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FOXL2 molecular status in adult granulosa cell tumors
of the ovary: A study of primary and metastatic cases
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Abstract. Granulosa cell tumors (GCTs) of the ovary are
uncommon neoplasms, accounting for ~5% of all malignant
ovarian tumors. GCTs are a relatively homogeneous group of
tumors, categorized into two distinct subtypes, juvenile GCT
and adult GCT (AGCT), likely arising from a limited set of
molecular events usually involving the disruption of pathways
that regulate granulosa cell proliferation. In the present study,
the presence of forkheadbox L2 (FOXL2) c.402C>G muta-
tion was investigated in a series of 42 samples of primary
and metastatic AGCT of the ovary. The samples consisted of
37 primary and 5 metastatic ovarian AGCTs from 37 patients.
FOXL2 mutational status was evaluated using a pyrose-
quencing approach on 2.5-ym sections of formalin-fixed
paraffin-embedded tissue. FOXL2 ¢.402C>G mutation was
found in 33/37 (89.2%) primary AGCTs and in 4/5 (80.0%)
metastases, with the molecular status of the metastases reca-
pitulating that of the primary tumors (4 mutated cases and
1 wild-type case). Overall, FOXL2 mutation is present in the
majority of primary and metastatic AGCTs, and could be used
as a valid tool in the diagnosis of the disease and in cases of
metastatic lesions from an unknown primary origin. More-
over the concordance of FOXL2 molecular status in primary
and associated metastases suggests its early appearance and
genomic stability in AGCT tumorigenesis.
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Introduction

Granulosa cell tumors (GCTs) of the ovary are uncommon
neoplasms, accounting for ~5% of all malignant ovarian
tumors (1). The tumors can be further categorized into two
distinct subtypes, juvenile GCT (JGCT) and adult GCT
(AGCT), with the latter accounting for 95% of GCTs and most
commonly presenting during the perimenopausal or early
postmenopausal period (2).

AGCTs are characterized by slow, indolent growth, with a
favorable prognosis and a tendency to late recurrence; however,
those patients who experience recurrence and/or are at an
advanced stage, have a poor prognosis, with ~80% of them
succumbing to the disease (2). The majority of recurrences
occur in the peritoneal cavity, although the retroperitoneal
lymph nodes, upper abdominal solid organs, lungs and skel-
eton may be involved (3).

GCTs are considered to be a relatively homogeneous group
of tumors, likely arising from a limited set of molecular events,
usually involving the disruption of pathways that regulate
granulosa cell proliferation (4,5). Indeed, GCTs exhibit a gene
expression profile consistent with that of normal proliferating
granulosa cells of preantral follicles (6-8).

In 2009, Shah er al (9) identified a single somatic missense
mutation (p.C134W) in the forkheadbox L2 (FOXL2) gene,
which was present in 97% of AGCTs and absent in other
tumors, suggesting it was of diagnostic significance, as demon-
strated by other two different studies (9-11).

In the present study, the molecular status of FOXL2 was
analyzed in a series of 37 primary ovarian AGCTs and 5 asso-
ciated metastases.

Patients and methods

Case selection. A total of 37 consecutive patients with a proven
diagnosis of AGCT of the ovary were included in the present
study. Metastases developed in 5 of these patients, therefore, a
final series of 42 samples (37 primary and 5 metastases) were
available for the study. In all cases, the histological diagnosis
was formulated after an extensive and careful evaluation of
tumor specimens by an experienced gynecological pathologist.
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Figure 1. Ovarian adult granulosa cell tumor (A) showing increased mitotic
activity and (B) a high level of a-inhibin expression by immunohistochemical
analysis (magnification, x100).

In all cases, according to International Federation of Gyne-
cology and Obstetrics (FIGO) and World Health Organization
(WHO) criteria (12,13), a final diagnosis of AGCT of the
ovary was formulated. At the time of admission to hospital,
patients provided written informed consent for their clinical
data to be collected and analyzed for research purposes. All
tissue samples were obtained from the Catholic University of
The Sacred Heart (Rome, Italy). The study was approved the
institutional review board of the Catholic University of The
Sacred Heart.

