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Retinoic acid receptor 3 isrequired for anti-activator protein-1 activity

by retinoic acid in gadric cancer cdls

WU Qiao , ZHANG Mingging ,LIU Su , CHEN Yugiang and J Wenjin
Keywords: retinoic acid receptor} - activator protein-1 - al-trans retinoic acid - gastric cancer cell
Objective To investigate the role of retinoic acid receptor3 (RAH) in mediating inhibitory efect of all-

trans retinoic acid (ATRA) on activator proteinr1 (AP-1) activity in gastric cancer cells.

Methods Trandent transection and chlioramphenicol acetyltranserase (CAT) assay , Northern blot , gene
trandection, 3-[4 ,5 dmethylthiazol-2-y1]-2 ,5 diphenyltetrazolium bromide (MTT) assay, and anchorage-
independent growth assay were used.

Results  Trandent transection of RAPB expresson vector into MKN-45 cells resuted in the RAR
concentratiorrdependent represson of AP-1 activity induced by 12-o-tetradecanoylphorbol-13-acetate
(TPA) , regardess of the presence of ATRA. When the cjun and cfos expresson vectors were
cotrandected with the RARB expresson vector into MKN-45 cells, AP-1 activity was also obvioudy
repressed. The inhibitory effect , again , was RARB -concentration-dependent. The stable transection of the
RAB gene into MKN-45 cells led to cell growth inhibition and colony formation inhibition by ATRA.
Furthermore , Cotrangection of both RARB / DNA binding domain (DBD) and reporter gene coud not ater
AP-1 activity , even in the presence of ATRA. However, when the cotrandection was substituted with the

RAR /ligand binding domain (LBD) , the inhibition was significantly enhanced by ATRA.

Conclusion
cancer cells by ATRA.

Retimic acids (RAs) , a goup of naturd and synthetic
vitamin A andlogs, exert anticancer dfect on many types of
cancer cdl lines, including gagtric cancer cel lines The
dfect of RAs is mainly mediated by retinoic acid receptors
(RARs) and retimoid X receptors (RXRs). The two
receptors are encoded by three corregonding diginct genes,
a B andy.! Retimic acid receptorf (RAR) , an RAR
subtype, plays an inportant role in mediating RA dfect.
The fact that RAB is rot expresed in lung and breagt
cancer cdl lines inplies that it might possess a tunor
sppressve dfect, and the lack of RAR might facilitate
tumor development. 22 Thus, the RAB gene could be
oonddered as a promidng candidate of turmor Suppresor
gene.

We have reported that one of the anticancer mechaniams of
RAs in gadric cancer cdls is via the inhibition of activator
protein-l (AP-1) activity.* AP-1, which relates to tunor
progresson, condgs o products of the proto-oncogenes
cjun and cfos Many of the AP1 repondve genes are
involved in cancer cdl proliferation and trangormetion.

RAR might be required for anti-AP-1 activity , and contribute to growth inhibition of gastric
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Productsof c-jun and c-fosform homodimers (cJun/ cJun) or
heterodimers (cJun/ cFos) , and bind to the AP-1 hinding
dtes on ther reppone genes, such as thoe o the
12-o-tetradecaroylphorbol-13-acetate  ( TPA )  reponse
element and oollagenase pronoter.®>  In the present study ,
the role of the RAB in mediaing inhibitory efect of al-
trans retimic acid (ATRA) on AP1 activity was
invedigated in a gadric cancer cdl line. The data indicated
that RAR could efectively repress AP-1 activity induced by
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TPA in a ooncentration-dependent manner , or cjun and
cfos trandection, resulting in the growth inhibition by
ATRA on gadric cancer cells In addition, the functiona
domain of RAR critica to the inhibitory efect on AP-1
activity was anayzed , which was found to be located in the
DNA binding domain (DBD) of RAR . Taken together , our
results denondrated that RAR was required for anti-AP-1
activity , and contributed to the anticancer efect of ATRA on
gadric cancer cdls

