
RESEARCH

The Evaluation of WBP2NL-Related Genes Expression
in Breast Cancer

Seyedmehdi Nourashrafeddin & Mahmoud Aarabi &
Mohammad Hosein Modarressi & Marveh Rahmati &
Mohammad Nouri

Received: 18 March 2014 /Accepted: 26 June 2014 /Published online: 25 November 2014
# Arányi Lajos Foundation 2014

Abstract Breast cancer is the most frequent cause of mortality
in women all around the world; therefore, study on molecular
aspects of breast cancer is necessary for finding new bio-
markers. Recent studies have shown that WW Binding
Protein 2 (WBP2) is an important protein for the oncogenic
property of cancer. We have previously evaluated the WW
Binding Protein 2 N-Terminal Like (WBP2NL) gene expres-
sion in cancerous cell line and breast tumor tissues, and reported
changes in expression, which could increase tumorigenic cell
growth. However, the molecular mechanisms of WBP2NL and
its clinical relevance have not been investigated. In this study,
the expression of WBP2NL-related genes in the invasive breast
carcinoma and normal breast tissues was evaluated for the first
time. Analysis of WBP2NL-related genes expression was per-
formed with reverse transcription-PCR and real time-PCR de-
tection method. The target genes studied were as follow: WW
domain containing E3 ubiquitin protein ligase 1(WWP1), mem-
brane associated guanylatekinase containing WW and PDZ

domain-1 (MAGI1), neural precursor cell expressed develop-
mentally down-regulated 4 (NEDD4), formin binding protein-4
(FNBP4), BCL2-associated athanogene-3 (BAG3), WW
domain-containing oxidoreductase (WWOX), yes-associated
protein-1 (YAP1), WW domain containing transcription regu-
lator (WWTR1), member RAS oncogene family (RAB2A),
and small G protein signaling modulator 3 (SGSM3). The
expression of WWP1, BAG3, and WWTR1 was significantly
increased in breast cancer. In contrast, the expression of
WWOX, YAP1, RAB2A, and SGSM3 was significantly de-
creased. The MAGI1 and NEDD4 expression was increased,
while the expression of FNBP4 was unchanged. These findings
lead us to suggest that WBP2NL might play roles as an anti-
apoptotic factor or co-activator to promote breast cancer cell
survival and proliferation.
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Introduction

Breast cancer is the most common cause of women death due to
cancer in all around the world [1]. Approximately, one out of ten
women develops breast cancer during lifetime [2]. Development
of breast cancer is associated with altered gene expression pro-
files [1, 3]; therefore, study onmolecular aspects of breast cancer
for finding of breast cancer risk genes and new biomarkers for
early diagnosis of breast cancer is very important.

Recent studies have shown that WW-domain Binding
Protein 2 (WBP2) is essential for the oncogenic property of
cancer. The WBP2 has originally identified as a binding
partner of yes kinase-associated protein (YAP) [4, 5]. YAP is
a transcriptional regulator and component of the Hippo path-
way, which is essential for regulation of cell growth, prolifer-
ation and tumorigenesis [6, 7]. The WW-domain is a small
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structure that makes a binding site for a short PPXY-motif (P,
proline, X, any amino acid, Y, tyrosine) within a proline-rich
domain [5, 8–10]. The WBP2 binds to YAP through interac-
tion between WW-domains in YAP and PPXY-motifs in
WBP2 [11]. The WBP2 protein also interacts with transcrip-
tional co-activator with PDZ-binding motif (TAZ; also known
asWWTR1), which is other component of the Hippo pathway
and play roles in cell proliferation and tumorigenesis process
[12–15]. The interaction of WBP2 with YAP and TAZ
activates transcription machinery and increases target genes
expression [16]. It has been demonstrated that inhibition of
WBP2 expression or prevention of its interaction with YAP1
and WWTR1 suppress tumor cell proliferation, and sug-
gested WBP2 as a target of cancer therapy [16, 17].

