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Abstract: Objectives: The aim of this study was to evaluate the expression of RBM38 protein in gastric cancer pa-
tients and to explore its association with clinical pathological characteristics and prognosis. Materials and methods: 
A total of 120 pairs of gastric cancer tissues and non-cancerous gastric mucosa from 120 patients who underwent 
gastrectomy for gastric cancer were included in the current study. RBM38 protein expression levels were detected in 
all tissue specimens by immunohistochemistry staining. The positive rate of RBM38 was compared between cancer 
tissue and normal tissue, and its association with the clinical pathological characteristics and prognosis was elu-
cidated. Results: RBM38 protein was predominantly expressed in the cytoplasm of epithelial cells. The percentage 
of tissues with high RBM38 protein expression level was significantly lower (χ2=28.972, P<0.001) in gastric cancer 
tissues compared with adjacent non-cancerous gastric mucosal tissues. The expression level of RBM38 protein was 
associated with tumor size (P=0.028), depth of invasion (P<0.001), lymph node metastasis (P<0.001), TNM stage 
(P<0.001) and Lauren classification of the tumor (P=0.001), whereas it was not associated with gender (P=0.066) 
and age (P=0.6) of patients. Moreover, we noticed that the low expression level of RBM38 protein was also associ-
ated with poor prognosis in gastric cancer patients (log rank =5.325; P=0.021). Conclusion: Overall, our findings 
indicated that RBM38 may play a vital role as a tumor suppressor, which may be a potential marker in the diagnosis 
and prognosis of gastric cancer.
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Introduction

Gastric cancer (GC) is one of the most com- 
mon cancers and a prime cause of cancer- 
related mortalities worldwide [1]. In 2015, ab- 
out 679,100 new cases were diagnosed and 
498,000 deaths were reported due to GC in 
China [2]. Due to considerable advances made 
towards the early diagnosis and treatment of 
GC, a significant decrease in its incidence and 
mortality was observed in China [2], but the 
prognosis is still far from optimistic. A compre-
hensive understanding of molecular mecha-
nisms underlying GC may improve prognosis, 
and also help to identify more useful prognostic 
biomarkers and provide novel chemotherapeu-
tic targets.

RNA-binding proteins (RBPs) play crucial roles 
in post-transcriptional regulation in gene ex- 
pression, and regulate all aspects of RNA bi- 
ology, such as polyadenylation, RNA splicing, 

transport, stability and translation [3]. One 
such mechanism is through microRNAs, belo- 
nging to a class of small noncoding RNAs that 
negatively regulate protein expression by bin- 
ding protein-coding mRNAs and repressing 
translation [4]. Dysfunctional or mutated RBPs 
can cause numerous human diseases ranging 
from metabolic disorders to cancer [5-8].

RBM38 belongs to the family of RBPs, which 
play pivotal role in regulating wide biological 
processes, ranging from cell proliferation, cell 
cycle arrest to cell myogenic differentiation [9, 
10]. The role of RBM38 as a potential oncogene 
in tumorigenesis was previously identified in 
prostate cancer [11], colorectal cancer [12] and 
esophageal cancer [13]. Moreover, its critical 
function as a tumor suppressor gene is eluci-
dated in many malignancies, such as breast 
cancer [14], hepatocellular carcinoma [15] and 
renal cell carcinoma [16]. Although the expres-
sion of RBM38 has been studied in several 
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types of cancer, the expression and biologic 
functions of RBM38 in gastric cancer is still 
ambiguous.

In this study, we investigated the critical ex- 
pression of RBM38 effector protein in gastric 
cancer and adjacent normal gastric specimens, 
and analyzed its expression level with the cli- 
nicopathological characters. A lower level of 
RBM38 was expressed in gastric cancer com-
pared to adjacent gastric tissue. The expres-
sion of RBM38 was not correlated with gender 
and age in GC but significantly correlated with 
tumor size, depth of invasion, lymph node me- 
tastasis, TNM stage, and Lauren classification. 
The low expression level of RBM38 protein was 
also associated with poor prognosis in gastric 
cancer patients. It showed that RBM38 may 
function as a tumor suppressor in gastric can-
cer, which may be a potentially useful indepen-
dent biomarker for prognosis in GC patients.

