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LRRC3B is downregulated in non-small-cell lung cancer
and inhibits cancer cell proliferation and invasion
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Abstract LRRC3B has emerged as a tumor suppressor in
several human cancers. However, its expression pattern and
biological roles in human non-small-cell lung cancer
(NSCLC) have not been explored. In the present study, we
investigated clinical significance of LRRC3B in 101 NSCLC
specimens. We found that LRRC3B expression was downreg-
ulated in NSCLC tissues compared with normal bronchial
epithelium and that its downregulation significantly correlated
with tumor–node–metastasis (TNM) stage (p<0.0001), nodal
metastasis (p<0.0001), and poor patient prognosis (p=
0.0016, log-rank test). We also checked LRRC3B levels in
several lung cancer cell lines and found that its expression
was downregulated in four of nine lung cancer cell lines com-
pared with normal human bronchial epithelial (NHBE) cell
line. We further explored the biological role of LRRC3B.
LRRC3B plasmid transfection in H460 and A549 cell lines
inhibited proliferation, colony formation ability, and invading
ability. Furthermore, we identified that LRRC3B could inhibit
cell cycle progression with downregulation of cyclin D1 and
decreased MMP9 expression. In addition, LRRC3B depletion
in HBE cells promoted proliferation and invasion. In conclu-
sion, our data suggested that LRRC3B may serve as an im-
portant tumor suppressor in NSCLC.
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Introduction

Lung cancer is the leading cause of death among malignant
tumors worldwide [1–3]. Although targeted therapies have
been established, mutations such as EGFR and KRAS causing
activation of these gene products are identified only in a lim-
ited number of patients. Many complex genetic, epigenetic,
and microenvironmental factors play important roles in
growth and invasion of tumor cells [4–7]. Thus, identification
of these oncogenes/tumor suppressors and elucidation of their
mechanism are important missons for development of a new
treatment.

Leucine-rich repeat (LRR)-containing 3B (LRRC3B) is a
putative LRR-containing transmembrane protein. LRRs are
protein motifs characterized by repetition of hydrophobic res-
idues, especially leucine, and that are separated by conserved
distance [8–10]. LRR-containing proteins participate in many
important cellular processes such as immunity, cell adhesion,
signal transduction, and apoptosis [11]. Several studies
using human cancer microarray have shown that LRRC3B is
downregulated in breast and colorectal cancers, suggesting
involvement of LRRC3B in carcinogenesis [12]. It was report-
ed that LRRC3B messenger RNA (mRNA) was downregu-
lated in gastric cancer tissues and that introduction of
LRRC3B in gastric cancer cells inhibited colony formation
and tumorigenesis in nude mice [13]. However, there was no
report concerning protein expression pattern and clinical sig-
nificance of LRRC3B in human non-small-cell lung cancer.
Its biological roles in lung cancer cells also remain
unexplored.
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Here, we investigated LRRC3B protein expression in non-
small-cell lung cancers (NSCLCs) and analyzed its correlation
with clinicopathological factors. We also examined the func-
tion of LRRC3B as a tumor suppressor in lung cancer cell
lines and provide evidence that LRRC3B inhibits lung cancer
cell proliferation and invasion.

Materials and methods

Tissue samples

The study was approved by the ethical committee of
Shengjing hospital. A total of 101 cases of NSCLC were

retrieved from the Pathology Archive of the First Affiliated
Hospital of China Medical University from 2008 to 2011. The
histological diagnosis was evaluated by two independent pa-
thologists according to the WHO classification. Clinical data
about the patients were obtained from patient records.

