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 Background: High expression of the RNA-binding motif protein 3 (RBM3) has previously been described as a favorable clini-
copathological factor in several cancers, including ovarian cancer, colorectal cancer, prostate cancer, and breast 
cancer. The aim of this study was to examine the prognostic implications of RBM3 expression in gastric cancer.

 Material/Methods: Immunohistochemical analysis of RBM3 expression from 123 patients showed that upregulated RBM3 was 
mainly found in intestinal-type (n=78, case=59) cancer compared to diffuse-type (n=15, case=8) and mixed-
type (n=30, case=17). There were no significant differences in RBM3 expression in subgroups of clinicopath-
ological parameters. RBM3 expression was strongly associated with p53 but not with Ki-67. Cox univariate 
analysis revealed that high RBM3 expression was closely associated with prolonged overall survival time (HR 
0.504, 95% CI: 0.300–0.845, P=0.009). Multivariate analysis remained supporting these associations when ad-
justed for age, sex, tumor size, differentiation grade, TNM stage, lymphatic invasion, and Ki-67 and p53 ex-
pression (HR 0.541, 95% CI: 0.308–0.952, P=0.033), where Lauren grade was not included. Lauren grade was 
the only factor with independent prognostic significance in a model adjusted for all factors. These results were 
confirmed by Kaplan-Meier analysis.

 Results: Therefore, together with the upregulated RBM3 expression observed in intestinal-type of Lauren grade, we sug-
gest that upregulation of RBM3 is partially responsible for the favorable overall survival in cases with intesti-
nal Lauren grade, which is demonstrated by the box diagram and Kaplan-Meier analysis. Our results showed 
that high RBM3 expression in gastric cancer is mainly found in intestinal-type of Lauren grade and is associat-
ed with longer overall survival time.

 Conclusion: We found that RBM3 is a potential biomarker of good prognosis and deserves further validation.
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Background

Worldwide, gastric cancer is one of the most common ma-
lignancies in the digestive system [1] and it is the second 
leading cause of cancer-related death [2]. The diagnosis and 
treatment of gastric cancer is one of the key points in clinical 
medicine research [3]. Because the clinical features of gastric 
cancer are often atypical and unclear, doctors are often con-
fused and misled in the diagnostic process [4,5]. Currently, the 
Japanese gastric cancer protocol recommends D2 radical sur-
gery as a standard surgical resection of gastric cancer, which 
is widely recognized by more and more international experts 
and scholars [5–7]. However, for most patients with gastric 
cancer, even when D2 radical surgery achieves R0 resection, 
it cannot effectively control the recurrence and metastasis of 
gastric cancer, and the 5-year survival rate is only 30% [8,9].

Studies have shown that if gastric cancer can be found in the 
early stages, the survival rate of patients with gastric cancer 
can be significantly improved [8,10]. There are many factors 
that affect the prognosis of gastric cancer, involving many clin-
ical and pathological factors, such as tumor staging, histolog-
ical differentiation, tumor type, depth and extent of invasion, 
and with or without metastasis and tumor resection [11–13]. 
In addition, research shows that tumor markers are insepara-
ble from tumor occurrence and development, and tumor mark-
ers exist in the tumor, or are produced by the tumor, includ-
ing ki-67, p53 [13].

RNA-binding protein (RBP) plays an important role in the reg-
ulation of post-transcriptional gene expression, and it regu-
lates cell function by binding to RNA [14]. RBM3 protein is a 
member of the RNA-binding protein family and is a glycine-
rich RNA-binding protein [14,15]. RNA-binding motif protein 3 
is an important cold shock protein, and environmental stimuli 
such as hypothermia, ischemia, and hypoxia can increase its 
expression [15]. In several types of cancer cells, upregulated 
RBM3 expression promotes cell differentiation and prevents 
apoptosis [16–20].

In addition, RBM3 is considered to be a potential proto-onco-
gene, for 3 reasons: (1) RBM3 expression level is closely cor-
related with tumor staging, indicating that it may be related 
to the occurrence of tumors [21]; (2) RBM3 silence can in-
crease the number of cells in G2/M phase and eventually lead 
to apoptosis [21,22]; and (3) RBM3 can improve the stability 
and translation of mRNA of cyclooxygenase-2, IL-8, and vas-
cular endothelial growth factor [23,24]. It is well known that 
changes in the level of RBM3 mRNA play an important role in 
cell transformation and tumorigenesis [25]. RBM3 binds direct-
ly to mRNA, altering the secondary structure of mRNA and af-
fecting the access of mRNA initiation factor to the ribosome 
subunit [26], which modulates the potential activity of kinases 

in tumors. Recently studies showed that high expression of 
RBM3 is found in various types of human malignancies. RBM3 
has also been demonstrated to be an independent factor of 
good prognosis in several cancers, including ovarian, prostate, 
breast, bladder, and colorectal cancer [16–20].

