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Summary. Aims. The prognostic application of YES1 in
epithelial ovarian cancer (EOC) is currently unclear. We
aimed to investigate the expression of YESI1 and its
correlation with survival outcome in patients with EOC.
Methods. A retrospective study of patients diagnosed
with EOC at the Cancer Center, Sun Yat-Sen University,
Guangzhou, China between 2002 and 2013 was
conducted. The immunohistochemical expression of
YES1 was assessed using tissue microarray. Survival
rates were analyzed by the Kaplan-Meier method and
were compared between groups using the log-rank test.
Multivariate analyses were performed using the Cox
proportional hazards model. Results. A total of 132
patients with EOC were enrolled. Patients in the YESI1-
high group exhibited significantly better OS and PFS,
compared with those in the YES1-low group (P=0.02
and P=0.03, respectively). Further univariate and
multivariate regression analyses indicated YES1 as an
independent prognostic factor for the OS of patients with
EOC. Notably, within the high YES1 expression group,
40 cases (74.1%) were of the platinum-sensitive group
while 14 (25.9%) overlapped were of the platinum-
resistant group. Conversely, in the low YES1 expression
group, 11 cases (47.8%) were platinum-sensitive, and 12
(52.2%) platinum-resistant. Overall, patients within the
high YESI1 expression group were deemed significantly
more sensitive to platinum-based chemotherapy than the

low YESI expression group (P=0.03), and YESI1 levels
were consistently and significantly higher in the
platinum-sensitive group. Conclusions. High YESI
cytoplasmic expression in EOC patient tissue is
significantly correlated with favorable prognosis.
Patients with high YES1 expression tend to be sensitive
to platinum-based chemotherapy.
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Introduction

Epithelial ovarian cancer (EOC) is the leading cause
of death among gynecologic malignancies in women,
with patients generally diagnosed in advanced stages of
the disease and predisposed to a high rate of mortality
(Borley et al., 2012; Bray et al., 2018). The standard
treatment for EOC is staging surgery or maximal
debulking surgery followed with chemotherapy (Bristow
et al., 2013, 2015; Ledermann et al., 2013; Erickson et
al., 2014). While platinum-based drugs are widely used
in primary chemotherapy for patients with ovarian
carcinoma, currently no clinical biomarkers exist for the
prediction of a patient’s sensitivity to platinum-based
treatment (Ozols et al., 2003; Pignata et al., 2011). From
a clinical standpoint, upon a patient’s recurrence, their
likelihood of responding to treatment by platinum-based
chemotherapy is largely dependent on the platinum-free
interval, which is calculated as the time of the patient’s
last platinum administration to the time of cancer
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recurrence (Markman et al., 2006; Sharma et al., 2009).
If the carcinoma recurs within 6 months of the last
platinum administration, it is considered to be ‘platinum-
resistant’, whereas if recurrence occurs more than 6
months after the last platinum administration it is
considered to be ‘platinum-sensitive’ (Markman et al.,
1991).

EOC patients’ sensitivity to platinum-based
chemotherapy is an independent prognostic factor for
their overall and progression-free survival (Raja et al.,
2013). However, it is difficult to predict prior to first
recurrence. As such, ‘platinum-resistant’ patients are
usually identified retrospectively, after the recurrence of
their cancer or failure to respond to initial platinum-
based chemotherapy (Kyrgiou et al., 2006). Identifying
predictors of patients’ response to platinum-based
chemotherapy would be greatly beneficial toward aiding
with the selection of sensitive patients for chemotherapy
and sparing resistant patients the toxicity of the process,
and will also allow for the customization of treatments
and clinical stratification of patients with EOC.
Currently, however, no reliable methods exist to either
determine or predict platinum sensitivity.

