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Objective: The aims of the study were to compare the stromal im-
munostaining of smooth muscle alpha-actin (α-SMA) and fibroblast
activation protein-α (FAP) between borderline ovarian tumors and
epithelial ovarian cancer, and to evaluate their association in over-
all survival (OS) and disease-free survival (DFS) in patients with ovar-
ian cancer. Methods: Patients diagnosed with malignant (n = 28) and
borderline ovarian tumors (n = 18) were evaluated. Immunohisto-
chemical study of stromalα-SMA and FAP was carried out. The com-
parison of immunostaining between borderline and malignant ovar-
ian tumors was performed using Fisher's exact test. Survival was as-
sessed by the Kaplan-Meier method and the log-rank test. Multi-
variate analysis was performed by Cox regression. The differences
were considered significant for p < 0.05. Results: Evaluating stro-
mal FAP, stronger immunostaining (2 and 3) was more often found
in epithelial ovarian cancer than in borderline ovarian tumors (p =
0.0331). There was no statistical significance in the assessment of α-
SMA. Evaluating only patients with epithelial ovarian cancer, there
was a higher OS in patients with stromal α-SMA immunostaining 3
(p = 0.017). There was no statistical significance when evaluating OS
and DFS in patients with stromal FAP immunostaining, nor evaluat-
ing DFS in patients with α-SMA stromal immunostaining 3. After
multivariate analysis, patients with stromal α-SMA immunostain-
ing 3 had higher OS compared to immunostaining 0, 1 or 2 [OR (95%
CI) = 0.107 (0.018–0.649), p = 0.015]. Conclusion: Stronger FAP im-
munostaining was more often found in epithelial ovarian cancer than
in borderline ovarian tumors. In epithelial ovarian cancer, there was
a higher OS in patients with stromalα-SMA immunostaining 3.
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1. Introduction
Epithelial ovarian cancer is a gynecological malignancy

that has led to thousands of deaths amongwomenworldwide.
Risk factors that contribute to this disease are diverse, yet the
most common genetic factor involves mutations in BRCA-1
and/or BRCA-2 genes [1]. Coburn et al. [2] have reported a

stable incidence of ovarian cancer in various countries and re-
gions of Europe, Asia, and North America. However, in the
eastern and southern regions of Europe, an increased inci-
dence of ovarian cancer has been observed, while a decreased
incidence has been observed in northern Europe.

Fibroblast activation protein-α (FAP) is a cellular surface
antigen which is classified as a marker of cancer-associated
fibroblasts (CAFs). FAP is a type II transmembrane protein
and a serine protease of the prolyl oligopeptidase family [2–
4]. Expression of FAP is restricted to stromal fibroblasts and
is induced in granulation and wound healing processes, fi-
brosis, keloids, bone sarcomas, arthritis, and epithelial carci-
nomas [4–7]. It is estimated that expression of FAP in the
stromal compartment affects more than 90% of neoplasms of
epithelial origin, and high expression of FAP has been related
to poor prognosis in several types of carcinomas [4, 8–11].

Actin is a structural protein which functions in cellular
motility andmuscle contraction. Correspondingly, it is abun-
dant in the cytoskeleton of eukaryotic cells and at least six
isoforms have been identified [12, 13]. One of the best char-
acterized isoforms of actin is smooth muscle alpha-actin (α-
SMA)which is expressed in smoothmuscle cells of the vascu-
lature (e.g., myofibroblasts, blood vessels, and smoothmuscle
cells) [14]. It also exhibits significant functionality in fibroge-
nesis [15–17]. Immunostaining of ovarian neoplasms for α-
SMA alone has not produced significant results, yet staining
of α-SMA in combination with other markers has provided
more accurate results [18]. Furthermore, patterns and lev-
els of α-SMA expression can be prognostic factors and have
been related to overall survival (OS) [19]. Taken together,
these results support further investigations of the roles and
classification of surface marker expression by CAFs.

