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Overexpression of REIC/Dkk-3 suppresses the
expression of CD147 and inhibits the proliferation
of human bladder cancer cells
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Abstract. Our group previously developed an adenoviral
vector encoding the REIC/Dkk-3 gene (Ad-REIC), a tumor
suppressor, for cancer gene therapy. The Ad-REIC agent
induces apoptosis and inhibits invasion in a number of cancer
cell lines; however, the molecular mechanisms underlying its
effects remain unclear. Cluster of differentiation 147 (CD147),
also known as extracellular matrix metalloproteinase inducer
(EMMPRIN), is a key molecule that promotes cancer prolif-
eration and invasion. In order to elucidate the therapeutic
mechanism of Ad-REIC, its effect on the expression of CD147
in human bladder cancer KK47 cells was investigated. Treat-
ment with Ad-REIC markedly downregulated the expression
of CDI147 and significantly inhibited cellular proliferation.
Since the expression of CDI147 is reported to be under the
positive control of mitogen-activated protein kinase (MAPK)
signaling and the c-Myc protein, the correlations between
the expression of CD147 and the activation of MAPKs or the
expression of c-Myc were examined. Unexpectedly, no positive
correlation was observed between the level of CD147 and the
potential regulators that were assessed, indicating that another
signaling pathway is responsible for the downregulation of
CD147. The results from the present study demonstrate that
Ad-REIC treatment can significantly downregulate the expres-
sion of CD147 in bladder cancer cells. Downregulation of the
cancer-progression factor CD147 may be a novel mechanism
that underlies the therapeutic effects of Ad-REIC treatment.
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Introduction

Bladder cancer is one of the most common urothelial malig-
nancies (1). Superficial bladder cancer can be treated by the
transurethral resection of bladder tumors; however, 50-70%
of noninvasive cancers recur and 15-30% of cases progress to
invasive muscle disease (1,2). Although systemic chemotherapy
is typically used in the treatment of the invasive bladder cancer,
recurrence and progression rates remain high. Bladder cancer
is therefore resistant to conventional therapeutic methods, and
novel therapeutic agents for the treatment of bladder cancer
are required (1).

The reduced expression in immortalized cells (REIC) gene
is also known as Dickkopf-3 (Dkk-3). A previous study from
our group reported that REIC/Dkk-3 is a tumor suppressor
gene that may be a target for future treatments (2). The expres-
sion of REIC/Dkk-3 is downregulated in a wide range of
human cancer types, including bladder cancer, which suggests
that REIC/Dkk-3 is a promising therapeutic gene (2,3). With
the expectation that the overexpression of REIC/Dkk-3 could
promote anticancer effects, our group previously developed
an adenovirus vector encoding the human REIC/Dkk3 gene
(Ad-REIC) and demonstrated that the Ad-REIC agent induced
cancer-specific apoptosis in a number of cancer cell lines (4),
and the phosphorylation of c-Jun N-terminal kinase (JNK)
was revealed to be an important step in inducing cancer cell
apoptosis (3-5). In addition, Ad-REIC inhibits cell motility
and invasion in various cancer cells; however, the molecular
mechanisms underlying these multiple therapeutic effects
remain unclear (4).

Cluster of differentiation (CD)147 [also known as extra-
cellular matrix metalloproteinase inducer (EMMPRIN) or
basigin] is a cell surface glycoprotein belonging to the immuno-
globulin superfamily. CD147 was demonstrated to be the most
frequently upregulated mRNA and protein in micro-metastatic
cells isolated from the bone marrow of patients with cancer,
suggesting that it serves a key role in tumorigenesis and metas-
tasis (6). The expression of the CD147 protein in cancer cells,
including urinary bladder, breast, lung, oral cavity, esophageal
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and skin cancer, as well as malignant lymphoma cells, has been
observed to be significantly increased compared with that in
the corresponding normal tissue (6). The elevated expression of
CD147 is correlated with tumor progression in bladder cancer,
glioma, giant cell tumor of bone, laryngeal squamous cell carci-
noma, ovarian carcinoma and melanoma, indicating that CD147
serves a significant role in the progression of cancer (6-11). It has
previously been demonstrated that CD147 is involved in the cell
glycolytic metabolic pathways that enable cancer cells to divide
and rapidly proliferate (12-14), providing an insight into the
molecular mechanisms underlying the role that CD147 serves
in cancer progression. In addition, the high expression of CD147
on the surface of cancer cells stimulates adjacent cancer cells
and fibroblasts to produce matrix metalloproteinases (6).

