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Abstract

AIM: To investigate the possible interaction and
relationship between mammalian target of ra-
pamycin (mTOR) and c-Jun N-terminal kinase
(JNK) signal pathways in colon cancer.

MEHTODS: Immunohistochemical methods
were applied to detect p-JNK and p-mTOR ex-
pression in colon cancer tissues. Human colon
cancer cell line HT29 was cultured in vitro. The
expression of mTOR protein was inhibited using
specific siRNA, and JNK protein was inhibited
with JNK inhibiter SP600125. The expression of
p-JNK and p-mTOR proteins was determined by
Western blot. Cell proliferation was detected by
MTT assay, and apoptosis was detected by TU-
NEL assay.

RESULTS: The levels of p-mTOR and p-JNK

were higher in colon cancer than in normal con-
trol tissue (both P < 0.01). High expression of
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p-mTOR was correlated with that of p-JNK in
human colon cancer tissues (0.275 £ 0.033, 0.460
+0.376 vs 0.479 £ 0.012, both P < 0.01). Com-
pared to control cells, HT-29 cell proliferation
was significantly decreased in cells transfected
with siRNA targeting the mTOR gene and those
treated with JNK inhibitor (12.330 £ 1.533, 1.000
+ 0.147 vs 1.667 + 0.577, both P < 0.01), while
apoptotic index was significantly increased in
the two groups (both P < 0.01). The expression
of p-JNK protein showed no significant differ-
ence between the mTOR siRNA transfection
group and normal control group (P = 0.364). The
expression of m-TOR protein in the JNK inhibi-
tor group was significantly decreased compared
to the normal control group (P < 0.01).

CONCLUSION: Inhibition of the mTOR or JNK
signaling pathways suppresses proliferation and
increases apoptosis of HT-29 cells. The JNK sig-
nally pathway may activate the mTOR signaling
pathway in HT-29 cells.

Key Words: Colon cancer; Mammalian target of ra-
pamycin; C-Jun N-terminal kinase
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i TR F B A 60%F756%, B 7 A&k
H8 K MM B AR EEAR PR = 0.480, P<0.01).
HT-29%m itk F 47 m TORAZ 5 i@ % EmTOR
sSiRNA#: e 20 Fo® G #F B4 20, Control siRNA
LB G FA (AMR) ) R IEAK, £ B A %it 3
Z30(0.275+0.033, 0.460+0.376 vs 0.479+
0.012, 3P<0.01), mTOR siRNA % 3 28 /8 = 3%
¥R ZHTEaxRBafControl siRNAZL,
£ FBA %t 3 &3 (12.330+£1.533, 1.000+
0.147 vs 1.667+0.577, 3P<0.01). 374 INK
1258 %% )6 7T LI A SP600125 7] & 447+ 5,
AMBERTENEZ THRALR mEZHMMEAC =
-0.857, P<0.01), %m e 8 T35 % sb 2 i ik bt
72 #£10 pmol/L 100 pmol/L T AL R X, &7l
TP T I ENA G FELE = 142.67,
P<0.01). mTOR siRNA#: £ 3745 mTOR/E 49
p-INK& & £3& £ £ F; SP600125474] INKJ&
#p-mTORE L 3, ¥ (P<0.01).

it A mBEHT-29% 1 F #74H mTORAE 5
i I8 B INKAZ 538 343 A7 4 ) dm R 3G 5, AL
4a fL A = AF A INKAZ 5 i@ % smTOR/E 5 i@
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W FL 3 W) T i 8% R FE R (mammalian target
of rapamycin, mTOR)Fc-JunZ Jt AR Ui i (c-Jun
N-terminal kinase, INK) 5 ARG Py 32 47
TEREE B, 25 g A K, gl st
MM T 2 A R AR INKE T2
24 R AL B I (mitogen-activated protein
kinase, MAPK)Z KR 01 2 —. 1 JLAF, mTORfH
53 % 5 M A PKAE 5 18 2% 71 e 0 AR
YERTF AR 210G, H AT 70 R = 28
EmTOR S [H] JEMAPK KA 1 40 i ZM5 5 T 15
% (extracellular sinal-regulated kinase, ERK)Z
i), INK 5 ERK [/ J& MAPK 5 J%, mTOR 5 INK
15 530 6 7 25 e 1R R A Ok e v A G A HAR
FMANGE 2. AHIE 5 LA S 95 A0 240 2 7 kA DU
p-mTORMIp-JNKAE N &5 e 411 i ik 14
ARG TR NS R A AR H T-29, B HIsiRNAT4k

AR JINKHE S ABIR 4 S HImTOR (5
S B LINIC A 5230 B, PP 1 2.5 i o
L 2 RO T .