The objectives of the present study were to compare stro-
mal immunostaining ofα-SMA and FAP between borderline
ovarian tumors and ovarian epithelial malignancies, and to
evaluate possible associations with OS and disease-free sur-
vival (DFS) in patients with epithelial ovarian cancer.

http://doi.org/10.31083/j.ejgo4204118


2. Materials andmethods
2.1 Patient selection

Patients who were diagnosed with borderline or malig-
nant ovarian tumors and treated at the Pelvic Mass Out-
patient Clinic of the Discipline of Gynecology and Obstet-
rics/Oncology Research Institute (IPON) of the Federal Uni-
versity of Triângulo Mineiro (UFTM) were evaluated in this
study. The inclusion criterion was a histopathological diag-
nosis of borderline ovarian tumor and malignant neoplasm.
Patients were excluded if they received a diagnosis of torsion
of the adnexal pedicle or secondary ovarian malignant neo-
plasm (metastasis), or if they previously received treatment
or manifested recurrence.

The followingmedical record data were recorded in a spe-
cific database for this study: patient age, parity, hormonal sta-
tus, histological type, histological grade, tumor stage accord-
ing to International Federation of Gynaecology and Obstet-
rics (FIGO) criteria, lymph node metastases, OS, and DFS.
OS was calculated from the date of diagnosis until death from
any cause. DFS was calculated from the date of diagnosis un-
til the date of first recurrence. The follow-up period was 48
months.

Informed consent was obtained from each patient in-
cluded in this study. This study was approved by the
Research Ethics Committee of UFTM (protocol number,
34770014.4.0000.5154).

2.2 Anatomopathological study
All cases were reviewed by an experienced pathologist

from the Surgical Pathology Service of UFTM to select the
best cuts for conducting an immunohistochemical study.
Staging of cases was performed according to FIGO criteria
[20].

2.3 Immunohistochemical study
Specimens obtained by surgical resection were processed

in paraffin and reviewed by an experienced pathologist. For
selected cases, new sections (4 µm) were cut in silanized
sheets (ATPS—Silane, Sigma® A3648). Sections were placed
on slides and kept in an oven at 56 ◦C for 24 h before being
deparaffinized in two xylol baths (5 min each) and then dehy-
drated in three baths of absolute alcohol and one bath of 80%
alcohol. After hydration in PBS (pH 7.2) for 5 min, antigen
recovery was performed. Briefly, slides were placed in cytol-
ogy tubes containing 10 mM citrate buffer solution (pH 6.0)
or Tris-EDTA, according to the manufacturer’s instructions.
The tubes were then placed in a pot filled with distilled water
at 100 ◦C up to the indicated limit. After 30 min, the tubes
were placed on a bench to cool to an ambient temperature (22
◦C).

Immunohistochemical staining was performed with the
Novolink® Polymer Detection System (Leica Biosystems,
Buffalo Grove, IL, USA). Briefly, the slides were first washed
with distilled water and dried carefully to prevent the sec-
tions completely drying out. The slides were then incubated
with Peroxidase Block (3% hydrogen peroxide) for 5 min and

washed 3× in PBS buffer (5 min each). After a 5 min incu-
bation step with Protein Block, the slides were washed 3× in
PBS buffer (5 min each) and then incubated with antibodies
recognizing α-SMA and FAP that were diluted in 2% bovine
serumalbumin (BSA, Sigma®, St. Louis,MS,USA) according
to the manufacturer’s indications. Stainings were performed
in a humid chamber at 4 ◦C for durations recommended by
the manufacturer. In addition, staining of positive controls
was performed for each antibody, according to the manu-
facturer’s directions. After the slides were washed with PBS
buffer (5 min each), the slides were incubated with Post Pri-
mary Block for 30 min, washed with PBS buffer (5 min each),
then incubated with Novolink® Polymer. After 30 min, the
slides were washed with PBS buffer (5 min each) and devel-
oped with DAB Chromogen and Novolink DAB Substrate
Buffer (Polymer). After 5min, the slides werewashed in run-
ning water and counterstained in Harris’ hematoxylin. As a
final step, the slides were immersed in three baths of abso-
lute alcohol (10 sec each), to remove excess water; one bath
of phenylated xylol; and three baths of xylol (5 min each). A
coverslip was mounted on each slide with Entellan (-) and
two observers evaluated immunostaining of the epithelium
and stroma. Staining intensity was assessed subjectively as: 0
(no staining), 1 (weak staining), 2 (moderate staining), and 3
(strong staining).

