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Abstract Hepatocyte cell adhesion molecule (Hepa-
CAM) plays a crucial role in tumor progression and has
been recognized as a novel tumor suppressor gene. The
high protein expression level of protein kinase Ce
(PKCg¢) has been discovered in many tumor types. In the
present study, we determined HepaCAM and PKCe
protein levels in human clear cell renal cell carcinoma
(ccRCC) tissues and analyzed the correlation between
them. We observed an inverse relationship in the
expression of HepaCAM and PKCe in ccRCC and
adjacent normal tissues. In ccRCC tissue, HepaCAM
expression was undetectable while PKCe expression was
high; the opposite was found in the adjacent normal
tissue. Western blot analysis demonstrated that PKCe
cytosolic protein levels increased while plasma mem-
brane protein levels decreased without any change in
total protein following infection of the ccRCC cell line
786-0 with adenovirus-GFP-HepaCAM (Ad-GFP-Hepa-
CAM). Moreover, the application of Ad-GFP-HepaCAM
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combined with a PKCe-specific translocation inhibitor
(eV1-2) effectively inhibited 786-0 cell growth. Ad-
mediated expression of HepaCAM in 786-0 cells reduced
the levels of phosphorylated AKT and cyclin D1 and
inhibited cell proliferation. In summary, our studies point
to interesting connections between HepaCAM and PKCe
in tissues and in vitro. HepaCAM may prevent the
translocation of PKCe from cytosolic to particulate
fractions, resulting in the inhibition of 786-0 cell prolif-
eration. Therapeutic manipulation of these novel protein
targets may provide new ways of treating ccRCC.
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Introduction

Renal cell carcinoma accounts for 2-3 % of adult malig-
nancies, and the incidence of this disease in developed
countries is higher than in developing countries [1]. It has
been known for years that clear cell renal cell carcinoma
(ccRCC) is the most common type of kidney cancer,
unfortunately most are not sensitive to traditional radio-
therapy and chemotherapy. Approximately 20-40 % of
patients undergoing nephrectomy develop multiple organ
metastases [2]. Although therapeutic approaches have
slowly improved over time, effective novel treatments for
ccRCC are urgently needed.

Hepatocyte cell adhesion molecule (HepaCAM) was
originally identified in hepatocellular cancer, and its
mRNA level has been shown to be down-regulated in
diverse cancer types [3-5]. Further investigation revealed
that it functioned like a typical tumor suppressor gene,
and that it was involved in many important signaling
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pathways [6, 7]. Interferon-y has been shown to regulate
HepaCAM expression levels in the human bladder cancer
cell line, BIU-87, and promote GO/G1 phase arrest [8]. It
has also been shown in cancer cell lines like MCF7,
U373-MG, and T24 that exogenous expression of Hep-
aCAM promotes cell cycle arrest [6, 9, 10]. Furthermore,
it has been shown that exogenous expression of Hepa-
CAM in 786-0 and RC-2 renal cancer cells was involved
in c-Myc degradation [11].

The protein kinase C (PKC) family of serine/threonine
kinases consists of at least 11 isoforms that contribute to
cancer proliferation, apoptosis, metastasis, and drug-
resistance [12—-14]. The PKC family is made up of three
major categories according to structure and biochemical
features: the classical isoforms («, PI, BII, and y), the
novel isoforms (J, ¢, 71, 6, and u), and the atypical iso-
forms ({ and A1). Among them, PKCe, a transforming
oncogene, has been recognized as a representative
member of the novel isoforms that contains a C-terminal
kinase catalytic element and an N-terminal regulatory
region. There are two special regions at the N-terminus,
C1 and C2. The C1 domain can influence protein—protein
interactions and anchor PKCe to special subcellular
membranes, which is determined by the cell type and
second messengers, where it becomes an activated form
[15, 16]. The C2 moiety of PKCe can mediate activated
PKCe binding to its specific receptor called receptor for
activated C kinase € (RACKe), which is located in the
cell membrane [17]. Furthermore, the PKCe transloca-
tion-specific inhibitor peptide, €V1-2, which is derived
from the C2 fragment, is capable of targeting RACKe
and hampering PKCe translocation [18].

