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Abstract: The PKB signaling pathway is essential for cell survival and the 
inhibition of apoptosis, but its functional mechanisms have not been fully 
explored. Previously, we reported that TPA effectively inhibited PKB activity 
and caused PKB degradation, which was correlated with the repression of PKB 
phosphorylation at Ser473. In this study, we focus on how PKB is regulated by 
TPA in gastric cancer cells. One of the TPA targets, PKCα, was found to 
mediate the inhibition of PKB phosphorylation and degredation caused by TPA. 
Furthermore, TPA induced the import of PKCα into the nucleus, where PKCα 
exerted an inhibitory effect on PKB expression and phosphorylation. As a result, 
cancer cell proliferation was arrested. Our study characterizes a novel function 
of PKCα in mediating the negative regulation of PKB by TPA, and suggests  
a potential application in the clinical treatment of gastric cancer.   
 
Key words: Protein kinase B (PKB), Protein kinase Cα (PKCα), Translocation, 
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INTRODUCTION 
 
PKB is a 60-kDa serine-theronine kinase functioning downstream of 
phosphatidylinositol 3-kinase (PI-3 kinase) in response to mitogen or growth 
factor stimulation. It has emerged as a crucial regulator of diverse cellular 
processes, including survival, proliferation, differentiation, apoptosis and 
metabolism [1]. It is activated by a variety of stimuli through a phosphorylation 
mechanism [2-4]. The phosphorylation of threonine 308 and serine 473 of PKB 
are prerequisites to its activation [2, 5]. In most situations, the phosphorylation 
of PKB at Ser473 occurs in tandem with that at Thr308. However, a number of 
studies have shown that phosphorylation can occur independently at the two 
sites [6, 7]. For example, Ser473 phosphorylation can be stimulated by insulin in 
the absence of Thr308 phosphorylation [8]. Conversely, the attenuation of PI3K 
activation results in a rapid dephosphorylation at Ser473 and a slower one at 
Thr308, accompanied by a reduction in PKB activity [9]. The inactivation of 
PKB by ceramide and osmotic stress occurs predominantly via Ser473 
dephosphorylation by an okadaic acid-sensitive phosphatase [10, 11]. We also 
found that the inhibition of PKB by TPA occurs mainly via the attenuation of 
Ser473 phosphorylation [12].  
PKC is also a subfamily of serine/threonine kinases that play a variety of 
regulatory roles in proliferation, differentiation, apoptosis, membrane 
transportation, and signal transduction [13, 14]. Based on their structural features 
and cofactor requirements, PKC isoforms are classified into three categories: 
classical PKCs (α, βI, βII and γ); novel PKCs (δ, ε, η, θ and μ); and atypical 
PKCs (ξ, τ and λ) [15]. Each PKC isoform has unique specific functional 
characteristics, even within one cell line. For example, in gastric cell lines, each 
PKC isoform takes on a different role in the regulation of apoptosis [16-18]. 
Overexpression of PKCδ enhances cisplatin-induced cytotoxicity correlated with 
p53 in the gastric cancer cell line MKN28 [16]. PKCδ also participates in the 
modulation of anti-apoptosis by endogenous IAP expression in the human 
gastric cancer cell line MKN45 [17]. Inhibiting the PKCβ1-mediated 
overexpression of p21 (waf1/cip1) partially reduces the anti-apoptotic effect of 
PKCβ1 in the gastric adenocarcinoma cell line AGS [18]. The down-regulation 
of PKCβ1 provides an explanation for the COX-independent apoptotic effects of 
the specific COX-2 inhibitor in the gastric cancer cell line AGS. Moreover, 
PKCβ1 acts as a survival mediator in gastric cancer, and its down-regulation by 
the COX-2 inhibitor SC-236 may offer a new method for the treatment of gastric 
cancer [19]. 
There are reports of cross-talk between PKB and PKC. The overexpression of 
PKC stimulates PKB activity and suppresses cytokine-dependent apoptosis [20]. 
Conversely, the phorbol ester phorbol 12-myristate 13-acetate (PMA), an 
activator of PKC, down-regulates growth factor-induced PKB activation, and 
specific isoforms of PKC directly act as negative regulators of PKB [20, 21]. 
PKCβII can regulate PKB activity by directly phosphorylating the critical 
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residue Ser473 in FcεRI-stimulated mast cells [22]. By contrast, PKCβ is not 
required for PKB phosphorylation at Ser473 in mast cells stimulated with stem 
cell factor or IL-3, in serum-stimulated fibroblasts, or in antigen receptor-
stimulated T or B cells [22]. Thus, PKC might be a potential positive or negative 
regulator for PKB.  
We previously found that TPA, an activator for PKCα activity [23], induced 
PKB degradation, which was associated with the inhibition of PKB 
phosphorylation at Ser473 but not at Thr308 [12]. In this study, we investigated 
the possible effect of PKCα on the regulation of PKB in BGC-823 gastric cancer 
cells. We observed that this functional role of TPA was mediated by PKCα, 
since the diminishing of PKCα activity by its inhibitor and siRNA could abolish 
the inhibition of TPA-induced phosphorylation and degradation of PKB. The 
key point for PKCα to mediate TPA’s effect on PKB was that TPA could 
activate and consequently induce PKCα translocation from the cytoplasm to the 
nucleus, where PKCα could directly inhibit nuclear PKB phosphorylation and 
expression. Therefore, PKCα might function as an important upstream factor for 
negatively regulating PKB activity. Taken together, our results indicate a novel 
mechanism by which PKCα negatively controls the TPA-regulated PKB 
signaling pathway in gastric cancer cells.  
 