2.4 Statistical analysis
Data were analyzed with GraphPad Instat software

(GraphPad, San Diego, CA, USA) and SPSS Statistics 20
(IBM, NY, USA). For the immunohistochemical data, agree-
ment between observers (n = 2) was performed according to
kappa: κ < 0.4: weak agreement; 0.4 ≤ κ < 0.8: moderate
agreement; 0.8≤ κ< 1.0: strong agreement; κ = 1.0: perfect
agreement. Discordant cases were reevaluated and results
were defined by consensus. Comparisons of immunostain-
ings of borderline and malignant ovarian tumors were per-
formed by using Fisher’s exact test. Survival was assessed ac-
cording to the Kaplan-Meier method and the log-rank test.
Multivariate analysis was performed with Cox regression.
Differences were considered significant for p < 0.05.

3. Results
Borderline ovarian tumors (n = 18) and malignant ovar-

ian neoplasms (n = 28) were examined and compared in this
study. Patients with the former had a median age of 48 (21–
71) years and a median parity of 2 (0–7) births. In addi-
tion, 10 (55.6%) patients were at menopause and 8 (44.4%)
patients were at menacme. Patients with malignant ovarian
neoplasms had amedian age of 56 (25–81) years and amedian
parity of 2 (0–12) births. The hormonal status of the patients
withmalignant ovarian neoplasms included 21 (75%) patients
at menopause and 7 (25%) patients at menacme.

Tumor stages among the patients diagnosed with border-
line ovarian tumorswere: IA (n = 14, 77.8%), IB (n = 1, 5.5%),
IC-2 (n = 1, 5.5%), IIB (n = 1, 5.5%), and IIIC (n = 1, 5.5%).
Tumor stages among the patients diagnosed with malignant
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Table 1. FAP immunostaining in borderline ovarian tumors
and epithelial ovarian cancer.

Staining 2/3 Staining 0/1 p

Borderline ovarian tumors (n = 17*) 5 (29.4%) 12 (70.6%)
0.0331

Malignant neoplasms (n = 28) 18 (64.3%) 10 (35.7%)

Fisher’s exact test. *In the group of borderline ovarian tumors, one of the
slides was excluded for the evaluation of FAP because the cut did not have
an adequate representation of the stroma.

ovarian cancer were: IA (n = 7, 25%), IB (n = 1, 3.5%), IC-2
(n = 1, 3.5%), IC-3 (n = 1, 3.5%), IIA (n = 1, 3.5%), IIB (n = 1,
3.5%), IIIA-1 (ii) (n = 1, 3.5%), IIIA-2 (n = 1, 3.5%), IIIB (n =
1, 3.5%), IIIC (n = 10, 37%), and IV-B (n = 3, 10%).

An analysis of histological types identified 12 (66.7%) mu-
cinous borderline tumors, 5 (27.8%) serous borderline tu-
mors, and 1 (5.5%) atypical proliferative endometrioid bor-
derline tumor among the borderline tumors. The malig-
nant ovarian neoplasms included: 18 (64.3%) serous cystade-
nocarcinomas, 3 (10.7%) mucinous cystadenocarcinomas, 5
(17.8%) adenocarcinomas, 1 (3.6%) endometrioid adenocar-
cinoma, and 1 (3.6%) clear cell carcinoma.

