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i OE BH: a8 2R S— FURMENE (5-FU ) it 2509 A 55 5 A0 M0k , 4455t 24 1) 225 g oo 40 . 1 2 ) 2 4
P 25 L

Fik: NG HT-29. LoVo FI SW480 4 fitd, 3 ik ik BE 5-FU S 52 # fih 235 45 245 4 ol i s 348 vk
SLIH 2GRk HT-29/5-FU . LoVo/5-FU Fil SW480/5-FU ., ANIRIHEE 5-FU A BT # 57 A4 it 25 240 it ik 4 oo s
MG, B MTT 3% . fX 40 A . qRT-PCR. Western blot Kzl 40 i %t 5-FU B8N | JE 045
i 25 A0 G 53 F [P- B ZR 1 (P-gp ) . Z 25T 25 M1 G T 1 (MRP1) L ATP 455 & K G it 2( ABCG2 )]
K5 e G R Bk Y BRI T AN BK 8 A R IR ( PTEN ) 526 (8 B ( Akt) B9 mRNA FI4E (M (1923,
JEFH Akt 375 ARSI 3500 4 0 240 B Akee T PE

ZR. 5% AMEARMMN LR, WER HT-29/5-FU. LoVo/5-FU Fl SW480/5-FU %} 5-FU #4J 1C50
W TR (35 P<0.05) , THZ5485040 9 7.213 . 5.849 F115.940, Bfi#E 5-FU A ¥Rk BE @ 7L, 5%
AS 4 L VT 25 40 L Go/G, 91 40 i A i B W (X5 P<0.05) , fHIW ¥k E 5-FU LPRT, KT 2
Bk Go/G, 140 Mg B 24 B 8 /0 T H X R AR BR (35 P<0.05) o 545 H A SEAR M F#, X E TH 24 k
f) P-gp. MRP1. ABCG2. Akt [y mRNA FIZE (4 &5 /K P40 W Tk, 1l PTEN 223535 8 B (1
P<0.05) , H Akt iGEMEXHIEAE S (3 P<0.05) .
it IES T 45 5-FU M 2540 kk, JLmt 25 0LH] vl g5 PTEN R U8 U ) PI3K/Akt BEAI% PI3K/
Akt 3l B IE LA G
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Abstract

Key words

Objective: Through establishing several types of S-fluorouracil (5-FU) resistant human colon cancer cell lines,
to investigate the biological characteristics of the 5-FU resistant colon cancer cells and the mechanism for drug
resistance.

Methods: Using human colon cancer HT-29, LoVo and SW480 cells, the 5-FU resistant colon cancer cell lines
HT-29/5-FU, LoVo/S5-FU and SW480/5-FU were established by repeated exposure to excessive and increasing
concentrations of 5-FU. In the established drug-resistant cell lines and their parent cells after treatment with
different concentrations of 5-FU, the sensitivities to 5-FU, the cell cycle distributions, the mRNA and protein
expressions of drug resistance-related molecules [P-glycoprotein (P-gp), multidrug resistance-associated protein
1 (MRP1), and ATP-binding cassette superfamily G member 2 (ABCG2)] and phosphatase and tensin homolog
deleted on chromosome 10 (PTEN) and protein kinase B (Akt) were determined by MTT assay, flow cytometry,
gRT-PCR and Western blot respectively, and the Akt activities were measured by Akt kinase assay kit.

Results: Compared with their corresponding parent cell line, the ICS50 values to 5-FU in HT-29/5-FU, LoVo/5-
FU and SW480/5-FU were all significantly increased (all P<0.05), with the drug resistance indexes of 7.213, 5.849
and 15.940, respectively. The numbers of cells in G,/G, phase in both drug-resistant cell lines and their parent cell
lines were increased with the increase of the treatment concentration of S-FU (all P<0.05), but the number of cells
in G,/G, phase in each drug-resistant cell line was significantly less than that in their respective corresponding
parent cell line under the same concentration of 5-FU (all P<0.05). Compared with their corresponding parent
cell line, the mRNA and protein expressions of P-gp, MRP1, ABCG2 and Akt were significantly increased and
the mRNA and protein expressions of PTEN were significantly decreased in all the drug-resistant cell lines (all
P<0.05), and the Akt activities were significantly enhanced (P<0.05).

