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Abstract: Ascites development and resistance to chemotherapy with carbotaxol are common clinical problems in
epithelial ovarian cancer, partly due to the activation of MAPK/ERK signaling. Sprouty proteins are negative modula-
tors of MAPK/ERK pathway, but their role in predicting resistance to carbotaxol chemotherapy and ascites develop-
ment is unknown. In this study, we evaluated the expression of Sprouty protein isoforms by immunohistochemistry.
The associations between the Sprouty expression and the clinicopathological features, including chemoresistance
and the presence of ascites, were then explored. We found that the decreased expression of Spry2 was correlated
with the post-treatment development of ascites and represented an independent predictor of this condition in
carbotaxol-treated patients. However, no association was observed between the Sprouty expression and chemo-
resistance. In conclusion, our results suggest that Spry2 may be useful for patient follow-up and monitoring as it

predicts the development of ascites in epithelial ovarian cancer cases treated with carbotaxol.
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Introduction

Accounting for around 3.6% of female cancers,
epithelial ovarian cancer (EOC) is the seventh
leading cancer in women and the second cause
of gynecological cancer death worldwide [1].
Late diagnosis (due to unspecific clinical mani-
festation), recurrence and refractoriness are
major contributors to the disease poor survival
rates [2]. Ascites presents in at least one third
of patients and may contribute to the spread
of cancer to secondary sites [3]. Postoperative
treatment with paclitaxel plus carboplatin
(carbotaxol) is recommended for patients with
early-stage disease with poor prognostic
features [4]. For advanced-stage disease, the
current standard first-line chemotherapy
regimen involves intravenous administration of
a platinum-based drug (cisplatin/carboplatin)
with a taxane, usually paclitaxel, given 3 weekly
for six cycles. Although up to 50% of patients
achieve complete clinical and radiological

remission with this chemotherapy regimen,
20-30% show no evidence of response. In
addition, the disease recur in most patients
with advanced EOC [5]. Lack of novel and
specific sets of markers for diagnosis, clinical
monitoring, prognosis and prediction of
response to treatment is still considered as an
unmet need to improve medical management
of this disease. Thus, more investigations for
identification of new markers are warranted.
This may also result in the development of
new treatment modalities for better mana-
gement of this highly refractory recurrent
disease.

Among the biological pathways being activated
in cancer and involved in the development of
chemoresistance is mitogen-activated protein
kinase (MAPK) signaling [6]. Members of the
Sprouty protein family, including Spryl, Spry2
and Spry4, are known as the downstream mod-
ulators of MAPK and thus largely contribute to
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the regulation of the eukaryotic cells biology
[7]. In agreement, different patterns of the
Sprouty deregulation have been reported in a
variety of cancers. To date, however, no studies
have investigated the possible association of
the Sprouty proteins with the development of
ascites and response to carbotaxol chemother-
apy in EOC. This study investigates the likely
correlation between the Sprouty expression in
EOC and the afore-mentioned clinicopathologi-
cal characteristics which could yield a better
understanding of the role of Sprouty in this
cancer. It may also lay foundation for further
assessment of Sprouty as a protein family with
potential application in diagnostic, therapeutic
and prognostic approaches.

Patients and methods
Patient selection

A retrospective review of the clinical records of
480 patients with EOC from two specialized
centers (St. George Hospital and St George
Private Hospital, Sydney, Australia) was per-
formed between January 2001 and December
2012. Institutional review board approval for
this analysis was obtained from South Eastern
Sydney and lllawarra Area Health Service
Human Research Ethics Committee. After
obtaining informed consents, histologically-
proven cases of primary EOC who had a com-
plete follow-up history till June 2014 (end of the
study) and were treated with the standard sur-
gical procedure (staging laparotomy/cytoreduc-
tive surgery) plus adjuvant systemic chemo-
therapy (paclitaxel + carboplatin as formulated
below) were included in this study.

Adjuvant chemotherapy regimen:

Paclitaxel (175 mg/m?2, iv over 3 hours) + carbo-
platin (total dose calculated by Calvert formu-
la*, iv over 15-60 minutes) x 6 cycles.

*Total carboplatin dose (mg) = Target area
under concentration vs time curve (AUC) x (GFR
+25).

