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High RNA-binding Motif Protein 3 Expression Is Associated with Improved
Clinical Outcomes in Invasive Breast Cancer
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Purpose: Expression of RNA-binding motif protein 3 (RBM3) is
induced by hypoxia and hypothermia. Recently, high expression
of RBM3 was reported to be associated with a good prognosis
in colon cancer, prostate cancer, ovarian cancer, and malignant
melanoma. Studies on RBM3 in invasive breast carcinoma (IBC),
however, are limited. Methods: RBM3 expression was examined
using a tissue microarray from 361 patients with IBC. Immuno-
histochemistry was performed for estrogen receptor (ER), pro-
gesterone receptor (PR), human epidermal growth factor recep-
tor 2 (HER2), and Ki-67 to compare the expression of these
markers. For scoring of RBM3 expression, NF (nuclear staining
fraction) x NI (nuclear staining intensity) was used. The RBM3 ex-
pression score was considered indicative of either low (<4) or
high (>4) expression. Western blot analysis was performed on
breast cancer cell lines to evaluate RBM3 expression. Results:
Of the total 361 samples, 240 (66.5%) exhibited high RBM3 ex-
pression. High RBM3 expression was significantly associated

with positivity for ER (p<0.001), PR (p<0.001), T stage
(p<0.001), histologic grade (p<0.001), and % Ki-67 staining
(p=0.004). Multivariate analysis revealed that high RBM3 ex-
pression was closely associated with prolonged disease-free
survival (DFS) (p<0.001) and overall survival (OS) (p<0.001).
Western blot analysis revealed reduced RBM3 expression in
HCC1954 (HER2-enriched) and BT-20 (basal-like) cells with an
aggressive phenotype. Conclusion: High nuclear RBM3 expres-
sion is strongly associated with a prolonged DFS and OS. Fur-
thermore, RBM3 expression is closely associated with good
prognostic markers such as ER and PR in IBC. High nuclear
RBM3 expression is, therefore, a critical biomarker of favorable
clinical outcomes in IBC.
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INTRODUCTION

Invasive breast carcinoma (IBC) is the most common ma-
lignancy and the second leading cause of cancer death in
women [1]. In Korea, IBC is the second most common malig-
nancy and the fifth most common cause of cancer death in
women [2]. Due to significant improvements in the diagnosis
and treatment of IBC, the survival rate of the malignancy has
increased over the past 30 years. IBC is subdivided into four
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molecular/intrinsic subtypes: luminal A, luminal B, human
epidermal growth factor receptor 2 (HER2)-enriched type,
and basal-like subtype, according to the gene expression pat-
tern [3,4]. The basal-like subtype overlaps with “triple-nega-
tive” subtypes and yields high-grade tumors with a heavy in-
filtration of lymphocytes [5,6].

Two mammalian cold-shock proteins have been reported
to date: cold-inducible RNA binding protein and RNA-bind-
ing motif protein 3 (RBM3) [7,8]. RNA-binding proteins with
RNA-binding motifs (RBMs) have been identified through
specific subgroups containing single-stranded RNA binding
proteins (SBPs). These SBPs are involved in posttranslational
regulation of RNA and gene transcription via alterations of
microRNA complexes to stimulate protein synthesis, prolifer-
ation, and anti-apoptosis [9]. The RBM3 gene, one of three X
chromosome-associated RBM genes (RBMX, RBM3, and
RBM10), encodes a 157-amino acid protein of 17 kDa [7].
Initially, the RBM3 gene was discovered in a cDNA library
from human fetal brain tissues, and it is located in sub-band
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Xp11.23 [7]. Martinez-Arribas et al. [10] reported that RBM
proteins regulate apoptosis and thus, there is a positive corre-
lation between the RBMX, RBM3, and RBM10-encoding
genes and the Bax gene in breast cancers. At first, RBM3 ex-
pression was found to be upregulated in various cancer tissues
in the Human Protein Atlas (HPA); therefore, it was consid-
ered to have oncogenic potential [11]. However, high RBM3
expression has recently been associated with a good prognosis
in several malignancies, including breast [12], ovary [13],
prostate [14], urinary bladder [15], and colon [16] cancer.
Nevertheless, the role of RBM3 in malignancies has not yet
been clearly identified. In addition, the prognostic implica-
tions of tumor-specific RBM3 expression in IBC have not
been investigated in a large cohort study. In the present study,
the prognostic consequences of RBM3 expression in IBC were
investigated by immunohistochemistry (IHC) from the tissue
microarray (TMA) of 361 patients, as well as by western blot
analysis of human breast cancer cell lines.

