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Abstract 

Background: Over 90% of oral cancers including oral squamous cell carcinoma (OSCC), originate from the 

oral cavity epithelium. Early detection for this lesion is as important. Evaluating cancer stem cell markers can 

improve the accuracy of early diagnosis, and be used as an OSCC prognostic indicator. We aimed to 

evaluate SOX2 and OCT4 gene expression among different grades of OSCC and oral epithelial dysplasia 

(OED) lesions. 

Methods: Sixty samples that contains 45 OSCC and 15 OED samples were retrieved from the pathology 

department archives at the dental school of Mashhad. Demographic and pathological patient data including 

the tumor stage and tumor grade were assessed. Finally, SOX2 and OCT4 expression was examined using 

qRT-PCR. 

Results: There was a significant difference in SOX2 and OCT4 expression between OSCC and OED samples 

(p< 0.001). The mean expression of SOX2 and OCT4 in OSCC samples were significantly higher than in the 

OED group (p< 0.001). The mean expression of SOX2 and OCT4 was higher in grade II and grade III OSCC 

compared to grade I. There was no significant relationship between the gene expression of SOX2 or OCT4 to 

the demographic, site and stage of tumors. The correlation between SOX2 and OCT4 expression (p= 0.001) 

was significant in grade III OSCC specimens compared to other grades (p= 0.005, r= 0.68). 

Conclusions: The increased expression of SOX2 and OCT4 in higher grades and the significant correlation of 

these genes with each other among OSCC specimens could suggest the role of SOX2 or OCT4 in oral mucosal 

carcinogenesis. 
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Introduction 
Squamous cell carcinoma of oral cavity (OSCC) 

accounts for over 90% of oral neoplasms resulting 

in approximately 300,400 new cases, and, 

globally, a total of 145,400 cases result in 

mortality annually (1, 2). Majority of the oral and 

oropharyngeal tumors are OSCC, where some may 

arise from previous lesions called potentially 

malignant oral lesions (PMOLs). These lesions 

show oral epithelial dysplasia (OED) with an 

increased risk of malignant transformation rate (3-5).  

 

 

Despite the recent advances in cancer therapies, 

the high rate of morbidity and mortality has not 

improved. High rate of mortality along with local 

recurrence, systemic metastasis or secondary 

tumors highlights the need for strategies focused 

on early detection (4, 5).  

Some of accompanied tumor subpopulations 

cells display the increased tumorigenic properties. 

The presence of cancer stem cells (CSCs) was 

previously proven for several different 
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malignancies including leukemia and breast cancer 

(6-9). Emerging CSCs reveal exciting new 

developments in molecular treatment modalities 

and conventional cancer treatments with promising 

alternative approaches (8, 9). Indeed, there have 

been many key CSC markers introduced that are 

involved in the progression and development of 

OSCC (8, 10). A recent report suggests the 

regulatory roles of CD133 (11) and CD44 (12) 

during self-renewal of squamous cell carcinoma 

and tumor progression. However, some studies 

discuss core transcription factors, sex-determining 

region Y-box 2 (SOX2) and organic 

cation/carnitine transporter4 (OCT4) as the 

prognostic squamous cell carcinoma markers in 

OSCC (13, 14). There was a reported significant 

association between the expression of OCT4 and 

SOX2 with the grade of OSCC (13, 14). Two key 

transcription factors involved in pluripotency of 

embryonic stem cells, regulating CSCs and the 

cellular reprogramming of somatic cells include 

OCT4 and SOX2 (7, 15, 16). Initiation of cancer is 

the consequence of a multi-stage process during 

genetic changes, prior to the histopathological 

occurrence of cancer considering that these prior 

molecular changes could be discovered at the 

initial stages with normal histological features of 

tissues. Finding these key molecules could greatly 

enhance the early detection of OSCC (7, 9). Some 

studies, however, found that a significant difference 

could not be observed in the expression of SOX2 

and CSC markers in the oral cavity and 

development of OSCC (16, 17). Further, few 

controversial studies report that there may be no 

association between OCT4 and SOX2 marker 

expression with histopathological grade, tumor 

stage and demographic characteristics including 

age and gender in OSCC patients. In the present 

study, we aimed to investigate the expression of 

OCT4 and SOX2 in OSCC tissue and OED 

specimens along with the demographic and 

pathological characteristics of the study population.  

