
PO Box 2345, Beijing 100023, China                                                                                                                                                                                World J Gastroenterol  2002;8(3):446-450
Fax: +86-10-85381893                                                                                                                                                                                                                                 World Journal of Gastroenterology
E-mail: wjg@wjgnet.com     www.wjgnet.com                                                                                                                                     Copyright © 2002 by The WJG Press ISSN 1007-9327

• GASTRIC CANCER •

Induction of apoptosis by TPA and VP-16 is through

translocation of TR3

Su Liu, Qiao Wu, Xiao-Feng Ye, Jian-Huai Cai, Zhi-Wei Huang, Wen-Jin Su

www.wjgnet.com

Su Liu, Qiao Wu, Xiao-Feng Ye, Jian-Huai Cai, Zhi-Wei Huang,
Wen-Jin Su, Key Laboratory of the Ministry of Education for Cell
Biology and Tumor Cell Engineering, School of Life Sciences, Xiamen
University, Xiamen 361005, Fujian Province, China
Supported by the National Outstanding Youth Science foundation of
China (B type, 39825502); the National Natural Science Foundation of
China (39880015, 30170477); the Natural Science Foundation of Fujian
Province (C0110004).
Correspondence to:  Dr. Qiao Wu, Key Laboratory of the Ministry of Education
for Cell Biology and Tumor Cell Engineering, School of Life Sciences, Xiamen
University, Xiamen 361005,Fujian Province,China.  xgwu@xmu.edu.cn
Telephone: +86-592-2182542  Fax: +86-592-2086630
Received  2001-11-02  Accepted  2001-12-20

Abstract

AIM: To investigate the role of TR3 in induction of
apoptosis in gastric cancer cells.

METHODS: Human gastric cancer cell line, MGC80-3, was
used. Expression of TR3 mRNA and its protein was detected
by Northern blot and Western blot. Localization of TR3
protein was showed by immunofluorescence analysis under
laser-scanning confocal microscope. Apoptotic morphology
was observed by DAPI fluorescence staining, and apoptotic
index was counted among 1000 cells randomly. Stable
transfection assay was carried out by Lipofectamine.

RESULTS: Treatment of MGC80-3 cells with TPA and VP-
16 resulted in apoptosis, accompanied by the repression
of Bcl-2 protein in a time-dependent manner. At the same
time, TPA and VP-16 also up-regulated expression level
of TR3 mRNA in MGC80-3 cells that expressed TR3 mRNA.
When antisense-TR3 expression vector was transfected
into the cells, expression of TR3 protein was repressed.
In this case, TPA and VP-16 did not induce apoptosis. In
addition, TPA and VP-16-induced apoptosis involved in
translocation of TR3. In MGC80-3 cells, TR3 localized
concentrative in nucleus, after treatment of cells with
TPA and VP-16, TR3 translocated from nucleus to cytosol
obviously. However, when this nuclear translocation was
blocked by LMB, apoptosis was not occurred in MGC80-
3 cells even in the presence of TPA and VP-16.

CONCLUSION: Induction of apoptosis by TPA and VP-16
is through induction of TR3 expression and translocation
of TR3 from nucleus to cytosol, which may be a novel
signal pathway for TR3, and represent the new biological
function of TR3 to exert its effect on apoptosis in gastric
cancer cells.
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INTRODUCTION
TR3 (also termed as NGFI-B and Nur77) is an orphan receptor that
belongs to the member of the steroid/thyroid/retinoid receptor
superfamily[1-3]. It is an immediate-early response gene, and its
expression is rapidly induced by a variety of growth stimuli, including

growth factors, phorbol ester and cAMP-dependent pathways[1,3-5].
Similar to other members of the superfamily, TR3 functions in nucleus
as a transcriptional factor to positively or negatively regulate gene
expression necessary to alter the cellular phenotype in response to
the growth stimuli[6]. We found recently that TR3 heterodimerizes
with retinoid X receptor (RXR) that binds to retinoic acid receptor â
(RARâ) promoter, and regulates RARâ expression that is critical to
inducing apoptosis[7]. In addition, TR3 also heterodimerizes with
chicken ovalbumin upstream promoter transcription factor (COUP-
TF) to inhibit COUP-TF binding to retinoic acid responsive element
(RARE) through direct protein-protein interaction[8]. These evidences
suggest that TR3 can mediate diverse signals through its ability either
to bind to a variety of response elements or to interact with different
protein factors. However, the mechanism by which TR3 exerts its
biological functions remains largely unknown.
        Apoptosis, as a distinct form of cell death, is an important process
that can lead to tumor regression, and suppression of apoptosis is
often associated with abnormal cell survival and malignant growth[9-