Conclusion: The 5-FU resistant colon cancer cell lines are successfully established. The mechanism for drug-resistance
may probably be associated with the activation of PI3K/Akt pathway resulted from PTEN down-regulation.

Colonic Neoplasms; Drug Resistance, Neoplasm; Fluorouracil; PTEN Phosphohydrolase; Proto-Oncogene
Proteins c-akt

CLC number: R735.3

il —Fit A E N R A S ERE . &
FOHE T B U, L R e R 5 B
Kol U 0w W R YT kA AR L T Ak
57, X TAREB RS i, FARUBRIGIT RRA
MR IT ik X TRHRBESmE, FAREH
TE S e TV RS (0 ARG, 1T AR S5 4 B Ak 97 AT DA R A1
LR . S-FRIRMERE (5-FU ) 45 i@ ia sy
T H FH 5 Bh AR Y 254 22—, LT o B 8 e
W5 E B A M T S DN A B A 8, I 715 S5 40 i
JE B AR 700 {H5-FU N IE B 40 M HoA i
PEAE T, T A0 A A 2 L AR T 2, X R
Jo i 36 97 S W R E R R Rk, B ST AN A
5-FU™ AR 25 PR BLH, A B T4 e 45 s R s
L) R Y e NI/ =00 O R S S
ST T 25 40 B R e T e a2 AL A 5 R 4
W), AW R RRES-FUR Z #4624
Wy BE B 3G S R A R A PR HT-29 . Lo VoAl
SW480, M H 7 45 W i T 25 BRHT-29/5-FU |
LoVo/5-FUMSW480/5-FU, Ff % J5i 4 48 g bk 1 it
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25 40 kR B9 A W e e AT AR T, WD R T A
I 20 M 5-FU T 25 9 BL A .

1 HRS R

1.1

RPLP-PEEH (P-glycoprotein, P-gp) £
SEREYUR . RILZ AT A MCEN (multidrug
resistance-associated protein 1, MRP1) EA A
. RITATPEE & B E WG 512 ( ATP-binding
cassette superfamily G member 2, ABCG2) H.
SEREBUAR . RBUEE 5 Y A B 2R 1Y B TR R 9K
JIFE A FJEY (phosphatase and tensin homolog
deleted on chromosome ten, PTEN ) £ iBEdt
K. RPLEMIEEEB (protein kinase B, Akt) £
SEREBUR . Sedip- Akt e BEHTIAN A 3 [E Abeam;
PVDFH R | fb2E &G A 52 E Millipore
HRPHRIEM LI FEHTRlgG . PBS, PBST. MTTI4 A
I Bioswamp; it GAPDH I v pEHT 1A N [ 25 [H
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CST; AKTIE MR & W [ 5% E Abnova,

1.2 Hik

1.21 #Zaathmietk RHAGKES-FURE
2 fil 45 G 24 0 Wk B 32 14 L 175 5 445 W R AN e At ST Tt
25 4 B k. BUAE KO B R 4P Y HT-29 . LoVo F
SW480 ZiHfe, SeHE 10 peg/mL 5-FU ) RPMI1640
SERBEFRMAE 37 °C 5% CO, M HIE 5 33246 h i
SN, ST TR IR L TR, H PBS WS 2 A
BHTAES5-FU RN FRW TR, flkE4AKE
HEATAEARAL B, 10 40 i 26 4 2 X EO B B A 5-FU
KRGS B2k BE BRI N 10 pg/mL, Ty
10 4~ A 318764 40 pg/mL 5-FU B RPMI1640 5¢
4 5 FRWOE AR KB HT-29/5-FU . LoVo/5-FU #il
SW480/5-FU M 25 i i bk . W J5, AT T 4%
T 247 240 B ke 11 A= 40 = A P A T S 56

