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Retinoic acid has been. recognised as a pivotal compound in cell differentiation, proliferation and malignant 
transformation. We investigated the effects of all-trans-retinoic acid on cell growth and the expression of retinoid 
nuclear receptor mRNAs in gastric cancer cells in vitro. Cell growth was quantified by measuring total cellular 
DNA. The growth of two of the five gastric cancer cell lines tested (SC-Ml and TSGH9201) was inhibited by all- 
trans-retinoic acid at concentrations ranging from 1 x 10-s M to 1 x 10m6 M. Growth inhibition was associated 
with GO/G1 phase arrest as determined by flow cytometric analysis. Northern blot analysis showed that all five 
cell lines expressed mRNA for retinoic acid receptors (Y and retinoic x receptor cx and p. Retinoic acid receptor fi 
mRNA was only expressed in TSGH9201 and TMK-1 gastric cancer cell lines. Two RARy mRNA transcripts 
(3.2 and 3.0 kb) were detected in SC-Ml and TSGH9201 cells. RA-resistant cells had markedly decreased levels 
of the 3.2 kb RARy transcript. All-trans-retinoic acid had a cytostatic effect on the growth of some gastric cancer 
cells, which may be associated with the expression of retinoic acid receptors. 
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INTRODUCTION 
THE RETINOIDS are a pharmacological class consisting of vitamin 
A (retinol) and related der:ivatives, such as retinoic acid (RA), 
that display a wide range of biological functions in cellular 
differentiation, proliferation, vision, immune function and 
malignant transformation [IL]. Recent reports of dramatic antitu- 
mour effects by RA on acute promyelocytic leukaemia as well as 
squamous cell cancer of the uterine cervix and the skin have 
encouraged the exploration of the use of retinoids in the therapy 
of various types of cancer. 

The effects of RA are mediated through specific receptors. 
Two structurally related retinoid nuclear receptors exist: retinoic 
acid receptors (RARs) and retinoic x receptors (RXRs). Three 

types (a, p and 7) of receptors have been identified for each of 
them [2-71. All-tram-retinoic acid (tRA) is a ligand for RARs. 
However, 9-cis RA is a bifunctional ligand that binds both RAR 
and RXR [8]. All the receptors belong to the steroid/thyroid 
superfamily. Their expression is tissue specilic and developmen- 
tally regulated. RARs and RXRs consist of six distinct functional 
domains, designated A to F [9]. The DNA binding C domain 
and the RA binding E domain are highly conserved between 
receptors. RARs are thought to activate gene expression by 
binding to direct repeats of pentameric sequences called retinoic 
acid response elements. Genes such as RARp and alcohol 
dehydrogenase are known to be regulated by RA [ 11. Control of 
growth and differentiation pathways may be mediated in part by 
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interactions at the retinoic acid response element level among 
RARs, RXRs or other transcription factors, which often induce 
cellular differentiation and inhibit cell growth [I]. 

Studies in z&o have shown that retinoids display a wide 
spectrum of antitumour activities on acute promyelocytic leu- 
kaemia, teratocarcinoma, neuroblastoma, melanoma and breast 
cancer, etc. [l, 10-121. The mechanism of antitumour activity 
may be directly related to induction of cell differentiation or 
growth inhibition. Growth inhibition was associated with GO/ 
Gl arrest in several studies [13]. However, the induction of 
programmed cell death (apoptosis) has also been observed [ 141. 

Gastric cancer is a common disease throughout the world. 
The prognosis for most patients with gastric cancer remains poor 
due to lack of effective therapeutic agents. Therefore, it is 
important to search for new treatment modalities. The clinical 
significance of retinoids in the treatment and prevention of 
gastric cancer has been studied. Haenszel and associates have 
demonstrated that decreased levels of B-carotene are associated 
with increased risk of gastric cancer [ 151. In addition, gastric 
cancer patients have lower serum vitamin A levels than the 
normal population [ 161. Carotenoid has been shown to prevent 
the development of chemically induced gastric cancer [ 171. 
Finally, combination treatment with vitamin A, OK432, mito- 
mycin C and tagafur resulted in decreased recurrence of gastric 
cancer following primary surgery compared to patients that did 
not receive vitamin A treatment [ 181. Therefore, the potential of 
vitamin A or RA in the prevention of adjuvant therapy of gastric 
cancer is promising. However, there are no studies in which the 
mechanisms by which RA regulates the growth of gastric cancer 
cells have been investigated. 

