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Antitumor Effect and It’s Mechanism of Tranilast in Gastric Cancer
Cell Lines

Masahiro YAMAMURA

An antitumor effect of tranilast was examined in five gastric cancer cell lines. Tranilast showed a
dose-dependent antitumor effect in all of these gastric cancer cell lines with I1Csp at 80 — 240 u M.
In combination with typical anticancer drugs, including cisplatin (CDDP), 5-fluorouracil, and
paclitaxel, tranilast had a synergistic effect on the anti-proliferative activity of these anticancer
drugs. From cell cycle analysis, a dose-dependent increase in Go-G; phase was noted with tranilast
alone, and an increase in the subG, phase which resulted in an increased proportion of apoptotic
cells, was observed after tranilast and CDDP treatment as compared with CDDP alone.
Immunohistochemical staining showed nuclear expansion and fragmentation with tranilast.
Enhancement of p53 and p21 expression was detected six hours after the addition of tranilast with
Western blot analysis. These results suggest that tranilast inhibits the proliferation of gastric cancer
cells through G, arrest associated with the induction of p21 and p53, and that it has a synergistic
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effect on the anti-proliferative activity of antitumor drugs.
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H) & 72 o T 5. % A B F 9% T I biochemical
modulation @ & A {2 X ¥, 5-FU @ modulator
L L T methotrexate (MTX) < leucovorin(LV)
% Jil v 72 MTX/5-FU ##33:Y %2 LV/5-FU #3:2
»347 b, CDDP @ fif i iZ & % CDDP/5-FU
PEED AN TN TE 2, T EFRITH L
1M tegafur-0.4M gimeracil-1M oteracilpotassium
(TS-1) 12 CDDP % ff /i L 7z TS-1/CDDP #
%% %2 TS-11Z paclitaxel (TXL), docetaxel 7z &
O taxane S5 HEHF O B E O R HI O il b 2
NTWBH Y, EHER bk & L CRET
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FEY CIIHESEMIL & OREERIZB VT, &
MR & 0 A SN AMER T2 K35 2
& T, MBI O MIEE 2 BUIE S X)) R O FRib A
SNTW5, S0, v Bk Hw,
tranilast O B FEMINL 259 5 B0 2 BUBE SR
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1. BrEMiask

MKN1 (Bt 3 FB2#E), MKN28 (545 1LIR
J#E), MKN45 (R4 {LRHE), MKN74 (&5 1bi
#5), TMKI1 (K5 fLldE) % Fv7z (Table 1).
MKN1, MKN28, MKN45, MKN74 (% % ¥ 4
Wrgesr K kb, TMKLIZE B K%K
FRER R SR A IERE, TR EAIIgEE &
Do, MRIEELZLOZBMH LD, L
BRIV 72813, RPMI-1640 (SIGMA #t)
1210% 4 ) miE (DT FBS,MBL #L) ¥ X
CAFr<A4 >y (HERE) 25%5MLT, 5%
CO,, 37TCOFEMTTREEL:.

2. A
f# L 72 ##] 1% CDDP (cis—diamminedichlo-
roplatinum, H ARA{LIE), 5-FU (IS EE L%

EHBRZEOEED AW ILE Table 1. Human gastric cancer cell lines used in this study.
BEPIHIVERTD W R a4 Cell line p 53 type Histopathologic type
R« PO 3 IR R S e 2 MKNI1 Mutant Adenosquamous-cell carcinoma

% = NN S MKN28 Mutant Well differentiated adenocarcinoma

o a5 =7 A

Al . 7 =7 v e MKN45 Wild Poorly differentiated adenocarcinoma

ER2mshTnsg, — MKN74 Mutant Well differentiated adenocarcinoma

5T, IR lED, TMKI1 Mutant Poorly differentiated adenocarcinoma
’ M ) 1
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Fig. 1. Chemical structure of tranilast.

