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Abstract: RNA binding motif, single stranded interacting protein 3 (RBMS3) has been reported as a tumor suppres-
sor gene (TSG) in some squamous carcinoma. However, its expression levels and clinical significance in gastric 
cancer (GC) remains unclear. Secreted frizzled-related protein 1 (SFRP1) plays a role of tumor suppressor in many 
cancers by inhibiting Wnt/β-catenin pathway. Nevertheless, its expression levels and clinical significance in GC are 
in dispute. In this study, quantitative real-time PCR and Western Blot were used to measure the mRNA and protein 
level of RBMS3 and SFRP1 in 23 fresh GC and corresponding normal tissues. Immunohistochemistry assay was 
performed to further measure the protein level of RBMS3 and SFRP1 on population-based tissue microarrays con-
sisting of 172 GC cases. We found that 69.57% (16/23) and 73.91% (17/23) GC tissues expressed remarkably 
lower RBMS3 than the matched normal tissues respectively in mRNA and protein levels. Similarly, 78.26% (18/23) 
and 65.22% (15/23) GC tissues expressed lower SFRP1 than the matched normal tissues respectively in mRNA 
and protein levels. Additionally, the low expression of RBMS3 and SFRP1 protein were all significantly related to 
the poor histological grades and prognosis (all P<0.05). In multivariate analysis, RBMS3 and SFRP1 co-expression 
status was independent prognostic factor for GC patients. Finally, the positive correlation between expression levels 
(mRNA and protein) of RBMS3 and SFRP1 was observed. Overall, RBMS3 and SFRP1 are both aberrantly low ex-
pressed in GC, and RBMS3 and SFRP1 co-expression is a potential prognosis predictor of GC.
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Introduction

GC is one of the leading causes of global can-
cer-related deaths annually. There were about 
951,600 new cases and 723,100 deaths due 
to GC worldwide per year [1]. East Asia account-
ing for more than half of the annual cases  
[2]. Although therapeutic strategies have grad-
ually advanced recently, the prognosis of GC 
patients remains unsatisfactory, with a 5-year 
survival rate of less than 30% [3]. The main  
reason for such low survival is that GC is usu-
ally not diagnosed until an advanced stage. 
However, current chemotherapy-based treat-
ments for patient with advanced GC do not 
have a significant curative effect [4]. The occur-
rence and development of gastric cancer is 
complex process involving multi-factor, multi-
gene and multi-step. Therefore, it is essential 
to explore the molecular mechanism of GC and 

development a new bio-markers and effective 
therapeutic targets to improve the diagnostic 
sensitivity and curative effect of GC.

Various solid tumors are found that loss of chro-
mosome 3p in recent years, suggesting that 
chromosome 3p may exist one or more tumor 
suppressor genes (TSGs) [5]. RBMS3 (RNA 
binding motif, single stranded interacting pro-
tein 3), a member of myc single-strand binding 
proteins (MSSPs) family, located at 3p24-p23 
and encoded RNA-binding protein. In mammals, 
the RBMS family consists of 3 members term- 
ed RBMS1, RBMS2 and RBMS3. MSSPs con-
tain two pairs of RNA binding motifs (RNP1 and 
RNP2) which are absolutely required for binding 
to the c-Myc promoter [6] and binding/stabiliz-
ing RNA in vitro [7, 8]. MSSPs involved in regu-
late DNA replication, transcription, apopotosis 
and cell cycle progression by cooperating with 
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the c-Myc protein [9]. The RBMS3 protein most-
ly expressed in the cytoplasm, suggesting it 
may be involved in RNA metabolism, rather 
than transcription [10]. The first reported tar- 
get mRNA that RBMS3 binds is Prx1 mRNA. 
RBMS3 binds the conserved element in the 3’ 
UTR of Prx1 mRNA leading to the up-regulation 
of Prx1 in hepatic stellate cells (HSCs) [8]. 
Recent studies shown RBMS3 have significant 
roles in tumor inhibition in nasopharyngeal can-
cer (NPC) [10], esophageal cancer [11], lung 
cancer and other squamous cell carcinomas 
[12]. It is reported that RBMS3 play a role of 
tumor suppressor by down-regulating c-Myc 
and β-catenin [6, 10]. However, the detailed 
function of RBMS3 in GC and its significance 
for clinical diagnose still remain unclear.