METHODS

Patients

This study included 361 cases of primary IBC in patients
that had undergone surgical resection in Keimyung University
Dongsan Medical Center between 2003 and 2007. Cases with
distant metastasis at the time of diagnosis as well patients who
received neoadjuvant chemotherapy were excluded. All tis-
sues were fixed in 10% buffered formalin and embedded in
paraffin. Patient and tumor characteristics, including patient
age at the time of initial diagnosis, tumor size, lymph node
status, histologic grade, and follow-up data were obtained
from pathology reports and patients’ medical records. Tumor
stage was determined based on the 7th American Joint Com-
mittee on Cancer criteria [17]. Overall survival (OS) was de-
fined as the time interval between the date of the cancer diag-
nosis and the date of death from any cause. Disease-free sur-
vival (DFS) was defined as the number of months from surgi-
cal resection to the development of documented relapse, in-
cluding locoregional recurrence or distant metastasis. The re-

Table 1. Antibodies and staining conditions used for this study
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quirement for informed consent from the patients was waived
by the ethics committee; this study was approved by the Insti-
tutional Review Board of Dongsan Medical Center (DSMC
No. 2012-16).

Construction of tissue microarrays

Before TMA construction, all cases were histopathologically
reviewed on hematoxylin and eosin-stained slides by a spe-
cialized breast pathologist. After reviewing the slides, the pa-
thologist selected a representative block for each case with
which to construct the TMA. A pair of tissue cores 2 mm in
diameter were retrieved from each tumor block and trans-
ferred to the recipient block using a Quick-Ray Manual Tissue
Microarrayer (Unitma, Seoul, Korea) and Quick-Ray recipient
blocks with 2-mm cores (Unitma). All TMAs were provided
by the Department of Pathology, Dongsan Medical Center.

Immunohistochemical assessment and scoring

IHC was performed using the automated Benchmark plat-
form (Ventana Medical Systems, Tucson, USA) according to
the manufacturer’s recommendations. Sections 4 pm in width
were immunostained for RBM3, estrogen receptor (ER), pro-
gesterone receptor (PR), HER2, and Ki-67 using an Ultra-
View™ Universal DAB detection kit (Ventana Medical Sys-
tems). Antigen retrieval using cell conditioning solution (CC1;
Ventana Medical Systems) was performed for all cases using
the Benchmark platform, and slides were counterstained with
hematoxylin. The antibodies and staining conditions used in
this study are detailed in Table 1. ER and PR staining were
scored according to the American Society of Clinical Oncolo-
gy (ASCO) and the College of American Pathologists (CAP)
guidelines. The guidelines recommend classifying all cases
with at least 1% positive cells as receptor positive [18]. HER2
staining was also scored according to the ASCO and the CAP
guidelines [19], which include four scores from 0 to 3: no or
incomplete staining, faint/barely perceptible membrane stain-
ing in <10% of invasive tumor cells (score 0); incomplete,
faint/barely perceptible membrane staining in >10% of inva-
sive tumor cells (score 1); incomplete and/or weak to moder-

Antibody Company Clone Dilution Antigen retrieval* Incubation

RBM3 Sigma-Aldrich (St. Louis, USA) Polyclonal 1:100 Standard 37°C, 32 min
ER Ventana Medical Systems (Tucson, USA) SP1 Predilution Standard 37°C, 16 min
PR Ventana Medical Systems 1E2 Predilution Standard 37°C, 16 min
HER2 Ventana Medical Systems 4B5 Predilution Mild 37°C, 16 min
Ki-67 Ventana Medical Systems 30-9 Predilution Standard 37°C, 16 min

RBM3=RNA-binding motif protein 3; ER=estrogen receptor; PR = progesterone receptor; HER2 =human epidermal growth factor receptor 2.

