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Abstract

AIM: To investigate the effects of metformin on
cell proliferation, apoptosis and cell cycle pro-
gression in human esophageal cancer cell line
Ecal09 in vitro, to explore the possible mecha-
nisms, and to observe whether there is a syner-

gistic effect between metformin and 5-fluoroura-
cil (5-FU).

METHODS: MTT assay was used to detect cell
inhibition rate after treatment with metfor-
min alone or in combination with 5-FU. Mor-
phological changes of cells were observed by
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Hoechest33258 staining. The changes in cell cy-
cle progression were examined by flow cytom-
etry (FCM). The expression of p27 and cyclin D1
mRNAs in Ecal09 cells was detected by reverse
transcription-PCR.

RESULTS: Apoptotic features including nuclear
pyknosis, chromatin margination and apop-
totic bodies were observed in Ecal(9 cells after
treatment with metformin by inverted phase
contrast microscopy and Hoechest33258 stain-
ing. Metformin significantly inhibited the pro-
liferation of Ecal(09 cells in a dose- (r = 0.968,
P <0.05) and time-dependent (r = 0.914, P <
0.05) manner. Metformin treatment enhanced
5-Fu-mediated cell growth inhibition (24 h: ¢ =
6.943, P <0.05,48 h: t =7.764, P < 0.05; 72 h: t =
14.554, P < 0.05 vs metformin alone). However,
metformin and 5-FU had no synergistic anti-
proliferative effect in esophageal cells. Flow
cytometry analysis showed that metformin in-
creased the percentage of cells in G,/G, phase
in a dose-dependent manner. The expression of
cyclin D1 mRNA was down-regulated, while
the expression of p27 mRNA was up-regulated
after metformin treatment.

CONCLUSION: Metformin inhibits cell prolif-
eration, promotes apoptosis and blocks the cell
cycle at G,/G, phase, which may be attribut-
able to down-regulation of cyclin D1 and up-
regulation of p27. Metformin and 5-FU have no
synergistic anti-proliferative effect in Ecal09
cells.

© 2013 Baishideng Publishing Group Co., Limited. All
rights reserved.
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BH: AFR = 9 WU AR A 8k 2m B0 %
Ecal092m e384 . A T 89 % R AU,

Fik: BlE A E BREIK T WINE A T
Ecal09%m )5 20 JaT) & F 09 5 &, = F UK
M= T BANFR A5 - S EE (S-fluorouracil,
5-FU)TFzmfiee24. 48. 72 hjz, MT TN 4m
AeLdm ) & Hoechst33258 % 6 4 & ik WL ==
MmN EF T, BH TG, AXEi
A 20 fe B 2R 69 B R, #hFREmRNAF ART-
PCR(reverse transcription PCR)¥: | 48 % &
cyclinDI . p2743%F L.

LER: — WAL G 5] B AR £ BRI
EXERBERELBREN R L miet 2
NP THHEF T, MTTE R E 7, RER
JE=F BANE A T2 & f&Ecal09%m it )z, 48 %
SATEER B, RF FEEcal 0948 it A& K 4 ) &
5 = 3R B 2 EAR & (r = 0.968, P<0.05),
5 RatR 2 EM £ = 0.914, P<0.05); 5
S-FUBEA1E A B (BR6- A 254124 h: ¢ = 6.943,
P<0.05, 48 h: t = 7.764, P<0.05, 72 h: ¢t =
14.554, P<0.05 vs 3 ) =% SUINAE), 124352
¥ R FIWT, ZL189180.85-1.15, A=A A
AR R, St RWRAER; AR g e R
BER BT, ZFBNLA 81T G,/G, 4 20
fe; RT-PCR% R 27 Bl 4R X &K BeyelinD1
mRNA 2 % Fif(P<0.05), p27 mRNAEZ # £
F(P<0.05).