METHODS

Cdl linesand culture conditions

The human gadtric cancer cell line MKN-45 from Japan was
maintained by the Inditute of Cdl Biology, Shanghai ,
China Hd.a cdls were obtained from American Type
Culture Qollection (ATCC). Cellswere routindy maintained
in RAVIF1640 medium (for MKN-45 cells) or DMBEM
medium (for HelLa cells) , reectively , supplemented with
10 % fetal caf serum (FCS) , 1 mmol/L dutamine, and
100 U/ ml penicillin, and further treated with 1 x 10° nol/ L
ATRA for 24 hours and/or 100 ng/ M TPA for 6 hours as
required.

Reporter and plasmids

The reporter -7300llagenase-chloramphenicol  acetyitrans
ferase (-73(l-CAT) contained the CAT gene linked with a
oollagenase pronoter containing an AP-1 binding site located
between resdues -73 and -63. This reporter had usudly
been used for measuring AP-1 activity. Other expresson
vectors were described previoudy.

RNA preparation and! Northern blot

The total RNA was prepared by the guanidine hydrochlori de/
ultracentrif ugation method. About 30U g total RNA of each
saple was e ectrophoreticaly fractionated on 1 % agarose,
then tranderred to nylon, and probed with *p-dATP and
#p-dCTP labeled probe RAB as previoudy described.
The quartity of sample RNA oould be referred to the 28S
and 18Sfractions of each band.

Transient trandection and CAT asay

Cdlswere seeded in Sx-well plates and were gpproximetely
70 % ocorfluent a the time of trandection. Cdls were
trandected by CALFECTINtm (dboo/BRI  Life
Techrologies) acoording to the following procedure: 6 U |
CLLFECTINtm in 1.0 m gandard medium was added to
each wel oontaning 1.0 m o dandard medium
supplemented with -73Col-CAT reporter plasmid (100 ng) ,
B-gaactosdase expresson vector (400 ng, pCH110,
pharmacia) , and other expresson vectors. CAT activity was
determined using *H acetyl- A as substrate. B -gal actos dase

activity was measured to rormdize  trandection

dficiency. ?*

Sable trandection

The sense- RAR expresson vector was gably trandected into
gadric cancer cdls MKN-45 by Cd.LFECTINtm
(Gboo/ BRI Life Techrologies) , and then screened with
4000 g/ m o 418 (9gma). Bxpresson of endogenous
RAR was determined by Northern blot.

3[4,5 dimethylthiazd-2yl]-2 5 diphenyitetrazd ium bromide
asay

Cdls were seeded in a 96-well plate (1000 cells per well)
and treated with 1 x 10° nol/L ATRA (Sgme). Medium
supplemented with ATRA was changed once every day. Nine
days later , cellswere gained with 3-[4 ,5 dimethylthiazol-2-
yl ]-2, 5-diphenyitetramlium bromide (MTT, Sgma) for
3- 4 hours, and their viahility was examined by MTT

3

assy.

Anchorage-independent growth asay

An underlayer of 0.5 % agar in medium supplemented with
10 % FCSwasfirg prepared and hardened in a 6-well plate.
1x 10°/m cdls, culture medium containing 10 % FCS,
0.3% agar, and 1 x 10° nmol/L ATRA (only for
eperimenta  goups) , were then seeded onto the
underlayer. The plate was incubated for three weeks in a
QO, incubator. olonies with diameter > 80 U m were
counted under microsoope.

RESW TS

Sable trandection of RAR gene into M KN-45 cdls
RAR was expressed in many gagtric cdl lines* But MKN-
45 cdls, agadtric cancer cdl line, did not express RAR as
shown by Northern blot (and thus being used as neggtive
oontrol). By trandecting a relevant empty vector into MKN-
45 cdls, one of the resulting clones (MKN/ vector) did rot
express RAR , and the expresson could not be induced by
ATRA (being adopted as podtive control). One o the
clones obtained dter trandection with the expresson vector
of senseRAR into MKN-45 cells (MKN/ RAR) did stably
express RAR mRNA , dthough its expresson level was ot
dfected by ATRA? (data rot shown) .