Since CD147 has rapidly emerged as a strong promoter
of the development and progression of cancer, the present
study investigated the regulation of CDI147 expression
by the Ad-REIC-mediated therapeutic overexpression of
REIC/Dkk-3, and examined the signaling pathways associated
with the downregulation of CD147.

Materials and methods

Cells and cell culture. Human urothelial cancer cell lines
(HT1376, RT4, T24, UMUCS3, J82, 5637, TCCsup), a mouse
bladder cancer cell line (MBT2) and human embryonic kidney
cells (HEK293) were obtained from the American Type
Culture Collection (Manassas, VA, USA). The KK47 human
bladder cancer cell line was kindly provided by Professor S.
Naito (Department of Urology, University of Kyushu, Fukuoka,
Japan) (15). The cells were grown in RPMI-1640 medium
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) supple-
mented with 10% (v/v) fetal bovine serum (FBS) (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA), penicillin
(100 TU/ml) and streptomycin (100 pg/ml) (2). Human normal
bladder urothelial cells (HUC; cat. no. 4320) were purchased
from ScienCell™ Research Laboratories, Inc. (San Diego, CA,
USA) and were cultivated using the medium recommended by
the supplier (16).

Construction and production of Ad-REIC. In order to generate
Ad-REIC vectors, pShuttle-SGE-REIC plasmids were
digested with the restriction enzymes I-Ceul and PI-Scel and
inserted into the Adeno-X Viral DNA (Clontech Laboratories,
Inc., Mountainview, CA, USA), as previously described (3,17).
Briefly, the recombinant adenoviral DNA with the full-length
human REIC/Dkk-3 gene was linearized by digestion with
Pacl and transfected into HEK293 cells. At 7-10 days
following transfection, the HEK293 cells were harvested,
and a viral solution was obtained by three freeze/thaw cycles.
The recovered virus solution was used to propagate sufficient
viruses in HEK?293 cells for further studies. All virus particles
were purified by CsCl density gradient ultracentrifugation
and were stored at -80°C. An adenovirus vector carrying the
LacZ gene (Ad-LacZ) was used as a control, as described
previously (3,5). The adenoviral vectors were produced using
replication-defective adenoviruses of serotype 5.

Assay for human telomerase reverse transcriptase (hTERT)
promoter-driving activityand CDI147 band density. The h\TERT
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promoter-driving activity was analyzed as previously
described (16). HUC, HT1376, RT4, T24, UMUC3, J82, 5637,
KK47, TCCsup and MBT?2 cells (4x10°) were plated in 6-well
plates in culture medium containing charcoal-stripped FBS.
The cells were cultured for 24 h, and the transient transfec-
tion of the luciferase-encoding plasmid with the advanced
two-step transcriptional amplification (TSTA) system were
performed using the Lipofectamine transfection reagent (Invi-
trogen; Thermo Fisher Scientific, Inc.). The advanced TSTA
system is a transcriptional system that can robustly enhance
the hTERT promoter-driven and cancer-specific expression of
genes (16). In the luciferase assay, the effector plasmid was
co-transfected with the reporter plasmid, which was derived
from the Dual-Luciferase Reporter Assay kit (Promega
Corporation, Madison, WI, USA). The cells were incubated
for 48 h, harvested and assayed for luciferase activity using
the luciferase assay kit and a luminescence microplate reader,
according to the manufacturer's protocol.

