Int J Clin Exp Med 2015;8(2):1780-1791
www.ijcem.com /ISSN:1940-5901/1JCEM0004389

Original Article
Prognostic role of YB-1 expression in breast cancer: a
meta-analysis

Xu Wang®", Xiao-Bo Guo?*, Xiao-Chun Shen®", Hao Zhou?, Dan-Wei Wan#, Xiao-Feng Xue?, Ye Han?, Bin Yuan?,
Jin Zhou?, Hong Zhao?, Qiao-Ming Zhi?, Yu-Ting Kuang?

1Department of General Surgery, The First Affiliated Hospital of Soochow University, Suzhou 215006, China;
2Department of Gastrointestinal Surgery, Shandong Provincial Hospital Affiliated to Shandong University, Jinan
250021, China; 3Department of Respiratory Medicine, The First Affiliated Hospital of Soochow University, Suzhou
215006, China; “Department of Hepatobiliary Surgery, The First Affiliated Hospital of Sun Yat-Sen University,
Guangzhou 510006, China. “Equal contributors.

Received December 3 2014; Accepted January 29, 2015; Epub February 15, 2015; Published February 28, 2015

Abstract: Objective: In published studies, Y-box binding protein-1 (YB-1) correlated with the prognosis of patients
with breast cancer (BC), but the specific role of YB-1 is still unclear. Our study aimed to evaluate the prognostic value
of YB-1 in BC patients using meta-analysis based on the published studies. Methods: We searched the relevant
literatures deadline for June 2014 in databases, including PubMed, Embase, Medline and Cochrane library, and
finally 8 studies were included in our study. Our study contained 1094 BC patients with 398 YB-1 positive and 696
YB-1 negative. Results: Our results showed that YB-1 abnormal expression did not correlated with the lymph node
status [OR = 1.258, 95% Cl = 0.895-1.769, P = 0.186], high histological grade [OR = 2.709, 95% Cl = 0.861-8.530,
P =0.089], histological type [OR = 0.837, 95% Cl = 0.526-1.331, P = 0.452], P_, status [OR = 2.006, 95% CI 0.686-
5.865, P =0.203] and PR [OR = 0.607, 95% Cl = 0.347-1.061, P = 0.080] in BC patients. But YB-1 over-expression
was associated with other unfavorable factors: ER negativity [OR = 0.604, 95% Cl = 0.388-0.941, P = 0.026], HER2
positivity [OR = 3.841, 95% Cl = 2.637-5.594, P = 0.000], and high tumorous T stage [OR = 2.169, 95% Cl = 1.295-
3.632, P = 0.003]. In addition, our data suggested that high YB-1 expression had an adverse impact on 5-year OS
[RR =2.767, 95% Cl = 2.054-3.727, P = 0.000] in BC patients. Conclusions: Our findings implied that YB-1 might
a novel biomarker to predict the prognosis of BC, and could be a potential direction for developing diagnostic and
therapeutic approaches in BC.
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Introduction

Breast cancer (BC) is the most common cancer
among women. In 2013, according to the
American Cancer Society statistics, approxi-
mately 232,340 new cases of invasive BC and
39,620 cases of death were expected to occur
among US women, and the incidence is now up
to 1 in 8 women [9, 38]. There are four main
challenges in managing BC patients, including
the inexact risk factors, advanced stage BC
with metastases, tumor relapse and drug resis-
tance. So it is significant for early diagnosis,
prognostic evaluation and individual treatment
scheme of BC. Until now, gene expression anal-
ysis for some traditional molecular markers,
such as ER, PR, HER-2, has been used to clas-

sify the sub-type of BC in order to predict the
prognosis and therapy in clinic. But other novel
and potential markers are also urgently needed
to develop in BC.

YB-1 is a member of the cold-shock super-fami-
ly and plays an important role in some cellular
process, including DNA repair and transcrip-
tion, MRNA splicing and translation, the regula-
tion of cell cycle, oxidative stress and multidrug
resistance [4, 7, 10, 24]. Recent studies had
shown that YB-1 expression was higher in some
malignant tumors than those in normal tissues,
including in osteosarcoma [14], head and neck
squamous cell carcinoma [23], multiple myelo-
ma [2], colon carcinoma [41], prostate cancer
and breast cancer [25]. It played an important
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86 studies published through
searching keywords in the
database: YB-1, Breast cancer

YB-1 in breast cancer

Total number of studies primarily
retrieved from database including
research and review articles: n=24

62 studies were excluded because relationship between
YB-1 and clinicopathologic parameters and prognostic
outcome was described .

9 studies were excluded due to following reasons:

4 studies were reviews.

3 studies were unable to get the original data about
correlation between YB-1, clinicopathologic parameters
and prognostic outcome.