Hfect o all-transretinoic acid on AP-1 activity and cell
growth inhibition in M KN RAR cdls

AP1 activity in MKN/ RABB cdls was examined by CAT
assay and conpared with that in MKN-45 (neggtive control)
and MKN/ vector (postive control) cells Fg. 1 showscdls
treated with TPA induce a rdatively srong CAT activity in
MKN/ RAB , MKN/ vector and MKN-45 cdls The CAT
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activity was suppressed by ATRA in MKN/ RAR |, but not in
MKN/ vector and MKN45 cdls, suggeding that the RAR
gene and its expresson might play a role in the inhibition of
AP-1 activity.

OControl M TPA [JTPA+ATRA
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Fig. 1. -73Col-CAT reporter is trandected into rdevant cdls,
MKN-45, MKN/vector and MKN/ RAB  cdls  After
trandection, cedls are trested with dther TPA done or with
ATRA. Cdlsare harvesed, and then CAT activity is detected by
CAT assay. Daa represent the mean of duplicate experiment
(x D).

Further sudies on growth inhibition examined hy M7 T aszyv
and anchorage-independent growth in oft ager were carried
out. ATRA could dfectively inhibit the growth of MKN/
RAB cdls, with the intibiion, rate of 37.2%.* However ,
its parenta cells MKN-45 and podtive control MKN/ vector
cels did mt sow any dgnificat regponse to ATRA
treatment , with the inhibitory rates being 3.89 % and
5.31 %, regectivdy. The growth of MKN/ RAR cdls in
$ft agar was clearly dfected by ATRA , with nore than
90 % inhibition under ATRA treatment. However, the
growth of MKN-45 cdls and MKN/ vector cdls sowed a
much lower regponse to ATRA treatment, with less than
20 % inhibition. These results were in acoordance with those
o AP1 activity inhibited by ATRA as sown in Fg. 1,
implying that RAR is an inportant mediator for ATRA with
regard to the anti-AP-1 activity and growth inhibition of
gadric cancer cdls

Hfect of exogenous RAR on anti-AP-1 activity

To further clarify the role of RAR in mediating inhibition of
AP-1 activity , various concentrations of RAR expresson
vectors were transently trangected into MKN-45 cells that
did not express RAB . CAT assay showed that TPA induced
high CAT activity without trandection of the RAR
expresson vector , and ATRA treatment resulted in weak
reduction of CAT activity. However, when the RAR
expression vector was trangently trandected into cdls, a
relaively grong inhibition on CAT activity induced by TPA
was observed dter ATRA treatment (Fig. 2). The inhibition
of CAT activity by RARB was concentration- dependent. More

than 40 % inhibition of CAT activity was seen when
trangected with 100 ng RAR .
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Fig. 2. Hfect o exogerous RA on CAT activity induced by
TPA. Various concentrations of RAR expresson vector is -
trangected with -73Col-CAT reporter into MKN-45 cdls  After
trandection, cels are trested with ether TPA done or with
ATRA. Cdlsare harveded, and then CAT activity is detected by
CAT assy. CAT activity in two independent experiments is
down ( x D).

Bfect o RABR on AP1 activity originated from
exogenous cjun/ cfos

Our previous observation showed that in MKN-45 cells the
expresson level of cjun was very low, and cfos was ot
epresed, as reveded by Wegern blot.* Snce the
products of the c-jun and c-fos genes are cormponents of the
AP-1 protein, both cjun and cfos expresson vectors were
trandently trandected into MKN-45 cells As expected , the
CAT activity was induced obvioudy by cjun and cfos
trandection in the absence of TPA. However , the inhibition
of CAT activity was only observed when the RAR expresson
vector was cotrandected with cjun and cfos eqresson
vectors, and the drength of inhibition was pogtively
oorrelated with RAR  concentration (Fig. 3). Thiswas in
acoordence with the above-mentioned results observed in
MKN-45 cdls trandected only with RAR .

