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Introduction

Gastric cancer is very common globally, especially in 
Japan.1 Although the mortality of gastric cancer has 
declined, mainly due to early detection, the clinical outcome 
of patients with advanced gastric cancer remains poor.2–4 
Surgical excision remains the mainstay treatment for gastric 
cancer,5–7 although endoscopic treatment for early gastric 
cancer is gaining ground.8 The outcome of patients after 
radical gastrectomy is influenced by many tumor- and 
patient-based factors.6 Tumor progression is considered a 
multifactorial process that involves the dysregulation of 
various oncogenes and tumor suppressor genes.4,9,10 The 
accumulation of these multiple abnormalities confers 

growth advantages to gastric cancer cells.11–13 Therefore, 
understanding the molecular mechanisms associated with 
the progression of gastric cancer is critical for improving 
clinical outcomes.
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RNA-binding motif 5 (RBM5) is a putative tumor sup-
pressor gene involved in differentiation, apoptosis, cell 
proliferation, and carcinogenesis.14–16 However, the 
molecular mechanisms underlying RBM5-mediated tumor 
suppression remain unclear. RBM5 can modulate apopto-
sis by regulating the alternative splicing of multiple target 
genes.17–20 We previously demonstrated that RBM5 is 
required for normal p53 transcriptional activity and bio-
logical function by augmenting p53 protein expression in 
the absence and presence of DNA damage.21 We also sug-
gested that RBM5 exerts its tumor-suppressing functions 
by affecting p53 signaling pathways.21 Although RBM5 
protein expression is frequently reduced in various can-
cers,22–26 its protein level in gastric cancer remains unin-
vestigated. Despite the potential importance of RBM5 in 
carcinogenesis,14 its pathogenic role in gastric cancer 
remains unclear.

In this study, we hypothesized that RBM5 may be 
involved in gastric cancer progression. We examined 
RBM5 expression in tumor tissue specimens obtained 
from patients with resected gastric cancer and evaluated 
the relationship of RBM5 protein expression with clinico-
pathological parameters. Furthermore, we also investi-
gated the effect of RBM5 silencing on gastric cancer cell 
proliferation and p53 transcriptional activity to define the 
function of RBM5 that might be linked to gastric cancer 
progression. Our observations suggest that RBM5 behaves 
as a tumor suppressor gene in gastric cancer and that 
decreased RBM5 expression may be associated with the 
malignant potential of gastric cancer cells.

Materials and methods

Patients

Primary gastric cancer tissues and corresponding normal 
adjacent tissues were collected from 106 patients who 
underwent curative gastrectomy for gastric cancer at 
Hokkaido University Hospital between 1990 and 2000. 
This period was selected to provide a sufficient period of 
follow-up to determine patient prognosis after radical 
resection. All patients were postoperatively classified 
according to the Union for International Cancer Control 
(UICC) stage classification.27 Relevant clinicopathologi-
cal parameters were acquired from medical records. The 
patients included 76 males and 30 females (age range, 
35–90 years; mean, 64.4 years). Based on the UICC tumor–
node–metastasis (TNM) staging system, 60 (56.6 %), 13 
(12.2%), 15 (14.2%), and 18 (17.0%) patients had stage I, 
II, III, and IV lesions, respectively. All lesions were patho-
logically diagnosed as adenocarcinomas. Histologically, 
we categorized well-differentiated and moderately differ-
entiated adenocarcinomas as differentiated tumors, and 
poorly differentiated adenocarcinoma, signet-ring cell car-
cinoma, and mucinous adenocarcinoma as undifferenti-
ated tumors. Relevant clinicopathological information was 

acquired from medical records and the pathological diag-
nosis. The clinicopathological characteristics of patients 
and tumors are summarized in Table 1.

