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Abstract
AIM: To investigate the roles of PLCγ2 and PKCα in TPA-
induced apoptosis of gastric cancer cells.

METHODS: Human gastric cancer cell line MGC80-3 was
used. Protein expression levels of PLCγ2 and PKCα were
detected by Western blot. Protein localization of PLCγ2 and
PKCα was shown by immunofluoscence analysis under laser-
scanning confocal microscope. Apoptotic morphology was
observed by DAPI fluorescence staining, and apoptotic index
was counted among 1 000 cells randomly.

RESULTS: Treatment of gastric cancer cells MGC80-3 with
TPA not only up-regulated expression of PLC-γ2 protein,
but also induced PLC-γ2 translocation from the cytoplasm to
the nucleus. However, this process was not directly associated
with apoptosis induction. Further investigation showed that
PKCa translocation from the cytoplasm to the nucleus was
correlated with initiation of apoptosis. To explore the inevitable
linkage between PLC-γ2 and PKCα during apoptosis induction,
PLC inhibitor U73122 was used to block PLC-γ2 translocation,
in which neither stimulating PKCα translocation nor inducing
apoptosis occurred in MGC80-3 cells. However, when U73122-
treated cells were exposed to TPA, not only PLC-γ2, but also
PKCα was redistributed. On the other hand, when cells were
treated with PKC inhibitor alone, PLC-γ2 protein was still
located in the cytoplasm. However, redistribution of PLC-γ2
protein occurred in the presence of TPA, no matter whether
PKC inhibitor existed or not.

CONCLUSION: PLC-γ2 translocation is critical in transmitting
TPA signal to its downstream molecule PKCα. As an effector,
PKCα directly promotes apoptosis of MGC80-3 cells.
Therefore, protein translocation of PLCγ2 and PKCα is critical
event in the process of apoptosis induction.
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INTRODUCTION
Once binding to the cell surface receptors, many extracellular
signaling molecules could elicit intracellular responses by
activating inositol phospholipid-specific phopholipase C
(PLC)[1,2]. Activated PLC could catalyze the hydrolysis of
phosphatidylinositol 4,5-biphosphate (PIP2) to diacylglycerol
(DAG) and inositol 1, 4, 5-triphosphate (IP3). DAG and IP3
are second messengers, the former could function to activate
protein kinase C (PKC), and the latter could stimulate release
of Ca2+ from internal stores[1,3-5]. This bifurcating pathway
constitutes the cornerstone of a transmembrane signal
transduction mechanism that was known to regulate a large
array of cellular processes[5-9].
     Ten types of PLC isoform have been divided into three
types, β, γ and δ[4-6,10,11]. One PLC isoform, PLC-γ, is a substrate
of epidermal growth factor (EGF) receptor, and its catalytic
activity could be stimulated by tyrosine phosphorylation[12].
PLC-γ has been implicated in mitogenic signaling by platelet-
derived growth factor (PDGF) receptor. Through the
pleiotropic actions of IP3 and DAG, PLC-γ could participate
in regulation of cell proliferation and differentiation[13]. PLC-γ
overexpression could favor cell survival in response to acute
oxidative stress[14,15]. In rat pheochromocytoma PC12 cells,
overexpression of PLC-γ could inhibit apoptosis induced by
short wave length ultraviolet radiation[16].
      Protein kinase C (PKC) could play a variety of regulatory
roles in proliferation, differentiation, apoptosis, gene expression,
membrane transportation, and signal transduction[17-19]. There
have been at least 11 distinct PKC isoforms[20]. In many tissues,
both PKC activation and Ca2+ mobilization could act
synergistically to evoke some cellular responses[21-24]. For
example, activation of PKC and increase in Ca2+ were the “on”
signals for T-cell activation[27,28]. By contrast, this PKC activator
could also act as a negative regulator of T-cell activation[27,28].
Thus, PKC activation in T-cells has bidirectional effects on
the cellular activation process.
     Several evidences suggest that activation of PKC could
attenuate receptor-coupled PLC activity in certain types of cell,
providing a negative feedback signal to limit the magnitude
and duration of receptor signaling[3,5]. Although such a
regulatory mechanism has not been fully understood, it is
possible that the targets might include receptors, G protein,
PTK, protein tyrosine phosphatase and PLC itself [5].
Phosphorylation of Thr-654 of the EGF receptor by PKC
reduced the ability of the receptor tyrosine kinase to
phosphorylate PLC-γ, thereby preventing PLC-γ activation[29].
A decrease in the extent of tyrosine phosphorylation of PLC-
γ has also been proved to be the mechanism by which the PKC
activator, TPA and cAMP could attenuate the PIP2 hydrolysis
induced by TCR[30]. Thus, interaction between PLC-γ and PKC
is related to PLC-γ phosphorylation.
      To date, little is known about the molecular event of PLC-
γ translocation, and the functional consequences of PLC-γ in
response to extracellular signal stimulation. It is generally
accepted that PLC-γ localizes and functions in cytosol. EGF
or PDGF treatment of cells could induce translocation of PLC-
γ1 from a predominantly cytosolic localization to membrane