Secreted frizzled-related protein (SFRP) family, 
which has 5 members (SFRP1-5). SFRPs, as 
Wnt antagonists, located in a chromosomal 
region (8p12-p11.1). The aberrant activation  
of the Wnt/β-catenin signaling pathway leading 
to transcription of multiple oncogenes, which  
is one of the major molecular mechanism of GC 
[13-15]. The combination of Wnt and frizzled 
membrane receptors (Fzs) could competitively 
inhibited by SFRPs [16], since SFRPs compete 
with Fzs for Wnt ligands or direct formation  
no-signaling complexes with Fzs [17]. It have 
been reported that the abnormal expression  
of SFRPs associated with various tumors [18, 
19]. High frequency of SFRP1 loss has been 
observed in colorectal cancer [17], renal cell 
cancer [20], breast cancer [21] and GC [22]. 
Moreover, SFRP1 as well as other family mem-
bers were identified as TSGs [23-27]. However, 
the expression level of SFRP1 in GC tissues and 
the relationship between the expression level 
of SFRP1 with clinicopathological factors and 
prognosis of patient with GC are in dispute [22, 
28, 29]. 

It has been reported that RBMS3 and SFRP1 
could play a role of tumor suppressor by down-
regulating the expression of c-Myc and β-cat- 
enin [6, 10, 23, 30]. Besides, the significant 
positive correlation between mRNA expression 
of RBMS3 and SFRP1 was observed by query-
ing the database of TCGC (The Cancer Genome 
Atlas).

In this study, we further investigated the ex- 
pression levels of RBMS3 and SFRP1 in human 
GC tissues and corresponding normal tissues, 

then explored the possible correlations bet- 
ween the clinicopathological factors and overall 
survival with different expression statuses of 
RBMS3 and SFRP1 in GC patients. Finally, we 
analyzed the relationship between the expres-
sion levels of RBMS3 and SFRP1 and explored 
whether RBMS3 and SFRP1 co-expression sta-
tus hold significance for GC. 

Materials and methods

Patients and tissue specimens

195 surgically treated GC patients included in 
the study. 23 GC tissues and matched non-
tumor tissues were used for qRT-PCR and WB. 
172 GC and 43 normal gastric tissues were col-
lected for immunohistochemical. All the tissues 
were collected from the Department of General 
Surgery, The First Affiliated Hospital of Anhui 
Medical University, Hefei, China. The 172 GC 
and 43 normal gastric tissues had been col-
lected between December 2006 and May 
2008. The follow-up period is from 2006 to 
2013. These specimens were incorporated into 
tissue microarray (TMA) for immunohistochemi-
cal staining. The 23 pairs tissue specimens for 
qRT-PCR and WB are fresh GC tissues and cor-
responding normal tissues (at least 10 cm dis-
tant from the tumor edge, verified to be free of 
tumor) were immediately stored at -80°C until 
use. All patients did not receive preoperative 
treatment. All tumors were collected with 
patients’ informed consent and histologically 
diagnosed by experienced pathologists with- 
out any information of this study. Pathological 
TNM staging was evaluated using the 2010  
criteria of The American Joint Committee on 
Cancer (AJCC). The research protocols for this 
study were approved by the ethics committee 
of the hospital.

