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s Bk sne Jg (urothelial carcinoma) @ 2002 # Mutagenesis
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Ras, PI3K, Akt, RhoA # 33 4c® Ras overexpression ¢
i# % m?2 cytoskeleton F-actin % H{4c 5 B 1Y
Ras/ROCK #r+#1#] Y27632 /=% » B cytoskeleton F-actin %
TV A prd] o AR 3t 2011 & 2 & AN BB R m e
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352k % ~ Ras/ROCK #7+4]#(Y27632) ~ mTOR #r+#4]#& ~ # =

Aristolochic acid (AA) is with nephrotoxicity and
carcinogenicity predisposing to urothelial carcinoma.
The postulated mechanisms of AA-associated urothelial
carcinogenesis have been reported to be associated
with H-ras oncogene activation and increased
expression of pb3. In 2006, we reported AA could
induce urothelial proliferation in rats and the
associated signal transduction. In 2010, we published
the tissues of idiopathic bladder cancer were with
increased expressions of Ras, PI3K, Akt, RhoA which
led to increased expression of cytoskeleton F-actin.
This increased expressin of F-actin could be
inhibited by ROCK inhibitor Y27632. In 2011, we
published AA could induce invasion and migration of
the bladder cancer TSGH cells in vitro and in vivo.
Additionally, recent literature has reported that
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mTOR inhibitor could inhibit the growth of idiopathic
bladder cancer - However, the underlying mechanisms of
bladder cancer are actually heterogeneous. Whether
AA-associated bladder cancer is response to mTOR
inhibitor treatment, it needs more studies to
clarify.

In this project, we investigate the relatioship
between tumor stage and the expressions of RAS/ROCK
and mTOR in five of various human urothelial cells.
By using Y27632 or everolimus, we clarify the signal
transduction of proliferative pathways and/or
metastatic pathways of different cell lines. After
treatment with mTOR inhibitor to T24 cell regulated
by mTOR and the migration and proliferation of the
cells were decreased, wherease Y27632 was no effect
of inhibiting migration on T24 cells. On the other
hand, Y27632 reduces the TSGH cells migration and
proliferation via Ras related pathways, and
everolimus did not inhibit the migration and
proliferation of TSGH cells. In concolsion, if we
clarify aformentioned pathways of the bladder cancer
cell and use mTOR inhibitor and Ras/ROCK inhibitor to
different patients, it will attenaunt the cancer
cells migration and inhibit the wrong medicine
useage.

Bladder cancer, Ras/ROCK inhibitor, mTOR inhibitor,
migration
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Abstract:

Aristolochic acid (AA) 1s with nephrotoxicity and carcinogenicity
predisposing to urothelial carcinoma. The postulated mechanisms of
AA-associated urothelial carcinogenesis have been reported to be associated with
H-ras oncogene activation and increased expression of p53. In 2006, we reported
AA could induce urothelial proliferation in rats and the associated signal
transduction. In 2010, we published the tissues of idiopathic bladder cancer were
with increased expressions of Ras, PI3K, Akt, RhoA which led to increased
expression of cytoskeleton F-actin. This increased expressin of F-actin could be
inhibited by ROCK inhibitor Y27632. In 2011, we published AA could induce
invasion and migration of the bladder cancer TSGH cells in vitro and in vivo.
Additionally, recent literature has reported that mTOR inhibitor could inhibit the
growth of idiopathic bladder cancer - However, the underlying mechanisms of
bladder cancer are actually heterogeneous. Whether AA-associated bladder cancer
is response to mTOR inhibitor treatment, it needs more studies to clarify.

In this project, we investigate the relatioship between tumor stage and the
expressions of RAS/ROCK and mTOR in five of various human urothelial cells. By
using Y27632 or everolimus, we clarify the signal transduction of proliferative
pathways and/or metastatic pathways of different cell lines. After treatment with
mTOR inhibitor to T24 cell regulated by mTOR and the migration and proliferation of
the cells were decreased, wherease Y27632 was no effect of inhibiting migration on
T24 cells. On the other hand, Y27632 reduces the TSGH cells migration and
proliferation via Ras related pathways, and everolimus did not inhibit the migration
and proliferation of TSGH cells. In concolsion, if we clarify aformentioned pathways
of the bladder cancer cell and use mTOR inhibitor and Ras/ROCK inhibitor to
different patients, it will attenaunt the cancer cells migration and inhibit the wrong

medicine useage.

