 1 7 H 4 Nikon 723w 5 1 4 ffl T
fEu Cytation 5 1 T 3¢ [ Bio-Tek 24 7] {22 & 6 Il
BAL G:box W F £ [ Gene 24 7],

1.2 ZiMidsse SUEAM R JAR & 104 s
Mg A 100 U/ml 5585 R FHE R R AT 1640 K77 B i
I U T 5 00 AR AR B R BE 1 10 R B B R4 2~ 3
d 4T 1 40 8 B Oy 80 V0 22 A T 0. 25 D0 1 e il
THAAE A — FSUIIAE 1T i 40 BIF 5% o 0 32 1 5 o vk
J& 40 mmol/L 4bFRAA AL 24 h, B J5 #E 47 2 BRI . LA
TS FOBUNAKSC Ak 3P 200 0 DA S 36 2 o O A e Ak 2
) 41 i o X BRZH

1.3 QPESZIRA AT K JAR Z00E 0 T 6
FLAR T A 0 Ml B KT 80 o B 200 L A Sk
e BT 40 A= A TR H A T R R 5 T AN A . B R AR
ZPi (PBS) Uk 3 WAL BRANMRE o Bl s A
W 40 mmol/ L % Z HOBUICE Ak 29 240 g , i FH 31 3 3
OB R AR R 0.6.12.24 h WF IR . WLEE 4% 40 i iT 7%
00 BEALIN & 5 5 B T RIJE 05 19 /Y 98 B2 L 15 5
S BIEAE Sy S5 58 100 46 R IR wE B A O 1T 58 40 B AT
B, YIRS 2 (Y0) = (R 4R Rl 78 BE (5 — 4
LR R B BEAED /0 i R IR 5 BE (I <X 100 %%

1.4 Transwell 5255 & U 41 fd i 7% Fifz 2868 1 fff
F FlouroBlok cell culture transwell /NE, 7F F %= 1
WEE B 50 L. #9069 75 0B L 5 Hoche-
est33242 YL A i BE JAR 21 MY . 4K J5 7 FH I i 96 16 5 1
TG I 7 B 77 Ak B R R ARk B2 O 1107 A4S /ml,
B 200 pL A0 T B If i AL W B 40 mmol/L
f — H UK. R Z s A 700 L % 10% FBS By 1640

B HFFEL 3R 55 24 h, ffi ] BioTek Cytation5 i 4
METAES 8L 24 h B 28 R 28R — W iR & — s
(PET) B4 I R o e 88 3 A AL 1T am M JF 1155
PARURRR M 22 o A0 M 5 S 30 A Bl 5k B IR, AR AP
PRFNAZ 2 T I AH R

1.5 SEI5¢ 0 € 5 5 G W6 S WAL I mRNA £ 5k
e HOBUIAR #E JAR 400 24 h 5 . $2 041 40
i RNA Jf 33 % 5ty cDNA & . PCR 5| 9 {#
NCBI M %4 F Primer-BLAST #4731, 51 9 )7 41 W
7 1.8 Jil Syber-green 3 # ] fY) E-cadherin, N-cad-
herin, Vimentin fl AMPK [ mRNA ik /K, 3 H
9l 18- 3B R 8 (GAPDHD Sh N 2, 0% IR 41
mRNA BB R 1R HE 20 LR 4 mR-
NA FH*f B2,

*®1 HEESIMER

/AN

RH EE7 )]l
(bp)