it WA FEARETE @M ER
Ecal09¢98 =, 55-FUBEA A 25 0F L Bt
FAER, FL# a0 i B B T Gy/G 20, HAud] +T 4k
5 bR SR T R 3R e am e B AR A R B G R ik
A *.
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2h = W1 IINAE 376 2 F B 4 e R Ecal094m R 6Y
¥ ah | AR BEIY I B R T, JF A% 4m e B A P T
G,/GH, X T4ls FTRMMEAREZMAETE
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BT TFBZ— HHATITH T A K2 A
RRNK, HAG = Apigitk. Kk, ke
ICEE AL TT 250 sl 5 FH 200 AN RSN Ay
P S B R 2 — . XU AE b
A0S0 ARAE 51 N HI R I 2 B8 PR 1R BUIT S
FUIR B 25, 20054, Evans®5P % 7 — 350}
98345 2 7R s 1B A1 846451 3ok N BEAT ] —
P RSUICART 150 118 ] o 2 s R o) BRI 9, 45 SR 3 1]
T FOUUNCRE J08 35 AR I 2 1) g IR (2 1
JE AR E R BERR = 0.79, 95%CI: 0.67-0.93).
XSGR | B 5 D% T HOSUICHL i 88 2801 1)
WL H R 2. AR H R A58 = XU
XN oA B R i 4 i SR E cal09 48 i 1) 1Y
B T O e SR R g e, e 5 AT 2
Y)5-5 K BENE (5-fluorouracil, S-FU)EEA i i
A EVER, RIS T G, gt —
AP TR R FH 25 B4 — 5 1 R B,

1 SRIASE

1.1 AR N o £ 5 0k 4 i e 40 i R
Ecal09l) B o [E R} B b it 40 i 22 IF h 4
M B 2 B v 0 S = AR A, DMEME: FR
HGIBCOXAHl; 758 3 -5 55 2 v WU G B
VICMEDZ #]; Jif2F i e | b U, —
UK. 5-FUSYI [ Sigmazs & 40 i J& 313
FIE W R RUHLAE; TRIZo IR . 30 #5 53R
#fE . PCRIAFIGIY H TIANGENRHE A FR 2
wl; PCRE|W i g T/EM) TREF AR 4547
PR3 W) 5 s TG S 25 A 4% Ok Thermo 24 7
at; PRI A A BD 2 W 77 b DP 1L Sl AT
ARG A HAOlympus/Awl; BEIRE RSN
Bio-Rad/A & 7= it

1.2 7%

1.2.1 smfas i N REca-10940 7 AkE
FTFE10%6F17E . 100 UmLEHE. 100
ng/mLBER ZIDMEME; JERE A BE IR 4644 K
37 C. 5%CO,MEIE L H L. 0.25%[ B A
B AL, 1-2 A4, 3-4 dLAR IR,

1.2.2 @\t A9LE: Olympus() & Wik F gL
FEFOM AN A0 M 1 RS N IR, BRI
FEOSUTO AS [F B B (R TSR O, IR 105
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2R, & BN A BEEEcal 0940i88YEIE S @ T2 a A=A 4077
mie £ RE
cyclinD1 5% 2R
J e AR R,

ER ETFHREEI5-3) =M= bp) BNRE(C) FIEA R, T
- oy SR A
CJ/C///?D7 J:/ﬁg CTCGCCAGTCCATTTGAT 314 64 i%é’i, li/‘ﬁlii—l% )]gr,
T35 GGGCTCCCCTTAGACACT BMEAEHX. A
p27 5 TCTACACCGACAACTCCATCC 202 60 Sk, p27H B AR
5: R AL — A

I3 TGTGAGGCGGTAGTAGGACAG
L 4% m R B

1.2.3 MTTk 2m it ) Zml 2 BO 04 K
Ecal 0940 s, LL1X 10°/mLI%)%5 B4R 96 LR,
341200 uL, FEMiEE24 hs, W BRES FRIE, H ek
T REIREL, WAL, 43 il Rt AL (4 AN
FHRFERL), —HXUIMMet4l (1. 5. 10.
20. 40 mmol/L), 5-FU41(25 mg/L), ¥k & 41(Met
20 mmol/L+5-FU 25 mg/L), fF2H6/NE 1L, JL3th
B, 23 Mgk LR 9204, 48, 72 h. LG HE 3K, b
BURI AT, 76 %-FLH IS mg/L MTT 20 pL, 44k
Ri7%4 har Lis, f4LINADMSO 150 pL, E%
10minfiF 45 ALV IR, 71 BEEIEC % 2R X 570 nm
B AL 2 &AL FEA)E, B G — P A
g aPBSFLIE AR ZAL. #& F oA
100%, SEEGE 3R, 45K LIS E + hruE 2= T8
KEIR, 78 LR 2y A A6 2 5 A B R 4E
I, R4 EE W, A ¢ = (Ea+b)/[(Ea+
Eb)-EaXEb]. A Ea’y — FXUINZ 1A,
Eb 2l 5-FULLIKNEIZR, Ba+b 4 H 254140
i, 4 R gH>1.15R - LA FRAEN, g
<0.85K /NPT PIIE I, gfih0.85-1.154 7R
PR 2 Sl e .