2 studies were not available full text.

A evaluation of studies in details:
=15

Eligible literatures included in our

7 studies were excluded:

The sample size of 1 study was too much so that it
had an influence on overall outcome (n=1201).

3 studies were unable to get the original data about
correlation  between  YB-1,  clinicopathologic
parameters by contacting the authors.

3 studies could not gain available full text though

to detect the expression of
YB-1 in BC tissues, (b) litera-
tures must provide the original
data of YB-1 expression, clini-
copathological parameters
and OS rate, or were able to
obtain the above information
by calculation, (c) studies were
published as original research-
es, (d) available full texts could
be obtained, (e) language of
the publications was English.

The excluded criteria: (a) let-
ters to the editor, reviews or
some articles published in a
book or paper, (b) articles in
non-English language, (c) we

meta-analysis: n=8 contacting the authors.

could not get the original data

Figure 1. Flow diagram showing inclusion and exclusion of studies.

role in inducing the expressions of some puta-
tive oncogenes, such as EGFR, HER2, c-Met,
and MMP-2 [12, 21, 39, 43]. Moreover, YB-1
could also promote the cell growth of cancer
stem cells (CSCs) through inducing the expres-
sions of some CSCs-associated genes, such as
CD44 and CD49f [40]. These findings suggest-
ed powerfully that YB-1 might be an oncogene
in many cancers.

In BC, though there are several clinical
researches which had investigated the relation-
ships between YB-1 and some clinicopathologi-
cal parameters, their conclusions were still con-
troversial. Therefore, this meta-analysis is
aimed to assess the clinical value of YB-1 in BC
patients.

Materials and methods
Literatures search

We searched the literatures from the electronic
databases: PubMed, Embase, Medline and
Cochrane library, and the searching deadline
was June 2014. The keywords were searched
by using the following terms and their combina-
tions: Y-box binding protein-1, YB-1, breast,
mammary gland, carcinoma, cancer.

Studies must meet the following criteria: (a)
immunohistochemistry (IHC) was only method
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of YB-1 expression, clinico-
pathological parameters or OS
rate.

Data extraction

The eligible articles included are assessed by
two investigators (Xu Wang and Xiaofeng Xue).
General information extracted from the eligible
articles include: author, the publication of the
year, the source of the BC patients, the meth-
ods to measure the YB-1 expression in BC tis-
sues, the total number of BC patients in each
study, the number of YB-1 positive and YB-1
negative in BC patients, the correlations
between YB-1 and clinicopathological parame-
ters and the 5-year OS rate.

Statistical analysis

We used OR and 95% ClI to evaluate the asso-
ciations between YB-1 expression and clinico-
pathological parameters in BC (including the
histological grade, histological type, lymph
node status, tumorous T stage, P53 status, ER,
PR and HER-2 status). To expand the number of
samples and studying index, we divided the his-
tological grade into high histological grade (3
grade) and low histological grade (1-2 grade),
and the histological type was divided into inva-
sive breast cancer (IDC) and other histological
type. Similarly, we divided tumorous T stage
into two groups: high T stage (3-4 stage) and
low T stage (1-2 stage). In addition, we com-
bined ERa and ERP as ER group. For the overall
survival results, we calculated the RR and 95%
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Table 1. Characteristics of the included studies

Author Year Country Method Clinical stage Total YB-1 positive (n) YB-1 negative (n)
E. Mylona 2013  Greece IHC -1 225 52 173
Edgar Dahl 2009 Germany IHC -1 159 42 117
Hisashi Saji 2003 Japan IHC - 63 14 49
Maciejczyk 2012  Poland IHC 111 101 38 63
Oleg Gluz 2009 Germany IHC 111 211 125 86
Teruhiko Fujii 2008 Japan IHC I-1 73 30 43
Tokiko Ito 2012 Japan IHC - 23 9 14
Wenxiu Xie 2012 China IHC -1 239 88 151

Cl about the impact of YB-1 expression on
5-year OS rate.

The heterogeneity was evaluated by the Q-test
using I>-value and P-values. We defined that I? =
0-50% or P-values greater than 0.05 meant no
statistically significant heterogeneity. If statisti-
cal results have not significant homogeneity, a
fixed effect model was used for analysis; if not,
a random-effect model was used. To prove the
reliability and evaluate the influence of individu-
al study to overall results, sensitivity analysis
was performed. Begg' test and Funnel plots
were used to measure the publication bias for
each study and we defined that P-value greater
than 0.05 or doing not have apparent asymme-
try for the shape of graphics was regarded as a
lack of statistically significant publication bias.
All of the statistical calculations were per-
formed by STATA version 12.0 (STATA Corpo-
ration, College Station, TX).