Immunohistochemistry

Histopathological studies were performed as previously 
reported.28 Briefly, tissues were fixed in 10% buffered for-
malin and embedded in paraffin. Three-micrometer-thick 
sections were stained with hematoxylin–eosin or analyzed 
for RBM5 expression via immunohistochemistry. RBM5 
immunostaining was performed using standard procedures 
with a specific mouse monoclonal antibody.21 RBM5 
staining was evaluated using a semiquantitative score, 
which was calculated as the sum of the percentage of posi-
tively stained tumor cells and the staining intensity. The 
percentage of positive staining was scored as 0 (0%–9%, 
negative), 1 (10%–25%, sporadic), 2 (26%–50%, focal), or 
3 (51%–100%, diffuse), and the intensity was scored as 0 
(no staining), 1 (weak staining), 2 (moderate staining), or 
3 (strong staining) compared with noncancerous gastric 
mucosa. The total immunostaining score was calculated as 
the positivity score multiplied by the staining intensity 
score. Five areas were randomly selected, and the average 
score in each case represented the final positive staining 
points. Thus, we separated the patients into high (total 
score ⩾3) and low (total score <3) expression groups. Two 

Table 1. Correlations between RBM5 expression and 
clinicopathological variables.

Parameters RBM5 expression Total (n) p value

Weak (n) Strong (n)

Age (years) NS
 <65 17 (29.8) 40 (70.2) 57  
 ⩾65 12 (24.5) 37 (75.5) 49  
Gender NS
 Male 20 (26.3) 56 (73.4) 76  
 Female 9 (30) 21 (70) 30  
Histology <.001
 Differentiated 5 (8.6) 53 (91.4) 58  
 Undifferentiated 24 (50) 24 (50) 48  
Tumor depth <.001
 T1 4 (8.5) 43 (91.5) 47  
 T2–T4 26 (43.1) 33 (56.9) 59  
Distant metastasis NS
 Negative 27 (26.5) 75 (73.5) 102  
 Positive 2 (50) 2 (50) 4  
Nodal metastasis <.001
 Negative 10 (15.4) 55 (84.6) 65  
 Positive 19 (46.3) 22 (53.7) 41  
Stage <.01
 I + II 13 (17.8) 60 (82.2) 73  
 III + IV 16 (48.5) 17 (51.5) 33  

RBM5: RNA-binding motif 5.
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pathologists who were blinded to clinical outcome sepa-
rately evaluated all samples. They evaluated the RBM5 
score of the immunostaining slides under an optical micro-
scope at ×400magnification. The average value of two 
independent scores was presented in this study.

Cell culture

MKN45 human gastric cancer cells were obtained from 
the Japanese Collection of Research Bioresources Cell 
Bank (Osaka, Japan) and maintained in RPMI 1640 
medium supplemented with 10% (v/v) heat-inactivated 
fetal bovine serum, 100 U/mL penicillin, and 100 µg/mL 
streptomycin, and cells were incubated in a humidified 
atmosphere of 5% CO2 and 95% air at 37°C. Cells in  
the logarithmic growth phase were used for further 
experiments.

RBM5 plasmids and stable cell lines

RBM5 short hairpin RNA (shRNA) plasmids, which are 
double-stranded oligonucleotides encoding small inter-
fering RNA (siRNA) that specifically target the RBM5 
transcript, and control shRNA (not matching any known 
human gene) were purchased from OriGene (Rockville, 
MD, USA). To generate stable shRNA-expressing cell 
lines, MKN45 cells were transfected with RBM5 or 
control shRNA plasmids using Effecten (QIAGEN, 
Valencia, CA, USA) according to the manufacturer’s 
instructions. The stable transfectants were selected and 
maintained in the presence of 1 µg/mL puromycin. The 
mammalian RBM5 expression plasmid was a gift from 
Dr Leslie C Sutherland (Laurentian University, Sudbury, 
ON, Canada).

Subcellular fractionation and western blot 
analysis

Cytoplasmic and nuclear fractions from MKN45 cells 
were prepared using an EzSubcell Fraction Kit according 
to the manufacturer’s instructions (Atto, Tokyo, Japan). 
Total cell lysates were prepared in lysis buffer (10 mM 
Tris–HCl, pH 7.5, 150 mM NaCl, 5 mM ethylenediamine-
tetraacetic acid (EDTA), 0.5% Nonidet P-40) supple-
mented with protease inhibitors. Western blotting was 
conducted using standard protocols as previously 
described.21 RBM5 was detected using a mouse monoclo-
nal antibody raised against a partial recombinant protein 
of the human carboxy-terminus.21 Other specific antibod-
ies were used to detect p53 (DO-1; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), p21 (Ab-1; EMD 
Millipore, MA, USA), p27 (DCS-72.F6; Thermo Fisher 
Scientific, Fremont, CA, USA), α-tubulin (DM 1A; 
Sigma-Aldrich, St. Louis, MO, USA), and β-actin (AC-
15, Sigma-Aldrich).