*Standard: 100°C, 60 minutes; Mild: 100°C, 30 minutes.
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ate circumferential membrane staining in >10% of invasive
tumor cells or complete, intense, circumferential membrane
staining in < 10% of invasive tumor cells (score 2); and com-
plete, intense, circumferential membrane staining in >10% of
invasive tumor cells (score 3). A score of 3 for HER2 is re-
garded as positive. For the equivocal (score 2) cases of HER2,
HER?2 status was determined using silver in situ hybridization.
Quantification of Ki-67 was performed in 1,000 tumor cells,
and Ki-67 positivity was defined as > 14%. RBM3 protein was
found to be expressed primarily in the nuclei of tumor cells.
The nuclear staining fraction (NF) was assigned a score of 0
(0%-1%), 1 (2%-25%), 2 (26%-50%), 3 (51%-75%), or 4
(>75%), and nuclear staining intensity (NI) was noted as 0
(negative), 1 (weak), 2 (msoderate), and 3 (strong). Subse-
quently, a combined nuclear score (NS) was calculated by
multiplying NF and NI (range of 0 to 12). For statistical analy-
ses, the cutoff values for RBM3 expression were chosen on the
basis of heterogeneity using the log-rank test for OS. The opti-
mal cutoff value was determined as low (NS <4) or high (NS
>4) RBM3 expression. The distribution of the intrinsic sub-
types of IBC according to IHC was divided into five subtypes:
luminal A (ER+ and/or PR+, HER2-, Ki-67 < 14%); luminal
B, HER2(-) (ER+ and/or PR+, HER2-, Ki-67 > 14%); luminal
B, HER2(+) (ER+ and/or PR+, HER2+); HER2-enriched
(ER-, PR-, HER2+); and triple-negative (ER-, PR-, HER2-).

Cell culture

Human breast cancer cell lines MCF-7, T47D, HCC1954,
BT-20, and ZR-75-1 were obtained from the Korean Cell Line
Bank (Seoul, Korea). All cell lines were maintained in RPMI-
1640 medium (WelGENE, Daegu, Korea) and were supple-
mented with 10% fetal bovine serum (Invitrogen, Carlsbad,
USA) and 1% penicillin/streptomycin (Sigma-Aldrich, St.
Louis, USA). Cells were grown as monolayers under standard
conditions (37°C in a humidified atmosphere containing 5%
CO:). The cells were cultured in BD Falcon™ (BD Biosciences,
Bedford, USA) 250-mL 75-cm’ cell culture flasks for gene ex-
pression analysis.

Western blot analysis

Cells were washed twice with cold phosphate-buffered sa-
line (pH 7.0) and scraped in radioimmunoprecipitation assay
lysis buffer (150 mM NaCl, 1% Nonidet P40, 0.5% deoxycho-
lic acid, 0.1% sodium dodecyl sulfate [SDS], and 50 mM Tris
pH 8.0) supplemented with 40.0 pg/mL leupeptin, 1 pM pep-
statin, and 0.1 mM phenylmethylsulfonyl-fluoride. Cell lysates
were incubated on ice for 30 minutes before being subjected
to centrifugation for 15 minutes at 15,000 x g at 4°C. Proteins
in the supernatant were then extracted and quantified using
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the BAP assay (Pierce, Rockford, USA). Subsequently, samples
containing 40 pg of protein were loaded onto 10% SDS-poly-
acrylamide gel electrophoresis gels with 4 x loading dye (Tris-
HCI pH 7.4, 1% SDS, glycerol, dithiothreitol, and bromophe-
nol blue), electrophoresed, and transferred onto nitrocellulose
membrane (Bio-Rad, Richmond, USA). After being blocked
with 5% nonfat milk in Tris-buffered saline (25 mM Tris base
and 150 mM NaCl) for 2 hours at room temperature, the
membranes were incubated with primary antibodies over-
night at 4°C. Next, the membranes were incubated with
horseradish peroxidase-conjugated secondary antibody (SC-
2005, 1:5,000; Santa Cruz, Dallas, USA) for 2 hours at room
temperature. The primary antibodies used included rabbit
polyclonal anti-RBM3 antibody (HPA003624, 1:1,000; Sigma-
Aldrich) and anti-actin antibody (MA5-11866, 1:5,000; Thermo
Fisher Scientific, Rockford, USA).

