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ABSTRACT

Objective

Adult granulosa cell tumors (AGCTs) are the most common type of ovarian sex cord-
stromal tumors (SCSTs). Their morphological appearances are heterogeneous and other 
tumors can easily mimic AGCT. Therefore a variety of differential diagnoses of AGCT of 
the ovary exist. Retrospective studies have shown that the histopathological diagnosis 
can be problematic in 20-50% of AGCTs. The use of immunohistochemical stainings 
is especially helpful to differentiate from tumors that fall outside the group of SCSTs. 
Recently, molecular analysis of the Forkhead box L2 (FOXL2) (402CàG) mutation and 
FOXL2 immunohistochemical staining have been suggested to be relevant for further 
sub-classification within the group of SCSTs and a more accurate diagnosis of AGCT. In 
this retrospective study we assessed the prevalence of AGCT after histopathological 
review with and without immunohistochemical and mutation analysis of FOXL2. 

Methods

Seventy-nine tumors, initially diagnosed as AGCT between 1962 and 2013 in the 
Netherlands, were subjected to immunohistochemical stainings (including inhibin, 
calretinin, cytokeratin 7 (CK7), epithelial membrane antigen (EMA), Forkhead box L2 
(FOXL2), estrogen (α) receptor (ER), progesterone (αβ) receptor (PR), androgen receptor 
(AR), beta-catenin, epithelial-cadherin (E-cadherin), the transcription factor GATA4 and 
human epidermal growth factor receptor 2 (HER2). FOXL2 mutation status was assessed 
by Sanger sequencing and a TaqMan assay. All cases were reviewed by an expert 
gynecopathologist. Clinicopathological characteristics were already available.

Results

After first revision, using only a Hematoxylin and Eosin staining, of all tumor samples 
there were 6 samples that were originally diagnosed as adult GCTs that were given a 
conclusive diagnosis of another tumor type. After combining review with the results 
of immunohistochemistry stainings and FOXL2 mutation status analysis, AGCT was 
confirmed in 62 of the 79 tumors. The original diagnosis was revised in 15 out of 79 
samples (19%). FOXL2 mutation could not be assessed in 2 out of 79 cases. Sixty out of 
62 AGCT (97%) contained a FOXL2 mutation and none of the tumors that had a revised 
diagnosis. 

Conclusions

In this retrospective study we could confirm that more than 95% of AGCT contain a 
somatic FOXL2 mutation. This study illustrates that in cases where a diagnosis of AGCT is 
considered, morphological assessment should be combined with immunohistochemistry 
and FOXL2 mutational analysis for optimal diagnosis of AGCT. 
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INTRODUCTION

Granulosa cell tumors (GCT) belong to the group of sex-cord stromal tumors (SCSTs) of 
the ovary and account for 70% of all sex-cord stromal tumors and for 2-5% of all ovarian 
malignancies. There are two types of GCTs, an adult type (AGCT), representing 95% of all 
GCTs, and a juvenile type (JGCT).1 The tumor cells in AGCT can grow in various patterns; 
including follicular patterns with Call Exner bodies, insular, trabecular and diffuse. 
Because of these heterogeneous growth patterns they can show significant morphologic 
overlap with other tumors precluding an accurate diagnosis of AGCT. 

It can be very difficult to distinguish AGCT from other diagnoses such as endometrioid 
carcinomas, undifferentiated and poorly differentiated carcinomas, carcinoid and benign 
thecomas. Retrospective studies have shown that the histopathological diagnosis of 
AGCT can be problematic in 20% up to 50%.2,3 Therefore, in addition to morphologic 
analysis, immunohistochemistry is usually performed with inhibin and calretinin staining 
to confirm the diagnosis, and cytokeratin 7 (CK7) and epithelial membrane antigen (EMA) 
to exclude the diagnosis of a carcinoma.4 Different pathological, immunohistochemical 
and molecular markers have been previously studied in adult GCTs. However, contrasting 
results are described.4-6

Although immunohistochemistry can be useful to differentiate AGCTs from other 
tumors, it is not possible to distinguish them from other SCSTs.7, 8 Recently, it has been 
shown that more than 95% of ovarian AGCT tumors harbor a somatic missense mutation 
in codon C134W (402CàG) of the Forkhead box L2 (FOXL2) gene.9 This mutation is not 
commonly found in solid tumors10, making FOXL2 mutation testing relevant to accurately 
diagnose AGCT. In this retrospective study we assessed the prevalence of AGCT after 
histopathological review with and without immunohistochemical and mutational 
analysis of FOXL2.