DNA binding domain of RAR isrequired for anti-AP-1
activity

Two expresson vectors of RA mutant genes were used for
the localization of the functiond domain of RAR in relation
to its anti-AP-1 activity. These mutants are characterized by
their ecid deetions, one with its DNA-binding domain
(DBD) deleted (RAR/DBD’) , and the other with its
ligand-binding domein (LBD) deleted (RAMR/LBD).
He_a cdls do not express RARs and RXRs, and therefore
are usualy used for the measurement of AP-1 activity.® As
gown in FHg. 4, when Hd_a cdlswere trangected with the
RAR /DBD expresson vector , no sgnificant ateration of
CAT activity induced by TPA could be sen, even in the
presence of ATRA , suggeding that the deletion of DBD may
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cause RAR to be indfective in mediating the inhibition of
CAT activity. DBD, thus, was required for RAR in
mediating the inhibition of AP1 activity. However,
inhibition of CAT activity induced by TPA was detected
when trandected with the RARB /LBD ™ expresson vectors in
the absence or presence of ATRA. This observation was
sdmilar to that of the parenta RAR receptor , as shown in
Fgs 2 and 3, indicating that deletion of LBD might not be
repondble for the inhibition of AP1 activity. Taken
together, these reaults suggeded that the DNA binding
domain rather than the ligand binding domain was necessary
for RAB to inhibit AP-1 activity.
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Fig. 3. Hfect of RAR on AP1 activity orignated from
exogerous cjun and cfos Various concertrations of RAR
expresson vector is cotrangected with both -73Col-CAT reporter
and cjun/ cfos expresson vectors into MKN-45 cels  After
trandection, cdls are trested with ATRA. Cdls are harveded ,
and then CAT activity is detected by CAT assay. The mean of
CAT activity in two independent experimentsis shown ( x D).
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Fig. 4. Hfect o two RAB mutants, DNA hinding domain
ddeted (RAR/DBD) and ligand binding domain deeted
(RAB/LBD) , on CAT activities Data represents the mean of
duplicate experiment ( x D).

DISCUSSION
Retimic acid exerts its anticancer dfect through various

ways, including the induction of gpoptods and inhibition of
cdl gowth and AP-1 activity. RA activities are mediated by

RARs and RXRs Accumulated data have indicated that
RAB plays a criticadl role in regulating proliferation ,
differentiation and apoptoss in cancer cells In human lung
cancer cdl lines and primary human cancer tissue , abnormal
expresson of the RAR gene rather than that of other RAR
subtypes has been frequently detected.”  The lossof RAR
expresson is an early event in carcinogeness, and is
involved in the process of cancer development.®  However |,
the mechanismsof RAR for anti-AP-1 activity is ill largely
unknown.

Gadric cancer isone of the mgjor lethd malignant diseases
in China. We have found that ATRA oould inhibit the
growth of gadric cancer cellsin vitro by nodulating the cell
cycle S and auppress the metagad s of gadric cancer cels
from leen to liver in vivo.®  We have denondrated in
this sudy that the inhibition of gagtric cancer cell growth by
ATRA rdieson its represson of AP-1 activity via expressed
RAB . Gadric cancer cells MKN-45 which do ot express
RAB oould rot be inhibited by ATRA. However, the
trandection of the RAR gene into MKN-45 cdlls might lead
to gowth inhibition in both cdl proliferation and colony
formation in soft agar by ATRA , suggeding that RAR plays
an important anticancer fects in gadric cancer cdls

