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Abstract. Multiple regions in the short arm of chromosome 3 are frequently deleted in a variety of solid tumors
including gallbladder carcinoma (GBC). RNA binding motif,
single‑stranded interacting protein 3 (RBMS3), a tumor
suppressor gene (TSG), is located in this region. However, the
role of RBMS3 in GBC remains unclear. Reverse transcription‑quantitative polymerase chain reaction (RT‑qPCR) and
western blotting were performed to evaluate the mRNA and
protein expression levels of RBMS3 in 41 fresh frozen GBC
tissues and paired normal tissues. An immunohistochemical
assay was performed on a tissue microarray (TMA, consisting
of 125 cases GBC and 47 normal controls). Microvessel
density (MVD) counts were determined using CD34 immunohistochemical staining. Moreover, univariate and multivariate
analyses were performed to determine the correlations between
RBMS3 expression, MVD and patient prognosis. Cellular
functions including proliferation, clonogenicity and apoptosis,
were assessed to further identify in vitro roles of RBMS3. It
was revealed that both mRNA and protein expression levels
of RBMS3 were significantly lower in GBC tissues than in
normal controls. Multivariate Cox regression analyses demonstrated cytoplasmic RBMS3 expression as an independent
prognostic factor correlated with GBC angiogenesis, histo-
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pathological differentiation and TNM stage. Kaplan‑Meier
curves revealed that patients with lower cytoplasmic RBMS3
levels had a significantly worse OS than patients with higher
cytoplasmic RBMS3 expression. Additionally, ectopic expression of RBMS3 markedly suppressed GBC cell proliferation
and clonogenicity and promoted apoptosis in vitro. These findings indicated the potential of cytoplasmic RBMS3 as a tumor
prognostic biomarker and a promising therapeutic target for
GBC.
Introduction
Gallbladder carcinoma (GBC) is the most aggressive and
prevalent malignant tumor in the biliary tract (1). With a lack
of effective early molecular biomarkers, most GBC patients
have a poor prognosis due to delayed diagnosis in advanced
stages (2). Therefore, it is imperative to identify additional
valuable molecular prognostic biomarkers for GBC.
Chromosomal deletion is a common mechanism of the
inactivation of tumor suppressor genes (TSGs) (3). The deletion of multiple regions on the short arm of chromosome 3
(3p) represents a genetic alteration hotspot in numerous human
solid tumors including GBC (4‑7), suggesting the existence
of one or more TSGs in this region. One such gene located
at 3p24‑p23, namely RNA binding motif, single‑stranded
interacting protein 3 (RBMS3) is a member of the c‑Myc gene
single‑strand binding protein (MSSP) family and encodes an
RNA‑binding protein (8). The MSSP family members have
numerous diverse functions, and by cooperating with the
c‑Myc protein, regulate processes such as DNA replication,
gene expression, cell cycle progression, cell proliferation and
induction of apoptosis (9,10). It has been reported in esophageal squamous cell carcinoma (ESCC) that RBMS3 can arrest
the cell cycle at the G1/S checkpoint by directly binding to
the promoter region of c‑Myc (11). Conversely, the RBMS3
protein has also been suggested to be located in the cytoplasm, indicating a potential cytoplasmic function of RNA
metabolism control rather than transcription (8,12). Recent
studies demonstrated that RBMS3 may act as a TSG in several
types of solid tumors (11‑14). Downregulation of RBMS3
mRNA and protein has been detected in gastric cancer (GC),
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nasopharyngeal carcinoma (NPC) and lung squamous cell
carcinoma (LSCC). In addition, downregulation of RBMS3 in
GC, LSCC, NPC and ESCC has been revealed to be strongly
associated with worse outcomes (11,12,14,15). Overexpression
of RBMS3 effectively suppressed ESCC cell growth, colony
formation and tumor formation in nude mice (11). RBMS3
has also been reported to inhibit angiogenesis, a necessary
nutrient supply strategy for most solid tumors, by negatively
regulating of MMP2, MMP‑9, VEGF and β‑catenin to inhibit
tumor growth (12,15). However, its expression and role in
human GBC remains unclear. Therefore, the present study was
conducted to address these topics.
In the present study, RT‑qPCR, western blotting and
immunohistochemistry (IHC) were utilized to characterize the
expression levels of RBMS3 in GBC tissues. The association
of RBMS3 expression with clinicopathological parameters
and prognosis was analyzed, and the relationship between
RBMS3 expression and microvascular density (MVD) was
investigated. Moreover, the role of RBMS3 in GBC proliferation, clonogenicity and apoptosis in vitro was determined.
Materials and methods
Patients and tissue specimens. To construct the tissue microarray (TMA), a total of 125 formalin‑fixed, paraffin‑embedded
GBC and 47 randomly selected normal gallbladder tissues
were collected at the Department of General Surgical of the
Armed Police Corps Hospital of Anhui (Hefei, China) from
December 2004 to December 2014. To obtain the complete
clinical information, all patients were followed‑up regularly
every 2 months during the first 2 years post‑surgery and
every 6 months afterwards. Complete clinical follow‑up was
updated until December 2016. Immunohistochemical staining
and patient pathological characteristics were reviewed by two
experienced pathologists. Tumor node metastasis (TNM)
staging was classified based on the 7th edition of TNM classification criteria published by the American Joint Committee
on Cancer (AJCC) in 2010. Detailed clinicopathological
parameters are described in Table I. In detail, the overall
cohort consisted of 34 males and 91 females with a mean
age of 66.58 years and a median age of 68 years (range, 35 to
93 years). Additionally, 41 pairs of matched fresh GBC tissues
and adjacent non‑tumor tissues (at least 5 cm from the tumor
edge) were collected, snap‑frozen in liquid nitrogen and stored
at ‑80˚C between May 2015 and August 2017, until use in
RT‑qPCR and western blot analysis to compare the protein
and mRNA expression levels of RBMS3 between GBC and
adjacent non‑tumor tissues. All diagnoses were histopathologically confirmed. None of the patients had undergone any
anticancer treatment prior to surgery. The present study was
approved by the Institute Research Ethics Committee of the
Armed Police Corps Hospital of Anhui and written informed
consent was obtained from all patients involved.
RNA preparation and reverse transcription‑quantitative
polymerase chain reaction (RT‑qPCR). Total RNA was
isolated from freshly frozen tissues using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific) and reverse‑transcribed
(RT) to generate first‑strand cDNA using ReverTra Ace
qPCR RT Master Mix (Toyobo Life Science) according to the