 

Materials and methods 

Study Participants 

This observational-retrospective study was 

conducted on biopsy samples (OSCC tumor 

tissue and epithelial dysplastic tissue) taken from 

60 patients who were identified from archives 

from the pathology department at the dental 

faculty of Mashhad University of Medical 

Sciences (MUMS). Laboratory analyses were 

performed in a molecular pathology and 

cytogenetic lab in the faculty of Medicine of 

MUMS. Demographic information of patients 

including age, sex and consumption of alcohol, 

smoke and drug were recorded. Based on 

collected records, information on the degree of 

tumor grade and stage of tumor were collected 

using checklists. Tissue samples were fixed in 

10% formalin, followed by paraffin embedding. 

Tissue samples with 4 μm of thickness were cut 

on a microtome for histopathological grading 

using routine hematoxylin and eosin (H & E) 

staining. All protocols were approved by the 

ethics committee of MUMS. 

 

RNA extraction and cDNA synthesis  

MicroRNA (mRNA) was extracted from each 

sample for qualitative real-time polymerase chain 

reaction (qRT-PCR) to study the expression of 

OCT4 and SOX2 according to the manufacturer's 

protocol (High Pure RNA Paraffin Kit, FFPET 

RNA Tissue; Roche, Germany). Briefly, frozen 

tissue at -80 °C was cut using a sterile scalpel and 

transferred to a homogenizing tube containing 

1mL reagent of RiboPure Lysis Buffer (RLT). 

Following 10 seconds of shaking, the lysate was 

centrifuged (2600 g) for three minutes (4 °C) and 

the supernatant was subsequently transferred to a 

new tube containing one mL of 70% ethanol. 

Then, the mixture was passed through the RNeasy 

spin column followed by two washing steps (700 

μL RW1 and 500 μL of RPE buffer). Lastly, 

RNase-free water (30-50 μL) was added to the 

spin column, followed by centrifugation, and the 

isolated RNA was frozen at -80 °C. To evaluate 

RNA quality, 1-2 μL of the extracted RNA 18 S 

rRNA and 28 S rRNA was subjected to 1.5% 

agarose gel electrophoresis with 142 V voltage for 

15 min and the 18S rRNA and 28S rRNA bands 

were visualized by ethidium bromide (EtdBr) 

staining. The purity of the extracted RNA was 

determined using an absorbance ratio of 260 

nm/280 nm using a NanoDrop 1000 

spectrophotometer (NanoDrop Technologies, 

Wilmington, Thermo, USA). Complementary 

DNA (cDNA) was synthesized by Thermo 
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Scientific Revert Aid First Strand cDNA 

Synthesis Kit, Thermo Scientific, USA). 

Synthesis of cDNA was performed in 20 µL 

containing 5x Reaction Buffer (4 µL), Ribolock 

Rnase inhibitor (1 µL), dNTP Mix 10 mMol (2 

µL) and Reverse Transcriptase (1 µL) under ABI 

thermocycler (One Step, USA). The quality and 

concentration of the cDNAs were defined using a 

NanoDrop 1000 spectrophotometer (NanoDrop 

Technologies, Wilmington, DE, USA).  

 

Quantitative Real-time reverse transcription 

Polymerase Chain Reaction (QRT-PCR) 

Quantitative real-time PCR was conducted to 

quantitate the level of expression of OCT4 and 

SOX2 using a SYBR Green master mix kit 

(Thermos Scientific, Germany) on an ABI 

thermocycler (One Step, USA) with appropriate 

primers (Table 1). All reactions that were run in 

duplicate in separate wells contained a 20 µL 

mixture that consisted of 0.6 µM of each primer, 

10 µM SYBR Green master mix, 6.8 µM diethyl 

pyrocarbonate (DEPC) water, and 2 µL of DNA 

extract (concentration of 4 ng). The PCR 

program started with one cycle at 95 ºC for ten 

minutes (Holding process), followed by 40 

amplification cycles at 91 ºC for 35 s, 63 ºC for 

35 s, and 72 ºC for 35 s. A final amplification 

occurred under the following conditions: 72 ºC for 

35 s. Differential expression was analyzed using 

delta-delta comparative threshold (ΔΔCT) 

method. The housekeeping gene, Glyceraldehyde 

3-phosphate dehydrogenase (GAPDH), was used 

as the reference gene (18, 19). 
 