MATERIALS AND METHODS

Patient cohort

This study is a nested study of 127 patients initially diagnosed with a primary AGCT 
between 1962 and 2013. All patients with AGCT were identified from tumor registry 
databases of the Center for Gynecologic Oncology Amsterdam (CGOA), consisting 
of 3 referral hospitals for gynecologic oncology. We were able to retrieve primary 
tumor tissue for 79 out of 127 patients (62%). The baseline clinical characteristics and 
outcomes of these patients have been previously described.11 Clinical data included age 
at first diagnosis, diameter of the tumor, clinical International Federation of Gynecology 
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and Obstetrics (FIGO) stage, initial treatment and adjuvant therapy. The study material 
was strictly handled after anonymization of the data according to the national ethical 
guidelines of ‘Code for Proper Secondary Use of Human Tissue’ developed by Federation 
of Medical Societies (FMWV) in the Netherlands.12 Therefore, the need for obtaining 
informed consent was waived by the Medical Ethical Committee of the Academic 
Medical Center. 

Pathological review

To confirm or revise the original diagnosis, all 79 primary AGCT were independently 
reviewed by an expert gynecopathologist (Cyril Blake Gilks) at Vancouver General 
Hospital, University of British Columbia, Vancouver, Canada. The revision consisted of 
two reviews. The first review was using histological assessment of the tumor only. During 
this review the tumors were categorized into the following groups: (1) a conclusive 
diagnosis of either a confirmed or revised diagnosis of AGCT or (2) an inconclusive 
differential diagnosis requiring additional immunohistochemical analyses and FOXL2 
mutation status for assisting in making a final diagnosis. Independently of the final 
diagnoses the following morphological features were reviewed at the Academic Medical 
Center, Amsterdam, The Netherlands; presence of Call-Exner bodies, mitotic index of the 
tumor (≥5 mitosis per 10 HPF), nuclear atypia (mild, moderate or severe) and necrosis 
(present or absent).

Tissue microarray construction

A Haematoxylin and Eosin (H&E) stained section from each tumor was used to identify a 
morphologically representative area of the tumor.  For 73 out of 79 tumors we were able 
to take three cores with thickness of 1.0 mm. These cores were collected using a TMA 
instrument (Beecher Instruments, Silver Springs MD, USA) and inserted in a recipient 
paraffin block. Each recipient block was sectioned at 4 μm, dried overnight at 37ºC.  For 
the remaining 6 tumors, IHC was performed on whole sections instead of TMA.

Immunohistochemical analysis

For all 79 AGCT, we analyzed expression of inhibin, calretinin, cytokeratin 7 (CK7), epithelial 
membrane antigen (EMA), and FOXL2 to assist in the differential diagnose of AGCT. A 
variety of immunohistochemical markers including expression of estrogen (α) receptor 
(ER), progesterone (αβ) receptor (PR), human epidermal growth factor receptor 2 (HER2), 
androgen receptor (AR), beta-catenin, epithelial-cadherin and the transcription factor 
GATA4 were also analyzed using IHC on the tissue microarrays (TMA) and whole sections. 
Antibody details, staining and scoring procedures are given in Supplementary Table 1.  
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FOXL2 mutation analysis

A H&E stained section from each tumor was used to identify a morphologically 
representative area of the tumor. Genomic Deoxyribonucleic Acid (DNA) was isolated 
from this tumor area in the FFPE tissue block using the QIAamp DNA Mini Kit (Qiagen), 
according to the manufacturer’s instructions. FOXL2 gene was amplified for mutational 
analysis, using MyTaqTM DNA Polymerase (Bioline) and the following oligonucleotides PCR 
primers: 5´-CACAACCTCAGCCTCAACG-3´ (forward) and 5´-CTCCGGCCCCGAAGAGCC-3´ 
(reverse). Bidirectional Sanger sequencing of all PCR products was performed 
subsequently on a DNA engine DyadTM Thermal Cycler (MJ Research) using the BigDye® 
Terminator v1.1 Cycle Sequencing Kit (Applied Biosystems®) according to standard 
guidelines. Sequencing fragments were detected by capillary electrophoresis using 
an automated 3730xl DNA Analyzer (Applied Biosystems). In addition we performed 
TaqMan real-time PCR based allelic discrimination assay as described earlier.13