RNA extraction and quantitative real-time PCR

Total RNA was extracted from the 23 pairs 
fresh specimens using Trizol reagent (Invitrogen, 
USA) according to the manufacturer’s protocol. 
RevertAid First Strand cDNA Synthesis Kit 
(Thermo Scientific, USA) were used for Con- 
verting mRNA to cDNA. Expression levels of 
RBMS3 and SFRP1 mRNA were determined by 
quantitative reverse transcriptase PCR using 
Perfectstart SYBR Green qPCR Master Mix 
(Omega Bio-Tek, USA). The primers used for 
amplification of RBMS3 and SFRP1: RBMS3 
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forward primer: 5’-ACAAGAGCAAGACCCAACA- 
AA-3’, reverse primer: 5’-TGTCCAAAGGGTTTC- 
AGCATA-3’; SFRP1, forward primer: 5’-TCATG 
CAGTTCTTCGGCTTC-3’, reverse primer: 5’-CC- 
AACTTCAGGGGCTTCTTCTTC-3’; GAPDH as an 
endogenous control, GAPDH: forward primer: 
5’-AGCCACATCGCTCAGACAC-3’, reverse primer: 
5’-GCCCAATACGACCAAATCC-3’. The amplifica-
tion protocol used the following conditions: 
denaturation at 95°C for 10 min, followed by 
40 cycles of 95°C for 15 s, 60°C for 20 s, and 
72°C for 20 s, with a final extension at 72°C for 
30 s. The reaction ran on the Stratagene 
Mx3000p Sequence Detection System (Applied 
Agilent, USA). Each assay reaction was per-
formed in triplicate and the values averaged to 
reduce the experimental error. The 2-ΔCt method 
was used to quantify the relative expression 
levels of RBMS3 and SFRP1. The expression 
levels of their mRNA normalized using the 
GAPDH expression.

Protein extraction and Western blot

Total protein were extracted from 23 pairs fresh 
GC and its corresponding normal mucosa tis-
sue using RIPA lysis buffer (Beyotime, China), 
the protein concentration was quantified using 
an Enhanced BCA Protein Assay Kit (Beyotime, 
China). Then equivalent proteins of each pair 
specimens were separated by SDS-PAGE on 
12% polyacrylamide gels and electrotrans-
ferred to polyvinylidene fluoride membranes 
(Millipore, USA). After blocking in TBST (Tris-
buffered saline/Tween-20 buffer) containing 
5% skim milk in for 1 h at room temperature, 
the membranes was placed separately in TBST 
solution containing anti-RBMS3 antibody 
(1:1000; Abcam) or anti-SFRP1 antibody 
(1:5000; R&D Systems), overnight at 4°C. After 
washing three times in TBST solution, mem-
branes were incubated with the corresponding 
horseradish peroxidase-conjugated secondary 
antibodies in TBST plus 3% skim milk powder 
for 1 h at room temperature. After three wash-
ing steps in TBST solution, the target protein 
was visualized by an enhanced chemilumines-
cence detection system. Quantification of band 
intensity was performed with the Image J soft-
ware. RBMS3 and SFRP1 band intensities were 
normalized with β-actin signals.

Immunohistochemistry and TMA assay

GC and normal gastric mucosa tissues were 
formalin-fixed, paraffin-embedded, and used to 

construct a TMA. H&E-stained slides were 
screened to identify optimal intratumoral tis-
sue for analysis. 4-μm thick sections were 
baked at 63°C for 1 hour and deparaffinized 
with xylenes, and rehydrated in graded ethanol 
to distilled water. Placing the sections in boil- 
ed ethylene diamine tetraacetic acid (EDTA) for 
20 min to retrieval the antigen. The sections 
were treated by methanol containing 3% hydro-
gen peroxide to quench the endogenous per- 
oxidase activity, then, we used 1% bovine 
serum to block the nonspecific binding. The 
sections were respectively incubated with anti-
RBMS3 antibody (1:25, Abcam) and anti-SFRP1 
antibody (1:1000; R&D Systems) at room tem-
perature for 30 min. Then, the section was 
treated with secondary antibody in working 
solutions. In the end, slides were placed on an 
autostainer link instrument and proceed with 
staining. The intensity of immunostaining was 
graded strong (+++ or 3), moderate (++ or 2), 
weak (+ or 1), or absent (- or 0). Tissue section 
was scored as the percentage of positive cells 
in the section (1, <10%; 2, 11-35%; 3, 36-70%; 
4, >70%) [30], The multiplication of both param-
eters was used to evaluate the expression lev-
els of RBMS3 and SFRP1 in GC tissues. The 
cutoff point for high and low expression levels 
was calculated by receive operating character-
istic (ROC) curve analysis [31, 32], The cutoff 
point were as follows: low expression, total 
immunostaining score ≤4; high expression, 
total immunostaining score >4. Each slide was 
read and scored independently by two patholo-
gists without any information about this study.