protocol supplied by the manufacturer. The PCR primers used
for amplification were as follows: RBMS3 forward, 5'‑GGT
AGCATCTCTCAAG GCA AAT‑3' and reverse, 5'‑CATGTC
CAAAGGGTTTCAGCA‑3'; and glyceraldehyde‑3‑phosphate
dehydrogenase (GAPDH), which was used as the internal
control: Forward, 5'‑ATCAAGAAGGTGGTGAAGCAGG‑3',
and reverse, 5'‑CGTCAAAGGTGGAGGAGTG G‑3'. qPCR
was carried out on an ABI Prism 7900 HT Sequence Detection
System (Applied Biosystems; Thermo Fisher Scientific, Inc.)
using a SYBR Green mix (Toyobo Life Science). The amplification of the target sequence was performed in a 10‑µl reaction
system with the following conditions: Denaturation (95˚C for
5 min) and 40 cycles of amplification and quantification (95˚C
for 15 sec and 60˚C for 45 sec). Each sample was detected in
triplicate, and a melting curve was analyzed to confirm the
amplification specificity. The results of relative mRNA expression were calculated using the 2‑ΔΔCq method (16).
Protein extraction and western blotting. Western blotting
was performed as described previously (17,18). Briefly, total
proteins were extracted from fresh frozen tissues by RIPA
lysis buffer (product code P0013B; Beyotime Institute of
Biotechnology). Protein concentrations were determined
using the BCA Protein Assay Kit (Beyotime Institute of
Biotechnology). Protein samples (30 µg) were then separated
electrophoretically using 10% sodium dodecyl sulfate‑polyacrylamide (SDS‑PAGE) gels and transferred to nitrocellulose
membranes (EMD Millipore). After blocking the nonspecific
binding sites with 5% nonfat milk diluted in Tris‑buffered
saline with Tween‑20 (TBST) for 1 h at room temperature, the
membranes were blotted with a rabbit polyclonal anti‑RBMS3
antibody (1:2,000; product code ab198248; Abcam) at 4˚C
overnight. After three 10‑min TBST washes, the membranes
were blotted with horseradish peroxidase‑labeled anti‑rabbit
IgG secondary antibody (product no. 7074P2; Cell Signaling
Technology) at a dilution of 1:3,000 at room temperature for
60 min. The membranes were then washed three times with
TBST for 10 min each time, and the bound antibodies were
developed using the enhanced chemiluminescence system
(product code 34577; Thermo Fisher Scientific, Inc.). GAPDH
was detected as a loading control using an anti‑GAPDH antibody (1:3,000; Ab103‑02; Vazyme).
IHC and scoring. The immunohistochemical assay
was performed as previously described (19,20). Briefly,
H&E‑stained slides were screened to identify optimal intratumoral tissue to construct a TMA (Shanghai Biochip Company,
Ltd.) before IHC. Multiple 4‑µm‑thick sections were prepared
with a microtome and incubated at 63˚C for 1 h, deparaffinized using xylene, and rehydrated in a graded ethanol
series. Heat‑induced antigen retrieval was performed at 100˚C
for 10 min in citrate buffer (pH 6.0). The sections were then
treated with 3% hydrogen peroxide in methanol and 1% bovine
serum albumin to quench endogenous peroxidase activity and
to block nonspecific staining. Subsequently, the sections were
incubated with primary antibodies against RBMS3 (1:50;
product code ab198248; Abcam) and CD34 (1:1,000; product
code ab81289, Abcam) overnight at 4˚C followed by a PBS
wash. The sections were then incubated at room temperature
for 30 min with horseradish peroxidase‑labeled anti‑rabbit
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Table I. Clinical and pathological features of the GBC patients
(n=125).
Clinicopathological variables
Sex
Male
Female
Age (years)
<68
≥68
Tumor size (cm)
<2
≥2
Differentiation
High/moderate
Low/undifferentiated
Depth of invasion
T1/T2
T3/T4
Lymph node metastasis
Yes
No
TNM
I/II
III/IV
Gallstones
Yes
No
AFP (µg/l)
<20
≥20
CEA (ng/ml)
<5
≥5
CA199 (U/ml)
<37
≥37

No. of patients (%)
34 (27.2)
91 (72.8)
58 (46.4)
67 (53.6)
60 (48)
65 (52)
80 (64)
45 (36)
37 (29.6)
88 (70.4)
51 (40.8)
74 (59.2)
81 (64.8)
44 (35.2)
83 (66.4)
42 (33.6)
120 (96)
5 (4)
99 (79.2)
26 (20.8)
81 (64.8)
44 (35.2)

GBC, gallbladder carcinoma; TNM, tumor‑node‑metastasis; AFP,
alpha fetoprotein; CEA, carcino‑embryonic antigen; CA199, carbohydrate antigen 199.