Patients and methods

Patient selection 

The present study was approved by the In- 
stitutional Review Board of Jiangsu Shengze 
Hospital (Suzhou, China). Written informed con-
sent was obtained from all patients prior to 
enrollment in the present study. All specimens 
were anonymously handled in accordance with 
the Declaration of Helsinki and legal stand- 
ards.

According to the World Health Organization his-
tological classification [17] of gastric carcino-
ma, 49 cases were identified as tubular, 33 
papillary, 18 signet-ring cell and 20 mucinous 
adenocarcinomas. Among them 34 were well 
differentiated, 39 moderately differentiated, 
43 poorly differentiated and 4 undifferentiated 
adenocarcinomas. On the basis of the Lauren 
classification of gastric cancer, 60 cases were 
diffuse-type, 53 intestinal-type and 7 were 
mixed type. 109 cases in this group showed 
lymph node metastasis but no case with dis-
tant metastasis. In terms of the 7th edition  
of the Union for International Cancer Control 
Tumor-Node-Metastasis (UICC-TNM) classifica-
tion system for gastric cancer [18]; 18 cases 
were categorized as stage I, 22 as stage II, 80 
as stage III and no case as stage IV. A total of 
120 pairs of gastric cancer tissues and adja-
cent non-cancerous gastric mucosa were col-
lected following gastrectomy and formalin-fixed 
and paraffin-embedded (FFPE) for further 
study. Following surgery, routine chemotherapy 
was administered to patients with advanced 
disease, and no radiation treatment was admin-
istered to any of the patients.

Follow-up

All patients had a follow-up record for ≥5 years. 
The retrospective design of the study data were 
acquired through medical record review and 
direct phone-interview with patients, relatives, 
or general practitioners. The last follow-up was 

Figure 1. Kaplan Meier survival curves of patients with gastric cancer with 
high and low levels of RBM38 protein expression.

A total of 120 patients who 
underwent gastrectomy for 
gastric cancer at Jiangsu Sh- 
engze Hospital (Suzhou, Ch- 
ina) between January 2004 
and January 2012 were in- 
cluded in the current study.  
All these enrolled cases were 
previously diagnosed by histo-
pathological analysis by two 
senior pathologists using the 
surgical specimens. The pa- 
tient cohort consisted of 88 
males and 32 females, with  
a median age of 61.8±9.85 
years (range: 30-91 years). 
Among the 120 gastric cancer 
cases, 28 were from the car-
dia, 51 from the body and 41 
from the gastric antrum. 



RBM38 acting as a tumor suppressor in gastric cancer

11132 Int J Clin Exp Pathol 2017;10(11):11130-11136

in January 2017. The survival time was deter-
mined from the date of surgery to the follow-up 
deadline or date of mortality. 

Tissue microarray (TMA) construction and im-
munohistochemistry

TMA blocks containing 120 pairs of gastric can-
cer tissues and non-cancerous gastric mucosa 
were prepared using the following method: tis-

Solarbio Science & Technology Co., Ltd.; pH, 
7.2), then incubating the TMA slides with sec-
ondary antibody (horseradish peroxidase-con-
jugated mouse monoclonal anti-rabbit immu- 
noglobulin; cat. no. M0737; dilution, 1:1; Dako; 
Agilent Technologies Inc., Santa Clara, CA, USA) 
for 20 min at room temperature and stained 
with diaminobenzidine (DAB)-H2O2; (5) Coun- 
terstaining the TMA slides with hematoxylin 

