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Z ¥ WUIRZE Vimentin mRNA Z 3 & & \RGC-32 mRNA #9 A8 xf ik F 3 £ 44T 10 mmol/L = ¥ UKL (P<<0.05 %, P<<0.01), %%
s = SUIN T 70 B AR B W38 i Smad4 JF AR B 18 F4- 3] BXPC-3 48 fe 64 38 g4 Ao it A5 AR R FL B T, X T AR 5 MR R 2 AR b % 8]
TR AT AZ VR RGC-32 & ik 5 B 404 A % .

KEIE =T SIS IR s BXPC-3 4 fieL; 34 78 ; 08 T b I R A4 s AMR R 2L 32

Effects of Metformin on the Malignant Phenotype of Pancreatic Cancer BxPC-3 Cells
HUANG Zhiquan, WANG Zhenwen, ZHU Liang (Dept. of Gastroenterology, the First Affiliated Hospital of
Nanchang University, Nanchang 330006, China)

ABSTRACT OBJECTIVE: To investigate the effects of metformin on malignant phenotype of pancreatic cancer BXPC-3 cells.
METHODS: Using human pancreatic cancer BxPC-3 cells with natural deletion of Smad4 gene as reaserch objects, CCK-8 assay
and flow cytometry were used to detect the proliferation and apoptosis of BxPC-3 cells after treated with different doses of
metformin (5, 10, 20 mmol/L) for 24 h. The cell survival rate and apoptosis rate were calculated. Transwell assay was used to test
the migration of cells after treated with different doses of metformin (10, 20 mmol/L) for 24 h. The number of migrating cells was
recorded. qRT-PCR and Western blotting assay were performed to determine mRNA and protein expression of E-cadherin, Vimentin
and RGC-32 in cells. RESULTS: Compared with control group and 5 mmol/L metformin group, survival rate of cells were
decreased significantly in 10, 20 mmol/L metformin groups, while apoptosis rate was increased significantly; the apoptosis rate in
20 mmol/L metformin group was significantly higher than 10 mmol/L metformin group (P<<0.05). Compared with control group,
the number of migrating cells was decreased significantly in 10, 20 mmol/L metformin groups, and the 20 mmol/L metformin
group was significantly lower than 10 mmol/L metformin group (P<<0.05). Relative mRNA and protein expression of E-cadherin
were increased significantly in 10, 20 mmol/L metformin groups, and relative mRNA expression of E-cadherin in 20 mmol/L
metformin group was significantly higher than 10 mmol/L metformin group. Relative mRNA expression of Vimentin in 10 mmol/L
metformin group, relative mRNA and protein expression of Vimentin in 20 mmol/L metformin group, relative mRNA and protein
expression of RGC-32 in 10, 20 mmol/L metformin groups were decreased significantly; relative mRNA and protein expression of
Vimentin as well as mRNA expression of RGC-32 in 20 mmol/L metformin group were significantly lower than 10 mmol/L
metformin group (P<<0.05 or P<<0.01). CONCLUSIONS: Metformin can inhibit the proliferation and migration of pancreatic
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HeaL Force HFI51 %! CO, %5 3% 46 . HeaL Force Neo-
fugel13R 7 5 A VR B0 ML (IR ) RBP4 A IR A
) ; ChemiDoc XRS+ = 2 U fb2F R OC IR RS
T100 %I 5 & 4 5 i (PCR) 1Y ( 3 [# Bio-Rad 22 7] ) 5
StepOne Ml ¢ % & & PCR ¥ ( 3€ [ ABI 28 & ) ;
CKX31-A12PHP % 3] ¥ #H 2% 2 #2055 ( H A< Olympus 24
F]) ; NovoCyte 2060R 7 it =X 2 1 ¥ ( 35 5] ACEA Bio A
] ) s RT-6100 A FHR AL (32 [ Rayto 23w ) ; DYCP-31DN
RUH PR (Jb N —{XE%) ) s THZ-98 B 4548 R (VL.J5
KA EHFARAH ).

