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Abstract
Germ cell tumors (GCT) are an intriguing group of neoplasm having myriad clinical and morphological presentation. More 
and more transcription factors are being evaluated for identification of same. To study the spectrum of GCTs in a tertiary 
care center and the use of a stem cell marker OCT4 as a diagnostic adjunct, a retrospective 5-year (2008–2013) study was 
carried out. Immunohistochemistry (IHC) with OCT4 was performed on all cases and IHC for α feto protein (AFP), CD30, 
and epithelial membrane antigen (EMA) as per requirement. Cohort included 73 cases (23 males and 50 females). Testicular 
and ovarian GCTs accounted for 95.83% and 35.71% respectively. In males, seminoma was the commonest (34.78%) followed 
by mixed GCT (26%). 17.85% of ovarian GCTs were malignant mostly constituted by dysgerminoma (18%). Benign mature 
cystic teratoma (MCT) constituted 50% of ovarian GCTs. OCT4 immunoexpression was seen in all cases of seminoma/dys-
germinoma, embryonal carcinoma, immature teratoma, and seminomatous/embryomatous component of mixed GCTs. Pure 
yolk sac tumor (YST) and MCT were consistently negative. OCT4 was especially helpful in identification of mixed GCT. A 
panel of immunohistochemical markers would be a more ideal way to identify and clarify the components because correct 
identification of the components is important for therapeutic intervention and prognostication. OCT4 being a primordial 
germ cell marker predicts aggressive behavior and targeted therapy against this should be investigated.
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Introduction

Germ cell tumors (GCTs) are a diverse and heterogeneous 
group of neoplasm that originate from primordial germ cells 
imitating the embryonic histogenesis and thereby harbor-
ing vivid morphological patterns with varied differentiation 
[1]. GCTs may be gonadal or extragonadal at presentation. 
During embryogenesis, the primitive germ cells migrate 
from the yolk sac to the genital ridge along midline, hence 
explaining the predominant midline localization of these 
tumors [2]. Extragonadal sites include mediastinum, sac-
rococcygeum, retroperitoneum, supra-sellar, and rarely 
nasopharynx, orbit. Overall, these tumors are amenable to 
surgical, chemoradiotherapeutic intervention and therefore 
identification of constituent elements can bear both thera-
peutic and prognostic implications [3, 4].

OCT4, octamer-binding transcription factor 4 (POU5F1) 
located on chromosome 6p21 in human genome, maintains 
and regulates germ cell pluripotency and is being increas-
ingly found to be overexpressed in cancer stem cells [5, 6].
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The present study was performed to study the spectrum of 
ovarian and testicular GCTs and explore the utility of OCT4 
in reclassification and identification of GCTs. Study on mag-
nitude and distribution of tumors along with expression of 
transcription factor (TF) can promote improved research 
and therapeutic interventions for this intriguing group of 
neoplasm.

Materials and Methods

A 10-year data (2003–2013) of ovarian and testicular 
GCTs were collected from the pathology department (King 
George’s Medical University) registers. In 5-year archival 
material, a total of 73 cases of GCT arising from either 
ovary or testis were retrieved. The demographic profiles 
were noted, and histopathological diagnosis was reviewed 
and subjected to OCT4 immunohistochemistry (rabbit anti 
mouse polyclonal antibody, BioGenex™, 100 µg, 1:40 dilu-
tion directed towards the N terminus of OCT4 protein) along 
with additional immunohistochemistry (IHC) panel as and 
when required (Fig. 1). Extragonadal GCTs included two 
cases of immature teratoma, one sacrococcygeal and one 
retroperitoneal; however, it was not included in the study. 
No cases were recorded in other extragonadal sites.

The percentages of cells that stained positively for OCT4 
were estimated, and the staining intensity was classified as 
negative, weak, moderate, or strong. OCT4 is a nuclear 
transcription factor that is involved in gene regulation; thus, 
nuclear staining was considered a positive result. No staining 
was recorded as 0, up to 30% moderate nuclear expression 
was considered as 1 + , 31–60% as 2 + , 61 to 90% as 3 + , 
and > 90% tumor nuclear expression was considered as 4 + . 
Cases with staining of 1 + and above were considered as 
positive. The statistical analysis was done using SPSS (Sta-
tistical Package for Social Sciences) Version 15.0 statistical 
analysis software. The values were represented in number 
(%) and Mean ± SD.