Immunohistochemistry

Tumor specimens were fixed with neutral formalin and em-
bedded in paraffin, and 4-μm-thick sections were prepared.
The sections were deparaffinized in xylene, rehydrated in
graded alcohol series, and boiled in 0.01 M citrate buffer for
2 min in an autoclave. Endogenous peroxidase activity was
blocked using hydrogen peroxide, which was followed by

Fig. 1 Expression of LRRC3B in
non-small-cell lung cancers. a
Positive cytoplasmic staining of
LRRC3B in normal bronchial
epithelium and normal alveolar
cells. b Positive staining of
LRRC3B in a case of lung
adenocarcinoma. c Negative
LRRC3B staining in a case of
lung adenocarcinoma. d Negative
staining of LRRC3B in lung
squamous cell carcinoma.
(Magnification is ×200.) e
Survival analyses of patients with
LRRC3B expression and those
without. The overall survival was
significantly lower in patients
with LRRC3B-negative NSCLCs
than in patients with LRRC3B-
positive NSCLCs
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incubation with normal goat serum to reduce non-specific
binding. The primary antibody for LRRC3B (1:100, Sigma,
USA) was incubated overnight at 4 °C. Sections were stained
in parallel with non-immune IgG to provide a negative con-
trol. Antibody binding was then detected by the EliVision plus
kit (Maixin, Fuzhou, China) and DAB plus kit (Maixin, Fu-
zhou, China). Sections were counterstained with hematoxylin,
dehydrated, and mounted.

Two independent investigators examined all tumor slides
randomly. Five views were examined per slide, and 100 cells
were observed per view at ×400 magnification. Immunostain-
ing of LRRC3B was scored following a semi-quantitative
scale by evaluating in representative tumor areas the intensity
and percentage of cells. Cytoplasmic staining was considered
as positive. The intensity of LRRC3B staining was also scored
as 0 (no staining), 1 (weak), and 2 (strong). Percentage scores
were assigned as 1 (1–25%), 2 (26–50%), 3 (51–75%), and 4
(76–100%). The scores of each tumor sample were multiplied
to give a final score of 0 to 8, and the total expression of
LRRC3B was determined as low expression, score ≤4, and
high expression (+), score >4.

Cell culture and transfection

Human NSCLC cell lines H460 and A549 and normal bron-
chial cell line HBE were purchased from ATCC. The cells

were cultured in RPMI-1640 (Gibco, Invitrogen, NY, USA)
supplemented with 10 % fetal bovine serum at 37 °C in 5 %
CO2. pCMV6-LRRC3B plasmid and the control empty vector
pCMV6 were purchased from Origene (Origene, Rockville,
MD, USA). Cells were transfected using Attractene reagent
(Qiagen, Hilden, Germany) according to manufacturer’s
instructions.

siGENOME SMARTpool siRNA for LRRC3B and non-
targeting siRNA were obtained from Dharmacon
(ThermoFisher, USA). siRNA transfection was performed
using DharmaFECT 1 reagent.

Real-time RT-PCR

Real-time PCR was performed using SYBR Green mastermix
kit form ABI (Applied Biosystems). Using ABI 7500 Fast
Real-Time PCR System, the thermo cycle was set as follows:
95 °C for 30 s, 40 cycles of 95 °C for 5 s, and 60 °C for 30 s.
The relative expressions of target genes were calculated using
2−ΔΔCt method. Experiments were repeated in triplicate.

The primer sequences were listed as follows: LRRC3B for,
5′-TCCAATCATGAGACAGCCCAC-3′, LRRC3B rev, 5′-
TCTGCCAGCATGTTCATCCAA-3′; and β-actin for, 5′-
ATAGCACAGCCTGGATAGCAACGTAC-3′, β-actin rev,
5′-CACCTTCTACAATGAGCTGCGTGTG-3′.

Table 1 Distribution of LRRC3B status in NSCLC according to clinicopathological characteristics

Characteristics Number of patients LRRC3B downregulation LRRC3B-positive expression p

Age (years)

<60 46 18 28 0.9223

≥60 55 21 34

Gender

Male 58 22 36 0.8700

Female 43 17 26

Differentiation

Well 17 6 11 0.7579

Moderate-poor 84 33 51

Histology

Adenocarcinoma 59 24 35 0.6136

Squamous cell carcinoma 42 15 27

TNM stage

I 42 7 35 <0.0001

II+III 59 32 27

Tumor status

T1 36 16 20 0.37043

T2–T4 65 23 42

Nodal metastasis

Negative 60 14 46 <0.0001

Positive 41 25 16

TNM tumor–node–metastasis
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Western blotting