IgG secondary antibody (product code K8002; Dako), PBS
washed and visualized using an autostainer link instrument
(product code Autostainer Link 48; Dako) according to
the manufacturer's instructions. For negative controls, the
primary antibodies were substituted with normal rabbit IgG
(product code A7016; Beyotime Institute of Biotechnology).
The immunohistochemical staining results were assessed by
two independent pathologists who were blinded to the patient
clinical data according to the proportion of positive cells and
the staining intensity. The staining ʻpercentageʼ (percentage
scores) were graded using four categories: 0 for no cells stained,
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1 for <25%, 2 for 25‑75%, and 3 for >75% of cells stained. The
ʻintensity' measurements (intensity score) were divided into
four groups: 0 for negative, 1 for weak, 2 for moderate and 3
for strong. The immunoreactivity score (IRS) was defined by
the ʻpercentage x intensityʼ. Specimens were scored as follows:
Negative (IRS= ~0‑2), positive (IRS= ~3‑9).
MVD counting. The MVD was counted by two independent pathologists without knowledge of the patient data.
Microvessels were evaluated by counting CD34‑stained
endothelial cells according to the generally accepted criteria
developed by Weidner et al (21). Any immunostained endothelial cell or endothelial cell cluster that was clearly separate
from other nearby microvessels could be considered a countable microvessel. Vessels with vessel wall thickness >2.75 µm
or with thick muscular walls were excluded. Immunostained
sections were initially scanned at a low power (magnification,
x100) under a light microscope (Leica Microsystems GmbH)
to identify ʻhot spotsʼ, defined as areas with the highest number
of microvessels. Three representative areas of ʻhot spotsʼ were
then counted under a high‑power (magnification, x200) microscope. The final MVD count was determined as the mean
value of the three sections examined.
Cell culture and lentivirus infection. Two human GBC
cell lines (GBC‑SD and SGC996) and the human embryonic kidney cell line 293T were purchased from Shanghai
GeneChem Co., Ltd. These cell lines were cultured in
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc.), penicillin (100 U/ml) and
streptomycin (100 µg/ml), at 37˚C in a humidified incubator
containing 5% CO2. The lentiviral overexpression vector
RBMS3 GV365 (OE, Ubi‑RBMS3‑3FLAG‑CMV‑EGFP)
and the corresponding negative control GV365 vector (NC,
Ubi‑MCS‑3FLAG‑CMV‑EGFP) were purchased from
Shanghai GeneChem Co., Ltd. The packaging procedures
and infection of lentiviruses were performed according to a
previous study (22). The overexpression efficacy of target
genes was detected by western blot analysis.
Cell proliferation assay and clonogenic assay. Cell proliferation and colony formation were assessed to evaluate the role of
RBMS3 on the proliferation capabilities of GBC cells. Briefly,
for the cell proliferation assay previously described (23),
RBMS3 overexpression (OE) and vector control (NC) cells
were seeded into 96‑well plates (~2,000 cells/well) in sextuplicate and cell proliferation was assessed using Cell Counting
Kit‑8 (CCK‑8; Sigma‑Aldrich; Merck KGaA) assay at different
time‑points according to the manufacturer's instructions. The
absorbance was determined at 450 nm using a Universal
Microplate Reader (BioTek Instruments, Inc.). In short, the
clonogenic assay was performed as previously described (24),
whereby the RBMS3 overexpressing and vector control
cells (~800 cells/well) were plated into 6‑well plates and the
medium was replaced every three days. Two weeks later, the
surviving colonies were fixed by 4% polyoxymethylene at
room temperature for 30 min, and stained with Giemsa, and
colonies (>50 cells/colony) were then counted. Each assay was
performed at least three times.
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Table II. The expression of RBMS3 in GBC and normal tissues.

Groups
GBC tissues
normal tissues
P‑value

Nuclear RBMS3‑	
positive/cytoplasmic
RBMS3‑positive

Nuclear RBMS3‑	
positive/cytoplasmic
RBMS3‑negative

Nuclear RBMS3‑	
negative/cytoplasmic
RBMS3‑positive

Nuclear RBMS3‑
negative/cytoplasmic
RBMS3‑negative

1/125 (0.8)
5/47 (10.6)
0.008

4/125 (3.2)
3/47 (6.4)
0.611

46/125 (36.8)
24/47 (51.1)
0.09

74/125 (59.2)
15/47 (31.9)
0.001

P<0.05 was defined as statistically significant and is indicated in bold. RNA binding motif, single‑stranded interacting protein 3; GBC, gallbladder carcinoma.

