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Fig. 1 Effect of ATRA on growth inhibition of gas-
tric cancer cells
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Table 1 Effect of ATRA on cell cycle distribution in gastric cancer cell lines( %)

MGC BGC SGC MKN
ATRA. 0 3x 6K 0 IR 6 X 0 3R 6K 0 3IxK 6K
Go/Gy 46 68 65 45 78 77 57 63 74 47 49 53
S 44 22 26 45 15 18 32 30 23 39 34 38
G./M 10 10 9 10 7 5 11 7 3 14 17 11
P& <0.01 <<0.05 <0.01 <<0.01 <0.05 <<0.05 >0.05 >0.05

*H-TdR #7110 40 i 7 2L [ B 40 2 ) DNA
EREE, ATRA BEWH RA HUR 40 H°H-
TdR #33B A\, {EX RA 4 H°H-TdR @15
AEWR/N (R 2), R EMMEARRS AR
—%.,

% 2 ATRA X HEMH° H-TR & A5 (%)

Table 2 Inhibition of *H-TdR incorporation by
ATRA in gastric cancer cell lines(%)

ATRA 4t  MGC BGC SGC  MKN
3Ix 31.12"" 21.53*° 12.86"" 0.50
6 X 52.33"" 41.43"" 29.78°" 0.96
"t P<0.01,

=, ATRA G EZMBATHES
F3IBRATRAFS UK EBAMTET

ERM, RETEEX., BRERBURBRA
T-4% A 1 DNA Ladder (52 kB R), £H
ATRAFEEFE T B A M IPT:. Western blot
K3 bel-2 #1 bax EH FE B, bel-2 # bax &
RA Rt #ik, HYS ATRA \H L%,
£ RA AR bel-2 HF &k, bax EH R
ik (E2).

F3 ATRAMBEEBBALHES ()
Table 3 Induction of apoptosis by ATRA
in gastric cancer cell lines

MGC BGC SGC MKN
3Ix 3.4 7.5 3.5 2.8
6 X 7.3 8.4 6.5 4.2

P EHKT 0.05,
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ATRA - + - + - + - +

bel-2
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Bl 2 ATRA 3} bel-2 %0 bax X HIRT A
Fig. 2 Regulation of ATRA on bcl-2 and bax pro-
teins
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Fig. 3 Expression of related genes by Northern
blot
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Fig. 4 Expression of related proteins by Western blot
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Bl § ATRA ¥ RARa.RARP EF R0
Fig. § Effect of ATRA on expression of RAR «
and RAR P genes

c-myc SR ABHIM . R MM AL HE VI
%, ATRA Fif c-myc XF T30 i) PLAS i35 40 B 4=
KERLEH™, BE—LHFBHAKRTP, ATRA
B cmyc KEERFESHRB/ - EIM
k02, f i8R ATRA X RE A c-myc
AFRAMEEE-. RITAB ATRA THER
MM c-myc 7K (B 3, 4), FH c-myc W RESE
HTHEEENS ATRA MH HREAKRER
H{Ef. ATRA B9 EBHARELCERK, X
Sit¥ BN (R 3, HFXF DNA MiREEBH
Ladder (R A 8R), AT HEERMARTS
Kk bel-2 EH, ATRA BEARRET A bel-
2, HARE Ei8 bax EHKT (H 2), b FThE
Bk ATRA #S 408, BB HL-60 A
MET-ES TR, ATRA E4E#INH bel-
2 ik, P EZRES, ATRA X EHEAM
ERkESHBEARAYR. BSARHEE
G./G, A%, M5MMATHERTE.
HRANERRE—TEZNTRE, REH
BEK., SRAMNEFEEEG HE,
£33% cyclin-CDK, p21¥AFVAP | 53 f1 Rb %,
p21™AFVIRL B p53 W FIF A WE T, T M
cyclin-CDK A9 & Fi 1 4 5 40 B 4 & 0 %10,
p21l¥AFVORE R RA NERER, EFEAK,
L7 98 40 O R B 3 40 i P T A B ATRA B i
08, EMMMGE, ATRA Fifl RA 88U
K p21™ VIR EHK Y, HRREES RA Hik
S p21 ™AV E ik (B 4), %8 ATRA

3t p21™AVR RS R RE SRS B B g
BT G./G, BIF X, p21™ M HE S TLLE
A #HR p53 M AEHK M p53 BIT R AR ELR B,
ATRA i MGC #1 BGC 4 M= p53 mRNA
MEBKF, (HFREELH SGC 48/ p53 mRNA
MEHKF (8 3,4), W ATRA ¥ MGC #
BGC 4 M p21™*"/" Yy i & &l i #K ¥ p53
HIE R, WX SGC 4 p21¥ /A S N 2
B I p53 MR,