An evaluation of stromal FAP showed that stronger im-
munostaining (scores of 2 and 3) was more often associated
with the epithelial ovarian cancers than with the borderline
ovarian tumors (p = 0.0331) (Table 1). In contrast, there was
no statistical significance observed in the assessment of α-
SMA (p = 0.7395). A further evaluation of only the patients
with epithelial ovarian cancer showed that the patients with
a score of 3 for stromalα-SMA immunostaining had a higher
OS (p = 0.017), yet no difference in DFS (p = 0.283). More-
over, there was no statistically significant difference in OS or
DFS according to stromal FAP immunostaining (p = 0.139
and p = 0.751, respectively).

Fig. 1. Histological sections of malignant ovarian neoplasms: im-
munohistochemical staining of polyclonal anti-α-SMA (A,B, 100×);
polyclonal anti-FAP (C,D, 100×).

Fig. 2. OS and stromal immunostaining of α-SMA (Cox regression).

In Fig. 1, representative histological sections of malignant
ovarian neoplasms stained with polyclonal anti-α-SMA and
polyclonal anti-FAP antibodies are shown. A multivariate
analysis (Cox regression) demonstrated that patients with a
stromal α-SMA immunostaining score of 3 had a higher OS
compared to patients with immunostaining scores of 0, 1, or
2 [odds ratio, 0.107; 95% confidence interval, 0.018–0.649, p
= 0.015] (Table 2, Fig. 2).

4. Discussion
Both the tumor microenvironment and the stroma play

important roles in the development of cancer and metasta-
sis. Cancer cells in the tumor microenvironment also di-
rectly contribute to alterations in the local stroma. For ex-
ample,malignant cells canmanipulate themicroenvironment
by secreting various chemokines, cytokines, and other factors
to reprogram adjacent cells and support tumor development
and progression. It is also important to highlight the role of
immune cells in the microenvironment which actively par-
ticipate in tumor progression. Significant evidence indicates
that both innate and adaptive immune cells can promote tu-
mor progression and metastatic events.

CAFs exhibit tumorigenic characteristics in the tumor
microenvironment and provide an abundant source of cy-
tokines [21, 22]. CAFs are also characterized by high levels
of FAP expression in the tumor stroma. In the absence of
a pathological process, FAP expression is difficult to detect.
However, significant expression has been detected in tissue
immunomodulation sites in several tumors. Moreover, FAP
has been identified as a protein of interest in several studies of
targeted immunotherapies for certain carcinomas, mainly in
pancreas, lung, prostate, and mesothelioma, yet it remains to
be fully characterized [23–29]. In therapies related to ovar-
ian cancer, stronger immunostaining has been observed in
cancerous tissues than in borderline and benign tissues. Such
findings reaffirm the fundamental role of CAFs in the process
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Table 2. Univariate analysis (Kaplan-Meier method and the log-rank test) andmultivariate analysis (Cox regression) of the
variables age, histological grade, staging, lymph nodemetastasis and stromal immunostainingα-SMA considering epithelial

ovarian cancer and overall survival.

Variable
Univariate analysis (log-rank test) Multivariate analysis

p-value OR (95% CI) p-value

Age (>50 y vs≤50 y) 0.962 0.886 (0.210–3.735) 0.870
Histological grade (3 vs 1/2) 0.717 0.494 (0.119–2.057) 0.332
Staging (III–IV vs I–II) 0.691 0.731 (0.192–2.781) 0.646
Lymph node metastasis (yes vs no) 0.131 5.954 (0.936–37.878) 0.059
Immunostaining α-SMA 0.017 0.107 (0.018–0.649) 0.015

of carcinogenesis and metastasis of ovarian cancer. They also
reaffirm that high expression of FAP is present in malignant
neoplasms, while low or null expression is present in non-
pathological processes [30, 31]. In the current study, stronger
FAP immunostaining was associated with epithelial ovarian
cancers compared to borderline tumors.