Statistical analysis

The SPSS 16.0 software (SPSS, USA) was used 
for all statistical analyses. The Pearson X2 test 
was used to analyze the relationship between 
the clinicopathologic parameters and protein 
expression levels of RBMS3 and SFRP1. Uni- 
variate survival analysis and OS curve plotting 
using the Kaplan-Meier method, and the Log-
Rank test was applied to analyze the signifi-
cance of difference between groups. Multi- 
variate survival analysis using the Cox propor-
tional hazards regression model. Additionally, 
linear regression model was applied to analy- 
sis the relationship between the mRNA expres-
sion levels of RBMS3 and SFRP1. Spearman 
rank correlation model was used to analysis 
the relationship between the protein expres-
sion levels of RBMS3 and SFRP1. The student 
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t-test (two-tailed) was used to compare the  
differences of RBMS3 and SFRP1 expression 
levels between GC tissues and no-tumor tis-
sues. P<0.05 was considered statistically 
significant.

Results

Expression status of RBMS3 and SFRP1 in GC

To determine the mRNA expression levels of 
RBMS3 and SFRP1, we performed qRT-PCR 
using RNA isolated from GC samples and cor-
responding normal gastric mucosa. As shown 
in Figure 1A, the expression levels of RBMS3 
mRNA were significantly lower in 69.57% 
(16/23) GC tissues compared to that in corre-
sponding normal gastric tissues. SFRP1 mRNA 
expression levels were significantly lower in 
78.26% (18/23) GC tissues compared to paired 
normal tissues (Figure 1B). The positive corre-
lation was observed between RBMS3 and 
SFRP1 mRNA expression levels (n=46, r=0.501, 
P<0.001) (Figure 1C). 

Then, we verified that the protein levels of 
RBMS3 and SFRP1 were also markedly lower in 
the GC tissues than its normal controls. Using 
WB analysis, we demonstrated that RBMS3 
and SFRP1 protein expression levels were low- 

43) (P<0.05) (Figure 2B). Similarly, the low-
expression rate of SFRP1 in GC tissues 
(60.47%, 104/172) is significantly higher than 
in normal gastric tissues (37.21%, 16/43) (P< 
0.05) (Figure 2C). The positive correlation was 
observed between RBMS3 and SFRP1 protein 
expression (n=215, r=0.324, P<0.001) (Figure 
2D). Based on the combined expression of 
RBMS3 and SFRP1, we classified the patients 
into four groups: RBMS3 Low/SFRP1 Low (n= 
85), RBMS3 High/SFRP1 Low (n=19), RBMS3 
Low/SFRP1 High (n=41) and RBMS3 High/
SFRP1 High (n=27).