MATERIALS AND METHODS 
 
Cell culture and transfection  
The human embryonic kidney 293T cell line (obtained from ATCC, USA) was 
maintained in DMEM medium, and the gastric cancer cell line BGC-823 
(purchased from the Cell Biology Institute, Shang-hai, China) was cultured in 
RPMI-1640 medium that contained 10% fetal bovine serum, 1 mM glutamine 
and 100 μg/ml penicillin. The cells were transfected with different expression 
vectors using the Ca3(PO4)2 sedimentation method in all the experiments except 
for the siRNA transfection, which used liposomal transfection reagent (Roche, 
Fugene 6), as previously described [24, 25].  
 
BrdU assay 
Cells were transfected with different expression vectors as required, and then 
incubated with 5-bromo-2’-deoxyuridine (20 μM, Sigma) for 2 h. After 
harvesting, the cells were fixed in 4% paraformaldehyde for 30 min at 4ºC as 
previously described [12]. Finally, the cells were analyzed by flow cytometer 
(Beckman Coulter).   
 
Immunoprecipitation 
Cells were treated with TPA (100 ng/ml) for 24 h, then harvested. The cells were 
lysed in a lysis buffer, and the lysates were incubated with the appropriate 
antibody for 1 h, and subsequently incubated with protein A-sepharose beads 
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(Sigma) for 1 h. The protein-antibody complexes that were recovered on the 
beads were subjected to Western blot analysis as described below.  
 
Western blot analysis 
Protein extracts were electrophoresed on 8-10% denaturing gel and 
electroblotted onto nitrocellulose membrane. The membrane was incubated with 
various antibodies as required at 4ºC overnight, followed by the addition of the 
corresponding secondary antibody at room temperature for 3 to 4 h. An ECL kit 
(Pierce) was used to detect the antibody reactivity.  
For the preparation of the cytoplasmic and nuclear fractions, cells were 
suspended in 2 ml MS buffer, and then homogenized using a Dounce 
homogenizer. As previously described, the cytoplasmic and nuclear fractions 
were obtained by centrifuging [12].  
 
Confocal microscopic observation 
Cells were fixed in 4% paraformaldehyde after harvesting. To stain the 
endogenous PKB and PKCα proteins, the cells were incubated with anti-PKB or 
anti-PKCα antibody (Santa Cruz) followed by FITC- or Texas Red-conjugated 
secondary antibodies (Santa Cruz). The cells were stained with propidium iodide 
(PI, Sigam, 50 μg/ml) to visualize the nuclei simultaneously. The stained cells 
were finally visualized under a confocal microscope (Leica Tcs Sp2 SE). 
 
Specific silencing of the PKCα gene by siRNA 
PKCα-siRNA (AAGCACAAGUUCAAAAUCCAC) was introduced into pSuper 
plasmid [26]. BGC-823 cells were transfected with 2 μg of PKCα-siRNA or 
Scrambled-siRNA (control) using liposomal transfection reagent. The effect of 
PKCα-siRNA on the silencing of PKCα expression was examined via Western 
blotting.  
 