E-cadherin 3. CCC AGG AGC CAG ACA CAT TT 165
N TTA GGG CTG TGT ACG TGC TG

N-cadherin i : TTG CCA GAA AAC TCC AGG GG 99
T : TGG CCC AGT TAC ACG TAT CC

Vimentin E¥F:GGT GCA ATC GTG ATC TGG GA 95
N :GTC TTT GCT CGA ATG TGC GG

AMPK i : ACA GCC GAG AAG CAG AAA CA 93
T :CTT CAC TTT GCC GAA GGT GC

GAPDH Fi# : CAG GAG GCA TTG CTG ATG AT 138

FiiF: GAA GGC TGG GGC TCA TTT

1.6 e EEECEAINE A2 R0 E
F e i s bk R (BCAD vE X Hoe i, F B 40
g FAE AT 5 D A T g B G Dk 0 B K B S
BB WM O (PVDE) i |-, AMPK.,p-AMPK |
E-cadherin.N-cadherin I Vimentin 258 [ $T 14 ¥ )&
¥ 1+ 1000, GAPDH #2412 2 000, —4i 4 C
G (1.5 000 F|MF 1 h J5 R HLF KO0
5 R G R AG 8] Bio-rad B4R 53 M 4% 2571 A K (L.
1.7 it gk B SR SPSS13. 0 S8 it #1473 Hr 5k
P AFEIES AT RERLL 225 o, ZHME L
BOR B H 2R 07 2200 07 o i — 2D P L 85CR ] SNK-—¢
Krge . THEOS R DL E 43 3 OO0 FoR 4L B o
3. P<<0.05 R 2ERA G E L.

2 % R

2.1 ZHUWIRIP 6 JAR 20 M2 %% {8 1T A0 5% 5%
7 3 114 dc AR AR W BE 40 mmol /L i) — HUBUNRAR 3, %
P B 2H i A P 8] % HE S . 40 i ) ) R R B T A
6~12 h iy — HBUNCAL % JAR 40 i 5T B % 6 W] &



AL ES A 20194 7 A% 40 %% 14 %4 Int ] Lab Med,July 2019, Vol. 40,No, 14 « 1679

A IR A 2 B A2 L (P>>0.05) ;24 — H XUBK RE % 16 1 AMPK ) mRNA £ ik (P <
h 4 = XUIRBE 0% A7 & m ) JAR 40 BB 3R, 52 0.05), [AW 23 FiH EMT M 63K E-cadherin(P<C
IR R B E B A S IH#E L (P<0.05), 0, 0.05); F#d N-cadherin (P<C0. 05) fil Vimentin( P<<

1.2, 0. 05) (YR . $/n — H WUIRRE WS 45 EMT A 5¢ 3t [
mRNA £k, WHE 5.
*%
i 8 4 40007 =3 Al
~ * A sl
<\._,3000-
=
SRl £ 20001
g
X 4
§1 000
1 0
_— o P<<0.05, 5%t B LL#K: * » P<<0. 05, 5%t B4 b 4%
= XA
~ 22 Sl B 4 ZEAXARAL I 3T 40 R 4R B AT RS B T R
R
% 6 =3 x4l
;ag bl 22 sl
2
S

TRNAFRS ik T

Wt P<<0. 05, 5 0 R4 A
2 ZHEXAR AT 4R AT R L RO R

2.2 TOHXUNR AL BEXT A0 i 4R 2% A IE AR RE 1 0

o f#F A 40 mmol/L ) — B XK AL B 5 Y6 bR 10 40 g
DA 5yt ig 4 ;
WOIERAE S 1t PET 1B (0 240 0 P61 42 . 395 17 4 AR 41 48 3F HEe T P0.09 B A IAL IS

b B LA 4 50 8 3K PET 96 P19 08 1 4 T R R
1 B st 5 A B oK B A0 . R BR B L

et X6 HECZH 40 50 (2 638 2 337) AN, — HE XL I 4cb 34 AT A 954
DI/ 2 BN Bk (1 251+ 200) 4, £ R H G2 AMPK | d— s

B X (P <C0.05); iF % 52 5 vh %k BECZH 40 i 5ok
(3 3414284~ , — W XUNR Ak B fi % b 3 410 ] 32 7% 3
PET [I5f 20 0§ A2k X B8 21 % 5% 400 i % (1 852+ E-cadherin | s SR
32O ERAGIFE X (P<0.05), WK 3.4,