1 BRI

1.1 A 50191 45 i bn Ak B MR 55— [t
Ja8 B2 [t 13 41 F12009-10/2010-06 T A 3697 45
S, [ I B &5 W e T A3 1 D7) ok 445 W 4
25051347 . DAKO ChemMate EnVision
HRPIAFIE, WA MIEE AR G 4
PRHT29K H il K22 B 2% Bt iRZF i . RPMI
16400 H 3¢ [E Gibco A H]. Lipofectamine 2000%%
PR G H 5% ElInvitrogen A ). Pifkp-mTOR
It H Santa Cruz. p-JNKHUAIE [ Jb 5 R AR A .
1.2 7k

1.2.1 Se & 4h 240 Sl b AR ) Ak
p-mTORFIp-INKIK I A1+ 200, 4 AR5 &
YR, PBSAUE—Hu s FOrt I, R A |48
BEBHPE X B ) FT . p-mTORSZE S 52 LA L5
B A MR A R A B €8 e 8 R R B A s
BHAE 40 B, AR5 4T (X 200)17% H st 789 5 A 1 B
104N/ F, BEALEFV-E01004 40 g, LABHE 41 i
>10% K BAPE, FHic i+ =20%0 h++; =40%
P A+ =80%i0 Ay ++++. p-JNK&E FH)5E: L
A0 0 N 4 R S LR B G RO Ay b
FITE FHPE A0 L, ARAE 8T (X 200328 HUL 28 955 A2
MEF 104N/ YVL R, SALEF V4010041 g, LABHPE
ML =10% K FHE, FHidh+ =20%10 ++; =
40%ic A+ =80%10 H++++.

1.2.2 @3 B HT-2940 M4 A7 R R B P
B, HGEE 137 CARGh, it AR
Rl A DI R O A PR, e 2 T R
BV, N0 mLEFFREE, 1000 r/mini0»5
min; $ LR 2 05, IR FREAE A FRE,
B B, TR N TC R RS IR 37 CHE R
b B 7R, ARG 7R2-3 dJn, SEHR RIS IR, £
A A 22 80% 2 A I, A FH IR AR I i Ak, AT
AR ETRIRA, KRG @ 290 HAEAR.
1.2.3 a4 fe 4 22 B HT-2940 i 430 25 1
S A (A 4siRNA). Control siRNAZH (4t
I XX EsiRNA). mTOR siRNA¥ 44, INK
FUARIFILL. TN KA 750 2 4k F T — R 0 2k
K4 o B 2 e AL S, R T efLIR, R
UEREALA S X 10741 iid; HIDM S OKFINK A ]
FISP600125F B A AN EE(S. 104 20, 40,
60. 80. 100 umol/L)J5 I F 4 i ks 772 3
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_ RIXEST (%)
achir et - + ++ +++ ++++ 7 E
p-mTOR  SCIGZH 20(40)  11(22) 8(16)  5(10) 6(12) 4.50 <0.001
WigZH  43(86) 4(8) 3(6) 0(0) 0(0)
p—JNK SCORZE 22(44) 5(100  10(20)  8(16) 5(10) 4.40 <0.001
WigZH  43(86) 5(10) 2(4) 0(0) 0(0)

B 7224 hG WA 43 20K 0. mTOR siRNAF%
#e7H . Control siRNAZHIZ1.2.49 1) J7 v 3E4T
Ab R

1.2.4 siRNA# RN B 2 I35 44 siRN AT
AN £ S SRR 4l 1 M T B8 19 A 4 B A B
AFFIRNATR O THAT RO, @9 BiR
BB PSR LR S P EmTOR siRNA, H
AP Sense: 5'-GCCACAGUCUUCA-
CUUGCAJdTdT-3"; Asense: 3'-dTdT CGGUGU-
CAGAAGUGAACGU-5'. [Alff A e 45 il 1 B
TG SO HESIRNAL A B i — TR £ A K 514 i
B Al AL 5, Befh oLk, CRUERFALATS
X 10™NH ;% G nir FH Opti-MEME: 37 3L 43 il K
SiRNAMILipofectamine2000/§ Fi A F7i ¢, SIRNA
FIFRRE A B #3100 pmold], =i H S minks Py
TIRAY WEE 20 min/a, KRS WA 240 g 55
FEFE, 559724 h ) WA 41 RS