15]. The involvement of TR3 in apoptosis was first demonstrated by
showing that TR3 was rapidly induced by T-cell antigen receptor
(TCR) signaling in immature thymocytes and T-cell hybridomas[16,17].
Overexpression of a dominant-negative TR3 protein or inhibition of
TR3 expression by antisense-TR3 inhibited TCR-induced apoptosis,
whereas constitutive expression of TR3 led to massive apoptosis[16,

17]. These evidences clearly indicate that TR3 plays an important role
in TCR-mediated apoptosis. The involvement of TR3 in apoptosis
process is also observed in many cancer cell lines. Treatment of lung
cancer cells with AHPN/CD437 strongly induced apoptosis, which
was accompanied by a rapid induction of TR3. Inhibition of TR3 by
antisense-TR3 effectively abolished apoptosis induction by AHPN/
CD437[18]. Rapid induction of TR3 was also found in other cancer
cells after stimulation of apoptosis by a variety of apoptosis-inducing
agents[19-21]. Therefore, these observations suggest that expression of
TR3 is required for induction of cell apoptosis.
        How TR3 functions to regulate apoptosis in gastric cancer cells
is less understood. In this study, we investigated the role of TR3 in
inducing apoptosis in gastric cancer cells. The results showed that 12-
O-tetradecanoylphorbol-13-acetate (TPA) and VP-16 (also called
etoposide) induced apoptosis, accompanied by TR3 expression. More
importantly, TR3 protein translocated from nucleus to cytosol, when
apoptosis occurred by TPA or VP-16 induction. However, when the
translocation was blocked by leptomycin B (LMB), apoptosis was
not detected, even in the presence of apoptotic stimuli. Our findings,
therefore, have drawn an inspiration that translocation of TR3 from
nucleus to cytosol may be one of the essential links involved in the
mechanism of apoptosis by apoptotic stimuli in gastric cancer cells.

MATERIALS AND METHODS
Cell line and culture condition
Human gastric cancer cell line, MGC80-3, was established by Cancer
Research Center in Xiamen University[22]. The cells were maintained
in RPMI-1640 medium, supplemented with 10% FCS, 1 mM
glutamine, and 100u/ml penicillin.
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Agents
TPA and VP-16 (Sigma) are used as apoptosis stimuli that can induce
apoptosis in a variety of cells, including breast cancer cells, lung
cancer cells, prostate cancer cells[23-30]. LMB is an antibiotic with anti-
fungal and anti-tumor activity that was first discovered and purified
from the fermentation broth and mycelia of streptomyces[31-33].
Recently, this antibiotic has become an important tool for studying
nuclear localization[34-36].

Apoptosis analysis[37]

MGC80-3 cells were treated with TPA and VP-16 for different time
indicated in figures, trypsinized, washed with PBS, fixed in 3.7%
paraformaldehyde, and then stained with 50µg/mL of 4,6-diamidino-
2-phenylindole (DAPI, Sigma) containing 100µg/mL of DNase-free
RNase A to facilitate the examination of nuclei under fluorescence
microscope. Apoptotic cells were counted among 1000 cells randomly.
The apoptotic index was a mean of three independent experiments.

Immunofluorescence analysis[38]

MGC80-3 cells were cultured on cover glass overnight, and then
treated with TPA and VP-16 as required. After washed with PBS,
cells were fixed in 4% paraformaldehyde. After fixation, the cells were
incubated firstly with anti-TR3 antibody (Santa Cruz), and then reacted
with corresponding FITC-conjugated anti-IgG (Pharmingen) as
secondary antibody. Fluorescent images were observed and analyzed
under laser-scanning confocal microscope (Bio-Rad MRC-1024ES).

