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 ABSTRACT 

Background: One of the hallmarks of tumour progression is metabolic reprogramming, 

which also promotes resistance to the host microenvironment. Despite recent advances in 

diagnosis, oral squamous cell carcinoma (OSCC) represents a constant threat to public 

health.  

Purpose: To evaluate the expression of hypoxia-inducible factor-1α (HIF-1α) and mon-

ocarboxylate transporter-1 (MCT-1) and to correlate their expression with clinicopatho-

logical features of OSCC 

Material and Method: A retrospective observational study was conducted in 60 cases 

of OSCC. Among them, 25 were non-metastatic, 25 metastatic, and 10 recurrent cases of 

OSCC were included, and other variants of OSCC were excluded. The cases were 

stained immunohistochemically with HIF-1α and MCT-1, and were subjected to statisti-

cal analysis using ANOVA and the Pearson correlation coefficient test.  

Results: HIF-1α expression was predominantly observed in the nucleus and cytoplasm 

of tumour cells and showed higher expression in metastatic OSCC, tumour centre, and 

advanced TNM stages. MCT-1 expression was mainly localised to the tumour cell 

membrane and was significantly elevated in metastatic OSCC. A positive correlation 

was observed between HIF-1α and MCT-1 expression. 

Conclusion: The findings indicate that increased expression of HIF-1α and MCT-1 is 

associated with aggressive tumour behaviour in OSCC. These markers may serve as 

potential prognostic indicators and therapeutic targets in OSCC. 
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Introduction 

Oral squamous cell carcinoma (OSCC) represents the 

most prevalent malignant neoplasm within the oral cavi-

ty, characterised by aggressive local invasion and a sig-

nificant propensity for cervical lymph node metastasis, 

which remains a critical determinant of prognosis. De-

spite advancements in early detection and therapeutic 

modalities, the overall survival rate for OSCC patients 

has demonstrated only marginal improvement, particu-

larly in advanced and metastatic stages [1]. The biologi-

cal behaviour of OSCC is influenced by both genetic 

alterations and dynamic changes within the tumour mic- 
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roenvironment [2].
 

Hypoxia is a hallmark of solid tumours, including  

OSCC, resulting from rapid tumour proliferation and 

inadequate vascularisation. Tumour hypoxia triggers a 

cascade of adaptive cellular responses that promote an-

giogenesis, metabolic reprogramming, invasion, and 

resistance to therapy. These adaptive mechanisms are 

primarily regulated by hypoxia-inducible factor-1α 

(HIF-1α), a transcription factor central to the cellular 

response to reduced oxygen tension. Increased expres-

sion of HIF-1α has been associated with tumour aggres-

siveness, nodal metastasis, advanced TNM stage, and 

poor prognosis in OSCC [3]. 
 

A key consequence of hypoxia-driven adaptation is 

metabolic reprogramming, wherein tumour cells prefer-

entially rely on aerobic glycolysis for energy produc-

tion, leading to increased lactate accumulation within 

the tumour microenvironment [4-5]. Efficient regulation 

of intracellular pH and lactate transport is essential for 

tumour cell survival under these conditions. Monocar-

boxylate transporters (MCTs), particularly monocar-

boxylate transporter-1 (MCT-1), facilitate lactate efflux 

across the cell membrane and contribute to the mainte-

nance of an acidic extracellular environment [5-6]. 

Overexpression of MCT-1 has been implicated in en-

hanced tumour proliferation, invasion, and metastatic 

potential in various malignancies, including head and 

neck squamous cell carcinomas [6].  

Emerging evidence suggests a close functional rela-

tionship between hypoxia-regulated signalling pathways 

and metabolic transport mechanisms within the tumour 

microenvironment. HIF-1α has been shown to influence 

the expression of metabolic enzymes and transporters, 

thereby reinforcing a hypoxia-adapted and aggressive 

tumour phenotype [7]. 
 
While several studies have evalu-

ated the individual expression of HIF-1α or MCT-1 in O-

SCC, limited data are available on their combined expres-

sion and clinicopathological relevance, particularly con-

cerning metastatic and recurrent disease patterns [3, 6-7]. 
 

Therefore, the present study aimed to evaluate the 

immunohistochemical (IHC) expression of HIF-1α and 

MCT-1 in OSCC and to correlate their expression with 

clinicopathological parameters, including tumour site, 

histopathological grading, and metastatic status. Under-

standing the coordinated expression of these markers 

may provide insights into tumour metabolism-driven 

progression and identify potential prognostic indicators 

and therapeutic targets in OSCC. 

 

Materials and Method 

A retrospective institutional observational study was 

conducted on histopathologically confirmed cases of 

OSCC reported between January 2019 and December 

2021. Clinical staging and patient information were 

retrieved from the archives of our dental college. The 

study received approval from the institutional ethical 

committee (VMSDC/IEC/185). A total of 60 histo-

pathologically confirmed cases of OSCC were selected 

from the archives. For each case, two representative 

areas were collected: one from the center of the tumour, 

which is the central part of the tumour mass, and one 

from the invasive front of the tumour, which is the ad-

vancing edge adjacent to connective tissue. Among the-

se, 25 cases were non-metastatic, 25 were metastatic, 

and 10 were recurrent cases of OSCC. The study in-

cluded OSCC with regional lymph node metastasis and 

primary tumours located in any area of the oral cavity. 

Other variants of OSCC, as well as specimens obtained 

from patients who had undergone radiotherapy and 

chemotherapy, were excluded from this study. 