Although much of the research has focused on key
molecules involved in cancer cell growth that were reg-
ulated by means of HepaCAM, potential molecules that
are associated with ccRCC growth have not been eluci-
dated. Preliminary experiments conducted in our labora-
tory have suggested that exogenous expression of
HepaCAM could upregulate BCL-2 and downregulate
BAX in 786-0 cells (data not shown), which prompted us
to take a closer look at PKCe. Its overexpression in many
tumor types has been shown to modulate cell proliferation
and apoptosis, and the activated form of PKCe was found
to be associated with the cell membrane, similar to the
location of HepaCAM as described previously [3, 19].
The purpose of our work was to clarify the molecular
mechanisms responsible for the upregulation of Hepa-
CAM, which resulted in the inhibition of proliferation of
786-0, a clear cell renal cancer cell line. Furthermore, we
also investigated the effect of HepaCAM on PKCe
intracellular redistribution in vitro, and whether Hepa-
CAM could be a novel pharmacological target for treating
this disease.
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Materials and methods
Tissues

Fifteen human normal liver tissues were purchased from
the department of tissue specimen database, and got all
official licenses. Thirty-six tumor specimens and 36 adja-
cent non-cancerous tissue specimens were collected from
patients seen in the Department of Urology, The First
Affiliated Hospital of Chongqing Medical University
(Chongqing, China) from 2012 to 2013. All patients
underwent partial resection or radical nephrectomy, and
samples were confirmed post-surgery using pathological
examination according to the 2009 AJCC TNM-staging
system and the 1997 WHO recommended Fuhrman four-
grade system and pathological classification criteria of
RCC [20, 21]. All specimens were stored in liquid nitrogen
until use. Informed consent was obtained from all patients
and the hospital’s Ethics Review Committee approved the
study.

Cell line and culture conditions

The human ccRCC cell line, 786-0, was purchased from Ai
Biological Research (Shanghai, China). 786-0 cells were
cultured in RPMI 1640 medium (Life Technologies,
Carlsbad, CA, USA) containing 10 % fetal calf serum (Life
Technologies) at 37 °C in an incubator with a humidified
atmosphere of 5 % CO,.

Immunohistochemistry

All tissues, upon removal from liquid nitrogen storage,
were fixed in formalin and embedded in paraffin. Samples
were cut on a microtome into 5 pm thick sections, depa-
raffinized in xylene, and rehydrated in graded alcohol.
Endogenous peroxidase activity was blocked using a 3 %
H,O, solution. Sections were rehydrated in sodium citrate
buffer and heated for 30 min for antigen retrieval. Sections
were then incubated with normal goat serum diluted 1:10 in
phosphate-buffered saline (PBS) for 1 h. Rabbit anti-Hep-
aCAM polyclonal antibody (ProteinTech, Wuhan, China)
and mouse anti-PKCe monoclonal antibody (BD Biosci-
ences, San Jose, CA, USA) (dilution 1:200) were added to
sections and incubated at 4 °C overnight. Sections were
then treated with biotin-labeled anti-IgG and avidin-biotin
horseradish peroxidase complex. Staining was carried out
using diaminobenzidine (DAB), which was stopped when a
brown color developed, and then counterstained with
Mayer hematoxylin. The slides were then incubated in a
reagent containing 99 % ethanol and 1 % hydrochloric
acid and stained with lithium carbonate. Images were
captured using microscopy and analyzed using IPP6.0
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image analysis software. Percent positive staining and
intensity were determined as described by Ruckhaberle
et al. [22].