2414             ISSN 1007-9327      CN 14-1219/ R      World J Gastroenterol    November 15, 2003   Volume 9   Number 11

fraction[31], showing a preliminary clue that the function of PLC-
γ may be in relation with its intracellular changes. In this study,
we found that 12-O-tetradecanoylphorbol-1, 3-acetate (TPA)
not only up-regulated the expression level of PLC-γ2, but also
induced PLC-γ2 translocation from the cytoplasm to the
nucleus in gastric cancer cells MGC80-3. In addition, according
to our previous studies concerning the critical role of PKC-
associated signaling pathway in promoting apoptosis of gastric
cancer cell[32], we hypothesized that PLC-γ2 may play an
important role in transmitting TPA signal to PKCα, which
finally lead to apoptosis induction in gastric cancer cells. This
notion may provide a novel strategy for exploring the cross-
talk between PLC-γ2 and PKCα in apoptosis.

MATERIALS AND METHODS

Cell line and culture condition
Human gastric cancer cell line, MGC80-3 was established by
Cancer Research Center, Xiamen University[33]. The cells were
maintained in RPMI-1640 medium, supplemented with 10 %
FCS, 1 mmol/L glutamine, and 100 U/ml penicillin.

Western blot analysis[34]

The cells were harvested, and suspended in RIPA buffer
(10 mmol/L Tris (pH7.4), 150 mmol/L NaCl, 1 % Triton X-100,
1 % deoxycholic acid, 0.1 % SDS, 5 mmol/L EDTA (pH8.0),
1 mmol/L PMSF). Protein concentration was determined
using the Bio-Rad protein assay system according to the
manufacturer’s instructions (Bio-Rad Hereules, CA). 50 µg
protein was subjected to SDS-PAGE and transferred to
nitrocellulose membrane for Western blot analysis. The
membrane was subsequently blocked with 5 % dry milk in
TBS-T and then immunnoblotted with the responding antibody.
Binding was detected by using the ECL kit (Pierce) according
to the manufacturer’s instructions.

Apoptosis analysis[32]

The cells were trypsinized, and washed in PBS. The harvested
cells were fixed in 3.7 % paraformaldehyde on ice, washed in
PBS and stained with 50 µg/ml of 4, 6-diamidino-2-
phenylindole (DAPI, Sigma) containing 100 µg/ml of DNase-
free RNase A per ml. The cells were observed under
fluorescence microscope. Apoptotic cells were counted among
1 000 cells randomly. The apoptotic index was the mean of
three independent experiments.

Immunofluorescence analysis[35]

The cells were cultured on a cover glass overnight. After
washed in PBS, the cells were fixed in 4 % paraformaldehyde.
To display PLC-γ2 or PKCα protein, the cells were incubated
first with anti-PLC-γ2 or anti-PKCα antibody (Santa Cruz),
and then reacted with their corresponding FITC-conjugated
anti-IgG (Pharmingen) as secondary antibodies. To visualize
the nuclei, the cells were stained with propidium iodine (PI,
50 µg/ml) containing 100 µg of DNase-free RNase A per ml.
Fluorescent image was observed under laser-scanning confocal
microscope (Bio-Rad MRC-1024ES).

RESULTS

Expression and translocation of PLC-γ2 in response to TPA
To determine the effect of TPA on PLC-γ2 protein expression,
Western blot analysis was carried out. As shown in Figure 1A,
PLC-γ2 protein was normally expressed in MGC80-3 cells.
When exposed to TPA for different time, expression level of
PLC-γ2 protein was increased in a time-dependent manner
(Figure 1A), implying that PLC-γ2 might play a role in response