1.2.5 Western blot#) Za fp-INK. p-mTORZ%
& o9 FA: A s HIPBSIE VE23; H11100 pLir) Total
Protein Extraction®|1 X 10° (41 i, 241 i
SV E S BSAVASFE &L OSSR A AR )
10% SDS-PAGEJR F#, HLH90 V, 18 i Hik 120
min; AT A W iR 6920 min; AR % F
O RIBNVELG. IR, PVDFE. JE4R, & 12 4f
TR B0 7t JEE A8 1) Bt A oy, FL 90 v, s F
Uk120 min. FEEEECH, IIAS%EE 5k FPBS
HIRE L h B —Pip-mTOR(1 : 200).
p-JNK(1 : 200). B-actin(l : 1000)%5% i 54
G, 78 53T IR 690 min, AR5 VERE4K: 1
XPBS 15 min 17/ 5 min 37 239 —Hi(l
2 3.000)E5% M g - Wb, E=WIFAGL b, PeE
4% 1XPBS 15 min 17%; 5 min 37%; LAL © 40Lk
Y6 £ B (I TRBIRR A, S I L, E5 &
2 min, HOREFBRE ALY, FREpr il 2 R WAk
R, NG &L, 64 minja, B I RIES U
IS AR O i R GEREAT R 3R A 1) 5 T A
{f-ImageTool 3.0 K FEAH, I5 WS AH LS LA
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XPAH, B4 S S0 4 R IEAT LRER.
1.2.6 MTTk A 4m i34 784 oL: HHHT-2941 i
VRS, L2 X 10*fA % FE B R 2196 FL 4N ks 774K
W A I TAL BE S 559724 h, SANCET T g RE
A K R R AFLINA100 pLIMTTIR G, 4k4E
i R4 hy B LR, BEALINANLS0 uL i) e il
FIDMSO, 3% 10 min7e 7 Bl 45 i, #8570
nm K, 78 EEFR 0 EAT IS LG BOBUE A H).
B FLA 8 22 5 LA A IR FLA fE. 3 4 i
O HARRIE L. B B AAN R AL, BP9,
1.2.7 TUNEL %4 4m B8 =1 0L: Z8IEKIRVE
20 i€ v H k. 4h € TPBSYES min X 3iX.
TEAN I H B nTdTHE R NV, 37 CHFE Lh.
YA ME - FPBSYES minX 37, 740 o€ A L
Jstreptavidin-HRP ¥, 37 “CH¥ E30 min. 4
M€ - FPBSYES minX 37k, DABR{h, /KyE4
BN, HAREE Y] min, HR/AKMPES min. it
Ky BT R B, g RS, S5 R
Jiik: R0 SR EY ) i fs e N i g b
1 000 4 i, 31745 %k (apoptosis index, AI)
= TUNELPH 1 88 41 fo i/ e 4 o 5 X 100%.
it AR S0 A R SPSS13.048 i
BAF T, BASTREARATS, 25 imean+SD
For. A BC R R LE K H Friedman®k fl
Ko, 2 2058 ORI B8 SR IR 2 7 22 4%
v BSOAT DR ST 8RR 1) 5 25 a3 W, 7 ZE SR N
P R I SNK I, 5 22 AN 55 I8 7 1 LE 25 R
Dunnett's T3R5, 748 2 19 AH &1 43 B 2R H
Spearman®k A48T, LAP<0.054 2 A Fivl-2%

2 B8

2.1 p-mTORAp-INK 12 4 I & 40 2 kW L
G5 T T 0 AT 45 i o I A 280 o TR A R M A 3R
AR 1 (p-m TOR) M FR A c-Jun 28 34 A i i (p-
INK)ZRIAFRE R @15 FE A, £ Friedmanfk
FIRTEG, 723 Ge vk 572 X (P<0.05, K 1).

AlbertF R iE £
R B i g
+ mTOR #p %) 7
T % 5 INKF
JBMAPK % % 4
ERK1/2. Fujishita
FRIAE R KN
BB R AR
¥, INKEAL ) 7T
YA #EmTORCc].
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WA 3 A 5 1.2 0.50

B 5N 0 4S5 E §

W AR AR R 1.0 1 E 0.45

AERE, RITT )

mTORFINKAZES  0.81 B B

3B 5 45 W 9 4 0.40 4

WALIHBHT2 0.6 0 A

n f o 64 A 4 0.35 | B

EEtF my 04 . ]

EETINKES | o 8 0.30 4

i 4 W : B

HmTORMG 5l (o] 0.25

B A T T T T T T T T T T T T T T T T
22H2H 5 10 20 40 60 80 100 22H{2H 5 10 20 40 60 80 100

SP600125 (umol/L)

B 1 REFHIEHISP600125HIHIHT-29 RS p-INKEIZEL.