The inhibitory function of ATRA on AP-1 activity is one of
the mechanisams by which ATRA exhihits its hindrance on
gedric cancer cell growth.*  Trandent trandection of the
RARB expresson vector into MKN-45 cells resuts in a
dgnificant and RAR concentrationdependent represson of
AP-1 activity induced by TPA , regardess the presence of
ATRA. AP1iscomposed of productsof the oncogenes c-jun
and cfos, and the resultant AP-1 activity is closdly related
to tumor development.® When the cjun and cfos
expresson vectors were ootranfected with the RAR
expresson vector into MKN-45 cdlls, AP-1 activity was d
obvioudy repressed, and the inhibitory dfect was
RAR - concentration-dependent.  Taken together , these data
gdrongy support that RAE might be required for the
inhibition of AP-1 activity in gadric cancer cdls

RARs and RXRs are membersdf the seroid/ thyroid hornone
receptor superfamily that function as ligand-activated
transcriptional factors. > The DNA-binding domein targets
the receptor onto the regponse dement (RE) of its regponse
genes. Once bound to RE, the receptor may regpond to its
sgnd , e.g. ATRA, through the ligand-binding domain.
The LBD functions as a nodulator unit through which the
transcriptional activities of the receptor could be regulated by
its lidand. " Qotrandection of both RAB/DBD and the
reporter gene could ot obvioudy dter the CAT activity
induced by TPA , and this CAT activity was only weakly
inhibited even in the presence of ATRA. Inother words, the
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deletion of DBD caused RAR to be indfective in mediating
the inhibition of CAT activity, and DBD was therefore
required for RAR in mediating the inhibition of AP-1
activity by ATRA. Once the ootrandection was subgituted
with the RAB/LBD and reporter gene, not only did an
inhibition of TPA-induced CAT activity occur , but d< the
inhibition was dgnificantly enhanced by ATRA. It meant
that there migt be mo esentid difference  between
RAR/LBD and intact RAR with regard to their inhibitory
dfect, and thus, LBD might not be necessary for the
inhibition mediated by RAR . These results suggest that the
mechanign for AP-1 activity inhibition medisted by the
retinoic acid recepter is different from the direct interaction
between the RAR and the retioic acid reponse eement
(RARE) ,2 and relieson protei n-protein interaction.

Certain intracellular comnon ocoactivators are involved in the
nolecular bads of represson of AP-1 transcriptiona activity
mediated by nuclear receptors B The cAMP regpongve
eement binding protein (CREB-binding protein) can be
expresed by CBP whose conplex has been found to be a
comnon ooactivator.  The N-terminad of CBP interacts with
LBD o RAR in a ligand-dependent fashion, forming a
ternary conmplex of RAR-CBP, resulting in ligand- dependent
transcriptional  activation by RAR. BP is d® the
ooactivator required for transcriptiona activetion by AP-1
and CREBB, but the amount of CBP is limted in céls
Therfore, the process o ligand-dependent RAR
transcriptional activation is determined by its conpetition in
CBP bhinding againg other cellular factors, such asAP-1 and
CREB. Thus, darification of such mechanism should be of
great inmportance.
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EBEHHFSAEE ERAMEEEZLHHNENFERAR

Epstein-Barr virus induces human nasopharyngeal epithelial cells to escape from the replicative senescence
Chin Med J 2002 ; 115(6) : 803-809

i EAXFFBHELN KV 410078 W B BAE HBRt N4x HHE OF K ¥ n

By RHANAPSEWESYMHLH EB AR M TPA K FE/ER, ME R A S - 5 40 Mk 8 % 1t
R H A Y ¥R 21l .

Fitk NMAAEEMERRARLMRE LY EB KM TPA B EES LA L, F ot @ o 46 U B {4
3 1 o I 4 AR AP IS SR B A ARk . FRATTRLH & fAH 55 2 BLBE H B8 (SA-B-Gal) B 015 M SA-B-Gal ¥E PERY
KRB, FAA RALNE ple™BAMKE, o, RITH Sk ey o8 EB % & IMP1 2
A7E EBARFH A TPA BV P A r ik,