CH30

BAEM), TXL (7Y A MV - 4 ¥ — Xtk
AX&th) ¢, RIS TVWL b0 AL,
Tranilast { N-(3, 4-dimenthoxycinnamoyl) anthra-
nilic acid | 13 % v & £ i LERKX S L D JE
Kafit5 Sl L 7. Tranilast ® # & %
Figure 112773, 4 F X CisHyNOs, 77 ¥
13 327.33C & 4. Tranilast iX 32.7 mg % 10
ml @ 1 % NaHCO; il T70TIZBEME L 72
bOERFERIOMM & LTHEMALZ. 2hzl0
% FBS ¥l RPMI-1640%5 # T 45 5 BE (4 L
wsimi7z. 72, 2 ba—)bid tranilast & &
F %\ 1% NaHCO; ¥z [F 2 L 72.

3. BEMEKICXT 3 tranilast @ ICso DA
E

967 <A r7a7L—1 (IWAKD
MKN1 3B X ¥ MKN45 5 X 10% cells/ 100 1,
MKN28 3 L N MKN74 4 x10° cells/ 100 1,
TMKI 2 X 10%cells/100ul % 437E L, 24FFRIE;
#% 7%, tranilast 10 mM & & % 10 % FBS % N
RPMI-164085 #1112 T 0 ~1000 uM O3 EE 233
L, 72RERIALEEL 7=, JREEARAEIE O YIS AR
D¥|5E 1L Premix WST-1 cell proliferation assay
system kit (Takara) ZH\v, w427 a7L— |
1) — % —|2°C, 640 nm O X R K T450 nm ¥
FEoWeEEifle L. 3REMEEL, FALIE
I ODysg /T ¥ b B — L ® ODysp % HiFHFE &
L, ICsp ’Z’ﬁl’ﬁ L7,

4. FUER S L tranilast GEAIC & 2 HEE
R DEEDHE
967 V<4 27u7L—F (IWAKID) (2
MKN45 13 5 x 10° cells/100 u1 437 L, 241K
B 72, a2 boa—)U#, tranilast 50 g M B,
tranilast 100 x M #, CDDP 10 uM #, CDDP 10

UM + tranilast 504 M #, CDDP 104 M + tranilast
100 uM #, 5-FUS0 uM &, 5-FU50 uM +
tranilast 50 4 M #, 5-FU + 100uM #, TXL 3
uM B TXL 3 uM +tranilast 50 uM, TXL 3
uM +tranilast 100 uM Ht & TN ZNAER L,
Al & 720 AL AR, DUNE A iR 5RE &
PUEFA B & OF tranilast B F A o e 14 5l 3061 )
B2 Lt FBRICHE L7, 8 EHIEL, 45
3 A PUIE A BB FRRE & PUdE Al 35 & OF tranilast
PERfE T L 72,

5. BEMEIERICXE T B tranilast & KU HE
BFOMEAIRICEZ 50
67 zhvvA a7 L—F (IWAKD) |2
MKN45 5 X 10°cells/ 2 ml & 437E L, 24WF R
¥ L7 32 hu - VB, tranilast 100 u M
#, tranilast 300 u M #£, CDDP 10 M #, CDDP
10 uM + tranilast 300 u M #, 5-FU 50 u M &,
5-FU 50 uM + tranilast 300 uM #f, TXL 5 uM
BE, TXL 5 yM + tranilast 300 4 M B & 1E3% L,
MKN45 i % 48IR5 LI L 72, R THE 2
fd % 0.02% EDTA {&N0.25% ~ V) 73 ¥ Tl
JXL, cycle TEST™ PLUS DNA Reagent kit
(Becton Dickinson) % Fi >, buffer |2 CHii %
Peiffs Pl 42t L, FACS Calibar flow cytometer
(Becton Dickinson) (TR A M7 T A %RVERL
7z. T R10MEOMINE 7 R L TIHATL,
@My 77 b 7 1d CELL Quest versionl. 2.
2 (Becton Dickinson) Z i L 7-.