Statistical analyses

Statistical analyses were performed using SPSS version 20.0
for Windows (IBM Corp., Armonk, USA). The significance of
correlations between RBM3 expression and clinicopathological
characteristics was evaluated using the chi-square test. Kaplan-
Meier analysis with a log-rank test were used to estimate the
effects of RBM3 expression on patient OS and DES. Variables
found to be significant in univariate and multivariate analyses
were assessed using a Cox regression proportional hazards
model. Adjusted hazard ratios (HRs) and associated 95% con-
fidence intervals (CIs) were estimated for each variable. All
statistical tests were two-sided, and a p-value of <0.05 was
considered statistically significant.

RESULTS

Patient characteristics, histological features, and intrinsic
subtypes

Patients ranged in age from 24 to 84 years (median, 51
years). Of the 361 cases, 311 (86.1%) were invasive ductal car-
cinoma, not otherwise specified; 15 (4.2%) were invasive lob-
ular carcinoma; and 35 (9.7%) were a variety of other histo-
logical types (6 mucinous, 6 micropapillary, 4 papillary, 4
metaplastic, 4 medullary, 2 tubular, 1 cribriform, and 8 mixed
carcinoma). Of the 361 patients, 164 (45.4%) received radio-
therapy, and 250 (69.3%) received hormone therapy. A total of
272 (75.1%) patients received adjuvant chemotherapy. The
median follow-up period was 113.2 months (range, 2.3-181.6
months). The frequencies of the intrinsic subtypes were as fol-
lows: luminal A (120, 33.2%); HER2(-) luminal B (113,
31.3%); HER2(+) luminal B (45, 12.5%); HER2-enriched (28,
7.8%); and triple-negative (55, 15.2%).

https://doi.org/10.4048/jbc.2018.21.e34
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Figure 1. Immunohistochemical findings of low RNA-binding motif protein 3 (RBM3) nuclear expression (RBM3<4). (A, B) No expression of RBM3 in
poorly differentiated invasive ductal carcinomas. (C) Weakly expressed RBM3 in invasive micropapillary carcinoma. (D) No expression of RBM3 in
moderately differentiated invasive ductal carcinoma (immunohistochemistry for RBM3, x 200).

Figure 2. Immunohistochemical findings of high RNA-binding motif protein 3 (RBM3) nuclear expression (RBM3>4). (A) Moderately expressed RBM3
in mucinous carcinoma. (B) Strongly expressed RBM3 in well differentiated invasive ductal carcinoma. (C) Strongly expressed RBM3 in classic inva-
sive lobular carcinoma. (D) Moderately expressed RBM3 in metaplastic carcinoma (immunohistochemistry for RBM3, x 200).
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High nuclear RBM3 expression is associated with favorable
clinicopathological characteristics

To evaluate the potential association between nuclear RBM3
expression and clinicopathological characteristics, the immu-
nohistochemical results of the TM As were assessed. Immuno-

Table 2. Correlation of RBM3 expression with clinicopathologic charac-
teristics of invasive breast carcinomas

RBM3 expression
Characteristic Low expression  High expression ~ P-value
No. (%) No. (%)
Age (yn)* 49 (24-84) 50 (26-80) 0.723
T stage <0.001
T 28 (7.8) 115(31.9)
T2 81(22.4) 113 (31.3)
T3 10 (2.8) 113.0)
T4 2(0.6) 1(0.3
N stage 0.004
NO 50(13.9) 131 (36.3)
N1 33(9.1) 58 (16.1)
N2 18 (5.0) 33(9.1)
N3 20 (5.5) 18(5.0)
Histologic grade <0.001
1 5(1.4) 30(8.3
2 24 (6.6) 80 (22.2)
3 92 (25.5) 130 (36.0)
Estrogen receptor <0.001
Positive 52 (14.4) 194 (53.7)
Negative 69 (19.1) 46 (12.7)
Progesterone receptor <0.001
Positive 64 (17.7) 196 (54.3)
Negative 57 (15.8) 44 (12.2)
Hormone receptor <0.001
Positive 70(19.4) 207 (57.3)
Negative 51 (14.1) 33(9.1)
HER2 status 0.028
Positive 32(8.9) 40(11.1)
Negative 89 (24.7) 200 (55.4)
Ki-67 (%) 0.004
<14 36 (10.0) 109 (30.2)
>14 85 (23.5) 131 (36.3)
Intrinsic subtype <0.001
Luminal A 22 (6.1) 98 (27.1)
Luminal B, HER2(-) 29 (8.0) 84 (23.3)
Luminal B, HER2(+) 19(5.3) 26(7.2)
HER2-enriched 15(4.2) 13(3.6)
Triple-negative 36 (10.0) 19 (6.3
Adjuvant chemotherapy 0.001
Yes 103 (28.5) 169 (46.9)
No 18 (5.0) 71(19.7)
Adjuvant radiotherapy 0.600
Yes 52 (14.4) 112(31.0)
No 69 (19.1) 128 (35.5)