1.2.4 Hoechst332585 . & i MLAL A T 4m foL b
099G A A KA R ToqLAR, H 724
hWiEE S, F¢ b3, iy iRk, 40341, 73
HXFREA, AL (1. 5 mmol/L)y&H4H 34
AL, TR, HRFE24 b, WIRSE IR,
AN0.5 mL 40 g/LI1) 2 5 F I8 72 41 2 10 min;
22852, FH0.01 moVLIIPBSYE3 minX 2iK, Ik
BN T2 42 5280, WOJSBAA; i1 mL Hoechst
332584, 37 CY15 min; Yy,
PBSYE2 min X 27K, PLEBRIL 2 YA 5 2Ok
BT PSR, WORBE 350 nm, KIFHEK N
460 nm, 2 A% 2 BRI YL 2 AR HOIR B ik YL
ST TZRAPESN e RORAE. JHT 4% (apoptosis
index, AT)(%) = J4 T- 40 fu 5/ 2 40 £ X 100%.
1.2.5 7K 2 R A0 4m Ao 8 20 UGS K04
M, BeRl T S UM, B3N AL, W
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Y R ASTRIH P — HORUIAL(5 104 20 mmol/L)
AbFEA8 )G 4N, PBSYEE A2k, H70%fil
A G 8 I, G EHT I NP B SUEE [ &
W, FH400 H 140 fo 5 ok 38 4 B 2= 3 =0 b,
100 uL RNase A, 37 “C/K#30 min; F541A400
uL PIHL (IR A, 4 CHEE30 min. FALAIN, d5x
WO D488 nmAb 4L (55, 45 HIFlowjo ik {4
IR
1.2.6 RT-PCR A A8 X A5 B Ak AN[AIIREE —
FXUIN(5. 102 20 mmol/L)YE 48 h, [ LA
TOATAT 25 {0 40 B A S 5 B4, TRIzo VA4
4l MRNA, ¥ 5 56 licDNA, LLGAPDHAE Py
%, 1TRT-PCRX . PCREIMI(F1), RMNVAKZ:
94 °C 3 min; 94 'C 30 s, GB/K#EE)60 s, 72 °C
60 s; 72 °C 10 minJL35MEFR, LR EE3R. LA
imagel VK BEAH, X &4l IKBEE 5 N 2441
IR A LEABLEAT 20 HT.

it F A S HHE Hmean + SDE IR, M
FSPSS13.04t vH#k 2, 2 41 LL il AT s R 32 2%
YT, W LU T ARG, P<0.054 2 e Geit

ALV =SV
- B K.

248

2.1 fmpe T A F IR R A 40 i AR HE R, U
BEAEAC, TR, BE ARG, B R o585
B Sk, 0 IR 5 . U A PR s 4 i
BT TEAS A8 Ak mT LR 20 4 i AR [,
i/, TERARON, S5 R R, 505 4h i 2%
TR 2, H5 EET, ADHOA AR . Bk
24, SIRBOIR, 4 R R 2, BB 24
TR BE 38 0 B VR BT TR) R SE G, 3K P 4 B
IS

2.2 ZFARRR AP R B FEEcal 09 i3 74
MTTEE R W, ASFEMRE = FOSUIE T &
JEEcal 094U, K1 mmol/LYEf24. 48 hjF,
HAMHR S AN, ZRTEEIHENL, &
YL 2 S0 B ALAT LG, 25 S S E X
(P<0.05), 424 h41f120F140 mmol/LiK &4,

Fr ) m e 4 364
TR EAR, L
Foik T BT Ak
P 2 S Pk 2 i, )
BRI E G I7
B, FHK L
¥kt E T 2R
TG K.
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pari:l 24 h 48 h 72h
M(20) 23.08+1.18 51.09+1.21 64.71+1.27
F(25) 12.17+£2.34 31.34+1.02 57.94+2.03
M(20)+F(25) 36.12 £4.14% 67.32£2.01% 82.10 £3.21*

M(20): metformin 20 mmol/L; F(25): 5-&RIFIE 25 mg/L. °P<0.05 vs M(20); P<0.01 vs F(25).

1001 o 24 b
—m— 48 h
80F —&— 72h b

60

40

M (%)

20

mmol/L

B 1 AERE SN R EEMIREca1098HIH B,
P<0.05 vs MHRZH; "P<0.01 vs WJHAZH.

