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A novel retinoic acid analog, 4-amino-2-trifluoromethyl-phenyl
retinate, inhibits gastric cancer cell growth

KONG-WANG HU'”, XIAO-HUA PAN?, FEI-HU CHEN’, RONG QIN®, LI-MING WU*, HUA-GANG ZHU',
FAN-RONG WU°, JIN-FANG GE’, WEN-XIU HAN!, CHUN-LIN YIN! and HONG-JUN LI

Departments of 'General Surgery, 2Gynaecology and Obstetrics, 3Pathology and 4Radiotherapy,
The First Hospital of Anhui Medical University, Hefei, Anhui 230022;
3School of Pharmacy, Anhui Medical University, Hefei, Anhui 230032, P.R. China

Received July 31, 2013; Accepted October 31, 2013

DOI: 10.3892/ijmm.2013.1574

Abstract. Retinoic acid (RA) analogs have been used in
the treatment of a variety of cancers; however, their appli-
cation is limited due to serious therapy-related sequelae.
In the present study, the effects of a novel RA analog,
4-amino-2-trifluoromethyl-phenyl retinate (ATPR), on the
growth of gastric cancer cells were evaluated. Three gastric
cancer cell lines, AGS, MKN-74 and SC-M1, were treated
with either all-trans retinoic acid (ATRA) or ATPR, and
their growth and distribution in different cell cycle phases
were assessed using an MTT assay and propidium iodide (PI)
staining followed by flow cytometry. The binding affinity of
ATPR to the retinoic acid receptors, retinoic acid receptor-a
(RAR-0) and retinoid X receptor-o. (RXR-a), was determined
using ligand-binding assays. Activator protein-1 (AP-1) activity
was measured using a luciferase reporter assay. Western
blot analysis was used to determine cyclin E, Bcl-2 and Bax
protein expression. ATPR preferentially bound RXR-a
(0.04 nM) as compared with RAR-a (20.96 nM). Although
both ATRA and ATPR inhibited the growth of AGS, MKN-74
and SC-M1 cells in a dose-dependent manner, a significantly
greater inhibitory effect was observed with treatment with 5
and 500 uM ATPR for 3 days (P<0.05). In addition, ATPR
(50 uM), but not ATRA, significantly increased the population
of AGS and MKN-74 cells in the subGl phase and decreased
the Bcl-2/Bax ratio (P<0.05). Furthermore, in MNK-74 and
SC-M1 cells treated with 12-O-tetradecanoylphorbol-13-
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acetate (TPA) and 5 or 10 M of ATPR significantly suppressed
the activity of the AP-1 reporter as compared to treatment with
ATRA (P<0.05). Thus, ATPR inhibits cancer cell proliferation
to a greater extent compared to ATRA, possibly through the
RXR-mediated inhibition of AP-1 activity.

Introduction

Retinoic acid (RA), a metabolite of vitamin A, influences cell
growth, differentiation and apoptosis in adult tissues, as well as
during embryonic development (1,2). RA signaling is mediated
through binding to members of the RA receptor (RAR) family,
includingRAR-aandretinoid X receptor-a.(RXR-a) (1). Theseare
nuclear receptors and as such, RAR-RXR heterodimers control
the expression of target genes through interactions with
RA response elements (RARE) and by recruiting coactivators
to the promoter region of target genes (3).

In addition to altering cell cycle progression and inducing
apoptosis, retinoids have also been shown to inhibit acti-
vator protein-1 (AP-1) signaling (4,5). AP-1 transcription
factors, heterodimers that include members of the c-Fos and
c-Jun families, are required for the development and progres-
sion of malignant tumors (6). Although it has been shown that
the transactivation of RARE and the subsequent upregulation
of RAR-a is involved in the inhibition of AP-1 activity (5),
another study reported that retinoids inhibit AP-1 activity
through transrepression (4).

