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Novel immunohistochemical marker in the differential
diagnosis of sex cord-stromal tumors: SF-1
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Abstract

Aim: Sex cord-stromal tumors are relatively uncommon tumors which constitute approximately 8% of all primary ovarian neoplasms.
Morphologic differentiation of non-SCST from SCSTs can be challenging due to microscopic overlap. Immunohistochemistry is
beneficial in challenging cases. Inhibin and calretinin have limited sensitivity and specificity, a more sensitive marker is required.
SF-1 is known as a promising immunohistochemical marker in the differentiation of SCST from non-SCST ovarian tumors. For this
purpose, various non-SCSTs (metastatic and non-metastatic) having morphologic overlap with SCSTs, and multiple SCSTs were

stained with SF-1 antibody to elucidate its importance in morphologically challenging cases.
Materials and Methods: Twenty-three SCST, 40 non-SCSTs, and an ectopic adrenal tissue were stained with SF-1, and also the
percentage and the intensity were scored. SF-1 immunoreactivity was seen in all 23 SCST with varying degrees of intensity and

percentage. In contrast, non-SCSTs were negative in all

regarding to SF-1. Ectopic adrenal gland tissue and ovarian stroma are positive as non-tumoral lesions.

Results: In our series, SF-1 immunoreactivity was seen in all 23 SCST and ectopic adrenal tissue with varying degrees of intensity
and diffuseness. In contrast, non-SCSTs were all negative concerning SF-1. In addition; we observed nuclear positivity with SF-1 in
15-75% of the sclerosing stromal tumor cells, whereas inhibin and calretinin were negative in all 4 cases.

Conclusion: Our data shows that SF-1 is a nuclear, reliable and surrogate marker for all SCSTs, and can be used routinely.
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INTRODUCTION

Sex cord-stromal (SCS) tumors constitute approximately
8% of all primary ovarian neoplasms (1,2). Most of them
are fibromas and granulosa cell tumors account for %1
of all ovarian tumors and they are commonly adult-type
and are frequently seen in postmenopausal women (3,
4). According to 2020 World Health Organization (WHO)
classification; ovarian SCS are classified into three groups;
pure stromal tumors, (fibroma, cellular fibroma, thecoma,
sclerosing stromal tumor etc.), pure sex cord tumors
(adult granulosa cell tumor, juvenile granulosa cell tumor,
Sertoli cell tumor, etc.), and mixed-sex cord-stromal
tumors (Sertoli-Leydig cell tumors, sex cord-stromal
tumors, not otherwise specified and gynandroblastoma).
Morphologic differentiation of non-SCST from SCS
tumors can be challenging due to microscopic overlap.
Immunohistochemistry is beneficial in challenging cases.
In particular, an inhibin / calretinin / FOXL2 (+) EMA / CK
7 (-) panel is helpful to exclude tumors of epithelial origin

(1). Approximately 10% of cases remain unclassified
(2). Inhibin has 71% sensitivity and 99% specificity,
while calretinin has 97% sensitivity and 85% specificity
(5). Moreover, optimal results are not always achieved.
Consequently, a more sensitive marker is required.
Steroidogenic Factor-1 (SF-1) is a nuclear receptor that is
encoded in the NR5A1 gene. It has been identified as the
key regulator for gonadal and adrenal functions. Although
its role in sex cord differentiation has not documented
yet, SF-1 is known as a promising immunohistochemical
marker in the differentiation of SCST from non-SCST
ovarian tumors (2,3). For this purpose, various non-SCSTs
(metastatic and nonmetastatic) having morphologic
overlap with SCSTs, and multiple SCSTs were stained
with SF-1 antibody to elucidate its importance in
morphologically challenging cases.