Treatment of cells with wheat germ agglutinin 
The Chariot protein delivery system (Active Motif, CA, USA) was used to 
transfect WGA into cells [27]. Briefly, WGA was mixed with Chariot at room 
temperature for 30 min, and then the Chariot/WGA complex was added to the 
cells. After 3 h incubation, the cells were harvested for further use [27].  
 
Data analysis 
The results shown represent the means ± SEM for the number (n) of independent 
experiments performed. Duplicate or triplicate values were obtained for each 
parameter measured. Student’s two-tailed t tests were used to evaluate the 
statistical differences between the means of paired sets of data. 
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RESULTS 
 
PKCα mediates the inhibition of PKB caused by TPA 
We previously demonstrated that the TPA-induced inhibition of PKB 
phosphorylation at Ser473 is associated with the degradation of PKB [12]. Since 
PKCα is the direct target of TPA action [23], we analyzed the role of PKCα in 
TPA-induced PKB degradation. Gö6976, a specific inhibitor for the activities of 
both PKCα and PKCβI [28], was used to treat BGC-823 cells, and the 
expression level of PKB was examined in the presence of TPA. Although 
 

 
 
Fig. 1. The effect of Gö6976 on PKB expression and phosphorylation. BGC-823 cells were 
pre-treated with Gö6976 for 2 h, followed by TPA treatment for 24 h. The levels of PKB 
expression and phosphorylation were determined via Western blotting, respectively against 
the PKB antibody or specific phosphor-PKBSer473 antibody. PKCα levels were detected 
by western blotting against the PKCα antibody. The ratios (PKB, PKCα or P-PKB/S473 to 
β-actin) are presented as the means ± SEM for three to five independent experiments.  
*p < 0.01, #p < 0.05, when compared with the control group. 
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Gö6976 alone did not affect PKB, it caused a significantly greater repression of 
TPA-induced PKB degradation than TPA treatment alone (Fig. 1, left panel). 
Furthermore, Gö6976 was able to block the inhibitory effect of TPA on the PKB 
phosphorylation at Ser473 (Fig. 1, right panel). These results strongly suggest 
that the PKCα signal is involved in the TPA-induced phosphorylation inhibition 
and degradation of PKB.  
 

 
 
Fig. 2. PKCα inhibits the endogenous and exogenous expression of PKB. The Myc-PKCα 
expression vector, with or without Myc-PKB, was transfected into BGC-823 or 293T cells. 
Endogenous and exogenous PKB levels were determined by Western blotting, respectively 
against the PKB or Myc antibodies. The ratios (PKB, Myc-PKCα or Myc-PKB to β-actin) 
are presented as means ± SEM for four independent experiments. *p < 0.01, when 
compared with the control group. 
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The above results suggest that PKCα may act as the upstream regulating factor 
for PKB and mediate the repression of PKB by TPA. To verify this possibility, 
an increasing amount of PKCα was transfected into BGC-823 cells, and the 
expression level of endogenous PKB was examined via Western blotting. As 
expected, PKCα could inhibit the endogenous PKB expression in a dose-
dependent manner (Fig. 2, left panel). In addition, the co-expression of PKCα 
and PKB in 293T cells showed a similar result: PKCα inhibited PKB expression 
(Fig. 2, right panel). These results support a negative regulatory role of PKCα in 
PKB expression. Conversely, we used the siRNA approach to inhibit the 
expression level of endogenous PKCα (Fig. 3), and found that the inhibitory 
effect of TPA on PKB phosphorylation and expression was partially attenuated 
(Fig. 3). Thus, PKCα is a critical factor in mediating the TPA-induced inhibition 
of PKB expression. We further investigated whether PKCα also affected PKB 
phosphorylation at Ser473. Indeed, PKCα down-regulated PKB expression in 
PKB/T308A- but not in PKB/S473A-expressing 293T cells (Fig. 4). Moreover, 
PKCα inhibited PKB phosphorylation at Ser473 but not at Thr308 in BGC-823 
cells, as detected by the specific PKB phosphor-antibody (Fig. 5). These results 
further confirmed a negative regulatory role for PKCα in PKB phosphorylation 
and degradation in gastric cancer cells. 
 

