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Background & Objective: Adult granulosa cell tumors (AGCTs) are potentially 
malignant ovarian neoplasms with a well-known tendency for local spread and 
recurrence, years after prolonged follow-up. This study investigated the immunohist-
ochemical (IHC) expression of SMAD3 (mothers against decapentaplegic homolog 
3) in AGCTs to evaluate its association with a number of confirmed AGCT 
prognostic variables. 

Materials & Methods: Upon database search, the clinicopathological data, slides, and 
paraffin blocks of 35 AGCTs were retrospectively retrieved from archives, then examined 
histopathologically, staged, and stained immunohistochemically using anti-SMAD3. After 
H scoring of "SMAD3", the clinicopathological associations were investigated in positive- 
and negative-SMAD3 expression groups using appropriate statistical methods. Regression 
analysis was performed to define independent predictors of recurrence in AGCT. 

Results: SMAD3 was actively expressed in the nuclei of 51.4% of AGCTs. It was 
significantly associated with tumor recurrence, capsular rupture, and size (P=0.011, 0.018, 
and 0.028, respectively), but not with age, presentation, laterality, stage, tumor 
morphological pattern, or mitotic index. Capsular rupture and tumor size were defined as 
highly significant (P≤0.001), as well as SMAD3+ve expression and FIGO stage as 
significant independent predictors of recurrence (P=0.05 and 0.049, respectively) in 
AGCT.  
Conclusion: SMAD3 is actively expressed in the tumor cell nuclei of around one 
half of AGCTs and this expression associates with high propensity for tumor 
recurrence, capsular rupture, and increasing tumor size. Along with the other 
observed independent predictors of recurrence, SMAD3 may provide an outline to 
direct discovery of new risk-stratification criteria as well as therapeutic targets for 
AGCTs. 

Keywords: AGCT, Immunohistochemistry, Independent predictors, Recurrence, 
SMAD3 

Received:  2021/06/05; 
Accepted: 2021/07/10; 

Published Online: 09 Sep 2021; 
 

 

Use your device to scan and read the 
article online 

 

 
Corresponding Information:  
Amal Abd El hafez, 
Pathology Department, Faculty of Medicine, 
Mansoura University, El-Gomhouria Street, 
Mansoura-Dakahlia, Egypt 
Email:  
amalabdelhafez@mans.edu.eg    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Copyright © 2021, This is an original open-access article distributed under the terms of the Creative Commons Attribution-noncommercial 4.0 International License 
which permits copy and redistribution of the material just in noncommercial usages with proper citation. 

 

 

Introduction
Adult granulosa cell tumor (AGCT) is a clinically 

and molecularly distinct subtype of ovarian neoplasm 
that originates from the ovarian sex-cord cells and 
constitutes around 3-5% of all ovarian malignant neo-
plasms. These tumors usually arise in peri-menopausal 
or post-menopausal females, and peak at the age of 50-
55 years (1-3).  

In spite of their indolent growth and the generally 
favorable prognosis, local spread and recurrence can 
affect 10-30% of AGCT patients, especially after ext-
ended latency periods, and these factors are notably 
associated with poor survival rates (4). In addition to 
the International Federation of Gynecology and Obste-
trics (FIGO) staging system, numerous studies have tri-
ed to outline the prognostic predictors in AGCT; how-
ever, their role has not been obviously demarcated ow-

ing to the infrequency of the AGCT and the necessity 
to follow up the patients for many years. Thus, the 
discovery of consistent biological markers in AGCTs 
is required to facilitate stratifying AGCT patients into 
different risk groups and hence, forecast which patient 
may have a higher recurrence risk. This may allow 
further fine-tuning of the adjuvant therapy (3).  

Although 95-97% of AGCTs harbor recurrent for-
khead box (FOX) L2 c.C402G/p.C134W hotspot muta-
tions that were confirmed as key factors in the patho-
genesis of AGCTs (5), the molecular mechanism by 
which FOXL2 (C134W) contributes to tumorigenesis 
is not well-known (6,7). Noteworthy, granulosa cell 
proliferation seems to be dependent on different 
signaling pathways including the adenyl cyclase-
/cAMP/protein kinase A (PKA) pathway, mitogen 
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activated protein kinase (MAPK) and phosphatidyl 
inositol 3-kinase- PI3K/AKT pathway, and the trans-
forming growth factor beta (TGF-β) signaling path-
way. Any alteration in these pathways can lead to the 
unrestrained granulosa cell proliferation and the subse-
quent development of AGCT. Thus, studying these 
pathways may help developing new therapeutic agents 
for AGCT particularly in the setting of recurrence 
(1,3,8,9). 

