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S HT-29 A5 JA T S ALTT 25U iR . & ¢k LI IR AQP-5-siRNA J¥311%% ¢ HT-29 4ilfifd, R Jl Western blotting
K AQP-5-siRNA A% Yeii R TS P4 B( sulphorhodamine B, SRB )Y (7 v 4 1 4% 25 240 Jifa £ 43 i 410 1) 2, 7 28 40 A A A6 )
HT-29 Z0MIEY T o 2300 BE R A HT-29 i caspase-3 i, real-time PCR #l Western blotting 6 Jl] AQP-5-siRNA ¥ I J5
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Silencing AQP-5 on proliferation, apoptosis and chemosensitivity of human colon
cancer HT-29 cells

Shi Xiaoming, Wu Shengchun, Yang Yongbin, Tang Lei, Lii Bonan ( Second Department of General Surgery, Hebei
General Hospital, Shijiazhuang 050051, Hebei, China )

[ Abstract ] Objective: To investigate the effect of siRNA ( small interference RNA, siRNA ) silencing aquaporin-5
( AQP-5) expression on the proliferation, apoptosis, and chemosensitivity of human colon cancer HT-29 cells. Methods:
A synthetic AQP-5-siRNA sequence was transfected into HT-29 cells, and the inhibition efficiency was detected by
Western blotting. Sulphorhodamine B ( SRB ) assay were used to detect the cell proliferation inhibition rate. Cell apoptosis
of HT-29 cells were detected by flow cytometry ( FCM ). The activity of caspase-3 in HT-29 cells was measured by spectro-
photometry. The mRNA and protein levels of PCNA and P53 in HT-29 cells after AQP-5-siRNA transfection were deter-
mined by real-time PCR and Western blotting. 5-fluorouracil ( 5-FU ) and cisplatin ( DDP ) were selected to treat the
AQP-5-siRNA-HT-29 cells, and SRB assay was used to detect the cell proliferation inhibition rate. The “Q” Method of
Jin Zhenjun was used to evaluate the interaction of the two drugs. Results: SRB assay showed that compared with
NC-HT-29 cells, AQP-5 expression was significantly decreased in AQP-5-siRNA-HT-29 cells ( P <0.05 ). Compared with
NC-HT-29 cells, the proliferation inhibition rate was increased significantly in AQP-5-siRNA-HT-29 cells ([ 9. 23 *
0.51 1% vs 0, P <0.05 ). Flow cytometry analysis showed that compared with NC-HT-29 cells, the cell apoptosis rate in-
creased dramatically in AQP-5-siRNA-HT-29 cells ([ 10.81 £1.32 % vs [ 0.99 +0.18 1% , P <0.05 ). The activities
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of caspase-3 were also increased in AQP-5-siRNA-HT-29 cells compared with NC-HT-29 cells ([ 0. 19 = 0. 03 ] vs
[0.09+0.01 ], P<0.05). Real-time PCR and Western blotting results indicated that compared with NC-HT-29 cells,
the mRNA and protein levels of PCNA were decreased ( P <0.05 ), simultaneously, the mRNA and protein levels of P53
were increased ( P < 0. 05 ) in AQP-5-siRNA-HT-29 cells. Compared with AQP-5-siRNA-HT-29 cells or 5-FU-HT-29
cells, the proliferation inhibition rate was increased remarkably in AQP-5-siRNA +5-FU-HT-29 cells([ 44.93 +2.28 |%
vs[9.11+0.32 1%, [25.68 +1.71 |% , P<0.05), respectively. Compared with AQP-5-siRNA-HT-29 cells or DDP-
HT-29 cells, the proliferation inhibition rate was increased remarkably in AQP-5-siRNA + DDP-HT-29 cells ([ 39.01 =+
1.76 1% vs[9.11 £0.32 1% , [ 18.47 +1.25 ]% , P <0.05 ), respectively. Moreover, the synergistic effects were
showed between AQP-5-siRNA and 5-FU or DDP with Q value of 1.38 and 1.51, respectively. Conclusion: AQP-5-siR-
NA can inhibit the proliferation, promote the apoptosis of HT-29 cells, and increase the chemosensitivity of HT-29 cells to