Altered RA signaling, as a result of a chromosomal trans-
location resulting in a RAR-a-promyelocytic leukemia (PML)
gene fusion or abnormal RAR-a transcription, has been reported
in a number of inflammatory and neoplastic diseases, including
breast cancer and promyelocytic leukemia (7). RA analogs,
including all-trans retinoic acid (ATRA) and its metabolite,
9-cis-RA (8), are thought influence cell cycle progression in a
time-dependent manner (9); however, the involvement of p53
and p21waf may be cell type-dependent (9,10). ATRA has been
shown to inhibit the growth of gastric cancer cells by upregu-
lating RAR-a expression (5).

RA analogs have been used in the treatment of a variety of
cancers; however, a high rate of early mortality (11-13), serious
therapy-related sequelae, including myelodysplastic syndrome
and acute myeloid leukemia (14,15), as well as a high incidence



416

of side-effects (16) have been observed with this treatment.
In addition, the tight metabolic control of ATRA (17) and
of 9-cis RA (18) levels under normal physiological condi-
tions may limit their use in anticancer therapeutics. Thus,
the identification and characterization of novel RA analogs
that inhibit cancer cell growth without the associated
side-effects would be important for the clinical treatment of
cancer. The aim of this study was to compare the effects of a
novel RA analog, 4-amino-2-trifluoromethyl-phenyl retinate
(ATPR) (19), with those of ATRA (20,21) on the growth and
distribution of gastric cancer cells in different cell cycle phases,
using the AGS, MKN-74 and SC-M1 cell lines. Cyclin E,
Bcl-2 and Bax expression, as well as AP-1 activity were also
measured following treatment with ATPR and ATRA. ATPR
inhibited cancer cell proliferation to a greater extent compared
with ATRA, possibly through the RXR-mediated inhibition of
AP-1 activity.

Materials and methods

Cell cultures. Three gastric cancer cell lines, AGS, MKN-74
and SC-M1, were purchased from the Institute of Cell Biology,
Shanghai, China. Cells were maintained in RPMI-1640
medium (Invitrogen Life Technologies, Carlsbad, CA,
USA) containing 10% fetal bovine serum (FBS; Invitrogen
Life Technologies), streptomycin (500 pg/ml) and penicillin
(500 pg/ml), in a 5% CO, atmosphere at 37°C.

Receptor ligand binding assay. Binding affinity of ATPR,
ATRA and 9-cis-RA (purchased from Sigma-Aldrich,
St. Louis, MO, USA) to RAR-a and RXR-a was assessed
by time-resolved fluorescence resonance energy transfer
(TR-FRET) analysis using LanthaScreen™ TR-FRET RXR-a
and RAR-a Coactivator Assay kits (catalog nos. PV4797 and
PV4409, respectively; Invitrogen Life Technologies), following
the manufacturer's instructions. In a cell-free system, the
FRET signal reflects the binding of the ligand to the nuclear
receptor and subsequent recruitment of coactivator peptides.
Briefly, the following 11 serial dilutions of ATPR, ATRA and
9-cis-RA were prepared in RPMI-1640 medium from corre-
sponding starting solutions (10 M) in dimethyl sulfoxide
(DMSO): 1x10°°, 2x107, 4x10°%, 8x107, 1.6x10, 3.2x10°'°,
6.4x10"", 1.28x10™", 2.56x10'?, 5.12x10"" and 1.02x10™"* M.