The “mothers against decapentaplegic homolog 3” 
(SMAD3) is a 48,080 Dalton protein encoded by a gene 
located on chromosome 15q22.33. It belongs to a 
family of proteins referred to as SMADs. These pro-
teins mediate the signals sponsored by the TGF-β sup-
erfamily of cytokines to control cell differentiation, 
division, and apoptosis. Founded on its vital contribu-
tion to TGF-β signaling pathway, SMAD3 was connec-
ted to the development and progression of many mali-
gnant processes. Furthermore, SMAD3 was linked to 
the MAPK/ERK pathway, principally to the activation 
of mitogen-activated protein kinase-kinase-1 (MEK1) 
(9-11). More significantly, a novel evidence has been 
designated to molecular and functional interplays 
between FOXL2 and SMAD3, proposing that SMAD3 
stimulation might function as an important conver-
gence point that dysregulates TGF-β superfamily sig-
naling and elicits genetic deviations in human GCT 
(6,7,10). Thus, detection of SMAD3 in AGCT tissues 
may provide novel prognostic and therapeutic insights 
to ACGT. Considering these, this work was intended to 
explore the immunohistochemical (IHC) expression of 
SMAD3 in AGCTs and to discover if there is any 
association between its expression and a number of the 
confirmed AGCT prognostic variables. Moreover, the 
prognostic predictors of recurrence in AGCT were 
further defined. 

 

Materials and Methods 

Patient Selection and Data Collection 

This retrospective study included 35 female patients 
diagnosed with AGCT during the period from January 
2016 to December 2020. The cases were retrieved from 
the Pathology Department archives based on an 
electronic database search for the diagnosis of AGCT. 
Following approval by the Institutional Research 
Board (IRB) of the author’s institution and obtaining 
consents according to the rules validated by our insti-
tutional IRB, the hematoxylin-and-eosin (H&E) slides, 
the IHC-stained slides for sex-cord markers: inhibin-
alpha and calretinin (routinely conducted stains to 
confirm diagnosis according to our laboratory pro-
tocols) and the formalin-fixed, paraffin embedded (FF-
PE) tissue blocks were extracted from our department 
archives. Data including age at the surgery time, pres-
entation, tumor laterality, tumor size (the largest dim-
ension in cm), capsular rupture, nodal and distant meta-
stasis, peritoneal involvement, positivity of perit-
oneal/pelvic fluid samples (ascites or peritoneal washi-

ngs), and history of recurrence were retrieved from the 
surgical and gross pathology reports. None of the pati-
ents had a history of pre-operative chemo-radio-
therapy. A tumor was defined as primary if the patient 
was first presented with no previous history of adnexal 
masses. For any case with recurrence, the recurrent 
tumor was matched with the primary tumor and both 
were considered as a single case (4). 

Histopathologic evaluation and staging 

To confirm diagnosis of AGCT, the H&E slides and 
the inhibin-alpha and calretinin-stained slides were 
reviewed for all selected cases and re-evaluated in 
accordance to the World Health Organization diag-
nostic criteria (12). The main histopathologic pattern of 
each tumor was detected and the mitotic count was 
evaluated by counting the number of unequivocal mito-
tic figures per 10 high-power fields (HPFs) in the tumor 
areas that harbor the maximum density of mitoses scr-
eened at low magnification. A cutoff at 4 mitoses/10 
HPF was adopted to divide tumors into low- and high- 
mitotic indices categories (3). Staging was accomp-
lished according to the FIGO system (2014) (13).  

 Immunohistochemistry 

Immunohistochemistry (IHC) was performed with 
anti-human SMAD3 monoclonal antibody (Elabsci-
ence, mouse, IgG, Cat.AB-22176, dilution 1:150; 
incubated at 20-37°C for 1-2 h), using the standard 
horseradish peroxidase (HRP) technique on a 3-4 
micrometer-cut, AGCT paraffin sections on coated 
slides. Diaminobenzidine was applied as a chromogen 
and hematoxylin for counterstaining. H scoring of 
SMAD3 expression was done semi-quantitively using 
x20 objective of light microscope (Leica DM500) and 
combining both the intensity of staining and the 
percentage of stained tumor cells to the total number of 
tumor cells. The cases were considered negative for 0% 
staining and positive for any nuclear staining (as per 
data sheet recommendation). Positive cases were divid-
ed as follows: score+1 (weak staining of any percen-
tage or focal moderate or strong staining in 1-20% of 
the tumor cells), score+2 (moderate or strong staining 
in >20-70% of the tumor cells), and score+3 (moderate 
or strong staining in >70% of the tumor cells) (14). 