MATERIALS and METHODS

Ninety SCSTs and 64 non-SCSTs were identified by the
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system between 2004 and 2016. Using World Health
Organization criteria, those cases which paraffin blocks
and slides found in the archives were re-evaluated, and the
diagnosis were confirmed by an expert pathologist (AU).
Cases that did not display a histological differential with
SCSTs and consultation cases without paraffin blocks
were excluded from the study. Finally, 23 SCST, 40 non-
SCST, and an ectopic adrenal tissue were retrieved. Definite
diagnosis of 23 SCSTs indicated granulosa cell tumors in
3 cases, Sertoli-Leydig cell tumors in 5 cases, steroid cell
tumors in 3 cases, sclerosing stromal tumors in 4 cases,
juvenile granulosa cell tumors in 3 cases, a high grade
SertoliLeydig cell tumor in 1 case, an undifferentiated sex
cord-stromaltumorin 1 case, pregnancy luteomain 1 case,
stromal luteoma in 1 case, and thecoma with minor sex
cord-stromal elements in 1 case. Of 40 non-SCST tumors,
12 were metastatic (5 lobular carcinoma metastasis, 6
ductal carcinoma metastasis, 1 metastasis of ductal and
lobular carcinoma) while 28 were primary (11 Brenner
tumors, 8 endometrial stromal sarcoma, 7 mesothelioma,
1 borderline Brenner tumor, 1 hypercalcemic type small
cell carcinoma). 5 microne sections were stained using an
automated Leica Bond Max stainer (Shandon, Frankfurt,
Germany). After heat-induced antigen retrieval (ETDA
based), a primary antibody (SF-1 Clone N1665, Mouse
Monoclonal Antibody, Ready-to-use, Thermo Scientific,
USA) was applied and incubated for 30 minutes. Antigen
detection was performed according to the recommended
procedure. Diaminobenzidine was used as the chromogen,
and counterstained with hematoxylin. Evaluation of the
slides was performed with internal and external controls.
Any degree of nuclear staining was accepted as positive.
For positively staining tumors, diffuseness scoring was
performed based on the percentage of the nuclear positive
cells. A score of 0 indicated fewer than 10% positive
tumor cells, a score of 1 indicated that positive staining
was present in 10-49% of the tumor cells, a score of 2
indicated 50-75% positive reaction of the neoplastic cells,
a score 3 indicated that positive staining was present in
>75% of the tumor. The degree of intensity was scored 0
in the absence of any staining, weak staining is scored as
1, moderate staining was scored as 2 and strong staining
was scored as 3. This study was conducted with the
approval of the Ethics Committee of Non-Interventional
Clinical Applications of Hacettepe University (approval
number 16969557-387).

RESULTS

SF-1 immunoreactivity was seen in all 23 SCST and
ectopic adrenal tissue with varying degrees of intensity
and diffuseness. In contrast, non-SCSTs were all negative
concerning SF-1. 5 Sertoli-Leydig cell tumors (Figure T,
2), 3 steroid cell tumors, 3 juvenile granulosa cell tumors,
1 undifferentiated sex cord-stromal tumor, 1 pregnancy
luteoma and 1 thecoma with minor sex cord-stromal
elements showed strong staining in 75% or more of the
cells. 4 cases (3 granulosa cell tumors and 1 stromal
luteoma) showed strong staining in 50-75% of the cells, 5
cases (4 sclerosing stromal tumors (Figure 3, 4 and Table
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1) and 1 high-grade Sertoli-Leydig cell tumor) showed
variable positive staining. We searched the archive for the
immunohistochemical stains of inhibin and calretinin for
four sclerosing stromal tumors in our series and inhibin
and calretinin were found to be negative in all four cases.
In the case of 40 non-SCSTs (lobular carcinoma and
ductal carcinoma of breast, benign and borderline Brenner
tumors, endometrial stromal sarcoma, mesothelioma,
hypercalcemic type small cell carcinoma) there was
complete negativity concerning SF-1 except in the case
of ectopic adrenal. Ectopic adrenal tissue reacted strongly
in 50-75% of the cells. Besides, in 10 cases, tumor blocks
include normal ovarian parenchyma; all of which were
shown to be weakly and diffusely nuclear positive (Figure
5).
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Figure 2. Sertoli-Leydig cell tumor, more than 75% of tumor cells
are strongly nuclear positive with SF-1 (x100)

Figure 3. Sclerosing stromal tumor, H&E (x100)



Ann Med Res 2022;29(1):36-40

7 Goair Vran, e ¢ 515 ¢
e S A AN AL T

Figure 4. Sclerosing stromal tumor, 50-75% tumor cells are
positive with SF-1 (x100)
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Figure 5. Metastatic breast carcinoma, all tumor cells are
negative while ovarian stroma is positive with SF-1 (x100)

Table 1. Staining percentage and intensity scoring of SF-1 of tumor

cells in sclerosing stromal tumors

Case number of

sclerosina stromal SF-1 Staining SF-1 Staining

9 (%) and Score Intensity Score
tumors
1 >75% (Score 3)  Strong staining (Score 3)
2 >75 % (Score 3)  Strong staining (Score 3)
3 30% (Score 1) Weak staining (Score 1)
4 15% (Score 1)  Moderate staining (Score 2)
DISCUSSION