Keywords: Bladder cancer, Ras/ROCK inhibitor, mTOR inhibitor, migration
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B ity B ARl (AAD) B 253, 4— K7 S5 A 87 F
A—10—m A —1—25p8 - ~3F 7% CieHsO7N > §_j&_ Aristolochia & 4~
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1993 & > 1+ fp% F (7 Vanherweghem % Lancet f23& ¢ 3 & - foift f— ¥R ¥
# ¥ #(Chinese herbs)jp’» F et Lip € &4 @ H R+ LR EFELT £H
(rapidly progressive renal fibrosis) > ie 8 % s ® 7% 1§ L2 & PET R %
(Chinese-herb nephropathy) [1, 5] o #* {6 > %I R FE £ 517 > 2 K & Rir
SR A0 8 ST R R 6138 2 [6-10] 0 B E R 315 o
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B EA PGS 2 E 5 T F M(nephrotoxicity) > @ P B F R
(carcinogenicity) » & R e > & 1 & H3d = JRE & SLiPf 7 bw P2 i (urothelial

carcinoma or transitional cell carcinoma)[2] - 5 X4k A FEF 7 AFF 1

(genotoxic mutagen) [11-12] > % 35 &0 € Bl(rats) [13-16] 2% 4 #5045 4 ik
&4~ T (potent carcinogen) [2, 17] > @ & #7 3 B3> 2006 & % £ 5 AR ER

Wistar rats %% + £ 3 4 2 H 'wmrz B J%}f‘_?"" 2 [18](%}— Bl=-)o




] - . Section of bladder urothelium (panel A) and renal pelvis urothelium (panel B)
from a normal rat (a) and those treated with aristolochic acid 5 mg/kg (b) or 10
mg/kg (c) for 12 weeks, showing urothelial dose-dependent proliferation (single
arrow and double arrows) (Hematoxylin and eosin, X100). [Chang HR(3% 2 %) et

al. Food Chem Toxicol. 2006;44:28-35.]
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proliferation

Bl= .t RITr 5 AR ek b A 34 i L 483 Proposed model for
the induction of urothelial proliferation in rats caused by aristolochic acid through
cell cycle progression via activation of cyclin D/cdk4 and cyclin E/cdk2. [Chang

HR (3% 72 %) et al. Food Chem Toxicol. 2006;44:28-35.]

[11] Ras and Rho family
1. Ras and Rho family :
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Ras ¥ Rho F /4 small GTPase family » ¥ 12 %“ﬁ d 3F % F]3 (4 growth
factors, cytokines # _cellular adhesion molecular):3 ¥ iw %2 chx (B =)
[19-21] - % Rasi#E it 15 » 7 j’%r} RIS R e it 3R Gk

—‘g (effector)7 = i : RAF kinase, ~ RAL-GEFs ~ PI3-K (bind the same region of
Ras-GTP, the 32-40 domain) [22](B] = ) © &&= F ),r@- 2 Ras 5 & 18 > 38% 1
514 in vivo 14 75 14 o PI-3K (phosphatidylinositol 3-kinase)®_f 3t 4, & 3§,
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Bl : Postulated mechanism for the carcinogenicity of aristolochic acid in rodents

and humans. [10]

X AE 3 2010 # Chem Biol Interact 3235% £ 7 12 s 4 N B R 0
%2 Ras, PI3K, Akt, RhoA % JR#{ 4 ® Ras overexpression § i % #in*?
cytoskeleton F-actin # J3 ¢ » % RhoA $r4|#] Y27632 i5% » | cytoskeleton
F-actin % JL¥ & Fr4][25](B ) ©

F-actin expression

‘ Akt . Cell adhesion P

Migration

y ?
C-13D > @D

Bl Sk imie 45 2 28 2 3 4 @38 o A proposed model for the Ras and
RhoA mediated invasion/migration of human bladder cancer cells. The dotted
arrow represents the pathway which has been published in the literature and the



solid arrows represent the findings in this present study. Chang HR (3% jz %) et al.
Chem Biol Interact. 2010;183:172-80.