Table 1. Primers sequence genes. 

Gene Sequence 5ʹ-3ʹ (position) 

OCT4 
Forward 5'-TCG AGA ACC GAG TGA GAG G-3' 

Reverse 5'-GAA CCA CAC TCG GAC CAC A -3' 

SOX2 
Forward 5'-TGA TGG AGA CGG AGC TGA A-3' 

Reverse 5'-GGG CTG TTT TTC TGG TTG C-3' 

GAPDH 
Forward 5'-CCC ATC ACC ATC TTC CAG G-3' 

Reverse 5'-CAT CAC GCC ACA GTT TCC C-3' 
 

Statistical analysis 

The data was analyzed using software package 

for statistical analysis (SPSS) software version 

20 (SPSS Inc., Chicago, IL, USA). Descriptive 

data including age and sex and mRNA 

expression of OCT4 and SOX2 were 

summarized as mean with the standard error of 

mean (SEM). First, normality of data was 

checked by One-Sample Kolmogorov-Smirnov 

test. Then mRNA expression of two investigated 

genes (OCT4 and SOX2) were compared in the 

tumoral and dysplastic tissues using an 

independent sample t-test. Evaluation of the level 

of OCT4 and SOX2 expression in tumor and 

dysplastic tissues and its relationship with 

clinicopathological parameters including tumor 

stage, and histological grade were assessed by 

one-way ANOVA. A Pearson’s correlation 

coefficient test was used to investigate the 

correlation of OCT4 and SOX2 expression in 

tumors and dysplastic tissues to demographic 

information including age, gender and 

consumption of smoke, drug, and alcohol. A p- 

 

value less than 0.05 was considered statistically 

significant. 

 

Results 
Patients and clinical characteristics 

This study was conducted on 60 samples 

including OSCC grade I (15 samples), OSCC 

grade II (15 samples), OSCC grade III (15 

samples) and 15 OED samples. There were 33 

females and 27 male patients with a mean age of 

53.48±15.18 years. The demographic 

characteristics of patients regarding OSCC and 

OED samples can be found in Table 2. There 

was no difference between the two studied 

groups related to age, gender and consumption 

of smoke, alcohol and drugs (p> 0.05). Lip and 

buccal mucosa was the most common primary 

tumor site (20 cases; 44.4%), followed by 

gingiva (14 cases; 31.1%) and mouth floor (11 

cases; 24.4%). Regarding the clinical stage of 

OSCC, patients (20 cases; 44.4%) were in early 

stage and advanced stages (25 cases; 55.6%). 
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Table 2. Demographic and Pathologic Information of OSCC Patients. 

Variables 
OED patients 

Number (%) 

OSCC patients 

Number (%) 
P-value 

Age 
<60 years 

>60 years 

7 (46.7) 

8 (53.3) 

30 (66.7) 

15 (33.3) 
0.14 

Gender 
Female 

Male 

8 (53.3) 

7 (46.7) 

25 (55.6) 

20 (44.4) 
0.55 

Smoking consumption 
No 

Yes 

12 (80) 

3 (20) 

28 (62.6) 

17 (37.8) 
0.17 

Alcohol consumption 
No 

Yes 

13 (86.7) 

2 (13.3) 

42 (93.3) 

3 (6.7) 
0.36 

Drug consumption 
No 

Yes 

7 (46.7) 

8 (53.3) 

27 (60) 

18 (40) 
0.27 

Squamous cell carcinoma of oral cavity (OSCC); Oral epithelial dysplasia (OED). 
 