P-AMPK | pun  me——

N-cadherin | c—m . o

Vimentin —

GAPDH | S —

6 LWAMFMBANEARETL

EN
1

= gl
— Z2 Y4l

w
N

N
h

EEEMFRIEKTE

-
n

ALK HRAIERS s B X AR 22 C LA TR D. LRAR R
3 Transwell NERMIFTRAMLIGHASEZEMTEBEEAR

2.3 LR R R R R Rk ” | )
S5 PCR K — B O &b 35 37 05 7T 2 15 Mgd 40 FEeT 0. 05, FAIRALILEG T 0. 05 5 AL LR

7 - ¥t AMPK #1 EMT kAL
R R S I C L mRNA ik, Bm O FREXT AMPICA EMT % & A RiE 00



+ 1680 - LT A 4 [F

FRE20194F7 A% 40 %% 148 Int ] Lab Med,July 2019, Vol. 40,No. 14

2.4 THIXIOAERZITBMECEBRE  MHL
PE AR E 0 12 B A I ORI Ak 3 JE 2 5 M
A0 R 22 AT B BE ) YA SCEE F R B AR Ol . KL
HAMPK &8 B KF %A B A2 1E . #E AMPK
Thr172 {37 s HBE R Ak (P<<0. 05) ; [Al i 13 EMT 4
F% % [ E-cadherin(P<C0. 05), N N-cadherin (P<C
0.05) Vimentin(P<C0. 05) [y & 1% , AT 0 1 - 1z [f]
ity . WK 6.7,
3 i T

NG AR JAR J&—F IR IR 7 5% 2 b Bk IR
It H B % B A 22 68 7 B P o i i AR I &
FEAEZE T b6 40 JE 64 i % #% . A 4l B 45 EMT AT RE
e T YU A AR R R FE R R AT
WFFEH % B HOBCIR AT LA 2 8 0 200 i 0 o 9 &
AR R0 2 I B GE F AMPK/mTOR {5 %538 %
I 7 0 A0 M R T R T BLR . R — 2B 0 B SR R
B AMPK AT LA EMT o i 9 53 5% Jif 55 40 i f) 17)
Jo e AU DT 0 o) e 40 B BRI AR F 5
PR W B 2800 4 s EMT, 38 iz 22 6E )
FR 52 ) S m] B8 1 23 5 LR - DU S — FEOBUI RS 0 e
107 S T 0 JEL B AN 7 1

1228 I B 1) 58 ) 2 iy 4 it i R AR AE 2 —
g 2 R M DA AR VG 19 B AR e ok F o EMT 43
AT EERNMAE. AUF5EY] L E-cadherin [6] N-
cadherin # 1k & EMT % 4 iy B E H#| , E-cadherin
T R B R O 2 T B B A0 AR T K A D A 2 R
FE 79 55 o DA I 2K A5 6] 55 40 3 AV, E-cadherin
Al N-cadherin 3 Fft it 14 15 < 19 5C 2 Bl 4 i 983 g 2L 0
B AR R B e . Vimentin 2 EMT [ 5 %
PRaEY . Vimentin FU7E [A] 57 40 M rb 4 5 36 3k, PR
AN IE Vimentin WU 52 75 H oy (8] 50 240 i i . A
WA B — W XUKAE 8% I 3 E-cadherin, [A) i T
N-cadherin 1 Vimentin 25 [ [ 2 ik, 7 Hl 400F JAR
MRS MR 22 68 ). B8 = WOBUNR A) DL d i 30t 5%
S0 TAR A EMT iy 2 8 I i 400 i 56 B8 i A o

TN — Bl R B E R ) AMPK B 5
WG KB, FAE W 908 JAR 40 EMT f94d #2
FOfEHET p-AMPK Thrl72 fy# Rk, AMPK J&—
it 22 R/ I3 & TR 8 1 08 - RE 08 19 i 4l i 69 73 fige AX
NI 7 4 K ATP, At AMPK {55 5 #% 2 JE
2 B0 AN AC I R R T E AT U R
FOSUIRECTE AMPK J5 RE 8 38 oot 22 Fh 1 i 8 35 A 15
W ff e 200 L Y EMT 2o #8 < A2 FOR B8 b mTOR 40T
AR A &3 — HOBUIIC AL 22 AE 48 9 il mTOR 2 K
N p70s6k FI AE-BP1 R AL T #0 ) EMT i
FEH L B A UIRA 3 5f m TOR 8 ' 9 40 i &
Wis 1 35 B0 EMT B9 £E Y5 55 — 05 1 — FOSUIR

BOE AMPK J ] DU ] ERK 5 53 #% 0915 16 » 5%
SNAI FKJ&E 51 snail #1 slug B9 K MM _E I8 E-cad-
herin FEMMTH0 |l EMT 9 % A 5 — HOSUNCIE GE % #
6 AMPK Ff 52 1 48 J P 38 175 48 S 30 T 750 A gk i it
M4 A% T 18R W TR L B 4 (NADPH oxidase 4), JA
M 40 EMT B9 #2306 05 19 AMPK i GE % 417
il TGF-B. M4 W 46 28 2 8 [ 0% 36 B S5 5 5 10
EMT! |
4 &5 e