Figure 1. mRNA and protein expression levels of RBMS3 in clinical samples. (A) Scatter plots of the relative expression of RBMS3 mRNA in tumors and
normal tissues. (B) Bar plots of RBMS3 mRNA expression in GBC tissues compared with normal tissues. Data for each patient is presented as the log2 ratio
of tumor tissue/normal tissue. (C) The protein expression level of RBMS3 was analyzed by western blot assay. Representative protein expression level of
RBMS3 in 6 pairs of tumor samples (T) and corresponding normal controls (N). GAPDH was used as an endogenous control. RBMS3, RNA binding motif,
single‑stranded interacting protein 3; GBC, gallbladder carcinoma.

Apoptosis assay. Apoptosis of the GBC‑SD and SGC996
cells was analyzed using the APC‑conjugated Annexin V
(Annexin V‑APC; eBioscience; Thermo Fisher Scientific,
Inc.) kit according to the manufacturer's instructions. The
percentage of apoptotic cells was analyzed by flow cytometry (FACSCalibur; BD Biosciences). The detailed apoptosis
analysis is described in a previous study (25).

were assessed using Student's t‑test. All statistical tests were
two‑sided, with P‑values <0.05 considered to indicate a statistically significant difference. (*P<0.05, **P<0.01, ***P<0.001
and #P<0.0001, respectively, as indicated in the figures and
legends).

Statistical analysis. All statistical analyses were performed
using SPSS 16.0 software (SPSS, Inc.). The associations
between RBMS3 expression and clinicopathological characteristics were analyzed by chi‑square tests. A paired‑samples
t‑test was used to compare the RBMS3 mRNA levels between
freshly frozen GBC and paired normal tissues. The overall
survival (OS) analysis was performed by the Kaplan‑Meier
method, and statistical significance was analyzed using the
log‑rank test. Cox regression analysis was used to estimate
the independent risk factor for OS of GBC patients after
surgery. Differences between two groups for in vitro studies

Expression of RBMS3 mRNA and protein in matched
fresh GBC tissues and adjacent non‑tumor tissues. Low
expression of RBMS3 has been reported in certain human
cancers (12). However, the expression of RBMS3 in GBC
has not been investigated. To determine the expression of
RBMS3 in GBC tissues, the mRNA and protein expression
levels of RBMS3 in a cohort of 41 GBCs and paired adjacent
non‑tumor tissue specimens were assessed by RT‑qPCR
and western blot analysis. The results revealed that the
mean expression level of RBMS3 mRNA in GBC tissues
(0.021±0.033, normalized to GAPDH gene expression)

Results
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Figure 2. Immunohistochemical staining of RBMS3 and CD34 protein in GBC and random normal gallbladder tissues. (A) Representative images of RBMS3
and CD34 as follows: Normal gallbladder tissues (N) with cytoplasmic RBMS3+ expression (n1 and n2) and low MVD (n3 and n4) expression; middle differentiated (M) GBC with cytoplasmic RBMS3+ expression (m1 and m2) and low MVD (m3 and m4) expression; poorly differentiated (P) GBC with cytoplasmic
RBMS3‑ expression (p1 and p2) and high MVD (p3 and p4) expression. Magnification: x100 (n1, n3, m1, m3, p1 and p3) and x400 insertion x200 (n2, n4, m2,
m4, p2 and p4). (B) Immunoreactivity scores of cytoplasmic RBMS3 and nuclear RBMS3 staining in (a and b) normal gallbladder tissues and tumor tissues,
(c) high/moderate and low/undifferentiated, (d) LNM‑negative and LNM‑positive, and (e) TNM‑I/II and TNM‑III/IV are represented as the mean ± SEM.
(C) MVD counts of tumor tissues. (a) MVD counting in tumor tissues with cytoplasmic RBMS3+ and cytoplasmic RBMS3‑ expression; (b) MVD counting in
tumor tissues with nuclear RBMS3+ and nuclear RBMS3‑ expression. *P<0.05, **P<0.01, ***P<0.001 vs. NC. ns, not significant; RBMS3, RNA binding motif,
single‑stranded interacting protein 3; GBC, gallbladder carcinoma; MVD, microvessel density; LNM, lymph node metastasis.
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Table III. Association between cytoplasmic RBMS3 expression and clinicopathological variables (n=125).
Cytoplasmic RBMS3 expression
Clinicopathological	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
variables
Total
positive
negative
Sex				
Male
34
16 (47.1)
18 (52.9)
Female
91
31 (34.1)
60 (65.9)
Age (years)				
<68
58
24 (41.4)
34 (58.6)
≥68
67
23 (34.3)
44 (65.7)
Tumor size (cm)				
<2
60
20 (33.3)
40 (66.7)
≥2
65
27 (41.5)
38 (58.5)
Differentiation				
High/moderate
80
36 (45)
44 (55)
Low/undifferentiated
45
11 (24.4)
34 (75.6)
Depth of invasion				
T1/T2
37
14 (37.8)
23 (62.2)
T3/T4
88
33 (37.5)
55 (62.5)
Lymph node metastasis				
Yes
51
12 (23.5)
39 (76.5)
No
74
35 (47.3)
39 (52.7)
TNM				
I/II
81
38 (46.9)
43 (53.1)
III/IV
44
9 (20.5)
35 (79.5)
Gallstones				
Yes
83
32 (38.6)
51 (61.4)
No
42
15 (35.7)
27 (64.3)
AFP (µg/l)				
<20
120
47 (39.2)
73 (60.8)
≥20
5
0 (0)
5 (100)
CEA (ng/ml)				
<5
99
39 (39.4)
60 (60.6)
≥5
26
8 (30.8)
18 (69.2)
CA199 (U/ml)				
<37
81
28 (34.6)
53 (65.4)
≥37
44
19 (43.2)
25 (56.8)