A confirmatory review of pathology was per-
formed. Ovarian neoplasms were histologically
classified according to The World Health
Organization (WHO) classification system [8].
The final staging of the disease was determined
on the basis of a combination of surgical and
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pathological findings in accord with the
Federation of Gynecology and Obstetrics (FIGO)
guidelines [9].

Immunohistochemistry

Five-micrometer sections were prepared from
the paraffin blocks and floated onto positively
charged slides. Immunostaining was performed
as described previously [10]. Briefly, the sec-
tions were deparaffinized and microwaved in
either 10 mM sodium citrate buffer (pH 6.0)
(Sigma-Aldrich, USA) for Spry1 and Spry2 or 10
mM Tris base, 1 mM EDTA solution at pH 9.0
(Sigma-Aldrich, USA) for Spry4 for 20 min at
750 W for antigen retrieval. Thereafter, the
samples were incubated with 3% hydrogen per-
oxide and DAKO blocking buffer, respectively.
This was followed by the overnight incubation
of samples at 4°C with primary antibodies
(Abnoval, Taiwan) at dilutions of 1/500, 1/100
and 1/250 for Spryl, Spry2 and Spry4, respec-
tively. Binding of the primary antibody was
detected by incubating the samples with appro-
priate secondary antibody using EnVision Plus
kit (DAKO) for 30 min and then with diamino-
benzidine chromogen for 5 min. The sections
were then rinsed, counterstained with hema-
toxylin, and mounted. Kidney, small bowel/tes-
tis and testis were included as positive controls
for Spryl, Spry2 and Spry4, respectively. For
negative controls, the same tissues as our pos-
itive controls for each antibody were used but
the primary antibodies were replaced with the
primary antibody diluents.

Evaluation of the staining

To evaluate the staining of the epithelial cells,
we performed semi-quantitative scoring based
on the method used by Kwabi-Addo et al [11].
This scoring method enables the determination
of both the intensity of the immunosignal and
the percentage of cells showing positive
staining. The immunohistochemical expression
was evaluated by at least two observers blinded
to the patients outcome. Based on the intensity
of the staining, samples were scored O (no
staining), 1 (weak), 2 (moderate) or 3 (strong).
As regards the percentage of the positive cells,
samples were scored O (no positive cells), 1
(1-33%), 2 (34-66%) or 3 (67-100%). Finally, the
overall staining scores ranging from O to 9 were
calculated as follows: immunohistochemical
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Table 1. Correlations of the expressions of Sprouty isoforms with clinicopathological characteristics of

EOC patients

Spryl Spry2 Spry4d

Parameter No No
p value* p value* pvalue*

Age (year) <50 16 0.022 15 0.811 0.329
>50 84 84

Menopause Yes 92 0.124 91 0.599 0.459
No 8 8

Disease stage Early (I-II) 14 0.029 14 0.013 0.614
Advanced (llI-1V) 86 85

Tumor grade -1 23 0.037 22 0.003 0.530
1] 77 17

Tumor subtype Serous 81 0.647 80 0.216 0.094
- High-grade 63 63
- Low-grade 18 17
Mucinous 2 2
Endometrioid 4 4
- High-grade 2 2
- Low-grade 2 2
Clear cell 5 5
Others 8 8

Lymphovascular invasion  Yes 35 0.042 35 0.298 0.716
No 25 25

Lymph node involvement  Yes 38 0.511 38 0.053 0.112
No 25 25

Response to chemotherapy No 21 0.321 21 0.250 0.944

Yes Recurrent 58 0.001 57 <0.001 0.197
Non-recurrent 21 21

Ascites Yes 65 0.248 64 0.028 0.669
No 35 35

Residual tumor None 48 0.762 47 0.888 0.111
<lcm 35 35
1-2 cm 0 0
>2 cm 17 17

No: number of patients, Spry: Sprouty. *Statistically significant values (p value <0.05) are shown in bold.

score = [percentage of the positive cells] x
[intensity of the staining].

