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LRRC3B inhibits the proliferation
and invasion of bladder cancer cells
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Abstract: Leucine-rich repeat (LRR)-containing 3B (LRRC3B) is a putative LRR-containing transmembrane protein
and was down-regulated in many types of tumors. However, its expression and role in bladder cancer (BC) remains
unclear. In our research, we aimed to assess the expression and function of LRRC3B in BC. Our results showed
that the expression of LRRC3B was significantly reduced in BC cell lines. The in vitro experiments demonstrated
that overexpression of LRRC3B inhibited the proliferation, migration and invasion of BC cells. Furthermore, in vivo
xenograft tumor assay showed that LRRC3B attenuated tumor growth. Finally, LRRC3B inhibited the expression of
β-catenin, cyclin D1 and c-Myc in BC cells. Taken together, these data indicated that LRRC3B inhibited BC cell proliferation and invasion partly by interfering with Wnt/β-catenin signaling. Therefore, these findings reveal that LRRC3B
may be a potential therapeutic target for the treatment of BC.
Keywords: Leucine-rich repeat (LRR)-containing 3B (LRRC3B), bladder cancer, migration, epithelial-mesenchymal
transition (EMT)

Introduction
Bladder cancer (BC) is the second most common cancer of the genitourinary system [25].
Approximately 386,000 patients worldwide are
diagnosed with BC, and approximately 150000
patients die from this disease each year [10].
Despite many advances in BC research, there
is still a pressing need for new therapies for
treating BC. The majority of patients succumb
to tumor metastasis. Thus, exploring the molecular mechanisms that regulate BC metastasis is urgently required.
LRR-containing proteins, of which there are >
2,000, participate in many important processes, including plant and animal immunity, hormone-receptor interactions, cell adhesion, signal transduction, regulation of gene expression,
and apoptosis [12, 19]. Leucine-rich repeat
(LRR)-containing 3B (LRRC3B) is a putative
LRR-containing transmembrane protein [15]. A
number of microarray expression profiling
studies on human cancers have shown that
LRRC3B was down-regulated in gastric [2],
breast [20], colon [1], testis [16], prostate [17],
and brain cancers [21], suggesting LRRC3B