P‑value
0.182
0.417
0.344
0.023
0.972
0.007
0.004
0.757
0.193
0.419
0.342

P<0.05 was defined as statistically significant and is indicated in bold. RNA binding motif, single‑stranded interacting protein 3; TNM,
tumor‑node‑metastasis; AFP, alpha fetoprotein; CEA, carcino‑embryonic antigen; CA199, carbohydrate antigen 199.

was significantly decreased when compared to matched
controls (0.043±0.051, P=0.0009; Fig. 1A). The differences with <1‑fold change were defined as downregulation
(GBC/normal <1) and those with >1‑fold change as upregulation (GBC/normal >1) in RBMS3 mRNA expression in GBC
tissues compared with normal tissues. The results revealed
that 78.05% (32/41) of GBC tissues expressed a lower level
of RBMS3 compared with the matched normal tissues
(Fig. 1B). In addition, to further investigate whether protein
expression was consistent with the results of qPCR, RBMS3
protein levels in the matched tumor and normal specimens

were determined by western blotting and are presented in
Fig. 1C. Compared with that in adjacent normal controls,
the expression of RBMS3 protein was decreased in the GBC
specimens. Collectively, these results indicated that in this
Chinese GBC cohort, RBMS3 expression was decreased at
both the mRNA and protein levels.
Immunostaining for RBMS3. To elucidate the biological
significance of RBMS3 in GBC, RBMS3 protein expression
was analyzed in a tissue microarray (TMA) of 125 clinical
GBC tissue samples and 47 normal controls using IHC. In
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Table IV. Association between nuclear RBMS3 expression and clinicopathological variables (n=125).
Nuclear RBMS3 expression
Clinicopathological	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
variables
Total
positive
negative
Sex				
Male
34
1 (2.9)
33 (97.1)
Female
91
4 (4.4)
87 (95.6)
Age (years)				
<68
58
3 (5.2)
55 (94.8)
≥68
67
2 (3)
65 (97)
Tumor size (cm)				
<2
60
3 (5)
57 (95)
≥2
65
2 (3.1)
63 (93.3)
Differentiation				
High/moderate
80
2 (2.5)
78 (97.5)
Low/undifferentiated
45
3 (6.7)
42 (93.3)
Depth of invasion				
T1/T2
37
0 (0)
37 (100)
T3/T4
88
5 (5.7)
83 (94.3)
Lymph node metastasis				
Yes
51
3 (5.9)
48 (94.1)
No
74
2 (2.7)
72 (97.3)
TNM				
I/II
81
2 (2.5)
79 (97.5)
III/IV
44
3 (6.8)
41 (92.2)
Gallstones				
Yes
83
3 (3.6)
80 (96.4)
No
42
2 (4.8)
40 (95.2)
AFP (µg/l)				
<20
120
5 (4.2)
115 (95.8)
≥20
5
0 (0)
5 (100)
CEA (ng/ml)				
<5
99
4 (4)
95 (96)
≥5
26
1 (3.8)
25 (96.2)
CA199 (U/ml)				
<37
81
3 (3.7)
78 (96.3)
≥37
44
2 (4.5)
42 (95.5)

P‑value
0.999
0.869
0.927
0.506
0.327
0.669
0.479
0.999
0.999
0.999
0.999

RNA binding motif, single‑stranded interacting protein 3; TNM, tumor‑node‑metastasis; AFP, alpha fetoprotein; CEA, carcino‑embryonic
antigen; CA199, carbohydrate antigen 199.

agreement with previous studies, the positive immunohistochemical staining was predominantly located in the cytoplasm
and/or nucleus (12,13). The expression levels of RBMS3 in
the cytoplasm and nucleus are summarized in Table II. The
results revealed that nuclear RBMS3 and cytoplasmic RBMS3
expression in GBC were significantly lower than those in the
normal controls (P=0.004 and P=0.005, respectively; data not
shown). Representative images of RBMS3 immunohistochemical staining in GBC tissue and normal controls are shown in
Fig. 2A. In summary, the present results revealed that RBMS3
was downregulated in GBC.