To the best of our knowledge, the role of RBM3 in gastric can-
cer has not yet been reported. In the present study, we inves-
tigated the prognostic significance of RBM3 expression in pa-
tients with gastric cancer and the expression levels of RBM3 
in cancer cells.

Material and Methods

Patients

Paraffin-embedded specimens were obtained from 123 patients 
with gastric cancer who underwent surgery in the hospital 
from 16 Jan 2013 to 12 Feb 2014, including 95 males and 28 
females, aged 30–85 years, with an average age of 61.0±13.0 
years and a median age of 62. None of the patients had re-
ceived preoperative chemotherapy and none had autoimmune 
disease. The follow-up period ended on 25 Feb 2017. Survival 
was defined as the interval between the date of surgery and 
the date of death or the last follow-up. Staging of gastric can-
cer tissue was conducted according to the seventh edition 
of the TNM staging standard jointly revised by the American 
Joint Committee on Cancer (AJCC) and Union for International 
Cancel Control (UICC) in 2010. The clinical data of the patients 
were complete and all patients were followed up. Follow-up 
data were missing for 3 patients.

Immunohistochemistry and staining evaluation

Immunohistochemical SP method was used. Briefly, 4-μm par-
affin-embedded tissue continuous sections were dewaxed with 
xylene and hydrated with ethanol gradient. Endogenous per-
oxidase was eliminated with 3% peroxides and repaired with 
EDTA. The sections were blocked with normal sheep serum at 
room temperature. Subsequently, the sections were stained 
with mouse monoclonal anti-RBM3 (ab134946) (Abcam), an-
ti-Ki-67, and p53 (Santa Cruz Biotechnology) antibodies over-
night at 4°C. After being washed with PBS, secondary antibody 
was added, followed by incubation for 0.5 h. Finally, DAB was 
used for coloring, with hematoxylin as a contrasting stain, 
and sealed with a neutral gum. Two immunohistochemically-
stained slices for each sample was evaluated independently 
by 1 pathology specialist. Five images were observed in each 
section, and 100 cells were counted for each field of view. The 
results of RBM3 expression were recorded according to the 
following staining scale of tumor cells. (–): no staining or <1% 
nuclear staining; (+): 1% to 10% of the nucleus staining, and 
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weaker cytoplasmic staining; (++): 10% to <50% of the nucle-
us staining, and strong cytoplasmic staining; (+++): ³50% of 
the nucleus staining, and strong cytoplasmic staining. For sta-
tistical analysis, (–) and (+) were regarded as negative expres-
sion, and (++)~(+++) were regarded as positive expression. 
For Ki-67 and p53 staining, the fraction of staining was rou-
tinely recorded as follows: 0–10% (–), 10%-25% (+), 26–50% 
(++), 51–75% (+++), >75% (++++). For statistical analysis, (–) 
and (+) were regarded as negative expression, and (++)~(+++) 
were regarded as positive expression.

RBM3 siRNA assay

RBM3 siRNA and negative siRNA control (Applied Biosystems, 
USA) was performed with Lipofectamine 2000 (Invitrogen). 
Briefly, SGC-7901 and MGC-803 cells were seeded in 6-well 
plates. After growing to 50% confluence, cells were transfected 
using Lipofectamine 2000 with a final concentration of 50 nM 
siRNA. The transfected cells were then incubated for 5 h at 37°C.

Western blot assay

The extract protein samples from cancer gastric cell lines and 
from cancer and normal tissues of patients with gastric can-
cer were separated by 10% SDS-PAGE gels and transferred to 
PVDF membranes. Membranes were then blocked with 5% 
non-fat dry milk at room temperature for 1 h. Subsequently, 
the membranes were incubated with primary antibodies (anti-
RBM3 (ab134946) (1: 500, Abcam), anti-GAPDH (1: 5000; Santa 
Cruz Biotechnology) at 4°C overnight. After washing 3 times 
with TBS, the blots were incubated with HRP-conjugated sec-
ondary antibodies (1: 2000 dilution, DAKO) for 1 h. The protein-
antibody complexes were visualized using an enhanced che-
miluminescence system (ECL) (Amersham Pharmacia Biotech).