1.22 @lBEFAR FIEDMET, WKL
[ 8 SE A KR HT-29 . LoVo F1 SW480 Ffit 25k HT-
29/5-FU. LoVo/5-FU Hl SW480/5-FU 140 i 245 .
1.2.3 MTT #&m gh Aoty BON A K040 jE JF
il PR B, FERR T 96 FLAR A, BEL 100 pL,
B % 24 h, TR0 RS WG RE S, A im A 2 B ik
JERO0.5.10,20,40, 100 pg/mL 5-FU 4k£L 5537 .
-l 24, 48, 72 h, B 3 AEAL, WALINA
20 pL MTT %A (5 mg/mL ) , k%8535 3 h J5 5
LR, A 150 pL — W BESE 00, i bR X
D5 45 25 )Wk FE AL BREH 1 OD oo (B o TH 545 15 [ B
25 SV B AL SR A AT R 32, A3 AT A s 5
W (50% inhibitory concentration, I1Cso) I T
254880 (resistant index, RI) o

1.2.4 AKX & E A B0, 10, 40 pg/mL
5-FU Ab B F X6 804 K 19 58 AR bR R 25 kK, i A%
A B0 R S B 1 x 100 A4, FE O,
PBS i VE I IR 5 B B4l i, -20 CHIR 1Y 70% &
Fist [ 72 40 ffl 33 #2. PBS I ¥E 5, A 400 pL PI
(50 ug/mL)F110 uL. RNase A( 10 mg/mL )IE2I)5 ,
37 CHEOEIFR 30 min. Ji XA MLACHL A 4 DNA
g AN R AR TR, oA A B T

1.2.5 qRT-PCR ## mRNA &k KF HAK
AR B G 1Y 5% A 20 RN 28 3 S TR vk BE 5-FU (10,
40 pg/mL ) Ab PR i 25 40, AR 4E TRIzol a7
B ULE B RN M A RNA, H 5 5% cDNA,
SRIG AT PCR RN o S 45 F: 95 CAEME S s,
56 CIRK 10s, 72 CHEM 30 s, FIMFHI UL 1.
1.2.6 Western blot #&M & & &k K-F  BXTEA K
B AR, AR, RIS . DL 20 pL

© WA )3 i [ & F A F A EFH

AR AT SDS-PAGE HLJK , SR 5 E AT G IS | 04 .
M5 18 B 45 7% Bf — BT (P-gp: 1:5 000; MRPI:
1:1 000; ABCG2: 1:1 000; PTEN: 1:1 000;
AKT: 1:2 000; p-Akt: 1:1 000; GAPDH:
1:1 000 ) A1 %0 (4 HRP FRiC LI 2P 196
1:10 000) , MA—HEEMBFHF | h, PBST i ¥k
2 WG HIMA P, EEBFE 1 ho PBST W5
ARG, B, B K,

%1 qRT-PCR 3453
Table1 Primer sequences for QRT-PCR

515 5 AT
(bp)

P-gp
1E 7] TCA TGC TAT AAT GCG ACA 170
JZ 1] TAA ATC CTA CTA TAA ACC CA

MRP1
1E 1] CGT GGA ATA CCA GCA ACC -
J [ AAA ATC CCA AGG CAG TTT

ABCG2
1E | GCC ATA GCA GCA GGT CAG 165
J2 1] AGC CGT AAA TCC ATA TCG TG

PTEN
1E 1] ACC ATA ACC CAC CAC AG e
S 1] TAC ACC AGT TCG TCC CT

Akt
1E | CAA GGT GAT CCT GG TGA A 176
11 CGT GGG TCT GGA AAG AGT

GAPDH
1E 1] CCA CTC CTC CAC CTT TG -
S 1] CAC CAC CCT GTT GCT GT

1.2.7 Akt & H A
WS4, K45 4145
1.3 it aE

TR TR LU BIME + b2 (2s) TR,
FIFHSPSS 22,058 HH ik AT G it 2 #lr, 242
] L35 R B 3 2081, P<0.0S HERAE S

e E

AR At 5 P A I AR
I A1 Akt 35 HEKT

2 # R

2.1 MRS ENE

i 24 1k 4 MR 28 SR A RR A L R A T BRI
Ak, EARYM (HT-29, LoVo., SW480) —fit
REE SR, AR RN, BRI R A K
it Zj#k ( HT-29/5-FU. LoVo/5-FU, SW480/5-
FU) ZRAABNIER, B EA 2, 4
RNy A N I O STI S N o IR 2/ /A o G 1
CRLES I (&L )
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HT-29/5-FU