The v-yes-1 Yamaguchi sarcoma viral oncogene
homolog 1, alternatively known as YESI, is the cellular
homolog of the Yamaguchi sarcoma virus oncogene
(Overholtzer et al., 2006; Dong et al., 2007). YES1
belongs to the Src kinase family, and its tyrosine kinase
activity has been shown to be elevated in colonic
adenomas compared with that in adjacent normal
mucosa. In addition, a number of studies have identified
up-regulation of YES1 as important for the growth and
transformation of intestinal cells (Barraclough et al.,
2007), and recently, YES1 has been discovered as a key
molecule associated with chemoresistance in multiple
cancers (Takeda et al., 2017; Lu et al., 2018; Chen et al.,
2018; Fan et al., 2018). According to Takeda’s study,
YES1 was overexpressed and activated in breast cancer
cell lines. Knockdown of YES1 by siRNA sensitized
breast cancer cell lines to trastuzumab and lapatinib
(Takeda et al., 2017). On the other hand, several studies
suggest YES1 may exert tumor-suppressing functions.
Knockdown of YES1 suppressed anoikis, increased
migration/ invasion in vitro, and enhanced tumor growth
in nude mice (Yuan et al., 2008). To date, studies on the
role of YESI in ovarian cancer development remain
sparse, and the potential predictive function of YESI1
expression on patients’ survival and platinum-sensitivity
remains obscure.

Thus, the aim of this study was to determine whether
YESI can serve as a novel biomarker for prognosis and
predictive potential and platinum-sensitivity in EOC
patients.

Materials and methods
Clinical samples

One hundred and thirty-two patients with epithelial

ovarian cancer between 2002 and 2013 at the Cancer
Center, Sun Yat-Sen University, Guangzhou, China were
enrolled for this study. Briefly, women were eligible if
they had a histologically or cytologically confirmed
epithelial ovarian cancer, including serous, mucinous
and endometrioid carcinoma, etc. All patients had
undergone staging surgery or maximal debulking surgery
(defined as residual disease measured <3 cm in largest
diameter) and then received at least four cycles of
platinum-based chemotherapy. The cohort’s
demographic, clinical, and pathological characteristics
are shown in Table 1. This study was approved by the
Ethical Committee of the Cancer Center, Sun Yat-Sen
University (Guangzhou, China).

Among these patients, 82 patients which had
recurrence were further divided into three categories: 1)
progressed while receiving or within 4 weeks of
receiving at least four cycles of platinum-based
chemotherapy (defined as platinum-refractory, n=5), 2)
recurred during 1-6 months after completion of the
aforementioned platinum therapy (defined as platinum-
resistant recurrence, n=26), 3) recurred more than 6
months after completion of the platinum-based therapy
(defined as platinum-sensitive recurrence, n=51).

Epithelial ovarian cancer tissues were dissected from
the resected tumors, which were confirmed by
pathologic review. All samples were obtained from the
Tissue Bank of Cancer Center, Sun Yat-Sen University.
Epithelial ovarian cancer specimens were evaluated by
an experienced pathologist and were staged according to
the Federation of Gynecology (Mutch and Prat, 2014)
and Obstetrics classification guidelines (Kurman, 2014).
Grading and histopathology subtyping of epithelial
ovarian cancer specimens was assigned based on criteria
of the World Health Organization. Follow-up data was
available for all patients. The duration of follow-up
ranged from 5 to 164 months with a median follow-up
period of 52 months. At last contact, 56 of the patients
had died.

Tissue microarray

Hematoxylin and eosin—stained sections from each
paraffin-embedded, formalin-fixed block were used to
define diagnostic areas; 2-5 (average, 4) random
representative 0.6-mm cores were obtained from each
case and inserted in a grid pattern into a recipient
paraffin block using a tissue arrayer (Beecher
Instruments, Silver Spring, MD, USA) (Zhou et al.,
2016).

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue were cut
into 4-um sections, deparaffinized in xylene, rehydrated
through graded ethanol, then underwent endogenous
peroxidase quenching in 0.3% hydrogen peroxide,
antigen retrieval by pressure cooking in a 10 mM citrate
buffer (pH 6.0), and incubation with primary antibody
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against YES1 (Saierbio, China, 1:100) at 4°C overnight.
Immunohistochemical staining was then implemented
using a two-step EnVision System (Dako Cytomation).
The sections were counterstained with hematoxylin. All
runs included a no primary antibody negative control
(Hans et al., 2004).

Evaluation of immunohistochemical variable

All of the stained slides were scanned using a digital
slide scanner (Aperio VERSA 200, Leica, Germany) and
eSlides were created. Expression of YES1 was then
evaluated using the Aperio ImageScope (Aperio
Technologies Inc., CA). Briefly, the level of YES1 was
determined by a Histo-score (H-score), which included a
semiquantitative assessment of both fraction of positive
cells and intensity of staining. The intensity score was
defined as no staining (0), weak (1), moderate (2) or
strong (3) staining. The fraction score was based on the
proportion of positively stained cells (0-100%). The H-
score for each case was calculated as follows: H-
score=1x(% of cells with intensity 1) + 2x(% of cells
with intensity 2) + 3x(% of cells with intensity 3), which
ranged from O to 3 and represented the level of YESI1.