We studied the effects of the active metabolite of RA, tRA, on 
the growth of five gastric cancer cells in vitro. We observed that 
tRA inhibited the growth of two of the five cancer cell lines. 
Growth inhibition was associated with arrest of the cell cycle in 
the GO/G1 phase. The expression of RAR and RXR mRNAs and 
their association with RA sensitivity were further analysed. 

Ceil culture 
MATERIALS AND METHODS 

Human gastric cancer cell lines, SC-Ml, TMC-1, TSGH9201, 
TMK-1 and AGS, were maintained in RPM1 1640 medium 
supplemented with 25 mM HEPES, 26 mM NaHC03, 2 mM 
glutamine, 100 units per ml penicillin, 100 Kg per ml strepto- 
mycin and 10% fetal bovine serum (FBS) at 37°C with 5% CO*. 
SC-Ml cells were obtained from Dr C.-L. Meng (National 
Defense Medical Center, Taipei, Taiwan, Republic of China) 
[ 191. TMC-1 cells, derived from the lymph node metastasis of a 
moderately differentiated gastric adenocarcinoma, were 
obtained from Dr T.-M. Chang (Tri-Service General Hospital, 
Taipei, Taiwan). TSGH9201 cells, derived from the ascites of a 
patient presenting signet ring cell carcinoma of the stomach, 
were established in our laboratory. TMK-1 cells were obtained 
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from Dr E. Tahara (Hiroshima University, Hiroshima, Japan) 
[20]. AGS cells were obtained from the American Type Culture 
Collection (Rockville, Maryland, U.S.A.). All tissue culture 
reagents and medium were obtained from Gibco (Gaithersbury, 
Maryland, U.S.A.). Cells were free of mycoplasma using 
Hoechst 33258 dye (Sigma Chemical Co., St Louis, Missouri, 
U.S.A.). To investigate the effects of tRA on cell growth, media 
containing 5% serum treated with dextran-coated charcoal (to 
remove steroid hormones) or without charcoal treatment were 
used for cell plating and during tRA addition. Cells were 
cultured in serum without charcoal treatment for all other 
experiments. tRA was dissolved in absolute ethanol under 
subdued light. The final concentration of ethanol in the media 
was 0.1%. All tissue culture experiments were conducted under 
yellow light to decrease tRA inactivation. The morphology of 
cells was recorded with a Nikon TMD phase contrast inverted 
microscope (Tokyo, Japan). The viability of cells was determ- 
ined by the trypan blue dye exclusion method. 

Growth response assay 
Cells were plated in triplicate in 25 cm2 flasks or 24-well plates 

for 2 days. Media containing tRA or ethanol (0.1%) only 
was then added for the indicated period with media changes 
performed every other day. Cells were harvested and sonicated 
in calcium and magnesium free Hanks’ balanced salt solution. 
Total cellular DNA, measured using Hoechst 33258 dye, was 
used as a measure of cell growth [21]. The intensity of fluor- 
escence was recorded using a model 450 fluorometer (Sequoia- 
Turner, Mountain View, California, U.S.A.). Two to five 
independent experiments for each cell line were conducted, and 
representative results are presented. Each data point represents 
the mean of triplicate samples, and error bars show standard 
errors of the mean. 