Immunofluorescence

MKN45 cells were plated on six-well culture plates with 
coverslips. Cells were fixed with 4% paraformaldehyde in 
phosphate-buffered saline (PBS) for 10 min and then per-
meabilized with 0.5% Triton X-100 in PBS for 5 min. Cells 
were blocked with 2% bovine serum albumin (BSA) in 
PBS and then incubated with anti-RBM5 mouse monoclo-
nal antibody21 and anti-β-actin goat polyclonal antibody 
(I-19; Santa Cruz Biotechnology) for 1 h in PBS with  
2% BSA, followed by incubation for 1 h with Rhodamine 
Red X-conjugated anti-mouse antibody (Jackson 
ImmunoResearch, West Grove, PA, USA) and Cy2-
conjugated anti-goat antibody (Jackson ImmunoResearch) 
in PBS with 1% BSA. To visualize nuclei, 1.0 µg/mL 
4′,6-diamidino-2-phenylindole dihydrochloride was added 
during the last wash. The images were observed under a 
fluorescence microscope (Biozero BZ-8000; Keyence, 
Osaka, Japan).

Cell proliferation assay

Cells were seeded in four 96-well plates at a density of 
1.5 × 103 cells/well. At the indicated time points, cell 
growth was determined using a CellTiter-Glo Luminescent 
Cell Viability Assay Kit according to the manufacturer’s 
instructions (Promega, Madison, WI, USA). Luminescence 
was measured using a GloMax-Multi+ Detection System 
(Promega). All experiments were performed in triplicate.

Reporter gene assay

The Dual-Luciferase Reporter Assay System (Promega) 
was used as described previously.21 Briefly, cells were co-
transfected with RBM5 plasmid (175 ng) and the Renilla 
luciferase plasmid pRL-TK (5 ng; Clontech, Mountain 
View, CA) in 24-well dishes. p53 activity was assessed 
24 h later with firefly luciferase reporter plasmids (25 ng) 
containing a tandem array of 13 p53 binding sites (PG13-
Luc) or the p21 promoter (WWP-Luc). Lysates were ana-
lyzed for firefly luciferase activity after normalization to 
Renilla luciferase activity.

Quantitative real-time polymerase chain 
reaction

Quantitative real-time polymerase chain reaction (qPCR) 
was performed as described previously.21 Briefly, total 
RNA was isolated from clones stably transfected with 
shRBM5 plasmids or control vectors using RNAiso reagent 
(TaKaRa, Otsu, Japan). qPCR was performed with TaqMan 
probes for p21, p27, and GAPDH with TaqMan Gene 
Expression Master Mix reagents (Applied Biosystems, 
Carlsbad, CA, USA) according to the manufacturer’s pro-
tocol. Relative gene expression was calculated using the 
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cycle threshold method, and the expression of GAPDH was 
used as an internal control.

Statistical analysis

The chi-square test was used to analyze the relationships 
between RBM5 protein expression and various clinico-
pathological parameters. Disease-specific survival rates 
were calculated using the Kaplan–Meier method and 
assessed using the log-rank test. The Cox proportional 
hazard regression model was used for multivariate analy-
ses to evaluate the suitability of clinicopathological varia-
bles and RBM5 expression as independent predictors of 
patient survival. Multivariate logistic regression analysis 
was performed to assess the interrelation between RBM5 
expression and the variables for overall survival. Two-
tailed p values ⩽.05 denoted statistical significance for all 
statistical tests.

Results

Subcellular localization of RBM5 in gastric 
cancer cells

To assess the biological role of RBM5 in gastric cancer, we 
first examined its protein expression in gastric cancer cells 
via immunofluorescence analysis and western blotting 
with a specific mouse monoclonal antibody we originally 
prepared.21 Immunofluorescence analysis revealed that 
RBM5 was localized in the nucleus (Figure 1(a)) as previ-
ously reported in other cancer cells.26,29 The nuclear locali-
zation of RBM5 was also confirmed by fractionating the 
cytosolic and nuclear compartments via western blotting 
(Figure 1(b)).

