
INTRODUCTION:
 Oral squamous cell carcinoma (OSCC) is the 
most prevalent malignant oral disease and has 
contributed over 90% of all oral cancers. In the 
countries of South Asia, the burden of OSCC is high 
with the prevalence of chewing of tobacco, smoking of
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ABSTRACT:
Background: Oral squamous cell carcinoma (OSCC) is one of the most frequently-occurring 
malignancies of the oral cavity and continues to be associated with poor prognosis, recurrence and 
metastasis despite improvements in diagnosis and treatment. Cancer stem cells (CSCs) are thought to play 
an important role in the process of tumour initiation, progression, invasion and resistance to therapy. 
SOX2 and OCT4 are two significant transcription factors of the embryo stem cells that play a role in the 
maintenance of the pluripotency and self-renewal of the ESCs. These markers have been found to be over-
expressed in various cancers and may be associated with the aggressive behaviour of the tumour.
Objective: To evaluate the immunohistochemical expression of SOX2 and OCT4 in OSCC and to 
correlate the expression with clinicopathological parameters.
Materials and Methods: The present observational pilot study was conducted on 10 formalin fixed 
paraffin embedded (FFPE) tissue blocks that were used to retrieve 10 cases of oral squamous cell 
carcinoma (OSCC) with histopathological confirmation. SOX2 and OCT4 antibody was used for 
immunohistochemical staining. Nuclear brown staining was deemed as positive. Semi-quantitative 
scoring was performed based on the percentage of positive cells: 0–5% (1+), 6–25% (2+), 26–50% (3+), 
and >50% (4+). Descriptive statistics and Chi-square test were used for statistical analysis.
Results: All the cases of OSCC in this study expressed the proteins SOX2 and OCT4 positively by 
immunohistochemistry. As the grade increased, the expression of SOX2 and OCT4 increased. The 
immunoreactivity in poorly differentiated OSCC was higher than that in well-differentiated lesions. 
Conclusion: The present pilot study showed that SOX2 and OCT4 expression was found to be 
upregulated in OSCC. The increased expression of these CSC markers could be associated with tumor 
progression, invasion, and prognosis. SOX2 and OCT4 could be helpful prognostic markers and 
therapeutic targets in OSCC.
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 tobacco, alcohol and areca nut. Although surgical 
methods, radiotherapy, and chemotherapy have been 
improved over the past several decades, the overall 
survival rate of the OSCC patients has not significantly 

[1-3]
improved.

https://doi.org/10.5281/zenodo.20828124 



OSCC is a multistep process that occurs through 
genetic and epigenetic changes, and culminates in the 
development of an invasive carcinoma from normal 
oral  epithelium. The occurrence of tumour 
heterogeneity and recurrence has prompted the study of 
cancer stem cells (CSCs) in oral carcinogenesis. CSCs 
are a small subset of tumor cells that exhibit self-
renewal capacity, differentiation potential and 

[4]resistance to conventional therapies. 
 Many CSC markers have been noted, 
including Sex Determining Region-Y Box 2 (SOX2), 
and Octamer-Binding Protein 4 (Oct4). The 
transcription factor SOX2 is a regulator of pluripotency 
and embryonic stem cell self-renewal. It is a member of 
SOX family of transcription factors and has been found 
to be involved in the initiation of tumors, epithelial-

[5-10]
mesenchymal transition, invasion and metastasis. 
 Another key transcription factor that plays a 
role in maintaining stemness and self-renewal in 
embryonic stem cells is OCT4 (Octamer-binding 
transcription factor-4), also called as POU5F1. Hyper-
expression of OCT4 has been observed in various 
cancers including oral, and associated with tumour 

 [6,7]
aggressiveness and poor prognosis.
 It has been found that the expression of SOX2 
and OCT4 are upregulated in OSCC. But there are very 
few studies that have comparatively assessed these 
m a r k e r s  i n  O S C C  a n d  r e l a t e d  t h e m  w i t h 
clinicopathological parameters. Hence, the present 
pilot study was designed to assess the expression of 

 [6-8]
SOX2 and OCT4 in OSCC cases.

AIM AND OBJECTIVES:-
Aim: To evaluate the immunohistochemical expression 
of SOX2 and OCT4 in Oral Squamous Cell Carcinoma.
Objectives:

1. To assess  the  immunohis tochemical 
expression of SOX2 in OSCC.

2. To assess  the  immunohis tochemical 
expression of OCT4 in OSCC.

3. To correlate SOX2 and OCT4 expression with 
histopathological grading of OSCC.

MATERIALS & METHODS:
Study Design : The present study was a retrospective 
observational pilot study.
Study Sample: A total of 10 histopathologically 
confirmed cases of OSCC were retrieved from the 
archival records of the Department of Oral Pathology.
Inclusion Criteria: Histopathologically confirmed 
cases of OSCC, adequate tissue available in paraffin 
blocks and complete clinicopathological details 
available.

