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Abstract

Objective To detect the expression of Ras and Sosl proteins in epithelial ovarian
malignant tumors and analyze the correlation between the expression levels
of these two proteins and clinicopathological indicators of epithelial ovarian
malignant tumors.

Methods The expression of Ras and Sosl proteins was detected using the im-
munohistochemical SABC method in 62 cases of epithelial ovarian malignant
tumor tissues, 5 cases of borderline epithelial ovarian tumors, 15 cases of ovarian
epithelial cystadenomas, and 18 cases of normal ovarian tissues, with statistical
analysis of the correlation between the expression levels of the two proteins and
indicators of tumor malignancy.

Results (1) The expression levels of Ras and Sos1 in epithelial ovarian malignant
tumor tissues were significantly higher (P<0.05) than those in other tissues;
(2) The expression sites of both proteins in epithelial ovarian malignant tumor
cells were predominantly co-expression in the cell membrane and cytoplasm; (3)
The expression level of Ras (optical density value) correlated with pathological
classification (P<0.05): its expression in serous ovarian carcinoma was more
significant than in other pathological types, whereas Sosl protein expression
showed no correlation with these pathological parameters; (4) Patients with
high expression levels of both proteins had shorter disease-free survival times,
but this was not statistically significant.

Conclusion Ras and Sos1 proteins may be intrinsically linked to the occurrence
and development of epithelial ovarian malignant tumors; the expression of Ras
protein shows tissue type differences, which can be used to support the spe-
cific diagnosis of ovarian serous adenocarcinoma; statistical analysis shows that
patients with high expression levels of both proteins have shorter disease-free
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survival times than those with low expression, but this result was not statis-
tically significant, possibly due to the small number of cases, which requires
further study with an expanded sample size.

Full Text

Preamble

Expressions of Ras and Sosl in epithelial ovarian cancer tissues and
their clinical significance

XTAO Zhenghua',?, LINGHU Hua', LIU Qianfen'

Department of Obstetrics and Gynecology, First Affiliated Hospital, Chongqing
Medical University, Chongqing 400016, China;

2Department of Obstetrics and Gynecology, Yongchuan Hospital Affiliated to
Chongqing Medical University, Chongqing 402160, China

Abstract

Objective: To detect the expression of Ras and Sosl proteins in epithelial
ovarian malignant tumors and analyze the correlation between their expression
levels and clinicopathological parameters.

Methods: Immunohistochemical SABC method was used to detect Ras and
Sosl protein expression in 62 cases of epithelial ovarian malignant tumor tis-
sue, 5 cases of borderline epithelial ovarian tumor, 15 cases of ovarian epithelial
cystadenoma, and 18 cases of normal ovarian tissue. Statistical analysis was
performed to examine the correlation between protein expression levels and tu-
mor malignancy indicators.

Results: (1) The expression levels of both Ras and Sosl in epithelial ovarian
malignant tumor tissues were significantly higher than in other tissues (P<0.05).
(2) Both proteins were predominantly co-expressed on the cell membrane and in
the cytoplasm of epithelial ovarian malignant tumor cells. (3) Ras expression in-
tensity (optical density value) correlated with pathological type (P<0.05), with
expression being more pronounced in serous ovarian carcinoma than in other
pathological types, whereas Sosl protein expression showed no correlation with
these pathological parameters. (4) Patients with high expression of both pro-
teins had shorter disease-free survival, though this difference was not statistically
significant.

Conclusion: Ras and Sosl proteins may be intrinsically involved in the develop-
ment and progression of epithelial ovarian malignant tumors. The tissue-specific
variation in Ras expression can support the specific diagnosis of ovarian serous
adenocarcinoma. Statistical analysis revealed that patients with high expression
of both proteins had shorter disease-free survival than those with low expres-
sion, but this result was not significant, possibly due to the small sample size.
Further studies with larger cohorts are needed.
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Introduction

Epithelial ovarian malignant tumor is the most lethal gynecological malignancy,
with an overall 5-year survival rate not exceeding 40%, and both treatment pro-
tocols and prognostic outcomes have shown limited improvement over the past
two decades [1-2]. Compared with other malignant tumors such as lung can-
cer and leukemia, targeted therapy for epithelial ovarian malignant tumors has
yielded very limited survival benefits, making the search for specific therapeutic
targets still potentially valuable.