LoVo/5-FU

FOraYe TS
FE A

.
.b VARS /v[fl

SW480/5-FU

B 1 FEARMEFT MRS EE ( x200)

Figure 1 Morphological observation of the parental cells and drug-resistant cells (x200)

2.2 Z5YE B IEAG

Bl % 5-F U259 ok B 09 s R0 8% 3% B TR) /Y
FEAC SR BR AN MO A R AR B T . T 2
PR 4 B Az KA i W BE S - F Uk B T i
MK, HER&EB TR, HFEE RN T
K, WHl R EAKR, SRAKRML, W
24 R AE 45 E A BE . 5-F U 4% o BE A BER A4 30 1 R
AR TR AR (E2) o HT-29/5-FUHIMIC N
(1 051.000+22.76) pg/mL, HT-2940f11C 5, H
(145.713+12.39 ) pg/mL, RI=7.213; LoVo/
5-FU4HMIIC,, (689.995 +17.77) pg/mL, LoVo
MIICs, g (117.969 +10.14) peg/mlL, RI=5.849;
SW480/5-FUAIMIIC, A (1 176.977 +19.48 ) pg/mlL,
SW4804 fii1Csoh (73.84+6.33) pe/mL,
RI=15.940. A8 A 4 i A0 245 40 L A9 1C 5, Tt
YA ML LC 5, A b = TR AR M (33 P<0.01) o
2.3 HAEEHER S

Z I AW ERS5-FU (0, 10, 40 pg/mL)
AP SE A4 ( HT-29 . LoVo. SW480) Fil

© MR ITF EHHBNHFEIH

Mt 2540 ( HT-29/5-FU . LoVo/5-FU., SW480/5-
FU) FEES-FUMKE M, AL T Go/G 1Y 4
B U W (¥P<0.05) , FHI5-FUR DL fii 45
1V Ji A0 ML BHL A TE G o/ G o SR A LA L8, [F]
— W ES-FU ( A0 ng/mL ) 4 H Y i 245 20
LA T G o/ G 33 1) 240 M &5 3 ] e /b ( 31P<0.05)
(E3) .
2.4 RT-PCR #&ilfZa 18 X E E A mRNA FRikKF
HEARMPHT-29, LoVo, SWASOH HL#,
23510, 40 pe/mLAYS5-F UL B3t % it 24 40 i 1 it
A F I P-gp. MRP1, ABCG2. AktAYmRNA
R AR F & (P<0.058P<0.01) ,
PTENMmRNA KB AF I B FEIL (P<0.01) . 5
10 pg/mL 5-FUAL T /i 25 40 I HT-29/5-FU |
LoVo/5-FU., SW480/5-FUMI I, 40 pg/mL 5-FU
b B TR 25 4B EHT-29/5-FU . LoVo/5-FU .,
SW480/5-FUMP-gp. MRP1. ABCG2. Akt mRNA
By F ik KSE B BT E (P<0.01) , PTENfImRNA
F23K K BREL ( P<0.0555P<0.01) (&4)
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—®—HT-29
- HT-29/5-FU

2 MTT #6748 ReE 71 % 40 REL A A< 40 ) B 22
Figure2 Cell viabilities measured by MTI and growth inhibition curves

[ HT-29 . M LoVo
[ HT-29/5-FU 1)

3 5-FU 432 f5 19 35 7 40 R A0 it 25 4R BE Go/G, HA 4R AR EE 151

[ LoVo/5-FU

I SW480
1 SW480/5-FU

1) SR EARAMELE, P<0.05; 2) 10 pg/mL 5-FU

AL BRI SEARANM L%, P<0.05;5 3) 5 40 pg/ml 5-FU A BRI SEAAN L8, P<0.05; 4) 540 BRI 25 41 i kb %52,

P<0.05; 5) 510 pg/mL 5-FU AbFRAGT 252400 He s, P<0.05

Figure 3 Proportion of cells in GO/G1 phase in parental cells and drug-resistant cells after 5-FU treatment

1) P<0.0S vs. untreated

parental cells; 2) P<0.0S vs. parental cells treated with 10 pug/mL S-FU; 3) P<0.0S vs. parental cells treated with 40 pg/mL S-FU;
4) P<0.05 vs. untreated drug-resistant cells; 5) P<0.05 vs. drug-resistant cells treated with 10 ug/mL S-FU

W HT-29
W HT-29/5-FU 10 pg/m.
1 HT-29/5-FU 40 pg/ml.