 
 
Fig. 3. The effect of siRNA against PKCα on the TPA-induced inhibition of PKB 
expression and phosphorylation. The pSuper expression vector containing PKCα-siRNA 
or Scrambled-siRNA (Ctrl-siRNA) was transfected into BGC-823 cells. After transfection, 
the cells were treated with TPA for 24 h. The endogenous levels of PKB and PKCα were 
determined by Western blotting. The phosphorylation of PKB at Ser473 was detected as 
described in Fig. 1. 
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Fig. 4. PKCα is involved in the degradation and phosphorylation of PKB. Myc-PKCα, 
with or without various HA-PKB point mutants, was transfected into 293 T cells as 
indicated. The levels of expression and phosphorylation of PKB (or its mutants) were 
determined as described in Fig. 1. The ratios (Myc-PKCα, HA-PKB/S473A or HA-PKB/ 
T308A to Tubulin) are presented as means ± SEM for four independent experiments.  
*p < 0.01, #p < 0.05, when compared with the control group. 
 
The TPA-induced inhibition of PKB mediated by PKCα mainly occurred in 
the nucleus of BGC-823 cells 
Interestingly, cellular fractional analysis via Western blotting showed that after 
BGC-823 cells were treated with TPA for 48 h, PKB was barely detected in the 
nucleus, but almost maintained the same levels in the cytoplasm (Fig. 6A, left 
panel). Confocal microscopic analysis further supported this finding. As shown 
in Fig. 6B, PKB was visualized in both the cytoplasm and nucleus of BGC-823 
cells prior to the TPA treatment. However, nuclear PKB was largely reduced 
after the cells were treated with TPA for 24 h, and totally disappeared when the 
treatment was extended to 48 h (Fig. 6B, left panel), suggesting that the nuclear 
PKB is degraded upon the TPA treatment in BGC-823 cells. 
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Fig. 5. PKCα is involved in the degradation and phosphorylation of PKB. Myc-PKCα, 
with or without various HA-PKB point mutants, was transfected into the BGC-823 cells as 
indicated. The levels of expression and phosphorylation of PKB (or its mutants) were 
determined as described in Fig. 1. The ratios (Myc-PKCα, P-PKB/S473 or P-PKB/T308 to 
Tubulin) are presented as means ± SEM for four independent experiments. *p < 0.01, 
when compared with the control group. 
 
The results of a previous study showed that TPA treatment can induce PKCα 
translocation from the cytoplasm to the nucleus in BGC-823 cells [29]. As shown 
in Fig. 6B (right  panel),  TPA  treatment  gradually  induced  PKCα  translocation 
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Fig. 6. The subcellular localization of PKB and PKCα in BGC-823 cells treated with TPA. 
A – TPA induces PKCα translocation and inhibits nuclear PKB expression. BGC-823 cells 
were treated with TPA for the indicated times, and then the cytoplasmic and nuclear 
fractions were prepared. The expression levels of PKB and PKCα were determined via 
Western blotting. Tubulin and LaminB were used to indicate the amount of cytoplasmic 
and nuclear proteins used. B – The subcellular localization of PKB and PKCα in BGC-823 
cells. The cells were treated with TPA for the indicated times, and then immunostained 
with PKB- or PKCα-antibody, followed by FITC-conjugated secondary antibody. The 
nuclei were simultaneously indicated by PI staining. The images were observed under  
a confocal microscope. 
 
from the cytoplasm to the nucleus in BGC-823 cells, but did not impair its 
expression level (data not shown). When the treatment was continued for 48 h 
and the nuclear PKB had reached a barely detectable level, the cytoplasmic 
PKCα had almost completely translocated into the nucleus (Fig. 6B). Analysis of 
the PKCα subcellular localization via Western blotting also confirmed such 
PKCα translocation in response to TPA (Fig. 6A, right panel). Moreover, when 
the PKCα activity was inhibited by Gö6976, both the nuclear and cytoplasmic 
PKB levels remained the same, even in the presence of TPA (Fig. 7A). These 
results suggest that the inhibition of PKB by PKCα mainly occurred in the 
nucleus of the BGC-823 cells. Consistently, the TPA-induced inhibition of PKB 
phosphorylation at Ser473 was also restricted in the nucleus (Fig. 7B). We 
further used wheat germ agglutinin (WGA), a lectin that binds to nuclear pore 
complexes and inhibits protein import into the nucleus without affecting passive 
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diffusion [30], to block PKCα entry into the nucleus. When the majority of 
PKCα was detained in the cytoplasm, cytoplasmic PKB was not repressed in the 
absence of TPA, but was repressed in the presence of TPA (Fig. 8). On the other 
hand, nuclear PKB was no longer regulated, even in the presence of TPA (Fig. 8). 
Therefore, PKCα activation by TPA, which initiates its nuclear import, is  
a critical event for PKB inhibition. It is likely that the nuclear import of PKCα 
activated by TPA ensures the degradation of nuclear PKB.     

