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G owth inhibition of gadric cancer cdls by all-trans retinoic acid
through arreging cdl cycle progression

WU Qiao , CHEN Zhengming and SJ Wenjin
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Objective To invedigate tiie mechanism of dl-trans retinoic acid (ATRA) on the regulation of the cell
cycle in gagtric cancer cells.

Methods The protein level was detected by Western blot. Immunoprecipitation was used in protein kinase
activity determination. Cell growth and cell cycle phase were examined by MTT assay and flow-cytometric
analyss, respectively.

Results ATRA could efectively induce Gy/ G, arrest and inhibit cell growth in certain human gastric cancer
cell lines. ATRA might induce p21"A™ ©™1 expresson in ATRA-senstive cell lines through p53- dependent
and p53-independent pathways. Induction of p21"A™ ©™ caused decrease in CDK; and CDK, activities
independent of CDK, and CDK; protein expresson levels. In addtion, the dephosphorylated form of Rb
protein increased because of the down-regulation of CDK, and CDK; activities by ATRA.

Conclusions Gowth inhibition on gastric cancer cells by ATRA occurs through the regulation of relevant
proteins leading to the arrest of cell cycle progresson.
Chin Med J 2001; 114(9) : 958-961
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METHODS

MTT assay

The human gadric cancer cell lines, BGC-823, SGC-7901
and MKN-45, were purchased from the Inditute of Cdl
Biology, Shanghai , China. The MQC80-3 cdl line was
edablished by the Cancer Research Center, Xiamen
Univergty , China. All cedlswere maintained in RFMI-1640
medium, supplemented with 10% FCS, 1 nnol/L
dutamine, and 100 U/ ml penicillin. Cdls were seeded at
1000 cdldwel in 96well plates, treated with ATRA
(9gma, USA) a various concentrations for one week , arnd
gained with MTT (Sgma, USA) for the assay. °

Cdl cycle analysis

Cdlswere trypsnized and auilected , followed by 70 % ice-
oold etharol fixation for one hour. Fixed cells were sained
for 30 min (protecting from light) with 501 ¢/ m propidium
iodide (9gma, USA) oontaining 1.0 mg/L DNasefree
RNase A, and subsequently analyzed by FACScater-plus
How Cytometer.

Cdl lysisand Wegern blot

Cdls were lysed in RIPA bufer with protease inhibitors
(PVISF, aprotinin and leupeptin) . Total proteins 100 g
were sparated by 10 % DSPAGE, and tranderred to
nitrocellulose membranes. Proteins were incubated a room
tenperature  with the primary antibodies and the
oorreponding secondary antibodies (Santa Cruz, USA)
2 - 4 hfor each incubation , and then visualized by the EQL

detection sysem (Amersham, USA) .

Immunopr ecipitation and kinase activity

Cdl lysate was prepared as mentioned above. Protein 5004 g
was incubated with anti-CD K4 or anti-CDK; antibody (Santa
Cuwz,UA) a4 for 2h, and then precipitated by protein
A-Sepharose beadsfor an additional 1 h. The kinase reaction
was carried out by resugpending the beads in 20U | kinase
bufer, then reacted with 3p g Hisone H; as its subdrate
and 54 G ®Py-ATP a 30 . Thirty minutes later, 2X
DS saple bufer was added, eectrophoresed on 12 %
DS PAGE gds, and examined by autoradiography.

RESW TS

Regulation o cdl cycle is the pathway in growth
inhibition of ATRA on gadric cancer cdls

The dfect of ATRA on four gadric cancer cell lines was
determined by MTT assay fird. Assownin Hg. 1, ATRA
dfectively inhibited the gromth of MGC80-3, BGC-823 and
SGC7901 cels in an ATRA-dose dependent manner. In
contrag , ATRA did not show any clear dfect on the growth
of MKN-45 cells, even a the concentration of 10°nol/L.
Howr cytometric analyss was then performed to andyze the
datus of cel cycle progresson in regponse to ATRA. When
treated with ATRA only for 12 h, MQC80-3, BGC-823 and
SGECG7901 cdls were dgnificantly arreded a the G/ G
phase; the percentage of cdls in the Sphase decreased
dgnificantly. In contras, goparent change in cel cycle
phase digribution of MKN-45 cells did not occur even when
treated with ATRA for as long as 3 days (Table) .