involvement in carcinogenesis. For example,
one study confirmed that LRRC3B expression
was downregulated in human non-small-cell
lung cancer (NSCLC) tissues and that its upregulation significantly inhibited proliferation,
colony formation ability, and invasion in NSCLC
cells [13]. However, the role of LRRC3B in BC
is still unclear, so the purpose of this study was
to investigate the expression and role of
LRRC3B in BC. Our data indicated that LRRC3B
inhibited BC cell proliferation and invasion partly by interfering with Wnt/β-catenin signaling.
Materials and methods
Cell culture
Human bladder cancer cell lines (T24, EJ and
J82) and human bladder epithelial immortalized SV-HUC-1 cell line were obtained from the
Chinese Science Institute (Shanghai, China).
The SV-HUC-1 cells were cultured in F12K medium (Sigma-Aldrich, St Louis, MO, USA), the T24,
EJ and J82 cells were maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM). These media
were supplemented with 10% fetal bovine
serum (FBS; TBD, Tianjin, China) and 1% penicil-
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lin/streptomycin (Hyclone). Cells were incubated at 37°C in a humidified atmosphere with 5%
CO2.
Quantitative real-time PCR (qRT-PCR)
Total RNA was isolated from BC cells using
the TRIzol reagent (Invitrogen) and reverse
transcribed into cDNA using SuperScript II
(Invitrogen). Real-time PCR was performed
using the Exicycler Quantitative Thermal Block
(BiONEER). The RT reaction product (100 ng)
was amplified in a 15-μL reaction volume with 2
× SYBR Premix EX Taq (Takara). We used the
Primer3 program 10 to design the LRRC3B
exon 2 forward (5’-TTCCCTCTCCATGTGTCTCC3’) and reverse (5’-CCAGCATGTTCATCCAACAC3’) primers. Samples were heated to 95°C for
1 min and then amplified for 45 cycles consisting of 95°C for 30 s, 60°C for 30 s, and 72°C
for 30 s, followed by a final extension step of
72°C for 10 min. β-actin was used as an internal control. Relative quantification of LRRC3B
mRNA was analyzed by the comparative
threshold cycle (CT) method.
Western blot
Proteins were extracted using RIPA lysis buffer
containing phosphatase and protease inhibitors (Sigma, St. Louis, MO, USA). Cells lysates
were harvested and proteins were detected as
previously described [27]. LRRC3B, E-cadherin,
N-cadherin, vimentin, β-catenin, cyclin D1,
c-myc and GAPDG antibodies were purchased
from Santa Cruz Biotechnology (Dallas, TX). All
primary antibodies were used at a dilution of
1:1000 and the secondary antibodies were
used at 1:5000. The bands density was
quantified with ImageJ software (National
Institutes of health, Bethesda, MD).
Construction of plasmids and transfection
The full-length LRRC3B cDNA was amplified
and sub-cloned into pcDNA3.1 (Invitrogen),
whereas the empty vector pcDNA3.1 was used
as control. T24 cells were transfected with
LRRC3B or vector using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s
recommendations.
Cell proliferation assay
After treatments as designed, cells were dissociated from the culture wells with 0.25% trypsin
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and counted using Bio-Rad cell counter (BioRad Laboratories, Hercules, CA, USA). Then,
2000 cells/well were plated into a 96-well flat
bottomed plate, after culture for 1, 2, 3 and 4
days, MTT solution (5 mg/ml) was added to
each well. Approximately four to six hours were
required to produce formazan, which was then
dissolved in DMSO. The absorbance was measured at 490 nm using an ELX Ultra microplate
reader (Bio-Tek, VT, USA).
Cell migration and invasion assays
Cell migration assay was carried out using transwell culture system. A total of 5 × 104 cells
were plated into the upper chamber of the transwell chamber. The lower chamber was filled
with culture medium. 24 h later, the non-migrated cells on the upper side of the membrane
were removed by cotton swabs. The migrating
cells on the lower side of the insert filter were
fixed with formaldehyde for 10 min and stained
the cells with 1% crystal violet solution for 20
min. The number of cells was counted and
imaged using the light microscope (Olympus,
Tokyo, Japan). The invasion assay with performed essentially as detailed before with
minor modifications. T24 cells were trypsinized
and suspended in 0.5 ml of serum-free medium. The cell suspensions were seeded onto the
membranes of the upper chambers of modified
Boyden chambers (8 μm; Corning Costar,
Cambridge, MA, USA) which were pre-coated
with Matrigel. The lower chambers contained
the same concentrations of the used agents in
10% FBS-containing medium. The cells were
then incubated at 37°C for 24 h. After incubation, the cells remaining on the upper surface
of the membranes were removed gently with
cotton swabs. Cells which invaded into the
lower surface of the membrane were fixed in
90% methanol and stained with 0.1% crystal
violet. Stained cells were counted in at least
ten 200 × fields.
In vivo xenograft tumor assay
Six-week-old male Balb/c nude mice (4-5 weeks
of age, 18-20 g) were purchased from the
Laboratory Animal of the Huaihe Hospital,
Henan University (China) and maintained in
plastic cages in a temperature-controlled room
on a 12-h light/dark cycle with free access to
water and a standard pellet diet throughout the
experiment. After an acclimation period of 7 d,
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Figure 1. LRRC3B was frequently silenced in human BC cell lines. A. The mRNA level of LRRC3B in 3
kinds of cell lines (T24, EJ and J82) was significantly
reduced than that in SV-HUC-1. *P < 0.05. B. The
protein level of LRRC3B in 3 kinds of cell lines (T24,
EJ and J82) was significantly decreased than that in
control cells (SV-HUC-1). *P < 0.05.

the solid tumor was developed by the subcutaneous inoculation of 1 × 106 T24 cells on the
right flank of each mouse. The tumor volumes
were calculated in each group every one week.
All the animals were sacrificed 21 d after
tumor inoculation. All animal experiments were
performed in a humane manner after approval
from the Institutional Experiment Committee
of the University of Huaihe Hospital, Henan
University.

