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Original Article
Low PBRMJ1 identifies tumor progression and poor
prognosis in breast cancer

Dan Mo**, Chunhong Li?", Junrong Liang*, Qunfeng Shi, Naiwei Su?, Shuyou Luo?, Tian Zeng?, Xinning Li*

1Department of Surgery, Maternal and Child Health Hospital of Guangxi Zhuang Autonomous Region, Nanning,
China; 2Public Health College of Guangxi Medical University, Nanning, China. "Equal contributors.

Received June 22, 2015; Accepted July 26, 2015; Epub August 1, 2015; Published August 15, 2015

Abstract: Background: To investigate the expression and role of PBRM1 in breast cancer, and to evaluate the clinical
and prognostic significance of PBRM1 protein in patients with breast cancer. Methods: The expression of PBRM1
was examined in breast cancer tissue and paired non-cancerous tissues by real-time PCR. Moreover, PBRM1 pro-
tein expression was evaluated by immunohistochemistry in 150 paraffin-embedded breast cancer specimens. The
correlation between PBRM1 expression and clinicopathological features were statistically analyzed. Results: The
status of PBRM1 protein in breast cancer tissues is much lower than that in paracarcinoma tissues. Low PBRM1
expression was positively correlated with tumor stage (P =0.003) and lymph node metastasis (P =0.013). The over-
all (P =0.003) and recurrent-free survival (P =0.001) of the patients with high PBRM1 expression was significantly
lower than the low PBRM1 expression group. Multivariate analysis showed that the expression of PBRM1 was an
independent factor of overall survival for the patients with breast cancer (P =0.030). Conclusions: PBRM1 might
involve in the development and progression of breast cancer as a tumor suppressor, and thereby may be a valuable

prognostic marker for breast cancer patients.
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Introduction

Breast cancer is one of the most frequently
occurring malignancies and the fourth leading
cause of cancer death in females worldwide,
with about 230,000 new cases in women per
year [1]. For the advanced breast cancer, its
prognosis is still poor, with the median survival
time less than 2 years [2]. Current the molecu-
lar mechanisms in the development and pro-
gression of breast cancer remain largely
unknown. Methods used to predict the out-
come of breast cancer patients mainly depend
on the clinicopathological factors, such as clini-
cal stage, tumor differentiation, and lymph
node metastasis [3]. Therefore, other parame-
ters such as molecular markers are needed in
predicting the clinical outcome of this disease.
It is of great value in further understanding the
molecular mechanisms of breast cancer and
find valuable molecular prognostic factors with
high specificity and sensitivity and novel thera-
peutic strategies.

PBRM1, a component of the SWI/SNF chroma-
tin-remodeling complex found in mammalian
cells, is located in chromosome 3p21 and
encodes the BRG1-associated factor 180 pro-
tein [4]. The gene is composed of multiple
domains, including 6 bromodomains involved in
binding acetylated lysine residues on histone
tails, 2 bromo-adjacent homology domains
important in protein-protein interaction and an
HMG DNA binding domain [5]. The protein
encoded by this gene participates in DNA repli-
cation, transcription, DNA repair, and regulation
of cell proliferation and differentiation [5, 6].
Recent exome sequencing studies led to the
unexpected finding that mutations in PBRM1
were frequently identified, including in over 40%
of renal cell carcinoma samples [7]. PBRM1
mutations were uniformly correlated with the
loss of heterozygosity (LOH). The majority of
PBRM1 mutations result in the loss of this pro-
tein. Most often, PBRM1 mutations occurred
together with VHL mutations and Varela et al.
reported that nearly all of the PBRM1-mutant
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Table 1. Correlation between PBRM1 expres-
sion with clinicopathologic parameters of
breast cancer

Variable —PBRM,l P
Low High

Age
<B0y 29 21 0.106
>50y 44 56

Side 0.636
Left 37 42
Right 36 35

Tumor stage 0.003
| 25 45
[I-IV 48 32

Tumor size 0.136
<2cm 30 41
>2cm 43 36

Tumor grade 0.353 0.353
G1, G2 19 26
G3 54 53

Histological type 0.550
Ductal carcinoma 61 67
Others 12 10

Lymph nodes status 0.013
Negative 27 44
Positive 46 33

tumors exhibited a hypoxia signature, including
some cases without a detectable VHL mutation
[8]. PBRM1 mutation in renal cancers was
associated with advanced stage, high tumor
grade, and poor overall survival [9]. These stud-
ies indicate that PBRM1 plays a critical role in
preventing tumorigenesis. Recently, Xia et al.
demonstrated that PBRM1 binds to the p21
promoter and regulates baseline and signal-
dependent p21 transcription to suppress
tumorigenesis in breast cancer cells, indicating
that PBRM1 is a tumor suppressor mutated in
breast cancer [10]. However, the clinical signifi-
cance of PBRM1 in breast cancer remains
unclear.