Immunoblot analysis

Adenovirus-GFP (Ad-GFP) and Adenovirus-GFP-Hepa-
CAM (Ad-GFP-HepaCAM) were kind gifts from the
Department of Laboratory Diagnosis, Chongqing Medical
University. The specific PKCeg translocation inhibitor, eV 1-
2 (AnaSpec Inc., Fremont, CA, USA), was used to study
the function of PKCe translocation. 786-0 cells were sub-
jected to €V1-2, Ad-GFP, and Ad-GFP-HepaCAM, indi-
vidually or in combination after cells had attached to the
bottom of the culture flask. Cells were harvested when
green fluorescence could be seen in 70-80 % of cells in a
random microscopic field, usually after 48 h. Cell total
protein, plasma membrane, and cytosolic fractions were
extracted using the Membrane and Cytosol Protein
Extraction Kit (Beyotime Biotechnology, China) following
the manufacturer’s protocol. Briefly, to extract total pro-
tein, cells were washed three times with PBS and then
harvested in RIPA lysis buffer with added PMSF and
phosphatase inhibitor (Na;VO, and NaF) (Roche, Swit-
zerland) on ice and vortexed every 10 min for 30 min. The
lysed cells were centrifuged at 12,000 rpm for 30 min at
4 °C (Bio-Rad, USA), and the supernatant was removed.
To extract membranes and cytosolic fractions, cells were
lysed in isolation buffer (20 mM Tris—HCI, pH7.5 con-
taining 10 mM MgCl,, 2 mM EGTA, 2 mM EDTA,
100 mM RIPA, 1 mM PMSF, 1 mM NaF, 1 mM NazVOy,,
and 2 mM dithiothreitol) on ice for 15 min. To ensure that
the cell samples were completely lysed, they were sub-
jected to 3-5 freeze (liquid nitrogen)/thaw (room temper-
ature) cycles until ~70 % of the cells were lysed as seen
under light microscopy. The lysed cells were then centri-
fuged at 700x g for 10 min at 4 °C to eliminate nuclei and
unlysed cells. The supernatant was collected (cytosolic
fraction) after centrifugation at 14,000xg for 30 min at
4 °C. Finally, the sediment was lysed in buffer containing
1 % Triton X-100 for 15 min at 4 °C and centrifuged at
14,000x g for 5 min at 4 °C, which yielded the plasma
membrane fraction in the supernatant. Protein concentra-
tion was measured using the BCA protein assay Kit
(Beyotime Institute of Biotechnology, Shanghai, China).
Equal amounts of membrane, cytosolic, and total extracts
(120 pg) were prepared and subjected to SDS-polyacryl-
amide gel electrophoresis. Proteins were then transferred to
a PVDF membrane and incubated with specific primary
antibodies against HepaCAM, GAPDH (Proteintech,
Wuhan, China), PKCe (BD Biosciences), Na*/K"-ATPase,
phosphorylated AKT (p-AKT) and total AKT (Cell Sig-
naling Technology, Beverly, MA, USA), cyclinD1, and B-

actin (Santa Cruz Biotechnology, Dallas, TX, USA).
Detection was carried out using HRP-conjugated secondary
antibodies. Images were captured using an Odyssey scan-
ner (LI-COR Biosciences, Lincoln, NE, USA) and ana-
lyzed using Quantity One software. Data were derived
from three independent experiments.

CCK-8 assay

To explore the optimum concentration of €V1-2 and time
point to use for inhibiting growth, cell proliferation was
evaluated using the Cell Counting Kit-8 assay (7Sea Bio-
tech, Shanghai, China). 786-0 cells were plated in 96-well
plates at a density of 2,000 cells per well. eV1-2 was then
added to the plates at concentrations of 0.5, 1, 5, 10 puM,
and cultured for 3, 6, 12, 24, and 48 h after the cells had
attached. A total of 10 pl of a CCK-8 solution was added to
each well, and plates were incubated for an additional 3 h.
Thereafter, O.D. was assessed by measuring the absor-
bance at 450 nm. Three independent experiments were run
per condition.

Colony formation assay

Harvested cells were resuspended in RPMI 1640 medium
and seeded in 6-well plates at ~500 cells per well, and
then 24 h later, cells were treated with Ad-GFP, Ad-GFP-
HepaCAM, and €V1-2 individually or in combination.
Plates were incubated for 2 weeks in an incubator. Fresh
culture medium was added one time after 10 days. After
staining the cells with 0.005 % crystal violet, we counted
the number of colonies containing more than 50 cells.

Statistical analyses

All statistical analyses were performed using SPSS 16.0
software, and all data are shown as the mean =+ standard
deviation (SD). HepaCAM and PKCe tissue protein levels
were correlated using Pearson analysis. Comparison of data
between two or more groups was carried out using ¢ tests
and one-way ANOVA. p value of less than 0.05 was
considered significant.

Results

HepaCAM expression decreased while PKCe
expression increased in ccRCC tissues

To investigate whether there was any correlation between
HepaCAM and PKCe expression, we used anti-PKCe and
anti-HepaCAM antibodies to detect the expression of
PKCe and HepaCAM in 36 ccRCCs and adjacent tissues.