The association between RBM5 expression 
and clinicopathological characteristics based on 
immunohistochemical staining

To obtain insight into the clinicopathological value of 
RBM5 expression in gastric cancer, we performed immu-
nohistochemical analysis of RBM5 protein expression in 
gastric cancer specimens. Immunohistochemical staining 
revealed that RBM5 expression was predominantly 
detected in the nucleus as predicted in the immunofluores-
cence study (Figure 2(a)). RBM5 expression as assessed 
by immunohistochemistry in 106 primary gastric cancer 
specimens is shown in Table 1.

Twenty-nine tumors (27.4%) exhibited reduced RBM5 
expression compared with the corresponding adjacent nor-
mal tissues, whereas the remaining 77 specimens (72.3%) 
displayed strong RBM5 expression (Table 1). We analyzed 
the relationship between RBM5 expression in gastric can-
cer tissues and clinicopathological features. Decreased 
RBM5 expression was significantly associated with 

histological differentiation (p = .000003), depth of tumor 
infiltration (p = .0002), nodal metastasis (p = .0005), and 
TNM stage (p = .001), but not with age, gender, or distant 
metastases (Table 1).

RBM5 expression and clinical outcome

We used Kaplan–Meier analysis to determine whether 
RBM5 is a significant prognostic factor for disease- 
specific survival in patients (n = 100) with surgically resected 
gastric cancer (Figure 2(b)). A significant correlation between 
reduced RBM5 expression and poorer clinical outcome after 
radical operation was noted (log-rank test, p = .025, z = 2.83). 
Similarly, the depth of tumor infiltration and lymph node 
metastasis were significantly associated with overall survival 

Figure 1. RNA-binding motif 5 (RBM5) protein expression 
in gastric cancer cells. (a) Analysis of RBM5 expression via 
immunofluorescence analysis in gastric cancer cells. β-actin 
and the nucleus (6-diamidino-2-phenylindole dihydrochloride 
(DAPI)) were also stained and (b) subcellular localization of 
RBM5 in gastric cancer cells. MKN45 cells were fractionated 
into cytosolic (C) and nuclear fractions (N). Each fraction 
and whole cell lysate (W) were subjected to western blotting 
for RBM5 expression. HSP90 (cytosolic) and hnRNP C1/C2 
(nuclear) expression was analyzed to authenticate the purity of 
the individual fractions.
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(data not shown). To examine whether RBM5 expression 
was an independent predictor of patients’ survival, we also 
used a Cox proportional hazards model for multivariate anal-
ysis to evaluate the effect of covariates, including RBM5 
expression, depth of tumor infiltration, and lymph node 
metastasis of gastric cancer specimens. However, our analy-
sis indicated that none of the covariates was an independent 
prognostic factor for cancer-specific survival (Supplementary 
Table 2). We then analyzed the contribution of RBM5 
expression to other covariates, including age, gender, depth 
of tumor infiltration (T2–T4), and lymph node metastasis. A 
multivariate logistic regression analysis illustrated that 
RBM5 expression was significantly interrelated with the 
depth of tumor infiltration (odds ratio = 7.621, p < .001) and 
lymph node metastasis (odds ratio = 5.180, p < .01) regarding 
overall survival (Supplementary Table 3). Conversely, 
RBM5 expression was not related with age or gender (data 
not shown).

RBM5 silencing enhances gastric cancer cell 
proliferation

To examine the impact of reduced expression of endog-
enous RBM5 in gastric cancer cells, we generated 
MKN45 cells stably expressing plasmids for shRNA 
specifically targeting the RBM5 transcript. As shown in 
Figure 3(a), western blotting demonstrated that RBM5 
silencing resulted in a substantial reduction of RBM5 
protein levels. A cell growth assay revealed that com-
pared to control plasmid-transfected cells, RBM5-
silenced cells displayed increased cell proliferation 
(Figure 3(b)). To further confirm the effect of RBM5 on 
cell growth, we partially restored RBM5 expression 
using an additional RBM5 expression plasmid (Figure 
4(a)). The forced RBM5 expression significantly sup-
pressed the growth of RBM5-silenced cells (Figure 
4(b)).