Cell ocle analysis 
Cells plated in 15 cm dishes were cultured in media containing 

5% FBS and tRA or ethanol for 6 days. Cells in logarithmic 
growth were labelled with 5 PM bromodeoxyuridine (BrdUrd) 
for 20 min. Cells were then harvested and fixed in 70% ethanol. 
Nuclei were prepared by incubating cells in 0.04% pepsin, 0.1 N 
HCl for 20 min at room temperature followed by addition of 
2 N HCl at 37°C for 30 min [22]. Following neutralisation with 
0.1 M sodium borate, nuclei were stained with antilrdurd 
monoclonal antibody (Becton-Dickinson) at room temperature 
for 45 min and fluorescein labelled goat anti-mouse antibody 
(1:50) (Sigma) for 30 min. Nuclei were then stained with 10 pg/ 
ml propidium iodide, 5 l&ml RNase A overnight at 4°C and 
analysed by FACScan (Becton-Dickinson). The nuclei were 
excited at 488 mn with simultaneous list mode acquisition of 
both the green fluorescence from fluorescein (515-560 nm) and 
the red fluorescence from propidium iodide (>620 nm) as a 
measurement of incorporated BrdUrd and total DNA content, 
respectively. The fraction of cells in GO/Gl, S and G2/M phases 
were analysed using the LYSYS program. 

RNA preparation and Northern blot am&-is 
Poly (A)+ RNA was prepared as described by Badley and 

colleagues [23]. Cells were lysed in buffer containing 0.2 M 
NaCl, 0.2 M Tris-HCl pH 7.5, 1.5 mM MgC12, 2% SDS, 
200 kg/ml protease K and 50 PM aurintricarboxylic acid 
(Sigma) and incubated at 45°C for 2 h. Cell lysates were then 
incubated with oligo dT cellulose (Boehringer Mannheim, 
Germany) in the same buffer containing 0.5 M NaCl at room 
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temperature for 1 h on a rotatory shaker. After washing, RNA 
was eluted with 0.01 M Tris-HCl, pH 7.5. RNA was then 
fractionated on a 1.1% agarose, 1.1% formaldehyde gel in 5 mM 
NaOAc, 1 mM EDTA, 20 mM 3-[N-Morpholinolpropanesul- 
phonic acid (Sigma), pH 7.0 and transferred to a nylon mem- 
brane by capillary blottin,g in 20 x SSC (3 M NaCl, 0.3 M 
Na3 citrate, pH 7.0). Blots were UV-fixed, prehybridised and 
hybridised at 42°C in buffer containing 50% (v/v) formamide, 
5 x SSC, 2% (w/v) blocking reagent, 0.1% N-lauroylsarcosine 
and 0.2% (w/v) SDS. The membranes were washed with 
2 x SSC containing 0.1% SDS and then washed with 0.1 x SSC 
containing 0.1% SDS at 68°C for 30 min. Specific hybridisation 
was detected by a DIG lummescent detection kit using ltigen- 
PPD as the substrate and was recorded using Kodak XAR-5 
film at room temperature. The intensity of luminescence was 
maximal 7-17 h after substrate activation. The RXRa mem- 
brane was exposed to X-ray fihn for 20 min whereas B-actin 
membranes were exposed for 2-30 min immediately after substr- 
ate activation. RARa, RAF& RARy, RXRB and RXRy mem- 
branes were exposed for 111, 11, 30, 90, and 120 min, respect- 
ively, after the substrate has been activated for 15 h. To prepare 
membranes for rehybridis.ation, membranes were incubated 
with 0.05 M Tris-HCl, pH 8.0, 1% SDS and 50% formamide at 
68°C for 1 h and then prehybridised as described above. 

The Hind III digested 1.8 kb cDNA probe encoding Droso- 
phila actin derived from lDmA2 was isolated from plasmid actin 
#6 [24]. The EcoRI digested 1.6 kb cDNA encoding the mouse 
RARa was isolated from pS,GS-mRARa [2]. The EcoRI digested 
0.6 kb cDNA encoding the human RARB was isolated from Bl- 
RAR [3]. The Bam HI digested 1.8 kb cDNA encoding the 
human RARy was isolated1 from hRARyh.9 [4]. The Eco RI 
digested 1.9 kb cDNA encoding the human RXRa was isolated 
from ASC/hRXRa [5]. Tlhe Eco RI digested 2.2 kb cDNA 
encoding the human RXFLB was isolated from mRXRB (H- 
ZRIIBP) [6]. The Eco RI digested 1.6 kb cDNA encoding the 
mouse RXRy was isolated. from pBSK-mRXRy [7]. cDNAs 
were labelled with digoxigenin using a DNA labelling kit. The 
levels of specific RNA were quantitated using a 300s computing 
densitometer (Molecular Dynamics, Sunnyvale, California, 
U.S.A.) and analysed by Image Quant Software. The relative 
leveisofRARa(3.5and2.9 kb),RARB(3.4and3.1 kb),RARy 
(3.2 and 3.0 kb), RXRa (5.6 kb) and RXRB (3.0 kb) were 
normalised to the levels of PI-actin mRNA of each individual cell 
line from the same nylon membrane. 