Statistical analysis  

For the statistical analysis, SPSS software version 23 
(IBM SPSS Statistics for Windows, Version 23.0. 
Armonk, NY: IBM Corp.) was applied. The Kolmogo-
rov-Smirnov test was run to evaluate the normality of 
data. The quantitative data of normal distribution were 
designated as means ±standard deviation, whilst the 
qualitative data were defined as frequencies and per-
centages. The independent-samples t-test and Mann-
Whitney U test were applied for comparing continuous 
variables between the groups, and the Chi-square test 
and the Fisher's exact test (in case of anticipated count 
less than 5) were conducted for the categorical 
variables. To discern the independent predictors of 
tumor recurrence, regression analysis was done. A P-
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value less than or equal to 0.05 was established as the 
level of significance in all tests and a P-value below 
0.001 was considered as highly significant. 

 

Results 

The clinicopathological criteria of the 35 AGCTs and 
the comparison of SMAD3-positive and -negative 
expression groups with the studied variables are 
emphasized in Table 1. 

 

Table 1. The clinicopathological criteria of the 35 adult granulosa cell tumors and the comparison of SMAD-3-positive and 
-negative expression-groups with the studied variables 

Variables All AGCTs 
(35, 100%) 

SMAD-3-positive 
(18, 51.4%) 

SMAD-3-negative 
(17, 48.6%) P-value 

Age at surgery/year     
Range 29-73 32-73 29-63 

0.969 
Mean±SD 44.3±11.8 44.3±13.2 44.2±10.3 
Presenting symptoms/signs (no, %)     
Pelvi-abdominal mass 22(62.9) 12 (66.7) 10 (58.8) 

0.838 Vaginal bleeding 8 (22.9) 4 (22.2) 4 (23.5) 
Other 5 (14.3) 2 (11.1) 3 (17.6) 
Laterality (no, %)     
Unilateral 33 (5.7) 16 (88.9) 17 (100) 

0.257 
Bilateral 2 (94.3) 2 (11.1) 0 (0) 
Size (largest dimension)/ cm.     
Range 5.5-15 6.5-14 6-15 

0.028* 
Mean±SD 9.5±2.7 10.4±2.7 8.5±2.3 
Capsular rupture (no, %)     
No 24 (68.6) 9 (50) 15 (88.2) 

0.018* 
Yes 11 (31.4) 9 (50) 2 (11.8) 
Recurrence (no, %)     
No 26 (74.3) 10 (55.6) 16 (94.1) 

0.011* 
Yes 9 (25.7) 8 (44.4) 1 (5.9) 
Stage (no, %)     
I and II 23 (65.7) 11 (61.1) 12 (70.6) 

0.773 III and IV 8 (22.9) 5 (27.8) 3 (17.6) 
Not assessed 4 (11.4) 2 (11.1) 2 (11.8) 
Main histopathologic pattern (no, %)     
Microfollicular 5 (14.3) 3 (16.7) 2 (11.8) 

0.652 Diffuse 8 (22.9) 5(27.8) 3 (17.6) 
Mixed 22 (62.9) 10 (55.6) 12 (70.6) 
Mitosis/10 HPFs (no, %)     
<4 30 (85.7) 16(88.9) 14(82.4) 

0.472 
≥4 5 (14.3) 2(11.1) 3(17.6) 
AGCT; adult granulosa cell tumor, no; number, %; percentage, HPFs; high-power fields, *P-value is significant if ≤0.05. 

 

Clinicopathological criteria 

The study included 35 female patients diagnosed 
with AGCTs. The mean patients’ age was 44.3 years, 
most of whom were presented with a pelvi-abdominal 
mass, followed by vaginal bleeding, while a small 
percentage (14.3%) was presented with other symp-
toms including: infertility (2 cases), virilization, hirsu-
tism, and acute abdominal pain (one case each). Most 
of the ovarian masses were unilateral (94.3%), with a 

mean size of 9.5 cm, and 31.4% of tumors revealed 
evidence of capsular rupture. About 25.7% of patients 
had recurrence in a range from 6 months to 5 years 
following the primary surgery. Most cases (65.7%) 
were presented in early stages (I and II), and less likely 
in a late stage (22.9%; III and IV), while in the 
remainder of cases, the stage was not assessed. On 
microscopic examination, most of the tumors (62.9%) 
revealed a mixed growth pattern, followed by the 
diffuse, then the microfollicular patterns. About 14.3% 
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of cases showed more than 4 mitotic figures per 10 
examined HPFs. 