Results

Correlations of RBM3 expression in gastric cancer tissues 
with clinicopathological parameters

RBM3 expression in gastric cancer tissues was evaluated in 
123 patients with gastric cancer. The representative immuno-
histochemical images for RBM3 are shown in Figure 1 and all 
data are displayed in Table 1.

As shown in Table 1, among 123 specimens of gastric can-
cer tissue, 84 (68.3%) samples were stained with positive ex-
pression of RBM3 and 39 samples had negative staining of 
RBM3. The RBM3 expression did not differ by age, sex, or 
TNM stage. There were no significant differences in RBM3 
expression among subgroups by tumor size, differentiation 
grade, lymphatic invasion, or Lauren grade, whereas RBM3 
expression was obviously higher in tumor tissues with sizes 
less than 5 cm (P=0.179), with high-moderate differentiation 
grade (P=0.161), with lymphatic invasion (P=0.217), and with 
intestinal Lauren grade (P=0.068).

Correlations of RBM3 expression with Ki-67 and p53 
expression in gastric cancer tissues

There was no obvious correlation between RBM3 and Ki-67 ex-
pression, indicating RBM3 expression has no association with 
proliferation. However, RBM3 expression was significantly and 
negatively associated with p53 expression. High expression of 
RBM3 was observed in gastric cancer tissues with negative p53 
expression compared with positive p53 expression (P=0.007).

Associations of RBM3 expression with overall survival

Cox univariate analysis suggested that down-regulated RBM3 
expression was associated with reduced overall survival time 
(HR 0.504, 95% CI: 0.300–0.845, P = 0.009) (Table 2). Figure 2A 
confirmed that high expression of RBM3 is closely correlated 

A B C

Figure 1.  RBM3 expression in gastric cancer: Representative immunohistochemical images of RBM3 expression were evaluated as 
weak (A), moderate (B), and strong (C) staining.
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with prolonged overall survival time. However, there was no 
significant in multivariate analysis with adjusting for age, gen-
der, tumor size, differentiation grade, TNM stage, lymphat-
ic invasion, Lauren grade, Ki-67 and p53 expression. But if 
Lauren grade was not included in those adjustment factors, 
the negative association between RBM3 expression with over-
all survival time remained significant in multivariate analysis 
(HR 0.541, 95% CI: 0.308–0.952, P=0.033) (data not shown). 
Lauren grade was a factor of independent prognostic signif-
icance both in univariate (Table 2) and multivariate analysis 
(at level of diffuse) (HR 2.463, 95% CI: 1.172–5.174, P=0.017), 
which was demonstrated by significant difference in overall 
survival showed in Figures 2B and 3A.

The association between RBM3 expression and overall surviv-
al time were confirmed by Kaplan-Meier analysis (Figure 3B). 
The overall survival time was longer in the group with posi-
tive RBM3 expression compared to that with negative RBM3 

expression (P=0.008). Figure 4A–4C shows the associations 
of RBM3 expression with overall survival at different levels 
(intestinal, diffuse, and mixed) of Lauren grade. The overall 
survival was higher in the group with positive RBM3 expres-
sion compared to negative RBM3 expression at all levels of 
Lauren grade. However, this association was more significant 
in intestinal cancer (intestinal: P=0.068 vs. diffuse: P=0.339 
or mixed: P=0.353).

The expression level of RBM3 was higher in gastric cancer tis-
sues than in paracancerous normal tissues.

To further confirm the prognostic significance of RBM3, Western 
blot assay was conducted to determine RBM3 expression in 
gastric cancer tissue and corresponding paracancerous nor-
mal tissue. As showed in Figure 5A, 5B, RBM3 expression was 
obviously higher in sample 1 (S 1) and sample 2 (S 2) than in 
sample 3 (S 3). However, in all samples, upregulated RBM3 

Clinicopathological parameters N (positive rate)
RBM3 expression

P-value 
Positive (n=84) Negative (n=39)

Age
 < Average
 ³ Average

 54 (70.3%)
 69 (66.7%)

38
46

16
23

0.700

Gender
 Female
 Male 

 28 (71.4%)
 95 (67.3%)

20
64

8
31

0.818

Tumor size (cm)
 <5
 ³5 

 65 (73.8%)
 58 (62.1%)