Exclusion Criteria: Tissue blocks with inadequate 
tissue, poorly preserved tissue specimens and recurrent 
OSCC cases.

Study Setting:
 This research was conducted as a pilot study 
f o r m i n g  p a r t  o f  t h e  P h D  t h e s i s  e n t i t l e d 
“Immunohistochemical Expression of SOX2 and 
OCT4 in Oral Squamous Cell Carcinoma.” The 
purpose of the pilot study was to assess the feasibility of 
the study design, optimize immunohistochemical 
protocols, and generate preliminary data prior to 
undertaking the full-scale thesis research. Ethical 
approval was obtained for the study. Formalin-fixed 
paraffin-embedded tissue samples were collected from 
the archives of the Department of Oral Pathology and 
m i c r o b i o l o g y,  P e o p l e ' s  D e n t a l  A c a d e m y. 
Immunohistochemical staining and analysis for SOX2 
and OCT4 were performed in a specialized diagnostic 
laboratory in Mumbai.

Duration of the Study:
 The study was conducted over a period of one 
year, which included case selection, retrieval of tissue 
b locks ,  immunoh i s tochemica l  p rocess ing , 
microscopic evaluation, statistical analysis, and 
interpretation of the results.

Immunohistochemical Procedure:
 Formalin fixed paraffin embedded tissue 
blocks were cut into sections of 3-4 µm thickness on a 
semi-automated microtome. One section underwent 
Hematoxylin and Eosin staining and the other one was 
stained by the immunohistochemistry with SOX2 and 
OCT4 antibody.
 The sections were deparaffinized with xylene 
and rehydrated with descending grades of alcohol. 
Antigen retrieval was done with trisodium citrate 
buffer (pH 6). To inhibit endogenous peroxidase 
activity, 3% hydrogen peroxide was used. The primary 
anti-SOX2 and anti-OCT4 antibodies were used, and 
incubated in a humid chamber. Then Post Primary 
Reagent and the reagent-Polymer (Polymer HRP) were 
added. The chromogen used was Diaminobenzidine 
(DAB) and the counterstain was hematoxylin.
Brown nuclear staining was taken as being positive for 
both markers.

Evaluation of Immunostaining:
 Ten to twelve representative high power 
(400×) fields were scanned for positive cells. The 
percentage of positive cells was graded semi-
quantitatively as follows:
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TABLE 1: Clinicopathological Details of OSCC Cases and expression of SOX2 and OCT4

Case 
No.

Age Gender Site Histological Grade TNM Stage
SOX2 

Expression
OCT4 

Expression

1 45 Male
Buccal 

mucosa
Well differen�ated Stage I 2+ 2+

2 52 Male Tongue Well differen�ated Stage I 2+ 2+

3 60 Male
Buccal 

mucosa
Moderately differen�ated Stage II 3+ 3+

4 49 Female Tongue Moderately differen�ated Stage II 3+ 3+

5 55 Male
Buccal 

mucosa
Moderately differen�ated Stage III 3+ 4+

6 62 Male Alveolus Poorly differen�ated Stage IV 4+ 4+

7 58 Male
Buccal 

mucosa
Poorly differen�ated Stage IV 4+ 4+

8 47 Female Tongue Well differen�ated Stage I 2+ 2+

9 64 Male
Buccal 

mucosa
Moderately differen�ated Stage III 3+ 3+

10 51 Male
Buccal 

mucosa
Well differen�ated Stage II 2+ 3+

TABLE 2: Distribution of SOX2 and OCT4 Expression According to Histopathological Grades.

Histopathological Grade
Number 

of Cases

Mean SOX2 

Expression

Mean 

OCT4 

Expression

p value

Well Differentiated OSCC 4 2+ 2+

<0.05*
Moderately Differentiated 

OSCC
4 3+ 4+

Poorly Differentiated OSCC 2 4+ 4+

*Statistically significant
The clinicopathological characteristics of all cases, 
i n c l u d i n g  a g e ,  g e n d e r ,  a n a t o m i c a l  s i t e , 
h i s t o p a t h o l o g i c a l  g r a d e ,  T N M  s t a g e ,  a n d 
immunohistochemical expression of SOX2 and OCT4, 
are summarized in Table 1.