RBM5 silencing decreases p53 transcriptional 
activity

We previously demonstrated that RBM5 affected the p53 
pathway by regulating p53 protein levels and transcrip-
tional activity in various cancers, including breast cancer, 
cervical cancer, and osteosarcoma.21 We also revealed that 
RBM5 augmented the growth-suppressive functions of 
p53.21 To investigate the molecular role of RBM5 in the 
suppression of gastric cancer cell growth, we first evalu-
ated the effect of RBM5 silencing on p53 protein expres-
sion and transcriptional activity in p53 wild-type MKN45 
cells. A corresponding decrease in p53 expression was 
observed by western blotting upon RBM5 silencing (Figure 
3(a)). Next, p53 reporter gene assays were performed to 
examine whether p53 transactivation is influenced by 
RBM5 in gastric cancer cells. RBM5 silencing reduced p53 
transcriptional activity (Figure 5(a), lanes 1 and 3). We fur-
ther examined whether RBM5 silencing affects p53 tran-
scriptional activity using a native promoter of p21 
(cyclin-dependent kinase inhibitor 1A), which is a well-
known p53 target gene.30 As shown in Figure 5(b) (lanes 1 
and 3), RBM5 silencing also decreased luciferase activity 
for the p21 promoter WWP-Luc. Furthermore, transient 
RBM5 overexpression increased p53 transcriptional activi-
ties as shown in Figure 5(a) and (b) (lanes 1 and 2). We also 
found that forced RBM5 expression partially restored p53 
transactivation in RBM5-silenced cells (Figure 5(a) and 
(b), lanes 3 and 4). These observations are consistent with a 
previous report demonstrating that RBM5 can increase 
p53-mediated transactivation in various mammalian cells.21

RBM5 silencing decreases p21 expression

We next evaluated the effect of RBM5 ablation on the 
expression of the endogenous p53 target gene p21.30 To 
assess the effect of RBM5 on p21 transcription, we 

Figure 2. (a) RNA-binding motif 5 (RBM5) protein 
expression in gastric cancer surgical specimens as assessed by 
immunohistochemistry. Representative examples for the low 
(left) and high (right) RBM5 expression groups. Hematoxylin 
and eosin staining (upper) and immunohistochemical staining 
(lower) and (b) overall cumulative survival rates of patients 
according to RBM5 expression in 100 patients with gastric 
cancer after radical resection (Kaplan–Meier method). RBM5 
expression was classified as low (n = 27) or high (n = 73) based 
on the immunohistochemical staining results; p values were 
calculated using the log-rank test.
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performed qPCR. As shown in Figure 6, we observed a 
significant reduction in p21 messenger RNA (mRNA) 
expression in RBM5-silenced cells. A corresponding 
decrease in p21 protein levels was observed by western 
blotting upon RBM5 silencing (Figure 3(a)). Contrarily, 
RBM5 silencing had no significant effects on p27 

(cyclin-dependent kinase inhibitor 1B that is mainly 
regulated by ubiquitination and 26S proteasome-
dependent degradation31) mRNA (Figure 6) and protein 
expression (Figure 3(a)).

Discussion

The clinical outcome of gastric cancer is determined by 
various tumor characteristics, including local tumor 
growth, distant metastasis, and differentiation grade, 
which are regulated by a number of related genes.4,9,11 
Therefore, identifying gastric cancer–specific determi-
nants involved in tumor progression is important for the 
treatments of gastric cancer.32 Here, we examined RBM5 
expression in primary gastric cancer tissue and evaluated 
its prognostic value to postresection survival. The clinical 

Figure 4. RBM5 restoration abrogates the augmentation 
of cell proliferation by RBM5 silencing. RBM5-silenced (RS) 
and control cells (Control) that were transfected with an 
additional RBM5 expression plasmid or an empty plasmid 
were cultured with G418 for 2 weeks to pool transfected 
cells. (a) Western blotting was performed to evaluate RBM5 
and β-actin expression. Protein expression was normalized to 
β-actin expression, and relative intensities are presented at 
the bottom of each panel and (b) the cells were seeded, and 
cell growth was examined after 5 days. The bars represent the 
relative numbers of viable cells along with standard deviations 
calculated from three independent experiments.