Molecular analysis. The PyroMark Q24TM system (Qiagen
GmbH, Hilden, Germany) was used for the pyrosequencing
analysis of FOXL2, exon 1, codon 134 mutations, from
formalin fixed paraffin-embedded tissues of primary GCTs
and associated metastases. Briefly, all the slides were reviewed
by a pathologist to evaluate the percentage of tumor cells
(>90% tumor cells) prior to performing the manual dissec-
tion of the tumor area, thus avoiding the samples containing
tumor necrosis or few neoplastic cells. Next, all tumors
underwent genomic DNA extraction, using the QIAamp DNA
FFPE Tissue kit (Qiagen GmbH), according to the manufac-
turer's protocols. A custom Pyro assay was designed and a
50-bp region containing codon 134 of FOXL2 was amplified
by polymerase chain reaction (PCR; GeneAmp PCR System
9700; Applied Biosystems Inc., Foster City, CA, USA) using
biotinylated forward (5'-CAACTACTGGACGCTGGA
CC-3") and unlabeled reverse (5'-TGCCCTTCTCGAACA
TGTCT-3") primers. The cycling conditions were as follows:
Initial step at 95°C for 15 min, followed by 45 cycles of dena-
turation at 94°C for 30 sec, annealing at 60°C for 30 sec and
extension at 72°C for 30 sec, and a final extension at 72°C
for 10 min. A unidirectional primer (5'-CCTTCTCGAACA
TGTCT-3'") targeting the coding strand was used to detect
the c.402C>G, p.Cys134Trp mutation by pyrosequencing
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A2: TCG/CCAGGCOGGGTCCAGOGTCCAGTAGT

A3: TCG/ CCAGGCCGGGTCCAGCGTCCAGTAGT

Figure 2. (A) Pyrogram trace of an AGCT wild-type case showing the absence
of FOXL2 p.C134W mutation. (B) Pyrogram trace of an AGCT mutant case
showing the presence of FOXL2 p.C134W mutation with a mutant allele
population of ~56%; (C) Pyrogram trace of an AGCT mutant case showing
the presence of FOXL2 p.C134W mutation with a mutant allele-specific
imbalance of ~62% (MASI). AGCT, adult granulosa cell tumor; MASI,
mutant allele-specific imbalance; WT, wild-type; FOXL2, forkheadbox L2.

Figure 3. Ovarian adult granulosa cell tumor showing a high level of Ki-67
expression (immunohistochemical staining; magnification, x100).

using the PyroMark Q24TM system (Qiagen GmbH), and the
PyroMark TM-Q24 software (Qiagen GmbH) was used for
data analysis.

Results

The median age of the study population was 46 years
(range, 24-75), with 5/37 (13.5%) women at FIGO stage II, in
line with literature data (14-16). According to the WHO clas-
sification of tumors of the female reproductive organs (13),
histological features, including uniform pale and round nuclei
andnuclear grooves,and a-inhibinimmunohistochemistry were
consistent with the diagnosis of AGCT in all cases (Fig. 1). All
samples tested for the mutation contained at least 90% tumor
cells by histological evaluation. In total, 33 out of 37 (89.2%)



ONCOLOGY LETTERS 12: 1159-1163, 2016

Table I. Percentage of FOXL2 ¢.402G>C mutation in AGCTs
shown in the literature.

% FOXL2

First author, year AGCT mutation (Ref.)
Shah et al, 2009 97.0 ®
Schrader et al, 2009 97.0 (10)
Kim et al, 2010 94.6 (11)
Rosario et al, 2013 69.2 (14)
D’Angelo et al, 2011 70.0 (15)
Kommoss et al, 2014 94.0 (16)
Kim et al, 2010 97.0 (25)
Jamieson et al, 2010 93.0 (26)
Al-Agha et al, 2011 93.0 27)
Benayoun et al, 2010 95.0 (28)
Present study 89.0

FOXL2, forkheadbox L2; AGCT, AGCT, adult granulosa cell tumor.