SMAD3 expression, localization, and comparison 
with prognostic variables 

Using the abovementioned H score, nuclear SMAD3 
expression was observed in 18/35 (51.4%) of AGCTs, 
classified as: 22.9% of score+3 (8 cases), 14.3% of 
score+2 (5 cases), and 14.3% of score+1 (5 cases) 
(Figure 1). 

 

 

 
Figure 1. Nuclear SMAD-3 expression in adult granulosa cell tumor (AGCT). A case of AGCT with   dominant 
microfollicular pattern showing diffuse nuclear expression of SMAD-3, H score+3 (a), and another case with mixed 
patten showing focal SMAD-3 expression within the trabecular foci, H score+1 (b); (Diaminobenzidine, x250) 

 

The statistical analysis revealed significant 
associations between SMD3-positive expression and 
the tumor recurrence, capsular rupture, and tumor size 
(P=0.011, 0.018, and 0.028, respectively), as SMD3-
+ve tumors showed a recurrence rate of 44.4% 
compared to a recurrence rate of 5.9% in SMD3-ve 
tumors; in other words, 8/9 (88.9%) of recurrent tumors 
were SMAD3+ve compared to 10/26 (38.5%) of the 
non-recurrent tumors. Half of SMD3+ve tumors 
showed capsular rupture compared to 11.8% of SMD3-
ve tumors (i.e., 9/11; 81.8% of ruptured tumors were 
SMD3+ve compared to 9/24; 37.5% of the non-
ruptured tumors) and the mean largest dimension of the 
former group was larger than the later (10.4 vs. 8.5 cm). 

In contrast, there were no statistical associations 
between SMAD3 expression and the other prognostic 

variables including the age, presentation, laterality, and 
FIGO stage, in addition to the histopathologic criteria 
including the main morphologic pattern of the tumor 
and the mitotic index. 

Independent predictors of tumor recurrence 

Regression analysis (Table 2) revealed that capsular 
rupture and tumor size were highly significant 
independent predictors of recurrence (P≤0.001), whilst 
SMAD3+ve expression and FIGO stage were 
significant predictors of recurrence (P=0.05 and 0.049, 
respectively) in AGCT. In this analysis, the observed 
cumulative probability of recurrence was found to 
increase with SMD3+ve expression, late FIGO stages, 
presence of capsular rupture, and a tumor size larger 
than 9.5 cm (reference groups). 

 

 

Table 2. Regression analysis for independent predictors of recurrence in adult granulosa cell tumor. 

Independent predictors Beta P-value 95%CI 
SMD3 expression Positive (r), Negative 0.358 0.05* -.008- 0.557 
FIGO stage I and II, III and IV (r) 0.273 0.049* -0.043- 0.389 
Capsular rupture No, Yes (r) 0.728 ≤0.001** 0.457- 0.914 
Size (largest dimension)/cm. <9.5, ≥9.5 (r) 0.736 ≤0.001** 0.083-0 .163 
(r); reference group, CI; confidence interval, *P-value is significant if ≤0.05 and is **highly significant if ≤0.001. 
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Discussion 
AGCTs are known to be potentially malignant tum-

ors that harbor challenging intra-operative and post-
operative treatment decisions especially in the spotlight 
of the high recurrence rates that may be detectable after 
lengthy periods of follow-up. The gold standard for the 
management of either a primary or a relapsing AGCT 
is surgery, meanwhile the chemo- and radiotherapy are 
used only to manage patients with non-resectable 
tumors or patients with clinically advanced neoplasms. 
Although tumor stage is the most important deter-
minant for prognosis, about 33% of patients diagnosed 
with AGCT suffer relapses, usually as disseminated 
peritoneal metastasis that usually occurs within 4 to 7 
years after being diagnosed, thereby causing mortality 
in 50% of relapsed patients (2). The treatment options 
for relapse including systemic chemotherapy, second-
ary cytoreductive surgery or palliative localized radia-
tion therapy, and hyperthermic intraperitoneal chemo-
therapy have not yet been standardized due to the rarity 
of this disease (15). Therefore, novel molecular bio-
markers should be elaborated to define patients with a 
high-risk for relapse or recurrence. 

A recent study on AGCTs showed that when 
FOXL2C134W and SMAD3 become overexpressed, 
they affect the expression of about 717 genes. Such 
genes comprise many FOXL2 target genes for example 
SMARCA4, TGFB2, HSPG2, NFKBIA, and MKI67. 
These effects augment numerous neoplastic processes 
including the remodeling of chromatin, the apoptotic 
pathways, the morphogenesis of tissues, and the tyro-
sine-kinase receptor pathway (16) that control epithet-
lial-to-mesenchymal transition, stemness, and oncoge-
nesis in AGCT (7). As a developing molecular biomar-
ker, the IHC-expression of SMAD3 in AGCTs was 
addressed in a few reports, and the high expression of 
SMAD3 independently predicted an increased recur-
rence probability and a shorter disease-free survival, 
notably in early stage AGCT (14,17).   