Figure 3. (a) Endogenous p53 and p21 protein levels are 
influenced by the RBM5 expression level. Western blotting 
uncovered the expression levels of RBM5, p53, p21, p27, and 
β-actin in RBM5-silenced (RS) and control (Control) cells. 
The expression levels were normalized to β-actin levels, and 
relative intensities are presented at the bottom of each panel 
and (b) RBM5 silencing stimulates cell growth. Cell proliferation 
assay reveals the enhanced proliferation of RBM5-silenced 
cells (RS) compared with control cells (Control). Data are 
shown as the mean ± standard deviation of three independent 
experiments.
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significance and biological functions of RBM5 in gastric 
cancer have not been explored, although RBM5 expres-
sion is frequently reduced in various cancer tissues, 
including lung, prostate, and pancreatic cancers.22–26 We 
demonstrated that among 106 paired gastric cancer tis-
sues, 29 tumors (27.4%) displayed downregulated RBM5 
expression. Conversely, RBM5 expression was similar 
between tumors and normal adjacent tissues for more than 
90% of T1 gastric cancer tumors. Decreased RBM5 
expression was more conspicuous in advanced stages (III 
and IV) than in early stages (I and II). We also found that 
decreased RBM5 expression was significantly associated 
with tumor depth, TNM stage, and lymph node metasta-
sis. In agreement with our observations, reduced RBM5 

protein expression was also correlated with lymph node 
metastasis and TNM stage in pancreatic and lung can-
cers.22,25 Our results suggest that RBM5 downregulation 
is involved in tumor progression rather than carcinogene-
sis in gastric cancer. In addition, we identified lower 
RBM5 immunoreactivity in undifferentiated gastric can-
cer tissues than in differentiated tissues, suggesting that 
decreased RBM5 expression plays a role in the dediffer-
entiation of gastric tumors. Contrarily, no significant dif-
ferences were identified between RBM5 expression and 
cancer cell differentiation in pancreatic cancer.22 The role 
of RBM5 in cancer cell differentiation might depend on 
the tissue of origin.

We found a significant association between low RBM5 
expression and poorer clinical outcomes in gastric cancer 
after radical surgery. However, Cox hazard ratio regression 
analyses indicated that the RBM5 expression level was not 
an independent risk factor for disease-specific survival. 
Although the UICC TNM stage is the most widely used and 
important prognostic factor for gastric cancer,33,34 the depth 
of tumor infiltration and lymph node metastasis were not 
independent prognostic factors for overall survival. 
Consequently, RBM5 was not a useful prognostic factor in 
our study. However, the number of genes involved in the 
clinical outcome of gastric cancer is unknown, and mixed 
complex effects might have caused the function of RBM5 
to be ambiguous in this study. Furthermore, the limited 
samples of resectable gastric cancer lesions and the retro-
spective nature of our study might have reduced the prog-
nostic value of RBM5. Further large-scale studies of 
patients with advanced gastric cancer may clarify the etio-
logical significance of RBM5. Meanwhile, we found that 

Figure 5. RBM5 expression in gastric cancer cells affects p53 
transcriptional activity in reporter gene assays. RBM5-silenced 
(RS) and control (Control) cells were co-transfected with 
firefly luciferase reporter plasmids (a: PG13-Luc and b: WWC-
Luc), Renilla luciferase plasmids, and RBM5 expression or 
empty control plasmids to ensure equal amounts of transfected 
plasmids. Firefly luciferase activity, adjusted for transfection 
efficiency using Renilla luciferase activity, was determined 24 h 
after transfection. The adjusted luciferase activity of control 
cells transfected with reporter plasmids and without RBM5 
plasmid was set as 100%. Shown are the means and standard 
deviations for three independent experiments.

Figure 6. p21 mRNA expression was diminished by RBM5 
silencing. A qPCR assay was performed to determine p21 
and p27 mRNA levels in RBM5-silenced (RS, black bars) and 
control cells (Control, white bars). The bars represent the 
relative amount of each mRNA compared to control cells. 
The values shown are the means and standard deviations that 
were calculated from three independent experiments, each 
performed in triplicate.
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RBM5 levels were associated with the depth of tumor infil-
tration and lymph node metastasis concerning overall sur-
vival. Most patients with gastric cancer and lymph node 
metastasis have poor prognoses even after curative resec-
tion.35 Although the biological role of RBM5 in gastric can-
cer metastasis has not been fully addressed yet, decreased 
RBM5 expression is part of a 17-gene expression signature 
predictive of metastasis and poor clinical outcome for vari-
ous types of human cancers.36 Oh et al.37 demonstrated that 
RBM5 alters the expression of genes involved in metasta-
sis, suggesting that the loss of RBM5 function may increase 
the metastatic potential of lung cancer.