Demographic and Clinicopathological 
Characteristics: 
 Among the 10 patients, 8 (80%) were males 
and 2 (20%) were females, yielding a male-to-female 
ratio of 4:1. The majority of patients were older than 40 
years of age, indicating a higher prevalence of OSCC in 
the middle-aged and elderly population.
 The buccal mucosa was the most frequently 
involved site, followed by the tongue and alveolus. 
Histopathological examination revealed that 4 cases 
(40%) were well-differentiated OSCC, 4 cases (40%) 
were moderately differentiated OSCC, and 2 cases 
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Percentage of Posi�ve Cells Score

0–5% 1+

6–25% 2+

26–50% 3+
>50% 4+

Statistical Analysis:
 Data were analyzed using descriptive 
statistics. Mean and percentage values were calculated. 
Chi-square test was used to assess correlation between 
marker expression and clinicopathological parameters. 
p-value <0.05 was considered statistically significant.

RESULTS:
 A total of 10 cases of oral squamous cell 
carcinoma (OSCC) were included in this pilot study. 



(20%) were poorly differentiated OSCC.

Immunohistochemical Expression of SOX2 and 
OCT4: 
 Positive immunohistochemical expression of 
both SOX2 and OCT4 was observed in all OSCC cases. 
However, the intensity and extent of staining varied 
according to the histopathological grade.
 As shown in Table 2, the expression of both 
SOX2 and OCT4 demonstrated a progressive increase 
from well-differentiated to moderately differentiated 
and poorly differentiated OSCC. Poorly differentiated 
tumors exhibited the highest levels of marker 
expression, whereas well-differentiated tumors 
showed comparatively lower expression.
 Statistical analysis using the Chi-square test 
revealed a significant association between the 
expression levels of SOX2 and OCT4 and the 
histopathological grade of OSCC (p < 0.05). This 
finding suggests that increased expression of these 
cancer stem cell markers is associated with decreasing 
tumor differentiation and greater biological 
aggressiveness.
 The most notable finding of this pilot study 
was the universal positive expression of both SOX2 
and OCT4 in all OSCC cases. A progressive increase in 
the expression of these markers was observed from 
well-differentiated to poorly differentiated tumors, 
with the highest levels seen in poorly differentiated 
OSCC. Statistical analysis demonstrated a significant 
association between SOX2 and OCT4 expression and 
histopathological grade (p < 0.05). These preliminary 
results suggest that SOX2 and OCT4 may serve as 
potential biomarkers of tumor aggressiveness and 
could have prognostic value in oral squamous cell 
carcinoma.

DISCUSSION:
 Oral squamous cell carcinoma (OSCC) is one 
of the most aggressive malignancies of the oral cavity, 
and a significant cause of cancer related morbidity and 
mortality worldwide. Although the OSCC diagnosis 
and therapeutic approaches have undergone significant 
enhancements in recent decades, the rate of survival for 
patients with OSCC has not improved significantly. 
Tumor recurrence, metastasis, therapeutic resistance 
and tumor heterogeneity are among the key factors that 
contributes to poor prognosis. The ability of CSCs to 
initiate, progress, invade, metastasize and be resistant 
to therapies, has made them an important target of 

[1-4,11-20]cancer research over the past few years.
 Cancer stem cell (CSC) is a tiny fraction of 
tumor cells, with characteristics of both self-renewal 

and differentiation that resemble those of embryonic 
stem cells. It is thought these cells contribute to the 
maintenance of a tumour and recurrence post 
treatment. A number of molecular markers have been 
examined to detect CSCs in oral cancer and SOX2, 
OCT4 are regarded as important pluripotency-

[4,5]associated transcription factors.
 SOX2 belongs to the sex-determining region 
Y-box transcription factor family and is a key factor in 
the maintenance of pluripotency and stemness of 
embryonic stem cells. Also, POU5F1 encodes a 
transcription factor known as OCT4, which is regarded 
as a master regulator of stem cell self-renewal and 
differentiation. The markers are often found to be 
dysregulated in breast carcinoma, lung carcinoma, 
colorectal carcinoma, gastric carcinoma, pancreatic 

[10,11,17-21]carcinoma and oral squamous cell carcinoma. 
 In the present pilot study, the immunohisto-
chemical expression of SOX2 and OCT4 was 
evaluated in 10 cases of OSCC, confirmed by the 
histopathologic analysis. In all the cases studied, both 
markers were expressed positively. Both SOX2 and 
OCT4 were judged to be 'positive' with nuclear brown 
staining.
 In current study, most of the OSCC cases were 
seen in males, and those older than 40 years. The most 
frequent site of involvement was buccal mucosa. This 
is similar to previous studies that reported that male had 
a higher prevalence of OSCC as they are reportedly 
exposed to more tobacco, smoking and areca nut 