Relationship between RBMS3 and SFRP1 
expression and clinicopathological factors of 
GC patients 

In this study, we assessed the protein expres-
sion levels of RBMS3 and SFRP1 in the TMA. 
The correlation between the immunoreactivity 
score of RBMS3 and SFRP1 and clinical fea-
tures of GC patients were analyzed (Table 1). 
Coincidentally, the protein expression levels of 
RBMS3 and SFRP1 were observed respectively 
significantly related to the histological grades 
(P=0.008; P=0.029), moreover, the protein 
expression levels of RBMS3 also related to the 
depth of invasion (P=0.049), but not relate to 
sex, age, tumor diameter, location, lymph node 

Figure 1. mRNA and protein expression levels of RBMS3 and SFRP1 in 23 
GC tissues and the corresponding normal tissue. A: Relative mRNA expres-
sion of RBMS3 was detected by quantitative real-time PCR. B: Relative mRNA 
expression of SFRP1 was detected by quantitative real-time PCR. C: The re-
lationship of RBMS3 and SFRP1 mRNA expression levels in 46 specimens 
(23 GC tissues and the corresponding normal tissue) by linear regression 
analysis. D: Relative protein expression of RBMS3 and SFRP1 was estimated 
by Western Blot assay.

er in 73.91% (17/23) and 
65.22% (15/23) GC tissues 
than the corresponding nor-
mal tissues, respectively (Fig- 
ure 1D). The result of western 
blot generally conform to the 
outcome of qRT-PCR. 

In order to further confirm this 
finding, we performed a tis-
sue microarray (TMA) which 
consist of 172 GC tissues  
and 43 normal gastric tis-
sues. Then we analyzed the 
immunostaining score of GC 
tissues. The experiment sh- 
own that the RBMS3 and 
SFRP1 proteins are both 
mainly expressed in the cyto-
plasm of gastric cells (Figure 
2A). The low-expression rate 
of RBMS3 in GC tissues 
(73.26%, 126/172) is signifi-
cantly higher than in normal 
gastric tissues (30.23%, 13/ 
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metastasis, and TNM stage (Table 1). Patients 
with poor histological grades were more likely 
to possess low expression of RBMS3 or SFRP1. 
Additionally, low expression of SFRP1 was 
observed more frequently in patients with 

rates of GC patients with high expression 
(76.3% and 62.9%) (Table 2). The mean surviv-
al time for GC patients with low and high expres-
sion of SFRP1 were 52.2 and 59.1 months 
respectively (Table 2). Clearly, GC patients with 

Figure 2. Immunohistochemical analysis of RBMS3 and SFRP1. A: Represen-
tative images of RBMS3 and SFRP1 expression: N1, N2, N3, N4, normal gas-
tric tissue (N); M1, M2, M3, M4, moderately differentiated (M); P1, P2, P3, 
P4, poorly differentiated (P). Magnification: 100× (N1, M1, P1, N3, M3, P3), 
200× (N2, M2, P2, N4, M4, P4). B: Comparison of RBMS3 protein expres-
sion levels of GC tissues (n=172) and normal gastric tissues (n=43) in TMA 
(***indicates P<0.001). The expression level presented as mean ± SEM. C: 
Comparison of SFRP1 protein expression levels of GC tissues (n=172) and 
normal gastric tissues (n=43) in TMA (**indicates P<0.01). The expression 
level presented as mean ± SEM. D: The relationship of RBMS3 and SFRP1 
protein expression levels in 215 specimens (172 GC tissues and 43 normal 
gastric tissues) gastric tissues by spearman rank correlation analysis.

deeper invasion depth of GC. 
We failed to discover any sig-
nificance correlation between 
the expression levels of RB- 
MS3 and SFRP1 and other 
clinicopathological factors.

Prognostic value of RBMS3 
and SFRP1 expression

We use univariate Kaplan-
Meier and multivariate Cox 
regression analyses to clar- 
ify the prognostic value of 
RBMS3 and SFRP1 expres-
sion. As shown in Table 2, we 
found tumor diameter, depth 
of invasion, histological gra- 
des, lymph node metastasis, 
TNM stage, RBMS3 and 
SFRP1 expression levels were 
significant associated with 
overall survival in univariate 
analysis.