Western blot analysis[38,39]

Total 50µg of nuclear extract was electrophoresed on 8% denaturing gel
and electroblotted onto a nitrocellulose membrane. The membrane was
probed with anti-TR3 antibody followed by corresponding secondary
antibody. The antibody reactivity was detected with an Amersham
ECL kit according to the manufacturer’s instruction. For the cytosolic
and nuclear fractions, the cells were suspended in 500µl of 10mM Tris-
Cl (pH 7.8), 1% Nonidet P-40, 10mM mercaptoethanol, 0.5mM
phenylmethylsilfonyl fluoride, 1µg/ml leupeptin and aprotinin for 2
min at 0 , then 500µl of DDW was added, and the cells were allowed
to swell for 2min. The cells were sheared by 10 passages through 22 gauge
needle. Nuclei were recovered by centrifugation at 400Xg for 6min, and
the low-speed supernatant was centrifuged at 100000g for 30min. The
high-speed supernatant constituted the cytosolic fraction.

Stable transfection
Antisense-TR3 expression vector (provided kindly by Dr. Uemura,
and Dr. Chang[40]) was stably transfected into MGC80-3 cells by
LipofectamineTM (Gibco/BRL) as described previously[41], then
screened with 600µg of G418. Expression of endogenous TR3 protein
was determined by Western blot.

RESULTS
Expression of TR3 mRNA in response to apoptotic stimuli
TPA and VP-16 were both known as the apoptotic stimuli which
induced apoptosis in many kinds of cancer cell lines, including the
cancer cells of prostate, breast and lung[23-30]. To determine whether
these apoptotic stimuli also functioned in gastric cancer cells, a specific,
DAPT staining for display of apoptotic nuclear morphology was
adopted under fluorescence microscope[38]. The observation
indicated that treatment of MGC80-3 cells with TPA and VP-16
caused the classical morphological characteristics of apoptosis,
including nuclear condensation and fragmentation (Figure 1A). The
apoptotic index was further determined by counting 1000 cells
randomly. In MGC80-3 cells, the apoptotic index was merely 3.89

%. However, the apoptotic index induced by TPA and VP-16
increased in a time-dependent manner (Figure 1B). The highest
apoptotic index reached 44.33% (for TPA induction) and 32.16% (for
VP-16 induction), respectively. Thus, the data demonstrated that
TPA and VP-16 indeed induced apoptosis in gastric cancer cells.

Members of the Bcl-2 family were involved in the regulation of
apoptotic process[42,43]. Since TPA and VP-16 induced apoptosis
significantly in MGC80-3 cells shown above, it should be interrelated
with some proteins that were associated with apoptosis initiation. To
investigate this posibility, expression of Bcl-2 was detected. Western blot
showed that when TPA treated with cells for different time, the expression
of BCL-2 protein was repressed in a time-dependent manner (Figure 1C),
which was consistent with the result shown in Figure 1A and B. Similar
result was seen in the cells treated with VP-16 (data not shown). This
result suggested that inhibition of Bcl-2 might render MGC80-3 cells
more susceptible to the apoptosis-inducing effect of TPA and VP-16.

Several evidences showed that TR3 was involved in the regulation
of apoptosis in different cell types[16, 44,45]. We investigated the role of
TR3 in apoptosis of MGC80-3 cells induced by TPA and VP-16.
Treatment of cells with TPA and VP-16 not only induced MGC80-3
cell apoptosis and repressed its relative protein, Bcl-2 (Figure 1A-C),
but also enhanced expression of TR3 mRNA obviously that was
expressed at relative low level in MGC80-3 cells (Figure 1D). Taken
together, these results revealed a possible link between expression of
TR3 and induction of apoptosis in gastric cancer cells.

Figure 1  Induction of apoptosis and TR3 expression induced by TPA and VP-
16 in MGC80-3 cells. (A) Morphological analysis of apoptotic cells. Cells treated
with TPA and VP-16 for 24 hr, and then stained with DAPI. Nuclear mor-
phology was visualized under fluorescence microscope. (B) Measure of apoptotic
index by counting 1000 cells stained with DAPI under fluorescence microscope.
The data shown represents mean of three independent experiments
(±SE). (C) Analysis of Bcl-2 protein expression. Cells were treated with
TPA for indicated time, and Western blot was preformed as described in
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materials and methods. α-tubulin was used to quantify the amount of protein
used in each lane. (D) Detection of TR3 mRNA expression. Cells were treated
with TPA and VP-16 for 24 hr. Preparation of total RNA and Northern blot
were carried out as described in materials and methods. 18S and 28S were
shown to quantify the loading RNA. Lane 1: control; Lane 2: TPA treatment;
Lane 3: VP-16 treatment.