RESULTS

Pathological revision 

After the first expert review, using only a H&E, the diagnoses of 6 samples that were 
originally diagnosed as AGCTs were revised into a conclusive diagnosis of another tumor 
type. After the second review of the tumor samples, incorporating immunohistochemistry 
and FOXL2 mutation status, in addition 9 extra samples were reclassified as other tumor 
types. In 2 samples mutational analyses could not be performed and they were excluded 
from the analysis. In total 15 samples out of 79 samples (19%), that were originally 
diagnosed as adult GCTs were reclassified as other tumors. The conclusive diagnoses 
were the following; Sertoli-Leydig cell tumor (n=3), sex-cord tumor with annular tubules 
(n=2), thecoma (n=2), undifferentiated carcinoma (n=2), sex cord stromal tumor not 
otherwise specified (NOS) (n=1), carcinocarcoma (n=1), steroid cell tumor (n=1), cellular 
fibroma with sex cord elements (n=1), carcinoma (n=1) and juvenile GCT (n=1). Examples 
of AGCT, and of other diagnoses after revision are shown in Figure 1. 

In summary, Table 1 shows the clinicopathological features of the 62 patients with a 
confirmed diagnosis of AGCT. 

Immunohistochemistry 

Immunohistochemistry was performed for all patients with an original diagnosis of AGCT 
that were evaluable for FOXL2 mutation status. After revision of these cases combining 
morphology, IHC results and FOXL2 mutation status the final cohort consisted of 62 AGCTs. 
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Figure 1. Examples of  Hematoxylin and Eosin stained slides of an adult granulosa cell tumor (A), 
and of other diagnoses after second revision; Sertoli-Leydig cell tumor (B) and steroid cell tumor (C). 

A.

B. 

C.
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Table 1. Clinicopathological characteristics of all patients with a final diagnosis of adult granulosa 
cell tumor.

Clinicopathological characteristics Adult GCT patients n=62
Age at diagnosis (years)a

Unknown
52 (45-59)

0
Tumor diameter (cm)a

Unknown
10 (8-15)

15
FIGO stageb

I
II
III
Unknown

48 (80%)
8 (13%)
4 (7%)

2
Treatment

SO
BSO
TAH-SO
TAH-BSO
Unknown

28 (45%)
0 (0%)
5 (8%)

29 (47%)
0

Adjuvant therapyb

No
Yes
Unknown

54 (87%)
8 (13%)

0
Necrosis

Present 1/62 (2%)

Call-Exner bodies
Present 24/62 (39%)

Atypia 
Low
Medium 
High

53/62 (85%)
8/62 (13%)
1/62 (2%)

Mitotic Index 
< 5 / 10 HPF
≥ 5 / 10 HPF

43/62 (69%)
19/62 (31%)

Abbreviations: GCT, granulosa cell tumor 
aPresented is the median with lower and upper quartile for continuous variables. 
bPresented are percentages and frequencies. 
 
Table 2 summarizes the IHC results of these 62 patients with a confirmed diagnosis of 
adult GCT. PR was expressed in more AGCT than ER (95% versus 68%). HER2 and CK7 
were expressed in none of the tumors, and EMA was only expressed in one case (2%). In 
contrast, calretinin and beta-catenin were expressed in all tumors. Inhibin was expressed 
in 56 out of 62 tumors (90%), GATA4 in 52 (84%), AR in 41 (66%) and E-cadherin in 23 out 
of 61 tumors (38%, 1 was not available). FOXL2 immunoexpression was present in 57 out 
of 61 tumors (93%, 1 was not available). 
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Table 2. Positive immunoexpression for each immunohistochemistry marker of all patients with a 
final diagnosis of adult granulosa cell tumor.