Ras/Rho pathway © #% % KRB H: 7 £ B %[26]° ~ B #F > 2011
# 7 % Nephrol Dial Transplant 2 :58% % ¢ # § % 45 fk 838 % %% % ‘o °2 (TSGH)
WA BRhwmre 2 B 050 [26] 0 R L @i Ras 5 M 0 4o Bl e
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F-actin expression ',
‘ Akt ’ Cell adhesion <
Migration
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Bl-= BT B RSRMTR2Z SR pmie s 2 EH 2 B A proposed
model for the effects of AAI on Ras and RhoA mediated invasion/migration of
human bladder cancer cells. The dotted arrow represents the pathway which has been
published in the literature and the solid arrows represent the findings in this present
study. Huang HP (§ &3%)...and Chang HR(3% ;2 %). Nephrol Dial Transplant.
2011 Jul 28. [Epub ahead of print]
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Everolimus (RAD) #_- #& # 4] mTOR 4 -+ (mammalian target of
rapamycin) > mTOR 4 + & - a4 mie o H & ¢ 3 2 oo F o Mk
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a1 L @R Fev 4o e R 4 RS -RAS, Akt, mTOR, p-GSK, b-caterin, apo-b ;
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PI3K/Akt/mTOR pathway. Lab Invest 2010; 90:1406-1414.

(2) B %
[1] 333 e en A S s R m? $5 Ras 2 mTOR 2 £ B2 g # & 1 2 B %
(A) 7 F A Sk g mPe $k Ras 2 mTOR 2. 4 R
1. imoe 32 % 1 7 f ch A 79 %R 077 $A(T24 ~ TSGH ~ HTB-5 ~ HTB-9 ~ J82)
A ¥ A& R & 4 ~ 10% fetal bovine serum’ 1% penicillin/streptomycin
% i £ L-glutamine’ % 5% CO2°37 Cz ¥ % 4% % ¢ - & urothelial cell
carcinoma (UCC)4 #7: T24 4-J82 5 grade III; TSGH S & grade II stage A;
HTB-9 % grade Il ; HTB-5 5 grade IV ° ‘w#2 & %] &J2 everolimus (mTOR
Frh| ) Y27632 (Ras/ROCK. Fri|#]) » 12T i > i3 & 179 5 o
2. w2 3 7% F & 57 (Cell viability) : 41 * MTT(Microculture Tetrazolium) 4
FriRlsEmie £ 3 B R L E TS
(B) # ek Sk pimie th2 B B 2R
1. Western blotting : 4] * Western blotting /#] Z_ RAS £2 mTOR s3-v & % &
Hop B e & 3R 3 4o 0 3 4§ T -RAS, Akt, mTOR, p-GSK, b-caterin,
apo-b ; #& # B /5 -RAS, Akt, NFKkB, MMPs -
2. AF & B-kf2dy pt% E 12447 (matrix metalloproteinase activity ): {/
* Gelatin Zymography assay 2% MMPs 2_ % I °
Jmre oo 47 ¢ 1 transwell eha 452 F > 1 x B2 § enlmie
(10*1.5x10%* Millicell » & im*e #% # 24 | P& 14 15 > L bi ek & ™ WE 18