Figure 2. LRRC3B inhibited BC cell proliferation in
vitro. T24 cells were transfected with LRRC3B or vector for 24 h, respectively. A. The mRNA expression of
LRRC3B was detected using qRT-PCR. B. The protein
expression of LRRC3B was evaluated using western
blot. C. Cell proliferation was measured by the MTT
assay. *P < 0.05.

Statistical analysis

Results

The data are expressed as the mean ± standard deviation (SD) of three different tests.
Statistical analysis was conducted by one-way
ANOVA using the Prism statistical software
package (GraphPad Software, USA). Statistical analysis was defined as significant if *P <
0.05.

LRRC3B was frequently silenced in human BC
cell lines
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We examined LRRC3B expression in three BC
cell lines (T24, EJ and J82) and normal human
bladder epithelial immortalized SV-HUC-1 cell
line by RT-PCR and western blot. As indicated in
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Figure 3. LRRC3B inhibited BC cell migration and
invasion in vitro. T24 cells were transfected with
LRRC3B or vector for 24 h, respectively. A. Cell migration was evaluated using the transwell migration
assay. B. Cell invasion was determined using the
transwell invasion assay. *P < 0.05.

Figure 1A, the expression of LRRC3B at the
mRNA level was significantly reduced in the
three BC cell lines in comparison with that in
the normal cell line SV-HUC-1. Consistently,
western blot analysis showed the similar results
(P < 0.05, Figure 1B).
LRRC3B inhibited BC cell proliferation in vitro
To examine the possible activity of LRRC3B as
a tumor suppressor, we established stably
transfected LRRC3B-expressing T24 cell line.
As the following result, the mRNA expression of
LRRC3B was greatly upregulated in transfected
LRRC3B-expressing T24 cells (Figure 2A).
Similarly, LRRC3B protein expression was higher than control group (Figure 2B). The effect of
the LRRC3B on the proliferation of T24 cells
was detected by the MTT assay. The experimental data indicated that LRRC3B efficiently
suppressed the proliferation of T24 cells
(Figure 2C).
LRRC3B inhibited BC cell migration and invasion in vitro
Next, we examined the effects of LRRC3B on
cell migration and invasion using the Transwell
5216

Figure 4. LRRC3B inhibits EMT phenotype in BC cells.
T24 cells were transfected with LRRC3B or vector for
24 h, respectively. Western blot analysis was used to
evaluate the protein levels of E-cadherin, N-cadherin
and vimentin in T24 cells. Quantification analysis
was performed using ImageJ software. *P < 0.05.

migration and invasion system. The transwell
migration assay showed that the number of
migrated cells was sharply lower in the up-regulated of LRRC3B group than in the control
group (Figure 3A). In addition, the results of
invasion assay indicated that up-regulated of
LRRC3B obviously suppressed the invasion of
T24 cells (Figure 3B).
LRRC3B inhibited EMT phenotype in BC cells
Furthermore, we observed that compared to
vector group, the E-cadherin protein level in
up-regulated-LRRC3B cells was significantly
increased. In contrast, the expression of
N-cadherin and vimentin was significantly lower
in LRRC3B-expressing T24 cells than that in
vector-transfected cells (Figure 4).
LRRC3B inhibited the growth of BC in vivo
In order to examine the effect of LRRC3B on BC
growth in vivo, we next examined the effect of
LRRC3B overexpression by a tumorigenesis
assay in nude mice. Nude mice were injected
with the stably transfected LRRC3B-expressing
T24 cells or empty vector-transfected cells. The
control cells formed rapidly growing tumors,
Int J Clin Exp Pathol 2017;10(5):5213-5219
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Figure 5. LRRC3B inhibited the growth of BC in vivo.
Nude mice were injected with the stably transfected
LRRC3B-expressing T24 cells or empty vector-transfected cells. A. The tumor volumes were calculated
in each group every one week. B. After 3 weeks after
injection, the tumors were dissected and weighed.
*P < 0.05.