Results

A total of 265 cases of ovarian neoplasms were reported in 
a 10-year period including 90 cases of GCTs and 175 other 
neoplasms (surface epithelial malignancies, sex cord stro-
mal neoplasms, and Krukenberg tumors). The ovarian GCTs 
(OGCTs) thus accounted for 33.9% of all ovarian neoplasms 

and malignant GCTs (n = 35) accounted for 13.20% of all 
ovarian neoplasms and 38.8% of all GCTs of females. A total 
of 43 case of male testicular neoplasms were reported in 
10-year period, of which 41 (95.34%) were testicular GCTs 
(TGCTs).

Paraffin blocks of 5-year period (n = 73) were available 
for further study. OGCTS were more (n = 50) as compared 
to TGCTs (n = 23). Male:female ratio was roughly 1:2. Mean 
age of patients was 24.52 ± 13.2 years (male and female com-
bined) and age ranged from 2 to 60 years. Maximum num-
ber of cases was recorded in young, i.e., less than 30 years 
(11–20 and 21–30 years; 28.8 and 27.4% respectively). 
There were 14/73 (19.2%) cases in age group 31–40 years 
and 10/73 (13.7%) cases in age group ≤ 10 years. Age groups 
41–50 years and ≥ 50 years were less represented with only 
6/73 (8.2%) and 2/73 (2.7%) respectively.

The most common presenting symptoms in females 
were lump and pain abdomen. Ascites was present in 12% 
of cases. The most common presenting complaint was that 
of testicular enlargement (91.3%) in males. One case had 
ulceration and bloody discharge through the scrotal skin and 
one was an undescended testis.

In case of females, mature cystic teratoma (MCT) was the 
predominant histological subtype (n = 25, 50%) followed by 
dysgerminoma (DG) (n = 9, 18%), mixed GCT (n = 8, 16%), 
yolk sac tumor (YST) (n = 06, 12%), and immature teratoma 
(IT) (n = 2, 4%) (Table 1). Amongst the eight cases of mixed 
GCT, one of the components was YST in all cases, the other 
components being embryonal carcinoma (EC) in five cases, 
and DG in three cases.ßcatenin pathway was foun

In males, seminomatous tumor was the commonest (n = 8, 
36%). Mixed GCTs (n = 6, 26%), YSTs (n = 4, 17.39%), EC 
(n = 2, 8.69%), MCT (n = 1, 4.3%), germ cell neoplasia 
in situ (GCNIS) (n  = 1, 4.3%), and post-pubertal teratoma 
(n = 1, 4.3%) were diagnosed amongst the non-seminoma-
tous lesions (Table 1). In mixed GCTs, teratomatous element 
was predominant and was in combination in four of the cases 
with YST, seminoma, and EC respectively. Two cases were 
a combination of seminoma and YST.

OCT4 strong nuclear positivity (3 + /4 +) was found in 
all cases of pure seminoma (08/08), dysgerminoma (09/09), 
pure embryonal carcinoma (02/02), GCNIS (01/01), and 
ITs (02/02) (Fig. 2b, d, f). Seminomatous and embryonal 
component also showed similar positivity in mixed GCTs 
(n = 8). Five cases of MCT of females and one case each of 
pre- and post-pubertal teratoma of males were taken up for 
OCT IHC, all of which being completely immunonegative 
(Fig. 2i). Initially 16 cases were diagnosed as pure YSTs 
based on pure morphology only, of which ten cases were 
completely negative for OCT4 immunoexpression (Fig. 2h) 
and corroborated with the morphological diagnosis. How-
ever, there was a subset of morphologically diagnosed pure 
YSTs (6/16) which showed strong OCT4 in some portions of 