TGF-B1 S p21¥VP g5k 5 , REHS M #
cyclin-CDK {F# f & Rb a9 B BRI, 81T
EFEP ATRAGS L HEHBAKRHN
p21¥ ARV = K, HAKEEY cyclinD,
CDK.# mRNA fiEHK¥ (B 3, 4), K A-
TRA # B # ¥ cyclin-CDK & & 4.
P21VAFVCP T L i ] CDKs 1% 1, ¥ cyclin-
CDKs K fE 8% BR 4 Rb, B ik E2F & B i 0
DNA R MXEEMNRE, HHRKEE G./
G, K2, 2% cyclin-CDK #8135, & —
o T R, AR EQD., Hlt, &
RA HEAMMF, ATRA TiEBERILA Rb K
T (H 4) R{UBHET ATRA % cyclinD, 1
CDK, EHEMH v ek, FottES RA 3@
T AH Rb #4218 488 B .

MEROERAEEHH 24 RARs J
RXRs 4+ §07, 72 0 % f0 PLAR % 40 B RARB
£ RA fEFIHEE, RARBHZRES RA 4
SHMMERMWERERXYY, EE AR
%, ATRA Lif RA S{E 44 RARa mRNA
KF, EREE RA Hi#4 HH RARa
mRNAK¥ (B 5), 38 RAR« F[fE2 ATRA
fERERmAME L EEE, HERBERM
RARa 34t G ATRA i BB A A KIER
RUTH . B 7E RA SURMHF RARB mR-
NA RiE, B ATRA REERPHREKF, R
B RARBAR ATRA (EIERERER. X5
FLAR % 40 Ha U7, B 40 T o RARB 69 fE A ML
#IARF. m MKN 4R %%k RARR &#EH, £
E5 RARBEBEXRNAEE, ARl —%



2 VLR BT B A% 40 A S A B 139

.

i £3

MEEE (RA) BB IPEIF SR BRE 40 A
k. #SARATHEANAREAR. ZXHE
TE2RAMEBMATRA M A HEAMEH
PLE., R %W, ATRABSBESAMEHEE
G./G i B EMH EEAMAER, (HATRA
ReEES HEAMIET; ATRA B EA M
H cmyc, BB L Rb K ¥ 8 F i@ M
p21FAFVCIPL - p53 K8 LA K, i cyclinD,
1 CDK K FEREHBEL. 7 RA AN
1, ATRA REEH T XBEERE FRIEE,
ATRA MEBARAEKNH SHES A
MEG/GHAEX ME5HARACHIERT
%, WEHEH. SRAMEXHTF, B c
myc, p21¥AFVAP p53 il Rb % & 5 40 AN

X, SRAVRY BEBE DAY
&R0

£ % X M

[ 1] Zhang, X-K, B. Hoffmann, P. Tran, G.
Graupner and M. Pfahl, 1992, Retinoid X
receptor is an auxiliary protein for thyroid
hormone and retinocic acid receptors. Na-
ture (London), 355: 441—446.

[ 2] Evans, R. M., 1988, The steroid and thy-
roid hormone receptor family. Science,
240: 889—895.

[3]Lui,Y., M. O. Lee, H. G. Wang, Y. Li,
Y. Hashimoto, M. Klaus, J. Reed and X.
K. Zhang, 1996, RAR B mediates the
growth-inhibitory effect of retinoic acid by
promoting apoptosis in human breast cancer
cells. Mal. Cell Biol., 16: 1138—1149.

[ 4 ] Nicholas, R. S. W., B. Sarcevic, A. M.
Elizabeth and L. S. Robert, 1996, Differ-
ential effects of retinoids and anti-estrogens
on cell cycle progression and cell cycle regu-
latory genes in human breast cancer cells.
Cell Growth & Differ. , 7: 65— 174.

{ 5] Huang, M-E, Y-C Ye, S-R Chen, 1988,
Use of all-trans retinoic acid in the treat-
ment of acute promeylocytic leukemia.
Blood, 72: 567—572.

(6] @K, BAF. BRER, 1996, R T
WHEBA KR BYENER. £91be
R, 12: 104—108.

L7] BFF. ¥4k, Kb, 1998, 2R AMER
XA MR TR AR MR, 17: 167—170.

(81 HWYE, HEW. WEE. FHYr, 1998, —
HFEIRAZAREEABRMYEZRT
K. LREWFIR, 31, 353—359.