5-FU and DDP.
[ Key words ]
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ABI 7500 PCR {14 [ & [E ABI A ], 5-95 bR W8 BE
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NG5 T 4 Ak 9 40 L HT-29 1 [ v [ R 2
B LA R B A BT IR G . A S A
10% JiG 4 135 100 U/ml 75 8 R F 100 pg/ml H5 %55
I DMEM/F12 i3 #5557, T 37 C 5% CO, 1
ANEEE AR IS AT E . 0. 25% B8 (1 il
(% 0.02% EDTA )BBRIHAALA, B8 AR K Y
211V DRSS g
1.3 AQP-5-siRNA %% F A 2& 5 J& HT-29 Zn e

22 SCHkL 9 1% i+ A L AQP-5-siRNA JF 4],
AQP-5-siRNA1 1E S J¥ %1]: 5'-AAAACTCTGCGAA-
CACGGCCCCTGTCTC-3"; [ SLJF 41: 5'-AAGGCCGT-
GTTCGCAGAGTTCCTGTCTC-3', AQP-5-siRNA2 iF ¥
41 :5'-AAGAGCAGCCAGTGAAGTAGACCTGTCTC-3';
& ¥ ). 5'-AATCTACTTCACTGGCTGCTCCCT-
GTCTC-3", B XT B )7 31 ( NC-siRNA ) J¥ 91 Hy:5'-
GGUCUCACUCCCCAUAGAGTT-3', 4L Hii24 h T 6
FLAR PR HT-29 4Hf, JARE A% B 28 4 x 10° 1/
ml, FEYLHTFTCINE JChiE Z i) DMEM/F12 T 340
J, ZE R B T, e B 156 BH 45 JE s e bt
A= Z 1 DMEM/F12 5557 550 B AQP-5-siRNA 1R &
6 IR NC-siRNA F15% 4387 Lipofectamine™ 2000,
PIRFR BRS8N B W5 F H 5% 4 HT-29 24
Ml SEES 532 IE B 3G SR 0 HT-29 240 ff XF i 20
( Ctrl-HT-29 4 ) . %% YL NC-siRNA ) HT-29 4l ifi( NC-
HT-29 #H %54 AQP-5-siRNA A HT-29 4 ffi( AQP-
5-siRNA-HT-29 41 ).,
1.4 SRB 3 & kA4 2 fo 25 4 64 SR P

BUEK RAF 35S 0 M0, SE590 50 6 4H: Cul-
HT-29 . AQP-5-siRNA-HT-29 . 5-FU-HT-29 ( 5-FU: 15
pg/mL ). AQP-5-siRNA + 5-FU-HT-29 , DDP-HT-29
( DDP:2 pg/ml ) AQP-5-siRNA + DDP-HT-29., 4l
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THFREE R G AT B = & ES B2 trichloroacetic
acid, TCA ) RFEHR 50% )50 wl/fL,4 C [EE4m
M1 b, FE R R E R, B A A R 7R L 5 i, T8
JaBEfLINA SRB ¥ 100 wl, I EHESE 10 min.
5+ SRB W, H 1% B R VE 2ok 5 EH 455 11 SRB
W, HAR 1, H 150 pl 10 mmol/L FEZ% wh =35 H 3
I B Tris )BIR( pH 10. 5 )i 5 HE AL A
SRB, FFRL T 545 nm 400 5E & FLOGEEE( D )
(B, THEA AN MBS T R 20 B S R % ) =
(1 -525640 D {H )/ %R D (H x100% .