Statistical analysis
Statistical analyses were performed using the SPSS

v19.0 software (IBM, USA). The relationship between
YEST1 expression and clinicopathological characteristics
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was assessed using Pearson’s y? test. Survival curves
were plotted using the Kaplan-Meier method and
compared using the log-rank test. Multivariate survival
analyses were performed for all parameters that were
significant in the univariate analysis using the Cox
regression model. A two-sided probability value of
<0.05 was considered statistically significant.

Results
Patient demographics and clinical characteristics

A total of 132 patients with epithelial ovarian cancer
(EOC) were enrolled in this study. The duration of
follow-up ranged from 5 to 164 months, with a median
follow-up period of 52 months. At last contact, 56
patients had died. The 5-year overall survival (OS) rate
for the 132 EOC patients was 47%, whereas the 5-year
progress-free survival (PFS) was 25%.

YES1 Expression was associated with OS and PFS of
EOC patients

The expression of YES1 was analyzed by
immunohistochemistry. As shown, cytoplasmic
expression of YES1 was observed in tumor cells (Fig.
1A). The positive rate of YES1 in tumor tissues is 96.2%
(127/132). Thirty-three cases were cataloged into strong
expressing group. Moreover, we also analyzed the
expression of YESI1 in fallopian tube epithelial. Four

_» Moderate

¢ Fig. 1. Representative images of
immunohistochemical staining for
YES1 in EOC tissues and benign
tissues. Representative images

~ for tumor tissues (A) and benign
tissues (B) are shown.
Expression of YES1 was
quantified based on
immunohistochemical staining,
using Histo-score as described in
the Materials and Methods
section. Scale bars: 25 ym.
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corresponding benign tissues with fallopian tube
epithelial were analyzed (Fig. 1B). The positive rate of
YES1 in benign tissues was 3 out of 4. One sample
presented a moderate level of YES1 and two other

A

100+

. YES1 high (n = 98)

0S (%)

40
YES1 low (n = 34)

20+

p =0.020

0 12 24 36 48 60 72
Nuriberatrik Time since surgery (months)
YES1high 98 89 81 65 43 32 23

YESTlow 34 32 28 18 11 9 6

100

80 YES1 high (n = 77)

60

0S (%)

40
YES1 low (n = 28)

20
p = 0.076

0 12 24 36 48 60 72

Number at risk Time since surgery (months)

YES1high 77 69 63 51 37 27 19
YESTlow 28 28 24 15 10 8 6

samples had weak YES1 levels. No strong signal was
observed in benign tissues.

To further analyze the prognostic role of YESI, its
expression was quantified by a H-score method as

PFS (%)

PFS (%)

100+

100+

80

60 -

404

20

YES1 high (n = 98)

YES1 low (n = 34)

p=0.019

0 12 24 36 48 60 72
Time since surgery (months)

98 75 60 42 28 19 13
34 18 M1 9 4 3 2

YES1 high (n =77)

YES1 low (n = 28)

p =0.096

0 12 24 36 48 60 72
Time since surgery (months)

77 56 37 30 21 14 12

28 15 10 8 3 3 2

Fig. 2. Survival analysis of YES1 expression in EOC patients and HGSOC patients. A-B. Overall survival curves (OS, A) and Progress free survival
curves (PFS, B) in EOC patients (n=132) were analyzed. A minimum P-value was acquired by log-rank survival analysis using a series of percentile
values as cutoff points, based on YES1 levels. The 26th percentile was the most appropriate point for separating the YES1-high (N=98) from the YES1-
low (N=34) expression group. C-D. Overall survival curves (OS, C) and Progress free survival curves (PFS, D) in HGSOC patients (n=105) were
analyzed. The point for separating the YES1-high (N=77) from the YES1-low (N=28) expression group is based on Fig. 2A-B.
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described in Methods. A minimum P-value approach
was adopted to determine the most appropriate point in
separating the YES1-high from the YESI1-low
expression group within the log-rank survival analysis,
using a series of percentile YES1 levels as cutoff points.
As shown, patients in the YES1-high group (n=98) fared
significantly better in terms of both OS and PFS,
compared with those in the YES1-low group (n=34)
(Fig. 2A,B, P=0.020,=0.019). As the majority in this
study are patients with high-grade serous ovarian
carcinoma (HGSOC, 105/132), we also analyzed the
prognostic effect of YES1 in this specific subgroup.
Consistently, in the HGSOC patients, Kaplan-Meier
curves showed an association between higher YES1
level and favorable OS or PFS (Fig. 2C,D). However,
this difference was not statistically significant, which
may be due to the small number of patients in each
group.