1.2)

1).2)

B 4 RT-PCR #ilZAA P-gp. MRP1, ABCG2, AKT. PTEN i mRNA %%

10 pg/ml. 5-FU Kb [ —Ti 258k e, P<0.01

Figure 4 The mRNA expression levels of P-gp, MRP1, ABCG2, Akt and PTEN detected by qRT-PCR

9 SW480
1 SW480/5-FU 10 pg/ml.
1 SW480/5-FU 40 pg/ml

W LoVo/5-FU 10 pg/ml.
I LoVo/5-FU 40 pg/ml,

1).2)

)]

1) 5% ARARMMILE, P<0.01; 2) 5

1) P<0.01 vs. corresponding

parent cells; 2) P<0.01 vs. same drug-resistant cell line treated with 10 pug/mL 5-FU

2.5 Western blot #& M ZAHEXEENEALRIL
KE
223310, 40 wg/mLI5-FUALL B I (1) i 245 20 g
ffJP-gp. MRP1. ABCG2. p-Akt# [1AHX %1k &
Bl TR A4 (¥P<0.01) , PTENZE HFEIA
A BALTF AL (¥P<0.01) o 510 pg/mL

© MR ITF EHHBNHFEIH

5-FUAL B (Tt 25 4N HT-29/5-FU . LoVo/5-FU
SW480/5-FU L%, 40 pg/mL 5-FUALLFE i 4 i 24
MIHT-29/5-FU., LoVo/5-FU, SW480/5-FUY
P-gp. MRP1. ABCG2. p-AKTEH 1% 5K -2
JHE (¥9P<0.01) , PTENZE 125K ] B A%
(#P<0.01) (FE5) .
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— — — — — — — — o MRP1

"“"'Lh ABCG2

— —— — — — i PTEN

— —— — —— — — — (APDH

M LoVo
I LoVo/5-FU 10 pg/mL
W LoVo/5-FU 40 ug/le)’z)

5 Western blot # il 488 P-gp. MRP1. ABCG2., p-Akt,

10 pg/mL 5-FU 2B A 25k LA, P<0.01

Figure S The protein expressions of P-gp, MRP1, ABCG2, p-Akt and PTEN detected by Western blot

PTEN EB &K%

M HT-29
I HT-29/5-FU 10 pg/ml.
¥ HT-29/5-FU 40 pg/mL 1).2)

1).2)

1 SW480
19 SW480/5-FU 10 pg/ml.
19 SW480/5-FU 40 pg/ml.

1.2)
1).2)

1) 5% AFEAELE, P<0.01; 2) 5

1) P<0.01 vs. corresponding

parent cells; 2) P<0.01 vs. same drug-resistant cell line treated with 10 pg/mL 5-FU

2.6 Akt &K F LR

I A ko3 PR A D 50 & A DA ko iE M
p-GSK-3 o 8 11 3R 34 1t 1Y S AR S B 1 48 Jf i A ke )
WK, SR ER, 5HT-29. LoVo. SW480

« \» 6‘ 6‘ 6‘
\’% 2\3@ ib@\‘”‘é \%"3 b@\’%
5 @ 5 ST O
AN g\‘> o o
‘2(3'19 {0 Qxb‘%\é o \P 0\ Qbﬁ’ QS% 8 \%le‘%

—— — — — — — — — -GSK-3 o

6 Akt E R
Figure 6 Detection of Akt activities
10 yg/mL S-FU

© MR ITF EHHBNHFEIH

1) 5% HFEAGMLEE, P<0.01;

1) P<0.01 vs. corresponding parent cells; 2) P<0.01 vs. same drug-resistant cell line treated with

AEE, 10, 40 pg/mL 5-FUAL P AYHT-29/5-FU |
LoVo/5-FU., SW480/5-FUp-GSK-3 o & [ 41X
KW E A, B2 8 RERBME (3
P<0.05) (K6) .

