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Jam3 promotes migration and suppresses apoptosis
of renal carcinoma cell lines
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Abstract. As a common type of renal cancer, renal cell carci-
noma (RCC) has a high annual mortality rate. The incidence
of RCC has been increasing in China and worldwide. A large
number cases of RCC are diagnosed at late stages, often with
local and/or systematic metastasis. Surgical resection of RCC
is only suitable for a small number of patients with early stage
tumors, and thus, novel therapeutic methods are required.
Junctional adhesion molecule 3 (Jam3) is a member of the
junctional adhesion molecule family, which has been linked
to epithelial and cancer cell proliferation. The present study
investigated whether the Jam3 gene affected RCC growth via
proliferation and apoptosis. The expression and biological
function of Jam3 in renal carcinoma cells was investigated. The
mRNA and protein levels of Jam3 were examined by reverse
transcription-polymerase chain reaction and western blot anal-
yses. The role of Jam3 in the migration and apoptosis of renal
carcinoma cells was determined using small interfering RNA,
wound-healing assays, flow cytometry, and cell migration
assays. In the cell migration assays, E-cadherin, N-cadherin,
integrin B1, and matrix metalloproteinase (MMP)-2 proteins
were detected by western blot analysis. It was shown that the
expression of Jam3 was significantly elevated in human renal
carcinoma cells compared with that in renal tubular epithelial
cells. The knockdown of Jam3 inhibited renal carcinoma cell
migration and promoted renal carcinoma cell apoptosis. It
also increased the protein levels of E-cadherin and reduced
the protein levels of N-cadherin, integrin 1 and MMP-2. The
inhibition of Jam3 promoted migration and suppressed apop-
tosis of renal carcinoma cells via regulation of the expression
of E-cadherin, N-cadherin, integrin 1 and MMP-2. Therefore,
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Jam3 was suggested as a novel target gene for the diagnosis
and treatment of RCC.

Introduction

Renal cell carcinoma (RCC) is a metastatic, heterogeneous
disease that is resistant to conventional treatment modali-
ties (1,2). Resistance to therapy continues to be a major
challenge to the effective treatment of patients with metastatic
RCC (2,3). It is estimated that ~25% of patients have advanced
stage RCC, which includes locally invasive or metastatic RCC.
In addition, it was reported that one-third of patients who
underwent partial lesion resection experienced recurrence (4).
The median survival rate of patients with metastatic cancer is
~13 months (5). Therefore, a more effective treatment for RCC
is urgently required. In previous years, gene-targeted therapy
has become promising for the treatment of RCC. Over the last
decade, the treatment of RCC has evolved to include drugs
that target the vascular endothelial growth factor (VEGF) and
mammalian target of rapamycin (mTOR) pathways, resulting
in substantially improved outcomes for the patient popula-
tion (6). However, despite prolonged survival rates, the majority
of patients develop resistance to VEGF- and mTOR-targeted
therapies. It is important to identify novel anticancer agents to
combat this life-threatening disease (6).

Junctional adhesion molecule 3 (Jam3) is a vascular adhe-
sion molecule, which regulates adhesion and interactions
among or between cells and the extracellular matrix (5). It has
been reported that Jam3 enhances the expression and activation
of adhesion molecules in vascular endothelial cells (7,8). The
methylation status of Jam3 is a biomarker for the diagnosis of
preneoplastic and neoplastic lesions of the cervix and promotes
cervical cancer progression (9). Therefore, the present study
examined whether Jam3 enhanced and influenced migration
and apoptosis in RCC. E-cadherins are calcium-dependent
cell adhesion proteins, and their enhancement can reduce
cancer migration (10). Integrins are cell adhesion receptors,
which are important in the interactions between cells and the
extracellular matrix, and in cell-cell interactions. Integrin {1
has also been shown to contribute to cancer migration (11).
Matrix metalloproteinase (MMP)-2 is known as an interstitial
collagenase and fibroblast collagenase encoded by the MMP-2
gene in humans. Tumor cells promote migration by degrading
collagen through the secretion of MMP-2. MMP-2 may alter
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tumor viability and invasion by regulating lymphangiogenesis
in addition to angiogenesis (12).

However, no study published to date has examined the
role of Jam3 in renal carcinoma cells. The present study
investigated whether the expression of Jam3 is increased in
renal carcinoma cells and determined the important migra-
tion protein of RCC in this process. The results may provide
information to assist in the development of novel therapeutic
targets and strategies for the treatment of RCC.