12 #R5iRFH

R R = W SN B Sy (it 5. D935L, 4l i . =
98.0% , Ji SCHRTAR " W BUIK”) | JHEEE 1 - & — g VU .12
(EDTA){HALK e i (A& EDTA) G4 05 45 fh
UL A A6 R FERHE A BRZA w s RPMI 1640
St SR (B LA R R R AT BR S | iS5
KGM31800S-500) ; Trizol i 7 . Ultrapure RNA # 4li
RNA $2UR 77 €  HiFiScript cDNA 85 —854 B €
UltraSYBR IR A (BCA 1 5 i) & ¥ [ I
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Syt 20 A= MR A BR S 7] 5 RIPA 4 284 9 (b 5034 A1)
SR HARFRA ) 5 @B EUOEH (iS5 : RI239676) |
T YL 2R 1] Marker (#t-5-:26617) 304 [ 2% [E Thermo Fish-
er Scientific /A A ; CCK-8 ¥4 7 K5 Il 7] £ ( H 4% Dojindo
oAl S - CKO04) 3 Annexin V -FITC/PI i 146 il 3%, 571
SO EE B AR R K AR AA, H#S
AP101-100-kit) 5 /> R A H 70 15 - 3- 3% i Jot L 73 ( GAP-
DH) Hu g EHLIR (M2, 15 : TA-08) (1L EHT/N Bl 1gG
Pt (Hit 5 - ZB-2305) | 1 SE BT R 1gG Pt (5.
ZB-2301) 30 H AL 5t s A2 R AR ) HOR A PR vl 5 S5
#4511 E(E-cadherin ) 2 7 BT (35 [# Bioss 23 7 L, 4t
5 :bs-1519R) ; H I [ (Vimentin ) PR 58 FEHTAR (T2
Abcam A ®) , 1t 5 : ab92547) 5 G b A S S FE ] 32
(RGC-32) Z i BB (3£ [ OmnimAbs 23 v , it 5
OM227971) ; T — 90 £ 45 (PVDF) 5 ( 3£ [& Millipore 24
H)) s Wl 5 22 thil (PBS, pH 7.4, b iga5 1 AR W R 4L
AR 5 HAR Gy i 85 40 2k, K ZEIK
1.3 4Hpa

N BRI BXPC-3 2 Jif iy v IR 2 B il A= Bl
WS BE A DT R L
2 FHik
2.1 ZHREEESE

5 BxPC-3 41 Jifd 32 Fl 2= £ 109% Jif 4 1ML 7 9 RPMI
1640 58 235 FR W (LA T fiFR“ o8 e 7)) b, & T
37 °C 5% COI5FA (T [a]) rhiff A i FLE 7%
2.2 YHREIGIEIERER

K CCK-8 I A o BRURH £ 4E 4 3 BXxPC-3 41l g,
JH PBS ¥ ¥k 2 I, AR 25 1 i -EDTA T AL W H 1k 3
min, fiIIA RPMI 1640 5¢ 455 75 (LLF faf B <330 55 9%
HiEa JRAT, WFT, LA 1 000 t/min 5.0 5 min; F2E
TR, A 38 15 5 S E A, R U 22 1< 10°>/mL (1)
PN, 42 BEL 100 pL (R 1x 10" 4~/FL) #2270 2 96 fL
M, 5555  RR Al AR K Al 22 60 % ) K L REAIL o3 by it
HEZH A — I XUIRZE (5,10, 20 mmol/L, #)Hi% B 5%
BR[13]) , BB 5 E AL 7o R FR, X AL A
W IEFREE 100 pL, & 25 25 00 A 5 AH N 244 1) 383 15
FE100 pL, 4k 2EHE 5% 24 h; &AL A CCK-8 15 10 pL,
WEOGHEFR 2 W, AR T 450 nm A ARG - £L
()56 5% B (ODME, HI T A MAFTE K . A AFIG K =

(54035 OD R/ FRA1F-3 OD{E ) x100% | ikia
FrE A 3 CRIED .