In the present study, we aimed to investigate
the expression of PBRM1 in breast cancer and
the clinical significance of PBRM1 in breast
cancer. We first examined the expression level
of PBRM1 in breast cancer tissues by using
Real-time PCR. Then we analyzed its associa-
tion with clinicopathological characters in order
to determine the clinical significance of PBRM1

9308

in breast cancer. Taken together, our research
revealed a novel biomarker involved in the
development and progression of breast
cancer.

Materials and methods
Patients and tissue specimens

Fresh tumor tissue with paired non-cancerous
tissue samples of 10 breast cancer patients
were obtained in operation from the Maternal
and Child Health Hospital of Guangxi Zhuang
Autonomous Region. A total of 150 paraffin-
embedded breast cancer samples, which were
histologically and clinically diagnosed in
patients with radical surgery in Maternal and
Child Health Hospital of Guangxi Zhuang
Autonomous Region, between 1998 and 2004,
were also included in this study. The clinical
and pathologic parameters were reviewed from
impatient medical records and presented in
Table 1. None of these patients had received
radiotherapy or chemotherapy prior to surgical
treatment. Clinical and pathological data of the
150 patients with breast cancer were collect-
ed, such as age, tumor stage, differentiation
grade, lymph node metastases, pathologic
characteristics and recurrence. The tumor stag-
es were classified according to the American
Joint Committee on Cancer guidelines. Clinical
follow-up information was obtained by tele-
phone or from the outpatient records. Written
Ethics Approval and Patient Consent from the
Maternal and Child Health Hospital of Guangxi
Zhuang Autonomous Region Ethics Committee
and written informed consent from all partici-
pants were obtained.

RNA extraction and real-time PCR

Total RNA from human cancer tissues and non-
cancerous tissues was extracted using Trizol
reagent (Invitrogen) according to the manufac-
turer’s instructions. cDNA was synthesized
from 1 mg of total RNA by use of the
SuperScriptH Il First-Strand Synthesis System
(Invitrogen).

Real-time PCR was carried out using an CFX96
Real-Time System (BIO-RAD). SYBR green 2X
master mixture (Invitrogen) was used in a total
volume of 10 mL. The primer sequences were
as follows: PBRM1 sense, 5-AAGAAGAAAGAGC-
TTGCCAG-3’; antisense, 5-TCTCGAGCTTCAAGA-
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Figure 1. The PBRM1 expression in breast cancer specimens was detected
by Real-time PCR compared with paired non-cancerous tissues. asterisks, P

< 0.05.

ACAAC-3’; GAPDH sense, 5-GAAGGTGAAGGTC-
GGAGTC-3’, antisense, 5-GAAGATGGTGATGGG-
ATTTC-3'. GAPDH was used as an internal con-
trol. All reactions were run in triplicate in three
independent experiments.

Immunohistochemical analysis

The paraffin-embedded specimens were cut
into 4m m sections and baked 1 h at 65u C. All
sections were deparaffined with xylenes and
rehydrated through graded ethanol series to
distilled water. Then, the sections were sub-
merged into EDTA antigenic retrieval buffer (pH
8.0) and microwaved for antigenic retrieval. The
sections were treated with 0.3% H,0, for 15
min to block the endogenous peroxidase at RT,
and then were treated with normal goat serum
for 30 min to reduce the nonspecific binding.
Consequently, the sections were incubated
with rabbit polyclonal anti-PBRM1 antibody
(1:200; Sigma, USA) overnight at 4°C. After
washing, the sections were incubated with bio-
tinylated anti-rabbit secondary antibody
(Zymed) followed by further incubation with
streptavidin-horse-radish peroxidase (Zymed)
at 37°C for 30 min. Diaminobenzidine (DAB)
was used for color reaction, and the antibody
was replaced by normal goat serum for nega-
tive controls.