WW Binding Protein 2 N-Terminal Like (WBP2NL), also
known as Postacrosomal sheath WW domain-binding protein
(PAWP), is a WW domain-binding protein that has isolated
from human normal sperm (Ref. to PMID: 17289678 and
PMID: 17988661). WBP2NL is a signaling molecule local-
ized in the postacrosomal sheath (PAS), and transferred into
the perinuclear theca (PT) of sperm head during spermatid
maturation [18]. It is a candidate sperm borne and oocyte-
activating factor (SOAF) that enters the oocyte during fertili-
zation, and induces oocyte activation events [19–21].

According to different databases, the WBP2NL is a testis-
specific protein and absolutely absent in other tissue. The
WBP2NL protein contains an N-terminal region homologous
to WW domain-binding protein-2 (WBP2), and a proline-rich
C-terminal half with PPxY motif and 9 YGxPPxG repeats,
which allow this protein to interact with other WW domain
proteins [18–20].

We have previously shown that WBP2NL contributes in
sperm-induced calcium release and thereby activates oocyte
[22]. We have also evaluated the WBP2NL gene expression
in cancerous cell line and breast tumor tissues and revealed
changes in expression that could contribute to increase can-
cerous cell proliferation [23], and breast cancer tumorigenesis
(Unpublished data). However, the mechanisms of WBP2NL
in cancerous cell proliferation and its clinical relevance have
not been investigated. In order to get more insights into
WBP2NL potential role in cellular proliferation and carcino-
genesis, we conducted a comprehensive study on the expres-
sion of WBP2NL-related genes in the invasive ductal carci-
noma (IDC) and normal breast tissues for the first time.

Materials and Methods

Normal and Patient Samples

Tissue samples were obtained from twenty cancerous patient
that histologically diagnosed, and ten adjacent noncancerous
women (ANCT) as normal control from tumor bank of cancer

institute Imam Khomeini hospital affiliated to Tehran
University ofMedical Sciences under the protocols of medical
ethics committee. All patients had been diagnosed on the basis
of clinical and laboratory findings and their consent informa-
tion have been written. The major clinical features and char-
acteristics of included patients are shown in Table 1.

Extraction of RNA and cDNA Synthesis

Total RNA was extracted from frozen normal and tumor
samples, and also breast cancer cell lines using TriPure iso-
lating reagent (Roche) according to the manufacturer’s in-
structions with minor modifications. RNA was dissolved in
DEPC treated water and its concentration was determined by
spectrophotometer (NanoDrop 2000). About 1.0 μg of total
RNA of various samples were used for carrying out cDNA
synthesis with M-MLV reverse transcription kit (Invitrogen)
and random primer (Pharmacia, Sweden).

Analysis of Gene Expression by Reverse Transcription-PCR
(RT-PCR)

A pair of specific primers was designed for amplifying 168 bp
fragment of human WBP2NL. The PCR amplification of
WBP2NL was performed with 30 cycles of denaturation at
94 °C for 30s, annealing at 60 °C for 30s, extension at 72 °C
for 30s and a 7 min final extension at 72 °C. We also used a
couple of specific primers for amplifying fragments of
WBP2NL-related genes (Table 2) for evaluating their expres-
sion by RT-PCR. A couple of specific primers of the house-
keeping gene HPRT were also used for checking of cDNAs
quality. The PCR amplification of HPRTwas performed with
35 cycles of denaturation at 94 °C for 30s, annealing at 58 °C
for 25 s, extension at 72 °C for 30 s and a 7 min final extension
at 72 °C. The total reaction volumes were 25 μl containing
1 μl cDNA, specific primers, PCR set and smart Taq poly-
merase. The primers were positioned in different exons of
gene to avoid false positive because of probable DNA

Table 1 Clinical features of included patients with invasive ductal
carcinoma

Subject’s characteristics No. of subjects
(n=20)

Age (years) 35–65 (Mean:50)

Tumor grade I or II (Low grade) 13(65 %)

III (High grade) 7(35 %)

HER2 Positive 4(20 %)

Negative 16(80 %)

ER/PR Positive 15(75 %)

Negative 5(25 %)
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contamination during RNA extraction. The target gene and
their primers are shown in Table 2.