Associations of RBMS3 expression with GBC clinicopatholog‑
ical parameters. To further characterize the roles of RBMS3
in GBC carcinogenesis, the associations between RBMS3
expression in GBC tissues and clinicopathological parameters
of GBC patients were analyzed. The tumor TNM stage was
classified as ʻearlyʼ (I/II) or ʻadvancedʼ (III/IV). The lymph
node stages were divided into lymph node‑negative (No) or
lymph node‑positive (Yes). As revealed in Tables III and IV,
the expression of cytoplasmic RBMS3 in GBC was significantly associated with histopathological differentiation
(high/moderate vs. low/undifferentiated, P=0.023), lymph node
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Table V. Univariate and multivariate analysis of the correlation between clinicopathological parameters and prognostic significance of GBC patients.
Univariate analysis
Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables
HR (95%CI)
P‑value
HR (95%CI)
P‑value
Sex (male vs. female)
Age (years) (<68 vs. ≥68)
Tumor diameter (cm) (<2 vs. ≥2)
Differentiation (low/undifferentiated vs.
high/moderate)
Depth of invasion (T1/TI vs. T3/T4)
Lymph node metastasis (no vs. yes)
TNM stages (I/II vs. III/IV)
Gallstones
AFP (<20 vs. ≥20)
CEA (<5 vs. ≥5)
CA199 (<37 vs. ≥37)
Nuclear RBMS3 expression
(positive vs. negative)
Cytoplasmic RBMS3 expression
(positive vs. negative)

1.188 (0.775‑1.822)
1.325 (0.912‑1.924)
1.847 (1.263‑2.700)
0.314 (0.211‑0.468)

0.43		
0.14		
0.002
1.526 (0.963‑2.418)
1.14E‑08
0.564 (0.343‑0.925)

NA
NA
0.072
0.023

2.277 (1.460‑3.550)
1.880 (1.282‑2.757)
2.215 (1.486‑3.301)
0.961 (0.653‑1.415)
1.927 (1.220‑3.042)
1.718 (0.693‑4.260)
1.609 (1.094‑2.367)
1.224 (0.495‑3.025)

2.85E‑04
1.898 (1.157‑3.114)
0.001
1.063 (0.467‑2.420)
9.38E‑05
1.346 (0.568‑3.190)
0.842		
0.005
1.855 (1.091‑3.155)
0.243		
0.016
1.310 (0.868‑1.977)
0.662		

0.011
0.884
0.5
NA
0.023
NA
0.198
NA

0.508 (0.339‑0.762)

0.001

0.450 (0.294‑0.688)

2.29E‑04

Variables with P‑values >0.05 in the univariate models were not adapted (NA) in the multivariate analysis. P<0.05 was defined as statistically
significant and is indicated in bold. GBC, gallbladder carcinoma; CI, confidence interval; HR, hazard ratio; TNM, tumor‑node‑metastasis;
AFP, alpha fetoprotein; CEA, carcino‑embryonic antigen; CA199, carbohydrate antigen 199; RNA binding motif, single‑stranded interacting
protein 3.

metastasis (Yes vs. No, P=0.007) and TNM tumor stage (I/II
vs. III/IV, P=0.004), while the expression of nuclear RBMS3
was not associated to any clinical parameters. Compared to
that in low/undifferentiated, lymph node‑positive and TNM
ʻadvanced (III/IV)ʼ stage, the immunoreactivity of cytoplasmic RBMS3 was markedly increased in high/moderate
histopathological differentiation, lymph node‑negative, TNM
ʻearly (I/II)ʼ stage and normal controls. Immunoreactivity of
cytoplasmic and nuclear RBMS3 in GBC tissues and normal
controls and associations with histopathological differentiation (high/moderate vs. low/undifferentiated), lymph node
metastasis (Yes vs. No) and TNM tumor stage (I/II vs. III/IV)
are presented in Fig. 2Ba‑e. Collectively, the present findings
revealed that cytoplasmic RBMS3 expression was associated
with histopathological differentiation, lymph node metastasis
and TNM tumor stage.
Correlation between angiogenesis and RBMS3 expression.
Previous studies revealed that RBMS3 could regulate angiogenesis in NPC and GC (12,15). However, the role of RBMS3
has not been reported in GBC. Therefore, the correlation
between MVD and RBMS3 expression in our TMA was
analyzed. MVD was quantified by counting CD34‑positive
endothelial cells.
The MVD counts in the cytoplasm of the RBMS3‑negative
group (cytoplasmic RBMS3‑, 139.20±9.953) were significantly
higher than those in the cytoplasmic RBMS3‑positive group
(cytoplasmic RBMS3+, 97.81±9.860, P=0.0065) as revealed

in Fig. 2Ca, while MVD was not related to the expression of
nuclear RBMS3, as revealed in Fig. 2Cb. In conclusion, the
present results indicated that cytoplasmic RBMS3 was associated with GBC angiogenesis.
Survival analysis. Based on the aforementioned results, it was
determined that RBMS3 expression was associated with GBC
progression. Thus, the prognostic value of RBMS3 expression
in patients with GBC was evaluated using Kaplan‑Meier analysis and log‑rank test. Kaplan‑Meier survival curves revealed
that cytoplasmic RBMS3‑negative expression (cytoplasmic
RBMS3 ‑) was associated with worse overall survival (OS;
log‑rank test: P<0.001; Fig. 3A), while overall survival was
not related to the expression of nuclear RBMS3, as revealed
in Fig. 3B. Patients with cytoplasmic RBMS3 ‑ expression
exhibited shorter OS (mean 12.29±0.636 months) than those
with cytoplasmic RBMS3+ tumors (mean 16.81±1.929 months,
P<0.001), with an adjusted HR of 0.450 (95% CI: 0.294‑0.688,
P<0.001). Collectively, the present results indicated that cytoplasmic RBMS3 was significantly associated with the clinical
prognosis of GBC and may become a prognostic biomarker
for GBC.
Univariate and multivariate Cox regression analyses. The
predictive roles of RBMS3 in GBC prognosis were further
assessed by Cox regression analysis. The univariate Cox regression analysis revealed significant correlations between OS and
tumor size, differentiation, depth of invasion, lymph node
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Figure 3. Kaplan‑Meier survival analysis with log‑rank test for the OS of 125 GBC. (A) The OS of patients with cytoplasmic RBMS3 ‑ and cytoplasmic
RBMS3+. (B) The OS of patients with nuclear RBMS3+ and nuclear RBMS3‑ expression. OS, overall survival; GBC, gallbladder carcinoma; RBMS3, RNA
binding motif, single‑stranded interacting protein 3.