whereas the LRRC3B cells formed tumors that
were much smaller (Figure 5A). In addition, we
observed that LRRC3B significantly reduced
the weight of tumors (Figure 5B).
LRRC3B inhibited the Wnt/β-catenin pathway
in BC cells
It has been shown that the dysregulation of Wnt
signaling contributes to the development of
human cancers, including BC. Therefore, we
tested the effect of LRRC3B on the expression
of β-catenin, cyclin D1 and c-myc in T24 cells.
As shown in Figure 6, the protein expression
levels of β-catenin, cyclin D1 and c-myc were
significantly down-regulated in LRRC3Btransfected T24 cells, compared with the vector group.
Discussion
In this study, we showed that LRRC3B was
involved in the pathogenesis of BC. LRRC3B
was down-regulated in BC cell lines;
Overexpression of LRRC3B inhibited BC cell
5217

Figure 6. LRRC3B inhibited the Wnt/β-catenin pathway in BC cells. T24 cells were transfected with LRRC3B or vector for 24 h, respectively. Western blot
analysis was used to evaluate the protein levels of
β-catenin, cyclin D1 and c-myc in T24 cells. Quantification analysis was performed using ImageJ software. *P < 0.05.

proliferation and invasion, as well as reduced
the growth of BC in vivo. In addition, up-regulation of LRRC3B inhibited EMT phenotype in BC
cells. Finally, LRRC3B inhibited the Wnt/βcatenin pathway in BC cells.
LRRC3B is a potential tumor suppressor gene
newly discovered; however, the specific biologic
function is still unknown. The abnormal expression of LRRC3B could serve as a useful marker
for diagnosis and prognosis in breast carcinomas [24]. In colorectal cancer, the expression
of LRRC3B was significantly lower in colorectal
cancer tissues than in the corresponding noncancerous tissues [5, 22]. In addition, the study
from Haraldson K showed that LRRC3B strongly suppressed cell growth in vitro in KRC/Y
renal cell carcinoma line [11]. These findings
are consistent with our research showing that
LRRC3B was down-regulated in BC cell lines;
and overexpression of LRRC3B inhibited BC
cell proliferation in vitro, as well as reduced the
growth of BC in vivo. All these data suggest that
LRRC3B may act as a tumor suppressor in the
progression of BC.
Int J Clin Exp Pathol 2017;10(5):5213-5219
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Local metastasis is one of the primary reasons
for clinical treatment failure in malignant BC [6,
14]. Several studies showed that LRRC3B was
closely related with tumor metastasis and invasion. For example, stable transfection of
LRRC3B significantly inhibited the invasion in
NSCLC cells [13]. Similarly, herein, we observed
that overexpression of LRRC3B inhibited BC
cell migration and invasion. EMT is a critical
step in the acquisition of the migratory and
invasive capabilities. It is characterized by
repression of epithelial markers and induction
of mesenchymal markers, and reduction or a
loss of E-cadherin expression is one of the wellestablished hallmarks of EMT [18, 26]. Our
research indicated that LRRC3B inhibited EMT
phenotype in BC cells as a tumor suppressed
factor. These data imply that LRRC3B negatively regulates the EMT phenotype, consequently
markedly affects BC cell migration and invasion
in vitro.
Wnt/β-catenin signal transduction pathway is
constitutively activated in several major human
cancers, including BC [7, 23]. Growing body of
evidence suggests that the activation of Wnt/
β-catenin pathway plays an important role for
metastasis and development of BC [4, 8, 9]. It
was reported that knockdown of protein disulfide isomerases A6 markedly suppressed BC
proliferation and invasion through decreasing
the protein expression of β-catenin, cyclin D1
and c-Myc, and thus suppressed the Wnt/βcatenin signaling pathway [3]. Consistent with
the previous studies, the results in the present
study showed that overexpression of LRRC3B
down-regulated the protein expression levels of
β-catenin, cyclin D1 and c-myc in T24 cells.
These data imply that LRRC3B inhibited BC cell
proliferation and invasion, at least in part,
through suppressing the Wnt/β-catenin signaling pathway.
In conclusion, our findings showed that LRRC3B
can efficiently inhibit BC cell proliferation and
invasion, at least in part, through suppressing
the Wnt/β-catenin signaling pathway. Therefore,
LRRC3B may be a good molecular target for the
prevention and treatment of BC.
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