Materials and methods

Cell culture. The HK-2 cell line (adenovirus 50-immortal-
ized line of human renal tubular epithelial cells), Caki-1 and
786-0 cell lines (Simian virus 26-immortalized line of human
ACHN) were obtained from American Type Culture Collection
(Manassas, VA, USA) and cultured in Dulbecco's modified
Eagle's medium (DMEM) with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
The cells were cultured at 37°C in a 5% CO, atmosphere, and
growth status was measured using an inverted microscope. On
reaching 80-90% confluence, the cells were subcultured and
digested with trypsin. The cell activities were examined by a
routine MTT assay. The detailed protocol has been described
previously (13-16).

Western blot analysis. The HK-2, Caki-1 and 786-0 cells
were homogenized with M2 buffer containing 20 mM
Tris-HCl (pH 7.6), 0.5% NP-40, 250 mM NaCl, 3 mM EDTA,
2 mM DTT, 0.5 mM phenylmethylsulfonylfluoride, 20 mM
B-glycerophosphate, 1 mM sodium vanadate, and 1 pg/ml
leupeptin. Protein concentrations were determined using the
BCA assay (Bioteke Corporation, Beijing, China). Equal quan-
tities (40 pg) of protein homogenates were analyzed using 12%
sodium dodecyl sulfate polyacrylamide gel electrophoresis
and transferred onto a polyvinylidene fluoride membrane
(EMD Millipore, Billerica, MA, USA), which was then blocked
with Tris-buffered saline (TBS) and 0.1% Tween-20 (TBS-T)
containing 5% bovine serum albumin (Sangon Biotech Co.,
Ltd., Shanghai, China) for 2 h at 37°C. The membrane was
subsequently washed three times with TBS-T. The membranes
were probed with primary antibody overnight at 4°C followed by
incubation with secondary antibody for 1 h at room temperature.
The signals were detected via enhanced chemiluminescence
(GE Healthcare Life Sciences, Little Chalfont, UK) according
to the manufacturer's protocol. The band density was quanti-
fied using ImageJ software 5.0 (National Institutes of Health,
Bethesda, MD, USA) and normalized relative to glyceraldehyde
3-phosphate dehydrogenase (GAPDH). The primary antibodies
used were as follows: Monoclonal anti-Jam3 (WHO0083700M1,
1:2,000 dilution; human; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany), E-cadherin (5296; 1:1,000 dilution;
human; Cell Signaling Technology, Inc., Danvers, MA, USA),
N-cadherin (14215; 1:1,000 dilution; human; Cell Signaling
Technology, Inc.), integrin f1 (ab24693; 1:2,000 dilution;
human; Abcam, Cambridge, UK), MMP-2 (ab86607; 1:2,000
dilution; human; Abcam), B cell lymphoma 2 (Bcl-2; ab692;
1:2,000 dilution; human; Abcam) Bcl-2-associated X protein
(Bax; ab77566; 1:2,000 dilution; human; Abcam), and GAPDH
(s€293335; 1:2,000 dilution; human; Santa Cruz Biotechnology,
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Inc., Santa Cruz, CA, USA). A horseradish peroxidase-labeled
secondary antibody (7076; 1:1,000 dilution; human; Cell
Signaling Technology, Inc.) was used as the secondary antibody.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. The HK-2, Caki-1 and 786-0 cells
were cultured in six-well plates for 24 h. RNA was obtained
from these cells using lysis buffer (Bioteke Corporation)
and reversed transcribed using a Prime ScriptRT reagent kit
(Takara Bio, Inc., Shiga, Japan) according to the manufac-
turer's protocol. The mRNA expression level of Jam3 was
determined via qPCR analysis. The reaction was processed
using Real Master mix (SYBR-Green; Tiangen Biotech Co.,
Ltd., Beijing, China) in a total volume of 10 ul containing
2 ul cDNA, 5 ul SYBR solution, 0.15 pul each of forward and
reverse primers, and up to 2.7 ul ddH,O. The primer sequences
for Jam3 were as follows: Forward 5-CGTAGTTAGGGT
TGGGATTC-3' and reverse 5'-GAAATCCGACGACTATCC
GA-3'; and the primer sequences for [3-actin were as follows:
Forward 5-GTGGACATCCGCAAAGAC-3' and reverse
5-GAAAGGGTGTAACGCAACT-3". The PCR amplifica-
tion was performed as follows: 95°C for 10 min, followed
by 40 cycles at 95°C for 15 sec, and 58-60°C for 1 min, in a
total volume of 10 ul based on the 7900HT Fast Real-Time
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The expression of Jam3 was analyzed using the 2444
method (17).