2) 510 pg/mL 5-FU Zb R[] —ffit 250 LA, P<0.01
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3 it # PI3K/AkH B 00E , T 0 ) 45 i 08 20 i 1 3,

X TR REIEAT T AR VIR 055 5% 1 45 i i
R HA T G, P E a8 A,
RIT R R VRS i bR E 25 A 5-FU . BV R 41
F Sy B RE AR S-FU S F ol 5 HoAb 25 W ik
BT AE R4 AR R e e Y, 5-FUR—
b il i s g A B (thymidylate synthetase, TS)
AR, WA M HI DNA G WA VER . mH,
5-FUXRNAR G it A — @& i/, T
5-FURZ ARG 5B LIy i) —Fh s 225, Fr
PAAIF 5 FL T 245 AL 1 6 T 45 B 98 1036 97 o+ 4 b 2R
() o 37 5-F U 24 20 M A 7Y 2 F 5 it 25 A1 61 -+ 2
WEL— A, B e A AR TR B S -FU R i
W T 45 W e T 2 A AR HT-29/5-F U, Tif 25
PR EARMME A K ZEE, S L, G/G b
M/ o T AR YR 5 T B R VR B S - F U R R ik
IF45 G 25 W Tk B2 3B 1 1) Oy 1 ST T 3 4 i o 4 i
(HT-29, LoVo. SW480 ) Ay 254k, il & B
i 245 K R TS 24 1k W 3 e TR AR KR, HOZE T 5-FU
X 20 19 7= A= 1 G o/ G 39T B i 48 F o

5-FUALYT it 25 B 6 458 J & 1 i 24 0 4R A5 1
it 25, D kP i 24 5 M R A R R R K CE T
YA O, AR A TR 25 BL ] IR S o WA
A 2 Ak H T BE 0 T 24 AL ] S
FIR L) U T B R G 1, DA IS A i N
YR, MR RSCR . X EREARIE LY
28 H (MDR1., P-gp. ABCB1) . Z 2y 241
X#EMA1 (MRP1, ABCC1) . ABCG2, Fik I
S 25 Wy X 9 20 L BE AR, 1 40 B X 24
PIAE S R 1l R A I & 0 22 2 T 24 4R (1 7E
Kpfgd L mEis, S5 T KL 25t
I L R, AR SR B R P-gp. MRPI
FIABCG27E i 25 bk v 1Y R 3k KF 35 & TR A
PR, XS i 24 2R 0 R 3R A T BURT 2 48 L Y it
2y TR AN, T L R B B 5 - F U TR 24 40
ey Ak AR S T i 24 4 DG R R R A .

PTENJE —Fh LWL N, KREds kL
WA ZFOEPE MR T, R BPTEN Y 58 48
A PTEN B 2R 7= 4 S — Py 5 M ol 1R
fitf, fEAKUE ST EHEEELNIEM, BT
PAPI3IK/ Akt 53 [ 70 4] fie 98 400 ) 2 4 12021,
PI3K/AKTAE 53l i ol st /D A M g8 1=, i 0k 40 ff 2
KA, 8 A PTEN R KK, BRK

© WA )3 i [ & F A F A EFH

S TP MR PI3K/ Ak 5 3E B Al LS
25 W 9 A0 XS - F U B, PI3K Y B ) 4
AR AR RR AL, Tip-Akt Al fE N 5-FUJTRLHY
g, B R, FIEPTEN, 3 p-Akt
K- BT 75 5 245 40 SHOURR 5 i R A B 7 AR T 2 R
FEARBEFE Y, 45 I d it 25 40 i TP PTEN 2R FUIR SR K
FEAR T XF PI3K/A KR 5 38 % i S0 I E T, i PI3K/
Akt IS 5 20 X S-F U B iR 24 v i

ZE L, AR KA ES-FUR B %
fiil 25 G5 24 W v B 3o 38 1) 7 1 LT ST T S-F U
gk W e M RR H-29/5-FU . LoVo/5-FU., SW480/5-
FU . FFXF 25 A 41 i A0 24 408 04 A 9 2 Rk R A7
e, HEMPTEN/PI3K/AKUE ST RES 5 T 45
Ji s A0 L XS 5 - F U ik 25 ML o T 24 A i) ST 2 i
25 BIL ) 0 AF 5 5 X6 4 T 25 i e 1 I R 36 T R 24
AFF 5 $ At F 2 A BIS SAth

S % 3Lk
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