1.2
1.0 4
0.8 &
0.6 1
0.4+
0.2 4

0.0

A% 5 10 20 40 60 80 100
SP600125 (umol/L)

B 2 REFISHISP600125{EF T p-mTORAIZS k.

2.2 p-mTOR M £ 3% fep-INKE M4 £ X X £
p-mTORPBH M 23k Flp-TNK ) #3555 R S I A%
(r=0.480, P<0.01).

2.3 p-mTORA=p-INK /2 HT-29 4 i, ¥ 64 iAo
2.3.1 #HmTORGEMTORFINK & A L:
mTOR siRNAHIHImTOREIE 5, 25 (X B4
FlControl siRNAZH 2K J& {8 LA Le 25 2 51
ik 24 (P = 0.080), {H 20 1) 4K B A L 3
KT mTOR siRNAF YA, ZE50H gt 78 X
(1.175+0.045, 1.460+0.094 vs 0.389+0.247, 1)
P<0.01). #IHIMTOREKILJF, 25 X 4L, Con-
trol siRNAZHFImTOR siRNA%; YL2H (INK KA
IRFEAR EAl 72 S e ge vt s

2.3.2 #HHINKESINKFAmTOR & &t oL:
SP600125HNHIINKAF 51 % Jo, % SP600125
TR T iy, INKRIK IR AR P B AR AR 52
(K1), Spearmanfi o HT WoR, P 271
M@ = -0.795, P<0.01). SP600125#:HI A 45l
FEHT-2941 0 f5, 77 DL 3 BE A SP600125 71 1 1)
Thm, p-mTORKIE MK AR AR BEARAR AL LT
EF(12), Spearmantt o HT W, A B GUAH
K(r =-0.874, P<0.01).

SP600125 (umol/L)

3 REFIEAISP600125{EF24 hiGHT-29/BiRISIEAE

.

20
hA
151 $ T @
. &
101
5
L
04
Zél‘ﬂé 16 Zb 40 éO Sb 160

SP600125 (umol/L)

4 REFIERISP600125{EA THT-29 AT IEHAY

k.

2.4 B 4AHT-29%m M35 754 2L mTOR siRNA%
YL A A NTEZH . Control siRNAZH LG #G3#95H
(A1) &S, 25 B gt 2 X(0.275+
0.033, 0.460+0.376 vs 0.479+0.012, $1P<0.01).
SP600125FHI N\ &5 s H T-2941 g Ji, o] WLBE 4
SP600 1257 1 Tt i, AMEEEAAARL SR a3
(13), Spearmantf X #r 7R, W 2 AR
=-0.857, P<0.01).

2.5 BAHT-29%8 A =1 2L mTOR siRNA#:
e TR EOH Bm A A X 4 fControl
siRNAZ, 27 HA 505 X (12.330+1.533,
1.00040.147 vs 1.667+0.577, ¥JP<0.01). {fEA
[ 71 & [(ISP600125/E HI T, A &5 W HT-294H fid
AT BB A SP600 1257 B 1 T, G ik
ETF, ME10-100 pmol/LIAR LA K (El4), %
FIEA R TR ENA G 2 B X F = 142.67,
P<0.01).

3 11
mTORJE —Fh 2 % MR/ 7 % I8 i F g, Hoa] #t
LR RN ZBIE TS R NS R AR

= =
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T RBEAREYIG I Re R A= AR, 4 i
JEL SR A0 Y 15 2 A T 40 AR EE T R
TR RN, 2 P v Iga 1) i AR e e 3o v
AT mTORSE 51 1) 751, Slattery 5! i
FUFRH, mTOR KA 518 % A ORI Rk A 3t
fl 2 A8 S W IR T LW B e ARG A
SEEGIESE, mTORYE A 45 i 21 28 S HT-2941 iy
HRAFAE EFRIE, MHImTOR siRN AR ULk
mTORKE N KA G, mTORE (AR Ik 5 AL,
HL A BEH T-2940 it 34 58 FEAR, 98 7223900, 2R
mTORE FI{EAEUE 45 1 m HT-2940 MO 9 5E . 49116l
R T R AR B s 2
B UE Sim TORYE N 25 i Jo 40 B bk v i 3R 0.
mTOR {5 510 A 1] e 2 45 Wiy il —A
R T,