48
36

17
22

0.179

Differentiation grade
 High-moderate
 Low 

 39 (76.9%)
 84 (64.3%)

30
54

9
30

0.161

TNM stage
 I+II
 III+IV

 45 (77.3%)
 78 (65.4%)

33
51

12
27

0.424

Lymphatic invasion
 No
 Yes

 38 (76.3%)
 85 (64.7%)

29
55

9
30

0.217

Lauren grade
 Intestinal
 Diffuse
 Mixed

 78 (75.6%)
 15 (53.3%)
 30 (56.7%)

59
8

17

19
7

13

0.068

Ki-67 expression
 Negative
 Positive

 51 (72.5%)
 72 (80.7%)

37
47

14
25

0.436

p53 expression
 Negative
 Positive

 57 (80.7%)
 66 (58.5%)

46
38

11
28

0.007

Table 1. Associations between RBM3 expression and clinicopathological parameters.
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expression was observed in gastric cancer tissues compared 
to that in paracancerous normal tissues.

Specificity of the RBM3 antibody was confirmed by 
silencing RBM3 with siRNA

To test the specificity of the RBM3 antibody, we silenced the 
expression of RBM 3 by the use of RBM3 siRNA in 2 gas-
tric cancer cell lines: SGC-7901 and MGC-803. Figure 6A, 6B 
shows that the expression levels of RBM3 protein determined 
by Western blot were significantly reduced both in SGC-7901 
and MGC-803 in the group treated with RBM3 siRNA, indicat-
ing the good specificity of RBM3 antibody used in this study.

Discussion

Our results demonstrated that patents with high RBM3 expres-
sion in gastric cancer tissues had a prolonged overall surviv-
al time. There was lower RBM3 expression in normal tissues 
compared with the tumor tissues. The strong correlation be-
tween RBM3 and overall survival was closely associated with 
growth patterns. Consistent with studies of other forms of can-
cer, our results suggest that RBM3 is a useful biomarker for 
good prognosis [27–30]. However, the underlying mechanisms 
that support these findings remain unknown. Furthermore, the 
prognostic significance of RBM3 has not yet been reported.

Clinicopathological parameters
Overall survival

Unadjusted HR (95%CI) P-value Adjusted HR (95%CI) P-value

Age
 < Average
 ³ Average

1
0.823 (0.494–1.372)

0.456
1

0.834 (0.486–1.432)

0.511

Gender
 Female
 Male 

1
0.689 (0.383–1.240)

0.214
1

0.593 (0.307–1.147)

0.120

Tumor size (cm)
 <5
 ³5 

1
2.292 (1.349–3.896)

0.002
1

1.294 (0.704–2.379)

0.406

Differentiation grade
 High-moderate
 Low 

1
2.248 (1.166–4.335)

0.016
1

1.254 (0.570–2.755)

0.574

TNM stage
 I+II
 III+IV

1
4.990 (2.446–10.182)

<0.001
1

2.368 (0.877–6.396)

0.089

Lymphatic invasion
 No
 Yes

1
4.943 (2.239–10.912)

<0.001
1

2.326 (0.888)

0.086

Lauren grade
 Intestinal
 Diffuse
 Mixed

1
3.074 (1.505–6.281)
1.847 (1.032–3.304)

0.002
0.039

1
2.463 (1.172–5.174)
1.728 (0.899–3.321)

0.017
0.101

Ki-67 expression
 Negative
 Positive

1
2.623 (1.457–4.721)

0.001
1

1.197 (0.598–2.397)

0.612

p53 expression
 Negative
 Positive

1
2.631 (1.520–4.554)

0.001
1

1.336 (0.710–2.516)

0.369

RBM3 expression
 Negative
 Positive

1
0.504 (0.300–0.845)

0.009
1

0.632 (0.349–1.144)