 

 
 
 

Fig. 7. PKCα translocation from the cytoplasm to the nucleus leads to the inhibition of 
nuclear PKB expression and phosphorylation. A – The effect of Gö6976 on TPA-induced 
PKB inhibition. BGC-823 cells were pre-treated with Gö6976 for 2 h before TPA 
treatment for 24 h. The expression levels of both nuclear and cytoplasmic PKB were 
determined by Western blotting. B – The inhibitory effect of TPA on nuclear PKB 
phosphorylation. BGC-823 cells were treated with TPA for the indicated times. The levels 
of both nuclear and cytoplasmic PKB phosphorylation were detected as described in Fig. 1. 

 
 

 
 

Fig. 8. The effect of WGA on TPA-induced PKB inhibition. BGC-823 cells were treated 
with WGA as described in the Materials and Methods section. The cells were harvested 
after TPA treatment for 24 h. The nuclear and cytoplasmic fractions were prepared, and 
then subjected to Western blotting against PKCα and PKB antibody. 
 
In addition, we found that PKCα could interact with PKB at endogenous levels 
to some extent, and that this association was enhanced by a 24-h TPA treatment 
(Fig. 9, left panel). When two mutants of PKB, PKB/T308A and PKB/S473A, 
were cotransfected with PKCα into 293T cells, each of them could also interact 
with PKCα (Fig. 9, right panel). Our data suggests that PKCα may regulate 
PKB expression and phosphorylation by direct binding to PKB. 
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Fig. 9. The interaction of PKCα with PKB or its point mutants. BGC-823 cells were treated 
with TPA for 24 h. Cell lysates were immunoprecipitated with PKB antibody, and then 
subjected to Western blotting with PKCα antibody (left panel). 293T cells were transfected 
with different expression vectors as indicated. Cell lysates were immunoprecipitated with 
Myc antibody to precipitate PKCα, and then subjected to Western blotting with HA 
antibody to indicate either PKB/T308A or PKB/S473A (right panel). IgG expression 
served as a control for indicating similar proteins in each lane. The same lysates were 
applied to ascertain the position and expression of PKCα and PKB by Western blotting 
(Input). 
 
 
 

 
 

Fig. 10. The effect of TPA on the mitogenic activity of BGC-823 cells. The PKCα and 
PKB expression vectors were transfected into cells as indicated. The untransfected or 
transfected cells were treated with TPA for the indicated times (upper) or 24 h (lower), 
then maintained in BrdU-containing medium for 2 h, and finally identified by flow 
cytometry. The percentages indicate the cells that showed BrdU uptake, showing the mean 
values of BrdU uptake for each sample. 
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The effects of PKCα and PKB on cell proliferation in response to TPA 
Next, we analyzed the effects of PKB and PKCα on cell proliferation in 
response to TPA. The BrdU incorporation assay is often used to identify DNA-
synthesizing cells, and thereby identify reflexing cell populations [31, 32]. We 
found that TPA exhibited strong inhibition upon BrdU incorporation into BGC-
823 cells in a time-dependent manner (Fig. 10, upper panel). However, the 
PKCα inhibitor Gö6976 neutralized the effect of TPA on cell proliferation 
inhibition (Fig. 3, left of lower panel). By contrast, the transfection of PKCα 
blocked PKB-mediated cell proliferation, comparably to the TPA treatment (Fig. 10, 
right of lower panel). Therefore, PKCα, activated by TPA, contributes to the 
inhibition of BGC-823 cell proliferation through the repression of PKB function. 
 