Analysis of Gene Expression by Quantitative RT-PCR
(qRT-PCR)

A highly sensitive, qRT-PCR method based on the SYBR-
Green chemistry was used for the WBP2NL-related genes
quantification in normal and malignant breast tissues. The
specific primers were used for amplifying fragments of
WBP2NL-related genes (Table 2). About 0.5 μl of each
specific primers and 1.5 μl of each cDNA sample was added
to PCR tubes containing SYBR-Green Master Mix (10 μl)
(Qiagen, Berlin, Germany), and sterile water (7.5 μl).
Following assay optimization using negative samples (no
template control and no RTase), all test samples of cDNA
were subjected to amplification (10 min at 95 °C, 45 cycles of
10 s at 95 °C, 20 s at 64 °C and 15 s at 72 °C) using 6500HRM
Corbette Real-time PCR instrument. The fold changes in gene
expression were calculated by ΔΔCt method. To control
variations in the reactions, all PCRs were normalized by
HPRT1 amplification. We have repeated all experiments at
three independent times. All results are shown as the mean±
SEM. Comparisons were made by the t-Test. Statistical vales
of P≤0.05 were considered to be significant.

Clinical Relevance Analysis

WBP2NL-related genes have been evaluated for correlation to
patient survival using online available meta-analysis tool
(http://www.kmplot.com/breast/). The online database was
used to assess the effect of 22,277 genes on survival breast
cancer patients [24]. This online database has established
using gene expression data and survival information of
4,142 patients that downloaded from Gene Expression

Omnibus (GEO) (Affymetrix HGU133A and HGU133 plus
2.0 microarrays). Briefly, WBP2NL-related genes were en-
tered into the database to obtain Kaplan-Meier survival plots
where the number at risk, hazard ratio (with 95 % confidence
intervals), and logrank P value were indicated on the
webpage.

Bioinformatics Tools

We used different database such as NCBI (http://www.ncbi.
nlm.nih.gov) and STRING (http://string-db.org) for selecting
a set of predicted WBP2NL-related genes that share many
features in common with the WBP2NL protein [25]. Also the
Kyoto Encyclopedia for Genes and Genomes (KEGG) was
used for the annotation of protein interaction networks
(PATHWAY database). Finally, we have chosen those proteins
that have expressed in either testis or breast tissue (http://
www.ncbi.nlm.nih.gov/UniGene/ESTProfile).

Results

The Expression of WBP2NL-Related Genes Determined
by RT-PCR

The expression of WBP2NL-related genes at molecular level
was evaluated by RT-PCR detection method in normal and
malignant breast tissues. We evaluated the target genes ex-
pression in 10 malignant breast cancer samples from our
previous study. In these samples, WBP2NL had been detected
by the first round of RT-PCR, and represented high level of
WBP2NL gene expression. The expression results of
WBP2NL-related genes in normal and malignant breast tis-
sues by RT-PCR detection method have been shown in Fig. 1.

Table 2 Sequences of the designed primers used for analysis of WBP2NL-related genes

Target Gene Product Size
(bp)

Forward (5→3′) Reverse (5′→3′)