Translocation of nuclear TR3 to cytosol induced by
apoptotic stimuli
It was reported recently that trnaslocation of protein was closely
associated with its biological function[24,38,47]. To determine whether
the apoptotic stimuli could cause translocation of TR3 in MGC80-3
cells, the immunofluorescent localization of TR3 protein was conducted
by using correspondent TR3-specific antibody and laser-scanning
confocal microscope observation. The results illustrated that in
MGC80-3 cells, TR3 protein was concentrative in nucleus (Figure
2A). When treatment of TPA for 6 hr, the majority of TR3 protein
was still remained in nucleus, little in cytosol. However, after 24 hr of
TPA treatment, the majority of TR3 protein translocated from nucleus
to cytosol, little in nucleus (Figure 2A). Similar result was also seen in
the cells treated with VP-16. After treatment of 24 hr, TR3 protein
almost translocated to cytosol (data not shown).

To further verify this protein translocation, the cytosolic and
nuclear fractions were isolated respectively, and TR3 protein level
was detected by Western blot . As shown in Figure 2B, TR3 protein
was expressed in MGC80-3 cells, which located in nucleus (Figure
2B). TPA and VP-16 treatment led to down-regulation of TR3 protein
in nuclear and up-regulation in cytosol with a time-dependent manner.
After treatment of the cells for 6 hr with TPA and VP-16, respectively,
TR3 protein was distributed both in nucleus and cytosol. However,
after 24 hr treatment of TPA and VP-16, TR3 protein appeared more
in cytosol and little in nucleus clearly (Figure 2B). This result was in
accordance with the result shown in Fig. 2A, suggesting that
translocation of TR3 protein might be associated with induction of
apoptosis, which was a novel signal pathway for TPA and VP-16 to
exert their biological functions.

Figure 2  Translocation of TR3 protein from nucleus to cytosol in MGC80-3
cells. The cells treated with TPA for indicated time. (A) Translocation of TR3
protein observed by laser-scanning confocal microscope. TR3 protein was
immunostained with anti-TR3 antibody and corresponding FITC-conjugated
secondary antibody. (B) Western blot showed the translocation of TR3 protein.
Nuclear and cytosolic fractions were prepared as described in materials and
methods. α-tubulin was shown to quantify the loading protein. T: total protein.

Figure 3  Inhibition of TR3 protein expression and its translocation in
MGC80-3 cells. (A) Repression of TR3 protein expression by transfection of
antisense-TR3 expression vector into MGC80-3 cells. Endogenous TR3 pro-
tein was determined by Western blot. Empty vector was also transfected
into cells as a positive control. α-tubulin was shown to quantify the loading
protein. Lane 1: protein from MGC80-3 cells; Lane 2: protein from the cells
transfected with empty vector; Lane 3: protein from the cells transfected
with antisense-TR3 expression vector. Inhibitory effect of LMB on TR3
protein translocation induced by TPA. The cells treated with different
agents indicated as in the figure. The reaction with antibody was similar to
the description in Fig. 2A. (C) Inhibitory effect of LMB on apoptosis induc-
tion by TPA and VP-16. Cells treated with different agents indicated as in
the figure. Apoptotic index was measured as described in Fig. 1B.

Inhibition of both TR3 protein expression and its translocation
Since TR3 protein was expressed in MGC80-3 cells (Figure 2A, B),
we transfected antisense-TR3 expression vector into the cells to
determine whether inhibition of TR3 protein expression caused TPA
and VP-16 fail to induce apoptosis. The stable transfection result was
showed in Figure. 3A. Expression of TR3 protein was almost repressed
in transfected cells, whereas TR3 protein still expressed in the cells
transfected with empty vector, compared to MGC80-3 cells. In this
transfected cells, TPA and VP-16 could not induce apoptosis. The
apoptotic index only reached 5.14% (for TPA induction) and 4.62%
(for VP-16 induction), which were less than that in MGC80-3 cells
treated with TPA and VP-16 (Figure 1B) and those transfected with
empty vector (apoptotic index amounted to 39.78% for TPA induction
and 27.56% for VP-16 induction).