RBM3=RNA-binding motif protein 3; HER2 =human epidermal growth factor
receptor 2.
“Median (range).
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histochemical findings of low and high RBM3 expression are
shown in Figures 1 and 2, respectively. Typical clinicopathol-
ogical parameters and immunohistochemical staining of low
and high RBM3 expression are shown in Table 2. Among the
361 IBC samples, high nuclear RBM3 protein expression
(combined NS >4) was detected in 240 samples (66.5%), and
low RBM3 protein expression (combined NS <4) was ob-
served in 121 samples (33.5%) (Table 2). As summarized in
Table 2, there was no significant correlation between high ex-
pression of RBM3 protein and patient age. High RBM3 pro-
tein expression, however, was markedly associated with all
other clinicopathological parameters except adjuvant radio-
therapy, including T stage (p <0.001), N stage (p=0.004), his-
tologic grade (p <0.001), expression of ER and PR (p<0.001),
HER2 status (p=0.028), Ki-67 % staining (p=0.004), and ad-
juvant chemotherapy (p <0.001). However, no difference was
observed in the distribution of adjuvant radiotherapy between
the low and high RBM3 protein expression groups. Regarding
the intrinsic subtypes [20], high RBM3 nuclear expression
was more frequently shown in luminal A and luminal B sub-
types than in HER2 and triple-negative subtypes (p < 0.001).

Reduced expression of RBM3 protein in phenotypically
aggressive human breast cancer cell lines

Western blot analysis using the anti-RBM3 antibody yielded
a single band at 17 kDa in several breast cancer cell lines:
MCEF-7 and T47D (luminal A subtypes), ZR-75-1 (luminal B
subtype), BT-20 (triple-negative subtype), and HCC1954
(HER2-enriched type) (Figure 3). The differential expression
of RBM3 between different cell types was evident, with the
highest levels being observed in MCF-7. In contrast, HCC1954
(HER2-enriched) and BT-20 (triple-negative) exhibited mark-
edly lower RBM3 expression.
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Figure 3. Differences of RNA-binding motif protein 3 (RBM3) protein
expression in various human breast cancer cell lines by western blot
analysis. RBM3 protein is markedly increased in MCF-7 and T47D (lu-
minal A subtype) and ZR-75-1 (luminal B subtype). On the other hand,
RBM3 protein is significantly reduced in HCC1954 (HER2-enriched
type) and BT-20 (basal-like subtype).
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Figure 4. The comparison of disease-free survival between patients
with high RNA-binding motif protein 3 (RBM3) expression (RBM3>4)
and low RBM3 expression (RBM3<4) in invasive ductal carcinoma.
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Figure 5. The comparison of overall survival between patients with high
RNA-binding motif protein 3 (RBM3) expression (RBM3>4) and low
RBMB3 expression (RBM3<4) in invasive ductal carcinoma.

Table 3. Multivariate analysis of the DFS and OS in invasive breast carcinomas

DFS (O]
Characteristic p-value p-value
HR 95% Cl HR 95% Cl
ER (positive vs. negative) 0.876 0.453-1.694 0.694 2.022 0.918-4.455 0.081
PR (positive vs. negative) 1.031 0.561-1.892 0.922 0.540 0.257-1.134 0.103
Ki-67 (<14% vs.>14%) 1.354 0.787-2.328 0.274 2.689 1.338-5.403 0.005
Histologic grade (grade 1 vs. grade 2, 3) 1.354 0.795-2.307 0.264 1.328 0.727-2.425 0.356
T stage (<5 cmvs. >5c¢m) 1.606 1.061-2.431 0.025 1.349 0.830-2.195 0.227
N stage (NO vs. N1-3) 1.732 1.406-2.134 <0.001 1.845 1.441-2.362 <0.001
RBM3 (>4 vs. <4) 0.199 0.114-0.346 <0.001 0.245 0.133-0.451 <0.001

DFS=disease-free survival; OS=overall survival; HR=hazard ratio; Cl=confidence interval; ER=estrogen receptor; PR=progesterone receptor; RBM3=RNA-

binding motif protein 3.