DISCUSSION 
 
TPA effectively inhibited PKB activity and caused PKB degradation, which 
correlated with the repression of PKB phosphorylation at Ser473 [12]. In this 
study, we found that the effect of TPA on PKB was mainly mediated by PKCα. 
Upon TPA treatment, PKCα was translocated from the cytoplasm to the nucleus, 
where it exerted inhibitory effects on nuclear PKB phosphorylation and 
expression, which finally contributed to cancer cell death via the inhibition of 
DNA synthesis. 
In BGC-823 cells, we observed that PKB displayed a higher kinase activity and 
was constitutively phosphorylated at both Ser473 and Thr308 [12], consistent 
with the viewpoint that the state of phosphorylation of PKB is an indication of 
its activation [3]. Interestingly, the PKB phosphorylation at Ser473 was largely 
attenuated, but that at Thr308 did not change after TPA treatment [12] or PKCα 
transfection (Fig. 5). Ser473 of PKB is believed to be phosphorylated by the 
kinase PDK2 [33, 34], while the phosphorylation of Thr308 is catalyzed by 
PDK1 [35]. To phosphorylate Thr308, both PDK1 and PKB must bind with 
PI(3,4,5)P3 to induce a conformational change, thereby providing PKB access 
for PDK1 [11]. Our finding that phosphorylation at Thr308 was not affected by 
TPA [12] suggested that PKB might bind to other interaction partners in addition 
to PI(3,4,5)P3. This hypothesis is supported by our finding that PKCα interacted 
with PKB in vivo, even with PKB/S473A or PKB/T308A (Fig. 9). Therefore, 
PKCα could be one of the binding partners to regulate PKB expression (Fig. 2) 
and phosphorylation (Figs 4, 5). One possibility is that the binding of PKC to 
PKB may protect Thr308 but not Ser473 from being phosphorylated by PDK1. 
Accumulated evidence has shown that the regulation of PKB phosphorylation by 
PKCs, whether negatively or positively, mainly occurs at Ser473 [11, 22, 36-38]. 
A putative PDK2 is believed to phosphorylate PKB at Ser473 [39]. PKCβII has 
a PDK2 activity that up-regulates PKB activity by directly phosphorylating 
Ser473 in vitro and in IgE/antigen-stimulated mast cells [22]. In endothelial 
cells, PKCα may also function like PDK2 and activate PKB activity via Ser473 
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phosphorylation in response to IGF-1 [38]. By contrast, in the current case, 
PKCα activation by TPA in BGC-823 cells inhibits PKB phosphorylation at 
Ser473 (Figs 1, 4, 5 and 7B), suggesting that PKCα may not possess the same 
properties as PDK2 in gastric cancer cells. Since we found that PKCα binds to 
either PKB/S473A or PKB/T308A (Fig. 9), it is tempting to speculate that 
PKCα binding may cause a conformation change of PKB, leading to variability 
in Ser473 phosphorylation while Thr308 phosphorylation remains unchanged. 
Similarly, PKCζ has been reported to act as a negative regulator of PKB by 
direct binding [21]. Therefore, depending on the cell types and the stimuli used, 
PKCα activation may have controversial effects on PKB phosphorylation  
[20, 36, 38, 40]. 
PKB activation is believed to occur near the cell membrane, where PI3 products 
are produced as a result of receptor stimulation. However, recent studies have 
shown that PKB can also be activated in the nucleus [41], where it may be 
phosphorylated at the endogenous level. On the other hand, PKC is thought to 
reside in the cytoplasm in an inactive conformation, translocating to the plasma 
membrane or cytoplasmic organelles upon cell activation by different stimuli 
[42]. A wealth of evidence has also shown that PKC is capable of translocating 
to the nucleus to regulate multiple biological processes as important as cell 
proliferation and differentiation, gene expression, neoplastic transformation, and 
apoptosis [43]. Wu also previously demonstrated that the translocation of PKCα 
from both the mitochondria and cytosol to the nucleus in gastric cancer BGC-823 
cells is accompanied by the induction of apoptosis [29]. Therefore, the nucleus 
could be another site for PKCα function in addition to the cytoplasmic location. 
The observation that PKCα is translocated into the nucleus following TPA 
treatment (Fig. 6A) led us to investigate whether PKCα translocation is 
correlated with its activation. In the presence of Gö6976, PKCα activity was 
repressed, and TPA no longer exhibited an inhibition of cytoplasmic and nuclear 
PKB expression in BGC-823 cells (Fig. 7A). However, during the treatment of 
WGA, PKCα translocation was blocked, but its activity remained in the 
presence of TPA. Under this circumstance, TPA inhibited cytoplasmic but not 
nuclear PKB (Fig. 8). This phenomenon implies that PKCα activity is important 
for the suppression of PKB. Once activated by TPA, PKCα would exert its 
inhibitory function on PKB in the nucleus [this study], the plasma membrane or 
cytoplasmic perinuclear region [44, 45]. Together, these findings reveal a novel 
physiological function of PKCα in the negative regulation of PKB activity.  
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