Statistical analysis

All statistical analyses were conducted using
the statistical package SPSS, version 22 (SPSS
Inc., USA). The data were summarized using
standard descriptive statistics and frequency
tabulations. Spearman correlation coefficient
testing was performed to evaluate the associa-
tions between the clinicopathological parame-
ters, including age, menstrual status, tumor
subtype, stage, grade, response to chemother-
apy, recurrent disease, presence of ascites and
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the expressions of Sprouty isoforms. Using the
Classification and Regression Tree (CART) algo-
rithm, the binary cut-off points of the expres-
sion values were identified -which were near
the median values- and the immunohistochem-
ical scores obtained were accordingly classified
as low (scores <3.5 for Spryl and Spry2, and
<6 for Spry4) or high (scores >3.5 for Spryl and
Spry2, and >6 for Spry4). Analysis of receiver
operating characteristic (ROC) curves was
performed to assess the validity of the cut-off
points and also the sensitivity and specificity of
the markers with significant predictive values.
Univariate and multivariate logistic regression
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Table 2. Correlations of the expressions of Sprouty isoforms with his-

tory of ascites in EOC patients

Spryl and Spry2 in an
inverse manner. Moreover,

there was a significant

Parameter - Sprvl - Spry2 Sprya correlation between the
p value* p value* pvalue* ;
Overall ascites Yes 65 0248 64 0028 0.669 Spry2 expression status
No 35 35 and the history of asci-
) ] ] tes (p value: 0.028). A
Ascites at diagnosis Yes 54 0.302 53 0.504 0.883 correlation between the
No 46 46 Spry1l expression and age
Post-treatment ascites Yes 42 0.100 41 0.001 0.466 was also evident (p value:
No 58 58 0.022, correlation coeffi-
Post-treatment only? Yes 11 0.595 11 0.007 0.619 cient = 0.229). However,
No 35 35 no association was found
Pre-treatment only® Yes 23 0.180 23 0.068 0.608 between Spry4 and the
No 31 30 studied characteristics
Pre- and post-treatment ascites® Yes 31 0151 30 0.263  0.593 (Table 1).
No 34 34

No: number of patients, Spry: Sprouty. 2: 46 patients with no ascites at diagnosis
among which 11cases developed post-treatment ascites; *: 54 patients with ascites at

Patients with ascites had
lower Sprouty expression

diagnosis among which 23 cases did not develop ascites after treatment; °: 31 patients

with ascites at both diagnosis and post-treatment out of 65 cases with ascites history.
*Statistically significant values (p value <0.05) are shown in bold. Number of patients in
each group might slightly differ for Spry2 and Spry4 due to the lack of available tissue

for analysis.

analyses were conducted to ascertain the
effects of Sprouty isoforms and other clinico-
pathological variables on the likelihood of the
development of post-treatment ascites and
chemotherapy refractory disease. For all statis-
tical analyses, p values <0.05 were considered
significant. Student t-test was used to compare
the actual difference between two means.

Results

Of the 100 participants with EOC, 81% had
tumors of serous subtype (63% high-grade and
18% low-grade), 4% had endometrioid tumor
(2% high-grade and 2% low-grade), and 2% and
5% were identified as mucinous and clear cell
subtypes, respectively. The median age of the
entire cohort was 62.2 (range, 35.32-84.3)
years. 92 patients were menopausal at the
time of diagnosis. The mean expression scores
of Spryl, Spry2 and Spry4 were 3.01+0.20
(range; 0-6), 2.76+0.14 (range; 0-6) and 5.38+
0.24 (range; 0-9), respectively. Among the cli-
nicopathological characteristics analyzed, re-
current disease (correlation coefficients, Spry1:
-0.379; Spry2: -0.450), disease stage (corre-
lation coefficients, Spryl: -0.218; Spry2:
-0.248) and tumor grade (correlation coeffi-
cients, Spryl: -0.209; Spry2: -0.297) were
significantly associated with the expressions
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Overall, 65% of patients
had confirmed ascites
either at the time of dia-
gnosis or after treatment.
In  the subgroup with
ascites at the time of diagnosis, the mean
expression scores of Spryl, Spry2 and Spry4
were 2.70+0.27, 2.74+0.18 and 5.17+0.35,
respectively, compared with 3.37+0.29,
2.8040.21 and 5.63+0.33 in those without
ascites at diagnosis. Although this subgroup
showed lower expression levels of the three
Sprouty isoforms than did the non-ascites
group, the differences were not statistically
significant (p values of 0.102, 0.81 and 0.355
for Spryl, Spry2 and Spry4, respectively). In the
other subgroup with post-treatment ascites,
mean expression scores of Spryl, Spry2 and
Spry4 were 2.36+0.30, 2.34+£0.20 and 4.98+
0.39, respectively, as compared with 3.48+
0.25, 3.07+0.182 and 5.67+0.31 in those
without post-treatment ascites. The statistical
comparison with the non-ascites control
revealed significantly lower expressions of
Spryl (p values: 0.006) and Spry2 (p values:
0.010), in this subgroup. However, the decrease
in the expression of Spry4 was not statistically
significant (p values: 0.166).