High nuclear RBM3 expression is an independent predictor of
patient survival

To investigate the prognostic significance of high RBM3
protein expression levels in IBC, OS, and DFS were analyzed
using the Kaplan-Meier analysis with a log-rank test. The
Kaplan-Meier analysis demonstrated that high nuclear RBM3
expression was significantly associated with prolonged DFS
(Figure 4) and OS (Figure 5) compared with low nuclear
RBM3 expression. The expression of RBM3 protein may;,
therefore, affect the prognosis of IBC patients, and high
RBM3 expression levels may serve as an independent indica-
tor for improved patient survival. This was further demon-
strated when the clinicopathological characteristics and
RBM3 expression levels were assessed by Cox univariate and
multivariate regression models in this study (Table 3). Univar-
iate analysis revealed that improved OS and DFS in IBC were
significantly related to high RBM3 expression correlated with
T stage, N stage, histologic grade, ER and PR expression, and
% of Ki-67 staining. T stage (p=0.025 only for DFS), N stage

https://doi.org/10.4048/jbc.2018.21.e34

(p<0.001 for DES and OS), and Ki-67 (p=0.005 only for OS)
were significant independent prognostic factors for poor DFS
and OS in IBC patients (Table 3). Multivariate analysis indi-
cated that high expression of RBM3 protein was a significant
independent factor for good DFS (HR, 0.199; 95% CI, 0.144-
0.346; p<0.001) and OS (HR, 0.245; 95% CI, 0.133-0.451;
Pp<0.001) in IBC patients (Table 3).

DISCUSSION

In the present study, the prognostic value of RBM3 expres-
sion was demonstrated using TMAs of human IBC and hu-
man breast cancer cell lines assessed by IHC and western blot
analysis. RBM3 protein levels were dichotomized into low and
high nuclear expression. High RBM3 expression was associat-
ed with improved DES and OS compared to low RBM3 ex-
pression. Consequently, high RBM3 expression was found to
act as an independent prognostic indicator according to uni-
variate and multivariate analyses. Additionally, tumors with

http://ejbc.kr
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high nuclear RBM3 expression were strongly associated with
smaller tumor size, decreased N stage, ER and PR positivity,
low Ki-67 proliferation index, and adjuvant chemotherapy.
Based on our aforementioned data, high RBM3 expression
can be considered a significantly favorable prognostic bio-
marker of IBC with prolonged survival.

In addition, RBM3 expression was markedly reduced in
phenotypically aggressive breast cancer cell lines, such as
HCC1954 (HER2-enriched) and BT-20 (triple-negative) cells,
according to the western blot analysis. In contrast, increased
levels of nuclear RBM3 expression were noted in lower grade
breast cancer cell lines, specifically in luminal A (MCF-7 and
T47D) and luminal B subtypes (ZR-75-1). These findings,
which suggest that high nuclear RBM3 expression in IBC is
distinctly associated with less aggressive phenotypes and a
meaningfully improved patient survival, agree with other
studies on RBM3 and favorable clinical outcomes.

SBPs with RBMs are involved in many aspects of RNA me-
tabolism as well as in the regulation of gene transcription
[9,21]. The RBM3 gene directly regulates microRNAs post-
transcriptionally via Dicer activity [22]. RBM3 protein is a
well-known cold-shock protein, which is activated by mild
cold stress (32°C) [8]; however, the role of RBM3 has not been
fully elucidated yet. An analysis of RBM3 protein and mRNA
expression confirmed that RBM3 is rarely expressed in nor-
mal tissues; moreover, RBM3 protein was expressed at higher
levels in various tumor tissues than in normal tissues [12,16,
23,24]. However, a number of studies have found that upregu-
lated RBM3 expression is closely associated with an improved
OS and DFS in some tumors, including breast cancer [12],
ovarian cancer [25], colon cancer [16], prostate cancer [23],
and bladder tumors [15], possibly due to the link between
RBM3 expression and DNA repair [25]. The results of these
previous studies are similar to those of our study.