6. BEMIEKICXET B tranilast $ KV HE
BOTRN— ZADFHE
6 74 7a7L— FIZMKN4S % 5
X10%cells/ 2 ml ¥ &, 24KFREEE L. ¥
b —)V#E, tranilast 1004 M #f, tranilast 300uM
##, CDDP 10 uM ##, CDDP 10 uM + tranilast 300
uM B, 5-FUS0uM#, 5-FU50uM + trani-
last 300 u M #, TXL 5 uM#, TXL 5 uM +
tranilast 300u M # Z fE K L, MKN45 flifjg % 72
BRRJALEE L7z, RRd & WIARICHI & | L,
In Situ Cell Death Detection Kit, Fluorescein
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(Roche) # vy, /85 7 3 VAT VTR FIZT
MBEEEL, BE®R 0.1%7 T 8BF U Y
2 H10.1% Triton X-100) THIfE D BEILE,
TUNEL UGS %# 2, FACS Calibar flow cy-
tometer |2 CHEHT L 7.

7. HAEMBEICLDIMBERES LT R
b= ZOHBH

47V A4 2707 — bIZMKN4S fil iz
2 X 10* cells/500ul /£ L, 24KRIBEE,
£ i B 12 R % L 7> tranilast 33 X OF CDDP T 24
WeHALEE L7z, 2R O B3k 1 Goto 52V
®J5 2% U T, histone H3 (Ser28) - P Hi 4k
& B RELRETITo 72, fMI%70% ethanol-
formaldehyde-acetic acid (20 : 2 : 1,v/v) T [#
E%, PBS T## L, TBS (50 mM Tris-HCI,
pH 7.5, 150 mM NaCl) 2 1 %% FIig % M
Rlz70vy 7@ TREL7z. TBS T1/500
AL 72— KUK (P histone H3 (Ser28) -
P, Sigma) & & &€ 7:. TBS Titikk, [
BRiZH#E (FITC) Bk L7z ZRPufk & s &
, BH L. TOHDAPI TR Z ML,
HORBEMBE TR L 72, MBI O LR DT
fiiid, MR OB EALOFF10001E Ol i $k
ZH Y MLEBKL.

TR =Y ZMBEOKMMIE, 4T V<A
O 7 L — b2 MKN45 fil B 2 x 10* cells/ 500 ul
ZOEL, 24WEMREER, SFBEICRELL
tranilast 33 £ UF CDDP TASEF LB L 72, 7 &
b — 2 ZHIBLOIEFR L In Situ Cell Death Detec-
tion kit (TMR red fZ3%, Roche) % H\»TiT-
7o, HNAE E#, PBS TPE L, 0.1% Triton
X-100% &0.1% 7 TV BF MU 7 A THI
W, % 2 % AL U 7= 1%, TUNEL UMb i CALEE L 7.
%13 DAPIL CTHuft L HOBBHMEE THREE L 72.

8. JxRXR4 7Oy k&

100 mm ¥ % — L {2 TMK1 2 X 105 cells/10 ml
BoEL, 24BFMIEE L7z, Z D% tranilast300
UM IZFREE L 7255 3012 T 6, 12, 24 F5 AL PR £
PBS T#H: ¥ L, cell scraper {2 CH% X £ b

(%34% 1% 2008)

ZEILL 72, 0 B X tranilast (=) & L7-.
10, 000 rpm, 1545 [#] 3 (> 8, Protease Inhibitor
Cocktail Tablet (Complete ; Roche) #% #fi# L 7>
RIPA buffer (50 mM Tris-HClpH 7.5, 150 mM
NaCl, 1 mM EDTA, 1 % Nonidet P-40, 0.5%
sodium deoxycholate, 0.1% sodium dodecyl sul-
fate : SDS) 200 1 &N A, & BAMBLR W
EzHWTOKG T TEERLEZIT 572, -20
CIZTHMAE L, Bradford 22 T% 82
REZHEL, REZHRELZ. LiLy vy
B A BT Sample Buffer (NEB) % Jill 2 90T T
25 MW L 7o %, dithiothreitol % Ji 2. T
SDSZ&GRYTZ7YNMT I FFNV (5~20
% BB V) TEXUKE L, polyvinylidenef-
luoride X ¥ 7' L Y NELAMIZEEE L /2. TBST
(150 mM NaCl, 100mM Tris-HCI, pH 7.5, 0.1
% Tween 20) HIZ2.5%AF L3I N7, 0.5%
BSA % &L 70y ¥ ¥ F W TR L 721,
Ty F Y HEETL 00054 R L 72 anti-p 53
Pufk (DO-7 . visionbiosystems), 100f% 7 B L
7z anti-p 2195 /K (EA10 : Calbiochem) T 4 C
—BRRUG & 87z, 70y ¥V ZEIT 3 EkE
L 7%, p53,p21 & 3 |2 anti-mouse IgG HT &
(GeneTex) % 71 v F ¥ 7K T20, 0004% 7
MU POSHEP T 1R, S|RTRR S,
Z D1 TBST TP L, {LFEFHHEE (ECL
+ ; Amersham) % Ffl\V-CHH L 72,