Spry2 correlated with the presence of ascites
in EOC patients

The clinical relevance of the Sprouty expression

with regard to the development of ascites in
EOC was initially evaluated through the analysis

Am J Cancer Res 2015;5(8):2498-2507
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Table 3. The predictive value of Spry1, Spry2 and Spry4 for response to chemotherapy and post-treatment ascites

Vari Post-treatment ascites Response to chemo* (Refractory)
ariables HR (95% ClI) p value HR (95% ClI) p value
Univariate
Age (year) (<50 vs. >50) 1.089 (0.370-3.203) 0.877 0.489 (0.102-2.343) 0.371
Menopause (no vs. yes) 1.421 (0.334-6.038) 0.634 1.281 (0.239-6.858) 0.773
Stage (early vs. late) 0.084 (0.011-0.674) 0.020 0.588 (0.121-2.857) 0.510
Tumor grade (Il vs. IIl) 0.525 (0.194-1.420) 0.204 1.059 (0.341-3.290) 0.921
Tumor subtype (HG serous vs. LG serous vs. HG endometrioid vs. LG endometrioid vs. mucinous vs. clear cell vs. others) 0.450 (0.099-2.049) 0.302 0.189 (0.040-0.882) 0.034
Lymphovascular invasion (no vs. yes) 1.00 (0.351-2.851) 1.00 0.625 (0.184-2.125) 0.452
Lymph node involvement (no vs. yes) 0.484 (0.157-1.491) 0.206 0.439 (0.106-1.817) 0.256
Ascites at diagnosis (no vs. yes) 0.233 (0.098-0.554) 0.001 1.086 (0.414-2.847) 0.867
Residual tumor (no vs. <1 cmvs. 1-2 cm vs. >2 cm) 0.404 (0.130-1.252) 0.116 0.225 (0.067-0.761) 0.016
Refractory disease (no vs. yes) 0.153 (0.051-0.464) 0.001 N/A N/A
Spry1 (high vs. low) 0.492 (0.211-1.147) 0.101 0.588 (0.206-1.675) 0.320
Spry2 (high vs. low) 0.236 (0.086-0.648) 0.005 0.480 (0.147-1.570) 0.225
Spry4 (high vs. low) 0.493 (0.220-1.104) 0.085 0.761 (0.290-1.996) 0.579
Multivariate
Post-treatment ascites
Stage (early vs. late) 0.150 (0.015-1.547) 0.111
Ascites at diagnosis (no vs. yes) 0.193 (0.066-0.567) 0.003
Refractory disease (no vs. yes) 0.098 (0.025-0.385) 0.001
Spry2 (high vs. low) 0.256 (0.078-0.838) 0.024
Response to chemo # (Refractory)
Tumor subtype (HG serous vs. LG serous vs. HG endometrioid vs. LG endometrioid vs. mucinous vs. clear cell vs. others) 0.100 (0.019-0.534) 0.007
Residual tumor (no vs. <1 cmvs. 1-2 cm vs. >2 cm) 0.140 (0.035-0.563) 0.006

HR: hazard ratio; Cl: confidence interval; #*Chemotherapy with carboplatin and taxol. Statistically significant values (p value <0.05) are shown in bold.
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Table 4. Sensitivity and specificity of Spry2 expression in prediction of

the development of post-treatment ascites

and the “post-treatment
only” ascites (p value:

Test

0.007, correlation coe-

True positive

False positive

True negative

False negative

Sensitivity (95% CI)

Specificity (95% Cl)

Positive predictive value (95% Cl)

Negative predictive value (95% Cl)