RESULTS 
Growth inhibition and morphological alteration of gastric cancer 
cells by tRA 

The effects of tRA on the growth of SC-Ml, TSGH9201, 
AGS, TMK-1 and TMC-1 cells were determined by measuring 
total cellular DNA. Exposure to tRA for 6 days in media 
containing 5% FBS inhilbited the growth of SC-Ml and 
TSGH9201 cells in a concentration dependent manner (Figure 
1). Growth of SC-Ml or TSGH9201 cells was inhibited by a 
maximum of 77 or 50% of control levels, respectively, at a 
concentration of 5 x 10m6 M t&L SC-MI cells were the most 
sensitive of the cell lines tested to growth inhibition by tRA. The 
growth of AGS cells was significantly inhibited by tRA only at a 
concentration of 5 x 10e6 .M. tRA had no effect on the growth 
of TMK-1 and TMC-1 cells at all tested concentrations. Similar 
results were observed for all five gastric cancer cell lines when 
they were cultured in medium containing FBS that had been 

treated with dextran-coated charcoal to remove retinoids and 
other steroid hormones (data not shown). 

The effects of tRA on SC-Ml cell growth were further 
analysed by exposing cells for different periods to various 
concentrations of tRA (Figure 2). As described above, tIW 
inhibited the growth of SC-M 1 cells in a concentration dependent 
manner; 1 X 10e9 M of tRA had no effect on cell growth 
whereas a growth inhibitory effect at high tRA concentrations 
(1 x 10m6 M and 5 x 10m6 M) was evident after 3-4 days 
of treatment. Increased growth inhibition was observed with 
increasing concentrations and length of tRA incubation. 

No apparent morphological alteration was observed in 
TSGH9201 cells following tRA treatment for 6 days. However, 
SC-Ml cells became flattened and enlarged. Increased numbers 
of processes over the cell surface were observed after 16 days of 
treatment (Figure 3). The physical properties of SC-Ml cells 
were also altered by tRA. Cells became iirmly attached to the 
solid phase following tRA treatment. 

The growth inhibition and morphological alterations induced 
by tRA in SC-Ml cells were largely reversible. After culturing 
SC-Ml cells in tRA (5 x 10e6 M) for 70 days, cells that were 
transferred to tRA-free medium had an increased growth rate 
compared to the cells that were continuously cultured in media 
containing tRA (Figure 4). Increased cell numbers were 
observed 5 days after tRA removal. Cell viability was greater 
than 95% regardless of whether tRA was removed or not. 
Although tRA removal increased the growth rate of SC-MI cells, 
it is of note that the rate of cell growth was slower than SC-Ml 
cells that had not been exposed to tRA. After tRA removal, the 
morphology of SC-Ml cells gradually reversed to their original 
appearances of small cell size, fewer processes and evidence of a 
cell border. A minority of cells, however, continued to exhibit 
altered morphology after tRA removal. 

Effects oftRA on the cell cycle phase distribution 
The effects of tRA on the cell cycle phase distribution were 

analysed by flow cytometry. Total DNA was detected by staining 
with propidium iodide whereas cells in the S phase were detected 
by BrdUrd incorporation and staining with an anti-BrdUrd 
antibody. In unsynchronised SC-Ml cells, tRA at concentrations 
of 1 x lo-* M and 1 x 10e6 M increased the fraction of cells 
in GO/G1 phase and decreased the fraction of cells in the S phase 
in a concentration related manner (Figure 5). Similar results 
were not observed in the G2/M phase. Increased GO/G1 and 
decreased S phase fractions were also observed, to a lesser extent, 
in the other tRA-sensitive cell line TSGH9201 (data not shown). 
RA had no effect on the cell cycle phase distribution of RA- 
resistant TMK-1 cells (Figure 5). 