2.3 HHREATERER

SRR AAG I . 92227350 F J5 L e i 4 1l
1x10"4~/mL A BRAH IR , #1941 2 mL (B 2x10*4AL)
FeFpE 6 FLAR P, 5555 RR AN AR K Al 2 60 % B 3L
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Bt ML SR ek BEZH A — HHOBUIRZE (5,10 .20 mmol/L) , 140
WSANE AL, 3R, 0 BRI A S 38 R 57 0 2
mL, £ AN HE IV 25 1530 5 57 0k 2 mL, 4k
W% 24 hy 38 B, FH PBS WS Uk 2 Wk, 1A & EDTA
() B A P BRI AR5 L LA 1000 r/min B850 5 min, F2E F i
&, 41 PBS T/ 36 2 Y%, LA 1 000 t/min #8520 5 min, Y8
Y AL (29 1.5%10°4> ) o FHYE T4 I3 5] £ 7 1Y Binding
buffer 7] 500 pL FAAHNE , FH %= PRI A Annex-
in V-FITC Y4 5 uL .PIYL I 5 uL, 15T, S ke R
15 min, 8 FH 30 2 200 A SRS 40 ey ) 1175 0
24 HRTEBEENER

K Transwell ;IEFS I HE S $4°2.27 51 R J7 L
il 25 JE Ry 2x 10°4/mL 114 B2 AV, #% BL 100 L (RP
2x10°4~/FL) 3 & Transwell /Mg (B« BZ=7) b 5 H
BEAIL 43 A XoF B2 R — FF BUIIAL (10,20 mmol/L, 7 5 5
H12.27 23" AR E) , TAA T = 244U A
SRR 25 A T R FE 5L 600 pL, FFLH B 3N E AL, K FE
24 he BUH/NE, LI PBSTEVE)GE , AR BR IR IN
T A ZE R 20, FH 4 % 2258 F IV 1 22 30 min 7, LA
0.1% 45 i 2 Y A Y €4, 15 min,  JH PBS Mk Transwell
AN IR BIE A 22 B R, B MLk
B8 AN AT (x200) , T S A4 P 11 32 % 41 it 4
(Y3 ) , BUHAP I EAE R At g
2.5 HHEEFE mRNA RikifERZ52=

oK FH S ) 5 o 3 A Tl 4 5 7 7% (qRT-PCR) A6
F“2.27 WUT J7 P EL i 9% B S 1< 10" A>/mL f) B 248 i A
W, 4% AL 2 mL(RP 2x 10 A~/AL) R 6 LA H , 597,
FRAN AR Al A 22 60 % B K L BEAIL 53 by X HEZH A —
XUIRZE (10,20 mmol/L) , FF£H % 3 M L. FEEREFRW,
Xof BRI 38 55 95 35 2 mL, 4% 25 25 41 A & HL IV 254
B30 15 IR 2 mL, 4K S5 57 24 he R Trizol i 55 42
40 g 5 RNA, {81 i HiFiScript ¢cDNA 45— 4% & B 7
&K Hw 5 56 cDNA, FELL GAPDH i N 2, 4351 %t
E-cadherin , Vimentin . RGC-32 % i 5 R #F 47 52 i 5 &
PCR¥ 4. it Z (4120 uL) : cDNA 4T 2 pL, Ultra-
SYBRIEAW 10 pL, I RS (75102 1)45 0.8 uL,
WFEIK 6.4 pLo LW 45+ 95 CHIAETE 60 5,95 CAETE
155,60 CiRk 30's,72 CLEAH 30 s, I 40 M. K
279k L Excel 2017 BT 4 H AR mRNA BHI XS %
ki (CtRR AR NG5 558 B 18 515 [ {E
NWRZUTEE 7SO
2.6 HXEARIIERERE

% Fi Western blotting I #6:0 , #“2.57 11 | Jy i F
FrempsErt a4 2, B 3N EAL. BiFR24h)E,
K FH RIPA 4t it 24 24 40, T4 °C7F LA 12 000 r/min
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&1 qRT-PCR3|¥F5
Tab 1 gRT-PCR primer sequence

HH 5141751 K TURE by

E-cadherin [ 5" -CTCACATTTCCCAACTCCTCT-3! 21 234
Fiff:5'-TGTCACCTTCAGCCATCCT-3' 19