The immunohistochemically stained tissue sec-
tions were scored independently by two pathol-
ogists blinded to the clinical parameters, and
the final score was the average of the scores by
two observers. We used the intensity and
extent of the staining to evaluate the expres-
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[0 Noncancerous tissues

sion of PBRM1. The staining
intensity was scored as 0 (no
staining), 1 (weak staining
exhibited as light yellow), 2
(moderate staining exhibited
as yellow brown), 3 (strong
staining exhibited as brown).
Extent of staining was scored
as: 1 (< 10% positive tumor
cells); 2 (10-50% positive

*

9 10 tumor cells); 3 (51-80% posi-

tive tumor cells), and 4 (> 80%
positive tumor cells), accord-
ing to the percentages of the
positive staining areas rela-
tive to the whole cancer area
or entire section for the nor-
mal samples. The sum of intensity and extent
score was used as the final staining scores (O
to 7) for PBRM1. For the purpose of statistical
evaluation, tumors having a final staining score
of < 4 classified tumors with low PBRM1 expres-
sion and score > 4 classified as high PBRM1
expression.

Statistical analysis

Statistical analyses were performed using a
statistical software package (SPSS13.0,
Chicago, IL). The significance of PBRM1 levels
was determined by t-test. The chi-square test
was used to analyze the relationship between
PBRM1 expression and clinicopathological
characteristics. Survival times were evaluated
using the Kaplan-Meier survival curves, and
compared by the log-rank test. The significance
of various variables for survival was analyzed
by multivariate survival analysis using Cox’s
regression model. P value less than or equal to
0.05 were considered to be statistically
significant.

Results
Expression of PBRM1 in breast cancer issues

To determine the expression of PBRM1 protein
in breast cancer tissues, real-time RT-PCR was
performed in 10 breast cancer tissues with
paired non-cancerous mucosa. In all the 10
breast cancer tissues with paired normal muco-
sa, clearly decreased levels of PBRM1 expres-
sion was detected in all the tumors tissues in
comparison to the paired non-cancerous muco-
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Figure 2. High (A. 200 x; B. 400 x maghnification) and low (C. 200 x; D. 400 x magnification) expression of PBRM1
in breast cancer tissues by immunohistochemistry.

sal tissues (Figure 1). The immunohistochemi-
cal data showed that PBRM1 protein was pre-
dominantly localized in the cytoplasm. The
representative immunostaining of PBRM1 in
breast cancer tissues was shown in Figure 2.
These data suggested that PBRM1 might serve
as a tumor suppressor gene in breast cancer.

Correlation of PBRM1 expression with clinico-
pathological features

The median follow-up time for overall survival
was 67 months for all patients. The association
between PBRM1 expression and the clinico-
pathological outcomes is shown in Table 1.
PBRM1 expression was significantly correlated
with tumor stage clinical stage (P =0.003) and
lymph nodes status (P =0.013) of patients with
breast cancer. There was no significant correla-
tion between PBRM1 expression and age, side,
tumor size, histological type, or tumor grade
(Table 1).
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Correlation of PBRM1 expression with clinical
survival

The prognostic impact of PBRM1 in breast can-
cer was evaluated using the Kaplan-Meier sur-
vival curve analysis. Among these patients, the
overall and recurrent-free survival of the
patients with high PBRM1 expression was sig-
nificantly lower than the low PBRM1 expression
group (Figure 3, P =0.003, and P =0.001,
respectively). Multivariate Cox regression anal-
ysis showed that PBRM1 is an independent
prognostic factor for these patients (Table 2).
Our results demonstrated that PBRM1 could be
used as a potential prognostic marker for
breast cancer patients.

Discussion

In the present study, we investigated the clini-
cal value of PBRM1 and found that it is down-
regulated in breast cancer tissues in compari-
son with that in normal breast tissues by
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Figure 3. Survival analysis of PBRM1. Patients with lower PBRM1 expression in breast cancer were closely corre-
lated with poorer overall and recurrent free survival than patients with tumor with higher PBRM1 expression.

Table 2. Multivariate Cox regression analyses of clinicopathological variables and breast cancer

survival
) 0S RFS
Variables - -
Hazard ratio (95% Cl) P Hazard ratio (95% Cl) P

Age (< 50 vs. 250) 0.676 (0.541-2.419) 0.594 0.724 (0.528-2.530) 0.578
Side (Left vs. Right) 0.953 (0.462-1.814) 0.891 1.035 (0.617-1.193) 0.848
Tumor stage (II-IV vs. |) 2.235 (0.756-7.982) 0.031 2.293 (0.503-9.628) 0.045
Tumor grade (G3 vs. G1-2) 1.505 (0.310-4.825) 0.161 1.085 (0.291-4.634) 0.165
Tumor size (> vs. < 2 cm) 1.717 (0.638-2.148) 0.061 2.139 (0.368-3.803) 0.097
Histological type (> vs. <5 ug/ml) 1.623 (0.519-5.342) 0.413 1.467 (0.424-4.078) 0.544
Lymph nodes status (+ vs. -) 2.581 (0.928-2.695) 0.047 2.296 (0.754-3.876)  0.063
PBRM1 expression (Low vs. High) 2.195 (0.335-3.604) 0.030 1.930 (0.658-3.172) 0.051