Figure 2. Representative immunohistochemical staining for RBM38 protein 
in cancerous and non-cancerous gastric tissues (EnVisionTM method). (A1-
A3) Intense staining in adjacent non-cancerous gastric mucosa; (B1-B3) 
No staining in highly differentiated adenocarcinoma; (C1-C3) No staining in 
moderately differentiated adenocarcinoma; (D1-D3) No staining in poorly 
differentiated adenocarcinoma; (E1-E3) No staining in mucinous adenocar-
cinoma. Magnification: (A1, B1, C1, D1 and E1) ×40; (A2, B2, C2, D2 and E2) 
×100; (A3, B3, C3, D3 and E3) ×400.

sue cylinders 2 mm in diame-
ter were punched from the 
targeted area of each donor 
block and precisely arrayed 
into a recipient block using a 
TMA instrument (no. HM315R; 
GMI, Inc., Ramsey, MN, USA). 
Each TMA block contained six 
non-cancerous gastric muco-
sal tissues as the controls. 
Consecutive 4 µm thick sec-
tions were cut from each of 
the resulting TMA blocks, and 
one section from each block 
was H&E stained for histologi-
cal verification for the adequa-
cy of the arrayed tumor tis-
sues. Eligible sections were 
those in which the tumor tis-
sue occupied >10% of the 
core area. Sections were then 
placed on microscope slides 
for further analysis.

Immunohistochemical stain-
ing was performed on the TMA 
slides using the following st- 
epwise method: (1) Baking the 
TMA slides at a temperature 
of 60°C for 2 h, dewaxing with 
xylene and rehydrating in gra- 
ded ethanol sequentially (100, 
95 and 80%, v/v); (2) Incuba- 
ting the slides with 10% nor-
mal goat serum (Beijing So- 
larbio Science & Technology 
Co., Ltd.,) at room tempera-
ture for 10 min to reduce non-
specific reactions; (3) Incub- 
ating the slides with the pri-
mary antibody (Rabbit poly-
clonal to RBM38-C-terminal 
(ab200403); dilution, 1/25-
1/100; Abcam) in a moist ch- 
amber at 4°C over-night; (4) 
Washing three times with 0.01 
M phosphate buffer (Beijing 
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(0.5%, w/v), which was dehydrated and mount-
ed on a coverslip with neutral balsam (Shanghai 
Specimen and Model Factory, Shanghai, China) 
and subsequently viewed under an optical 
microscope. 

The RBM38 protein was immunohistochemi-
cally stained and independently examined 
under a light microscope by two pathologists 
who were blinded to the clinical data. The 
immunoreactivity was evaluated by applying a 
scoring system combining the intensity of 
immunostaining with the proportion of immu-
noreactive cells as followed: the intensity of 
immunostaining was scored as 0 (no staining), 
1 (weak staining, light yellow), 2 (moderate 
staining, yellowish brown) and 3 (intense stain-
ing, brown), and the proportion of immunoreac-
tive cells was scored as 0 (≤5% positive cells), 1 

tivariate survival analysis was carried out using 
the Cox proportional hazards model, and vari-
ables that were significant in the univariate 
analysis were included in the model with the 
Enter method.

Results

Expression levels of RBM38 protein in gastric 
cancer and non-cancerous gastric mucosa

RBM38 protein was predominantly expressed 
in the cytoplasm of epithelial cells (Figure 2). 
RBM38 protein was weakly expressed (26/120) 
and not expressed (43/120) in the patients 
with gastric cancer, whereas RBM38 protein 
expression level was high (82/120) in the adja-
cent non-cancerous gastric mucosal tissues. 
The percentage of tissues with high RBM38 

Table 1. Association of RBM38 protein expression level with clinico-
pathological parameters of patients with gastric cancer (n=120)