Northern blot analysis of the basal levels of RARs and RXRs 
mRNAs 

The basal levels of RARa, RARB and RARy mRNAs in cells 
cultured in regular media were analysed using Northern blot 
analysis. All five gastric cancer cells expressed RARa mRNA 
with molecular sixes of 3.5 and 2.9 kb (Figure 6). The 4.8 kb 
band may be derived from cross hybridisation with 28s riboso- 
mal RNA. Only TSGH9201 and TMK-1 cells expressed RARB 
mRNA with molecular sixes of 3.4 and 3.1 kb. Densitometric 
analysis showed that TSGH9201 cells had approximately five 
times more RARB mRNA than TMK-1 cells (Table 1). Two 
RARy transcripts (3.2 and 3.0 kb) were detected. SC-Ml and 
TSGH9201 cells expressed both transcripts as a broad band. 
However, AGS cells only expressed the 3.2 kb transcript 
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Fii 1. Effect of various concentrations of tRA on the growth of gastric cancer cells. Cells were plated in triplicate for 2 days and then 
culhued in media containing 5% FBS and various concentrations of tBA or control media for 6 days. The levels of cell growth in control media 

are represented as shaded bars. Standard errors of the mean are shown. 
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Figure 2. Effect of U exposure time on the growth of SC-Ml cells. 
Cells were plated in 24.well plates for 2 days and then cultured in 
media containing 5% FBS and various concentrations of tRA for 
the indicated times. 0, control; 0, tiU 1 x lo+ M; 0, tlU 
1 x lo-‘M; n , tBA 1 x y;‘l;j 

6 
AM, tBA 1 x lo-+ M; A, tIU 

whereas TMK-1 cells only expressed the 3.0 kb transcript. 
Neither the 3.2 nor 3.0 kb RAR-y transcript was observed in 
TMC-1 cells. Further analysis using the polymerase chain 
reaction and primers corresponding to the A and B domains of 
RAR? [25] detected the expression of RARy mRNA in TMC-1 
cells (data not shown). When the levels of RARa (3.5 and 
2.9 kb), RARP (3.4 and 3.2 kb) and RARy (3.2 and 3.0 kb) 
mRNA were normalised to the p-actin levels after densitometric 
analysis, SC-Ml cells, which were most sensitive to tRA, were 
found to express the highest levels of both RARa and RARy 
mRNA (Table 1). TSGH9201 cells, which were also sensitive to 
the growth inhibitory effects of tRA, also expressed higher levels 
of RARa and RARy than did tRA insensitive cell lines. 

All five cell lines expressed both RKRa and RXRp mRNA 
(Figure 7). RXRy mRNA, however, was not detectable in any 
of the tested gastric cancer cell lines. RXRa mRNA was much 
more abundant than RXRp mRNA. Densitometric analysis of 

Figore 3. Effect of tBA on the morphology of SCM1 cells. Cells 
were cultured in medium containing 5% FBS and 0.1% ethanol (A) or 

5 x 10m6 M tBA (B) for 16 days. Phase contrast X 200. 

the Northern blot data showed that tRA sensitive TSGH9201 
and SC-Ml cells expressed the highest levels of RKRa mRNA 
(Table 1). No correlation was apparent between tRA sensitivity 
and RXRP expression. 

DISCUSSION 
Retinoids have been found to inhibit the growth of several 

types of tumour cells in tin0 [l, 10-121. We investigated the 
effects of tRA on the growth of five gastric cancer cell lines. The 
results show that the growth of SC-Ml and TSGH9201 cells 
were sensitive to tRA. AGS cells were partially sensitive whereas 
TMK-1 and TMC- 1 cells were resistant. Growth inhibition was 
associated with GO/G1 arrest in RA-sensitive cell lines. The 
expression of RARs and RKRs were further investigated. AU 
five cell lines expressed different levels of RAR and RXR 
mRNA. The most sensitive cell line SC-Ml expressed the 
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Days 