Expression of SOX2 and OCT4 markers in 

tumoral and dysplastic mucosa specimens 

Table 3 describes the expression levels of SOX2 

and OCT4 markers in OSCC tumoral and OED 

specimens. The results demonstrate that the 

expression of SOX2 (p= 0.001) was different 

when comparing OSCC and OED tissues 

(dysplastic mucosa). SOX2 expression was higher 

in tumor tissues compared to dysplastic mucosa 

specimens (p= 0.001, Table 3). Furthermore, 

qRT-PCR analysis on OCT4 expression in OSCC 

and OED samples tissues, revealed that there was 

a significant difference between these two groups, 

since the expression of OCT4 was significantly 

higher in tumor tissues compare to dysplastic 

mucosa specimens (p= 0.001, Table 3). 

When the association between SOX2 and 

OCT4 expression in OSCC and OED specimens 

was evaluated, we found that SOX2 expression 

did not correlate to the expression of OCT4 

(Spearman’s correlation test, p= 0.001, r= 0.83). 

The association between SOX2 or OCT4 

expression and histopathological grade in OSCC 

samples was investigated using spearman’s 

correlation test. The results illustrate that there 

was a significant correlation between OCT4 and 

SOX2 levels and grade III OSCC specimens 

(Spearman’s correlation test, p= 0.05, r= 0.68). 

This correlation, however, was not significant for 

grade I (Spearman’s correlation test, P=0.18, r= 

0.36) and grade II (Spearman’s correlation test, p= 

0.24, r= 0.32). 
 

Table 3. Expression level of two studied markers among OSCC and OED specimens based on QRT analysis.  

Variables 
OED patients 

Mean±SE 

OSCC patients 

Mean±SE 
P-value 

SOX2 Expression 0.88±0.13 5.24±0.52 0.001* 

OCT4 Expression 1.08±0.16 5.61±0.55 0.001* 

*P value less than 0.05 was considered as significant level. SE; standard error of mean, Squamous cell carcinoma of oral cavity 

(OSCC); Oral epithelial dysplasia (OED) 
 

Association of expression of CSC markers with 

demographic and clinical characteristics SOX2 

The relation of SOX2 expression with 

demographic and clinical characteristics between 

tumoral and dysplastic mucosa specimens was 

discussed in Table 4. In the OSCC tumor group, 

our analysis showed that there were significant 

 

 

differences between SOX2 expression and age. 

Younger patients (< 60 years old) had 

significantly higher SOX2 expression than older 

patients (> 60 years old) (p= 0.005, Table 4). 

However, there were no differences between 
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SOX2 expression and age in the OED group (p= 

0.93). In addition, there were no difference 

between gender and SOX2 expression in both 

groups (Table 4, p> 0.05). We evaluated the 

expression of SOX2 marker and the 

histopathological grade of tumors. Results 

illustrated that there was a significant difference 

among the OSCC grades (p= 0.001). Patients 

with higher grade of OSCC (grade III) 

experienced higher SOX2 expression than cases 

with grade I and grade II respectively (Table 5). 

However, the analysis between SOX2 

expression and the stage of tumors revealed that 

there was no significant difference between the 

tumor stage and SOX2 expression (p= 0.90; 

Table 5). Moreover, the relation between the site 

of OSCC tumors and SOX2 expression was not 

significant (p> 0.05; Table 5). 

 
Table 4. Association of expression of SOX2 and OCT4 markers with demographic and pathological characteristics.  

Gene expression Variables 
OED tissue 

Mean± SE 
P-value 

OSCC tissue 

Mean± SE 
P-value 

SOX2 

Age 
<60 years 

>60 years 

0.86±0.19 

0.89±0.19 
0.93 

6.03±0.73 

3.67±0.28 
0.005* 

Gender 
Female 

Male 

0.89±0.19 

0.86±0.51 
0.70 

5.66±0.81 

4.72±0.59 
0.97 

OCT4 

Age 
<60 years 

>60 years 

1.27±0.29 

0.91±0.15 
0.30 

6.27±0.77 

4.29±0.44 
0.03* 

Gender 
Female 

Male 

1.14±0.22 

1.01±0.23 
0.91 

5.60±0.16 

5.63±0.64 
0.37 

*P value less than 0.05 was considered as significant level. SE; standard error of mean, Squamous cell carcinoma of oral cavity 

(OSCC); Oral epithelial dysplasia (OED). 