IHC marker Adult GCT patients n=62
Inhibin 56/62 (90%)
Calretinin 62/62 (100%)
CK7 0/62 (0%)
EMA 1/62 (2%)
ER 42/62 (68%)
PR 59/62 (95%)
AR 41/62 (66%)
Beta-Catenin 62/62 (100%)
E-Cadherin

NA
23/61 (38%)

1
GATA4 52/62 (84%)
FOXL2

NA
57/61 (93%)

1
HER2 0/62 (0%)

Abbreviations: IHC, immunohistochemistry marker; GCT, granulosa cell tumor; CK7, Cytokeratin 
7; EMA, Epithelial Membrane Antigen; ER, Estrogen Receptor; PR, Progesterone Receptor; AR, 
Androgen Receptor; E-cadherin, epithelial-cadherin; GATA4, GATA binding protein 4; FOXL2, 
Forkhead box L2; HER2, Human Epidermal Growth Factor Receptor 2.

FOXL2 402CàG mutation

DNA was isolated from FFPE blocks of all 79 patients with an original diagnosis of AGCT. 
PCR and bidirectional Sanger sequencing of all PCR products was performed (Figure 2). 
In two samples tumor content was insufficient to perform mutational analyses and these 
samples were therefore excluded from the analyses. Consequently, we were able to 
successfully perform Sanger sequencing in 77/79 (97%) samples. In 59 out of 77 samples 
(77%) we were able to show a somatic FOXL2 mutation. Additionally, TaqMan real-time 
PCR based allelic discrimination assay was also performed in 77/79 (97%) samples in 
accordance to the Sanger sequencing method. The results of both methods were equal, 
except for one case in which no mutation was found with Sanger sequencing, but a 
heterozygous FOXL2 mutation was found with the TaqMan assay. In total 60 out of 77 
samples (78%) showed a FOXL2 mutation. From the final cohort of 62 patients that had 
a final diagnosis of AGCT, 60 were positive for FOXL2 mutation (97%). A heterozygous 
mutation was found in 56 (93%) and homozygous in 4 (7%) cases. Of the 15 samples that 
were reclassified as other tumors none had a FOXL2 mutation. 



Immunohistochemistry and FOXL2 mutational status in GCT 127

7
Protein expression of FOXL2
Comparing FOXL2 IHC with mutational analysis shows that in 57 out of 62 samples of the 
final cohort of confirmed AGCTs, FOXL2 IHC was positive, and in 56 of these 57 samples 
a FOXL2 mutation was also present. In one of the remaining 5 samples FOXL2 IHC could 
not be performed. In 3 other samples in which FOXL2 IHC was negative a FOXL2 mutation 
was present. The last sample that was negative for FOXL2 IHC was also negative for 
FOXL2 mutation but was confirmed as AGCT after second review. 

DISCUSSION 

In the present study we showed that currently the diagnosis of an AGCT of the ovary can 
only be confirmed after additional immunohistochemistry and molecular assessment 
for FOXL2 mutational status, next to conventional morphologic analysis by an expert 
gynecopathologist. 

This finding is of great value, since AGCT can be very difficult to distinguish from 
other tumor types. For example a diffuse type AGCT could easily be confused with an 
ovarian cellular fibroma. Adding mutational testing to these problematic cases could be 

Figure 2. Results of direct sequencing of the FOXL2 gene, codon 134 in granulosa cell tumors 
(GCTs). Panel A shows the results of juvenile GCT tissue without a FOXL2 mutation. Panel B shows 
the results of adult GCT tissue with a FOXL2 mutation. The site of the 402C à G mutation is 
indicated with an arrow.
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particularly useful, as in one study none of the cellular fibromas (n=22) showed a FOXL2 
mutation.14 Furthermore, adding mutational testing could be used to improve the sub-
classification within SCSTs, but until now it still not widely used.15, 16  

In 2009 Shah et al. showed that a single, recurrent somatic 402C>G missense point 
mutation in FOXL2 was present in AGCT samples. They reported that this mutation could 
perform as a diagnostic marker for adult type GCTs.9 Recently, Kommoss et al. described 
that it can be used as a diagnostic tool for the differential diagnosis between an adult 
type GCT and other ovarian tumors.16 In our final cohort of 62 confirmed AGCTs we 
found 60 to harbor the FOXL2 mutation (97%). Previously reported percentages of FOXL2 
mutation positive cases are from 70% 9, 17, 18 up to 97%.9 We hypothesize that the lower 
percentages found in other studies could be based on inadequate morphologic and IHC 
revision of the samples.