MTT assay. The SC-M1 and MKN-74 cells were seeded onto
96-well plates (200 ul/well) at a density of 2.5x10* cells/ml
and cultured for 9-12 h. The cells were then incubated in
medium containing DMSO or 5, 10 and 500 uM ATPR or
ATRA for 3 or 6 days. In order to determine cell growth,
cells were incubated with 20 pl/well MTT solution (5 mg/ml;
Sigma-Aldrich) for 4 h at 5% CO, and 37°C. Following the
removal of the medium, DMSO was added to each well
(100 pl/well) and incubated for 5 min with continuous
shaking. The optical density (OD) was detected at 540 nm
with a SpectraMax 190 microplate reader (Molecular
Devices, Sunnyvale, CA, USA). A 100% proliferation was
assigned to DMSO-treated cells, and the suppressive effects
of ATRA and ATPR (5, 10 and 500 #M) on cell growth were
determined. The MTT assay was performed in triplicate in
3 independent biological repetitions.
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Cell cycle analysis. The AGS and MKN-74 cells (3x10° cells)
were cultured in 6-well plates for 16 h, and were treated with
ATRA or ATPR (both at 10 and 50 uM). After 24 h, the
medium was removed to collect floating cells. The attached
cells were trypsinized with 0.25% Trypsin/EDTA, pooled
with the cells collected from the culture medium, and fixed
with cold (-20°C) ethanol overnight. The fixed cells were
washed twice in phosphate-buffered saline (PBS) following
centrifugation at 1,500 rpm for 5 min and stained with a solu-
tion containing RNase A (100 pg/ml), 20 pug/ml propidium
iodide (PI) (both from Sigma-Aldrich) and 0.1% Triton X-100
in PBS for 30 min. The cells were washed twice in PBS prior
to analysis on a FACSCalibur flow cytometer (BD Biosciences,
Franklin Lakes, NJ, USA). This experiment was performed at
least 3 times independently.

Western blot analysis. MKN-74 cells were treated with ATPR
(10 and 50 #M) as described above in the cell cycle analysis, and
protein extracts were harvested by incubation in cell lysis buffer
(SoluLyse-M Mammalian protein extraction reagent; Genlantis,
San Diego, CA, USA) in the presence of protease inhibitors
(ProBlock Gold Mammalian; Gold Biotechnology, Inc.,
St. Louis, MO, USA) on ice for 10 min. Chromosomal DNA was
fragmented by ultrasonication. Protein concentration was deter-
mined using the Bradford protein assay (Bio-Rad, Hercules,
CA, USA). Proteins (10 ug) were separated using SDS-PAGE
and transferred onto a nitrocellulose membrane. After
non-specific binding was blocked by incubation for 60 min in
PBS with Tween 20 (PBST) buffer supplemented with 5% skim
milk, the membrane was incubated with the following primary
antibodies: anti-cyclin E (Invitrogen Life Technologies), anti-
Bcl-2 and anti-Bax (both from Epitomics, Burlingame, CA,
USA) in the concentrations suggested by the corresponding
manufacturers. The expression of B-actin, serving as the loading
control, was assessed using an anti--actin antibody (Millipore,
Billerica, MA, USA). The membrane was developed in ECL
reagent (Millipore) and visualized using a CCD camera (Fusion
FX7; Vilber Lourmat, Eberhardzell, Germany). Following auto-
radiography, data from the films were analyzed using GelQuant.
NET software (available at www.biochemlabsolutions.com).

Analysis of AP-1 activity. The MKN-74 and SC-MI1 cells
(4x10* cells) cultured in 96-well plates were transfected
using Attractene transfection reagent (Qiagen, Hilden,
Germany) following the manufacturer's instructions. Briefly,
the reagent was mixed with either the Cignal AP-1 reporter
(SABiosciences, Germany) or the control reporters, TATA
(negative control) and CMV (positive control), along with the
Renilla luciferase reporter (Promega, Fitchburg, WI, USA) and
the mixture was incubated at room temperature for 20 min.
Following incubation of the cells with the transfection mixture
for 16 h, selected cell groups were further treated with phorbol
ester 12-O-tetradecanoylphorbol-13-acetate (TPA, 100 ng/ml;
Sigma-Aldrich) for 6 h. All cells were then treated with 5, 10 or
500 uM ATRA or ATPR for 24 h. After the cells were washed
twice with PBS, they were incubated in passive lysis buffer
for 15 min with continuous shaking, and the luciferase assay
reagent I was added. Firefly luciferase activity was determined
with a SpectraMax 190 microplate luminometer (Molecular
Devices). The Stop & Glo reagent (Promega) was then added
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to measure the Renilla luciferase activity, as an internal control
for the transfection activity assay. The reporter activity was
determined by normalizing the values obtained for the firefly
luciferase activity to those obtained for the Renilla luciferase
reporter activity. The experiment was performed 3 times.