Real-time PCR. The expression of PBRM1 was
significantly correlated with clinical stage and
lymph nodes status of patients with breast can-
cer. Moreover, PBRM1 expression was a signifi-
cant indicator of both overall survival and recur-
rent-free survival for breast cancer patients.
Multivariate Cox regression analysis showed
that PBRML1 is an independent prognostic fac-
tor for breast cancer patients. Our study may
suggest a critical role of PBRM1 in the develop-
ment and progression of breast cancer.

SWI/SNF is a multisubunit chromatin-remodel-
ing complex that performs fundamental roles in
a variety of cellular process including gene reg-
ulation, cell lineage specification, and organism
development [11]. The SWI/SNF family was
originally discovered and characterized geneti-
cally in yeast. Mutations in genes encoding
SWI2/SNF2 or any of several other subunits of
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the 11 subunit yeast SWI/SNF complex result
in transcriptional defects at specific promoters
[12]. Existing evidence indicated that muta-
tions that inactivate SWI/SNF subunits are
found in nearly 20% of human cancers, which
indicates that the SWI/SNF complex is involved
in human cancer pathogenesis. Genetic altera-
tions of two SWI/SNF subunits, hSNF5/INI1/
BAF47 (hSNF5) and BRG1, are associated with
the suppression of tumor development, which
likely occurs through their ability to regulate cell
cycle factors [10]. Loss of SWI/SNF subunits
has been reported in a number of malignant
cell lines and tumors, and a large number of
experimental observations suggest that this
complex functions as a tumor suppressor [13].
Recently, the SWI/SNF complex subunit PBRM1
has been suggested to exert its tumor suppres-
sive functions in renal cell cancer [8]. Moreover,
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PBRM1 has been showed to be a mutated
tumor suppressor in breast cancer [10].
However, the prognostic role of PBRM1 in
breast cancer remains unknown.

In this study, we for the first time reported sig-
nificantly lower PBRM1 expression in breast
cancer tissues compared with matched adja-
cent noncancerous tissues. In addition, as
determined by clinicopathological data, PBRM1
expression was significantly correlated with
clinical stage and lymph nodes status. The
results indicate that PBRM1 might play an
important role in the development and progres-
sion of breast cancer. In agreement with our
results, Huang et al. demonstrated that PBRM1
expression was significantly reduced in bladder
cancer cells and tissues compared to their nor-
mal counterparts, and that PBRM1 suppresses
bladder cancer by cyclin B1 induced cell cycle
arrest [14]. Pawtowski et al. found that a signifi-
cant number of ccRCC cancer cell lines lack
detectable PBRM1 expression, and that func-
tional inactivation of PBRM1 in the context of
pVHL loss-of-function may represent a key
event in facilitating the development of key
aspects of an aggressive tumor behavior [9]. In
line with their study, Xiao et al. revealed that
MicroRNA-590-5p could enhance proliferation
and invasion of clear cell renal carcinoma cells
via targeting PBRM1 [15]. Jiao et al. discovered
frequent inactivating mutations in BAP1,
ARID1A and PBRM1 in intrahepatic cholangio-
carcinomas, which highlight the key role of dys-
regulated chromatin remodeling in intrahepatic
cholangiocarcinomas [16]. These studies indi-
cate important roles of PBRM1 in the develop-
ment of breast cancer. Further studies are
required to explore the underlying molecular
mechanism of the process.

Importantly, we found that PBRM1 expression
was associated with poor clinical outcomes of
patients with breast cancer, further indicate
the tumor-suppressing role of PBRM1 in can-
cers. Nam et al. found that decreased expres-
sion of PBRM1 predicts unfavorable clinical
outcome in patients with clear cell renal cell
carcinoma [17]. In supporting with them, Kim et
al. reported that PBRM1 expression level is a
potential prognostic marker for advanced renal
cell carcinoma [18]. Our findings underline that
PBRM1 could be used as a prognostic marker
in cancers other than renal cancer.
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In conclusion, this study showed the first evi-
dences of the expression and clinical signifi-
cance of PBRM1 in breast cancer, suggesting
that PBRM1 might involve in the development
and progression of breast cancer as a tumor
suppressor, and thereby may serve as a valu-
able prognostic indicator for patients with
breast cancer.
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