Fig. 1  Schematic flowchart of steps involved in the study. OGCT, 
ovarian germ cell tumor; TGCT, testicular germ cell tumor; MCT, 
mature cystic teratoma; YST, yolk sac tumor; EC, embryonal carci-
noma; GCT, germ cell tumor; EMA, epithelial membrane antigen; 
AFP, alpha feto protein

◂
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tumor, suggesting that either embryonal, seminomatous/dys-
germinomatous component was present in the tumor tissue 
(Table 2). All these cases were reviewed by senior patholo-
gist and extended IHC panel comprising of CD30, EMA for 
EC, AFP for YST, and CD117 for seminoma was applied. 
These cases were found to have two germ cell components 
on IHC (CD30 + , EMA + , AFP +) which was missed ear-
lier. Thus, these cases of morphologically diagnosed YST 
were reclassified as mixed GCT (YST with EC). Mixed 
GCTs thus accounted for a total of 14 cases.

Discussion

GCTs have myriad morphological features derived from 
primitive germ cells of the embryonic gonad. GCTs are 
the only homologous group of neoplasm in the male and 
female gonads, however with a different histogenesis in both. 
With the advancements in molecular profiling, the testicular 
GCTs are considered to be either GCNIS related or unre-
lated. The post-pubertal GCTs are considered to be GCNIS 
associated and includes seminoma, EC, subset of YSTs, and 
post-pubertal teratomas which usually follow a malignant 
course [7]. The pre-pubertal GCTs on the other hand are 
GCNIS unrelated and include subset of YSTs, spermatocytic 
tumor, and pre-pubertal teratomas which include dermoid 

and epidermoid cyst. The ovarian GCTs on the other hand 
are thought to be parthenogenetically conditioned with no 
association of 12p isochromosome abnormalities or malig-
nant germ cells [8]. The ovarian GCTs accounted for 33.9% 
of all ovarian neoplasms of which 13.20% were malignant 
which is slightly higher than other published literature which 
has reported a malignancy rate of 5 to 7% [9, 10]. The higher 
incidence in our study was because our hospital is a tertiary 
care referral hospital. On the other hand, malignant GCTs 
were more common in males in our study (95.7%) which 
is concordant with various published literature [11]. This 
skewness in males is because of paucity of MCTs in males.

The proportion of various morphological subtypes of 
malignant GCTs were almost similar in both sexes com-
monest being seminoma/dysgerminoma followed by mixed 
GCT, YST. EC is considered to be most undifferentiated of 
all GCTs with potential to differentiate into either teratoma-
tous tumors or YSTs. In females, pure EC are very rare as 
compared to males though the reason is still unknown as was 
in our study where no case of pure EC was found in females; 
however, two cases were present in males. Also EC and 
YSTs were more predominantly part of mixed GCTs. Most 
of the cases were present in the second and third decade of 
life; however, in pediatric age group males, YSTs formed the 
predominant type both in pure and mixed GCTs. In females, 
the age range of YSTs was 14–34 years with an average age 

Table 1  Spectrum of various 
morphological subtypes of 
germ cell tumors (GCTs) 
and comparison with other 
published national data

Female GCTS
Present study Lakshmanan et al Rajeswari 

et al. 
(pediatric 
ovarian 
GCTs)

S. No Morphological diagnosis Number of cases
1 Mature cystic teratoma 25 (50%) 10 (25.64%) 3 (0.06%)
2 Dysgerminoma 9 (18%) 16 (41.02%) 9 (20.45%)
3 Mixed GCTs 8 (16%) 7 (17.94%) 8 (18.18%)
4 Pure yolk sac tumor 6 (12%) 3 (7.6%) 13 (29.54%)
5 Immature teratoma 2 (4%) 0 11 (25%)
6 Choriocarcinoma 0 1 0
Male GCTS
S. No Morphological diagnosis Present study Joshi et al Kumar et al. 

(pediat-
ric male 
GCTs)

1 Seminomatous 8 (36%) 36 (41.8%) 0
Non-seminomatous 15 (65.2%) 50 (58.1%) 28 (100%)

2 Yolk sac tumor 4 (18%) 8 (28.6%)
3 Embryonal carcinoma 2 (9%) 5 (17.9%)
4 Mixed GCT 6 (26%) 14 (50%)
5 Pre-pubertal teratoma 01 (4%) 1 (3.6%)

Post-pubertal teratoma 01 (4%)
6 GCNIS 01 (4%)
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of presentation being 22.16 years. This is concordant with 
various published literature (Table 1) [12–16].