INKJE FMAPK K RAF i bt 2 —, Hp3ph
Sy WINMERK1/2. p38 XERKS. INKAE S igten]
AU F 40 f A e i DRG0 . 4 i AL R 4
MV T A2 P A R, CAIESLINK S 5
AR 55 5 2 R R R A AT U, 7
X LB ) I INKAS 5 W F0 R B, INKEE
% (2 330 J9Re T 2224, Il (R E 9 R K i e
20 LN KRl IR P P 3G T i i % A K e i
IV 4 e B BT 3 A 1 n, 5 B0OK s 4 e 1
BHNRVZ 28 RN, e 2 e g AN 0 e A 1),
NateriZE  IBRINKRE R IIAL 2, fefdi/ il
JrTE IR AR ), v ged 4t oD, I HLZEA /N B
FEf. AEASLIGHE U, INKAE A 46 1 41 21
HT-2941 g+ 2 R IE, INKHIHIF] ) 2 36
45 1 L T-29 40 1 1 H9 B (i gk FL At g 1, 3]
INKAE 510 2% 7 45 g v 4 7 EH B 8, INK
(R30S T R Ak &5 s 1) AR R e, BELIBTINKA
5 1 P X 4 e ELA AR .

mTORAE 5 W #% FIINKAZ 5 38 4 #1576 40 o
AR GBS . AP T T A
YEFH, P A5 5 A 3 T B 38 5 7 2 A s ik
DRIFNE BE L, A R AR R T k2, A fi 1z
() (A LA FH TR ANE 28 iy 5 ik, 200
WAL T mTORME 518 2% FIM A PKAF 5 18 %
A K. AE— T R I 1L K90 I 9 v B,
DR] 0 28 150 50 Ji £ ¢ B P e 1 0 ME BT (1) p38
MAPK, AJ LLFEEm TORBEMRAL KT, M e
FIERE S, BHLIE5009 R ERT. ChenZ P IERF 5T
T4 e 0 4 R E TR R IR I, BELIBTINK
RESE A PHAEZN M P T, FHITmTOR A A1 3 [
RS, INKHFImTORYE 5 194 45 (1) 350 A4 i 5
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I T4 5. Chiang ™ — 1056 T 3L AR
e (RIS T R, o 24 Ak S 5 T R A
HAKCFImTORBERR AT I RINK R AL, 1X
FLRmTORSS 538 M FIINKAS 5l A vl e (E
JigRe 1) R AR R R AR AE R A A L AR
PAEN G 4123, p-mTORFMp-JNKIJAFAE
235(P<0.01), p-mTORMIp-JNK & %61k 2 ) 47
TEIEAHSPEP<0.01), 1 BLE &5 Wi A R e
mTORAM 5l B A INKA 5 30 4% ] RE A7 75 AH
TRHEVEH.

A B ZER AN [F] B T e 3R T X AN
IR A BEFAERIEE R, Fujishita® ) — 056
TR A /N RS AL 5T R, fE s A
TmTORC I 5 i B & B 0% ), mTORC141M
HIFIR A0 T AT LA BH 1k i 988 1) T 1, AR DAL A6l
W AN R, A FHINKA ] 7)sp600125-t ] AR G
OV P8 PR T, [ B 9F 0 R AT FH TIN5 4
#Anisomycin il EUHTHFmMTORC], X HE7RINKAI
mTORAE 51 % 1] BE7E I8 (1 b SE [ A
F. BenoitZP iy SEIb A T A8 A FH IN KA 7]
I N 45 e AN AR L S 174 Tk 5 TN K LX) 58
ARILS174TA JEFE D IS % 25, s
T HUIG A Y BCE 1 40 B AR Y 0. S0 &
R, AR T IINKE R ARG T H R
ArmTORE 5 18 B Jr s K PR/ . 1 ee e
Hik 45 W S R INKAR 5 38 B Alm TO RS 538 i 2
[i1) FR)f A7 0 A SR R B 1) DR IBE, (DG 3X i ml
RAF AL TR B, AR SL A AR T
mTORMIINKAF 7t 2% 7 i 2 45 i o 1) K A
JEHFIER. WF9T R, siRNAFIHmTORKIA
Ja, p-INKPZIE A PR ARk, INKHH5]
0 T INKAS 58 5, p-mTOR [{1R L BRIK. 45
RILRINKAS 5l 5% RO AU fe X mTORAH
5O A AEAR B WO VE R, X R ELAE
RAME— D s g e R AR R =
e AR A, DL R BB R RE B AT HE A
HRRAEH.
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