@ Springer
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Fig. 1 The expression of HepaCAM and PKCe in clear cell renal cell
cancer and adjacent nonmalignant tissues was determined using
immunohistochemistry. HepaCAM was undetectable in clear cell
cancer (a), but upregulated in adjacent normal samples, especially at
the cytomembrane of kidney tubules (b). PKCe was found to be
highly expressed in clear cell cancer tissues, especially in cell-

Data showed that HepaCAM was weakly expressed in
ccRCC tissues, but strongly expressed in adjacent tissues,
especially in cytomembranes of kidney tubules (Fig. la, b;
p < 0.05, Table 1). However, for PKCe, adjacent tissue
expression levels were lower than in cancer tissues. Fur-
thermore, we found that PKCe was more highly expressed
in the cytoplasm and membrane, especially in cell-con-
nected membranes, than in nuclei (Fig. lc, d; p < 0.05,
Table 1). In order to make it clear whether HepaCAM
antibody 1is specific, we used human normal liver tissues
served as control (Fig. le, f). We used the mean density for
estimating the protein expression level of HepaCAM and
PKCe. Results suggested that there was a negative linear
correlation between HepaCAM and PKCe expression in the
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connected membranes (c), but showed weak expression in adjacent
tissues (d). Gray areas indicate positive. In human liver, HepaCAM
expression served as positive control (e), liver PBS, renal cancer PBS,
and HepaCAM note negative control (f-h). The original magnifica-
tion was x400. The correlation curve shows HepaCAM versus PKCe
in ccRCC specimens using Pearson analysis (r = —0.599, p < 0.05, i)

same patient according to Pearson analysis (r = —0.599,
p < 0.05, Fig. 1i), and a higher expression level of PKCe
was associated with a higher T stage and Fuhrman grade
(p < 0.05, Table 1). However, there was no significant
difference in age, sex, or disease recurrence.

Overexpression of HepaCAM-blocked PKCe
translocation from cytoplasm to plasma membrane

To further explore the relationship between HepaCAM and
PKCse in vitro, we infected 786-0 clear cell cancer cell lines
with Ad-GFP-HepaCAM and investigated whether Hepa-
CAM affected PKCe redistribution or total protein level.
We extracted plasma membrane, cytoplasm, and total
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Table 1 The clinical parameters of HepaCAM and PKCe expression in ccRCC tissues
Variables No. (%) HepaCAM PKCe Mean density (mean + SD) p value
- + - + HepaCAM PKCe HepaCAM PKCe
Tissue
Cancer 36 33 3 10 26 0.005 £ 0.017 0.081 &+ 0.074 0.034* 0.048*
Adjacent 36 4 32 22 14 0.079 £ 0.056 0.007 £+ 0.023
Age
>60 23 (64) 20 3 16 0.005 £ 0.059 0.083 £+ 0.034 0.412 0.369
<60 13 (36) 13 0 10 0.007 £ 0.050 0.078 £+ 0.087
Sex
Male 25 (69) 23 2 17 0.004 £ 0.032 0.084 + 0.074 0.322 0.407
Female 11 (31) 10 1 9 0.009 £ 0.011 0.077 &+ 0.039
Stage
T1a-T2b 30 (83) 27 3 10 20 0.007 £+ 0.012 0.063 = 0.049 0.277 0.032*
T3a-T4 6 (17) 6 0 0 6 0.001 £ 0.008 0.090 + 0.016
Grade
G1-G2 29 (81) 26 3 9 20 0.006 £ 0.021 0.073 £+ 0.055 0.249 0.013*
G3-G4 7 (19) 7 0 1 6 0.002 £ 0.011 0.088 £ 0.027
Occurrence
Primary 27 (75) 25 2 8 19 0.006 £+ 0.014 0.065 = 0.020 0.605 0.428
Recurrence 9 (25) 8 1 2 7 0.005 £ 0.026 0.072 % 0.062

* p < 0.05 considered significant

PKCe protein from cells expressing HepaCAM. Western
blot analysis revealed that the 786-0 cell line was suc-
cessfully infected with Ad-GFP-HepaCAM and Ad-GFP.
The cytosolic protein level increased while the membrane
protein level decreased remarkably in HepaCAM-over-
expressing cells; however, total PKCe protein remained
unchanged. Cell membrane B-actin blots uncovered the
purity of membrane protein extractions, which should be
expressed in cytoplasm substantially (p < 0.01, Fig. 2a, b).
In short, HepaCAM could block PKCe redistribution from
cytosolic to plasma membrane fractions in cells compared
with blank and GFP controls.