metastasis, TNM stages, AFP, CA199 levels and cytoplasmic
RBMS3 expression (Table V). Furthermore, a multivariate
Cox regression analysis was performed for these factors. As a
result, differentiation, depth of invasion, AFP and cytoplasmic
RBMS3 expression were identified as independent prognostic
factors (Table V). Collectively, the present results identified
cytoplasmic RBMS3 expression as an independent prognostic
factor for GBC.
RBMS3 overexpression inhibits the growth of GBC cells
in vitro. Given the significant downregulation of RBMS3
in GBC and the association between the downregulation of
cytoplasmic RBMS3 expression and poor clinical prognosis, it
was postulated that RBMS3 may inhibit GBC cell growth. To
investigate whether RBMS3 has tumor suppressive ability, we
stably overexpressed RBMS3 (OE) in GBC‑SD and SGC996
GBC cell lines by lentivirus infection, which was confirmed
by western blotting, while the empty vector lentivirus (NC)
served as a control.
Then, a cell proliferation and colony formation assays were
performed to evaluate the effects of RBMS3 on the growth
of GBC‑SD and SGC996 cells. As revealed in Fig. 4A, it
was determined that overexpression of RBMS3 significantly
inhibited the proliferation ability of GBC‑SD and SGC996
cells compared with the control. Furthermore, colony formation assays similarly revealed that overexpression of RBMS3
markedly decreased the number and size of the colonies
compared with the control (Fig. 4B). These results indicated
an inhibitory role for RBMS3 in the proliferation of GBC cells
in vitro, supporting the hypothesis that RBMS3 may act as a
tumor suppressor in GBC.
RBMS3 overexpression promotes the apoptosis of GBC cells
in vitro. Previous findings strongly suggest that RBMS3 is a
prominent apoptosis inducer in GBC (13,15). To further verify
our hypothesis, the apoptosis levels between the two groups
(OE vs. NC) in both cell lines (GBC‑SD and SGC996) were
examined using flow cytometry and it was revealed that
RBMS3 promoted apoptosis in both cell lines (Fig. 5A and B).
These results support the tumor suppressor role of RBMS3 in
GBC via induction of tumor cell apoptosis.

Discussion
Multiple regions within the short arm of chromosome 3
(3p) are frequently deleted in numerous human solid tumors
including GBC, representing a genetic alteration hotspot. The
3p24 gene RBMS3 has been identified as a candidate TSG in
LSCC, NPC, ESCC, and GC (11,12,14,15). Previous studies
revealed that in LSCC, NPC and ESCC, RBMS3 was mainly
found in the nucleus, and its low nuclear expression predicted
poor prognosis (11,14,15), while in GC, RBMS3 was mainly
found in the cytoplasm and its low expression in the cytoplasm predicted poor prognosis (12). In the present study, it
was revealed that RBMS3 is a candidate tumor biomarker for
GBC (Fig. 6). It was demonstrated that in GBC tissue, both the
mRNA and protein expression levels of RBMS3 were significantly downregulated. RBMS3 protein staining was detected
in the nucleus and/or cytoplasm of GBC cells, and both nuclear
and cytoplasmic RBMS3 staining was significantly reduced
in GBC tissues compared with normal controls, suggesting a
pivotal role for RBMS3 in GBC development and progression.
Subsequent studies have revealed that RBMS3 is downregulated in a number of solid tumors and plays an important role in
tumor progression and angiogenesis. For instance, Li et al (11)
revealed that ESCC patients with RBMS3 downregulation had
worse clinical outcomes, and RBMS3 expression effectively
suppressed cell growth, colony formation, and tumor formation
in nude mice through c‑Myc downregulation. Wu et al (12)
revealed that RBMS3 may modulate the cellular localization
of the transcription factor HIF1A and thus regulate tumor
angiogenesis, and GC patients with low RBMS3 expression
had worse clinical outcomes. Another study revealed that
downregulation of RBMS3 was detected in NPC cell lines
and primary NPC tissues and overexpression of RBMS3 in the
NPC cell lines markedly induced cell apoptosis and inhibited
microvessel formation by targeting caspase‑9, PARP, MMP2
and β‑catenin (15). RBMS3 was also suggested to play a role in
cell cycle arrest at the G1/S checkpoint by upregulating p53 and
p21 and downregulating cyclin E and CDK2 expression (15).
Recently, Yang et al revealed that RBMS3 overexpression
markedly suppressed proliferation, migration, and invasion
by inhibiting the protein expression of β‑catenin, cyclin D1,
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Figure 4. RBMS3 controls GBC cell growth in vitro. GBC‑SD and SGC996 cells were infected with lentiviruses carrying RBMS3 overexpression vector
(OE) or negative control vector (NC) and then were subjected to (A) CCK‑8 assay and (B) colony formation assay. RBMS3 overexpression inhibited GBC cell
proliferation. Each experiment was repeated three times. Values are expressed as the means ± SD. **P<0.01, ***P<0.001, #P<0.0001. RBMS3, RNA binding
motif, single‑stranded interacting protein 3; GBC, gallbladder carcinoma.
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Figure 5. Ectopic expression of RBMS3 induces GBC cell apoptosis. GBC‑SD and SGC996 cells were infected with lentiviruses carrying RBMS3 overexpression vector (OE) or negative control vector (NC). Flow cytometry with APC‑conjugated Annexin V staining determined changes in apoptosis in (A) GBC‑SD
cells and (B) SGC996 cells in the presence of RBMS3 overexpression or the negative control. Values are expressed as the means ± SD. **P<0.01, #P<0.0001.
RBMS3, RNA binding motif, single‑stranded interacting protein 3; GBC, gallbladder carcinoma.
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Figure 6. A summary diagram of the role of RBMS3 in GBC. RBMS3, RNA binding motif, single‑stranded interacting protein 3; GBC, gallbladder carcinoma.