Results
Study characteristics

86 studies were reviewed from the above elec-
tronic databases. The process of retrieving and
eliminating literatures was showed in Figure 1.
Finally, eight eligible literatures published from
2003 to 2013 were eligible in our study [5, 13,
15, 19, 28, 29, 34, 45]. Of which, seven litera-
tures provided complete original data about
YB-1 expression and clinicopathological param-
eters [5, 13, 15, 19, 29, 34, 45]. Five litera-
tures assessed the prognostic value of YB-1
expression for OS in BC patients by the Kaplan-
Meier method [5, 13, 15, 28, 45].

We obtained relevant information by directly
extracting original data or get original data by
indirectly calculating from the eight studies.
These eight eligible articles were showed in
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Table 1. A total of 1094 BC patients were
included in this meta-analysis, with 398 YB-1
positive and 696 YB-1 negative BC patients. All
patients came from five countries (Germany,
Greece, Japan, China and Poland). The method
using to assess the expression of YB-1 in BC
tumors was IHC.

Relationships between YB-1 expression and
clinicopathological parameters in BC patients

Our results demonstrated that YB-1 over-
expression was significantly associated with
following clinicopathological parameters: ER
negativity [OR = 0.604, 95% Cl = 0.388-0.941,
P = 0.026, random-effect], HER2 positivity [OR
= 3.841, 95% Cl = 2.637-5.594, P = 0.000,
fixed-effect] and high tumorous T stage [OR =
2.169, 95% Cl = 1.295-3.632, P = 0.003, fixed-
effect] (Figure 2A-C).

In addition, we also found that high YB-1 expres-
sion was not statistically associated with lymph
node status [OR = 1.258, 95% Cl = 0.895-
1.769, P = 0.186, fixed-effect], high histological
grade [OR = 2.709, 95% Cl = 0.861-8.530, P =
0.089, random-effect], histological type [OR =
0.837,95% Cl = 0.526-1.331, P = 0.452, fixed-
effect], P, status [OR = 2.006, 95% CI = 0.686-
5.865, P = 0.203, random-effect] or PR [OR =
0.607, 95% Cl = 0.347-1.061, P = 0.080, ran-
dom-effect] (Figures 3A-C, 4A and 4B).

Impact of YB-1 expression on 5-year OS in BC
patients

Due to the RR of OS not given directly, we calcu-
lated the RR of 5-year OS rate through extract-
ing the original information from five studies
included. The pooled RRs of five studies con-
taining 783 patients were analyzed. Our results
showed that high YB-1 expression was statisti-
cally significant with the poor 5-year OS rate in
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Figure 5. Sensitivity analyses of all the studies. (A: ER status; B: HER2 status; C: Tumorous T stage; D: Lymph node status; E: Histological grade; F: Histological type;
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BC patients [RR = 2.767, 95% Cl = 2.054-3.727,
P =0.000, fixed-effect] (Figure 4C). Meanwhile,
in the process of evaluation of five related stud-
ies, no significant heterogeneity was observed
among the studies on YB-1 over-expression in
BC patients (Q = 7.78, 1> = 48.6%, P = 0.100).

Sensitivity analysis

We used sensitivity analysis to test whether the
inclusion criteria of the meta-analysis affected
the final results, and further confirmed whether
the entire study was not affected by the results
regarding of related clinicopathological param-
eters and OS by any single study. The results of
sensitivity analysis were showed in Figure 5.
We found that no study had an obvious impact
on our overall results, and verified the stability
and reliability of our results.

Publication bias

Begg’'s funnel plot and homologous P-values
were used to assess the publication bias in our
selected literatures. We defined that the shape
of graphics had apparent asymmetry or
P-values greater than 0.05 meant significant
publication bias. Our results showed that the
relationships between YB-1 over-expression
and all clinicopathological parameters had no
published bias (Figure 6A-H). Similar results
were also found in OS analysis (Begg's test
score of P =0.086) (Figure 6l).

Discussion

In general, the traditional indicators related to
the prognosis of BC could be divided into two
classes as follows: (i) pathological indicators,
such as tumor diameter, position, histological
grade and lymphatic metastasis, (ii) hormone
receptor, for example ER, PR, HER-2 and EGFR.
However, these indicators could not totally and
effectively reflect the tumor biological charac-
teristics and drug response after treatment.
Therefore, exploring some other novel and
potential biological markers of BC is very nec-
essary. Recently, some other potential molecu-
lar indicators such as multidrug resistance 1
(MDR1), enhancer of zeste homolog 2 (EZH2),
microsatellite instability (MSI), tumor metasta-
sis suppressor (Nm23) and Trefoil factor 1
(TFF1), had been found to influence the progno-
sis of BC [3, 27, 31, 32, 35]. Recently, Habibi et
al showed that YB-1 was also a biological mark-
er of poor prognosis in BC patients with a large
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cohort of 4049 cases over an observation peri-
od of 20 years. They pointed that YB-1 could be
the universal biomarker that distinguished
patients at high risk across all subtypes of BC
[a71.