Likelihood ratio of a positive test (95% Cl)

Post-test probability (odds) of a positive test (95% Cl)
Likelihood ratio of a negative test (95% ClI)
post-test probability (odds) a negative test (95% Cl)

88.00% (75.68%-95.44%)
42.00% (28.19%-56.79%)
60.27% (48.14%-71.54%)

77.78% (57.73%-91.32%) treatment only”. In these

22 % (12 %-39 %)

Post-treatment Ascites .
Spry2 <3.5 fficient = .-O..390). Next,
a4 the association of Spr-
outy expression with
zi ascites was evaluated in

23 patients who had
6 ascites at the time of
diagnosis but did not
develop ascites after
treatment, named “pre-

patients, no significant
correlation was observed
between Spry2 expre-
ssion and the “pre-

1.52 (1.17-1.96)
60 % (54%-66%)
0.29 (0.13-0.65)

Cl: confidence interval.

of the correlation between the expression of
the three Sprouty isoforms and the presence of
ascites in our cohort. Overall, 65% of patients
had confirmed ascites. Our data analysis
revealed an inverse correlation between the
expression of Spry2 and overall ascites (p
value: 0.028, correlation coefficient = -0.220).
However, the correlation of ascites with Spryl
or Spry4 was not statistically significant (Table
2). Next, we categorized the patients with
ascites into two subgroups for further analysis.
The first subgroup consisted of 54 patients
with ascites at the time of diagnosis designated
as “ascites at diagnosis”. In the second group
named “post-treatment ascites”, there were
42 cases who developed ascites after the
completion of treatment. While in the former
there existed no statistically significant
association, a significant inverse correlation
with  Spry2 expression (p value: 0.001,
correlation coefficient = -0.316) was revealed
in the latter. Since the post-treatment ascites
subgroup included patients with and without
ascites at the time of diagnosis, we further
divided this subgroup into “post-treatment
only” and “pre- and post-treatment” categories.
Among 46 patients with no ascites at the time
of diagnosis, 11 patients developed post-
treatment ascites (post-treatment only). Out of
a total of 65 patients with ascites, 31 cases
had ascites both at the time of diagnosis and
following the treatment (pre- and post-
treatment). Our data revealed a significant
inverse correlation between Spry2 expression
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treatment only” ascites.
As shown in Table 2,
no significant association
between the expression of Spryl or Spry4 and
ascites in the studied subgroups were found.

Expression of Spry2, but not Spry1 and Spry4,
has a predictive value for the development of
post-treatment ascites in EOC patients

Using the binary model for the expression of
Spryl, Spry2 and Spry4, the predictive value of
these isoforms in relation to the development
of post-treatment ascites was assessed by
univariate and multivariate logistic regression
analyses of our cohort (Table 3). While the
expression status of Spryl (HR = 0.49; 95% ClI,
0.21-1.14; p value: 0.101) and Spry4 (HR =
0.49; 95% Cl, 0.22-1.10; p value: 0.085)
showed no significant value for predicting post-
treatment ascites, univariate analysis revealed
the predictive significance of Spry2 for the
development of post-treatment ascites (HR=
0.23; 95% Cl, 0.08-0.64; p value: 0.005). Stage
(p value: 0.020), ascites at diagnosis (p value:
0.001) and refractory disease (p value: 0.001)
were also found as the significant predictors
among other clinicopathological parameters.

In multivariate logistic regression analysis,
Spry2 (HR = 0.25; 95% CI, 0.07-0.83; p value:
0.024), ascites at diagnosis (HR = 0.19; 95%
Cl, 0.06-0.56; p value: 0.003) and refractory
disease (HR = 0.09; 95% ClI, 0.02-0.38; p value:
0.001) retained their predictive value and were
thus identified as the independent predictors of
post-treatment ascites in EOC patients. Next,
we performed receiver operating characteristic

Am J Cancer Res 2015;5(8):2498-2507
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(ROC) curve analysis to evaluate the sensitivity
and specificity of the Spry2 expression status
in the prediction of post-treatment ascites in
our patients. The sensitivity, specificity, positive
predictive value, negative predictive value, and
likelihood ratios of positive and negative tests
are all summarized in Table 4. In the “post-
treatment only” group, refractory disease was
found as the only predictor of ascites formation
(HR = 0.10; 95% ClI, 0.02-0.52; p value: 0.006)
in univariate analysis.