and c‑Myc in breast cancer cells (13). Consistent with the
aforementioned studies, in the present study, it was observed
that cytoplasmic RBMS3 ‑ GBC patients had significantly
worse prognosis and higher tumor angiogenesis compared with
cytoplasmic RBMS3+ GBC patients. However, no association
of nuclear RBMS3 with GBC prognosis or angiogenesis was
revealed. This result is consistent with a previous study showing
RBMS3 accumulation in the cytoplasm and strongly suggesting
a cytoplasmic function for RBMS3 (8). Therefore, cytoplasmic
RBMS3 expression may play more important roles in GBC
than nuclear RBMS3 expression. Moreover, multivariate Cox
analysis further confirmed cytoplasmic RBMS3 as an independent prognostic factor for GBC, and RBMS3 overexpression
markedly suppressed the proliferation and clonogenicity
of GBC cells and promoted apoptosis in vitro. This result is
consistent with previous studies on RBMS3 as an MSSP
family protein to regulate cell proliferation and apoptosis, both
of which are crucial biological processes in tumorigenesis.
However, it was revealed that RBMS3 is mainly located in
the cytoplasm rather than the nucleus in GBC. It is surmised
that it can play a biological function in GBC by regulating
target‑gene expression post‑transcriptionally through RNA
binding. Previous research revealed that RBMS3 can increase
the half‑life of Prx1 mRNA, thus increasing the expression of
Prx1 protein, while Prx1 can interact with p66Shc, leading to
changes in mitochondrial membrane permeability cytochrome
c release and apoptosis (15). However, whether RBMS3 can
induce apoptosis through a similar pathway in GBC requires
further investigation. Collectively, these data indicated that
cytoplasmic RBMS3 is a novel TSG in GBC, and its downregulation facilitates the development and progression of GBC.

Tumor angiogenesis is correlated with invasion, metastasis,
treatment resistance and poor prognosis in some cancers
including GBC (26‑29). A number of tumor therapeutic strategies are being developed to inhibit tumor angiogenesis (30,31).
As previously reported, RBMS3 may regulate tumor angiogenesis by modulating the location of HIF1A (12) and RBMS3
may inhibit microvessel formation in NPC cell lines through
downregulation of MMP2 and β‑catenin and inactivation of its
downstream targets cyclin‑D1, c‑Myc, MMP7, and MMP9 (15).
There have been no studies on the association between MVD
and RBMS3 expression in GBC. In the present study, a strong
association between cytoplasmic RBMS3 expression and MVD
was observed. GBC tissues with low expression of cytoplasmic
RBMS3 had high MVD counts compared with high expression
of cytoplasmic RBMS3, while nuclear RBMS3 expression was
not related to MVD counts. Therefore, cytoplasmic RBMS3
may contribute to angiogenesis in GBC. Moreover, it was also
revealed that GBC tissues at the advanced stage with positive nodal metastasis and in poor histological differentiation
degree, had lower cytoplasmic RBMS3 expression, indicating
that cytoplasmic RBMS3 plays a significant role in tumor
invasion and metastasis. According to the characteristics of
GBC progression, patients with advanced tumor stage, lymph
node metastasis and poor histological differentiation degree
may be closely correlated with worse clinical outcome. Thus,
these results also indicated that cytoplasmic RBMS3 may play
an important tumor‑suppressive role in GBC progression.
In conclusion, the present results indicated that, as
a member of the MSSPS family, RBMS3 could be an
independent prognostic factor for GBC and the low expression
of cytoplasmic RBMS3 in GBC patients was significantly
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correlated with advanced tumor stage, lymph node metastasis,
poor histological differentiation degree, high tumor
angiogenesis and poor prognosis, suggesting that it may be a
useful molecular marker in GBC. However, there were some
limitations in this study. First, in the present study, the number
of cases was relatively small, and a larger number of patients
would help to better understand the clinical diagnostic and
prognostic value of RBMS3 dysregulation in GBC progression.
In‑depth investigation of the tumor‑suppressive roles and
molecular mechanisms of RBMS3 in GBC will not only
greatly improve our biological understanding of GBC but also
suggest novel approaches for the clinical treatment of GBC.
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