In our meta-analysis, we did not found that
YB-1 abnormal expression was related to lymph
node status, high histological grade, histologi-
cal type, human tumor suppressor gene P_, sta-
tus and PR in BC patients. But our data showed
that YB-1 over-expression was associated with
ER negativity, HER2 positivity and high tumor-
ous T stage, and led to a poorer prognosis in BC
patients. The risk of 5-year OS rate in patients
with positive YB-1 was 2.767 times higher than
that of negative YB-1 patients [0S 95% CI =
2.054-3.727]. Except for BC, YB-1 overexpres-
sion was also a sign of poor prognosis in non-
small cell lung cancer, ovarian cancer, melano-
ma and prostate cancer [30, 33, 36]. But the
potential and specific mechanisms how YB-1
regulates the development of cancer is still
unclear. In our study, according to BC, the pos-
sible mechanisms might be related to the nega-
tive expression of ER and positive expression of
HERZ2. Ito et al. proved that knockdown of YB-1
could increase the expression of ERx in wild-
type MCF7 cells [19]. They also found that the
expression of HER2 was increased in MCF7
cells that stably expressed YB-1, and silencing
the expression of YB-1 using siRNA led to the
down-regulation of HER2 [37]. These results
were affirmed by clinical BC samples (Wu et al.,
2006). Davies et al. suggested that YB-1
expression led to the clonal selection and
expansion of HER2 positive cells through
affecting the process of cell divisions [8]. YB-1
was the promoter of HER2 [45]. Patients with
HR/HER2* tumors had an unfavorable progno-
sis and higher risk of recurrence than patients
with HR*/HER2 tumors [6, 42]. Those charac-
teristics of BC were controlled by YB-1 expres-
sion via HER2-Akt-dependent pathway [13]. So,
the YB-1-HER2 axis was very important for per-
sonalized therapeutics against BC by YB-1 tar-
geted drugs.

Moreover, YB-1 was correlated with BC aggres-
siveness. Janz et al. [20] found that patients
with low expressions of YB-1 were still free of
disease, whereas the 5-year relapse in those
with high expression of YB-1 was 30%. The
mechanisms might be as follows: (i) YB-1
increased the expression of EGFR and Ki67,
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which coupled with the growth and proliferation
of tumor cells [44]; (ii) YB-1 could enhance the
presentation of the membrane type |-matrix
metalloproteinase (MT1-MMP) [26]; (iii) YB-1
induced an epithelial-mesenchymal transition
(EMT) [11]. Those findings implied that YB-1
might contribute to the development of an inva-
sive, metastatic potential of BC.

Besides, Janz et al. also found that YB-1 associ-
ated with drug resistance and acted as a bio-
marker for predicting the efficacy of high-dose
chemotherapy in BC [20, 33]. The proof was
that in patients who received postoperative
chemotherapy, the 5-year relapse was 66% in
patients with high expression of YB-1. In con-
trast, no relapse was observed in patients with
low YB-1. Patients with high YB-1 were at high
risk for recurrence, especially those who were
subjected to chemo- and radiotherapy [29]. In
consequence, YB-1 was proved to be prognos-
tic and predictive significant independent of
tumor-biological factors. We know that MDR1 is
a major ATP-binding cassette (ABC) transporter
linked to multidrug resistance in cancer cells.
Exposure to cytotoxic anticancer agents or UV
irradiation, the expression of MDR1 and YB-1
was up-regulated [1, 16, 18]. YB-1, interacted
with APE1 (a central enzyme acting as a tran-
scriptional regulator), could led to the activa-
tion of MDR1 [4]. YB-1 also increased the
expression of MDR1 through VEGF-VEGFR path-
way [1]. But Kaszubiak and Hu et al. had report-
ed that YB-1 was not involved or sufficient in
the regulation of MDR1 gene or the develop-
ment of drug-resistance phenotype in MDR
cancer cells [18, 22]. So, the role of YB-1 regu-
lating the drug resistance is still not clear so far.

Though larger well-designed studies with more
ethnic groups and larger population studies are
required, our present meta-analysis indicated
that elevated YB-1 over-expression was associ-
ated with ER negativity, HER2 positivity and
high tumorous T stage, and led to a poorer
patient survival in BC. To our knowledge, this
meta-analysis is the first one to evaluate the
prognostic role of YB-1 expression in BC. These
results suggested that YB-1 might a novel bio-
marker to predict the prognosis of BC, and
could be a potential direction for developing
diagnostic and therapeutic approaches in BC.
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