Total protein was extracted using Pierce lysis buffer
(ThermoFisher, USA). Proteins were quantified using Brad-
ford method. About 50 μg of protein was loaded and separat-
ed with SDS-PAGE. Then, proteins were transferred to
PVDF membrane (Millipore, Bedford, MA, USA),
which was blocked using 5 % non-fat milk. Membranes
were incubated overnight at 4 °C with primary antibod-
ies against LRRC3B (1:800, Sigma, USA), cyclin D1,
and MMP9 (1:1000, Cell Signaling, USA). After wash-
ing, the membrane was incubated with a horseradish
peroxidase–conjugated secondary antibody (Santa Cruz
Biotechnology) at 37 °C for 2 h. Protein bands were
visualized with the ECL and captured using DNR
BioImaging Systems (DNR, Jerusalem, Israel).

MTT proliferation assay

After transfection, cells were seeded in 96-well plates at about
2000 cells per well. Then, 20 μl of 5 mg/mlMTTsolution was
added to each well and incubated for 4 h at 37 °C. The medi-
um was removed from each well and the resulting MTT
formazan was solubilized in 150 μl of DMSO. Each solution
was measured spectrophotometrically at 490 nm. Each exper-
iment was performed in triplicate.

Colony formation assay

Cells (about 1000) were seeded in 6-cm cell culture dishes and
incubated for 2 weeks. Then, colonies were stained using
Giemsa. The number of colonies with more than 50 cells
was counted.

Fig. 2 LRRC3B expression in
lung cancer cell lines and its
transfection efficiency. a
Endogenous expression of
LRRC3B was examined in
NHBE and lung cancer cell lines
by western blot and real-time RT-
PCR. A549, H358, H460, and
HCC827 cell lines have a
significant downregulated
LRRC3B expression. b Western
blot analysis showed that
pCMV6-LRRC3B plasmid
markedly increases its levels in
H460 and A549 cells compared
with control

Table 2 Univariate and
multivariate analysis for
predictive factors in patients with
NSCLC

Factors Univariate Multivariate

Hazard ratio (95 % CI) p value Hazard ratio (95 % CI) p value

Histology 1.412 (0.819–2.434) 0.2143 1.621 (0.919–2.858) 0.0954

Differentiation 1.663 (0.926–2.988) 0.0885 1.357 (0.909–2.027) 0.1356

TNM Stage 2.110 (1.472–3.024) 0.0001 1.946 (1.310–2.890) 0.0010

LRRC3B status 0.433 (0.252–0.745) 0.0025 0.658 (0.369–1.173) 0.1559

CI confidence interval, TNM tumor–node–metastasis
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Matrigel invasion assay

Cell invasion assay was performed using a 24-well Transwell
chamber with a pore size of 8 μm (Costar, Cambridge, MA).
The inserts were coated with 20 μl Matrigel (1:3 dilution, BD
Bioscience, San Jose, CA, USA). Forty-eight hours after the
transfection, cells were trypsinized and 3×105 cells in 100 μl
of serum-free medium were transferred to the upper Matrigel
chamber and incubated for 16 h. Medium supplemented with
10 % FBS was added to the lower chamber as the
chemoattractant. After incubation, the non-invaded cells on
the upper membrane surface were removed with a cotton tip,
and the cells that passed through the filter were fixed with 4 %

paraformaldehyde and stained with hematoxylin. The number
of invaded cells was counted in 10 randomly selected high-
power fields under the microscope. This experiment was per-
formed in triplicate.

Statistical analysis

The statistical package SPSS (SPSS, Chicago, IL, USA) was
used for all analyses. The χ2 test was used to examine the
correlation between LRRC3B status and clinical parameters.
Student’s t test was used to compare cell experiment data. A p
value of <0.05 was considered significant.