Statistical analyses. Normally-distributed continuous vari-
ables were compared by a one-way analysis of variance
(ANOVA). When a significant difference between groups
was observed, comparisons of means were performed
using the Bonferroni type I error adjustment. Data are
presented as the means = SD. All statistical assessments
are derived from two-sided tests, with a P-value of 0.05
considered to indicate a statistically significant difference.
Statistical analyses were performed using SPSS 15.0 software
(SPSS Inc., Chicago, IL, USA).

Results

Determination of the binding affinity of ATPR to RARs. As
the receptor mediating the effects of ATPR remains unknown,
ligand binding assays were undertaken to examine the binding
affinity of ATPR to 2 RARs, RAR-a and RXR-a. The binding
affinities of 2 well-known RA analogs, 9-cis-RA and ATRA,
were used as the positive controls. 9-cis-RA bound to both
receptors with high affinity (0.34 nM to RAR-a and 0.37 nM
to RXR-a) (Fig. 1A and B). ATRA preferentially bound to
RAR-a (0.23 nM) (Fig. 1C) as compared to RXR-a (19 nM)
(Fig. 1D). Furthermore, ATPR preferentially bound to RXR-a
(0.04 nM) (Fig. 1F) as compared to RAR-a (20.96 nM)
(Fig. 1E).

Suppression of gastric cancer cell growth by ATPR. To deter-
mine whether ATPR suppresses cancer cell proliferation,
3 gastric cancer cell lines, AGS, MKN-74 and SC-M1, were
cultured in the presence of 5, 10 or 500 M ATPR, ATRA
or DMSO (vehicle control) for 3 or 6 days. As illustrated in
Fig. 2, ATRA and ATPR inhibited growth of AGS, MKN-74
and SC-M1 cells in a dose-dependent manner. At 3 days,
ATPR induced a significantly greater inhibitory effect on
cell growth compared to ATRA, with the exception of the
10 uM-treated AGS cells, in which both ATPR and ATRA
exerted comparable inhibitory effects (all P<0.05) (Fig. 2A).
At 6 days, a greater cell growth inhibitory effect was only
observed in the MKN-74 cells treated with 5 and 10 uM ATPR
and in the SC-M1 cells treated with 500 xM ATRA (P<0.05)
(Fig. 2B and C).

Alteration of cell cycle progression by ATPR. To determine
whether ATRA or ATPR alters the cell cycel progression, the
AGS and MKN-74 cells were treated with 10 or 50 uM ATRA
or ATPR for 24 h prior to PI staining and flow cytometric anal-
ysis. Whereas ATRA did not significantly alter the cell cycle
distribution of the AGS and MKN-74 cells (Fig. 3A and B,
respectively), 50 uM ATPR significantly increased the popula-
tion of AGS and MKN-74 cells at the subGl1 phase, suggesting
the induction of apoptosis in this treatment group (both
P<0.05). Furthermore, 50 uM ATPR significantly reduced the
percentage of cells at the GO/G1 and G2/M phases in both cell
lines (both P<0.05).
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Effects of ATPR on apoptosis-related protein expression in
MKN-74 cells. To evaluate the hypothesis that ATPR induces
apoptosis in MKN-74 cells, the expression of the apop-
tosis-related proteins, cyclin E, Bcl-2 and Bax, in response to
10 and 50 uM ATPR treatment was assessed by western blot
analysis. The treatment of MKN-74 cells with 50 uM ATPR
reduced the cyclin E level and upregulated Bax expression
compared with the DMSO-treated group (Fig. 4A). The Bcl-2/
Bax ratio was significantly reduced following treatment with
50 uM ATPR as compared with the DMSO-treated group
(P<0.05) (Fig. 4B); however, this effect was not observed with
10 uM ATPR.