HPRT 190 ACCAGTCAACAGGGGACATAA CTTCGTGGGGTCCTTTTCACC

WBP2NL 168 GCCATTGAATTTGCCCAGTTG GGCTCCATAGACAATAACTGAAC

WWP1 166 AAAGGTAACGGTTTCTAGTGCC GTGGGGTCACATTTACAATCAG

Magi1 150 GCCTTGCACAACCCGATCT GGCTTGGGTGTCCCATAATAG

Nedd4 175 TACCAGCGTGCAGACAAAAAC CGGTAAAGGATAGAGAGGGACA

Fnbp4 132 TCACTGGCAGGAGTCGGAAT CTGTGTGGCAAGATATTGGGG

Bag3 175 GAAGCCGCCCAGACAGATAAA AAGAGGATGAGCAGTCAGAGG

Wwox 213 TCATCCCCCGCCCGTGTCAT TGCGTTGGATGTGACCCCGC

YAP1 221 ACCCTCGTTTTGCCATGAAC TGTGCTGGGATTGATATTCCG

WWTR1 169 GAAGGTGATGAATCAGCCTCTG GTTCTGAGTCGGGTGGTTCTG

RAB2A 115 GACACAGGTGTTGGTAAATCG CATCAATCGTTATCATCCGAGCA

Sgsm3 123 TCCGTGTGGACAAGGAAGGT CATCATGGTTATGGGTGAACTCC
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As shown by RT-PCR results, the expression of WWP1,
MAGI1, NEDD4, FNBP4, YAP1,WWTR1, and RAB2Awas
observed in normal breast and malignant breast cancer tissues
(Fig. 1a and b, respectively). The RT-PCR result has revealed
that expression of WWOX and SGSM3 was absent in both
normal breast and malignant breast cancer tissues, whereas,
the expression of BAG3 was remarkably observed in malig-
nant breast tissue (Fig. 1b).

The Expression of WBP2NL-Related Genes Determined
by qRT-PCR

For quantitative investigation at molecular level, we evaluated
the expression of all WBP2NL-related genes in the normal
breast and malignant breast tissues by qRT-PCR detection
method.

As shown by qRT-PCR results in Fig. 2, a statistical sig-
nificant difference was observed in WWP1, BAG3, WWOX,
YAP1, WWTR1, RAB2A and SGSM3 target genes between

normal and breast cancer tissue. The expression of WWP1,
BAG3, and WWTR1 were significantly increased in the ma-
lignant breast cancer tissue. In contrast, the expression of
WWOX, YAP1, RAB2A, and SGSM3 were significantly
decreased in the malignant tissue compared with normal tissue
(Fig. 2). The qRT-PCR results reveal that there is no statistical
significance difference in the expression of Magi1, Nedd4,
and Fnbp4, between normal and malignant tissue; although a
slight up-regulation in the expression of Magi1 and Nedd4
was detected in the malignant tissue compared with normal
tissues, the Fnbp4 expression was unchanged (Fig. 2).

The Analysis of Patient Survival by Online Meta-Analysis
Tool

The assessment of clinical relevance was performed in a
patient survival analysis using an online database containing
the expression of 22,277 genes and 20 years survival infor-
mation of 1,809 patients [24]. However, this online database
has been upgraded to include survival information of 4,142
breast cancer patients (http://www.kmplot.com/analysis/). We
used this online data analysis tool to assess the relevance of
the expression levels of WBP2NL-related genes on the clini-
cal outcome of breast cancer patients (Table 3). Up-regulation
of WWP1, BAG3, and WWTR1 was found to correlate with
poor relapse free survival (RFS) for all breast cancer patients
(p=0.004, p=0.02 and p=0.009 respectively). For patients
with ER+breast tumor, over expression of WWP1 and
WWTR1 was also seen as significantly associated with de-
creased survival (Table 3, p=0.04). As shown in Table 3,
down-regulation of WWOX, and RAB2A gene was found
to correlate strongly with poor relapse free survival (RFS) for
all breast cancer patients (p=2×10−4 and p=1×10−4 respec-
tively). For patients with ER+breast tumor, lower expression
of RAB2A was also seen as strongly associated with de-
creased survival (Table 3, p=3×10−4). As shown in Table 3,

Fig. 1 The WBP2NL-related genes expression was determined by RT-
PCR method. The expression analyze of WWP1, MAGI1, NEDD4,
FNBP4, BAG3, WWOX, YAP1,WWTR1, RAB2A, and SGSM3 (Lane
1–10, respectively) in normal sample (a) and invasive breast carcinoma
(b). Lane11 is the negative control (H2O), lane 12 is housekeeping gene
HPRT, and lane13 is a 100 bp DNA marker

Fig. 2 Normalized expression levels of WBP2NL-related genes in nor-
mal and breast cancer tissues were determined using the real-time RT-
PCRmethod. Values are given as mean of three independent experiments

±SD. * P<0.05 and ** P<0.01, a statistically significant difference as
compared with normal control
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for ER+patients with reduced expression of YAP1 and
SGSM3 predict worse outcome in survival (p=0.005 and p=
0.03 respectively).