9. METFHILIE
) %8 F& 541X mean =SD T/R L, ME T Stu-
dent’ s t-test # Fl v, p<0.05% FEZEH Y &
L7z

] R

1. BEMEEKICH T S tranilast D 1C5, Dl
EEMEEMNR
K BREMIIERIZ BT B tranilast 0728 [ ALER
D ICsy % Table 2 IR L7z, 5 BT RTO
BRI AR 35 W T tranilast (378 3219 72 BE 53
W R EZRL, ICs 1Z80~240uM TH -7z,
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Table 2. The ICs values of tranilast in gastric cancer cell lines.

Cell line MKNI1 MKN28 MKN45 MKN74 TMK1

IC50 ( uM) 100 90 80 110 240

1Y
o

B
)

1.2

%
g 10 I T T %10 I,,I\ e x
5 [T e 1
S * ©
. I
g 0.8 50.8
.4':7' i *
S 0.6 * ®
2 50.6
o & *
= 0.4 it = *
g " " 2 0.4
~ % &
0.2 s 0.9
0 0
0 1 3 1030 100 300 1000 0 1 3 10 30 100 300 1000
Concentration Cudh) Concentration (M)
%k p<0. 05 % p<0.05

Fig. 2. Growth inhibition of MKN45 and MKN28 cells by tranilast in culture.

Data are presented as the mean (graph) with standard deviation (bar) of three independent experiments. The number of

cells treated with tranilast compared to no treatment (control). Relative value is calculated using mean of control as 1. 0.

*, P<0. 05.

(a) MKN45 (b) MKN28

Tranilast O &3P 1%, MKN45,

MKN28, MKN1, MKN74, TMK1
D NE I <, MKN45 T tra-
nilast 10 g M X 1) JiE 55 34 5 £ )
sEEzRO. B2HomW
MKN45, MKN28 % Figure 2 (Z
Rz, 727210, ICs fHiZ 1
Tz vH7z ) ORI X - T
ZEFRLN, Mz l/20
2% 5 &, tranilast 12X 5

Proliferation ratio

N - Control T50 T100 CDDP10 ¢ppP10 CDDP10 5FU50 5FUS0 5FU50 TXL3 TXL3 TXL3
EZWEAE L % D) ICs HIF K = P o s
T50 T100 T50 T100 T50 T100
TL7. (uM)

Fig. 3. Growth inhibitory effects of anticancer drug with or without tranilast in
gastric cancer cell lines, MKN45.

2. HiEH# B LU tranilast £ A Abbreviations : T50, tranilast 50 zM ; T100, tranilast 100 xM ; CDDP 10,
o & BHIEESHEDEEND cisplatin 10u4M ; 5FU, 5FU 50 uM ; TXL3, paclitaxel 3 uM
N B
HIE