48172 hZH 110+ 20F140 mmol/Lifk & ZH Fsx i
YA L, 225 525 (P<0.01), FHIEHT 4 3 oR,
T E cal 094H M A= KA il e 5 — FOSUITA
EIEMSEE = 0.968, P<0.05), 5B — FSUITAE
AN Ecal 0940 i (1 397, H. 5 5+
HAE. — FXUNGAR FEAR RN, £ Ecal 094t
L A A A ) 23 B A A FH B ) ) T T T
72 Wik fe g, 524, 48 gl AHLL, Yo W25 %=
S, AR AT 45 R o, Hogh AR 2 S I
5] 52 IEAH 2R (= 0.914, P<0.05)(1).

2.3 Z WM NAS-FUB A2 A FF XU A0
S-FUZL(32), 55X ZIA b, 3581 S 3050 4n i
TRHEZERESH R XA 2424 he ¢ =
6.943, P<0.05; 48 h: ¢ = 7.764, P<0.05; 72 h: t =
14.554, P<0.05 vs oA HXUINAL,; BeA 2040
24 h:£=16.02, P<0.01; 48 h: r=13.21, P<0.01; 72
h: ¢ =24.21, P<0.01 vs T H5-FUA), (HAR 5 4 1
B, = g4 0.85-1.15, FKoRH 254 H
AAHINAE FH, IR0 o R 1 .

2.4 Hoechst33258 3% & 4 & ik LA A — tm Ao
A ST ESOCRMEB T, BT AL 40
M %, Tanifl b, itz LR, B
0% T HXUITALPEZ 1. 5 mmol/Lv] W40
S, T TR AR N, A A% B A 5T
AT IR B BUR R HORIE (L 9O0, AR
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CAEERIE SEN U S o S (A E ST Y b iR
B0, 40 R ECE >, I TR A e
Wz, ALEH T &, ZER AR ESIFREXE =
57.34, 1 mmol/LZP<0.05 vs %, 5 mmol/L4L
P<0.01 vs X JRUZ)(E12).

2.5 = MM £ B B A o A 6 #em ANTRIIR
() — XU T Ecal 0941 148 hJm, 47940
WA KB, 5 mmol/LLLGy/G W FT i LE G
FE TR AL(P<0.01), SHIFT & HL R B LT
X HRZH(P<0.01), G/MEAJT Lk B AR %) L2
(P<0.05); 10 mmol/LZH F120 mmol/LZHG,/G, ¥ Ft
7 b 2 T IR 2. (P<0.01), SI K Gy/M]
JT o B 2 A T IR 2 (P<0.01) (13).

2.6 WY hcyclinDI . p273k B i FE foE
HPCREGIR s (E4), AR L — FXUIAE
48 hj5, S RAIAHLEL, p27 mRNARIERIE T &,
cyclinD1 mRNAZIEFFAL, 5 mmol/LIT) — HIXL
Ve JGeyelinDl mRNA L IS mRNA K
B (0 LR S5 0 R ZE A b, e R gt 22 X
(P<0.05), RERIEAM H MRS N ZmRNA
{10 2 A LU AR 55 0t HE A A L, 2 SR A J 2
M4evt27 5 L (P<0.01).

3 17E
KRR RATEIN, WRERE, = F R
J 40 M 5 A T T A 2R AR A FLBE A 2
(1Y 180 B A FH IS T8 (0 SiE K, 33 P AR Ak B8 Jin 1 422,
R MHoechst33258%¢ Y Ge (o vk M &2 141
HURZ T A A P B N 2 25 Sl M T TS )
7 TH A I FORUIRREF ) & B8 E cal 0941 i
BEGE; 5 — 5 T HORUICRI S-F U B & 4 978
BRI FH 5 AN RSO 240 7 343 4 A 1) 5% i
SERRE, WA (2 A5 40 A 7 45 i (1
#, MILEER e kKoK, WTRe SeyelinD1 )
P27 mRNA [P AR T A — 2 R A,
THUOUNK, e R A RO R 2 ) —
o, AN RN R B PR IR Hh B, (H 2 R AR AR
%, J9Ah—S6AS [ R, 3 EAL S T il N, W
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R, =, BIVIIN A B BEEcal 09/8iR8YEIE S BT 82200 A =N S 4079
| B 3E X3
KR EARE

AT TEE(%)

1 mmol/L

a

=

—

5 mmol/L

XA 1 5
metformin(mmol/L)

2 Hoechst332583 YA, A: ANEREE —FAIE 24 Wt BT AIHR OSSR (R (X 200); B: AFEIREE — FRT
X BB AER R T FEELAL) IR, P<0.05 vs XTHRZH; *P<0.01 vs XFIRLH.