AT K B, — HORUNKRE 98 410 ] 2008 JAR 40 g
MRAZZEMIT R MR ). HATRE W M iy 4y 02 — HT W
A AMPK B 2 1k #8015 - 18 E-cadherin Jf F & N-
cadherin fll Vimentin, DI SZF Wi %% EMT i &4, 45
FHTHIRT T HOROGE if AMPK/mTOR i@ #% {2
HE 2R 20 ML T R R Y OSUICAE S 5 4 L O T
R ZEFEERS T — 20 R g0 2 it T B e A S
o9 HL Al

2% ik

[1] TVANOVA K,ANANIEV J, ALEKSANDROV A,et al.
Expression of E-cadherin/Beta-catenin in epithelial carci-
nomas of thyroid gland[J]. Open Access Maced J Med
Sci,2017,5(2) :155-159.

(2] #Jed%. Wh&He. — AU S AR &0 BIE 4 i & JAR
P AL T R LT . B BR A 36 B2 4% 2 7K. 2018, 39 (7)
859-862.

[3] CHOU CC,LEEK H,LAIIL,etal. AMPK reverses the
mesenchymal phenotype of cancer cells by targeting the
Akt-MDM2-Foxo3a signaling axis[ ] ]. Cancer Res, 2014,
74(17) :4783-4795.

[4] VALASTYAN S, WEINBERG R A. Tumor metastasis:
Molecular insights and evolving paradigms [ J]. Cell,
2011,147(2) :275-292.

[5] DING X M. MicroRNAs: regulators of cancer metastasis
and epithelial -mesenchymal transition (EMT)[]J]. Chin J
Cancer,2014,33(3) :140-147.

[6] OMROATO L,MALANCHI I. The EMT universe: space
between cancer cell dissemination and metastasis initiation
[J]. Crit Rev Oncog,2014,19(5) :349-361.

[7] LEE H M,KIM S M, CHOI K C. Treatment of human
placental choriocarcinoma cells with formaldehyde and
benzene induced growth and epithelial mesenchymal tran-
sition via induction of an antioxidant effect[J]. Int ] Envi-
ron Res Public Health,2017,14(8) :854.

[8] Mns%. — W XUNMOX A G5 B k68 2 A 0 o 1y 52w [ .
[ 6 56 % 2 22 3, 2017,37(23) : 3280-3282.

(9] BWT.FR 2572, £AR)IL 4. AMPK #% % A B 9 SGC7901
AN b - B AL RE B R 2R g ] T EER
KA2E 4% ,2017,39(10) . 1147-1158.

[10] LIU Z,QI S,ZHAO X,et al. Metformin( T $% %5 1685 T1)



R dn B 407 2019 48 7 A % 40 %% 14 #  Int J Lab Med,July 2019, Vol. 40,No. 14

+ 1685 -

[8] BRAUNWALD E.BRISTOW M R. Congestive heart fail-
ure: fifty years of progress[J]. Circulation,2000,102(4)
14-23.

[9] HUNT S A,BAKER D W,CHIN M H,et al. ACC/AHA
guidelines for the evaluation and management of chronic
heart failure in the adult: executive summary:a report of
the American College of Cardiology/American Heart As-
sociation Task Force on Practice Guidelines (Committee
to Revise the 1995 Guide)[]J].J Heart Lung Trans, 2002,
21(2):189-203.

L10] B JHZn, 2R 55 Bei R C 7K 556 000 1 AH 56
WFFELT ] v A 2 470 I 0L 5 2% 70 2012, 14 (3) : 264-
267.

(110 EaAE A E. Pedm R C ayilm R pE I #E L] o B2
515 ,2018,16(24) :17-26.

[12] SARNAK M J,KATZ R, STEHMAN-BREEN C O, et
al. Cystatin C concentration as a risk factor for heart fail-
ure in older adults[J]. Ann Intern Med, 2005, 142(7):
497-505.

[13] #2%E, F )3 %, Cystatin C 5.0 M 8 5
JELT]. |m%[§%,2012,32(12);105*108.

[14] SOTO K,CAMPOS P,PINTO I,et al. The risk of chron-

PRAR K FR Y BF 58

ic kidney disease and mortality are increased after com-
munity-acquired acute kidney injury [J]. Kidney Inter,
2016,90(5) :1090-1099.