MKN45 |Z CDDP, 5-FU, TXL OHEH%1F (Fig. 3).
M S5 L ES G % B 72h3, &4 Dt
FEFH |2 tranilast % ff 9 % &, CDDP, 5-FU, 3. BEMEAICXY B tranilast 5 KU E
TXL § X T DO P H T tranilast O 8 B AKAF 1 HOMIERICE 2 2 HE
V2 5 B B A R SR 0 B & 5RO 72 (p<0.05) PI Jeft L 72 MKN45 #ifs % FACS Calibar
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TS 5 &, BETRE
SubG, B B8 A3.8 £ 0.7%, GoG, M i A
56.6 £ 0.6%, SHIMEA21.5%0.01%, GM
WAL £510.4 £ 0.2% T & - 72, tranilast |2 T
ASFF L4 % &, GG, ,ﬁﬁfﬁlﬂﬁ’@ﬁi‘lOOny“
63.7%0.4%, 300 uM T64.6%0.5% & *} REE
B L THEmMAEA LR, G EILoKMHEER
L7z (p<0.05). F7zxHEBE L LR L T tra-
nilast 300 uM T S B AZ1315.0+0.9% & %4
L7z (p<0.05) 2%, SubG, H#HHa5.25=+0.2
%, GM HHIE11.2+0.3% & FhZnHh
(p=0.1) L72A, HEEI%H»->7 (Fig.

flow cytometer {2

EE g (B34% 1% 2008)
20 uM TABREMI LI 2 & xF HEBE & [bi L C,
SubG; A AT28.8+1.0%, 46.9+1.2% &
Wﬁﬁ'l‘é WZESmM (p<0.05) L, 7RF—T 2
WY T 2 OB % 528 72. GoGy BN,
S WM XA, GoM HIMifa D LizA S
% %o 7z. CDDP 10 M |Z tranilast 300 uM %
B J§ L 7z CDDP / tranilast it FJ AL 8 < &
CDDP 10 y M HL.ZRALEE & Jbig U C S AN,
G.M I A L, 7R b= ZMBH
25 % SubG, HIMINEA28.8+1.0%4544.0+
0.2% 238 (p<0.05) L7= (Fig. 5a,b).
5-FU 50 uM, 100 M L E -C (% Control #f &

4 a-c). [HFEIZ MKN45 #il s # CDDP 10 uM, B LT, SubG, fAMNEIE23.2+0.5%, 29.8
8 MKN45 control-1.001 =
8 - b=
-1t o
NE
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Fig. 4. Effect of tranilast on cell cycle in MKN45 cells determined with flow cytometric analysis.

(a) control,

(b) Tranilast 1004M, (e¢) Tranilast 300 xM.



A

+0.7% L ¥ 72 (p<0.05). 5-FU50uM
{2 tranilast 300 uM % ff | L 7z 5-FU / tranilast
B B AL B T3, 5-FU B fli AL 3 & b L C
SubG, B A23.2+0.5% % 511.85+0.2%
WA L7 AR b= ZAMBLOBENEA LN
o 72h, GoGr ML A58.3+0.6% % 566.8
+0.3% L BEMAA SN (p<0.05) G ##1ED
Ve RAE 2 b s  (Fig. 5¢,d).

TXL 5 uM, 10uM WL3E T X Control & & fb
LT, GM HHAEA516.9=0.5%, 22.6=*
0.3% L7 (p<0.05). —J, GoGi ¥
HWIHE1235.1+0.4%, 29.6%0.6% LD L7z (p
<0.05).

TXL 5 M |2 tranilast 300uM % B L 72
TXL / tranilast §f B 4L B C &, TXL Hi 4L #
LB L T GGy MMM AS35.1 £ 0.4% 5 5
41.0 = 1.4% 2 8m (p<0.05), G:M Kz

a =
(=]
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o 01
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Fig.

tometric analysis.

AR % tranilast OBUIEE )R 13

A316.9%0.5%75 512.0£0.1% & 134 (p<0.05)
L7-. SubG, HIHHNaOBENL %A - 72 (Fig. Se,
f).