Al: TCG/ CCAGGCCGGGTCCAGCGTCCAGTAGT

Ad: TCG/ CCAGGCCGGETCCAGLGTCCAGTAGT .
|c: 67%
G: 33%
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Figure 4. Pyrogram traces of a primary adult granulosa cell tumor mutant
case and its associated metastasis showing the full concordance and the
stability of forkheadbox L2 p.C134W mutation.

primary AGCTs exhibited the FOXL2 ¢.402C>G mutation
on pyrosequencing analysis. Only 6/33 (18.2%) presented
with a wild-type molecular profile (Fig. 2A); the majority of
mutated tumors (27/33; 81.8%) showed a heterozygous pattern
with a mutant allele population of ~50% (Fig. 2B), whereas
6/33 mutated samples (18.2%) showed a non-heterozygous
pattern with a mutant allele-specific imbalance (MASI) of
~70% (Fig. 2C).

On the basis of the molecular status, the 4 cases showing no
FOXL2 c.402C>G mutation (wild-type cases) were reviewed,
and the diagnoses of AGCT were confirmed on the basis of
morphological and immunohistochemical findings. However,
all the primary ovarian wild-type cases (4/4) presented with
a high mitotic index, as shown by Ki-67 expression (Fig. 3).

With regard to the metastases, 4/5 (80.0%) cases presented
with the FOXL2 c. 402C>G mutation, with full concordance
between the FOXL2 c.402G>C mutation in primary and
matched metastases. Notably, in one case, the MASI was found
in the ovarian primary tumor and the associated metastasis

1161

(Fig. 4). The other metastatic samples (as well as their associ-
ated primaries) showed no MASI.

Discussion

The FOXL2 gene is located on chromosome band 3q22.3 and
encodes forkhead box protein L2, a forkhead-winged helix
family of transcription factors, whose expression has been
consistently observed in the developing eyelids and predomi-
nantly in the granulosa cells of fetal and adult ovaries (17-20).
In the ovary, FOXL2 plays an important role in the formation
of follicles and is required for ovarian maintenance (17,21).

FOXL2 is involved in multiple dysfunctional states in
the human ovary. Germline mutations in FOXL2 lead to
the development of blepharophimosis, ptosis and epicanthus
inversus syndrome, with or without accompanying premature
ovarian failure (POF) (22). In addition, FOXL2 has also been
implicated in sporadic POF (23,24). Indeed, somatic mutations
located in the forkhead domain of FOXL2 have been associ-
ated with the development of AGCT. In 2009, Shah et al (9)
used whole transcriptome ‘next-generation’ sequencing on
4 AGCT cases and first identified a unique recurring somatic
missense mutation, p.C134W (c.402C>G) in the FOXL2
gene. Subsequently, using direct sequencing, this mutation
was confirmed in 97% of a cohort of 89 patients affected by
AGCTs and in only 1 out of the 10 JGCTs (9). Notably, other
studies on a variety of tumors have demonstrated the high
specificity of the p.C134W mutation for ovarian AGCT, with
the FOXL2 p.C134W mutation found in >90% of AGCTs and
10-20% of ovarian thecomas in multiple case series (9,25-27).
The incidence of the FOXL2 p.C134W mutation in the present
study was 89%, a result in line with certain literature data, but
slightly lower than other reported incidences of 94-97% for
mutant adult-type tumors (Table I) (9-11,14-16,26,28).