Suppressive effects of ATPR on AP-1 reporter activity. As
a number of RA analogs suppress tumor growth through the
inhibition of AP-1 activity (4,5), the effects of ATPR on AP-1
activity in MNK-74 and SC-M1 cells were determined using
a reporter gene construct with tandem repeats of the AP-1
binding site upstream of the firefly luciferase gene.

Compared with the reporter activities of the TATA and
CMV groups, the basal and TPA-induced AP-1 reporter
activities were relatively higher in the MNK-74 cells (Fig. 5A).
Furthermore, the treatment of MKN74 cells with TPA for 24 h
significantly increased the AP-1 reporter activity as compared
with the corresponding non-TPA-treated group (P<0.05)
(Fig. 5A). Comparable effects on the AP-1 reporter activity
were observed upon treatment with various concentrations of
ATPR and ATRA in the absence of TPA (Fig. 5B). However,
in the presence of TPA, both 5 and 10 uM ATPR signifi-
cantly suppressed AP-1 reporter activity as compared with
ATRA (Fig. 5C).

In the SC-M1 cells, the basal AP-1 reporter activity
appeared similar to that of the CMV group, and TPA failed
to significantly increase it (Fig. 6A). In the absence of TPA,
5 or 10 uM ATRA significantly enhanced the AP-1 reporter
activity compared with the corresponding DMSO-treated
group (Fig. 6B). Although 10 uM ATPR significantly
reduced the AP-1 reporter activity as compared with the
same concentration of ATRA, the reduced AP-1 activity was
comparable to that observed in the corresponding DMSO-
treated group (Fig. 6B). In the presence of TPA, 5 or 10 uM
ATRA significantly enhanced the AP-1 reporter activity
(Fig. 6C). Although 5 and 10 uM ATPR reduced AP-1
reporter activity as compared with the corresponding
ATRA-treated groups, the reduction was again compa-
rable to that observed in the corresponding DMSO-treated
group (Fig. 6C).

Discussion

The effect of a novel RA analog, ATPR, on gastric cancer
cell growth was evaluated in the present study. At 3 days,
ATPR inhibited the growth of MKN-74 and SC-M1 cells to
a greater extent compared with ATRA. ATPR further signifi-
cantly increased the population of cells at the subGl phase
and reduced the percentage of cells at the GO/G1 and
G2/M phases. The MKN-74 cells treated with 50 uM ATPR
showed a reduction in cyclin E levels and an increased Bax
protein expression. A reduction in TPA-induced AP-1 activity
was also observed in the cells treated with ATPR.
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Figure 1. Binding of retinoic acid (RA) analogs to retinoic acid receptors. (A and B) 9-cis-retinoic acid (9-cis-RA), (C and D) all-trans retinoic acid (ATRA)
and (E and F) 4-amino-2-trifluoromethyl-phenyl retinate (ATPR) binding affinity to (A, C and E) retinoic acid receptor-a (RAR-a) and (B, D and F) retinoid X
receptor-a (RXR-a) was assessed using ligand binding assays, from which ECj, values were calculated.
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Figure 2. Effects of 4-amino-2-trifluoromethyl-phenyl retinate (ATPR) on gastric cancer cell growth. MTT assay was used to evaluate the effects of ATPR (5,
10 and 500 yM) on (A) AGS, (B) MKN-74 and (C) SC-M1 cell growth. Cells were treated with ATPR for 3 (left panels) or 6 days (right panels) prior to the
MTT assay. Dimethyl sulfoxide (DMSO) and all-trans retinoic acid (ATRA) (5, 10 and 500 #M) were used as the controls. The values were normalized to those
obtained from the untreated control cells after 3 days. "P<0.05 vs. the DMSO (vehicle control) of the same (ATRA- or ATPR-treated) group; *P<0.05 vs. the

group treated with the same ATRA concentration.