Morphology though is quite diagnostic in most GCTs; 
however, additional IHC provides an advantage for classifi-
cation and identification of mixed components especially in 
cases of morphological overlap amongst certain patterns of 
a particular GCT, the identification of which has therapeu-
tic and prognostic significance. Routine and easily available 
IHC markers used in identification of germ cell tumors are 
PLAP, CD117, EMA, CD30, and AFP. As different areas 
of tumor harbor different morphologies, extensive grossing 

to identify other components has been recommended in the 
literature [17].

On evaluation of OCT4 IHC, it was found that apart 
from staining the routine seminoma/dysgerminoma and 
EC, OCT4 had a major advantage in identification of mixed 
GCTs which could not be picked by morphology alone. 
These cases were initially reported as pure YST (n = 6). 
Use of OCT4 IHC highlighted that 37.5% (6/16) of cases 
reported as pure YST harbored higher component (embryo-
nal carcinoma- EMA + /CD 30 + areas) which was missed 
morphologically and would be missed even if IHC panel of 

Fig. 2  Morphological spectrum of various germ cell tumors with 
respective OCT4 status. Seminoma/dysgerminoma containing sheets 
of uniform cells with clear cytoplasm separated by connective tissue 
septae (a, H&E, × 100) and intensely stained (3 +)OCT4 (b, immu-
noperoxidase, × 200); GCNIS: Large atypical cells with clear cyto-
plasm confined within the tubules with thickened tubular basement 
membrane (c, H&E, × 200) positive for OCT4 (3 +) (d, immuoperoxi-
dase, × 200), embryonal carcinoma with pleomorphic cells and prom-

inent nucleoli (e, H&E, × 200), yolk sac tumor (glandular pattern, 
H&E × 200) negative for OCT4 in inset (f, immunoperoxidase, × 200).
Yolk sac tumor, microcystic tumor with a Schiller Duval body (g, 
H&E × 200) negative for OCT4 (h, immunoperoxidase, × 200). Imma-
ture teratoma with neuroepithelial rosettes (*) (i, H&E × 200), posi-
tive for OCT4 (j, immunoperoxidase, × 200). Mixed GCT, teratoma 
(cartilaginous component) with yolk sac tumor (k, H&E × 100), nega-
tive for OCT4 (l, immunoperoxidase, × 200)

Table 2  Results of OCT4 immunostaining

* In these cases, blind review by second senior pathologist was made along application of extended immunohistochemistry panel of CD30, AFP, 
and EMA. All six of them displayed CD30 and EMA expression in some areas and hence were reclassified as mixed GCTs
GCT , germ cell tumor

Seminoma/
dysgerminoma/
IGCNU

Pure 
embryo-
nal

Pure yolk sac tumor (mor-
phologically diagnosed)

Immature 
teratoma

Mixed GCT Mature cystic teratoma/pre-pubertal 
and post-pubertal teratoma

Number of cases 18 2 16 2 8 7 (7/27 cases were taken up for IHC)
OCT4 expression 18 2 Negative in 10 cases 6* 2 8 Negative
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only AFP had been performed to confirm YST. For centers 
which have limited funds and patients who cannot afford 
extended panel, at least addition of OCT4 may help in iden-
tification of mixed germ cell areas if one is morphologically 
identifying yolk sac component. The cost of OCT4 IHC is 
comparable with that of conventional routine IHC marker 
used like PLAP and AFP; however, OCT4 is much more 
specific to decipher a GCT lineage especially in metastatic 
site [18, 19]. Identification of constituent elements of GCT 
is of utmost importance especially embryonal and yolk 
sac components because these tumors are usually locally 
aggressive with extensive spread and metastasis. Diligent 
grossing and examination can also provide a clue as these 
components are usually associated with necrosis and hem-
orrhage [20] (Fig. 3). Use of IHC with specific TFs like 
OCT4 can serve as a diagnostic adjunct especially in cases 
of post-chemotherapy recurrence [21]. It is also important 
to distinguish embryonal carcinoma from seminoma, large 
cell lymphomas, or a poorly differentiated carcinoma which 
can mimic embryonal carcinoma especially in metastatic 
sites [22, 23]. Use of a single marker OCT4 in these situa-
tions may not serve the purpose because it cannot distinguish 
between seminoma and EC, nor can it detect the presence 
of YST in gonads or in metastatic sites. A panel of markers 
must be used so that one can identify the presence of GCTs 
and delineate the type of component present.