1.5 AKX K n AQP-5-siRNA # % 5 HT-29
e A R

AT 0. 25% JRAE R 7 0.02% EDTA I
k.,4 °C 500 x g B.CMSCERAM, TTVE TP I AT 1Y 70%
I ml FRREIAT 4 CREERR . 4 °C 500 x g B0
10 min, 25 L3, PBS 7576 2 WK, AL ml PL 480K 40
o, 4 °C G YL 30 min J5, U =X 40 iR
HT-294ME0 1%, D LSCER 3 K.

1.6 Caspase-3 X ) &4 M AQP-5-siRNA #: % )5
HT-29 Zafe. ¥ caspase-3 #)7&

WeAE AN AL, PBS 5 UE 2 IR, 2 18 caspase-3 7
Ui B A R, R I 40 9 N caspase-3 T . FH
50 w0V B 4 R T A0 B, VKU 2L AR 20 min,
4 °C .12 500 x g 50> 10 min, 5% G RHE T, it
DRE R . A3 H 100 g b7 I FH 24 i
HNFEE RTINS0 wl, B MA 50 wl (1952 0 2% v
WA S Wl MR B, 37 CHREOEIFE 4 ho BEFRIY
T 405 nm A E B FLIEE BEC D OE KD caspase-3
TG PR BETEPEERA : U/ g Do
1.7 Real-time PCR # @ AQP-5-siRNA %t % )5
HT-2948 i PCNA mRNA % P53 mRNA # % i&

WA 4, 42 B TRIzol 328751 72 i 156 B 43 BoK
SR —25 P2 I RNA . 2 RNA 405 Fvk &2, IF
25 1% SFNEVHBEE LUK %5 RNA S8R5, 4% 4 K
1 pg RNA, #4705 5% I real-time PCR ¥ o & 57
20 pl PCR REAR R : 1l SO 7= WA/ A AR
10 pl 2 x Ultra SYBR IRA ¥ .1 pl 10 wmol/L #Y |
TSI .8 wl XB T K. RN FMAFHN:95 C.
5 min,95 °C .30 s,60 °C .30 s,72 °C .30 s, #£17 40 4~
PE¥. LA GAPDH } N2 JRBE I, 15 8 H B JE R %
KA XF E & . PCNA L i 51 #: 5'-GTG-
GAGAACTTGGAAATGGAAAC-3', F 51 ¥ 5'-TT-
GAAGAGAGTGGAGTGGCT-3"; P53 | i 51 -
5'-TTTGAGGTGCGTGTTTGTG-3', T Wf 5| ¥
5'-CCCTTTCTTGCGGAGATTC-3"; GAPDH F 514

5'-TGAACGGGAAGCTCACTGG-3", FiiF 514 5'-GC
TTCACCACCTTCTTGATGTC-3' .
1.8 Western blotting #] PCNA % P53 %& & 69 & ik

WA, 78 PBS 4% 3 WK, T 41 i 1
T R A, UK A 5] BT 5E 30 min J5,4 C .
8 000 x g#9.L> 10 min, L4 L3, T A E . 4
2 B A5 S 11 4 L5 PR R 220 SR TR A T e A P, Dk
I RS E PVDF B 5% IR Wk = iR A )
TR J5 B9 — 4T PCNA( 1:500 ), P53( 1:400 ),
GAPDH( 1: 500 ),4 C & &%, TBST F = il #& K
PRGN 3 WE AR, — 90, EIRMFE 2 h, {2
RICDIEAT A0, FHBEIRE RS BT A 53 BT K AL
LI H B 45 GAPDH 45787 K B (8 e (il 2 m 4%
H iy #E HRIBKF
1.9 %itsam

SCIGHEAE VA x £ 5 F7R 2R SPSS 11,5 1, %
B K 2 J7 22 53 B ( One-way ANOVA 43 41 ) J&
Dunnettf 5 . SR JH 4 IE ¥ Q fH% " HIWr AQP-5-
sSIRNAFE YL FNALT T 250 B B IR VR, b Q = SEPRIk
BB R (A +BYHIBEKAZ ROA + B);
RCA +B) =RA + RB-RA x RB,RA . RB i Bt J{j 24
2530, Q <0.85 RRM & HEHAH b /EH,
0.85<Q<1.15% R P55 HEAMMEMN, Q=
1. 15 Fmwizi & HEA D FEER-.