As opposed to 9-cis-RA that bound to both RAR-a and
RXR-a with high affinity, and ATRA that preferentially bound
to RAR-a, binding assays revealed that ATPR preferentially
binds RXR-a. As previously described, the effects of reti-
noids can be mediated by either RAR-RXR heterodimers or
RXR-RXR homodimers (3,22). The effects of a set of novel
selective RA analogs were examined by Kizaki et al (22);
ligands that specifically activated RAR/RXR heterodimers
not only inhibited growth, but also induced the differentiation
of human leukemic cells, as opposed to analogs that activated
RXR homodimers alone (22). In human glioblastoma cell lines,
the inhibition of cell proliferation was observed upon ATRA
treatment, highlighting the importance of RAR activation
in these cells (23). Further studies are required to determine

whether ATPR-bound RXR-a reduces gastric cancer cell
growth and inhibits AP-1 activity through the induction of RXR
homodimerization and subsequent transrepression or through
heterodimerization with RAR, followed by RARE transactiva-
tion.

In the present study, ATPR inhibited gastric cancer
cell growth to a greater extent compared with ATRA. The
anti-proliferative effects of ATPR are consistent with those
reported in previous in vivo and in vitro studies (24). ATPR
reduced the cyclin E level in MKN-74 cells, and altered cell
cycle progression in the AGS and MKN-74 cells; however,
no such effects were observed following treatment with
ATRA. Wu ef al (25) observed differences in cell cycle
progression upon treatment with ATRA in BGC-823 gastric
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Figure 3. Alteration of cell cycle progression by 4-amino-2-trifluoromethyl-
phenyl retinate (ATPR). (A) AGS and (B) MKN-74 cells were treated with
10 or 50 uM all-trans retinoic acid (ATRA) or ATPR for 24 h prior to
propidium iodide (PI) staining and flow cytometric analysis. "P<0.05 vs. the
corresponding dimethyl sulfoxide (DMSO) group.

cancer cells. We speculate that this difference in results
between the studies is due to differences in the examined cell
types (differential RAR expression), as well as in the concen-
tration of ATRA used. In vivo analyses revealed that ATRA
inhibited the growth and metastasis of gastric cancer cell
xenografts, as well as the expression of proteins associated
with metastasis, including nm23, mts1/pl6 and ICAM-1 (25).
Furthermore, reduced microvessel formation was observed
with ATRA treatment (25), which may be related to inhibi-
tion, by ATRA, of the mRNA and protein expression of the
vascular endothelial growth factor, observed in gastric cancer
cells (26).

AP-1 transactivation is associated with cell growth, prolif-
eration and survival, and the transrepression of its activity in the

HU et al: ATPR INHIBITS GASTRIC CANCER CELL PROLIFERATION

A MKN-74
DMSO  PR10

PRS0

Cyclin E

Bax ---

Bcl-2

B-actin | N ﬂ

0 | I

DMSO PR10 PR50

[\v]

-
4]

-

Bcl-2/Bax (fold)

o
)

Figure 4. Effects of 4-amino-2-trifluoromethyl-phenyl retinate (ATPR)
on the expression of apoptosis-related proteins in MKN-74 cells. The cells
were treated with dimethyl sulfoxide (DMSO) control (lane 1), 10 uM ATPR
(lane 2; PR10) and 50 uM ATPR (lane 3; PR50) for 24 h. -actin was used as
the loading control. (A) Representative blot from 3 independent experiments.
(B) Bcl-2/Bax expression ratios (fold) from quantification of the western blot
analysis results. "P<0.05 vs. the DMSO group.

absence of RARE transactivation is a well-characterized anti-
cancer retinoid effect (4,27,28). In the present study, both ATPR
and ATRA inhibited basal and TPA-induced AP-1 activity,
in agreement with previous reports on BGC-823 gastric cancer
cells (29). However, this effect was not observed in the MKN-45
cells, which are negative for RAR-f expression, suggesting
that RAR-f3 may act as the mediator of retinoid-induced AP-1
transrepression (29). Alternatively, in the SC-MI1 cells, lower
concentrations of ATRA actually increased AP-1 activity.