Table. Cdl cyde phase digribution of gastric cancer cdl lines ( %)

ATRA M@C80-3 BAC823 SGZ7901 MKN-45

(h) 0 12 24 72 0 12 24 72 0 12 24 72 0 12 24 72
G/G 3HB7 529" 61.7° 67.5°7 2.9 508" 56.9°°782°" 407 514" 521" 63.3° 40.8 429 49.4 48.6
] 540 175 107" 21.6° 614 235 160 °15.0°° 489 239 20.3 30.3° 381 344 328 3.5

G/M 103 295 276"

10.9 " 87 257 271" /8"

104 247 276" 64" 21.1 22,6 17.8 18.0

The va ues represent the resuits of 2 independent duplicate eperiments * P<0.05, * * P<0.01, vsoontrol.
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Fig. 1. Gowth inhibitory dfect of ATRA on gadric cancer cel lines
Cdls were treated with different concentration of ATRA indicated
(10%, 107, 10®, 10° nol/L, repectivdy) for 7 days, then
measured with MTT method.  The data shown are representative of three
independent experiments

Hfect  ATRA on cyclin Dy/ CDK4and cyclin E/ CDK;
complexes

As determined by Wegern blotting, cyclin Dy, CDK4 and
CDK; proteins were expresed in these four gadric cancer
cdl lines, and ATRA did mot sow any dfect on ther
expressons (data not shown) . On the other hand, cyclin E
was dowrrregulated by ATRA in ATRA-sndtive cdls but
mot in ATRA-ressant MKN-45 cdls (Fig. 2). The kinase
activity of DK, and CDK4 was further analyzed dter
immuno-precipitation. The results sown in FHg. 3 revedl
that in MQC80-3 and BGG823 cdls, (DK, activity
increased when cellswere treated for 6 h, but finaly lowered
drametically at 24 h. The same change happened with SGC
7901 cdls, jus noderate. However, in ATRA-red dant
MKN45 cdls, o goparent dteration of CDK, activity could
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be observed. The overdl inhibitory efect of ATRA on CDK;
kinase activity was found to be in a time-dependent manner
in ATRA-sndtive cdl lines, but mot in ATRA-red gant
MKN45 cdls
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Fig- 2. Bpresionsd cydin E, p53, p21"*™ “™ and p16™*“
in gadric cancer cdl lines Cdls were andyzed by Wegern
blotting. o -tubulin was used as a control to mormalize the amount
o protein tesed. C: postive control.
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Fig. 3. Inhibition o CDK; (A) and (DK, (B) activity by

ATRA. Activities o DK, and CDK, were andyzed by

immuroprecipitation assay.
Hfect o ATRA on 6N,
p21WAFll CIFL and P53
As ATRA-enstive cell swere exposed to ATRA |, the p16™**
protein levd , contrary to our expectation, was dowrr
reguated. Nevertheless, the p21"A™ “™ protein level was
up-regulated. Neither of these two proteins could be detected
in MKN45 cdls (Fg- 2). To determine whether induction

the expressions o pl

-
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of p21VAFYCIPL [y ATRA was mediiated by p53 , we analyzed
p53 expresson in repone to ATRA. Hg 2 sows that
ATRA oould enhance or induce p53 expresson in MGC80-3
or BGC-823 cdls repectively , but not in that of SGC-7901
cdls

Bfect o ATRA on alteration o Rb protein
phosphorylation date

DK may phogtorylate the Rb protein. In ATRA-sendtive
cels, tota Rb protein expresson tended to be decreased by
ATRA in a timedependent manner, acconpanied by
increaxe in the ratio of dephogphorylated-date pRb to
phophorylated gate ppRb (Fig. 4). Again, Rb protein was
not detectable in ATRA-resgant MKN45 cdls
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Fig. 4. Bxpresson of Rb protein in gadric cancer cdl lines
Cdlswere andyzed by Wedern blotting. a-tubuin was used as a
cortrol to normalize the anourt of protein teged.