Furthermore, univariate analysis showed that YESI,
FIGO stage, histological grade, tumor recurrence, and
cytoreductive surgery were factors significantly
associated with overall survival (P<0.05) (Table 1).
Analysis by Cox multivariate regression found that
YESI expression, pathological type, FIGO stage and
residual disease were independent prognostic factors for

Table 1. Univariate analyses of factors associated with OS of EOC
patients.

patients’ OS (Table 2). In addition, the relationship
between YES1 expression and patient characteristics
was analyzed (Table 3), and no significant association
was observed.

Correlation of platinum sensitivity with YES1 expression

Platinum resistance is a major contributive factor for
rapid EOC recurrence and poor patient survival. To
analyze whether YES1 expression was associated with
platinum resistance, patients with disease recurrence
were divided into platinum-sensitive and -resistant
groups. In the platinum-sensitive group (n=51), the
disease did not recur within 6 months of the last instance

Table 2. Multivariate analyses of factors associated with OS of EOC
patients.

Variables P* HR* 95% CI*
Pathological type (Serous vs Other) 0.017  0.261  0.086-0.79
FIGO stage (1,11 VSIILIV) 0.0001 7.852  2.733-22.558
Histological grade (G1,G2 VS G3) 0.239 2.102 0.61-7.241
Residual disease (<1cm VS =1cm) 0.011 2.193  1.195-4.026
YES1 expression (High VS Low) 0.015 0.496  0.282-0.871

Variables No. of Cases Survival (%) P*
Age (y)

45 or younger 35 42

Older than 45 97 48 0.202
Pathological type

Serous 124 46

Mucinous 4 75

Endometrioid 2 50

Other 2 5 0.45
FIGO stage

| 21 100

Il 19 69

1] 77 28

I\ 15 9 0.0001
Histological grade

G1 2 100

G2 19 82

G3 111 38 0.011
Residual disease

<icm 108 54

=1cm 24 23 0.0001
Recurrence

Yes 82 20

No 50 100 0.0001
YES1 expression

High 98 53

Low 34 28 0.020

*: HR (hazard ratio) and P values were calculated using multivariate Cox
proportional hazards regression; 95% Cl, 95% confidence interval.

Table 3. Correlation of YES1 expression with clinicopathological
features of EOC Patients.

*: P values were calculated using univariate Cox proportional hazards
regression.

Variables Cases Yes1-low Yes1-high P*
Age (y)

45 or younger 35 9 26

Older than 45 97 25 72 0.995
Pathological type

Serous 124 32 92

Mucinous 4 1 3

Endometrioid 2 0 2

Other 2 1 1 0.727
FIGO stage

| 21 3 18

1l 19 5 14

I} 77 21 56

\Y 15 5 10 0.574
Histological grade

G1 2 1 1

G2 19 3 16

G3 111 30 81 0.428
Residual disease

<icm 108 27 81

=1cm 24 7 17 0.673
Recurrence

Yes 82 24 58

No 50 10 40 0.238

*: P values were calculated using Pearson’s X2 test.
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of platinum administration, whereas in the platinum-
resistant group, the disease recurred within 6 months
(n=26). Notably, within the high YES1 expression
group, 40 cases (74.1%) were in the platinum-sensitive
group while 14 (25.9%) were in the platinum-resistant
group. On the other hand, in the low YESI1 expression
group, 11 cases (47.8%) fell under the platinum-sensitive
group and 12 (52.2%) were in the platinum-resistant
group. The high YES1 expression group was
significantly more sensitive to platinum-based
chemotherapy than the low group (P=0.03, Fig. 3A).
Moreover, upon further comparison of YES1 expression
between patients from platinum-sensitive and —resistant
groups, YES1 was consistently found to be significantly
higher expressed in platinum-sensitive patients (Fig.
3B). These data suggest that a higher level of YES1 was
associated with increased sensitivity to platinum, which
may contribute favorably toward the survival of EOC
patients. However, this notion still needs further
validation on more patients.