to TPA. To examine whether redistribution of PLC-γ2 protein
also occurred in response to TPA, immunofluorescent
localization of PLC-γ2 protein was conducted and observed
by laser-scanning confocal microscope. The result illustrated
that in intact MGC80-3 cells, PLC-γ2 protein was more
abundant in cytoplasm, and formed a much brighter circle a
round the nuclear membrane (Figure 1B). After treatment of
TPA for different time, PLC-γ2 protein was translocated from
the cytoplasm to the nucleus by degrees (Figure 1B). To further
confirm this translocation, cytoplasmic and nuclear protein
fractions were prepared, and expression level of PLC-γ2 protein
was analyzed by Western blot. Figure 1C shows that PLC-γ2
protein in intact cells mainly appears in the cytoplasmic
fraction, and only a trace amount in the nuclear fraction.
However, TPA-treatment changed the proportion of PLC-γ2
protein between the two fractions and such a change was time-
dependent. After 48 hr TPA treatment, PLC-γ2 protein could
only be detected in the nuclear fraction (Figure 1C). Clearly,
this result was in accordance with that of Figure 1B, indicating
that transloation of PLC-γ2 protein by TPA occurred in
MGC80-3 cells.

Figure 1  Expression and redistribution of PLC-γ2 in response
to TPA. A: Effect of TPA on PLC-γ2 protein expression. Cells
were treated with TPA (100 ng/ml) for indicated time, and
expression level of PLC-γ2 protein was analyzed by Western
blot. α-tubulin was used as a control to quantify the amount of
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protein used in each lane. B: Translocation of PLC-γ2 in re-
sponse to TPA. Cells were treated with TPA for indicated time,
then immunostained with corresponding antibodies or dye as
described in Materials and Methods. The fluorescent images
were observed under laser-scanning confocal microscope. C:
Redistribution of PLC-γ2 protein in response to TPA. The
nuclear and cytosolic fractions were prepared as described in
Materials and Methods.

PLC-γ2 expression was not required for apoptosis induction
by TPA
Since TPA could induce apoptosis in many types of cancer
cell lines[32,35-37], it would be interesting to know whether
activation of PLC-γ2 was a necessary link for apoptosis
induction by TPA. A PLC-specific inhibitor U73122[38] was
thus used upon gastric cancer cells. Prior to be stimulated with
TPA, U73122 partially repressed the expression level of PLC-
γ2 protein (Figure 2A). In the presence of U73122, TPA-
induced increase of PLC-γ2 expression was also blocked. Even
after TPA treatment was prolonged for 48 hr, the expression
level of PLC-γ2 was always lower than the control or TPA
treatment alone (Figure 2A). In parallel, apoptosis of MGC80-
3 cells was examined by DAPI staining. When the cells were
treated with TPA alone, apoptotic cells became smaller, the
nuclei became condensed and fragmented with bright
chromatins. Importantly, an increased apoptotic index was
clearly shown with the extension of TPA treatment (Figure2B:
TPA). However, no such a change was observed in cells
treated with U73122 alone (Figure 2B: U73122). By contrast,
when cells pretreated with U73122, followed by TPA
stimulation, many apoptotic cells were still seen, which not
only showed morphological changes similar to those treated
with TPA alone, but also had an increased apoptotic index
with the extension of TPA treatment (Figure 2B: U73122+TPA).
Therefore, these results showed that additional expression of
PLC-γ2 protein was not required for TPA-induced apoptosis
in MGC80-3 cells.

Figure 2  Effect of PLC-γ2 protein expression on apoptosis in-
ducted by TPA. A: Effect of PLC-specific inhibitor U73122 on
PLC-γ2 protein expression detected by Western blot. Cells were
pretreated with or without U73122 (10-3 mmol/L) for 3 hr, and
followed by TPA for indicated time. B: Analysis of apoptotic
index. Cells were pretreated with or without U73122 for 3 hr,
and then exposed to TPA for indicated time. Apoptotic cells
were counted among 1 000 cells randomly.
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Figure 3  Translocation of PKCα protein in the process of
apoptosis induced by TPA. A: Redistribution of PKCα protein.
Cells were treated with TPA for indicated time, then
immunostained with corresponding antibodies or dye as de-
scribed in Materials and Methods. The images were observed
under laser-scanning confocal microscope. B: Effects of various
inhibitors, including PKC-specific inhibitor (PIP., 12 µmol/L)
and PLC-specific inhibitor (U73122), on redistribution of PKCα.
The detecting method was the same as described in Figure 3A.
C: Analysis of apoptotic index. The method was similar as in
Figure 2B.