Figure 4. Reversal of tRA inhibition of SC-Ml cell growth. Cells 
without (0 and a) and with (A and A) previous tRA (5 x 1O-6 M) 
treatment for 70 days were plated in 6 well plates at densities of 1 or 
3 x 105 cells per flask, respectively, for 2 days in RPM1 1640 medium 
containing 5% FBS. Cells were treated with medium containing 0.1% 
ethanol (open symbols) or medium containing 5 x 10m6 M tRA 
(closed symbols) for the indicated periods with media changes every 
2 days. Cells were trypsinised and counted using the trypan blue dye 

exclusion method. 
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Figure 5. Effect of tRA ou the cell cycle phase distribution of 
unsynchronised SC-Ml and TMK-1 cells. 
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Figure 6. Expression of RAR mRNAs in stomach cancer cells. Poly 
(A)+ RNA (10 pg per lane) was hybridised with digoxigenin-labelied 
cDNA for RARa (a), RARB (b) or RAR+y (c). Probes were removed 
and membranes were rehybridiid with a p-actin probe as shown on 

the lower section of each panel. 

Table 1. Relative levels of RAR and RXR mRNA expression in 
gastric cancer cell lines. X-ray films shown in Figures 6 and 7 were 
scanned with a densitometer. The levels of each subtype of RAR and 
RXR mRNAs were rwrmalised to the pactin levels as described in 
Materials and Methods. The relative levels of RARa, RARy, 
RXRa and RXRP in SC-M 1 cells and RARP in TSGH9201 cells 

were defined as 100 

Cell line 

Receptor SC-Ml TSGH9201 AGS TMK-1 TMC-1 

RARCl 100 31 12 20 12 
RARP ND 100 ND 18 ND 
RARY ‘00 25 6 ‘9 ND 
RXRCX ‘00 231 34 35 60 
=RB ‘00 219 110 105 39 

R=h ND ND ND ND ND 

ND, not detectable. 
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Figure 7. Expression of RXRs mRNAs in stomach cancer cells. Poly 
(A)+ RNA (4 pg per lane) was hybridised with digoxigenin-labelled 
cDNA for RXRa (a) and RXRB (b). Probes were removed and 
membranes were rehybridised with a p-actin probe as shown on the 

lower section of each panel. 

highest levels of RARu and RARy mRNA. TSGH9201 cells also 
expressed relatively high levels of RARa and RARy mRNA 
compared to &A-resistant cell lines. RA-resistant cells had 
markedly decreased levels of the 3.2 kb RARy mRNA tran- 
script. 

Retinoids are differentiation agents. Induction of morphologi- 
cal alterations that are associated with cellular differentiation 
have been observed in neuroblastoma and acute promyelocytic 
leukaemia cells treated with retinoids [ 10, 111. Our studies show 
that tRA produced an “enlarged and flattened type” morphology 
in SC-Ml cells. The morphological alteration is similar to 
the differentiated epithelial shape observed by Morisaki and 
associates in gastric cancer cells treated with IL-4 [26]. We did 
not observe nuclear fragmentation or chromatin condensation, 
phenotypic changes associated with apoptosis, in SC-Ml cells 
treated with tRA. Neither did we observe decreased viability of 
&A-treated SC-Ml cells. Therefore, our studies suggest that 
tRA inhibition of SC-MI and TSGH9201 cell growth is not due 
to the induction of apoptosis. Further flow cytometric analysis 
demonstrated the induction of GO/G1 arrest in tRA-sensitive 
cells. The observation that the growth inhibitory effect of tRA 
was largely reversed upon its removal from SC-Ml cells supports 
the suggestion that tRA exerts a cytostatic effect on these cells at 
concentrations ranging from lo-’ to 10m6 M. Whether differen- 
tiation has occurred during tRA-inhibition of cell growth 
remains to be confirmed. 