It was then necessary to probe into the intrinsic mechanism of
whether there was some inevitable linkage between TR3 protein
translocation and apoptosis induction. Since LMB has been used in
many systems to demonstrate the nuclear localization and inhibited
the export of a number of proteins, including actin, transcription
factors, kinases and cell cycle regulators[48-54], we used LMB as inhibitor
to block nuclear protein TR3 export from nucleus to cytosol. In MGC80-
3 cells, TR3 protein was mainly located in nucleus, after treatment of
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24 hr with TPA, the most of TR3 protein was translocated from
nucleus to cytosol in the absence of LMB (Figure 3B). However, in
the presence of LMB, TR3 protein was remained in nucleus, although
MGC80-3 cells were treated by TPA for 24 hr (Figure 3B). The
similar result was also observed in VP-16 treated-cells (data not
shown). According to this inhibitory result, we detected the apoptotic
index to determine the relationship between translocation of TR3
protein and apoptosis induction. As shown in Figure 3C, in the presence
of LMB, TPA and VP-16 did not induced apoptosis, compared with
that TPA and VP-16 induced apoptosis of MGC80-3 cells obviously
in the absence of LMB. Thus, preventing the nuclear TR3 protein
export from nucleus to cytosol repressed TPA and VP-16’s ability to
induce apoptosis. The result again confirmed that translocation of
TR3 protein was associated with induction of apoptosis.

DISCUSSION
The TR3 orphan receptor is required for activation-induced apoptosis
of T-cell hybridomas[16]. To gain insight into its function during
apoptosis, we, in this study, analyzed the relationship between TR3
expression and its translocation and apoptosis induction in gastric
cancer cells.

TR3 is an early response gene whose expression is induced by a
variety of stimuli, including signals for cell survival, such as growth
factors, and signals for cell death, such as TCR[1,3-5]. To study the role
of TR3 in gastric cancer cells, we used TPA and VP-16 to induce
apoptosis, and found that when apoptosis occurred and its related
protein Bcl-2 was inhibited by TPA and VP-16 in MGC80-3 cells,
TR3 mRNA was indeed up-regulated. After transfection of antisense-
TR3 expression vector into MGC80-3 cells that expressed TR3 at
protein level resulted in the inhibition of TR3 protein expression. In
the transfected cells, we could not detect marked apoptosis, even in
the presence of TPA and VP-16 induction. The apoptotic index was
only 5.14% (for TPA induction) and 4.62% (for VP-16 induction),
similar to the control MGC80-3 cells with 3.89% and less than the
TPA and VP-16 treated-cells with 44.33% (for TPA induction) and
32.16% (for VP-16 induction). These results indicated that TPA and
VP-16 regulated apoptosis through induction of TR3 expression at
both mRNA and protein levels.

TR3 functions as a nuclear transcription factor in the regulation of
target gene expression[6]. The movement of transcription factors between
nucleus and cytoplasm is important in regulating its activity[24,47]. Our
observation showed that TPA and VP-16-induced apoptosis involved
in translocation of TR3 protein. In MGC80-3 cells, TR3 protein
localized mainly in the nucleus in which it might be associated with
other nuclear proteins related to stimulation of cell proliferation, such
as PKB/AKT, cFos, and AP-1[18, 55-58]. However, when cells were treated
with TPA and VP-16 for 24 hours, respectively, translocation of TR3
from nucleus to cytosol was observed, with an increase protein expression
of TR3 in cytosol and a decrease in nucleus in a time-dependent manner.
In this case, apoptosis induced by TPA and VP-16 did happened, also
in a time-dependent manner, and during this process, Bcl-2 protein,
known to induce cell survival in variety of cell types[59,60], was strongly
inhibited by TPA and VP-16. In addition, when this nuclear export was
blocked by LMB, apoptosis was not detected, regardless of the presence
of TPA and VP-16. As a comparison, all-trans retinoic acid that could
not induce TR3 translocation from nucleus to cytosol failed to induction
of apoptosis in MGC80-3 cells although it could also induce TR3
expression (data not shown). Taken together, these data clearly
demonstrated that induction of apoptosis by TPA and VP-16 was
through the translocation of TR3 from nucleus to cytosol, which
might be a novel signal pathway for apoptosis and the new function for
TR3 to exert its effect on apoptosis induction. Bcl-2 may play an
important role in the regulation of TPA and VP-16 -induced apoptosis.

Of course, the link between the mechanism of TR3 function and the
apoptosis induction in gastric cancer cells should be studied further
from other aspects.
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