0.130

Table 2.  Cox univariate and multivariate analysis of overall survival according to clinicopathological parameters, ki-67, p53 and 
RBM3 expression.
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Thus, we investigated a consecutive cohort in which none of 
the patients had received chemotherapy or other treatment 
before surgery. We found that RBM3 expression was higher 
in gastric cancer tissues than in normal tissues. In accordance 
with our results, increasing evidence shows that the expres-
sion of RBM3 protein is associated with the development of 
breast cancer, ovarian cancer, and prostate cancer, and malig-
nant and pigmentary tumors [16–20[. The expression of RBM3 
protein and mRNA, as evaluated by immunohistochemical meth-
od, cell culture, and PCR, confirmed that RBM3 protein is not 
expressed or rarely expressed in normal tissues, and the ex-
pression of RBM3 protein was higher in tumors than in normal 
tissue [16–20]. However, many studies have shown that up-reg-
ulation of RBM3 protein expression can improve the survival 
rate of certain tumors, such as breast cancer, ovarian cancer, 

melanoma, and colon cancer [16–20,27–30], which is related 
to the fact that its expression is involved in DNA repair, pro-
tecting DNA integrity [22,25], although the mechanism is not 
entirely clear. The lack of high RBM3 expression and DNA in-
tegrity increases the sensitivity of tumor cells to cisplatin and 
improves the prognosis [27].

Our results show that, although there were no significant as-
sociations between RBM3 expression and clinicopathological 
parameters, high RBM3 expression was clearly associated with 
larger size, higher differentiation grades, and less lymphatic in-
vasion of tumors. In particular, there was a strong correlation 
between RBM3 expression and Lauren grade. A recent study 
showed that RBM3 expression was upregulated in upper gas-
trointestinal cancers, especially in cases with a background of 
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Figure 2.  Overall survival distributions according to RBM3 expression and Lauren grade: Box diagram visualizing the distribution of 
overall survival in different levels of RBM3 expression (A) and Lauren grade (B).
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Figure 3.  Prognostic value of Lauren grade and RBM3 expression in gastric cancer: Kaplan-Meier estimates of overall survival 
according to Lauren grade (A) and RBM3 expression (B).
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intestinal metaplasia [31]. Thus, we hypothesize that RBM3 
level is higher in cases with intestinal Lauren grade. Our re-
sults demonstrate that more positive expression numbers of 
RBM3 were observed in intestinal cases compared to diffuse 
or mixed cases.

The association of RBM3 expression and proliferation assessed 
by Ki-67 expression was weak, while a significant negative 
correlation between RBM3 and tumor biomarker p53 was ob-
served, indicating that high RBM3 expression is a favorable 
prognostic factor. We also found that Ki-67 and p53 were prog-
nostic factors, but were not independent from other clinico-
pathological parameters in this study, which is consistent with 
other reports [13,31–33]. However, our study revealed that 
RBM3 is independent of prognostic factors, excluding Lauren 
grade. In line with our results, RBM3 is a favorable and inde-
pendent prognostic factor in several cancer forms, including 

breast cancer, ovarian cancer, prostate cancer, and colorec-
tal cancer [16–20,27–30,34]. Thus, these results suggest that 
RBM3 is a better and independent prognostic factor compared 
to Ki-67 and p53.

Further Cox analysis revealed that upregulated RBM3 expres-
sion was closely associated with prolonged overall survival 
time in univariate analysis, and in multivariate analysis if ad-
justment factors did not include Lauren grade. Interestingly, 
Lauren grade was the only factor with independent prognos-
tic significance. These results were confirmed by Kaplan-Meier 
analysis. Thus, considering the high RBM3 expression in in-
testinal cases, we presume that upregulated RBM3 expression 
partially contributed to the favorable prognosis in cases with 
intestinal Lauren grade. The box diagram and Kaplan-Meier 
analysis demonstrate these suggestions.
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Figure 4.  Prognostic value of RBM3 expression at different levels of Lauren grade: Overall survival is estimated by Kaplan-Meier 
according to RBM3 expression at intestinal (A), diffuse (B), and mixed (C) levels of Lauren grade.
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Conclusions

Our study demonstrates that upregulated RBM3 expression is 
an independent factor of favorable prognosis in patients with 
gastric cancer. In addition, high RBM3 expression was more 
frequently observed in intestinal-type carcinoma compared 
to diffuse-type and mixed-type. High RBM3 expression has a 
significant association with overall survival, suggesting that 
RBM3 has important prognostic significance. Since RBM3 is a 
potential prognostic biomarker, these findings should be pur-
sued in future studies in various cancer forms.
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blot assay showed that RBM3 expression was higher in cancer tissues (CT) than in paracancerous normal tissues (PT) (A, B).
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Figure 6.  Silencing RBM3 with siRNA showed reduced expression of RBM3: RBM3 expression was significantly reduced after 
transfection with siRNA (siRBM3) compared to control and negative transfection control (siCtrl) (A, B).
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