OCT4 being a stem and germ cell marker, its expression 
is downregulated during differentiation; thus, its persistence 
in adult tissue is a mark of immaturity. Various studies asso-
ciated increased OCT4 expression of either mRNA or pro-
tein with chemoresistance and poor prognosis in bladder, 

ovarian, prostate, rectal, hepatocellular, esophageal cancer, 
glioma, melanoma, medulloblastoma, and acute myeloid 
leukemia [13, 24]. However, the relationship was reverse in 
TGCT where it was found that cisplatin treatment decreased 
OCT4 levels and conferred chemoresistance. Various stud-
ies inferred that a process of post-translational modification 
(sumoylation) of OCT4 protein was responsible for the pro-
cess [14]. Targeted therapy against this sort of TFs in future 
may serve to treat these tumors.

Lakshmanan et al. in their 5-year treatment and survival 
study of OGCT from the same institute found that 71.1% of 
patients received neoadjuvant chemotherapy due to advanced 
disease in form of ascites or large mass, and 18.5% of these 
patients were amenable to fertility-preserving surgery after 
chemotherapy. Around 36.8% patients had conservative 
surgery with preservation of opposite ovary and uterus. 
Sixty-four percent of this group of patients had return of 
menstrual function after a mean period of 3.5 + 0.5 months. 
One patient who underwent fertility-preserving surgery had 
delivered healthy children after treatment. Stage distribu-
tion for stage I to IV was as follows: 15.4% (n = 6), 35.9% 
(n = 14), 46.2% (n = 18), and 2.6% (n = 1), respectively. 
17.1% (n = 6) patients had recurrence, with a median time 
to recurrence 16 months (range 5.5 to 37 months) and they 
were treated with second-line chemotherapy [15].

A study group from Tata memorial hospital (Joshi et al.) 
found 5% and 71% had radiologic complete response (CR) 
and partial response (PR), respectively, in non-semino-
matous group and a 46% and 38% radiologic CR and PR, 
respectively, in the seminomatous group. This was attrib-
uted to a higher stage of presentation, most cases being N3, 

Fig. 3  Gross photographs 
depicting cut surface of a semi-
noma demonstrating a cream-
colored, multinodular neoplasm 
bulging from the surrounding 
testicular parenchyma (a), outer 
surface of a dysgerminoma with 
a lobulated external surface hav-
ing a glistening smooth, gray-
white fibrous capsule (b), cut 
surface of a mixed GCT (germ 
cell tumor) showing solid cystic 
areas with areas of necrosis 
(c), and cut surface of a mature 
cystic tumor showing hair and a 
fat nodule (*) (d)
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M1.The authors concluded that standard first-line CT might 
not suffice as a curative therapy in high nodal and high-risk 
diseases, and significant chemotoxicity is also a hindering 
factor [16].