HepaCAM and €V1-2 effectively inhibited ccRCC cell
line proliferation

€V1-2 inhibited 786-0 cell proliferation in a concentration
and time-dependent manner according to CCK-8 assay
data. However, the highest inhibition rate was only about
40 % at 24 h (p < 0.05, Fig. 3a). We chose the optimum
concentration of ¢V1-2 (10 pM) and Ad-GFP-HepaCAM
with which to treat 786-0 cells for 14 days, and subse-
quently stained the cells with 0.005 % crystal violet.
Results showed that after exposure to Ad-GFP-HepaCAM
and €V1-2, cells had a significantly lower colony formation
potential compared with cells infected only with Ad-GFP-
HepaCAM (p < 0.05, Fig. 3b, c). However, €V1-2 could

only partially inhibit clonal growth. We then examined
p-AKT, total AKT, and cyclin D1, key proteins involved in
cell cycle modulation, using western blotting. The data
revealed that after treatment with Ad-GFP-HepaCAM and
eV1-2, the levels of p-AKT and cyclin DI were signifi-
cantly lower compared with those in cells only infected
with Ad-GFP-HepaCAM. Total AKT protein level, how-
ever, was not affected by the different conditions. We also
found that €V1-2 alone could partially reduce the levels of
p-AKT and cyclinD1, which may explain the observed
effects on proliferation and colony formation (p < 0.05,
Fig. 3d, e).

Discussion

In this study, we determined HepaCAM and PKCe
expression profiles in ccRCC tissues and showed that
HepaCAM could block PKCe translocation from cytosolic
to cell plasma membrane fractions after infection of the
786-0 clear cell renal cancer cell line with Ad-GFP-Hep-
aCAM. Interestingly, cells infected with Ad-GFP-Hepa-
CAM and treated with €V1-2 at the same time were more
strongly growth-inhibited than when cells were infected
with Ad-GFP-HepaCAM alone.

As mentioned above, deletion of the HepaCAM gene
has been shown to occur in many cancer types, while the

@ Springer



100

Mol Cell Biochem (2014) 391:95-102

1.0 EA Blank
£33 GFP
E GFP-HepaCAM

Normalized expression &%
IS
(=)}
1

i H » 5

Total Membrane Cytosolic Total
HepaCAM PKCe

A Blank GFP  GFP-HepaCAM
s HepaCAM (72KDa)
Total
——— e < (-actin (43K Da)
PKCs (90KDa)
Membrane B-actin (43KDa)
— — Na*/K*-ATPase (100KDa)
PKCe (90KDa)
Cytosolic -
B-actin (43KDa)
‘— WSS PKCe (90KDa)
Total
| e— e s [-actin (43KDa)

Fig. 2 HepaCAM exogenous expression could block PKCe translo-
cation from the cytoplasm to the plasma membrane in 786-0 cells.
Analysis of western blots indicated that HepaCAM was expressed
successfully. After infection with Ad-GFP-HepaCAM, membrane
protein was decreased, cytosolic protein was increased, but total
PKCe protein was not affected by HepaCAM. Plasma membrane [3-

expression of PKCe was usually found to be upregulated.
In this study, using immunohistochemistry, we showed that
PKCe expression was lower in adjacent tissues compared
with ccRCC cancer tissues, and that HepaCAM was
expressed in an inversely related manner. In addition,
HepaCAM was expressed strongly in adjacent noncancer-
ous kidney tubule tissues but expression was completely
lost in the most ccRCC tissues. Perhaps, this explains the
ccRCC original development site, which is derived from
kidney tubule tissue [21].

PKCe dysfunction has been shown to cause numerous
cancers [13]. Translocation from the cytoplasm to the
membrane in concert with phosphorylation of Ser-729 are
regarded as the key steps in PKCeg activation and cancer
development [23]. To explore the relevance between
HepaCAM and PKCeg, we studied these proteins in the
786-0 clear cancer cell line infected with Ad-GFP-Hepa-
CAM using western blotting. Western blot studies revealed
that the cytosolic protein level increased while the plasma
membrane protein level decreased without any changes to
the total PKCe protein levels in HepaCAM-overexpressing
cells. On the basis of these results, we speculate that
HepaCAM can affect the PKCe Ser-729 phosphorylation
process without changing its total protein level. Both pro-
teins have been shown to localize to the cell membrane,
which may be important in this process.