Fig. 3 LRRC3B restoration
inhibits cell proliferation and
invasion. a MTT assay in H460
and A549 cells transfected with
LRRC3B plasmid. Time-
dependent decrease in cell
proliferation after LRRC3B
transfection compared with
control. bColony formation assay
was performed in cells transfected
with LRRC3B plasmid and cells
transfected with control. A
marked decrease in colony
formation is seen in the groups
with LRRC3B restoration. c
Matrigel invasion assay showed
that LRRC3B transfection
decreased cell invasion in A549
and H460 cell lines. *p<0.05
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Results

Expression pattern and clinical significance of LRRC3B
in NSCLC

We investigated LRRC3B expression in 101 NSCLC tissue
specimens and 20 normal lung tissue specimens by immuno-
histochemistry. In normal lung tissues, positive cytoplasmic
staining was observed in normal bronchial epithelial cells and
alveolar cells (Fig. 1a). As for lung cancer tissues, 62 cases
showed strong cytoplasmic LRRC3B staining and 39 cases
(38.6 %) showed downregulated LRRC3B staining compared
with normal tissue (Fig. 1c, d). LRRC3B protein was mainly
accumulated in the cytoplasmic compartment of tumor cells.
We analyzed the relationship between LRRC3B downregula-
tion and the clinicopathologic factors. As shown in Table 1,
LRRC3B downregulation correlated with advanced tumor–
node–metastasis (TNM) stage (p<0.0001) and positive nodal
metastasis (p<0.0001). No difference in the LRRC3B was
found in relation to the age, gender, differentiation, and tumor
size.

Furthermore, Kaplan–Meier survival analysis showed a sig-
nificantly lower overall survival in patients with negative
LRRC3B compared with those with positive expression (p=
0.0016, log rank test; Fig. 1e). In addition, univariate analysis
showed that TNM stage and LRRC3B status were both signif-
icant prognostic factors (TNM stage: hazard ratio, 2.110, p=
0.0001; LRRC3B status: hazard ratio, 0.433, p=0.0025), and
multivariate analysis using a Cox regression model indicated
that TNM stage was an independent, unfavorable prognostic
factor (TNM stage: hazard ratio, 1.946, p=0.0010; Table 2).

LRRC3B is downregulated in lung cancer cell lines
and inhibits cell proliferation and invasion

Relative expression level of LRRC3B was analyzed by western
blot and real-time RT-PCR in a panel of lung cancer cell lines. In
accordance with tissue samples, the LRRC3B protein expres-
sion was remarkably decreased in NSCLC cell lines, especially
in H460, H358, HCC827, and A549, compared with normal
human bronchial epithelial (NHBE) cell line (Fig. 2a). A549
and H460 cell lines were selected for LRRC3B transfection.

Fig. 4 LRRC3B transfection
inhibits cell cycle progression,
with cyclin D1 and MMP9
donwregulation. a Cell cycle
analysis showed that LRRC3B
transfection decreased cell
percentage in S phase and
increased the cell percentage in
G1 phase. bWestern blot analysis
showed that LRRC3B restoration
could decrease the protein
expression of cyclin D1 and
MMP9
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We upregulated LRRC3B expression using LRRC3B plasmid,
and transfection efficiency was confirmed by western blot anal-
ysis (Fig. 2b). LRRC3B upregulation in A549 and H460 cells
greatly inhibited the proliferation rate (control vs siRNA at day
5; A549, 0.783±0.032 vs 0.568±0.028, p<0.05; H460, 1.397±
0.051 vs 1.076±0.056, p<0.05) and the potential of colony
formation (control vs siRNA; A549, 426±37.3 vs 135±26.8,
p<0.05; H460, 257±35.5 vs 118±20.3, p<0.05; Fig. 3a, b).
To characterize the effect of LRRC3B on cell invasion, Matrigel
invasion assay was performed in A549 and H460 cells. As
shown in Fig. 3c, a significant reduced invading ability (A549,
59.7 %; H460, 65.1 %) was observed in cells with LRRC3B
transfection compared with empty controls.

LRRC3B inhibits cell cycle and regulates cyclin D1
and MMP9 expression

The aforementioned results indicate that LRRC3B leads to
decreased cellular proliferation and invasion. We further
checked the role of LRRC3B on cell cycle progression. As
shown in Fig. 4a, LRRC3B upregulation inhibited G1-S tran-
sition in H460 and A549 cell lines. To underline the possible
mechanisms, we examined a panel of growth- and invasion-
related proteins. As shown in Fig. 4b, LRRC3B transfection
significantly inhibited cell cycle protein cyclin D1 and
invasion-related protein MMP9.