Discussion

It has been demonstrated that WBP2 acts as a co-activator of
estrogen receptor (ER) in breast cancer and is involved in the
regulation of ER target genes [26]. Recent studies were also
shown the mechanism of WBP-2 in regulating of ER target
gene expression as co-activator of ER. [27, 28].

We have previously evaluated the expression of WBP2NL
gene in cancerous cell line and breast tumor tissues and
reported changes in expression that could contribute to in-
crease cancerous cell proliferation [23], and breast cancer
tumorigenesis (Unpublished data). In the present study, we
evaluated a wide range of genes expression related to
WBP2NL in both breast cancers and normal breasts.

As mentioned in PCR results, the expression of WWTR1
(TAZ), WWP1 and BAG3 was significantly up-regulated in
breast cancer rather than normal tissue. Recent evidence

obtained from human cancers demonstrates that WWTR1 is
over-expressed in cancers [14, 15], and it promotes lung
cancer cell growth and inhibits apoptosis [15, 29, 30]. There
is evidence that shows WWTR1 plays a role in the invasion
and tumorigenesis of breast cancer cells [31], and interaction
of its WW domain with WBP2 is important for the oncogenic
property of WWTR1 [13]. WWP1, with four WW domains
recognizing substrates with PY (PPXY) motifs, promotes
degradation of substrates by ubiquitination. Previous studies
have shown that WWP1 is overexpressed in prostate cancer
[32] and positive estrogen receptor-α (ER-α) breast cancers,
and it promotes breast cell survival and proliferation [33]. The
over-expression of WWTR1 in breast cells promotes breast
cell proliferation through protecting of Krüppel-like factor 5
(KLF5), a transcription factor containing PY motif, from
degradation by WWP1 [34]. WWTR1 interacts with KLF5
through the WW domain of WWTR1 and the PY motif of
KLF5, which is the binding site for WWP1 [34]. BAG3 is a
member of the Bcl-2 family with a WW domain and a PY
motif, and thereby it modulates different biological processes,
such as anti-apoptotic activity. It has been indicated that
BAG3 is increased in some tumors, and its down-regulation
suppress cancerous cell growth [35]. It has been demonstrated

Table 3 The association between
WBP2NL-related genes and
relapse free survival (RFS)

*HR hazard ratio

Marker Gene name Affymetrix ID All breast tumor ER+breast
tumor

HR* P value HR P value

MAGI1 Membrane associated guanylatekinase
containing WWand PDZ domain-1

206144_at 0.6 0 0.81 0.0192

NEDD4 Neural precursor cell expressed
developmentally down-regulated 4

213012_at 0.94 0.2728 1.03 0.7183

FNBP4 Formin binding protein-4 212232_at 0 0.76 1.18 0.0637

BAG3 BCL2-associated athanogene-3 217911_s_at 1.14 0.0237 1.14 0.1469

YAP1 Yes-associated protein-1 213342_at 1.1 0.1017 0.78 0.0057

WWP1 WW domain containing E3 ubiquitin
protein ligase 1

212637_s_at 1.18 0.0041 1.2 0.0403

212638_s_at 1.05 0.4195 1.05 0.5986

WWOX WWdomain-containing oxidoreductase 221147_x_at 0.8 0.0002 0.95 0.5304

210695_s_at 0 0.67 1.07 0.4281

219077_s_at 1.03 0.6423 1.16 0.1042

WWTR1 WW domain containing transcription
regulator

202134_s_at 1.11 0.0684 0.93 0.4481

202132_at 0.3105 0.5399 0.84 0.0452

202133_at 1.16 0.0098 0.88 0.1371

RAB2A Member RAS oncogene family 208730_x_at 0.79 0.0001 0.9 0.1952

208731_at 1.45 0 1.38 0.0003

208732_at 1.11 0.0706 1.11 0.262

208733_at 0.95 0.4315 1.14 0.1438

208734_x_at 1.46 0 1.13 0.1648

221960_s_at 0.93 0.2516 0.96 0.6272

SGSM3 Small G protein signaling modulator 3 203014_x_at 0.76 0 0.85 0.0727

214779_s_at 0.91 0.0976 1.03 0.7523

215519_x_at 0 0.74 0.83 0.0372
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that BAG3 modulates proteasome activity, and increases cell
survival by suppression of apoptosis [36]. Recent study has
revealed that BAG3 expression promotes breast cancer cell
line (MDA-MB231) survival [37].