2 & R

2.1 AQP-5-siRNA # 4 47 4%] HT-29 4a feF AQP-5
EoRoE &S

Western blotting 45 %:( [# 1) %7, 5 NC-HT-29
MO L, AQP-5-siRNA-HT-29 4 Jifd v AQP-5 155
KA R (0.14 20.02) s (1.01 £0.16 ),P <
0.05 J, NC-HT-29 #fi g 5 Cul-HT-29 40 it AH L,
AQP-S MFRBZEFEAHG B X(P>0.05), 4
e R, AQP-5-siRNA i /55 23 il HT-29 41 Jifg
AQP-5 ik,

AQP5—

1 2 3
El1 AQP-5-siRNA #5LHH HT-29 ZhAfrh
AQP-5 EHKIRIA
Fig.1 AQP-5-siRNA transfection inhibited
expression of AQP-5 protein in HT-29 cells
1: Ctul-HT-29; 2: NC-HT-29; 3: AQP-5-siRNA-HT-29
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2.2 AQP-5-siRNA ## 33 HT-29 anfedg 5i . A ©— &
caspase-3 &M% v

SRB Rl 45 5 ( 32 1) W7, 5 NC-HT-29 4fi jfl
HHEE , AQP-5-siRNA-HT-29 £ fitg () 384 4 110 i 5%t 2%
WML (9.23 £0.51 )% vs 0, P <0.05 ], #E/RHl
AQP-5 [k A ik HT-29 41 M35 . 1fif NC-HT-
29 4iffl5 Cerl-HT-29 20 AL AH EL , 41 it 338 78 9 1 R G
WY 25 o Uit AN AR R A I 45 SR B R, AQP-5-

sIRNA-HT-29 4 fiftd (1% 9 T 2% & 25 34 m[ ( 10. 81 =
1.32)% vs (0.99 0. 18 )% ,P <0.05 ], 236
KA caspase-3 11, 25 £ 1) R, 5 NC-
HT-29 4HiAH ., AQP-5-siRNA-HT-29 ZH fifY caspase-
3R FEIFEL(0.19 £0.03 )% vs (0.09 +
0.01)% ,P <0.05 ], NC-HT-29 #4fi Jffi 5 Cul-HT-29
ANBEAH LE , caspase-3 WG PERY 2= R W LG T 242 X
(P>0.05),

£ 1 AQP-5-siRNA-HT-29 ZHAIE 5N &I 2R MDA T-% N caspase-3 iEMHIEE( x £5,n =3 )
Tab.1 Inhibition rate of proliferation, apoptotic rate, and caspase-3 activity increased
in AQP-5-siRNA-HT-29 cells ( x 5,7 =3)

Group Inhibition rate of proliferation( % )  Apoptotic rate ( % )  Caspase-3 activity ( U/pug )
Ctrl-HT-29 0 1.22 £0.17 0.09 £0.01
NC-HT-29 0 0.99 +0.18 0.09 +0.01

AQP-5-siRNA-HT-29 9.23 +0.51" 10.81 £1.32" 0.19+£0.03"