The 3- and 5-year cumulative 
survival rates of patients with 
RBMS3 low expression were 
62.4% and 45.8%, they were 
respectively lower than the 3- 
and 5-year cumulative surviv-
al rates (86.8% and 64.9%) of 
GC patients with high expres-
sion (Table 2). The mean sur-
vival time for GC patients with 
low and high expression of 
RBMS3 were 51.6 and 64.4 
months respectively (Table 
2). Obviously, GC patients 
with low expression of RBMS3 
had a poorer prognosis than 
those with high RBMS3 ex- 
pression (P<0.05) (Figure 
3A). Similarly, The 3- and 
5-year cumulative survival 
rates of patients with SFRP1 
low expression were 65.4% 
and 43.7%, they were respec-
tively lower than the 3- and 
5-year cumulative survival 



Low expression of RBMS3 and SFRP1 in GC

2684 Am J Cancer Res 2016;6(11):2679-2689

low expression of SFRP1 possess shorter over-
all survival (P<0.05) (Figure 3B).

For the prognostic value of the combined 
RBMS3 Low/SFRP1 Low expression. We found 
that the 3- and 5-year cumulative survival ra- 
tes of patients with RBMS3 Low/SFRP1 Low 
expression were lower than RBMS3 High and/
or SFRP1 High patients groups respectively 
(3-year, 60.0% vs. 79.2%; 5-year, 41.1% vs. 
61.2%) (Table 2). The mean survival time for GC 
patients with RBMS3 Low/SFRP1 Low expres-
sion was shorter than those for patients with 
RBMS3 High and/or SFRP1 High expression 
(49.8 vs. 59.5 months) (Table 2), suggesting 
that RBMS3 Low/SFRP1 Low patients also had 
a poorer prognosis than the rest of the patients 
(P<0.05) (Figure 4A). No significant overall sur-
vival difference was observed among the 
patients with RBMS3 High and/or SFRP1 High 
expression (P=0.226), suggesting the high ex- 
pression of RBMS3 or SFRP1 might func- 

tionally compensate each other’s low expres-
sion in prognosis (Figure 4B).

We further used multivariate Cox regression 
analyses to elucidate the prognostic value of 
tumor diameter, depth of invasion, histological 
grades, lymph node metastasis, TNM stage, 
RBMS3 and SFRP1 expression. The results 
shown that depth of invasion (HR=5.350, 95% 
CI for HR 1.732-16.520, P<0.05), histological 
grades (HR=3.090, 95% CI for HR 1.662-5.744, 
P<0.05) as well as the co-expression status of 
RBMS3 and SFRP1 (HR=1.936, 95% CI for HR 
1.240-3.021, P<0.05) were independent prog-
nostic factors for GC patients (Table 3).

Discussion

This study demonstrated that both the mRNA 
and protein expression levels of RBMS3 and 
SFRP1 were lower in most GC tissues. Addi- 
tionally, the low expression of RBMS3 and 

Table 1. Relationships between RBMS3 and SFRP1 protein expressions (immunohistochemical stain-
ing) in GC tissues and various clinicopathological variables

Variables Total
RBMS3 expression SFRP1 expression

Low 
(n=126)

High 
(n=46) χ² P Low 

(n=104)
High 

(n=68) χ² P

Gender
    Male 130 94 36 0.244 0.621 79 51 0.021 0.886
    Female 42 32 10 25 17
Age at surgery(yeas)
    <61 86 60 26 1.068 0.301 55 31 0.876 0.349
    ≥61 86 66 20 49 37
Tumor diameter(cm)
    <6 112 79 33 1.213 0.271 69 43 0.175 0.676
    ≥6 60 47 13 35 25
Location of primary tumor
    Cardia 83 64 19 1.215 0.269 47 36 0.989 0.320
    Others 83 62 27 57 32
Depth of invasion
    T1/T2 32 19 13 3.866 0.049 18 14 0.292 0.589
    T3/T4 140 107 33 86 54
Histological grade
    Well/moderate 52 31 21 7.078 0.008 25 27 4.785 0.029
    Poor/not 120 95 25 79 41
Lymph node metastasis
    Absent 52 38 14 0.001 0.972 32 20 0.036 0.850
    Present 120 88 32 72 48
TNM stage
    I-II 63 44 19 0.592 0.442 35 28 1.002 0.317
    III-IV 109 82 27 69 40
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Table 2. Univariate analysis of the correlation between clinicopathological parameters and survival of 
patients with GC