Vimentin 445" -TGGATTCACTCCCTCTGGTT-Y 2 103
TS’ - TGATGCTGAGAAGTTTCGTTG-3' 2

RGC-32 Fiif:5'-GCGCTGTGCGAGTTTGA-Y' 17 20
;5" -CTGGGGTAGAGTCTGTTGGAG-S' 2

GAPDH Fif:5'-GAAGGTCGGAGTCAACGGAT-3' 2 24
Tif:5'-CCTGGAAGATGGTGATGGG-3' 19

250 10 min, B F IR, R BCAEME EAHRE . &
F1F 100 CASM G, BU50 pg HEA TR Z M Tk e R e L ik
LUK A B85 Z PVDF i |, LA 5% b s T 4 C
B} T 75 I AAH Y — Pt (GAPDH . E-cadherin . Vimen-
tin \RGC-32 [ B 4371 9 1:2 000, 1:500,1:2 000,
1:1500), FEEFEIRFIFE 3 h; H TBST 28 il is
Uk 10 minx 3 ¥, Al A %1 (GAPDH /il A Ll 4t /) B
IgG 90, HAE ALY 1gG 90, Ry
HF1:2000), FERPERPIFF 2 h; F TBST 2% il i
Pk 10 minx3 I, VB BUAOCIR a5 , B T R U
b2t KRR R GRS . K Tmage T 1.8 84430 #r,
PLHARE 5 N2 GAPDH (1 K BEE HLE R Kn 1% & 1
R Bk o
2.7 FItFEFE

K H SPSS 19.0 A4 X s i A5 gk o3 Hr . SR H
Kolmogorov-Smirnov 5 5 #E4 7 1EZS 341 434, £ 6 IR
AT R TR L X + s R, R o5 A FF A IES Sy
A AT ORE LA A R + DU B AR, SR FH Wil-
coxon BRFIKG L . P<<0.05 NZERELGIHE X,

3 #R
3.1 Z—EXAKXS BxPC-3 £H Bt 5E (49 2
55 R e85 , 10,20 mmol/L — F RUAIZH 40 i 7735

AR AL, B2 KT 5 mmol/L — HI XK (P<

0.05) 5 1Ml 5 mmol/L — FBUNKZH 240 it £ 7175 4 15 %) B2 L

#,10.,20 mmol/L - H XUIRZH 240 fi A7 1% 22 4 10] L4, 2

SHTGI R L (P>0.05) , £ 2,

F2 ZHXNALXT BxPC-3 4AAEFE A TSN (X £ 5,
n=3)

Tab 2 Effects of metformin on the proliferation and

apoptosis of BxPC-3 cells(x +s,n=3)

45 MIAEER, % AT, %
Pyl 100 3632025
5 mmol/L — U 95.34+2.11 529£0.19
10 mmol/L — FUIAL 8277350 890£029*
20 mmol/L — FAN4L 78524338 24980877

T 50 BAL L EL, *P<<0.05; 5 5 mmol/L - H SUIKEAH 4K, "P<<
0.05; 55 10 mmol/L — FRUIRAL HL 4%, *P<<0.05

Note: vs. control group, *P<<0.05; vs. 5 mmol/L metformin group,
“P<<0.05; vs. 10 mmol/L metformin group, “P<<0.05
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3.2 ZHEXARRT BxPC-3 4B AT B8 00

5% BEZH H#, 10,20 mmol/L — B AUIZH 20 ffd e 7
ZH T H 10,20 mmol/L — H X4 & 5 T 5
mmol/L — F XUATZH , 20 mmol/L — 1 XU 4H B =& & T
10 mmol/L — I XUIZH (P<<0.05) ; 1 5 mmol/L — F XU
AT R G X ML i, 25 Lqi#E X (P>
0.05), FEULIE 1.3 2,

Q1-2 Ql-1 Ql-2
0.20% 1.35% 0.15%
10°4
=
= 10
10°4 .
1-4 Q14
3.60% 5.22%
i 7215 10% - % . -
10* 10°  10* 10° 10° 107 10* 10" 10 10° 10" 107
Annexin- V-FITC-H Annexin- V -FITC-H
AL XTREZ B. 5 mmol/L —H XU
10 10°
Ql-1 Ql-2 Ql-1 Q12
1.45% 0.17% 0.25% 1.39%
10 10
’ JE
z '
= 10
10" 4 i
R Ql-4 Ql-1
o 189.56% . iEEEY- 8.81% - 23.14%
10%" i S S
10* 10°  10' 10° 10" 107 10** 10" 10 10° 10° 10™

Annexin- V-FITC-H Annexin- V-FITC-H
C. 10 mmol/L — F1 AU D. 20 mmol/L — H XUIRZH.