WEY5 . MEMKE . R, T AN [ N AT LA
T Ik 221 1 i 7 R VAT RO, kX
2 A 20K 22 BOR PR s S Bz — W XUIK
A HF B 1-AMP#E(LK B 1-AMPK)#G 7,
FiE 0 ) 22 o e 8 e G O LR T, B R
TEH A3 TV 2 525 = 5ERH 3 E, 2R
W ALFEVF 22 R A (1) R S 1 [a] it Bt 50 B s 491 0k
HECRFF 91,

JiralerspongZs % i — HI XN A 452 i i J%
T S5 L g Sl B AT 1) s R, ARG T
LA AT B I A R RN AT 245 ) s R AT
TUME D>, AL b, XU S & AT
MIIS-FUBCEAE R, JFel R i FfE, H
AARINAER, B — FOSUIAIS-F U FIR, 77 B
— R B S-FUMH &, Wik 497 24
WIIRAR KON, MatsuzakiZE M [R5 & BlmTOR
IR0 5 5-F U 5 A 4t i 1) v 97 BT B Rl
H, ARG A ges 40 i, 40 MUKINAS 4 i G 1kt o [+
VEFL. 5346, B &P a5 R I — R U S
S-FUBCAAE X T AGS B 41 i 1 AF K35 1L
AU FHNEIEH. Ecal094 fu M & w8 kLR,
Je& T v A N A R R A e, R XU
5-FUIBEAEH T N Ecal 0941 g G Bl 2%
I, W) RE S BRI R AR BEAT K.

0 S 3905 R 1) O 2R LR o5 RS
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TR, G 3 e 5 I DNA TR I 38
FRADNAL YI(SHT), #EATDNAFE U153 Be M4
i 53 24 T B SR R A7 22 43 2L (M), 7EMIB 45
WG FIS I FF UG T 1) — B A BRAR A G Y, T ES
S 25 W5 MU I 46 1 7 1) B U FR A G, &
JCHT I X RGO M. Horh G /SHIG,/M T ) e 4 i
PR 1) B e R TR A B — R B
WA rp, A GBS R4 A AR i
Je 1 R A2 v R I AR B SR, AT - B4 A 4
BERIAS T PEY. CyclinD 1 & 40 i J5 3090 34
R EEE R E D, Fral 240 RG2S,
A4 ) B 1 B U (cy clin-dependent
kinases, CDKs)FTAYE. cyelinD1 3220 i & 31 /1
FRBEIR, A7 BRI DR R4, T BN A A A i B A
Rkt FEURAR N — A E R R, Rk
55 iR e A4 2%, Bahnassy 5! R L E 1 FID1
TRIR G M 2R SRR . e
ARG VIS, I EAD IS RIE 5 R 2.
A, p2 73 R & VT AR R IR — AN T 4 i S
S 5 90 11 40 3 R ) B SRR AR DA, G A
P27 5 1 4y J 3 38 ORIk A 1 i AT i R, ok
A fifw ) AT S R R L Ao T Al gk NS
S 06 5 1) A0 L ST e, R B ok B R b(H5
0 5 390 ) A g i DR £ A 1) O 3 S U o
3 R OCHERE 7 IR Ak, G AHJSCY C-CDK

S i % =
AR, mie ey
W THAR
o R, A T3
Hm, fm e R A4
i, EERE R
55 % B #5-FUR
SERE, R
W WHRER, 12
HARARE R, LA
= F R FeS5-FU
AR, TA—E
2 E Lk 5-FU
A&, A m iRy
LW R R
B,
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A 200 |
Go/G, = 54.57% Go/G; = 63.23%
S = 25.74% S =21.07%
60 G,/M = 16.99% G,/M = 14.78%
150 -
% 40 3
S O 100 -
’ | kf‘
"\ )/{\ \
. ‘\- - ‘ ‘ 0 = . N | | J
0 00 600 800 1K 0 200 400 600 800 1K
PI-A PI-A
popictEl 5 mmol/L
500 - L
Go/G, = 71.56% 600 GJ/G, = 77.88%
S =17.774% S =12.28%
400 - G,/M = 5.72% ‘ G,/M = 4.41%
400 -
€ 300 €
8 8
200
200
100 -
0 /‘/\“""f\ I I | 0 J fL P ! ! ]
0 200 400 600 800 1K 0 200 400 600 800 1K
PI-A PI-A
10 mmol/L 20 mmol/L
B 150 O GG
B s
B c./Mi
X
< 100
> [r—
3
G
(V]
(=2}
8 50
c
S
&
0
xR 5 10 20
metformin(mmol/L)
B 3 RVARVANBIREER. A 4006 E RIS 5 B: — HOMIE R S 4nin & EHACL IR A A5
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