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a b s t r a c t

Introduction: The cold shock Y-box binding protein-1 (YB-1) fulfills important roles in regulating cell
proliferation and differentiation. Overexpression occurs in various tumor cells. Given the existence of
extracellular YB-1 we set out to determine the diagnostic, predictive and prognostic role of serum
YB-1/p18 for patients with primary epithelial ovarian cancer (EOC).
Methods: The protein fragment YB-1/p18 was quantified by sandwich ELISA in serum samples from 132
healthy female volunteers and 206 patients with histological diagnosis of primary EOC. The ELISA sensi-
tivity and specificity to detect EOC were calculated using receiver operating curves. Survival data were
calculated using Kaplan Maier curves.
Results: Median age at the time of diagnosis was 60 years and follow-up ended with a mean of
44.8 month. 188 (91%) patients were diagnosed at advanced stages (FIGO III/IV) and 188 patients (91%)
suffered from high-grade serous ovarian carcinoma. YB-1/p18 levels were significantly decreased in older
patients (p = 0.021). Significantly lower serum levels of YB-1/p18 were detected in the EOC cohort when
compared to the control group (p < 0.0001, AUC = 0.827; 95% CI, 0.787–0.867). Using the expression of
serum YB-1/p18 in early stages I and II cases these could be differentiated from control cases
(p < 0.0001, AUC = 0.816; 95% CI 0.704–0.929). No other significant associations between clinical prog-
nostic factors and YB-1/p18 serum levels were detected. Immunoblotting results with serum samples
suggest that masking of epitopes by the YB-1/p18 fragment in multiprotein-complexes under non reduc-
ing conditions leads to the observed reduced ELISA readings in the EOC cohort.
Conclusions: The quantification of fragment YB-1/p18 derived from cold shock protein YB-1 in serum
samples could be useful for the early diagnosis of EOC.
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1. Introduction

YB-1 is a cold shock protein that fulfills pleiotropic functions in
cell homeostasis by regulating cell cycle proteins and proliferation
[1]. It acts as an RNA and DNA binding protein with specific func-
tions in gene transcription, mRNA splicing as well as mRNA storage
in ribonucleoprotein complexes [2]. YB-1 has biological functions
in the cytoplasm and nucleus [3,4]. Within the cancer field YB-1
has attracted considerable attention given its involvement in onco-
genic cell transformation, multi-drug resistance, and dissemina-
tion of tumor cells [2]. A number of studies have demonstrated
that elevated cellular YB-1 levels correlate with an increased risk
to develop epithelial neoplasms, such as lung cancer, bladder can-
cer and colorectal cancer [5–7]. Ample protein-protein interactions
have been elucidated, that may explain the pivotal role for cell
transformation, such as negative regulation of the tumor suppres-
sor gene TP53 [8]. It is also described that YB-1 activates several
signaling molecules of the RAS/Raf/MEK/ERK pathway and
transcriptionally activates genes encoding EGFR and ERBB2
cell-surface receptors [8]. Elevated nuclear YB-1 expression is asso-
ciated with poor survival of patients with breast cancer, high recur-
rence rates and response to adjuvant chemotherapy [9–12]. In vitro
studies have shown that increased nuclear levels of YB-1 are asso-
ciated with cisplatin [13] and paclitaxel resistance in EOC [14].
Recently a fragment of YB-1 with a relative molecular weight of
18 kDa was identified in serum samples of cancer patients from
different origins by Western blotting. This polypeptide may serve
as an independent biomarker for patients with malignant diseases
[15]. Maldi-TOF analysis and application of different antibodies
directed against different parts of the protein showed that the
18 kD fragment of YB-1 (YB-1/p18) contained the adjacent
C-terminal domains and the cold shock domains (CSD) 1–3 of the
full-length protein [15]. Extracellular addition of recombinant
YB-1 and domains thereof resulted in a strong mitogenic effect in
different tumor cells and increased the migratory capacity [16].
However, the role of YB-1/p18 in ovarian cancer has not been
evaluated.