(157 Z2ak8k, 30N ZE. N A s B A 40 Bk AR R C BE 5

DX 11 B0 B £ G AR RS B L) . A V0 R B 27 Bt o
#2,2014,36(2):175-177.

[16] SIGRID B,ENDRE W G,ROSTRUP N E,et al. Urine bi-
omarkers give early prediction of acute kidney injury and
outcome after out-of-hospital cardiac arrest[]J]. Critical
Care,2016,20(1) :314.

C177] AR, AR RO B LTS MR CUmg s RiE A
5@%@*@%%%[]].ﬁ‘é@ﬂkﬁéi%&,zow,zus»
193.

(18] GRAR. A& 1.0 ) ol B H MAE MM H C K H L E R
AR GBI 7 LD 1. FE#A - g i B 2 e 2014,

[19] ZAMORA E,JOSEP L, ANTONIO M D, et al. Limited
value of cystatin-C over estimated glomerular filtration
rate for heart failure risk stratification[ ]J]. PLoS One,
2012,7(12) :e51234.

[20] &Rl S8 302, AR 45 LTS MR R C AKOF 5 8 it 0
Dyl A T W UG Z 18] B AR G ML ) R AbBE 25T
2016,14(35) :42-44.

[21] RBEAFEH RS0 55 180 ) o ol B8 2 s e R
C K- 22 4k Rl R SCLT . K HE B 2, 2015, 43 (10
1162-1165.

[22] Z=E 6 PMR L. 1L 7 HCY . CysC, NT-proBNP, D-dimer
Y0 0 A0 s ) 3 e 18 WK B TS VE A P A (LT .
SIS 5K E A ,2018,36(3) :427-430.

(2019-01-06 &l H #]:2019-03-14)

(56 1680 T1)
inhibits 17f-estradiol-induced epithelial-to-mesenchymal
transition via BKlotho-related ERK1/2 signaling and
AMPKq signaling in endometrial adenocarcinoma cells[J].
Oncotarget,2016,7(16) :21315-21331.

[11] HANAHAN D, WEINBERG R A. Hallmarks of cancer:
the next generation[ J |. Cell,2011,144(5) :646-674.

[12] GUAN X, BIDLACK F B,STOKES N, et al. E-cadherin
can replace N-cadherin during secretory-stage enamel de-
velopment[J]. PLoS One,2014,9(7):e102153.

[13] KOURTIDIS A,LU R,PENCE L J,et al. A central role
for cadherin signaling in cancer[J]. Exp Cell Res., 2017,
358(1) :78-85.

[14] YUN J A,KIM S H,HONG H K,et al. Loss of E-Cad-
herin expression is associated with a poor prognosis in
stage [l colorectal cancer[]J]. Oncology,2014,86(5/6):
318-328.

[15] BANERJEE P,SURENDRAN H,CHOWDHURY D R,
et al. Metformin mediated reversal of epithelial to mesen-
chymal transition is triggered by epigenetic changes in E-

cadherin promoter[J]. ] Mol Med (Berl),2016,94(12)

1397-1409.

[16] HAN B,CUI H,KANG L,et al. Metformin inhibits thy-
roid cancer cell growth, migration,and EMT through the
mTOR pathway [J]. Tumour Biol, 2015, 36 (8); 6295-
6304.

[17] ZHANG Y,FAN Y,HUANG S,et al. Thymoquinone in-
hibits the metastasis of renal cell cancer cells by inducing
autophagy via AMPK/mTOR signaling pathway []].
Cancer Sci,2018,109(12):3865-3873.

[18] DE HERREROS A G, PEIRO S, NASSOUR M, et al.
Snail family regulation and epithelial mesenchymal transi-
tions in breast cancer progression[J]. ] Mammary Gland
Biol Neoplasia,2010,15(2) :135-147.

[19] LEE J H,KIM J H,KIM J S,et al. AMP-activated pro-
tein kinase inhibits TGF-B-,angiotensin [[ -,aldosterone-,
high glucose-, and albumin-induced epithelial-mesenchy-
mal transition[J]. Am J Physiol Renal Physiol,2013,304
(6):686-697.

IS A H 1. 2018-12-01 &[] H 1 :2019-03-28)