PKCα translocation was directly associated with induction
of apoptosis by TPA
The consequent question was that since TPA could induce rapid
expression of PLC-γ2 protein which seemed to be not critical
in TPA-induced apoptosis in MGC80-3 cells, then, what was
the role of rapidly expressed PLC-γ2 protein in TPA-induced
event? As PKC was a downstream molecule of PLC[3,4], it was
inferred that PLC-γ2 might indirectly play its final effect
through the downstream PKC signaling pathway in relation to
TPA-induced apoptosis. To test this possibility, the effects of
TPA on PKCα were investigated. Firstly, the expression of
PKCα protein was determined by Western blot analysis. The
result showed that PKCα was intrinsically expressed in
MGC80-3 cells, but its expression was not changeable by TPA
(data not shown). Secondly, the possible TPA-induced
translocation of PKC in MGC80-3 cells was observed. PKCα
protein was shown to localize in cytoplasm (Figure 3A).
However, TPA treatment stimulated the translocation of PKCα
protein from cytoplasm to  nucleus in a time-dependent manner.
After 48 hr of TPA treatment, cellular PKCα protein was
completely translocated into the nucleus, showing a unique
yellow color (Figure 3A). Finally, to investigate the behavior
of PKCα translocation, PKC-specific inhibitor, a PKC inhibitor
peptide(PIP)[39], was used. As expected, PKC inhibitor peptide
could not induce PKCα protein translocated to the nucleus
(Figure 3B, PIP.), even plus TPA for 48 hr it no longer initiated
PKCα protein translocation (Figure 3B, PIP+TPA).
       Since TPA could regulate redistribution, but not expression
of PKCα protein, it would be attractive to ask whether
redistribution of PKCα was in action in TPA-induced
apoptosis. The results showed that TPA could no longer induce
apoptosis when translocation of PKCα was blocked by PKC
inhibitor peptide. Even though these cells were subsequently
treated by TPA for 48 hr, the apoptotic index was obviously
reduced reduced as compared with the TPA treatment alone
(Figure 3C), suggesting that translocation of PKCα protein
into the nucleus might be intrinsic in the mechanism of TPA-
induced apoptosis.

PKCα was a downstream factor of PLC-γ2
It was then necessary to probe into the intrinsic mechanism of
whether there was some inevitable linkage between PLC-γ2
and PKCα in the process of TPA-induced apoptosis. Since

enhanced expression of PLCγ2 protein was not required for
apoptosis induction (Figure 2), we therefore focused on the
translocation behavior of PLC-γ2 with regard to the TPA-
induced apoptosis effect. Out of our expectation, when cells
were pre-treated with PLC-specific inhibitor U73122 for 3 hr
alone, both PLC-γ2 and PKCα proteins did not redistribute
(Figures 3B and 4A, U73122). However, when cells were
exposing to TPA for 48 hr, not only PLC-γ2 protein but also
PKCα protein were translocated into the nucleus (Figures 3B
and 4A, U73122+TPA), although expression level of PKCα
protein was not changed (Figure 4B). Together with the results
in Figure 2, it was suggested that PLC-γ2 might function in
passing TPA message to its downstream molecule PKCα in
gastric cancer cells.

Figure 4  Correlation between PLC-γ2 and PKCα in their
redistribution. A: Effects of PKC- and PLC-specific inhibitors
on PLC-γs redistribution. The Method was as described in Fig-
ure 3B. B: Effects of PKC- and PLC-specific inhibitors on PKCα
expression detected by Western blot. C: Effects of PKC- and
PLC-specific inhibitors on PLC-γ2 expression.
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     On the other hand, PKC-specific inhibitor was also used to
test its role in the expression of PLC-γ2 protein. When cells
were treated with PKC inhibitor peptide (PIP) for 2 hr, PLC-
γ2 protein was still located in the cytoplasm (Figure 4A, PIP).
However, followed by TPA treatment for 48 hr, translocation
of PLC-γ2 protein into the nucleus was not blocked by this
inhibitor (Figure 4A: PIP+TPA). Similar result was observed
in Western blot analysis, in which the expression level of PLC-
γ2 protein was enhanced by TPA, no matter whether PKC
inhibitor existed or not (Figure 4C). Taken together, all these
findings above convincingly indicated that PKC inhibitor-
induced inhibition of PKCα protein (mainly its translocation)
and TPA-induced PLC-γ2 protein expression and translocation
were two separate events. It also suggested that induction of
PLC-γ2 protein translocation was a critical event in signal
transmission between TPA and PKCα.