Ras protein is a low-molecular-weight protein from the G protein family, com-
posed of nearly 200 amino acids and located on the inner side of the cell mem-
brane. It controls cell signal transduction through switching between activated
and non-activated states and is a recognized proto-oncogene that inhibits apop-
tosis [3-4]. Point mutations in the Ras gene have been identified in various
human tumors [5-7]. Sosl (son of sevenless 1) is a guanine nucleotide exchange
factor that promotes the conversion of Ras from its inactive to active state,
serving as an activator of Ras [8]. Ras and Sosl together constitute a signal-
ing pathway that regulates cellular physiological processes [9]; key molecules in
this pathway, both upstream and downstream, such as Grb2 and Raf-1, have
been demonstrated to play important roles in the development, progression, and
metastasis of epithelial ovarian malignant tumor cells [10-11]. Accumulating ev-
idence suggests that Ras and the signaling pathway formed by Ras and Sosl
represent excellent targets for treating metastatic cancers [12-17].

While the relationship between Ras, Sosl, and their signaling pathway with
ovarian cancer has been extensively studied at the cellular and molecular levels,
research on their association with clinical and pathological features remains lim-
ited, particularly regarding the relationship with disease-free survival time, for
which no domestic or international reports have been found. This study aims to
investigate the expression of Ras and Sosl proteins in epithelial ovarian tumors
and explore the correlation between their expression levels and clinicopathologi-
cal malignancy indicators as well as disease-free survival time, thereby providing
experimental evidence for understanding the role of the Sosl/Ras protein sig-
naling pathway in the development of epithelial ovarian malignant tumors and
offering insights for biological targeted therapy.

Methods

1.1 Tissue Samples

We selected 62 cases of epithelial ovarian malignant tumor, 5 cases of borderline
epithelial ovarian tumor, 15 cases of ovarian epithelial cystadenoma, and 18 cases
of normal ovarian tissue diagnosed between 2008 and 2013 at the First Affiliated
Hospital of Chongqging Medical University and Yongchuan Hospital Affiliated to
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Chongqging Medical University. Cancer patients had not received preoperative
chemotherapy or radiotherapy and provided informed consent before the study.
All specimens were promptly paraffin-embedded after resection. Clinicopatho-
logical data for epithelial ovarian malignant tumor patients are shown in Table
1 . For comparison purposes, patients were divided into two groups based on
the 2014 FIGO surgical-pathological staging system. According to the 2014
NCCN Clinical Practice Guidelines for Ovarian Cancer, which state that “cy-
toreductive surgery should aim for residual tumor lesions <1 cm in diameter,
with complete removal of all visible lesions being optimal,” we defined surgical
satisfaction as “residual tumor lesion diameter <1 cm” being “satisfactory” and
otherwise “unsatisfactory.”

1.2 Experimental Reagents

Immunohistochemistry kits, DAB chromogen, and citric acid antigen retrieval
solution (pH 6.0) were purchased from Beijing Zhongshan Golden Bridge Co.,
Ltd. Monoclonal antibodies against Ras and Sosl were purchased from Santa
Cruz Biotechnology, USA.

1.3.1 Immunohistochemical Staining

Paraffin-embedded specimens were sectioned consecutively at 4 m thickness,
followed by dewaxing, hydration, microwave antigen retrieval, serum blocking,
and incubation with primary and secondary antibodies for immunohistochemical
staining (SP method). The working concentration of antibodies was 1:250.

1.3.2 Qualitative and Quantitative Detection of Immunohistochemical
Expression

Qualitative assessment [18]: At least two pathologists reviewed the slides
in a double-blind manner. Five high-power fields were randomly selected under
microscopy. Staining intensity was scored into four grades based on the presence
of brownish-yellow granules in tumor cells: (1) no staining: -; (2) light yellow:
+; (3) brownish-yellow: ++; (4) dark brown: +++.

Quantitative measurement: After immunohistochemical staining, pho-
tographs were taken under the same microscope using identical exposure values
and white balance settings. The ipwin32 image analysis software was used for
optical density measurement, with three fields measured per specimen and the
average value recorded.

1.4 Statistical Analysis

The positive expression rates of Ras and Sosl proteins in various ovarian tissues
were calculated. Qualitative data were compared using the chi-square test with
correction formulas for pairwise comparisons, with P<0.05 considered statisti-
cally significant. Using clinicopathological malignancy indicators of epithelial
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ovarian malignant tumors (including pathological grade, surgical-pathological
stage, age, pathological type, and surgical satisfaction) as independent variables
and the optical density values of both proteins as dependent variables, correla-
tion coefficients were calculated and significance tests performed, with P<0.05
considered statistically significant to analyze the correlation between protein ex-
pression levels and clinicopathology. Survival follow-up data from patients with
advanced poorly differentiated adenocarcinoma and serous epithelial ovarian
malignant tumors were analyzed using Kaplan-Meier methods, with treatment
initiation time as the starting point and recurrence time as the endpoint for
disease-free survival. Cases lost to follow-up or deaths before recurrence were
treated as censored data. Patients were divided into high and low expression
groups based on median optical density values. All data were processed using
SPSS 19.0 software.