Western blotting. Western blotting was performed as previ-
ously described (2,3,17). KK47 cells (5x10°) were seeded in
flat-bottom 6-well plates, incubated for 24 h and then sampled.
In some experiments, the cells were treated with Ad-LacZ or
Ad-REIC at a multiplicity of infection (MOI) of 100 in 0.5 ml
of complete medium for 1 h, prior to the addition of 1.5 ml
of fresh medium and incubation of the cells for 24 h. Subse-
quently, the floating dead cells were removed and attached
cells were lysed with ice-cold lysis buffer to extract proteins.
The insoluble fragments were removed by centrifugation and
the supernatants were adjusted to an equal protein concentra-
tion in each experiment. The samples were separated on a
7.5% SDS-PAGE gel and transferred onto a polyvinylidene
fluoride membrane (EMD Millipore, Billerica, MA, USA)
for western blotting. Following the transfer, the membranes
were blocked for 1 h with 5% nonfat milk powder, 6% glycine
and 0.1% Tween-20 in Tris-buffered saline (TBST) at room
temperature. The membranes were incubated for 1 h at room
temperature with the following primary antibodies at 1:1,000
dilution: CDI147 (cat. no., EPR4052; Abcam, Cambridge, UK),
REIC/Dkk-3 (mouse monoclonal, raised in our laboratory) (17),
phospho-p38 mitogen-activated protein kinase (MAPK; cat.
no. 4511), phospho-p44/42 MAPK (Erk1/2; cat. no. 4370),
phospho-JNK (cat. no. 9251), phospho-c-Jun (cat. no. 2361),
c-Myc (cat. no. 9402) and p-actin (cat. no. 4967, all from Cell
Signaling Technology, Inc., Danvers, MA, USA). After three
washes in TBST, the membranes were incubated with a horse-
radish peroxidase-conjugated secondary antibody (dilution,
1:5,000; cat. no., NA931; GE Healthcare Life Sciences, Little
Chalfont, UK) for 1 h at room temperature. The bound anti-
bodies were visualized by the enhanced chemiluminescence
detection method (Amersham ECL kit; GE Healthcare Life
Sciences) using medical X-ray film (2). In order to determine
band density by western blotting, the films were scanned and
a densitometric analysis was performed using ImagelJ soft-
ware (version 1.44p, available from: https:/imagej.nih.gov/ij/;
National Institutes of Health, Bethesda, MD, USA).

Cell viability assay. KK47 bladder cancer cells (5x10°) were
seeded in 6-well plates and incubated for 24 h at 37°C. The cells
were treated with Ad-LacZ or Ad-REIC at 100 MOI in 0.5 ml
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of complete medium for 1 h, 1.5 ml of fresh medium was added,
and the cells were then incubated for 72 h. Following removal of
the floating dead cells by exchanging medium, the attached cells
were detached by trypsin and the number of cells was counted
using a disposable hemocytometer without staining.

Statistical analysis. The data are presented as the
mean + standard deviation from five experiments.
The unpaired Student's t-test was performed to analyze the
statistical significance of differences between two groups. A
regression analysis was performed to examine the correlation
between two parameters. P<0.05 was considered to indicate
a statistically significant difference. Statistical analyses were
performed using StatView version 4.5 software (Abacus
Concepts, Piscataway, NJ, USA).

Results

Expression of CDI47 in human urothelial cancer cell lines.
The expression of CDI147 protein was first examined by
western blotting in a number of urothelial cancer cell lines
and a human normal bladder urothelial cell line (HUC). In
the majority of the urothelial cancer cell lines investigated,
the CD147 protein bands were identified at a molecular weight
of 50-60 kDa (Fig. 1A); as previously reported, the protein
exhibited multiple bands of different molecular sizes (6). In
the KK47 human bladder cancer cell line, the expression level
of CD147 was markedly increased compared with that in other
urothelial cancer cell lines (Fig. 1A). CD147 expression was
not observed in the HUC cells.

Correlation between the expression of CDI47 and the hTERT
promoter-driving activity in human urothelial cells. Since
CDI147 functions as an oncoprotein (6-11), the association
between CD147 expression and malignancy-associated factors
was examined in a number of urothelial cancer cell lines and
normal HUC cells. The hTERT promoter-driving activity was
measured as an index of the malignancy using the hTERT
promoter-driven advanced TSTA system (16). A significant
correlation was observed between the CD147 band density
and the value of the hTERT promoter-driving activity, as
determined by the regression analysis (Fig. 1B). The results
indicated that high CD147 expression levels were positively
associated with the promoter-driving activity of hTERT, and
were correlated with hTERT expression levels and cancer
malignancy (16).

Ad-REIC treatment downregulates the expression of CDI47
in human bladder cancer KK47 cells. The expression levels of
REIC/Dkk-3 and CD147 following Ad-REIC treatment were
examined by western blotting (Fig. 2). REIC/Dkk-3 protein
was expressed following Ad-REIC but not Ad-LacZ treatment.
The expression of CD147 was clearly observed in untreated
and Ad-LacZ-treated KK47 cells, whereas Ad-REIC treatment
markedly downregulated the expression of CD147 in these
cells.