Clinicopathological Parameters
Cumulative Survival 

Rates, % Mean Survival 
Time, month Log-Rank Test P

3-Year 5-Year
Gender
    Male 68.2 48.3 55.0 0.678 0.407
    Female 73.8 56.3 52.9
Age at surgery (years)
    <61 73.1 53.7 55.2 0.282 0.595
    ≥61 66.1 48.3 54.3
Tumor diameter (cm)
    <6 75.0 58.5 57.1 7.110 0.008
    ≥6 59.4 34.7 48.9
Location of primary tumor
    Cardia 64.9 46.7 53.9 0.691 0.406
    Others 74.0 52.3 55.0
Depth of invasion
    T1/T2 93.6 86.4 70.1 19.718 0.000
    T3/T4 63.3 41.7 50.9
Histological grade
    Well/moderate 86.5 76.4 70.0 20.076 0.000
    Poor/not 62.2 39.6 48.0
Lymph node metastasis
    Absent 90.4 74.3 68.0 18.535 0.000
    Present 60.6 38.4 49.1
TNM stage
    I-II 88.9 75.4 65.8 24.127 0.000
    III-IV 58.4 34.9 47.2
RBMS3 expression
    Low 62.4 45.8 51.6 7.069 0.008
    High 86.8 64.9 64.4
SFRP1 expression
    Low 65.4 43.7 52.2 5.340 0.021
    High 76.3 62.9 59.1
RBMS3/SFRP1 expression
    RBMS3 Low/SFRP1 Low 60.0 41.1 49.8 7.708 0.005
    RBMS3 High and/or SFRP High 79.2 61.2 59.5
RBMS3/SFRP1 expression
    RBMS3 Low/SFRP1 Low 60.0 41.1 49.8 9.889 0.020
    RBMS3 High/SFRP1 Low 84.2 56.4 59.5
    RBMS3 Low/SFRP1 High 67.8 53.2 51.0
    RBMS3 High/SFRP1 High 88.9 71.5 67.0
RBMS3/SFRP1 expression
    RBMS3 High/SFRP1 High 88.9 71.5 67.0 2.973 0.226
    RBMS3 High/SFRP1 Low 84.2 56.4 59.5
    RBMS3 Low/SFRP1 High 67.8 53.2 51.0

SFRP1 protein were respectively significantly 
related to the poor histological grades, and low 

expression of RBMS3 related to the depth of 
invasion. Furthermore, GC patients with low 
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expression of RBMS3 and SFRP1 respectively 
had a poorer prognosis than those with high 
RBMS3 and SFRP1 expression. In multivariate 
analysis, RBMS3 and SFRP1 co-expression  
status was independent prognostic factor for 
GC patients. Finally, the positive correlation 
between expression levels of RBMS3 and 
SFRP1 was observed. This work is a prerequi-
site for further functional studies, it may pro-
vide a promising and useful simple bio-marker 
for predicting clinical outcome for GC patients.

Low expression of RBMS3 was detected in 
most GC tissues, and associated with poor his-
tological grades and deep depth of invasion of 
GC, suggesting that the low expression of 
RBMS3 indicates the high malignance of GC. 
RBMS3, as a TSG has been confirmed in some 
squamous cell carcinomas [12]. c-Myc as a 
proto-oncogene plays an important role in 
tumorigenesis in many cancers. c-Myc could 
promote cell proliferation by stimulating ex- 
pression of cyclin A, D, E, CDK2, and CDK4 [33, 
34]. RBMS3 could inhibit the transcription 
activity of c-Myc by binding to the putative DNA 
replication origin sequence of the c-Myc gene 
in esophageal squamous cell carcinoma [6]. In 