Clinicopathological 
parameters

Total no. 
patients

RBM38 protein  
expression level χ2 P value

Low (n, %) High (n, %)
Gender 3.376 0.066
    Male 88 55 62.5% 33 37.5%
    Female 32 14 43.8% 18 56.2%
Age range 0.274 0.6
    ≤55 years 36 22 61.1% 14 38.9%
    >55 years 84 47 56.0% 37 44.0%
Tumor size 4.831 0.028
    ≤5 cm 81 41 50.6% 40 49.4%
    >5 cm 39 28 71.8% 11 28.2%
Depth of invasion 24.884 <0.001
    T1 17 3 17.6% 14 82.4%
    T2 19 6 31.6% 13 68.4%
    T3 46 36 78.3% 10 21.7%
    T4 38 24 63.2% 14 36.8%
Lymph node metastasis 21.64 <0.001
    N0 11 2 18.2% 9 81.8%
    N1 43 17 39.5% 26 60.5%
    N2 33 25 75.8% 8 24.2%
    N3 33 25 75.8% 8 24.2%
TNM stage 26.864 <0.001
    I 18 3 16.7% 15 83.3%
    II 22 7 31.8% 15 68.2%
    III 80 59 73.8% 21 26.2%
Lauren classification 13.048 0.001
    Diffuse 60 42 70.0% 18 30.0%
    Mix 7 6 85.7% 1 14.3%
    Intestinal 53 21 39.6% 32 60.4%

(6-25% positive cells), 2 
(26-50% positive cells) and 
3 (≥51% positive cells). In 
the case of a discrepancy, 
a consensus score was se- 
lected. The product of the 
scores for intensity and pr- 
oportion was used to sig- 
nify the level of protein ex- 
pression. The expression 
level of RBM38 was con-
sidered low if the product 
was ≤2, and high if the 
product was ≥3.

statistical analysis 

The data were analyzed 
using the SPSS 13.0 soft-
ware (SPSS, Chicago, IL, 
USA). All p values were two 
sided, and P<0.05 was co- 
nsidered to indicate a sta-
tistically significant differ-
ence. Quantitative data are 
presented as the mean ± 
standard deviation. Data 
were analyzed using the 
Student’s t test, whereas 
categorical data were ass- 
essed using the χ2 test or 
Fisher’s exact test. The 
Kaplan Meier method was 
used to plot the survival 
curve and extract the cu- 
mulative survival rate and 
mean survival time. Mul- 
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protein expression level was significantly lower 
(χ2=28.972, P<0.001) in gastric cancer tissues 
compared with adjacent non-cancerous gastric 
mucosal tissues.

Correlation of RBM38 protein expression with 
clinicopathological parameters

A correlation between RBM38 protein expres-
sion and clinicopathological characteristics of 
patients with gastric cancer was performed to 
assess the outcome and significance of exp- 
ression on clinical parameters. The expression 
level of RBM38 protein in gastric cancer was 
associated with tumor size (P=0.028), depth  
of invasion (P<0.001), lymph node metastasis 
(P<0.001), TNM stage (P<0.001) and Lauren 
classification of the tumor (P=0.001), whereas 
it was not associated with gender (P=0.066) 
and age (P=0.6; Table 1). 

Correlation between RBM38 protein expres-
sion level and prognosis of patients with 
gastric cancer

Univariate survival analysis indicated that low 
expression levels of RBM38 protein were asso-
ciated with poor prognosis of patients with gas-
tric cancer (log rank =5.325; P=0.021) (Figure 
1). The 1, 3 and 5 years cumulative survival 
rates were 88.3, 59.9 and 44.0% for patients 

Discussion

In this study, we identified that the RBM38 pro-
tein expression was down regulated in gastric 
cancer tissues compared with non-cancerous 
gastric mucosa. Specifically, we showed that 
low expression levels of RBM38 protein were 
associated with poor prognosis of patients with 
gastric cancer. Moreover, we demonstrated 
that RBM38 might play a major role as tumor 
suppressor in gastric cancer.