The variation in the reported incidence, ranging from
70-100% may be associated with different causes, such as
the sensibility of the methodologies used in detecting the
mutation, and in the case and patient selection (i.e., different
geographical areas with different incidences). In particular,
Kommoss et al (16) reported an initial FOXL2 mutation rate of
87% using Sanger sequencing analysis, and then a rate of 94%
using a Tag-Man assay approach of higher sensitivity. More-
over, in this study, following expert review, Kommoss et al
confirmed the diagnosis of AGCT in only 2 of the 6 initial
wild-type AGCTs: 1 case was classified as a pure wild-type
AGCT and another case was diagnosed as a mixed adult and
juvenile wild-type GCT (16).In the present series, the FOXL.2
wild-type cases were reviewed and the initial diagnosis of
AGCT was confirmed in all cases, on the basis of the morpho-
logical and immunohistochemical findings. However, all these
cases presented with an elevated mitotic index, as shown
by Ki-67 expression. On the basis of these findings, certain
considerations should be taken into account: If the hot-spot
FOXL2 mutation p.C134W is considered specific to AGCT,
one could argue that the reported wild-type cases simply
represent tumors resembling AGCT instead of true AGCT,
on the basis of the morphological and immunohistochemical
findings. Larger series, with clinical findings and follow-up
data, are required to support this hypothesis and to identify
wild-type AGCT as a distinct clinicopathological entity.
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Little is known regarding relapsing or metastasizing
AGCTs and FOXL2 molecular status, and to the best of our
knowledge, this is the first series (albeit small) on the topic.
Among 5 cases of ovarian primary AGCT and their associ-
ated metastases, the present data showed 4 cases of FOXL2
¢.402G>C mutation (80%) and 1 wild-type case (20%), demon-
strating the total concordance of the AGCT molecular status
and highlighting the early appearance of p.C134W mutation
in AGCT along with its genomic stability (Fig. 3). This data
is in keeping with the 2013 study by Kommoss et al (29),
which highlighted the utility of FOXL2 mutation testing in
the original and relapsed tumor, in a single case of unclear or
mistaken gynecological diagnosis (29). As a practical conse-
quence, in cases of metastasis from unknown primary lesions,
the positivity of the molecular analysis of FOXL2 could assist
the pathologist in finding the correct diagnosis of GCT of the
ovary, as shown by the present data.

According to the present study findings, the FOXL2
p-C134W mutation could be considered as an almost universal
feature of AGCT, supporting the application of molecular
analysis for FOXL2 to differentiate this tumor from other
ovarian malignancies (9,11). Moreover, in the present study,
the concordance of the FOXL2 molecular status in primary
and metastatic AGCT was shown, suggesting this mutation to
be an early event in AGCT tumorigenesis.

To date, few studies have investigated the pathogenicity
and the clinical significance of the FOXL2 p.C134W mutation.
The 402C>G mutation results in a substitution of cysteine with
tryptophan at amino acid position 134 (Cys134Trp). Computer
modeling suggests that the presence of tryptophan does not
disrupt the folding of the forkhead domain or its ability to
interact with DNA, but that it may affect the interaction with
other transcription factors (9). Actually, previous unbiased
whole transcriptome analyses of GCT patient samples and cell
lines indicated that FOXL2 with p.C134W mutation is unable
to downregulate genes involved in the control of the cell cycle,
and does not upregulate (as wild-type FOXL2) genes involved
in cell death (30,31).

The clinical significance of FOXL2 and the type of its
mutation (i.e., MASI or not) is a moot point. The present
study reported 6 cases of AGCT showing FOXL2 mutations
of MASI type. MASI has been previously reported in several
tumors harboring oncogenic mutations, which are most
commonly due to copy number gain or copy neutral loss of
heterozygosity (32,33). MASI has been shown to impact the
mutant allele transcription levels, and increased oncogene
function has been noted in tumors with an excess mutant
allele population. MASI has therefore been implicated as a
possible tumor progression factor (32). MASI for FOXL2
p-C134W mutation has rarely been reported in cases of AGCT.
According to Rosario et al (14), tumors showing MASI have to
be homozygous for FOXL2 mutation rather than hemizygous;
this conclusion is in contrast to that of previously published
literature data (33,34). Notably, patients believed to be homo-
zygous for p.C134W mutation have demonstrated significantly
higher relapse rates, and the mutant tumors tended to exhibit
higher FOXL2 expression than wild-type tumors, suggesting
that the mutant FOXL2 allele may increase the expression
of mutant FOXL2, possibly with involvement in recurrent
disease (14,15). This, however, is not supported by the present
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data, since only 1/5 metastatic AGCTs was associated with a
MASI status of FOXL2 mutation, thus suggesting that other
studies are required to better understand the clinical signifi-
cance of the FOXL2 mutation in AGCT.

In conclusion, the present study showed that AGCT of the
ovary typically presents with FOXL2 mutation, and that this
mutation is maintained even in metastatic AGCT, suggesting
that this is an early event in AGCT pathogenesis. The results
of the present study suggest the use of the molecular study of
FOXL2 as a diagnostic tool in primary AGCT and its metas-
tases.
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