Ad-REIC significantly reduces the viability of KK47 bladder
cancer cells. KK47 cancer cells were treated with Ad-REIC
to assess the anti-proliferative effects of the agent. A marked
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Figure 1. Expression of CD147 in human urothelial cancer cell lines.
(A) Western blot analysis of CD147 expression in human and mouse urothe-
lial cell lines. Human normal bladder urothelial cells (HUC) and various
bladder cancer cell lines were examined. f-actin was used as a loading
control (B) Correlation analysis between the expression of CD147 and the
hTERT promoter-driving activity in human urothelial cells. The band density
in was determined by a densitometric analysis. The hTERT promoter-driving
activity was measured as an index of malignancy using an hTERT
promoter-dependent expression system. CD147, cluster of differentiation 147;
hTERT, human telomerase reverse transcriptase; a.u., arbitrary unit.
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Figure 2. Ad-REIC treatment downregulates the expression of CD147
in human bladder cancer KK47 cells. The overexpression of REIC/Dkk-3
was induced by the Ad-REIC agent at 100 MOI and the expression level of
the indicated proteins was analyzed by western blotting. f-actin was used
as a loading control. REIC/Dkk3, reduced expression in immortalized
cells/Dickkopf-3; CD147, cluster of differentiation 147; Ad-REIC, adenoviral
vector encoding the human REIC/Dkk3 gene.

induction of apoptosis was observed in the Ad-REIC treatment
group in comparison to the other treatment groups (Fig. 3A).
The attached viable cells were counted following removal of
floating dead cells. There number of cells in the Ad-REIC
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Figure 3. Inhibition of cell proliferation in KK47 human bladder cancer cells
following Ad-REIC treatment. (A) The appearance of the cells after the indi-
cated treatment is shown by phase contrast microscopy. (B) Bar graph of the
number of cells following the treatment. Five experiments were performed.
A significant difference was observed ("P<0.05) between the Ad-REIC and
the control Ad-LacZ treatments. REIC/Dkk3, reduced expression in immor-
talized cells/Dickkopf-3; Ad-REIC, adenoviral vector encoding the human
REIC/Dkk3 gene.
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Figure 4. Expression levels of the possible factors regulating the expression
of CD147 in KK47 cells following Ad-REIC treatment. Since the expression
of CDI147 is reported to be under the positive control of p38-, Erk1/2- and
JINK-dependent MAPK signaling and the expression of c-Myc, these proteins
were analyzed by western blotting. -actin was used as a loading control.
CD147, cluster of differentiation 147; REIC/Dkk3, reduced expression in
immortalized cells/Dickkopf-3; Ad-REIC, adenoviral vector encoding the
human REIC/Dkk3 gene; p38, p38 MAPK; Erk1/2, extracellular signal-regu-
lated kinase 1/2; JNK, c-Jun N-terminal kinase; MAPK, mitogen-activated
protein kinase.

treatment group was significantly lower compared with that
in than the other groups (P<0.05; Fig. 3B), indicating that
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Ad-REIC significantly decreased cell viability in the bladder
cancer cell line.

Ad-REIC downregulates the expression of CDI47 without
dependence on the MAPK and c-Myc signaling pathway.
With regard to the regulation of the expression of CD147,
several signaling pathways are reported to be associated with
its gene transcription (18-23). In particular, the expression of
CD147 is reported to be positively regulated by p38-, Erk1/2-
and JNK-dependent MAPK signaling pathways and the
c-Myc protein (18,19,21,22). The associations between CD147
expression, phosphorylation of MAPK pathway components,
and the expression of c-Myc following Ad-REIC treatment
was examined. In addition, since JNK-dependent signaling
has been reported to be a critical step in Ad-REIC-induced
cancer cell death (4,5), the phosphorylation of JNK and
c-Jun was investigated. Western blotting was performed to
analyze the expression levels of the indicated factors following
Ad-LacZ and Ad-REIC treatment (Fig. 4). The expression
of REIC/Dkk-3 protein was confirmed following Ad-REIC
treatment. Unexpectedly, no positive association was observed
between CD147 level and MAPK signaling or c-Myc expres-
sion. MAPK signaling via p38 and Erk1/2 was markedly
activated following Ad-REIC treatment, indicating that the
agent affected the intrinsic cell survival response against cell
death signaling. The results indicated that the downregulation
of CD147 by Ad-REIC occurs without the inhibition of MAPK
signaling or the suppression of c-Myc. Furthermore, the levels
of phosphorylated JNK and c-Jun were not upregulated
following Ad-REIC treatment, indicating that JNK signaling
was not significantly activated by this agent in KK47 bladder
cancer cells.