In the present study, ATPR altered cell cycle progres-
sion by inducing apoptosis (i.e., increased the population
of cells at the subGl phase). Quantification of the levels
of the apoptosis-related proteins, Bax and Bcl-2, indicated that
ATPR reduced the Bcl-2/Bax ratio. However, no such effects
were observed following treatment with ATRA (data not
shown). Bcl-2 promotes cell survival and is overexpressed in
many tumor types (30), and its inhibition by small molecules
may be beneficial for cancer treatment (30,31). The reduced
Bcl-2/Bax ratio is associated with the activation of caspase-3
and subsequent apoptosis (32,33). In our study, in addition to the
reduced Bcl-2/Bax ratio, a lower cyclin E level was observed
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Figure 5. Effects of 4-amino-2-trifluoromethyl-phenyl retinate (ATPR) on
activator protein-1 (AP-1) reporter activity in MNK-74 cells. AP-1 activity
was determined using a reporter gene construct with tandem repeats of
the AP-1 binding site upstream of the firefly luciferase gene. (A) Effect of
12-O-tetradecanoylphorbol-13-acetate (TPA) on AP-1 reporter activity. TATA
andCMV wereusedasthenegativeandpositivecontrols,respectively.(B) Effects
of 5,10 and 500 uM ATPR on AP-1 reporter activity in the absence of TPA and
(C)inthepresenceof TPA.TP<0.05vs.thecorrespondingnon-TPA-treated group;
“P<0.05 vs. the corresponding dimethyl sulfoxide (DMSO) group; *P<0.05 vs.
the all-trans retinoic acid (ATRA) group, treated with the same concentration.

upon treatment with 50 yM ATPR. The cyclin E level not only
reflects the proliferative state of cells, but may also determine
the extent of apoptosis (34). Specifically, p18-cyclin E, which
results from the N-terminal truncation of cyclin E in tumor
cells, can induce apoptosis independently of Cdk2 (34). Further
studies are required to assess whether the reduced cyclin E level
following ATPR treatment results in a concomitant increase
in the pl18-cyclin E level. Although the present study did not
directly assess the effects of ATPR on apoptosis (which will be
the subject of a future study e.g., by TUNEL assay), its effects
on cell cycle progression and on the Bcl-2/Bax ratio suggest
that it induces the apoptosis of gastric cancer cells.

In addition to influencing cell growth and apoptosis, RA
analogs, including ATPR, can induce cell differentiation
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Figure 6. Effects of 4-amino-2-trifluoromethyl-phenyl retinate (ATPR) on
activator protein-1 (AP-1) reporter activity in SC-M1 cells. AP-1 activity
was determined using a reporter gene construct with tandem repeats of
the AP-1 binding site upstream of the firefly luciferase gene. (A) Effect of
12-O-tetradecanoylphorbol-13-acetate (TPA) on AP-1 reporter activity.
TATA and CMV were used as the negative and positive controls, respec-
tively. (B) Effects of 5, 10 and 500 uM ATPR on AP-1 reporter activity in
the absence of TPA and (C) in the presence of TPA. 'P<0.05 vs. the cor-
responding non-TPA-treated group; "P<0.05 vs. the corresponding dimethyl
sulfoxide (DMSO) group; “P<0.05 vs. the all-frans retinoic acid (ATRA)
group treated with the same concentration.

in embryonic and adult tissues (1,2,24). Similarly, RA and
anumber of its analogs inhibit tumor progression by inducing
cell differentiation (16), possibly through phosphatidylino-
sitol 3-kinase (PI3K) signaling (35). Although the present
study did not analyze the effects of ATPR on gastric cancer
cell differentiation, this will be analyzed in future studies
using an in vivo model of gastric cancer. The effects of ATPR
on tumor formation and morphology will also be assessed
using in vivo tumor xenografts.

In conclusion, we demonstrate that ATPR inhibits cancer
cell proliferation, induces cell cycle arrest and inhibits the
activity of AP-1 to a greater extent compared with ATRA.
These data form the basis of future analyses aiming to deter-
mine its efficacy in vivo.
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