AR o TR # lm e B2 Bt o



F) BFEHB
(A) # Fp ek 89 m¥ $k Ras 2 mTOR 2. 4 R

AT 5T sl o $(T24 ~ TSGH ~ HTB-5 ~ HTB-9 ~ J82) » 1
everolimus & Y27632 0-100 u M 2z &| & &2 1-3 X » LR EH $tmz 2 F |+ o o
Figure 1A ¥ &> 12 T24 ‘w¥ 5 0] » 5ad2 everolimus 1 = » A&k F kAR 1004 M
w3 80%FEE > § B IL2 X (S 0.5uMeverolimus i = % i 50%
Fo= 5 Rm T24 e ¥ Y27632 A ATR 0 T id £ 100 u M Y27632 fd® 3 = o
w¥e g 5 F v iE 80% 4 + (data not shown) » ¥ — % & » TSGH w## & everolimus
ESE3 X {8 BB ERT 0w m35 70%2 Fe ko, e fde » Y276322 % 2
60 B0SuMeER - e 555 40%5+ = (Figure 1B) o 12 + 5% 7 o ok
Wi AT A 23 > & B ¥ mTOR & Ras/ROCK #r 2 g2 » § #rf| 2 4 £ 2
f£% o 2 {59 12 T24 (MTOR B /%)% TSGFH(Ras B /%) % & % » LR B #k

CHLES A C LIS 8 1 R R S

(B) 7 ek Sk mie th2 WA B i 2R

Figure 2A 2. Western % % ¥ v > T24 % & d mTOR $r4 |3 a2 {8 - wifk
it mTOR &% 2 % 3 T cdf% > B 7 254pl 39 2R 5 4o3p#H > » @ Ras
EHAEF 1 A5 23 AERPARZB FHRAK T AP R J L7 io
T24 w2 F£f 4. mTOR § /% © Figure 2B B| & Y27632 2 TSGH i ¥z {5 H 4p B
P2 £ d BE T a0 Y27632 ¥ #r4] TSGH m*2 2. Ras # 3 » B T 530
Akt I 4 Ak e 2
52X 2 %0 AR TR AR mMTOR & T 2L > 8P| F it 5 F
L o FKER%YR i TSGH @%# & 4_Ras 4p B i

‘UH-

* E— L_ﬁ’»rﬁg?'l /%@/—l%xvaOsziﬁ,g”ﬁj}éi"),fg_

Fi&- 91 * Gelatin Zymography assay> B2 % 4= ¥4 ‘w e AT £ -k 12
v fiEE A MaiEr ;ﬁ M fRES R B F 288 o d Figure 3A
I everolimus ¥ 11 37| T24 ‘o MMP9 2_ %14 > Figure 3B B &7 Y27632 "% %
i TSGH fm#e MMP2/9 2. % T > d Jt ¥ 407 o e de 7 11 & 4] 3 935 5
‘mre 2 FLE K fEIE* o Figure 4A % % 5 everolimus j& > T24 P # (72 a0 4 >
@ Figure 4B B| 5 Y27632 #r#] TSGH Mm%z #% (7 % o
FEAFE2EET I B Rw% 0 ¥ 4 5 4_mTOR 2 Ras /5

LREpr | BT f /T BT FOTIcH AR 0 DR EFEY FE EoLin



Figure 1. Effects of different durations and concentrations of everolimus or Y27632
exposure on the viability of T24 orTSGH cells by MTT assay. T24 (A) or TSGH (B)
cells were treated with the indicated concentrations of everolimus or Y27632,

respectively, for 1 and 2 days. The viability of the cells was determined by MTT
assay.
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Figure 2. Effects of everolimus or Y27632 on the expression of migration-related
proteins of T24 or TSGH cells. T24(A) or TSGH (B) cells were treated with the
indicated concentrations of everolimus or Y27632, respectively, for 1 and 2 days.
Total cell lysate was extracted and the expression of mTOR, p-mTOR, Ras, Akt,
p-GSKa, and NF-kB were assayed by western blotting. Tubulin was used as an

internal control.
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Figure 3. Gelatin zymography assay of the T24 and TSGH cells. T24 (A) or TSGH
(B) cells were treated with the indicated concentrations of everolimus or Y27632,
respectively for 2 days. The conditioned medium was prepared and collected. MMP2

and MMP?9 activity was measured using gelatin zymography
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Figure 4. Effects of everolimus or Y27632 on the migratory ability of T24 or TSGH
cells. T24 (A) or TSGH (B) cells were treated with the indicated concentrations of
everolimus or Y27632, respectively for 2 days. The migrated cells were analyzed
using a transwell assay. Motility was quantified by counting the number of cells that

migrated to the undersides of the membrane under microscopy (100X).
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