Discussion

YEST1 has been a focus subject of research due to its
prognostic and therapeutic implications in the
progression of various cancers (Xu et al., 2009; Wang et
al., 2010). However, the role of YES1 and especially its
prognostic application in ovarian cancer remains largely
unclear. In this study, we found that high YES1
cytoplasmic expression in epithelial ovarian cancer
tissue correlated significantly with favorable prognosis.
In addition, patients with high YES1 expression tended
to be sensitive to platinum based chemotherapy.

YESI is a notable member of the Src family of
tyrosine kinases, and has been suggested to regulate
integration of different signaling pathways ( Edgar,
2006; Dong et al., 2007). Actually, YES1 may function
as an oncogene or a tumor suppressor depending on cell

context (Overholtzer et al., 2006; Barraclough et al.,
2007; Yuan et al., 2008). Currently, the oncogenic role of
YESI in tumor progression is supported by the existing
correlation between decreased YES1 expression and
impaired growth abilities of several malignancies,
including malignant mesothelioma, rhabdomyosarcoma,
and pancreatic cancer (Kubo et al., 2009; Yeung et al.,
2013; Sato et al., 2014). Additionally, YESI
amplification has also been known as a mechanism
through which resistance to EGFR inhibitors develops in
lung cancer (Fan et al., 2018). On the other hand, YESI
may also act as a tumor-suppressor gene. Knockdown of
YES1 by shRNA in breast cell lines suppressed cell
anoikis, increased cell migration/invasion in vitros, and
enhanced tumor growth in nude mice (Yuan et al., 2008).
Other studies found that the downregulation of YES1
expression in gastric cancer tissue compared with that in
adjacent normal tissue, or high cytoplasmic YES1
expression in tumor tissue, correlated significantly with
lower TNM stages and lower histological grades in
squamous cell carcinoma (Lu et al., 2018). The role of
YESTI in the context of ovarian cancer is as of yet
unclear; currently, only two studies have been published
that analyzed the effect of YES1 on EOC cells in vitro,
with inconsistent results (Konecny et al., 2009; Li et al.,
2015). One study showed that OC cell lines with high
expression of YES1 were particularly sensitive to
dasatinib-induced cell apoptosis and cell cycle arrest,
while the other showed that knockdown of YESI
reduced proliferation of EOC cells. Ultimately, the in
vivo or prognostic role of YES1 in OC is still unknown.
Our data establishes that EOC patients with high YESI
expression possess significantly more favorable overall
and progression-free survival than patients with low
YES1 expression. These findings suggest that YESI
may serve a substantial function in the regulation of
tumor suppression in EOC. As for the different effect of
YES1 on the tumor cells, it may be attributed to
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difference in cellular contexts and further investigations
in future are required.

Furthermore, our data show a significant correlation
between YES1 expression and platinum sensitivity in
patients with ovarian cancer. Patients with high YES1
expression tended to be sensitive to platinum based
chemotherapy. Together with the previous report that OC
cell lines with high expression of YES1 were
particularly sensitive to dasatinib in vitro (Konecny et
al., 2009), our data may suggest that a higher level of
YES1 may sensitize the tumor cells to apoptosis or cell-
cycle-arrest stimulators. Moreover, YES1 may stand as a
potential predictive marker of whether platinum-based
chemotherapy is likely to be effective in patients with
ovarian carcinoma. Understanding the predictors of
response to platinum based chemotherapy may help us
select patients sensitive to chemotherapy while sparing
resistant patients from exposure to the unnecessary
toxicity of platinum based chemotherapy, and also
allows for customization of treatments and clinical
stratification of patients with ovarian cancer. In addition,
reports have shown that YES1 enhances
chemoresistance both in vitro and in vivo, and that
(Takeda et al., 2017; Chen et al., 2018; Fan et al., 2018;
Lu et al., 2018) downregulation of YES1 led to
increased chemotherapy-induced cell death. As such,
further in vitro and in vivo analyses of YESI1 function on
OC are warranted.

In summary, YES1 expression may serve as a
predictive marker for the efficacy of platinum based
chemotherapy and for survival in patients with ovarian
cancer, the knowledge of which can be greatly
contributive toward improving the prognosis of such
patients. Planning is currently underway for further
investigation regarding the involved molecular
mechanisms.
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