Cell transfection. The Caki-1 and 786-0 cells were cultured
in serum-free DMEM without antibiotics. Jam3 small inter-
fering (si) RNA (sc-43872) and negative siRNAs (sc-37007)
were obtained from Santa Cruz Biotechnology, Inc. The
cells were transfected using Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. Following 6 h of transfection, fresh medium was
added to the transfected cells and cultured for up to 24 h. The
cells were collected to verify gene silencing by assessing the
protein expression of Jam3 using western blot analysis.

Flow cytometry. Following transfection with or without Jam3
siRNA for 6 h, fresh medium was added to the transfected cells
and cultured for up to 24 h, Subsequently, Annexin V/prop-
idium iodide staining was detected by flow cytometry using
the APC Annexin V kit (BD Biosciences, Franklin Lakes, NJ,
USA) according to the manufacturer's protocol. The flow cyto-
metric analysis was performed using SLR II flow cytometer
software. Data were analyzed using FACSDIVA software 6.0
(BD Biosciences).

Wound-healing assay. The Caki-1 and 786-0 cells were seeded
in six-well plates at a density of 2x10° cells per well. The cells
were then transfected with negative or Jam3 siRNA for 24 h and
grown to 80-90% confluence. The cell layers were scratched with
a 20-ul pipette tip, washed three times with phosphate-buffered
saline and cultured in medium without FBS. Images of the
wound area were captured using a fluorescence microscope
every 24 h. The cells on either side of the wound migrated into
the cell-free area. The widths of three different wound surfaces
of each group were recorded and measured using Imagel soft-
ware. The experiment was repeated at least three times.
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Figure 1. mRNA and protein expression of Jam3 in HK-2, Caki-1 and 786-0 cells. (A) Western blot analysis was performed to detect the protein level of
Jam3, which showed that the protein expression of Jam3 in Caki-1 and 786-0 cells was increased compared with that in HK-2 cells ("P<0.05). (B) Reverse
transcription-polymerase chain reaction analysis was performed to determine the mRNA expression levels of Jam3. Caki-1 and 786-0 cells were compared
with HK-2 cells. 3-actin was used as a loading control ('P<0.05). Jam3, junctional adhesion molecule 3; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Cell migration assay. The Caki-1 and 786-0 cells were trans-
fected with non-specific or Jam3 siRNA for 24 h, and the cells
were digested, counted and suspended in serum-free DMEM.
Following this, 100 ul (2x10° cells) were seeded in the upper
chamber of a Transwell unit with an 8.0-ym polycarbonate
membrane (EMD Millipore) inserted in a 24-well plate, and
500 ul of culture medium with 10% FBS was added to the
lower chamber. The cells were cultured for 24 h at 37°C,
following which the cells on the top surface of the Transwell
chamber were removed using a cotton swab. The cells adhering
to the lower surface were fixed with 4% paraformaldehyde for
15 min and stained with crystal violet. The migration was
assessed using an inverted phase contrast microscope in five
randomly selected fields.

Statistical analysis. Data in the present study were
analyzed using GraphPad Prism 5.0 software (GraphPad
Software, Inc., La Jolla, CA, USA) and are presented as the
mean + standard deviation. Statistical differences between
multiple groups were compared using one-way analysis
of variance followed by Tukey's post hoc test or Student's
t-test (parametric)/Mann-Whitney (non-parametric) test.
If an overall test was significant, Tukey's test was used for
specific comparisons between individual groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

mRNA and protein levels of Jam3 in renal cancer cells. To
assess the differential expression of Jam3 in renal cancer
cells and normal renal cells, the present study determined the
mRNA and protein expression of Jam3 in the HK-2 human
renal tubular epithelial cell line and the Caki-1 and 786-0 renal
cancer cell lines. It was found that the protein expression of
Jam3 in Caki-1 and 786-0 cells was higher than that in HK-2
cells (P<0.05), as shown by the western blot analysis (Fig. 1A).
The PCR results showed that the mRNA expression of Jam3
was also higher in the Caki-1 and 786-0 cells compared with
that in the HK-2 cells (P<0.05; Fig. 1B). These results suggested
that the mRNA and protein levels of Jam3 were higher in renal
carcinoma cells. Therefore, its effects were examined in subse-
quent experiments.