[1-3]
chewing, and alcohol consumption.
 In the present study, we found that SOX2 is 
being increasingly expressed in well differentiated 
OSCC compared to poorly differentiated OSCC. In 
poorly differentiated cases, the tumor islands were 
characterized by strong nuclear positivity, and cells 
were diffusely distributed throughout the islands with 
SOX2 nuclear expression. The staining was mainly 
found in the periphery of the tumor and in the tumor 
fronts in well differentiated lesions.
 These observations are consistent with those 
obtained by Du et al. and Qiao et al., who observed 
higher levels of SOX2 expression in the late stages of 
OSCC. Du et al. found that the expression of nuclear 
SOX2 was significantly correlated with poor prognosis 
in oral tongue squamous cell carcinoma and proposed 
that SOX2 may be used to identify a novel independent 
prognostic marker. The SOX2 expression was 
observed to be gradually increased from well 
differentiated to poorly differentiated oral squamous 
cell carcinoma, suggesting its role in progression of 

[5,6]oral carcinogenesiS.
 Murakami et al. found that there was a 
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significant positive correlation between the expression 
of SOX2 and the progression of OSCC and poor 
disease-specific survival, when they increased its 
expression in the basal layers of OSCC. Likewise, 
Mazibrada et al. showed an increasing expression of 
SOX2 dur ing  the  p rogress ion  o f  the  o ra l 
carcinogenesis and its highest expression in poorly 

[9]
differentiated squamous cell carcinoma.
 Overexpress ion  o f  SOX2 in  poor ly 
differentiated OSCC as observed in the present study 
may suggest an increased level of cancer stem cell 
activity in aggressive tumors. SOX2 has been 
described to control the proliferation of tumors, EMT, 
invasion and metastatic properties via various 
signaling pathways such as Wnt/β-catenin signaling. 
[10,17]

 The present study also showed positive 
immunohistochemical expression of OCT4 in all cases 
of OSCC. Like SOX2, OCT4 was also found to 
increase with the progression of the histopathological 
grades. Poorly differentiated OSCC cases showed 
strong and diffuse nuclear staining while the well 
differentiated cases showed mild to moderate staining.
The results are consistent with a previous study by Fu et 
al. who found that there was significant correlation 
between the expression of OCT4 and the progression of 
OSCC. Overall, the authors proposed that the 
maintenance of OCT4 expression may play a role in the 

 [7]
stemness and tumor aggressiveness of OSCC.
 Zisis et al. also studied SOX2 and OCT3/4 
expression in OSCC and oral leukoplakia, and reported 
that SOX2 and OCT3/4 were expressed more in OSCC 
than in potentially malignant disorders. They 
highlighted the importance of oral cancer markers 
generated from embryonic stem cells in oral 

[8]carcinogenesis and progression. 
 This up-regulation of OCT4 in poorly 
differentiated tumors in the present study suggests that 
aggressive tumors have more proliferative and stem 
cell-like characteristics. OCT4 has shown to have pro-
survival effects, resistance to chemotherapy and 

[6,7]
radiation therapy, and self-renewal properties. 
 In the present study, the simultaneous 
overexpression of SOX2 and OCT4 in OSCC 
corroborates the hypothesis that both these markers 
exert a synergistic effect in retaining cancer stem cell 
phenotype. Cancer stem cells are able to resist the 
treatment and regenerate tumor tissue, which may lead 

[4,7]
to recurrence and metastasis. 
 The involvement of SOX2 and OCT4 in 
various kinds of cancer has been reported. Herreros-
]
Villanueva et al. showed that SOX2 is a promoter of 
dedifferentiation and stem cell-like properties in  

pancreatic carcinoma. Tang et al. found that SOX2 
regulates EMT and cancer stemness in colorectal 
carcinoma by Wnt / β-catenin pathway. Similarly, 
Hushmandi et al. and Dey et al. have reported the 
diverse functions of SOX2 in breast and lung cancer. 
[11,17-19

CONCLUSION:
 In the present pilot study, it has been shown 
that the expressions of SOX2 and OCT4 are 
positive in Oral Squamous Cell Carcinoma. The 
expression of these markers was correlated with 
the advanced histopathological grade.
 Results revealed that SOX2 and OCT4 
might be vital to the maintenance of cancer stem 
cell properties and therefore to tumor progression 
and aggressiveness. These markers could be used 
as possible prognosis biomarkers and future 
therapeutic targets for OSCC.
 Identification and examination of these 
cancer stem cell markers offers a wide range if 
possibilities for targeted killing of these 
populations, potentially contributing to the 
cessation of tumor growth and prevention of 
disease recurrence.
 It requires analysis of these CSC markers 
in a larger cohort of patients with OSCC to reveal 
its potential diagnostic, prognostic, and predictive 
value.
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