As a tumor suppressor gene, the forced expression of
HepaCAM has the potential of abrogating many cancer cell
type-related growth effects, which has been fully demon-
strated in numerous previous studies [3, 7, 11]. HepaCAM
displays a typical structure of an immunoglobulin (Ig)-like
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actin blots illustrate the high purity of membrane fractions. Results
shown were from three independent experiments, the histogram of
expression represent mean + SD, with relative intensity normalized
to B-actin and Na*/K*-ATPase individually, and with GFP and blank
as controls (**p < 0.01, a, b)

adhesion molecule, which includes two extracellular Ig-
like domains, a transmembrane segment, and a cytoplasmic
fragment [3]. Published reports indicate that the cytoplas-
mic domain of HepaCAM is essential to MCF7 cell func-
tion with regard to cell-matrix interaction and cell motility
[24]. Interestingly, RACKe was associated with cell
membrane sites [17]. Moreover, 1 integrin, a cell adhe-
sion molecule similar to HepaCAM, was reported to
interact with PKCe in renal cancer cells [25]. To collect
more accurate data concerning potential interactions
between HepaCAM and PKCe or other PKC isoforms,
primary cell culture and immunoprecipitation techniques
will be applied in subsequent future investigations.

PKCe is an interesting molecule that can modulate cell
pathophysiologic changes in a bilateral manner. The
upregulation of PKCe has been shown to have positive
effects in cerebral ischemic reperfusion injury and Alz-
heimer’s disease [26, 27]. However, increased protein
levels of PKCe have also been shown to occur in non-small
cell lung tumors and leukemia [14, 28]. Genetic ablation of
PKCe has also been shown to prevent prostate cancer
development [12]. Its involvement in various conditions
and diseases suggests that PKCe plays a role in various
signaling pathways resulting in the modulation of both
physiological and pathophysiological activities.

Activation of the Ras/Raf/MAPK, PI-3K/AKT, NF-«xB,
and Stat3 pathways by PKCe has been described previously
[29-31]. In this study, we showed that PKCe was highly
expressed in ccRCC tissues. We also demonstrated that
PKCe was activated because central downstream proteins
of PKCe that control the cell cycle, namely p-AKT, AKT,
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Fig. 3 HepaCAM and €V1-2 were effective at inhibiting 786-0 cell
growth. CCK-8 assay results revealed that the specific inhibitor of
PKCe translocation, €V1-2, increased the 786-0 cell inhibition rate in
a concentration and time-dependent manner. Time points included 3,
6, 12, 24, and 48. ¢V1-2 at 10 uM incubated for 24 h were the
optimal concentration and time to use in the experiment (*p < 0.05,
a). The number of colonies decreased substantially after exposure to
Ad-GFP-HepaCAM and €V1-2 compared with Ad-GFP-HepaCAM

and cyclin D1, showed protein changes on western blots.
Moreover, the colony formation assay confirmed the
effectiveness of ¢V1-2 and HepaCAM through both inhi-
bition of PKCe translocation. The combination of £V1-2
and HepaCAM was more potent at inhibiting 786-0 cell
growth compared with HepaCAM alone. As a specific
inhibitory peptide, €V1-2 alone, in theory, should have
been enough to inhibit cell growth, however, our results
demonstrated that €V1-2 only partially inhibited 786-0 cell
growth. We speculate that differences in the tumor
microenvironment and molecular pathways in tumor cells
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alone, but €V1-2 alone had a partial effect on clone formation (b).
Every colony with more than 50 cells was included in the analysis.
The histogram illustrates the number of colonies per plate (*p < 0.05,
¢). Data from western blots show changes in p-AKT and cyclin D1
protein levels after cells were exposed to different conditions (d). The
total AKT protein level was not changed. The bar graph indicates the
relative intensity of each group, with quantified expression normal-
ized to GAPDH (e) (*p < 0.05)

may explain the partial inhibition observed with €V1-2
alone. HepaCAM may act upstream of PKCe, and there
may be many other pathways involved in HepaCAM
control of 786-0 cell growth and development.

Taken together, our work showed that HepaCAM pro-
tein expression was decreased while PKCe expression was
increased in ccRCC tissues, and there was a negative linear
correlation between them. Exogenous expression of Hep-
aCAM in 786-0 cells blocked PKCe translocation from
cytosolic to plasma membrane fractions, preventing acti-
vation of PKCe, and HepaCAM, and €V1-2 exerted a
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synergistic anti-proliferative effect. This offers us a better
understanding of HepaCAM and PKCe in ccRCC tumori-
genesis, which may lead to the development of an appro-
priate therapeutic approach to be considered in the future.
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