We observed that nuclear RBM3 expression was signifi-
cantly higher in luminal A and luminal B subtypes than in the
HER2-enriched and triple-negative subtypes. To our best
knowledge, this study is the first to report on the expression of
RBM3 according the intrinsic breast cancer subtypes.

In vitro models have shown that RBM3 plays a role in can-
cer progression-associated processes such as apoptosis [9,26]
and tumor proliferation [27]. Furthermore, under moderate
hypoxia conditions, tumor angiogenesis was accompanied by
increased levels of RBM3 similar to the increase in vascular
endothelial growth factor under moderate hypoxia conditions
[27]. Wellmann et al. [27] explained the role of RBM3 as an
on/oft switch under resource-poor conditions such as hypoxia,
hypothermia, or serum starvation.

The HPA program (http://www.proteinatlas.org/), a bio-

http://ejbc.kr

Sun Hee Kang, et al.

marker discovery strategy using antibody-based proteomics,
initially reported high nuclear RBM3 expression in breast
cancer to be associated with favorable clinicopathologic pa-
rameters in two different breast cancer cohorts [12]. In add-
ition, Ehlén et al. [13] showed that silencing of RBM3 in ovar-
ian cancer cell lines resulted in reduced cisplatin (platinum-
based chemotherapy) sensitivity. In malignant melanoma, low
RBM3 protein expression reportedly correlated with tumor
progression and metastasis [28]. Gene set enrichment analysis
(GSEA) was previously carried out on 267 epithelial ovarian
carcinoma samples to assess whether each case tended to be
associated with an up- or a downregulation of RBM3; RBM3
was demonstrated to be involved in the maintenance of DNA
integrity, including DNA-dependent replication, chromatin
remodeling, and damage checkpoints [25]. The findings re-
ported for this GSEA indicate that RBM3 overexpression can
attenuate a number of DNA damage checkpoint kinases, such
as checkpoint kinase 1 (CHKI) and checkpoint kinase 2
(CHK?2), as well as minichromosome maintenance protein 3
to promote tumorigenesis [25]. RBM8A and RBMS8B, mem-
bers of the extended RBM family, interact with OVCAI, a
candidate tumor suppressor and exert protective functions in
carcinogenesis similar to RBM3 [27]. Contrary to these stud-
ies, including the current study, it was reported that high ex-
pression levels of RBM8A predict poor patient prognosis and
promote tumor cell invasion in hepatocellular carcinoma [29].
Additionally, Sureban et al. [30] described RBM3 as a proto-
oncogene that prevents mitotic catastrophe in colorectal carci-
nomas. High RBM3 expression was shown in one study to be
an independent poor prognostic marker linked to erythro-
blast transformation specific-related gene (ERG) positivity
and PTEN deletions in prostate cancer [23]. This contradicts
the data from Jonsson et al. [14] which showed that high nu-
clear RBM3 expression is closely related to favorable clinical
outcomes. The discrepancies in the reported roles of RBM
warrant further investigation with variable steps to fully eluci-
date the precise function of RBM3 as a biomarker in various
types of cancers.

Some limitations should be considered in our study. First,
this was a retrospective study carried out at a single institu-
tion; therefore, selection bias may have been present. Patients
who underwent various adjuvant chemo- and radiotherapies
may have shown favorable prognoses unrelated to RBM3 ex-
pression. Second, the use of TMA may have under- or overes-
timated RBM3 protein expression due to the tumoral hetero-
geneity of breast cancer. Third, our study included limited
breast cancer cell lines. Therefore, we plan to include more
breast cancer cell lines according to molecular subtypes in fu-
ture studies. Despite these limitations, the strengths of our

https://doi.org/10.4048/jbc.2018.21.e34
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study were the large number of included breast cancer cases
and the follow-up duration (up to 14 years), which was the
longest among studies of RBM3 expression.

In conclusion, we assessed the clinicopathological parame-
ters related to and the prognostic impact of RBM3 expression
using IHC in IBC. The findings reported here show that high
nuclear RBM3 expression in IBC is strongly associated with a
significantly prolonged DFS and OS. Furthermore, high nu-
clear expression of RBM3 may act as an independent predic-
tor and a potential biomarker of favorable clinical outcomes
in IBC.
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