[ 91 Zhong B-S, D-L Yin, X-H Ren, L-Z Jiang,
Z-] Wu , Q-R Gao and G Pei., 1997, Pro-
gesterone induces apoptosis and up-regula-
tion of p53 expression in human ovarian
carcinoma cell lines. Cancer, 19. 1944 —
1950.

[10] EBHwEx, J., E. F. #E%H,. T. &L
PIREHT, 1993, S FRBELRIEH, H—M,
JE3, #lgmEdt, 352, 888.

[11] Seewaldt, V. L., B. S. Johnson, M. B.
Parker, S. J. Colling and K. Swisshelm,
1995, Expression of retinoic acid receptor 8
mediated retinoid-induced growth arrest
and apoptosis in breast cancer cells. Cell
Growth & Differ. , 6: 1077—1088.

[12] Richard, A. S. , F. Barbara, I. Augustine,
G. Chriatel, A. L. Dan and E. E.
Motawa, 1994, Induction of p21 (WAF1/
CIP1) during differentiation. Mol. Cell. Bi-
ol., 14;: 2352—2360.

[13] Park, J. R., K. Robertson, D. D. Hick-
stein, S. Tsai, D. M. Hockenbery and S.
J. Collins, 1994, Dysregulated bcl-2 ex-
pression inhibits apoptosis but not differen-
tiation of retinoic acid-induced HL-60 gran-
ulocytes. Blood, 84: 440—445.

[14] Zhang, W., G. Luigi, D. Craig, McClain,
M. Anne, Gambel, C. Ying, T. Salvatore,
B. D. Albert and W. E. Mercer, 1995,
p53-independent induction of WAF1/CIP1
in human leukemia cells is correlated with
growth arrest accompanying monocyte/
macrophage differentiation. Cancer Re-
search, 55: 668—674.

[15] Lui,» M., L. Antonio and P. F. Leonard,
1996, Transcriptional activation of the hu-
man p21™V%! gene by retinoic acid recep-
tor. J. Biol. Chem., 271. 31723—31728.

[16] Akagi, M., W. Yasui, Y. Akama, H.
Yokozaki, H. Tahara, K. Haruma, G. Ka-




140

WIEH B fr KRER HX:

323

jiyama and E. Tahara, 1996, Inhibition of
cell growth by transforming growth factor B
is associated with p53-independent induc-
tion of p21 in gastric carcinoma cells. Jap.
J. Cancer Research, 87. 377— 384.
[17]Li, Y., I. D. Marcia, A. Anissa, M. O.
Lee, J. Long, D. H. Peter and X. K.
Zhang, 1998, Regulation of RARJ expres-
sion by RAR- and RXR-selective retinoids
in human lung cancer cell lines; effect on

growth inhibition and apoptosis induction.
Int. J. Cancer, 75. 88—95.

[18] Wu, Qiao, I. D. Marcia, Z. Yun, D. H.
Peter, A. Anissa, J. Long, L. Yin, L.
Ru, B. Z. Lin and X. K. Zhang, 1997, In-
hibition of trans-retinoic acid-resistant hu-
man breast cancer cell growth by retinoid X
receptor-selective retinoids. Mol. Cell Bi-
ol., 17: 6598 —6608.

REGULATION OF CELL CYCLE BY RETINOIC ACID
IN GASTRIC CANCER CELLS

CHEN Zheng Ming WU Qiao

CHEN Yu Qiang SU Wen Jin

(The State Lab. for Tumor Cell Engineering, Xiamen Univ. , Xiamen 361005)

ABSTRACT

Retinoic acid can induce growth inhibition
and apoptosis, and regulate cell cycle in many
types of cancer cell lines. In this study, we in-
vestigated the role of all-trans retinoic acid (A-
TRA) and its mechanism of action in human gas-
tric cancer cell lines. Our results demonstrated
that ATRA effectively inhibited growth in three
of four gastric cancer cell lines by induction of
G./G, arrest, and did not induce apoptosis in four
gastric cancer cell lines., In RA-sensitive cell
lines, ATRA-induced G./G, arrest is associated
with down regulaton of c-myec and hyperphos-

phorylated Rb expression , and up regulation of

WAF3/C ere were no
21 AF1/CIPM1 Th

and p53 expression.
significant changes in cyclin D, or CDK, expres-
sion induced by ATRA. Futhermore, expression
of these genes were not regulated by ATRA in
ATRA-resistant gastric cancer cell line. These
results indicate that growth inhibition, rather
than apoptosis, is correlated with G,/G, arrest of
these cell lines, more important molecules relat-
ed cell cycle , including c-myc, p21™*"*“™, p53
and Rb, are involveed in regulation of cell cycle
in gastric cancer cells.
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