LRRC3B depletion promotes proliferation and invasion

We used siRNA to knock down LRRC3B expression in nor-
mal bronchial cell line HBE cells and examined its biological
effect. As shown in Supplementary Fig. S1a–d, LRRC3B de-
pletion increased HBE growth rate, colony formation ability,
and invading ability. In addition, expression of MMP9 and
cyclin D1 was slightly upregulated in LRRC3B-depleted cells
(Supplementary Fig. S1e).

Discussion

Epigenetic inactivation of LRRC3B, which is caused by meth-
ylation and/or deletions, has been investigated in a number of
cancers. Reduced LRRC3B mRNA expression and
hypermethylated promoter region of LRRC3B were found in
gastric cancer, colorectal cancer, and clear cell renal cell carci-
noma [13–15]. Upregulation of LRRC3B by transfection
inhibited colony formation of gastric cancer cells [13]. Howev-
er, there was no study concerning protein expression of
LRRC3B in cancer tissues and its correlation with clinicopath-
ological parameters. In addition, biological roles of LRRC3B in
human non-small-cell lung cancer remain elusive. In this study,
we demonstrated that LRRC3B protein expression was signif-
icantly decreased in 38.6 % of NSCLC tissues, which was

significantly correlated with lymph node metastasis and TNM
stage, suggesting LRRC3B as a putative tumor suppressor in
NSCLC. Importantly, we showed that loss of LRRC3B was
correlated with poor patient prognosis. To data, this is the first
report concerning protein expression pattern and clinical signif-
icance of LRRC3B in human cancers. We also examined
LRRC3B expression in several lung cancer cell lines. LRRC3B
expressionwas significant lower in four of nine cancer cell lines
compared with NHBE, which was consistent with immunohis-
tochemical findings showing LRRC3B as a tumor suppressor.

Using LRRC3B plasmid, we demonstrated that its restoration
in NSCLC cell lines with low endogenous expression signifi-
cantly inhibited proliferation and cell cycle progression. Previous
reports showed evidence supporting LRRC3B as a tumor sup-
pressor. It has been reported that restoring the expression of
LRRC3B was sufficient to suppress gastric cancer proliferation
and tumor growth in mice [13]. In addition, LRRC3B could also
inhibit colony formation in renal cell carcinoma line [16]. Our
result was in accord with these studies, suggesting the role of
LRRC3B as a tumor suppressor in lung cancer cells. To data, the
effect of LRRC3B on cell cycle and cell invasion has not been
investigated. The mechanism of LRRC3B as a tumor suppressor
also has not been elucidated. Thus, we checked cell cycle pro-
gression and related proteins and found that LRRC3B upregula-
tion inhibited S phase percentage and cyclin D1 expression.
Cyclin D1 plays a critical role during cell cycle progression at
G1-S checkpoint. Many studies have demonstrated that cyclin
D1 was overexpressed in non-small-cell lung cancer and corre-
lated with malignant progression and poor prognosis [17, 18].
These results suggested that LRRC3B could regulate cell prolif-
eration through modulation of cyclin D1 status. The role of
LRRC3B on cell invasion has not been reported previously. In
the present study, we found that LRRC3B inhibited invading
ability of lung cancer cell lines. LRRC3B restoration decreased
MMP9 level, an importantmediator of invasion inmany types of
cancers [19–22]. Thus, the role of LRRC3B on invasion inhibi-
tion may be due to its role on MMP9 downregulation.

In conclusion, this study demonstrated downregulation of
LRRC3B protein expression in NSCLC and its correlation
with TNM stage, nodal status, and poor prognosis. Our results
demonstrated that LRRC3B restoration in lung cancer cells
could inhibit proliferation and invasion, possibly through reg-
ulation of cyclin D1 and MMP9. Given these findings,
LRRC3B serves as an important tumor suppressor in non-
small-cell lung cancer.
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