 
Table 5. Association of expression of SOX2 and OCT4 marker with pathological characteristics.  

Gene Expression Variables 
Gene expression 

Mean± SE 
P-value 

SOX2 

Grade 

I 

II 

III 

3.16±1.13 

4.53±2.17 

8.04±4.35 

 

0.001* 

Stage 
Early stage 

Advance stage 

5.17±1.02 

5.30±0.48 

 

0.90 

Site 

Lips & buccal mucosa 

Gingivae 

Mouth floor 

5.82±0.74 

4.14±0.66 

5.60±1.42 

 

0.37 

OCT4 

Grade 

I 

II 

III 

3.46±0.94 

4.47±1.76 

8.90±4.61 

 

0.001* 

Stage 
Early stage 

Advance stage 

5.73±1.05 

5.52±0.54 

 

0.84 

Site 

Lips & buccal mucosa 

Gingivae 

Mouth floor 

6.56±0.83 

4.30±0.64 

5.56±1.42 

 

0.22 

*P value less than 0.05 was considered as significant level. SE; standard error of mean, Squamous cell carcinoma of oral cavity 

(OSCC); Oral epithelial dysplasia (OED). 

 

OCT4 

The relation of OCT4 expression with 

demographic and clinical characteristics of OSCC 

specimens and dysplastic mucosa specimens was 

presented in Table 4. Similar to SOX2 expression, 

there were significant differences between OCT4 

 

expression and age in the OSCC tumor group. 

The younger patients (< 60 years old) had a 

significantly higher OCT4 expression than older 

patients (> 60 years old) (p= 0.032, Table 4). 

However, there was no difference between OCT4 
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expression and age in the OED group (p= 0.30). 

Further, there were no differences between gender 

and OCT4 expression in both groups (Table 4, p> 

0.05). Analysis related to the expression of the 

OCT4 marker with histopathological grade of 

tumors revealed that there was a significant 

difference among the different OSCC grades (p= 

0.001). Patients with a higher grade of OSCC 

(grade III) had significantly higher OCT4 

expressions than studied cases with grade I and 

grade II respectively (Table 5). This point was 

accredited to the relation of OCT4 expression and 

stage of tumors, however, this relation was not 

significant (p= 0.84; Table 5). Moreover, relation 

between the site of OSCC tumors and OCT4 

expression were not statistically significant (p> 

0.05; Table 5). 

Discussion 
While the cancer stem cell theory has been proven 

for different cancers, more research is required to 

investigate the role of CSCs in the development 

and progression of OSCC (20, 21). Several 

researchers have focused on studying the 

expression of key CSC transcription factors 

including SOX2 and OCT4 in normal oral 

mucosa and OSCC. Normal cells in sever stages 

are transformed progressively to cancer cells. 

Previous studies revealed that the expression of 

CSC markers have increased in normal tissue 

adjacent to tumoral and pre-neoplastic tissues, 

which indicate early molecular changes in normal 

tumor-adjacent cells and the possible role of 

CSCs in the process of carcinogenesis (12). 

Tracing the involved key stem cell markers could, 

therefore, enhance the accuracy of OSCC 

diagnosis even in the early stages.  

SOX2 as a transcription factor in pluripotency 

and self-renewal of embryonic stem cells plays a 

key role in the survival of malignant squamous 

cell against apoptosis (22). Our results showed 

increased expression of SOX2 in OSCC tumoral 

tissue compared to dysplastic epithelium. An 

investigation led by Verma et al., found that 60 

cases of oral epithelial dysplasia showed that an 

alteration in SOX2 is likely an important event in 

head and neck carcinogenesis (23). To assess the 

risk of malignant transformation, they concluded 

that SOX2 expression could be valuable in cases 

of oral epithelial dysplasia. There are 

controversies regarding the expression of SOX2 

and its clinical usefulness between several 

studies involving OSCC. Naini et al (17) showed 

increased expression of SOX2 in adjacent non-

tumoral tissue compared to tumoral tissue. In 

addition, simultaneous expressions of OCT4 and 

SOX2 were evaluated in rat models as well as 

pre-neoplastic and neoplastic human tissue 

samples. The results showed that the expression 

of these two markers in metastatic samples was 

lower than that in the primary tumor sites (24). 