There is no correlation between refractory
disease and Sprouty expression

In our cohort, 21% of patients were diagnosed
with refractory disease. Mean expression
scores of Spryl, Spry2 and Spry4 in these
patients were 2.48+0.44, 2.71+0.25 and
5.05+0.62, respectively, as compared to
3.15+0.22, 2.7840.16 and 5.47+0.26 in non-
refractory group. Despite the lower expression
of the three Sprouty isoforms in this group, no
statistically significant differences were found
(p values of 0.176, 0.846 and 0.483 for
Spryl, Spry2 and Spry4, respectively). As
demonstrated in Table 1, no significant corre-
lation was observed between the expression of
Sprouty isoforms and refractoriness.

Expressions of Spry isoforms cannot predict
response to chemotherapy in EOC patients

Eventually, we explored the predictive value of
the expression status of Spryl, Spry2 and
Spry4 for response to chemotherapy with car-
boplatin and taxol of our patients (Table 3).
Spryl showed no predictive value for response
to chemotherapy (HR = 0.58; 95% CI, 0.20-
1.67; p value: 0.320). Similarly, Spry2 (HR =
0.48; 95% Cl, 0.14-1.57; p value: 0.225) and
Spry4d (HR = 0.76; 95% Cl, 0.29-1.99; p value:
0.579) failed to demonstrate a significantly
meaningful value for predicting the refractory
disease. The parameters with a significant
predictive value for response to chemotherapy
included tumor subtype (HR = 0.18; 95% ClI,
0.04-0.88; p value: 0.034) and residual disease
(HR = 0.22; 95% Cl, 0.06-0.76; p value: 0.016)
in univariate analysis which retained their
independent significance in  multivariate
analysis, too (tumor subtype: HR = 0.10; 95%
Cl, 0.01-0.53; p value: 0.007; residual tumor:
HR = 0.14; 95% Cl, 0.03-0.56; p value: 0.006).
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Discussion

For the past fifteen years, an expanding body of
evidence has continued to support the crucial
role of Sprouty proteins in normal and cancer
cell biology [7]. We have recently reported the
predictive value of Spryl and Spry2 for overall
survival and disease free survival of EOC
patients [10, 12]. Pursuant to our previous
works, the possible association between post-
treatment ascites and the expression of the
Sprouty protein isoforms was explored in the
present study. In addition to exhibiting a
negative correlation with the development of
post-treatment ascites, Spry2 was identified as
a marker with predictive value for the condition.
To the best of our knowledge, this is the first
report showing a link between Sprouty and
malignant ascites. Among the three isoforms
studied, only Spry2 showed an association with
and a predictive value for ascites formation. In
agreement, current evidence shows that
Sprouty isoforms exert divergent biological
effects despite their functional cooperation
and structural interactions [7]. Moreover, the
role of different Sprouty isoforms is associated
with further complexity and even controversy in
cancer. With respect to the develop-
ment of post-treatment ascites in EOC, it can
be postulated that Spry2 might exert an inhibi-
tory effect by hindering the tumor growth and
development, and/or through regulation of
mechanisms that promote ascites formation.