5. EEMEEEICX T B tranilast H KU HLE
HOTHRF— ZADOFHE
TUNEL #: 12 CTALH L 72 MKN45 il g %
FACS Calibar flow cytometer {2 CAT3 5 &,
SHEEETIE 7 R b — ¥ AH135. 7= 1. 6% %¢t
L C, tranilast 100uM T3 21.2 = 1.6% (p
<0.05), 300uM Ti%24.3+0.5% (p<0.05)
WL, 7R =Y ADFHFEN A SN T (Fig.
6a-c). KIZPUNEH HAMLEE & HUREH] / tranilast
PO 7 E b — ¥ 2O KT,
CDDP 10 uM #353.0 % 2.8% 2%} L CDDP 10 u
M / tranilast 300 u M §f FH LB TIX71.0+£1.4%
LEE (p<0.05) »A 57z (Fig. 7a,b).

b

1

Counts
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o
S
on
o 3
F 3
~N
Pk
%o |'_|
O N
23 | 4 1
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= T
0 200 400 600 800 1000
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5. Combined effects of tranilast and/or typical anticancer drugs on cell cycle in MKN45 cells determined with flow cy-

(a) CDDP 10xM, (b) CDDP 10uM + Tranilast 300uM, (¢) 5-FU50uM,
(d) 5-FU50uM + Tranilast 300uM, (e) TXL 5 uM, (f) TXL 5 uM + Tranilast 300 4 M.
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Fig. 6. Effect of tranilast on apoptosis in MKN45 cells
determined with flow cytometric analysis.
(a) control, (b) Tranilast 100uM, (¢) Tranilast 300
uM.

TXL 5 uM1Z25.3+1.8%1ZxF L TXL 5 uM /
tranilast 300 4 M P FIALBE T1236.9+1.8% & 1
n (p<0.05) L7 (Fig. 7¢,d). L2 L, 5-
FU 50 uM Tl1345.1%1.5%I2% L5-FU 50 uM/
tranilast 300 4 M Bf AL B 1% 23. 4 + 0.8% THEAN
WA SN h oz (Fig Tef).

Db XD tranilast (& B AR L G, arrest
12X 2 GEIE & 7 R b — ¥ A DOFE DA
L, PUEERIRER L. F-P0ER & R
T OHUIEL R O Rk, CDDP, TXL ffH
TIEFEICT R b= ADOHEERAS, 5-FU T3l
Na XGRS E R EH L E 2 b 5.

6. BAMBEICELAIMHBEHSLVTT7 R
r =3 ZDt&H

MKN45 #il fg & # 5t Hik & H v 72 M B #i g

DFEF, T, DAPI 4 {6 TH% 127, histone H3

(5534 %517 2008)

et ¢ M ETHIB O IR IC Y T 5, MIBTIX
M i B 2345 A & I, tranilast 300 g M AL
TIRMBI MM DL iE % { (Fig. 8a,b),
CDDP 20 4 M LT IE M 10 B o 3 A& 1H) 3
& 51, CDDP 204M / tranilast 300 u M i T
M AR S S iEA L7 (Fig. 8c,d).
MKN45 i id © TMRred # iV 727 & b —
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Fig. 7. Combined effects of tranilast and/or typical anticancer drugs on apoptosis in MKN45 cells determined with flow cy-

tometric analysis.

(a) CDDP 10uM, (b) CDDP 10yM + Tranilast 300uM, (¢) 5-FU 50uM,
(d) 5-FU50uM + Tranilast 300uM, (e) TXL 5 uM, (f) TXL 5 gM + Tranilast 300 £ M.
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Immunohistochemical detection of proliferating cells with M phase labeling for phospho-histone H3.
(a) Control (b) Tranilast 300uM (¢) CDDP20uM (d) CDDP 20uM + Tranilast 300 uM
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Fig. 9.
(a) Control (b) Tranilast 500uM (¢) CDDP 20uM (d) CDDP 20uM + Tranilast 500 4 M
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Immunohistochemical detection of apoptotic cells with TUNEL method using TMR red.
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Fig. 10. Effect of tranilast on the expression of p53, p 21 proteins using

Western blotting.

(a) Time course study of the expression of p 53 and p 21
(b) The relative expressions of p 53 and p 21 proteins were estimated on a

scanning densitometer.
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