R EBRERRHAMEMEEHMARNREEFREH SA-5-Cal WiiF R EREM(4.8%)  BEEALEAT
BOE, B LA R RSN E R B ER , R EARBIEEE =Y pl6™,

£t EBRE M TPA ) E/ERI BRI (7 38 53 TR R B mi b Rz 4 Bt gk ok 85 b 8, #F AR AE TR R B B Bt o
X LR YERE i — 20 A T R A R K A A B 4 L B S A B b BT 40 B Ak AR T AR R AR SE IR AR .
XA EBm& Bl kR mpe A K A AL

NERETHERpZAATEEARNRBEES-1ES
Retinoic acid receptor P is required for anti-activator protein-1 activity by retinoic acid in gastric cancer cells
Chin Med J 2002 ; 115(6):810-814

BIMRE AGRELIR aRAHFENBHRIEXFTHRELLL T AT 361005 £ f 2 o»x HXA
PRARBAES 175 B F N 363000 e F

PRAARBAES 174 EX% A 360000 % % 3%

BHY W ER B XA (RARR) M2 R A &R (ATRA) I B TE & H-1(AP- D) G HEs/EH .

TiE BEETFERL AN CAT W %€ ,RNA BNl BE I Fe 4t MTT M5 , (A JE R R K E

&R BT RARR RiXF A B MKN-45 A, A8 ATRA 245 7, TPA 5 60 AP-1 TEHEZ 5|
M, 5 RARBWREEEAHIC . 2 c-jun Al c-fos KL K5 RARS ik B ik — R P 5| MKN-45 g+ , B
c-jun M c-fos IR K AP-1 EHERMH, W H S RARBKE EIE L. 24 RARB 7 MKN-45 41 P fa 2 £ ix0t,
ATRA 7] U6 MKN-45 40 A & B H A RIRAE R A4 K. 24 RARB 41 DNA 454 X (RARB/DBD ) B 5,
ATRA AEEHNH] TPA 52K AP-1 W&, B2, Y4 RARS MLk 454 X (RARZ/LBD ) # &l & Bt , ATRA 7T LA
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BEME TPA EFH AP-1 iE M,
£t RARB X AP-1 IEMAMMHI R LFE,FHES ATRA A BEAKA K EVIAEX,
X MAEXHEBLTKR HEEG-1 2R XME B HEmE

SHESERAMBRBENS TEYFERE
Identification of Shiga-like toxin Escherichia coli isolated from children with diarrhea by polymerase chain

reaction
Chin Med J 2002 ; 115(6):815-818

LEEILEERSTHASE KR 030013 AKX FEH
FTREEESAFHRMAL D RITRARTF LFT 100071 MkE B

Br Hir=EREEEKBHIRA E (SLTEC) 76/ JLIE 15 8955 IR 2F il .

Fik WEBHH LA KBIRA B (EHEC)0157: H7 SLT1 SLT2 \eaea 3K A EiRit 1 3 %3514, % A PCR ¥
R K B ¥R % B P SLT1.SLT2 .eaeA TSI EF ,

R 29 HRAREBUSE KF KA E (EHEC \EPEC, EYEC) Al YO MR BT8R R @ P, R4 1 # EHEC £
SLT1.SLT2 .caeA T HERN , HEH A, N0 GIKERILBEFT - EN I BRERKBRER
B KG HH SLTE 20 BR(4.29 ), SIT27 BE(1.5% ) ;74 BR= E W F X ZR M KBk % B (ESIEC) F#5 H SLT1
15 ¥k (20.3% ) ,SLT2 5 % (6.89%) 6

#Zit SLTEC RXRIBX5E/NLUEEW —MEENBUSHIER.

XBEA SERHEFIADRFAR ) s Ro®M&EAR

B HEBEE D parvalbumin- 598 K 5 #1270 2 Bk 8 EE

A selective reduction in the relative density of parvalbumin-immunoreactive neurons in the hippocampus in
schizophrenia patients

Chin Med J 2002 ; 115(6):819-823

R EH K SRR A E A AT A 210029 kEE O #H
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