" P<0.05 vs NC-HT-29 group

2.3 AQP-5-siRNA %% % 2f PCNA.P53 /£ mRNA #=
RORFREGZ A

Real-time PCR F1 Western blotting 255 &2 .3 )
7R, 5 NC-HT-29 4fi ffi #H [, AQP-5-siRNA-HT-29
i PCNA mRNA FEE 1 3R 3A K1 T B, 43
FH(0.39 £0.13) ws (1.21 £0.15), P <0.05 ]
AL(0.51 +0.08) »s (0.98 +0.16 ), P <0.05 ],
P53 mRNA Fl & [ kK 8 LA, 5550k
[(2.78+0.46) vs (1.22 £0.18 ), P <0.05 |Fl
[(1.24+0.20) vs(0.67 £0.11 ), P<0.05 ], NC-
HT-29 4 g 5 Cul-HT-29 41 g 4 kb, PCNA . P53 #E
mRNA FIEE [ KF 19 3635 25 R B o4 1122 B X
(P>0.05),
2.4 AQP-5-siRNA #: % 2F HT-29 @ fiedb 7 25 48K
BoPE 8 %5 R

SRB K25 54 % 2 ) 7R ,5-FU gl DDP ik
PRZH HT-29 20 A 55 X6k HE 2 241 it 358 5 410 o) o i 2% 14
JNC P <0.05 ), AQP-5-siRNA + 5-FU 4t ¥ j5 , HT-29
20 R0 P 1 BRI R SR B8 AQP-5-siRNA #H 5 5-FU P
SO R B B[ (44.93 £2.28 )% wvs (9. 11 =
0.32)% (25.68 +1.71 )% ;3 P <0.05 ]; AQP-5-
siRNA + DDP ZH %t HT-29 4H g it 384 5 310 1 & 4%
AQP-5-siRNA 4 5% DDP 57l b B 41 1 55 S B &
[(39.01 £1.76 )% vs (9.11 £0.32 )% .(18.47 +

1.25)% ;3 P <0.05 ], AQP-5-siRNA + 5-FU ., AQP-
5-siRNA + DDP 9 Q {E43 514 1.38 A1 1.51, #38
oI . 45 SRR, AQP-5-siRNA %% YL ] 14 5
HT-29 21X A0 259 ity st

20T

*

1.5 wmps3
1.0
0 . .

B2 AQP-5-siRNA ¥t HT-29 £
PCNA #1 P53 & B RIEMF N
Fig.2 Effect of AQP-5-siRNA transfection on expressions
of PCNA and P53 protein in HT-29 cells
1: Ctrl-HT-29; 2: NC-HT-29; 3: AQP-5-siRNA-HT-29
* P <0.05 vs NC-HT-29 group

Expression level
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OPCNA
37 mps3

1 ’J_i ’_L' :
0 1
1 2 3

E 3 AQP-5-siRNA #:3%t HT-29 ZHp
PCNA #1 P53 mRNA FiZ B840

Expression level
[\S)

Fig.3 Effect of AQP-5-siRNA transfection on expression levels

of PCNA and P53 mRNA in HT-29 cells
1: Ctul-HT-29; 2: NC-HT-29; 3: AQP-5-siRNA-HT-29
* P <0.05 vs NC-HT-29 group

#&2 AQP-5-siRNA #1858 5-FU 1 DDP 3% HT-29
PRGN FMER( x £5,n =3 )
Tab.2 AQP-5-siRNA transfection enhanced the
inhibitory effects of 5-FU and DDP on proliferation of
HT-29 cells ( x +5s,n=3)

Proliferation

Group inhibitory rate ( % ) Q-value
Curl-HT-29 0
AQP-5-siRNA 9.11 £0.32
5-FU 25.68 +1.71
AQP-5-siRNA +5-FU 44.93 +2.28" " 1.38
DDP 18.47 £1.25
AQP-5-siRNA + DDP 39.01£1.76"" 1.51