Study of pediatric OGCTs (Rajeshwari et al.) and extrac-
ranial pediatric male GCTs (Kumar et al.) showed event-free 
survival (EFS) and overall survival (OS) rates were 80.8% 
and 92.7% at a median follow-up of 80 months in OGCTs 
and 73.3% and 87.9% in the testicular GCT group at the end 
of 4 years. The first-line chemotherapy administered was 
bleomycin, etoposide, and cisplatin (BEP). Recurrence was 
seen in (19.2%) patients (4 cases of grade 3 IT and one case 
of mixed GCT) in pediatric OGCTs. Morphology of pedi-
atric OGCTs cases (post-surgical resection) revealed trans-
formation to that of mature teratoma in 3 out of 4 cases of 
IT. One case showed persistence of immature teratomatous 
morphology and mixed GCT retained the same morphology. 
Second-line chemotherapy using vincristine, Adriamycin, 
cyclophosphamide and vinblastine, ifosfamide, and carbopl-
atin was given to the two patients with metastatic malignant 
recurrence. Post-chemotherapy resection of residual retrop-
eritoneal mass in 8/16 cases of pediatric male showed GCTs 
mature (n = 4) and immature teratomatous (n = 1) element 
and 3 cases showed no residual tumor [25, 26]. Thus, it can 
be inferred that ITs and mixed GCTs are usually prone to 
recur and may require second-line chemotherapy.

Shen et al. studied the genomic and epigenomic charac-
teristics of tumor and also corroborated the same with tumor 
morphology. They found distinctive molecular patterns in 
TGCTs [27]. As a whole, the tumors were highly aneuploid 
with paucity of somatic mutations. Driver mutations were 
identified only in seminoma/seminomatous components, one 
of the most important being KIT mutation. It was seen that 
KIT-mutated seminomas had a higher lymphocytic infiltra-
tion, the absence of global DNA methylation, reduced KRAS 
mutation frequency and copy number alterations, reduced 
i(12p) events, and a more prevalence of cryptorchidism. Also 
KIT mutation may predispose to bilaterality in TGCTs; how-
ever, no such association has been found in OGCTs [26–29]. 
Polypoidization is considered an early event in the genesis of 
both TGCTs and OGCTs; however, the ovarian ITs are found 
to be diploid indicating that they may develop through a dif-
ferent pathway. DNA copy number alterations are similar in 
both sexes; however, 12p gain are more prevalent in TGCTs 
with i(12p) being pathognomic [30]. Two circulating micro-
RNAs miR-371 (highly expressed in seminomas and EC) 
and miR-375 (highly expressed in teratomas and YST) are 
purported to be predictive markers for identifying residual 
tumor masses and avoidance of unnecessary chemotherapy; 
however, validation is still required [31].

Also strategies for targeted therapy were suggested like 
DNA methyltransferase inhibitors in NSGCT. Guadecitabine 
was found to be effective in cells of refractory TGCTs by 

Albany et al. [32]. PARP inhibitors have been suggested 
in a subset of non-EC non-seminomatous GCTs harboring 
BRCA1 and RAD51C promoter methylation [33]. Candi-
date predictive markers like DNAJC15/MCJ genes are being 
identified in non-seminomatous GCTs similar to breast and 
uterine cancer as recurrent epigenetic silencing these genes 
are associated with drug resistance [34].

Microsatellite instability (MSI) has been reported in vari-
ous proportions in different types of GCTs being more fre-
quent in DG and YST than IT while one author observed the 
reverse. MSI was supposed to be more significant in OGCTs 
than TGCTs [35, 36]. WNT/ßcatenin pathway was found to 
have a role in YST/IT which showed nuclear accumulation 
of ßcatenin. Whereas post-pubertal TGCTs are proposed to 
originate from the precursor lesion GCNIS, no such lesion 
is found in OGCTS except for in dysgenetic gonads where 
gonadoblastoma (GB) is considered to be a precursor lesion 
with a step-wise progression from GB to DG is proposed. 
Such cases are phenotypic females with male karyotype or 
at least parts of the Y-chromosome present in their genome 
[37, 38].

Conclusion

Benign MCT was the commonest GCT in females and 
seminoma in males. YST and EC are mostly components 
of mixed GCT in adults, judicious grossing is advocated for 
identification of same. In males, post-pubertal teratomas are 
usually found as a component of mixed GCT. OCT4 can 
serve as a valuable additional marker for routine immunohis-
tochemical panel for GCTs especially mixed GCTs. OCT4 
being a primordial germ cell marker predicts aggressive 
behavior and hence targeted therapy against this should be 
investigated. More and more predictive markers and target 
molecules are coming up with the advent of molecular pro-
filing of these tumors which might prevent the unpleasant 
effects of standard chemotherapeutic regimen.
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