Jam3 degeneration induces apoptosis of renal carcinoma
cells. To investigate the function of Jam3 on the prolifera-
tion and apoptosis of Caki-1 and 786-0 cells, siRNAs were

used. An siRNA targeting the Jam3 mRNA sequence was
transfected into Caki-1 and 786-0 cells, and the protein
levels of Jam3 were assessed by western blot analysis. The
results showed that Jam3 siRNA significantly silenced the
protein expression of Jam3 (P<0.05), compared with that in
the control group (Fig. 2A). The present study also exam-
ined whether Jam3 affected the apoptosis of Caki-1 and
786-0 cells using flow cytometry with FITC-Annexin V. The
flow cytometry results showed that the percentage of apop-
totic cells was higher in cells in which the Jam3 gene was
silenced (Fig. 2B).

Jam3 enhances the migratory ability of renal carcinoma cells.
To further support a function of Jam3 in renal cancer cell
migration, Jam3 was exogenously knocked down in Caki-1 and
786-0 cells using siRNA. The wound-healing assay revealed
that, 24 h post-wounding, the wound width was larger in the
Caki-1 and 786-0 cells in which the Jam3 gene was silenced,
compared with that in the non-specific siRNA group (P<0.05;
Fig. 3A and B). Notably, cell migration was measured via
Transwell assays. Jam3 siRNA knockdown significantly
enhanced the migration of the Caki-1 and 786-0 cells. Fewer
cells migrated in the Jam3 siRNA group (P<0.05; Fig. 3C),
compared with the non-specific siRNA group. These results
suggested that Jam3 exhibited a marked effect on renal
carcinoma cells, promoting the migration of Caki-1 and
786-0 cells and inhibiting Caki-1 and 786-0 cell migration
when downregulated.

Effects of Jam3 on E-cadherin, N-cadherin, integrin 1,
MMP-2, Bcl-2 and Bax in renal carcinoma cells. E-cadherin
and N-cadherin are link proteins between cells and are
important for the migration of cancer cells (18). Therefore, the
present study measured the protein levels of E-cadherin and
N-cadherin in Jam3 siRNA-transfected Caki-1 and 786-0 cells
compared with the non-specific siRNA-transfected cells. It
was found that the expression of E-cadherin was increased
and the expression of N-cadherin was decreased following
transfection with Jam3 siRNA, compared with the negative
siRNA (Fig. 4A). Integrin Pl can induce cancer cell migra-
tion (19), and it was found that the protein level of integrin 1
was also reduced in the Jam3 siRNA group, compared with
that in the control group (P<0.05; Fig. 4A). MMP-2 can
degrade type IV collagen and contributes to cancer cell inva-
sion (20). The knockdown of Jam3 in Caki-1 and 786-0 cells
reduced the protein levels of MMP-2 (Fig. 4A). These data
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Figure 2. Increased apoptosis of Caki-1 and 786-0 cells transfected with Jam3 siRNA. (A) Cellular Jam3 protein was collected from Caki-1 and 786-0 cells
transfected with non-specific siRNA or Jam3 siRNA, and the protein levels of Jam3 in each group were assessed by western blot analysis. GAPDH was used
as a loading control ("P<0.05). (B) Effects of Jam3 knockdown on the apoptosis of Caki-1 and 786-0 cells were measured using flow cytometry (‘P<0.05).
Jam3, junctional adhesion molecule 3; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; siRNA, small interfering RNA; PI, propidium iodide.

indicated that Jam3 knockdown caused an increase in
E-cadherin and Bax, and a decrease in N-cadherin, integrin f1,
MMP-2 and Bcl-2. All data for the Jam3 siRNA group were
statistically significant when compared with the non-specific
siRNA group (P<0.05, Fig. 4B).