Ovarian masses are usually asymptomatic and diagnosed
incidentally by ultrasonographic examination. They
are most often symptomatic when complications
exist as torsion, hemorrhage or rupture, and the most
common symptom is abdominal pain (6,7). Sex cord-
stromal tumors (SCST) account for approximately 8% of
primary ovarian neoplasms (1). These tumors comprise
a heterogeneous group and are formed by diverse cell
types that arise from the primitive sex cords or stromal
cells. The stromal cells include theca cells, fibroblasts,
and Leydig cells whereas the gonadal primitive sex
cords include granulosa cells and Sertoli cells (8-10).
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Such tumors have a wide spectrum of morphological
appearances (2). Sometimes, due to morphological
overlap and diversity, SCST can be confused with non-
SCST, especially the ones metastasized to the ovary. For
this reason, immunohistochemistry is a frequently applied
method for differential diagnosis. Even though it has low
sensitivity, the hormone polypeptide inhibin has been used
for many years as a conventional marker for SCST (4,5,11).
Also, a mesothelium marker — calretinin - which is more
sensitive than the aforementioned marker for ovarian
SCST, has also been widely used (5). Recently, inhibin and
calretinin have been compared, and it has been suggested
that other markers such as EMA, should be added to the
panel (12). In addition to conventional markers, CD56,
WT-1, CD99, and FOXL2 have also been found to have an
important role to play in SCST diagnosis (11,13-15). Lately,
FOXL2 and DICER1 mutations have been identified as
crucial diagnostic tools, and offer promising therapeutic
options (1,2,16-19). SF-1 is a nuclear transcription factor
that requlates the steroidogenesis gene for gonads
and adrenal gland development, sexual differentiation,
reproduction, and metabolism. It is reported to be a
sensitive and specific marker for Sertoli cell tumors and
is diagnostically comparable with other conventional sex
cord-stromal markers (3). By obtaining strong nuclear
positivity in Sertoli and Leydig cell tumors, Sangoi AR. et al.
found supportive evidence that SF-1 was not expressed in
testicular germ cell tumors and was a specific marker for
SCST (20). By obtaining 100% positive staining in Sertoli
cell tumors, Zhao et al. compared WT-1 and inhibin in the
differential diagnosis of ovarian Sertoli cell tumors and
other tumors and found that SF-1 is a useful marker (3).
In a study by Irving et al. of microcystic stromal tumors
(MST), SF-1, FOXL2, and WT-1 showed diffuse nuclear
positivity and SF-1 showed positivity in the differential
diagnosis of ovarian SCSTs and supported the diagnosis
of MST (21). Sclerosing stromal tumors, a rare SCST, often
presents with diagnostic difficulty as its immunoreactivity
is variable. Uterine tumor resembling sex cord stromal
tumors (UTROSCT) are also difficult area of gynecologic
diagnostic pathology, especially in differentiating from its
potential histologic mimics. Recently it was shown that
SF-1 is %100 specific in UTROSCT (22). A distinct entity
called female adnexal tumor (FATWO) is a rare tumor
resembles endometrioid adenocarcinoma and Sertoli-
Leydig cell tumors. PAX8 and SF-1 immunohistochemistry
was found to be helpful marker in the distinction between
FATWOs and tumors with FATWO-like areas that is,
endometrioid adenocarcinomas with a prominent spindle
cell component and SCTs, respectively (23). Moreover,
SF-1 and SALL-4 are sensitive and specific markers could
be used to distinguish yolk sac tumor and sex cord stromal
tumors in difficult situations (24). Our study includes
SCSTs and morphologically SCST mimicking non-SCSTs.
Our data could be helpful in routine practice in that it gives
exact data for the reliability of SF-1 in morphologically
SCST mimicker non-SCST cases. Moreover, our series
includes 4 sclerosing stromal tumors; all of which is
positive whereas, inhibin and calretinin were negative in
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all 4. Two sclerosing stromal tumor is positive with more
than %75 of the tumor cells with score 3 intensity, 1 case
has positive staining of %30 tumor cells with score 1
intensity, 1 sclerosing stromal cell tumor is positive with
%15 distribution with score 3 intensity (Table 1). Therefore,
positive staining with SF-1 is an important finding in the
case of sclerosing stromal tumors. It seems that this is
the first data concerning SF-1 expression in sclerosing
stromal tumors in the English literature. Additionally, SF-1
is consistently negative in morphologically mimicker non-
SCSTs. Ectopic adrenal tissue and ovarian stroma is SF-1
positive non-tumoral lesions. Zhao et al. also showed a
positive ovarian stromal reaction with SF-1 in their sertoli
cell tumor series (3). The SF-1 interpretation facility
should be noted as a nuclear marker. As a conclusion, in
this paper, it is reported that nuclear SF-1 is positive in
all SCST cases, including sclerosing stromal tumors, and
negative for all the non-SCST cases, regardless of tumor
origin (primary or metastatic).

CONCLUSION

Thus, our data shows that SF-1 is a nuclear, reliable and
surrogate marker for all SCSTs, and can be used in routine
diagnostic practice.
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