malignance of GC. SFRP1 is known as Wnt 
antagonist, encodes a secreted glycoprotein 
which can competitively inhibited the combina-
tion of Wnt and Fzs receptors. Down-regulation 
of SFRP1 and aberrant activation of the Wnt/β-
catenin signaling pathway were observed in 
many common malignanttumo such as NPC 
[30], colorectal cancer [36] and GC [37]. 
Downregulation of SFRP1 in many tumors main-
ly due to hypermethylation of the SFRP1 pro-
moter region [25, 26]. It is reported that SFRP1 
overexpression suppressed NPC cell prolifera-
tion, migration and invasion in vitro [30]. 
Combining with our study, SFRP1 may play a 
role of tumor suppressor in GC, however, these 
results are contrary to the previous report that 
SFRP1 may promote gastric tumorigenesis by 
activating TGFβ signaling pathway [29]. In spite 
of this, we still can conclude that SFRP1 may 
act as TSG in GC. 

In this study, we further analyze the relation-
ship between the expression levels of RBMS3 
and SFRP1 in GC. Firstly, we found that both the 
mRNA and protein expression levels of RBMS3 
and SFRP1 were significantly lower in GC tis-
sues compared to that in corresponding nor- 

Figure 3. Kaplan-Meier analysis of the correlation between the expression of 
(A) RBMS3 and (B) SFRP1 and the overall survival of GC patients.

Figure 4. Kaplan-Meier analysis of the correlation between the combined 
RBMS3 and SFRP1 expression and the overall survival of GC patients. A: 
Patients with low expression of both RBMS3 and SFRP1 were compared with 
the rest of the patients. B: Patients with RBMS3 high and/or SFRP1 high 
expression were subject to analysis.

addition, it has been reported 
that RBMS3 can inhibit the 
nuclear translocation of 
β-catenin by intercepting the 
expression of β-catenin in 
NPC cells. The translocation 
of β-catenin into the nucleus 
can initiate carcinogenesis 
when Wnt is present [35]. 
Aberrant activation of the 
Wnt/β-catenin signaling path-
way is believed to play an 
important role in the tumori-
genesis including GC. RBMS3 
may act as tumor suppressor 
by inhibiting Wnt signaling 
pathway. Combining this ex- 
perimental result, RBMS3 
may act as a TSG in GC. 

This study demonstrated that 
SFRP1 is down-regulated in 
most GC tissues. Additionally, 
low expression of SFRP1 as- 
sociated with poor histologi-
cal grades of GC, suggesting 
that the low expression of 
SFRP1 indicates the high 
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mal gastric tissues. The positive correlation 
between expression levels of RBMS3 and 
SFRP1 was observed. Secondly, low expression 
of them associated with poor histological 
grades of GC. Thirdly, RBMS3 and SFRP1 co-
expression status were independent prognos-
tic factors for GC patients. It is reasonable  
to believe that there is a link between RBMS3 
and SFRP1 co-expression in DC. The previous 
studies have been reported that RBMS3 and 
SFRP1 could play a role of tumor suppressor by 
down-regulating the expression of c-Myc and 
β-catenin. Combining with this research results, 
there may be a synergistic effect between 
RBMS3 and SFRP1 on tumor suppression.

There are some limitations of this study. Fir- 
stly, although, the prognostic value of RBMS3 
and SFRP1 co-expression for patients with GC 
has been demonstrated, the specific function 
and molecular mechanism of RBMS3 and 
SFRP1 in GC need further research base on  
in vitro studies. Secondly, in this study, the 
expression levels and prognostic value of 
SFRP1 in GC are different from the previous 
research results, it may result from sampling 
bias including representative error and regis-
tration error. A larger sample size is needed to 
get a more persuasive conclusion. 

In summary, RBMS3 and SFRP1 co-expression 
status were independent prognostic factors for 
overall survival in GC patients. They may act as 
TSG, and provide a potential diagnosis and 
prognostic factor for GC.
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