DISCUSSION
PLC-γ has been reported to be activated and up-regulated in
response to external signals[13,15,40-44]. Most of these previous
studies focused on PLC-γ2 phosphorylation and the relevant
growth factor receptor(s), but its physiologic function and
signaling pathway were rarely concerned. In the present study,
we found that the enhanced expression of PLC-γ2 by TPA
was not directly correlated to apoptosis induction. PLC-γ
exerted its influence on intracellular process largely through
the initiation of second messengers IP3 and DAG, and the
subsequent Ca2+ mobilization and PKC activation. More
importantly, these PLC-γ-induced chain reactions could be
stimulated by some external stimuli[40,41]. Taking this fact into
account, we therefore turned to investigate the possible
regulatory mechanism of PLC-γ2 not correlated with its
expression level.
    PLC-specific inhibitor U73122 alone could partially
suppress the expression of PLC-γ2 protein, but not induce
apoptosis in MGC80-3 cells. However, TPA could still induce
apoptosis in U73122-pretreated MGC80-3 cells, even though
the expression of PLC-γ2 was in its supressed state, indicating
that up-regulation of PLCγ2 expression was not required for
apoptosis induced by TPA. However, TPA-induced apoptosis
in MGC80-3 cells depended on PKCα protein translocation
from cytoplasm into nucleus. When translocation of PKCα
protein was blocked by its specific inhibitor PKC inhibitor
peptide, the apoptosis decreased dramatically even in the
presence of TPA. Therefore, these evidences strongly suggest
that PLC-γ2 and PKCα can exert distinct effects in response
to TPA, and regulation of PKCα protein translocation is closely
associated with apoptosis induction.
    We have indicated that TPA could promote PLC-γ2
translocation from cytoplasm to nucleus in a time-dependent
manner, so it is interesting to figure out why PLC-γ2 is
regulated (particularly its translocation) in response to TPA,
and what the underlying functional implication is. Recently,
some important evidences revealed that PLC-γ2 was critical
for transmission of the B-cell antigen receptor complex (BCR)-
dependent signals that led to the nuclear translocation of NF-
κB[45], and PLC-γ1 was important for transducing survival
signals against the cytotoxic effect of oxidant exposure[15].
These studies strongly imply that PLC-γ is capable of
transducting signal, leading to translocation of its downstream
molecule. To clarify whether TPA-induced apoptosis via PKC
pathway was correlated with PLC-γ2, we investigated the effect
of PLC-γ2 protein translocation on promoting PKCa
translocation and initiating apoptosis. PLC-inhibitor U73122
alone could block the expression of PLC-γ2, but did not initiate
the translocation of PLC-γ2 protein and induce PKCα
expression, in which neither PKCα translocation nor apoptotic

process could be detected. It is thus conceivable that PKCα
translocation and cell apoptosis induced by TPA are PLC-γ2
translocation dependent in gastric cancer cells. Furthermore,
our present study strongly supports the view that protein
redistribution is an important event, which is critical for the
function of protein.
      Some literatures pointed out that down regulation of surface
receptor expression represented an obvious mechanism by
which PKC might block PLC activation[29,30]. For example, in
Jurkat T cells, activation of PKC by PKC-stimulating agonists
resulted in a decrease in its tyrosine phosphorylation, which
was responsible for the apparently decreased PLC activity[5].
By contrast, in the present study, the relation between PLC-γ2
and PKCα seemed to be inter-dependent and synergistic. Our
results showed a definite linkage between PLC-γ2 and PKCα
translocation, and the synergistic effect of PLC-γ2 and PKCα
in the initiation of apoptosis in MGC80-3 cells induced by
TPA. In addition, the fact that pretreatment of cells with PKC
inhibitor did not affect PLC-γ2 activation and translocation by
TPA  was consistent with the observation in which pretreatment
of 293 cells for 30 min with PKC inhibitor Gö6976 did not
stimulate PLC activation by EGF[46], demonstrating that PKC
is a downstream molecule of PLCγ pathway. Taken together,
PLC-γ2 functions in signal transmission to initiate TPA-
induced apoptosis via PKCα pathway.
      In summary, PLC-γ2 and its downstream molecule PKCα
are essential for initiating TPA-induced apoptosis in gastric
cancer cells. Translocation of PLC-γ2 and PKCα proteins is
critical events in the process of apoptosis. In the cross-talk
between TPA, PLC-γ2 and PKCα, PLCγ2 receives TPA
message, then transmits it to PKCα. PKCα functions as an
effector, directly promoting apoptosis of MGC80-3 cells. This
is a novel concept for PLC-γ2 and PKCα functions, which
will help us to get further insights into the relationship between
PLC-γ2/PKCα and the subsequent cellular events.
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