To elucidate the molecular basis of the tumor-suppressing 
role of RBM5 regarding gastric cancer progression, we 
investigated the effect of RBM5 silencing on gastric can-
cer cell proliferation. RBM5 silencing stimulated gastric 
cancer cell growth. Contrarily, restoring RBM5 expression 
reduced their proliferation. It appears that RBM5 plays an 
inhibitory role in the regulation of cell proliferation. 
However, the molecular mechanisms by which RBM5 
exerts antitumor effects in gastric cancer remain to be 
investigated. We previously demonstrated that RBM5 reg-
ulates p53 transcriptional activity in various cancer cells 
and that RBM5-mediated growth suppression and apopto-
sis are linked to p53 activity.21 RBM5 silencing decreased 
p53 protein expression and transcriptional activity. 
Conversely, restoration of RBM5 expression recovered 
p53 transactivation in RBM5-silenced cells. Furthermore, 
RBM5 silencing reduced p21 mRNA and protein expres-
sion. We suggest that RBM5 acts through p53 signaling 
pathways in human gastric cancer cells. It is possible that 
the activation of p53 signaling such as cell cycle arrest via 
p21 was, at least partly, responsible for the antitumor activ-
ity of RBM5, although p53 participates in many compli-
cated pathways other than p21 signaling.38 We previously 
demonstrated that RBM5 can specifically bind endoge-
nous p53 mRNA and suggested that the association 
between RBM5 and p53 transcript affects p53 protein lev-
els.21 The exact mechanisms by which RBM5 affects p53 
protein levels and activity in gastric cancer warrant further 
investigation. Studies are currently in progress in our labo-
ratory to characterize how RBM5 regulates p53 transacti-
vation at the posttranscriptional level. Although p53 
mutation occurs in 40% of all gastric cancers,39 it is also 
unclear whether RBM5 influences mutant p53 function.40 
In addition, RBM5 is likely to have p53-independent 
tumor-suppressing functions in gastric cancer as identified 
in other cancers.21,37,41

Recurrence and metastasis after curative operation occur 
in some patients with advanced tumors. Sometimes, patients 
with the same TNM stage display considerable variability in 
tumor recurrence and clinical outcome; hence, we need spe-
cific biomarkers for high-risk patients with gastric cancer to 
facilitate the development of individualized treatment.42 For 
example, surveillance of early recurrence and aggressive 
postoperative systemic chemotherapy could be selected for 

patients with reduced RBM5 expression in endoscopic 
biopsy or surgical specimens. In addition, we previously 
revealed that depletion of endogenous RBM5 conferred 
resistance to antitumor drugs and, contrarily, RBM5 overex-
pression increased sensitivity to antitumor drugs.21 Similarly, 
Li et al.43 found that RBM5 re-sensitized cisplatin-resistant 
lung cancer cells to cisplatin and that RBM5 could predict 
response to cisplatin in lung cancer cells. These data suggest 
that the suppression or absence of RBM5 is associated  
with resistance to various chemotherapeutic agents. Thus, 
enhancing RBM5 function may augment responses to 
chemotherapy in the treatment of advanced gastric cancer. 
Furthermore, a better understanding of the expression pat-
terns of RBM5 may provide novel therapeutic approaches 
for advanced gastric cancer in the future.

In conclusion, we demonstrated for the first time that 
RBM5 expression is decreased in gastric cancer tissue 
according to tumor progression and that the protein plays a 
tumor-suppressive role in vitro, suggesting that RBM5 
downregulation is pivotal to the acquisition of malignant 
potential in gastric cancer cells and that the loss of RBM5 
function contributes to gastric cancer development. Further 
research is required to validate the biological regulation of 
RBM5 in the progression of gastric cancer.11,12
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