Discussion

As a common type of renal cancer, RCC has a high annual
mortality rate (21-24). RCC accounts for ~3% of adult malig-
nant tumors and 85% of primary renal tumors. In China, renal
cancer was expected to account for 1.5% of all new cancer
cases in 2015, with a mortality rate of ~35% (25). Therefore,
the prognosis of RCC is poor (21-23,26,27). Surgical resec-
tion of RCC is only suitable for a limited number of patients
with early stage tumors (21,28-30). Several studies (13,31)
have examined novel oncotargets for RCC. The present study
identified Jam3 as an important gene in RCC, which has been
reported as a junctional adhesion molecule. In the present
study, the protein and mRNA levels of Jam3 were higher in
renal carcinoma cells (Caki-1 and 786-0), compared with
those in renal tubular epithelial cells (HK-2). It was reported
previously that Jam3 was overexpressed in gastric adenocarci-
noma tumors and was involved with the progression of gastric
tumor cells (32). Junctional adhesion molecule-C (JAM-C) is
a tight junction-associated transmembrane protein expressed
on mammalian endothelial cells. It is involved in leukocyte
diapedesis and interacts with the leukocyte integrin M2 (14).
Jam3 is involved in leukocyte transendothelial migration and
can form homophilic (JAM-C/JAM-C) and heterophilic inter-
actions with the leukocyte integrin a,f3,. In a previous study,

the effect of early administration of monoclonal antibodies
directed against JAM-C in cerulein-induced acute pancreatitis
was assessed (33). It was suggested that Jam3 expressed by
endothelial cells contributes to the pathophysiology of acute
pancreatitis and may be considered a target for clinical appli-
cations (33). The methylation status of Jam3 has been used as
a biomarker for the diagnosis of preneoplastic and neoplastic
lesions of the cervix (10). The present study found that renal
carcinoma cell apoptosis was enhanced following transfection
with Jam3 siRNA. Therefore, it was hypothesized that Jam3
inhibits renal carcinoma cell apoptosis. Previous results have
shown that the expression of Jam3 can be regulated during
B-cell maturation. Furthermore, the expression of JAM-C has
been used to divide CD27* B cells into two subtypes: JAM-C*
cells, as the major proportion of circulating CD27* cells in the
peripheral blood, and JAM-C" cells, identified as a phenotype
of germinal center B cells of secondary lymphoid organs.
JAM-C cells exhibit high expression of BCL6, a nuclear
proto-oncogene with a pivotal role in germinal center forma-
tion (33), whereas JAM-C* cells express a low level of BCL6,
which is a signature of extrafollicular cells (34).

According to the data obtained in the present study,
Jam3 knockdown in Caki-1 and 786-0 cells inhibited cancer
cell migration and the protein expression of N-cadherin,
and increased the expression of E-cadherin. The PDZ
domain-binding motif located in the cytoplasmic tail of JAMs
mediates interactions with intracellular scaffolding proteins,
including zonula occludens 1, thereby providing a link to the
cytoskeleton (35). Integrin Bl is considered to be important in
cell migration by redistributing integrins from the retracting
edges to the migrating front (36). Li et al and Dai et al previously
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demonstrated that endocytic integrin 1 accumulated at the
recycling endosome under starvation conditions, and was
recycled following acute stimulation (37,38). In human aortic
smooth muscle cells, KP-10 significantly suppressed angio-
tensin II-induced migration and proliferation, but increased
apoptosis and the activities of MMP-2 and MMP-9 via the
upregulation of extracellular signal-regulated kinase 1 and 2,
p38, Bax, and caspase-3. MMP-2 increases cancer cell migra-
tion by degrading extracellular collagen tissue (39).

In conclusion, the present study showed that Jam3
was expressed at a high level in renal carcinoma cells. The
downregulation of Jam3 significantly enhanced apoptosis
and suppressed migration of renal carcinoma cells. It is
known that the link proteins E-cadherin and N-cadherin, and
integrin 1 and MMP-2 are associated with tumor migra-
tion ability. According to the present study, transfection of
Jam3 siRNA in renal carcinoma cells promoted the protein
level of E-cadherin, and downregulated the protein levels
of N-cadherin, integrin 1 and MMP-2. Therefore, Jam3
may affect renal carcinoma cell migration and apoptosis by
regulating E-cadherin, N-cadherin, integrin f1 and MMP-2.
However, whether Jam3 is also expressed at a high level in
clinical samples remains to be elucidated. The present study
did not examine in vivo Jam3 levels in patients with RCC;
however, this question is to be addressed in future investiga-
tions. Jam3 may be a potential target for clinical applications,
therefore, it is would be useful to examine this novel RCC
medicine in future investigations.
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