1 ZHXALRT BxPC-3 4 paA T & AR X 4 Aa E
Fig 1 Flow cytograms of the effects of metformin on
the apoptosis of BxPC-3 cells

3.3 ZHXARY BxPC-3 HARE AL HHIR N

SN BRZH A, 10,20 mmol/L - HY XU ZH 3 #% 4 i
B4 @ /0, H 20 mmol/L — H XUIK4H i /0T 10
mmol/L — H WL (P<<0.05) , PEULIE 2 (& rp, “fisk”
Fis B RS ) (£ 3.
3.4 ZHEXALT BxPC-3 4 i1 # E-cadherin . Vimentin .
RGC-32 mRNA % B 800

55X B #, 10,20 mmol/L — F LI 4H 44 it v
E-cadherin mRNA ) A XF % 15 & 34 & 2% 7+ &, H 20
mmol/L — H XU AKZH & 2 & F 10 mmol/L — FF XK 5
Vimentin ,RGC-32 mRNA i AH X 2% ik 44 g 35 FAK, FL
20 mmol/L — H UK 4 i 2 I T 10 mmol/L — H AR
H(P<<0.05), L3,
3.5 ZHXALXT BxPC-3 48l 1 E-cadherin , Vimentin ,
RGC-32 EARIEHI N

XA 8, 10,20 mmol/L — F WU 40 41 Jifd v
E-cadherin & [ AU AR X 5 134 8 T 5 : 20 mmol/L —
FH OSUICZHE 21 9 Vimentin 2 79 2L & 10,20 mmol/L - H
SUIRZE 24 i H RGC-32 85 [ 1 AH X ik 1 34 (g S R
H.20 mmol/L —F XU ARZH Vimentin 2 [ AN ik 2= 2
FETF 10 mmol/L - F UKL (P<<0.05) 5 T 45 25 25 20 H:

PEZES 2020 45 31 2 1

RIGHRALIF] F AL, 22 ¥ TEGE 127 3 L (P>0.05) , 11 UL

AL XIRZH

ZEDRITR,
l'i 2
&

C. '20 mm(;l/.L:‘;ﬁ;XEméﬂ. -
2 ZHWALX BxPC-3 T8k
(RS, x200)

Micrographs of the effects of metformin on mi-

0 B 2 1 B

Fig 2
gration ability of BxPC-3 cells (crystal violet
staining , x200)

®3 TR BxPC-3 482 iF 7% BE /1 K E-cadherin |
Vimentin, RGC-32 mRNA & iX B9 & M (x £ s,
n=3)
Tab 3 Effects of metformin on migration ability and
mRNA expression of E-cadherin, Vimentin and
RGC-32 in BXxPC-3 cells(x +5,n=3)

RNAZ KT
41f g7 (N =
i 0.1 E-cadherin Vimentin RGC-32
papictiil 33.005.00 1.00 1.00 1.00
10 mmol/L ~HITUALAL  15.00£4.00% 211£009° 075£001° 06520017
20 momol/L AN 6.00+2.00" 3745016 0412005 03220017
T S0 IRZH LA, * P<<0.05; 5 10 mmol/L — FH XU h %, P <