The dose-dependent effects of tRA on cell growth were shown 
in SC-Ml and TSGH9201 cells. Other studies have found that 
tRA inhibition of cell growth occurs at concentrations ranging 

from 1 nM to 10 p.M [ll-131, similar to the range found to 
inhibit cell growth in our study. Since the dissociation constant 
(Kd) of RAR for tRA is in the nM range [27], the relatively high 
concentrations of tRA needed for inhibiting cell growth may be 
due to its instability in culture medium. The highest concen- 
tration of tRA achievable in the clinic is approximately 
1 x 10m6 M [28, 291. Therefore, AGS cell growth inhibition by 
5 x 10e6 M tRA is probably not clinically relevent. Whether 
the growth of tRA-sensitive gastric cancer cells, which were 
inhibited by clinically achievable concentrations of tRA in vitro, 
can be suppressed in viva is worth further investigation. 

The levels and expression patterns of RARs mRNA in several 
types of normal and malignant epithelial cell lines have been 
examined. Both RARa and RARy mRNAs are generally 
expressed in normal and malignant epithelial cells from the oral 
cavity, lung and breast [30-321. However, transformed cells and 
carcinoma cells frequently lack one or both transcripts of RARp 
mRNA. Recently, Houle and colleagues suggested that RARR 
is a tumour suppressor gene and its loss is associated with 
tumorigenecity in vim [32]. Comparison of RARP expression 
between normal gastric epithelial and gastric carcinoma cells has 
not been reported. Whether the absence of expression of RARp 
transcripts, as observed in SC-Ml, AGS and TMC-1 cells in 
this study, may contribute to neoplastic progression in gastric 
epithelial cells needs to be further clarified. 

The studies presented here demonstrate that tRA, at concen- 
trations up to 1 X lop6 M, inhibits the growth of SC-Ml and 
TSGH9201 cells but not AGS, TMK-1 and TMC-1 cells. The 
mechanism by which tRA regulates gene expression is mediated 
through the binding of RARRXR heterodimers to specific 
retinoic acid response elements. Therefore, the levels of spechic 
subtypes of nuclear retinoid receptors may influence the sensi- 
tivity of cells to tRA. Several studies have shown that RARo., 
RARP and RARr play a role in the growth or differentiation of 
cells from promyelocytic leukaemia [lo], epidermoid carcinoma 
of the lung [32] and teratocarcinoma [33]. Our data show that 
&A-sensitive SC-Ml and TSGH9201 cells expressed higher 
levels of RARa and RARy mRNA than did resistant cells. tRA- 
resistant cells were also found to have markedly decreased levels 
of the 3.2 kb RARy transcript (Figure 6). This result suggests 
that RARy may play an important role in the growth inhibition 
of gastric cancer cells by tRA. Since &A-sensitive SC-Ml cells 
also expressed high levels of RARa mRNA, we do not rule out 
the possible role of RARa in cellular sensitivity to tRA. Only 
TSGH9201 and TMK-1 cells expressed detectable levels of 
RARP mRNA. Previous studies have shown that RARp 
expression can be stimulated by RA in a cell specific manner 
[30, 311. In our studies, RARp mRNA expression was not 
stimulated by tRA in SC-Ml and AGS cells (S.-Y. Jiang, 
National Defense Medical Center). This result suggests that 
RARP may not be related to the growth inhibitory effect or tRA 
in these cells. RXRs are accessary molecules in the RA mediated 
pathway, and RXRa is generally expressed in relatively high 
levels in various cell types. Our data show that the levels of 
RXRP were not correlated with tRA sensitivity of gastric cancer 
cells. RXRp probably does not play a major role in tRA 
sensitivity in gastric cancer cells. The expression of RXRa in 
contrast was highest in &A-sensitive cells. The significance of 
this observation requires further clarification. 

Retinoids are differentiation agents. They have been shown 
to be effective in the treatment of certain types of cancer and 
may be useful for cancer prevention. Previous studies have 
demonstrated a linkage between low serum levels of vitamin A 
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or p-carotene and the development of gastric cancer as well as 
the potential for the use of retinoids in the treatment and 
prevention of gastric cancer. Our studies indicate that gastric 
cancer cell lines respond differently to tRA in vitro, and that 
different responses may be closely associated to the relative 
expression of RARy. Further studies on the mechanisms of 
growth inhibition in vitro, and in nude mice in vivo will be 
important for understanding the potential of retinoids in the 
chemoprevention or the adjuvant therapy of gastric cancer. 
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