Discussion

The expression of CDI147 is significantly upregulated in a
number of types of malignancy (6). It is a key molecule that
promotes the proliferation, invasion and metastasis of cancer
cells (6-11). CDI147 is an important promoter of cell growth
through the reprogramming of glucose metabolism, including
glycolysis (12,24-26). These findings indicate that cancer cells
use the CDI147-dependent glycolytic metabolic pathways in
order to divide and rapidly proliferate (12-14). Thus, inhibiting
or blocking the expression of CD147 to reduce the glycolytic
capacity of the targeted cancer cells represents an attractive
cancer therapeutic strategy (27-29). In order to further elucidate
the therapeutic mechanism of Ad-REIC agents for cancer gene
therapy, the effects of Ad-REIC on the expression of CD147
and its associated signaling molecules in human bladder cancer
cells were investigated in the present study. In vitro Ad-REIC
treatment was revealed to significantly downregulate the
expression of CD147 and to inhibit the proliferation of bladder
cancer cells, which suggests an association between the down-
regulation of CD147 and the anti-cancer effects of the agents.
The molecular mechanisms underlying Ad-REIC-induced
apoptosis have been previously investigated and the phosphor-
ylation (activation) of JNK was demonstrated to be a critical
step in cancer cell death (5). REIC/Dkk-3 protein is a secre-
tory protein and its overexpression in response to Ad-REIC
treatment efficiently leads to endoplasmic reticulum (ER)



stress-induced apoptosis in cancer cells (4). ER stress-induced
apoptosis is triggered due to a failure in the folding of large
amounts of REIC/Dkk-3 protein in the lumen of the ER, and
the phosphorylation of JNK occurs downstream of ER stress
signaling (4,5). The levels of phosphorylated JNK and c-Jun
following Ad-REIC treatment in bladder cancer cells were
therefore analyzed in the present study. Surprisingly, treat-
ment with the Ad-REIC agent did not lead to activation of
JNK signaling in KK47 cells. The induction of apoptosis and
the inhibition of proliferation were observed in KK47 cells,
indicating that the activation of JNK may not be essential for
the anti-proliferative effects of Ad-REIC. It is possible that
cancer suppressive mechanisms other than JNK signaling
may underlie the effects of Ad-REIC and that CD147 may be
a novel target of cancer therapeutic agents. Different cancer
cells have their own genetic characterization; however, the
same phenomenon has been observed in human prostate
cancer LNCap cell lines (17).

With regard to the regulation of CD147 expression, several
signaling pathways are reported to be associated with its
transcription (18-23). The core promoter and transcription
factor-binding sites of CD147 were previously analyzed and
identified as targets of the cancer-associated transcription
factors c-Myc and Spl (22,23). Since the expression of CD147
is known to be positively regulated by p38-, Erk1/2- and
JNK-dependent MAPK signaling and c-Myc protein, the
associations between CDI147 expression, MAPK pathway
activation and the expression of c-Myc following Ad-REIC
treatment were examined in the present study. Unexpectedly,
no positive correlation was observed between the expression of
CD147 and the possible regulators that were assessed. These
results indicate that another signaling pathway that was not
examined in the present study could be responsible for the
downregulation of CD147.

Our group recently conducted a phase I/IIa study of
in situ gene therapy for patients with prostate cancer, using
an Ad-REIC agent produced according to good manufac-
turing practice guidelines (30). Patients with hormonal
therapy-resistant prostate cancer with or without metastasis
were enrolled and evaluated to investigate the tumor inhibi-
tory effects of Ad-REIC treatment. The survival time of one
patient with progressive lymph node metastases was favor-
able, and significant tumor killing effects were demonstrated
in Ad-REIC-injected lesions, with apparent reductions in
tumor volume (31). Although experimental studies with
cancer-bearing mouse models are required to investigate the
downregulation of CD147 in Ad-REIC-injected tumors, the
therapeutic effects observed in the treated legions could be
partially explained by the inhibition of the CD147 oncoprotein
by the Ad-REIC agent.

In conclusion, a novel therapeutic mechanism underlies
the effects of the Ad-REIC agent developed for cancer gene
therapy. In addition to the previously reported activation of
the JNK signaling pathway (5), the downregulation of the
cancer-progression factor CD147 could be one of the major
therapeutic effects of Ad-REIC gene therapy. The mechanisms
and the variety of roles of CD147 in cancer progression make
the oncoprotein an attractive target in the field of cancer
therapy. Further studies are required to elucidate the mecha-
nisms that regulate the expression of CD147.
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