Ovarian cancer is the fifth leading cause of cancer death in
women and it is the leading cause of gynecological cancer-
related death. Primary treatment of EOC involves surgery and
platinum-based chemotherapy [17]. The most important prognos-
tic factors are FIGO stage, residual mass after surgery and response
to platinum-based chemotherapy [18,19]. Despite treatments com-
bining aggressive cyto-reductive surgery with platinum and
taxane-based chemotherapy, the rates of long-term survival
among patients in advanced FIGO stages (III or IV) are only
10–30%, compared with patients in early stages (FIGO-stage I or
II), in whom the survival rates are 80–95% [20]. Currently, there
exist no reliable screening or early diagnostic tests for EOC. There-
fore it is pertinent to establish easy to perform detection systems
for early diagnosis of ovarian cancer to reduce ovarian cancer mor-
tality and morbidity. The most encountered subtype of ovarian
cancer is the high grade serous ovarian cancer (HGSOC), which is
mostly detected in advanced FIGO stages and has a very good
response to chemotherapy. However, most patients relapse and
subsequently develop resistance and die from this disease. HGSOC
is characterized by genetic instability. The only known driver
mutations are TP53 (encountered in 96% of cases), and BRCA1
and 2 (encountered in 20–30% of HGSOC patients). Until now the
treatment with targeted therapies achieve an improvement in
PFS, without translation into a better OS. Therefore HGSOC remains
a deadly disease and there is an unmet need for early diagnosis and
identification of new targets [21].

In the current study we detected and quantified extracellular
YB-1/p18 in serum samples in a well characterized cohort of ovar-
ian cancer patients enrolled within the Tumor Bank Ovarian Cancer

(www.TOC-network.de). This allowed us to correlate YB-1/p18
serum levels with clinical outcome and compare them with those
expressed in serum samples from healthy donors. We report on
the predictive and prognostic role of YB-1/p18 for detection of
EOC and for clinical outcome.

2. Patient cohorts and methods

2.1. Study design

206 patients were enrolled in this study, all diagnosed with pri-
mary EOC between 2000 and 2011 at the Department of Gynaecol-
ogy at the Virchow Campus Clinic, Medizinische Universität Berlin.
Only patients with histologically confirmed EOC were included.
The clinical data was prospectively collected and included in an
established online data bank provided by the TOC network
(http://www.TOC-network.de) [22]. As a control group, 132 speci-
mens from healthy asymptomatic women were collected at the
Universität Göttingen. Ethical approval was obtained from the
Ethical Committee Charité Medical University, Berlin (no.
207/2003) and Medical University Göttingen (no. EK22/2/04), writ-
ten informed consent was provided by the patients before enrol-
ment and serum sample collection.

All patients with primary EOC underwent cytoreductive surgery
with the intention of optimal tumor reduction, in terms of no
macroscopically detectable residual tumor mass. Follow-up was
monitored for all patients. Within follow-up gynaecological exam-
ination, systematic ultrasound of the abdomen, CA125 and imaging
were performed every three months within the first three years
after diagnosis, afterwards twice a year. CA125 elevation alone
was not considered as indication of relapse.

2.2. Clinical definitions

Overall survival (OS) is defined as the time from diagnosis until
tumor-associated death or last contact. Progression-free survival
(PFS) is the time during and after treatment without disease
progression. Regarding definitions for treatment response and pro-
gression the clinical trials RECIST 1.1 criteria were applied [23]. The
status of ‘‘platinum-resistance” was classified when the disease
recurred within 6 month after platinum-based chemotherapy and
‘‘platinum-sensitive” as disease recurrence >6 months [24]. Resid-
ual tumor mass after cytoreduction was defined as no macroscop-
ically detectable residual tumor mass, tumor mass <0.5 cm, <1 cm,
1–2 cm and >2 cm, respectively. Tumors were graded as G1 (low
grade), G2 (intermediate grade) or G3 (high grade). For staging
the FIGO system 1988 was used [25].

2.3. Collection of serum specimens

Serumsamples frompatientswithprimary EOCwere collected at
the Department of Gynaecology at the Virchow Campus Clinic,
Medizinische Universität Berlin, before or during surgery. After col-
lection and centrifugation, serum aliquots were stored at �80 �C
until further analysis. The samples from 132 healthy female volun-
teers were collected at the Universität Göttingen, the samples being
handled equally and stored at �80 �C until further processing.

2.4. Detection of YB1-P18 by solid-phase immunoassay

YB-1/p18 was quantified with a sandwich ELISA (combination
of monoclonal and polyclonal antibodies, CellTrend GmbH Lucken-
walde, Germany). The microtiter 96-well polystyrene plates were
coated with a polyclonal affinity-purified rabbit anti-YB-1-p18
specific antibody (Eurogentech [36]). To maintain the conforma-
tional epitopes of the antigen 1 mM calcium chloride was added
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