DISCUSSION

In this gudy , we denmondrated that ATRA could dfectively
inhibit gronmth of certain gadric cancer cels through its
blockage of the cdl cycle progresson from the G/ G, to the
S phase. Snce the G to S phase trandtion is manly
reguated by cycin Di/ DKy and cydin B (DK
conplexes,>® it was suggested that the expresson level
and/or kinase activity of these proteins might be regulated
by ATRA trestment. We found that, in ATRA-sendtive
gadric cancer cdls, only the expresson of cyclin E protein
was goparently suppressed by ATRA (Fg 2) , and the
kinae activity of both CDK; and CDK, was inhibited by
ATRA (Fg 3) , suggeding that cyclin E expresson and
(DK activity might be the targets of ATRA action. These
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results differ from previous reports dating that ATRA can
inhibit the expresson of cyclin D; in breast cancer cells,™
and the 9-cis RA can inhibit CDK kinase avtivity in ome
gadric cancer cdl lines 2 indicating that different
mechaniams may be inwlved in regard to the dfect of
retinoic acid on various cancer cels. We expected that the
dephogphonylated form of Rb protein (pRb) , which is the
target of CDK, dould increaee because o the downr
regulated CDKs activity , and it was indeed the case. Thus,
the cyclin-CDK-Rb pathway may be critical for ATRA in its
regulation on gagric cancer cell cycle progresson.

p21"AFY CIFL and p16™* are the mejor negctivie regulators of
DK, and CDK. Inour study , the p21"A™ ™ protein was
up-regulated by ATRA in a time-dependent manner in
ATRA-®ndtive cdls Further andyds indicated that
induction of p21"A™ “™ \was mediated through both p53-
dependent and p53-independent pathways in ATRA- ngtive
gadric cancer cel lines, which may correpond to the fact
that MGC80-3 and BGC-823 cdls express functiond wild
type p53, while SGC-7901 cdls express a p53 mutant
gene B Recently, it was reported that the p21VARY €™
prormoter contains a RA-regonse dement located at the
- 1200 bp of p21"AFYCIPL ¥ which could mediate the
induction of p21"AFY ™ by ATRA. It inrplies that ATRA
may directly act on such a RA-reponse e ement in mediating
the wp-regulation of p21"A™ “™ expresson. In addition,
p21"AFY CFL i related to at least two of its targets in the GL
phase, cyclin D; and CDK,. The binding of p21"A™ ™
with its targets sould inhibit the activity of cyclin D,/ CDKy
onplexes °*®  ondgent with this point, we ad®
demondrated the decrease in (DK, and CDK; kinase
activities by ATRA. Taken together , these results suggesed
that the decrease in CDK; and CDK; activities by ATRA
treatment might not be due to its direct inhibition on cyclin
D1, DK, and (DK, expressons, but might function
through its efect of increasng the level of p21"AFYCIP
expresson. The resulting protein product then interacts with
cyclin D1/ CDK4 and cyclin B CDK; conmplexes, suppresses
their activity and findly leading to G/ G arred.

p16™*is known as a tunor suppresor gene. Its deletion,
mutation or other abnormal expressons have frequently been
found in many types of cancer cels.® In this sudy , we
found unexpectedly that the p16™** protein level apparently
decreased during ATRA treatment in ATRA-sndtive cdls
The possble explanation may be that me abrormdities
edig in the p16™*“ gene of thee cels Snce p16™*
pecificaly binds to DKy, and p21"*™ “™ can bind to
both DK, and CDK;, thereby inhibiting their kinase
activities, it may be reaonable that CDK, activity , when

dfected by both p16™'* and p21"A™ < firg increases
and subsequently decreases The decrease in (DK, activity
may be caused both by the decrease in the posgtive factor

cycdin E and by the increae in the negaive factor
p21WAFllCIP1.
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