In present study, we demonstrated that the expression of
WWOX, SGSM3, YAP1, andRAB2Awas significantly down-
regulated in breast cancer tissue compared with normal tissue.
These results are compatible with previous studies that have
published independently. It has been reported that WWOX
acts as a tumor suppressor, and plays a role in apoptosis, and
it has been lost in cervical cancer [38]. It has been indicated that
breast cancer patients with high expression of WWOX have
good prognosis to treatment [39]. The SGSM family members
mediate the small G protein RAB-mediated signal transduction
and vesicular transport pathway [40]. Before study revealed
that SGSM3may play a role in NF2-mediated growth suppres-
sion of cells by interaction with Merlin, a component of the
Hippo signaling pathway [41]. YAP1 is a major transcriptional
regulator in the Hippo signaling pathwaywith both co-activator
and co-repressor functions. It has been reported that the expres-
sion of YAP1 in cancer depends on cell type [42]. As an
oncogene, the overexpression of YAP1 has found in several
cancers [42]; however, knockdown of YAP1 in a subset of
breast cancer increased tumor growth [43], which suggests its
tumor suppression role. The RAB family members are
membrane-bound proteins that involve in vesicular fusion and
organelle biogenesis [44, 45], and abnormality in RAB func-
tion lead to cancer [46]. RAB2A is required for vesicular
transport from the Golgi to the nuclear envelop in spermatids
during acrosomal biogenesis [47].

According to our results, there was no significant differ-
ence in MAGI1, NEDD4 and FNBP4 expression between
normal and cancerous breast tissues. Although the expression
of Nedd4 and Magi1 were a little increased in breast cancer
compared with normal sample, the expression of FNBP4 in
normal tissues was particularly the same. These findings are
partially compatible with before studies that have been pub-
lished independently. NEDD4 plays a role in the
ubiquitination of targeted substrates that leading to their deg-
radation by lysosomes, and it acts as an oncoprotein by
ubiquitination and degradation of the tumor suppressor pro-
teins [48]. It has been reported that over-expression of
NEDD4 facilitate the tumorigenesis of lung cancer [49].
FNBP4 is a member of the intersectin (ITSN) family that
interacts with formin domains and corresponds in the mainte-
nance of membrane curvature [50]. Although formin domains
regulates cytoskeletal dynamics during cell division and mi-
gration, but exact function of FNBP4 remains undetermined
[51]. MAGI1 plays an important role in stabilization of cell-
cell junctions and suppression of metastasis. Anyway, recent
study has revealed that MAGI1 expression levels positively
inhibits hepatocellular carcinoma cell migration and invasion
via regulating PTEN [52].

These findings in patients with breast cancer confirmed our
previous studies that showed WBP2NL increase tumorigene-
sis and proliferation of cancerous cell. This conclusion is also
supported by a patient survival analysis to correlate the pre-
dicted WBP2-NL-related genes expression and relapse free
survival for 4,142 breast cancer patients (www.kmplot.com)
where increased level of WWP1, BAG3, andWWTR1 genes,
and reduced level ofWWOX, and RAB2A genes is predictive
of worse outcome generally for all breast cancer patients, and
particularly for ER+patients (Table 3).

In conclusion, these evidences, taken together with our
previous results, lead us to suggest that WBP2NL might play
roles as an anti-apoptotic factor or co-activator to promote
breast cancer cell survival and proliferation. Overall, our
studies provide new insight into the biological function of
WBP2NL and its role in the pathogenesis of breast cancer.
Further studies are necessary to clarify the exact mechanisms
that regulate WBP2NL expression, and the effects of
WBP2NL activation in breast cancer.
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