Among factors with significant implication in
ascites formation in EOC are vascular
endothelial growth factor (VEGF), fibroblast
growth factor (FGF) and interleukin 6 (IL-6).
These three factors are known to be largely
involved in the pathogenesis of EOC and all
have shown mitogenic as well as pro-angiogenic
activities in this disease. MAPK/ERK signaling
cascades activated by VEGF and FGF are
among pathways regulated by Sprouty proteins
through a negative feedback loop [7]. Playing
an important role in the physiology of normal
ovaries, VEGF has a major contribution to the
growth and development of EOC mainly th-
rough the induction of tumor angiogenesis and
enhancement of vascular permeability [13].
Preclinical studies have shown that overexpres-
sion of VEGF can transform normally functional
ovarian epithelium into neoplastic, ascites-pro-
ducing tissue [14, 15]. Through similar mecha-
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nisms, VEGF also contributes to the develop-
ment of the characteristic features of the
advanced EOC-associated peritoneal carcino-
matosis and malignant ascites. As with VEGF,
implication of FGF in the pathophysiology of
EOC is well documented. Similarly, FGF has
shown both angiogenic and mitogenic activities
in EOC. In this regard, FGF has been reported to
stimulate proliferation, migration and invasion
of EOC cells in vitro and to promote angiogene-
sis in vivo [16-19]. These effects are believed to
result, at least in part, from the regulation of
other genes and proteins that contribute to the
invasive and angiogenic features of malignant
tumors, including urokinase-type plasminogen
activator (uPA) [20], matrix metalloproteinases
(MMPs) [21], VEGF [22, 23] and E-cadherin [21,
24-26]. Known as a pleotropic cytokine, IL-6 is
implicated in EOC carcinogenesis. It influences
EOC growth and development through direct
and indirect effects on tumor cells or their
microenvironment, including immune system
components, respectively [27, 28]. As such,
IL-6 has been indicated to promote EOC cell
proliferation, migration, invasion, survival and
resistance to chemotherapeutic agents [29-
31]. IL-6 also contributes to EOC-induced
angiogenesis [32] and malignant ascites [33].

Here, Spry2 was found to negatively correlate
with post-treatment development of malignant
ascites and identified as an independent
predictor of the condition. Given the implica-
tions of VEGF and FGF in both MAPK/ERK sig-
naling and malignant ascites formation, it is not
unlikely that Sprouty proteins play a role in
the regulation of this pathological process.
However, our previous study failed to indicate a
meaningful correlation between the expression
levels of Spry2 and those of VEGF, FGF-2 and
IL-6 in EOC [12]. Sprouty has also shown to reg-
ulate angiogenesis and vascular permeability
independently of Ras/MAPK/ERK cascade.
In this regard, Spry4 was implicated in
Ras-independent regulation of VEGF-induced
angiogenesis and vascular permeability [34].
Recently, Spry4 has also been implicated in
c-Src-dependent, Ras-independent regulation
of angiogenesis and vascular permeability
through inhibition of endothelial cell migration
and adhesion and accelerated degradation of
VE-cadherin [35]. These findings and pertinent
hypotheses need to be addressed in future
studies and the molecular mechanisms respon-
sible are yet to be elucidated.
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In our cohort, we did not observe any correla-
tion between Sprouty expression and refracto-
riness. However, since our investigation so far
has revealed that low Spry2 expression is asso-
ciated with poor outcome and increased risk of
recurrence, death [12] and ascites develop-
ment, the usefulness of Spry2 in the stratifica-
tion of EOC patients for the treatment with car-
botaxol can be argued. In agreement with this
notion are the results from a study by Faratian
et al that suggest the use of Spry2 in stratifying
patients for trastuzumab therapy in breast can-
cer [36]. The investigators studied the expres-
sion of Spry2 in a cohort of 122 patients treat-
ed with trastuzumab and showed the decreased
expression of Spry2 in association with poor
outcome. In another study by Frolov et al, Spry4
was proposed as a reliable marker of the ima-
tinib-responsive treatment in patients with gas-
trointestinal stromal tumors (GIST) [37]. They
identified Spry4 as an imatinib-responsive
gene significantly downregulated in the treated
cells and the Spry4 protein as a downstream
effector of the c-Kit-activated ERK targeted by
the drug. In their clinical study, since Spry4 lev-
els were dramatically decreased in patients
responsive to the drug compared with non-
responsive patients, the authors proposed
Spryd as a reliable marker of the imatinib-
responsive treatment. In a recent study by Li et
al, however, the downregultation of Spry2 and
Spry4 proteins was found to play a role in the
imatinib-induced feedback activation of FGF
signaling in GIST cells as an adaptation mecha-
nism to target inhibition [38].

In conclusion, we report for the first time that
the expression of Spry2 protein predicts the
development of ascites in EOC following the
adjuvant treatment with carbotaxol. Our find-
ings suggest that the Spry2 expression status
could be utilized for follow-up and monitoring
purposes in EOC and hence for better manage-
ment of the disease. Results from the present
study also lay the basis for the evaluation of
Spry2 protein in therapeutic approaches,
including patient stratification in personalized
therapy, that warrant further investigation.
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