Recently, Maillet et al. also found a high percentage of FOXL2 mutation positive AGCTs of 
44 out of 47 (94%). Similar to our study, they reported that a second opinion in an expert 
center was of utmost importance for an optimal classification of AGCTs. Moreover, they 
reported that this second opinion is fundamental for an optimal classification of all 
SCSTs.15 

In current study we found that all primary AGCT expressed beta-catenin. Recently, 
Stewart et al. also showed that all primary adult GCTs showed beta-catenin expression. 
This could be important, since they showed that more expression (an extent score of 
3) was associated with a longer interval to recurrence compared with tumors with less 
expression (an extent score of less than 3).19 For HER2, we found no expression in any of 
the samples of AGCTs. The expression of HER2 in GCTs remains controversial. Although 
Färkkilä et al.20 and other studies revealed positive expression21,22, other studies could 
not show any expression of HER2 in GCTs as well.23,24 Positive expression of HER2 could 
be very important due to available treatment options such as monoclonal antibodies.25 
For GATA4 we found a high expression in 84% of the AGCT samples. Contrasting results 
were shown by Anttonen et al. in 2005, who found that GATA4 expression was high in 
only 44% of all GCTs. These results might be relevant since one study showed that it was 
significantly correlated with clinical stage and recurrence.26 

In conclusion, current study showed that a FOXL2 mutation is present in almost all AGCTs. 
Therefore, in cases where a diagnosis of AGCT is considered, morphologic analysis by an 
expert gynecopathologist should nowadays be combined with IHC and FOXL2 mutational 
analysis. 
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Supplementary Table 1. Details for antibodies used in this study

Antibody Clone Supplier Dilution Antigen 
retrieval

Scoring 
system

Platform

Inhibin R1 Instruchemie 1:100 Tris/EDTA pH9 1 Labvision

Calretinin 2E7 Immunologic 1:400 Tris/EDTA pH9 1 Labvision

CK7 OV-TL 12/30 Biogenex 1:4000 Pepsine 2 Labvision

EMA E29 DAKO 1:200 None 2 Labvision

ER SP1 Ventana pre-
diluted CC2 mild pH6 1 Ventana 

Benchmark XT

PR 1E2 Ventana pre-
diluted CC2 mild pH6 1 Ventana 

Benchmark XT

AR SP107 Ventana pre-
diluted

Ultra CC1 mild 
pH9 1

Ventana 
Benchmark 
Ultra

Beta-
Catenin 14 BD 

Biosciences 1:10000 Tris/EDTA pH9 3 Labvision

E-Cadherin HECD-1 Invitrogen 1:2000 Tris/EDTA pH9 3 Labvision

GATA4 Polyclonal Santa Cruz 1:50 Tris/EDTA pH9 4 Manual

HER2 SP3 Thermo 
Scientific 1:100 CC2 mild pH6 4 Ventana 

Benchmark XT
FOXL2 Polyclonal Imgenex 1:200 Standard CC1 2 Ultramap  

Scoring system 1: Immunostaining for ER, PR, AR, calretinin and inhibin was scored as positive or 
negative, based on the percentage of tumor cell staining with a cutoff of 5%.4,5 Scoring system 
2: Scoring for both CK7 and EMA, and for FOXL2 were considered to be positive by respectively 
any cytoplasmic4 and nuclear staining.13 Scoring system 3: For beta-catenin and E-cadherin the 
extent of tumor staining was scored as 0 (complete negative), 1 (1-33% cells positive), 2 (34-66% 
cells positive), or 3 (>66% cells positive).19 Additionally for E-cadherin the intensity of staining 
was also scored as 1 (weak), 2 (moderate), or 3 (strong).19 Scoring system 4: HER2 and GATA4 
were both scored for the intensity of staining and for the percentage of positive cells. The results 
were grouped into high-level (>80% of positive cells showing high-level or intermediate staining 
intensity) or low-level expression groups.20

Abbreviations: ER, Estrogen Receptor; PR, Progesterone Receptor; AR, Androgen Receptor; HER2, 
Human Epidermal Growth Factor Receptor 2; CK7, Cytokeratin 7; EMA, Epithelial Membrane 
Antigen; FOXL2, Forkhead box L2. 