Identifying other stromal markers is extremely relevant
for gaining a better understanding of themechanism(s)medi-
ating stroma-tumor microenvironment interactions in can-
cer. Thus, α-SMA, a member of the actin family of pro-
teins which plays an important role in the integrity ofmuscle,
motility, and cellular structure, is also important in wound
healing. For example, α-SMA regulates fibers which are one
of the main factors in myofibroblast contractility. Conse-
quently, α-SMA is a reference marker for the identification
of CAF populations. In addition, α-SMA has been identified
as a significant prognostic factor in patientswith certain types
of tumors [32–35]. For example, expression of α-SMA cor-
relates with an increased risk of recurrence in patients with
colon cancer, and fibroblasts with high expression ofα-SMA
have been strongly associated with lower OS in colon and
breast cancers [35, 36]. In the present study, an increase inOS
was associated with higher α-SMA expression in the ovarian
cancers examined, and this result contrasts with the decrease
in OS observed with α-SMA expression in colon cancer pa-
tients. These results support observations that immune re-
sponses to tumors are complex, and theymanifest in different
ways depending on the type of tumor present, among tumors
of the same type, and according to other cofactors such as tu-
mor stage and grade.

Myofibroblasts in cancer-associated stroma are specifi-
cally differentiated fibroblasts. Their abundance has been a
useful indicator of disease recurrence after curative colorec-
tal cancer surgery [36]. In addition, high α-SMA expres-
sion in tumor stroma has been associated with worse pa-
tient outcome in pancreatic cancer [37, 38]. It has previously
been demonstrated that the area of α-SMA and FAP stain-
ing is larger in more advanced stages (III and IV) of ovarian
cancer, and also in the presence of lymph node metastases
[11]. Moreover, an association between immunoexpression
of these markers with factors of poor prognosis has been re-
ported. However, to the best of our knowledge, an associ-
ation between α-SMA immunostaining and OS in ovarian

cancer has not previously been reported. Therefore, it is sig-
nificant that our multivariate analysis identified a longer OS
period for the patients in this study whose tumors exhibited
stronger immunostaining of stromal α-SMA.

CAFs have been shown to directly promote tumorigene-
sis through several mechanisms involving cell proliferation,
invasion, survival, and immune suppression [39, 40]. Thus,
FAP is a stromal marker that can potentially be indicative
of tumor growth [41, 42] and correlate with prognostic fac-
tors. Previous studies have demonstrated that stromal FAP
expression is associated with tumor progression, disease ag-
gressiveness, and the potential for metastasis development,
recurrence, and death in colon and pancreatic cancers [8–
10]. High expression of FAP in ovarian cancers treated with
cytoreduction followed by chemotherapy has also exhibited
an association with advanced disease, lymph node metastasis,
omental involvement, lymphovascular disease, and increased
angiogenesis [11]. However, in the present study, no rela-
tionship between FAP immunostaining and patient survival
was observed.

The immunohistochemical results of the present study
demonstrate that expression FAP in the peritumoral stroma
is higher in epithelial ovarian cancers compared to border-
line ovarian tumors. This result suggests that FAP may have
a more important role in carcinogenesis and tumor progres-
sion than previously considered. Moreover, higher OS was
observed for patients with strong stromalα-SMA immunos-
taining, suggesting that stromal α-SMA may serve as a valu-
able marker in prognosis and survival. Despite the limitation
of the present study that the epithelial ovarian cancers exam-
ined were not distinguished as type 1 versus type 2, the re-
sults of the present study demonstrate for the first time that
α-SMA is an independent factor related to OS in malignant
ovarian tumors. Thus, further study of α-SMA as a targeted
therapy for ovarian epithelial cancer is warranted.

5. Conclusions
Stronger FAP immunostaining characterized epithelial

ovarian cancers more often than borderline ovarian tumors.
Moreover, among the patients with epithelial ovarian can-
cer, strong immunostaining of stromal α-SMA was associ-
ated with a higher OS.
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