The study by Fu et al., showed that 436 tumoral 

samples, containing 362 adjacent non-tumoral 

and 76 normal tissue samples found that the 

expression of SOX2 was higher in the adjacent 

non-tumoral tissue compared to tumoral tissues 

(16). Also, the high expression of SOX2 was 

found in normal bronchial mucosa compared to 

squamous dysplasia of the lungs (25). In 2019, 

de Vicente et al, investigated the clinical 

relevance of SOX2 protein expression in early 

stages of OSCC (55 cases with oral epithelial 

dysplasia) by immunohistochemistry analysis, 

and its impact on prognosis and disease outcome 

at late stages (125 patients with OSCC). They 

found that there was nuclear SOX2 expression in 

49 (39%) OSCC cases, with more frequency in 

early tumor stages and N0 cases and was 

associated to increased survival. Similar to our 

study, they found that a significant correlation 

between the histopathological grade and SOX2 

expression (26). They concluded that SOX2 

expression emerges as an independent OSCC 

predictor risk in patients with oral leukoplakia. 

Additionally, Huang et al. investigated the 

expression of SOX2 and OCT 4 and the 

prognosis of tongue squamous cell carcinoma 

(66 TCC tissue samples) by 

immunohistochemistry analysis and found the 

similar results. They concluded that the 

correlation of both markers was observed in 

TSCC, and the expression of SOX2 could be 

used as a prognostic indicator of TSCC (27). 

However, the results on SOX2 expression are 

controversial, as González-Márquez et al (28) 

found that SOX2 expression did not correlate to 

disease stage, tumor grade or N classification, 

lymph node metastasis, recurrence or clinical 
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outcome. They concluded that SOX2 expression 

is a common event in hypopharynx and larynx, 

but not in sinonasal squamous cell carcinoma 

(SCC). The absence of a correlation to clinical 

outcome may suggest a role for SOX2 in tumor 

initiation, but not in tumor progression. In the 

present study, we found that there was no 

significant difference between expression of 

SOX2 or OCT4 and site of studied tumors. 

Comparatively, Neumann et al. showed that 

higher expression of SOX2 at the site of primary 

tumor correlated with poorer prognosis and 

lymph node metastasis (29).  

Another investigated transcription factor is 

OCT4, the key CSC marker involved in the 

maintenance of pluripotency and self-renewal in 

undifferentiated embryonic stem (ES) cells (30). 

This marker could reprogram human somatic 

fibroblasts into embryonic stem cell-like 

pluripotent cells (PSC) (31). OCT4O is 

upregulated in OSCC-CSCs but its molecular 

mechanisms in OSCC remain to be elucidated. A 

previous study suggests that Oct4-mediated 

tumorigenicity is associated with the regulation 

of epithelial-mesenchymal transition (32). In 

agreement with our study, Vaiphei et al., a study 

on esophageal SCC, showed increased 

expression of OCT4 in the esophageal mucosa 

adjacent to an area of mild dysplasia and basal 

hyperplasia (13).  

To the best of our knowledge, this study is the 

first one to measure CSCs markers including 

both SOX2 and OCT4 at the RNA level. The 

presence of non-OSCC specimens in dysplastic 

specimens along with OSCC specimens with 

different histopathological grade was another 

novel area of study. Future studies may be 

required to elucidate the association of prognosis, 

tumorigenicity and survival rate with the 

expression of CSCs markers. Despite several 

study limitations, we found that the expression of 

SOX2 and OCT4 was significantly higher in 

OSCC tumor tissue compared to OED specimens. 

However, this difference was also linked to 

histopathological grade, since patients with higher 

development in grade III were experienced higher 

expression levels of both SOX2 and OCT4 than 

patients with lower grade. Based our findings, we 

concluded that increased expression of SOX2 and 

OCT4 from dysplastic mucosa to squamous cell 

carcinoma could suggest the probable role of 

these genes during the process of oral mucosal 

carcinogenesis. Overall, increasing the grade of 

the squamous cell carcinoma and reducing 

cellular differentiation led to the increased the 

expression of these genes. 
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