" P<0.01 vs AQP-5-siRNA, 5-FU or DDP group

3 i i

S 1 i R NS H LI T AL T e L AT
HEZRITTBez—o SR, s 40 i i s 24 P A
EFHEAIFR W, PT, anfey 5 e Ay 7 U, X2
A I B A B CEH K AQP & — AN 3 i
H 2904 30 000 JH 5 K S A e 2 LR T
FEFEAEHEH( major intrinsic protein, MIP )%ﬁéé[ “]O
AQP Z5 T ibJed 40 i 9 484 58 1R 2R M1 B A5 L
FE UL BRgE R AQP 5 NS £ IR 6 R
Y. AQP-5 SEITARE K Y 5 46 i e A R A G
A, AHEF T R, AQP-5 1E 4% I i 4141
i 2RIA , HA5 M ok G2 R 5% & TNM 53
BIARSC  TE NS R B R AR R T B e R i R vh ]

AEE H 2R (HA 5 AQP SALY TP RUR R AW 5841
R, I, ARBFGERH RNA T30 AR B 35
PE AQP-5 (1335, LGS H X 4 A 1 58 4 1 LA KOk
I 245 U () 52

AWFFE KIS e HT-29 4Rfirh AQP-5 ik
B, 42 AQP-5-siRNA %% Y J5 F ik B Bk 55, T
FEORIE T8 90% o #E—2 SRB Ka il & 3, 55 5L T
AQP-5-siRNA 1) HT-29 21 fifg % 5 41 1 % {2 25 345 Jn
ULEAII ] AQP-5 Ik nT I HT-29 4 A5

S G FEAZ AR PCNA FI“ A3 74528 P53 1 i
SRR 1) e A R v ELA R Y EE B A AE T, R T i
SR RIE S A BN B 3 OO0 — 5 BF 9 BOR,
AQP-5-siRNA%E YL 5 HT-29 4 fifd o PCNA %35 F [
JEPIHIEE 1 PS3 MFEA IR BT TRl AR A
WA i 8 1 B 45 2R WoR, B9 T AQP-5-siRNA [
HT-29 48 T2 W 238, % %« T AQP-5-siRNA
) HT-29 Ziiffl caspase-3 {1 i 25 TR , 45 L 42
AN AQP-5 HYKIA ] e #E HT-29 4RI T,

R T FEI ] AQP-5 1Y R I8 XF Ak T U Y 5
Wi, AHF TSR T AQP-5-siRNA %4 YL Hij i 45 M Jea 41
il HT-29 X451 —2AbI7 25%) DDP .5-FU [k
PEAEAL. DDP 2 B iR Ak y7 i =254, XF 2 /b
JR R A 45 67 85 5-FU S 25 e Ak o7 i — £k 24
Yy, B R Rt 45 R s3G04 fiff 7 sk A I d 42
E L AR gT 45 R, AQP-5-siRNA 4 5-FU .
AQP-5-siRNA B4 DDP 4b ¥ HT-29 41 a5k )7 24
0y B A P, JHL 00 Y 348 B ) R 4 A
PERINH] AQP-5 235 W H& 155 45 i s A i X Ak 24
Wiy R

ZE AR A P EE AQP-5 23k R L i 40
HUS 5 75 5 40 B0 T, 38 AT AR R HT-29 400 it
5-FU 1 DPP AU, A 5K X AQP-5 il Jih /8
i AR AL AT B R TR AMBER T, i AQP-5 AR
KA WA IEIR YT R S PR A ST I

[& % 3 Wk ]
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( interferon-stimulated gene, 1SG )i& 1k, W & EHURTEEH o (B2 1SG ] i T3 F AR R 29 E 3061k, 140 MAVS 18
i YRR R BEE L 1SG, R E P Prm seEM , W F@ 8 Ml DNA 750 THE 2 4K 1SG /i 4k, B il
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erythematosus , SLE )35 %2 L Trex1 [ DJRESH S 2848 ; Trex] XPHEFEACTE DNA HEAT B ) U)W 300 Sl LA XSS 995 B 1) B 988 I BT, 7
A B9 77 human immunodeficiency virus, HIV MW G kiR b A EE EAER .
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s 75— T7 1, Trex] 3l RANY DNA sensor PN F A DNA, g ifid i FiiFEk 70 1 STING, 15 AL 3 TBK1 IRF3 I
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