As described previously, RBM38 play an impor-
tant role in tumorigenesis. RBM38 potentially 
serves as a diagnostic tool in breast and ovari-
an cancers and also as a predictive marker of 
poor prognosis [14, 19]. RBM38 also reported 
to play a role in antiproliferation, which might 
exert its activity by regulating the function of a 
protein by directly involved in the cell cycle reg-
ulation [20]. Another previous study showed 
that it also could inhibit migration and invasion 
of breast cancer cells by regulating EMT [14]. 
Former study reported RBM38 as a target of 
the p53 family and exhibited a feedback regula-
tory loop with the p53 family proteins [8, 20- 
23]. Missense mutation of p53 is a common 
event in gastric cancer [24] and is often associ-
ated with poor cancer outcome [24, 25]. More- 

Table 2. Univariate and multivariate analyses of factors associated 
with overall survival of gastric cancer patients (n=120)

Clinical variables
Overall survival

HR (95% CI) p value
Univariate analysis
    Age (≤55 vs. >55) 1.166 (0.650 to 2.090) 0.607
    Gender (male vs. female) 1.084 (0.566 to 2.079) 0.807
    Tumor size (≤5 cm vs. >5 cm) 0.429 (0.245 to 0.751) 0.003
    Lyn (N0-1 vs. N2-3) 0.512 (0.285 to 0.920) 0.025
    Depth of invasion (T1/2 vs. T3/4) 0.758 (0.402 to 1.431) 0.393
    TNM stage (I/II vs. III/IV) 0.626 (0.332 to 1.183) 0.149
    Lauren (diffusion vs. intestine and mix) 0.920 (0.530 to 1.596) 0.767
    RBM38 expression (low vs. high) 2.106 (1.152 to 3.851) 0.016
Multivariate analysis
    Age (≤55 vs. >55) 1.123 (0.623 to 2.024) 0.700
    Gender (male vs. female) 1.082 (0.546 to 2.145) 0.821
    Tumor size (≤5 cm vs. >5 cm) 0.464 (0.237 to 0.908) 0.025
    Lyn (N0-1 vs. N2-3) 0.481 (0.163 to 1.422) 0.186
    Depth of invasion (T1/2 vs. T3/4) 6370 (0.000 to 3E+061) 0.897
    TNM stage (I/II vs. III/IV) 0.000 (0.000 to 2E+054) 0.908
    Lauren (diffusion vs. intestine and mix) 0.741 (0.389 to 1.409) 0.360
    RBM38 expression (low vs. high) 2.115 (1.044 to 4.286) 0.038

with low RBM38 expres-
sion levels, and 94.1, 85.8 
and 52.6% for patients wi- 
th high RBM38 express- 
ion levels, respectively. The 
mean survival time for pa- 
tients with high expression 
levels of RBM38 was 68± 
9.66 months, which was si- 
gnificantly higher (P<0.05) 
compared with 49±12.87 
months for patients with 
low RBM38 expression lev-
els. It was also revealed 
that tumor size and lymph 
node metastasis were sig-
nificantly associated with 
the survival of patients  
with gastric cancer, where-
as gender, age, depth of 
invasion, TNM stage and 
Lauren classification of the 
tumor were not significantly 
associated with their sur-
vival (Table 2).
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over, this may explain the low expression of 
RBM38 in gastric cancer with poor prognosis. 
Missense mutation of p53 not only cause loss 
of tumor suppression function (LOF), but also 
causes gain of oncogenic function (GOF) [26]. 
Mutations of p53 tumor suppressor was often 
highly expressed and had a long half-life in vari-
ous tumors [27]. 

In conclusion, we identified RBM38 as a poten-
tial diagnostic and prognostic target of GC in 
this study, which may function as a tumor sup-
pressor. The complex regulatory mechanism of 
RBM38 in gastric tumorigenesis needs to be 
delineated in future to explore its exact role and 
relevance in gastric cancer and to implement it 
to serve as a tumor suppressive target in gas-
tric cancer therapy.
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