Results
2.1 Expression of Ras and Sosl in Different Ovarian Tissues

The expression of both proteins in different ovarian tissues is shown in Tables 2
and 3 , and Figures 1 [Figure 1: see original paper| and 2 [Figure 2: see original

paper].

2.2 Expression Distribution of Ras and Sosl Proteins in Epithelial
Ovarian Malignant Tumor Cells

The expression distribution of Ras and Sosl proteins in epithelial ovarian ma-
lignant tumor cells was observed in three patterns: expression on the cell mem-
brane only, in the cytoplasm only, and in both locations simultaneously. As
shown in Figure 3 [Figure 3: see original paper] and Table 4 , co-expression of
Sos1 and Ras proteins on both the cell membrane and in the cytoplasm (71.19%
and 82.26%, respectively) was significantly higher than expression on the mem-
brane only (3.23% and 1.61%) or in the cytoplasm only (4.84% and 6.45%)
(P<0.005), indicating that both proteins are predominantly co-expressed on the
cell membrane and in the cytoplasm of epithelial ovarian malignant tumor cells.

2.3 Correlation Analysis of Ras and Sosl Protein Expression with
Clinicopathology in Epithelial Ovarian Cancer

Using SPSS 19.0 software, we analyzed the correlation between patient age,
pathological type, surgical-pathological stage, pathological grade, and surgical
satisfaction with the optical density values of Ras and Sosl protein expression.
The correlation coefficients and P values are shown in Table 5 . Ras expression
intensity (optical density value) correlated with pathological type (P<0.05),
while no other groups showed significant differences.
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2.4 Analysis of Disease-Free Survival in Patients with Advanced
Poorly Differentiated Adenocarcinoma and Serous Epithelial Ovarian
Malignant Tumors

Thirty-two patients with advanced epithelial ovarian malignant tumors were
included in the study. The median optical density values of Ras and Sos1 protein
expression in tumor lesions were 0.12 and 0.88, respectively. Using these median
values as cut-off points, patients were divided into high and low expression
groups, with 17 patients in each high-expression group and 15 in each low-
expression group.

Kaplan-Meier analysis was used to evaluate the impact of protein expression
levels on disease-free survival. As shown in Figure 4 [Figure 4: see original
paper], patients with higher expression of both proteins had shorter disease-
free survival over time, though this difference was not statistically significant
(P>0.05). The survival curves showed that the high-expression groups declined
more steeply than the low-expression groups, but Log Rank tests revealed no
significant difference (P>0.05).

Discussion

Since Ras was first described as an oncogene in 1982 [19-20], numerous stud-
ies targeting Ras and its downstream proteins have been conducted. The Ras
network is vast and complex, with many interconnected pathways playing im-
portant roles [21]. According to existing reports, activated Ras genes have
been found in various tumors including carcinomas, sarcomas, neuroblastomas,
lymphosarcomas, and leukemias [22-23]. Bian Meilu et al. [24] found a Ras
gene amplification rate of 43.8% in ovarian tumor tissues using Southern blot
hybridization, with 89% of 9 well-differentiated patients showing Ras amplifica-
tion. As a positive regulator of low-molecular-weight G proteins, Sosl promotes
Ras activation in the Ras signaling pathway. Studies have shown that Sosl
expression is high in epithelial ovarian cancer and positively correlates with
Ras-GTP, the activated form of Ras protein [25]. These studies were based on
laboratory research at the molecular level and achieved satisfactory results, but
clinical applications remain limited.

Our immunohistochemical experiments examining Sos1 and Ras protein expres-
sion in various ovarian tissues demonstrated high expression in ovarian cancer
tissues, consistent with findings from other tumor studies. We also investigated
the correlation between their expression and clinicopathological indicators of
tumor malignancy (patient age, pathological grade, surgical-pathological stage,
surgical satisfaction, and pathological type). Although Sosl expression inten-
sity (optical density value) showed no correlation with these clinicopathological
features (P>0.05), we found that Ras protein expression intensity was higher
in serous ovarian carcinoma than in other types of epithelial ovarian malignant
tumors. This suggests tissue-specific variation in Ras expression, which could
support the specific diagnosis of ovarian serous adenocarcinoma: tissues with
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higher optical density values are more likely to be serous adenocarcinoma.

Our survival analysis correlating disease-free survival time with different expres-
sion groups showed that survival curves for high-expression patients declined
more steeply, consistent with theoretical predictions and potentially offering
guidance for clinical prognosis. Although Log Rank, Breslow, and Tarone-Ware
tests revealed no statistical significance, this likely reflects our small sample size
(only 32 cases included in the disease-free survival analysis). Therefore, this
study warrants further investigation with an expanded sample size to poten-
tially apply Ras and Sosl testing in clinical practice for ovarian cancer diagnosis,
treatment, and prognostic assessment.
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