In the current study, SMAD3 was expressed in 
51.4% of AGCTs, and its expression was significantly 
associated with high rates of tumor recurrence. Most of 
the recurrent tumors (88.9% vs. 38.5%) and most of the 
tumors with capsular rupture (81.8% vs. 37.5%) 
expressed SMAD3. Moreover, these positive tumors 
had a larger mean tumor size compared to the SMAD-
negative tumors, indicating the participation of 
SMAD3 in stimulating AGCT growth. These data lend 
support to the data provided by Sakr et al. (17), who 
reported SMAD3 expression in all recurrent AGCTs 
compared to 27% of the non-recurrent tumors. Thus, 
the IHC assessment of SMAD3 may be a valuable 
parameter to counsel patients after surgery regarding 
the possibility of recurrence, and the necessity for 
closer surveillance or chemo- or radiotherapy. These 
data also might validate SMAD3 to be a forthcoming 
target for therapy (17). In this regard, SMAD3 may be 
additionally included in the predictive model for 

recurrence proposed by Nosov et al. (18) which 
included patients aging below 43.6 years whose tumors 
had a high inhibin-alpha expression, a high Ki-67 
proliferation index, and who may benefit from 
prolonged surveillance and adjuvant chemotherapy. In 
this work, regression analysis disclosed that capsular 
rupture and tumor size were highly significant inde-
pendent predictors of recurrence in AGCT, whilst 
SMAD3+ve expression and FIGO stage were signi-
ficant predictors of recurrence, thereby adding more 
predictive factors for AGCT recurrence.  

Meanwhile, we were not able to find any association 
between SMAD3 expression and patient’s age or 
presenting symptoms, tumor laterality and stage, or the 
histopathologic pattern and mitotic index among the 
study cohort. In the same vein, Anttonen et al. (14) did 
not find any association between SMAD3 protein 
expression and several prognostic factors including the 
patient’s age, if the patient is pre-or post-menopausal 
at diagnosis, the tumor subtype, the clinical stage, the 
degree of nuclear atypia, and the mitotic index. 

On molecular basis, SMADs are known to be 
nucleocytoplasmic shuttling proteins and the nuclear 
existence of SMAD3 is firmly linked to its tumor-
promoting activities. In fact, SMAD2 and 3 are crucial 
signal transducers that function in TGF-β signaling, 
and their transcriptional activities are mediated by two 
processes: reversible phosphorylation, and nucleo-
cytoplasmic shuttling. Therefore, the Ran-Binding Pro-
tein 3 (RanBP3)-mediated selective nuclear export of 
SMAD2/3 suppresses the TGF-β signaling pathway; on 
the contrary, the inhibition of RanBP3 enhances the 
TGF-β-induced transcriptional responses via maintain-
ing the nuclear localization of SMAD2/3 (19,20). In the 
current study, SMAD3 exhibited mainly a nuclear 
localization in AGCT cells, indicating that it is in its 
active state. Likewise, it has been documented that 
growing AGCT cells in mouse models express nuclear 
SMAD3 in conjunction with activin and inhibin (8). 
Similarly, the nuclei of the primordial granulosa cells 
express SMAD3 together with the cell cycle regulating 
proteins viz cyclin D2 (CCND2) and P27, where 
SMAD3 acts as a transcription factor (11). In some 
other studies, SMAD3 was detected mainly in the 
cytoplasm (17) or in the nucleus of both normal ovarian 
follicles and AGCTs with only low levels in the 
cytoplasm (14). However, the cellular localization of 
SMAD3 in these studies may be dependent on the type 
of the anti-SMAD3 antibody used and the nature of 
neoplastic tissue tested as well. 

 

Conclusion 
This study verifies that SMAD3 is actively expressed 

in the tumor cell nuclei of around half of the AGCTs 
and this expression associates with high propensity for 
tumor recurrence, capsular rupture, and increasing 
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tumor size, regardless of the patient’s age, symptoms, 
FIGO stage, or the histologic criteria of the tumor. 
Along with the other observed independent predictors 
of recurrence, SMAD3 may provide an outline to direct 
discovery of new risk-stratification criteria as well as 
therapeutic targets for AGCTs. 
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