0.05
Note: vs. control group, * P<<0.05; vs. 10 mmol/L metformin
group, “P<<0.05

4 g

P T AR A LT 25 (o PE Al 2 45 ) 77 3As
FE R RN 22, 0T34 48 A R T s i 25 0
B, AR, BRI S R A VAR OG . — T
A e REURE R 1) AR R AR I s X XU 2 v 5 5 —
TAT, B J o 9 %) 0F 2 | B SE B PR s 1 R A R & Tt
s HUSUNGR: B A B2 e A B i 34
R E LT R L G R B B A B s A5 R
7, 50 BEEH AR, 5 mmol/L — F XU BxPC-3 4 it
BB RN TR I JCH B AR 4R, T 10,20 mmol/L —H L
JUICZEL 240 b0 A 375 238 0] J8 2 B AR L TR R 2 BT, HL 20
mmol/L — B XUARZH 21 it 9 08 1~ 2% 5. 2% &5 F 10 mmol/L
THUIRZH . %4, 10,20 mmol/L i F SN AT BY
00461 FoE B9 BxPC-3 4 1 384 5 -2 i L 12, 5 Nair
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XA 10 E)?E%%é‘ﬂ 20 qﬁ“&‘%ﬁ =
B3 ZHEXHX BxPC-3 48 i@ E-cadherin . Vimentin ,
RGC-32 EARIERMmMEI ARk E
Electrophorograms of the effects of metformin

E-cadherin

Vimentin

RGC-32

GAPDH

Fig 3
on protein expression of E-cadherin, Vimentin
and RGC-32 in BxPC-3 cells

F4 ZHNAF BxPC-3 4l ffl E-cadherin, Vimentin ,
RGC-32 EAFRIAMFM (x £5,n=3)
Tab 4 Effects of metformin on protein expression of
E-cadherin, Vimentin and RGC-32 in BxPC-3
cells(xts,n=3)

A5 E-cadherin
papictil 0.460.08
10 mmol/L — F AU 090£0.11° 083£0.15 0.58+0.09*
20 mmol/L Z R4 083£0.16° 042006 0.61£0.10°

T SXTHEL A, * P<<0.05; 5 10 mmol/L — B SUIRA He 4, *P<
0.05
Note: vs. control group, * P<<0.05; vs. 10 mmol/L metformin

group, “P<<0.05

V 25097 Pancl |, Panc28 , L3.6pL 25 [ iR 9 20 i A b A
FELE RN, H G IR K Smada TR K AR B I
BxPC-3 ZMfifd , A58 AT AE Jy_ IR AR 72

AT BN, — HOSUICAT B8 2 i 1 S R R VG b
FR T CAMPKO) KA1 il Wi 2L 2 0 7 A 2 25 R0 2 11/l
JI Pk JUIL IS 3- 384 /2, 11 9% 15 B (mTOR/PI3K/Akt) {5 53
%, A ] e 240 e 6 L, AR 1 240 L O T R
Incio J ZF"IF5E s , — B XU AT 3 ek ol 3 g it o 6 2
PR RGOSR R A G2 P it Jig , Tk — I FE AT i 5 EMT
ZRNHIA & EMT 457 R 204 BEARBLRAS T H
PRI b Bz A ) 1) S5 4 2 A Y IR 2, 32 23R I R 4
Wt e e B T R 2k 12 Sh IR 22 8 ) 1G5k 5 [H)
B, AR A & A T 2l AR B-cadherin 55 I 7 R AUARIC
Iy TR B WL, T Vimentin 25 6] iz R BIbRICA T4
BT =, AR AR B, 10,20 mmol/L —H
KUIZH 20 it 3 72 B 1 0%t B 21 i 2502 , B 20 mmol/L
THBUIRAH B35 /0 T 10 mmol/L — I BUIAH . X 3R
RSORS00 J g BPC-3 i i i fR 28 FEE RS, HL

Vimentin RGC-32
097£0.10 0.85£0.12
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SRR . AN, APFREE RIA 2R, 10,20 mmol/L
— FEXUDIZA 24 it B-cadherin 2K 11 A2 Hi mRNA 2234 7K F
Yyt wt B H B 2 TH i, H 20 mmol/L — F XUIK4H E-cad-
herin mRNA ik 7K i3 5 F 10 mmol/L — XU ;
10 mmol/L — H XK 2H 40 2 Vimentin mRNA LA & 20
mmol/L — 1 XUIKZH 44 i Vimentin 25 [ S mRNA Fik
KAV 17 4800) A i 25 BTG, H 20 mmol/L — F XUIRE Vi-
mentin 25 [ M H mRNA F ik 7K 3 1 2% T 10 mmol/L
THOWRAL . s, —HOWCRT B3 2 0 il EMT >k
Pt e R AR B A AR 22 AL R, HL X AR AT R A
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