From the formalin-fixed paraffin-embedded blocks, 

sections were stained for hematoxylin and eosin (H&E) 

stain and IHC analysis for all 60 cases by two observers. 

Broder’s grading was done for H&E-stained sections 

[8]. For IHC, the sections were evaluated for HIF-1α 

and MCT-1 expression. Klein’s scoring criteria [9] was 

used to score the IHC positive cells at 40× magnifica-

tion; the percentage of all the positively stained cells in 

the respective section was seen. Score 1- <30% of posi-

tive cells, score 2- 30-60% of positive cells, and score 3- 

>60% of positive cells. Intensity of stains was scored 1- 

weak, 2- mild, 3- severe. The final score was graded as 

follows: 1-2 as mild expression, 2-4 as moderate ex-

pression, and 4-6 as severe expression.  

The data obtained was subjected to statistical analy-

sis, SPSS version 20.0, using the Chi-Square test, 

ANOVA for comparison between study groups, and the 

Pearson correlation coefficient test for correlation be-

tween the IHC-stained markers. A p Value of <0.05 was 

considered statistically significant.  
 

Results 

Immunoexpression of HIF-1α was detected in both the 
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Figure 1: Immunohistochemical expression of hypoxia-induc-

ible factor-1α (HIF-1α) in oral squamous cell carcinoma 

(OSCC) 

 

nucleus and cytoplasm of tumour cells (Figure 1). In 

non-metastatic OSCC cases, score 1 expression was 

present in 64% of tumour cells, score 2 in 16%, and 

score 3 in 20%, with staining intensity predominantly 

mild (92%) and moderate in 8% of cases. In metastatic 

OSCC, score 1 expression was observed in 56% of tu-

mour cells, score 2 in 44%, and score 3 in 28%, with 

staining intensity being mild in 52%, moderate in 32%, 

and severe in 16% of cases. In recurrent OSCC, score 1 

expression was noted in 60% and score 2 in 40% of 

tumour cells, with mild staining intensity in 70% of 

cases and absence of staining in 30% of cases. The 

combined immunoreactivity score indicated that 56% of 

OSCC cases exhibited moderate HIF-1α expression. 

Metastatic OSCC cases demonstrated significantly 

higher HIF-1α expression compared to non-metastatic 

and recurrent OSCC cases, with this difference being 

statistically significant (p= 0.001). 

The immunoexpression of MCT-1 was predomi-

nantly localised along the cell membrane of tumour 

cells (Figure 2). In non-metastatic OSCC, score 1 ex-

pression was observed in 56% of tumour cells, score 2 

in 28%, and score 3 in 16%, with staining intensity clas-

sified as mild in 48%, moderate in 36%, and severe in 

16% of cases. In contrast, metastatic OSCC exhibited a 

predominance of score 3 expression, observed in 84% 

of tumour cells, while score 1 and score 2 expressions 

were noted in 12% and 4% of cases, respectively. The 

staining intensity in metastatic OSCC was mild in 28%, 

moderate in 32%, and severe in 40% of cases. In recur-

rent OSCC, score 1 expression was present in 60% of 

tumour cells, score 2 in 30%, and score 3 in 10%, with  

 
 

Figure 2:  Immunohistochemical expression of monocarbox-

ylate transporter-1 (MCT-1) in oral squamous cell carcinoma 

(OSCC) 
 

staining intensity being mild in 80%, moderate in 10%, 

and severe in 10% of cases. Overall, 42% of OSCC 

cases exhibited severe MCT-1 expression. Notably, 

metastatic OSCC demonstrated significantly higher 

MCT-1 expression compared to non-metastatic and 

recurrent OSCC cases, with this difference being statis-

tically significant (p= 0.028). 

The clinicopathological findings of OSCC cases are 

detailed in Table 1. Of the 60 cases analysed, 53% were 

male, and 47% were female. A statistically significant 

correlation was identified between HIF-1α expression 

and age, with elevated expression levels observed in 

patients over 45 years of age (p= 0.048). Furthermore, a 

significant association was noted between HIF-1α ex-

pression and tumour site, with increased expression in 

tumours located in the buccal mucosa (38%), followed 

by the alveolar mucosa (32%) (p= 0.033). Additionally, 

HIF-1α expression was significantly correlated with 

advanced TNM stage, with higher expression levels in 

Stage III tumours (p= 0.028). No statistically significant 

association was found between MCT-1 expression and 

clinical parameters. 

Histopathological evaluation indicated that 45% of 

OSCC cases were moderately differentiated squamous 

cell carcinoma, followed by well-differentiated (43%) 

and poorly differentiated (12%) carcinomas. Analysis of 

tumour regions revealed that HIF-1α expression was 

significantly higher in the tumour center compared to 

the invasive front (p= 0.022). Comparative analysis 

among non-metastatic, metastatic, and recurrent OSCC 

demonstrated that metastatic OSCC exhibited higher 

expression levels of both HIF-1α and MCT-1 (p= 0.001 
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Table 1: Clinicopathological findings in correlation with hypox-

ia-inducible factor-1α (HIF-1α) and monocarboxylate transport-

er-1 (MCT-1) expression in oral squamous cell carcinoma 

(OSCC) 
 

Clinical & Histo-

pathological 

Parameters 

Total 

(N) 
% 

HIF-1α 

Chi-

square 

p 

Value 

MCT-1 

Chi-

square 

p 

Value 

Age 

< 45 years 28 23 3.921 0.048* 0.515 0.473 

> 45 years 92 77 
    

Gender 

Male 64 53 1.491 0.222 1.480 0.224 

Female 56 47 
    

Location 

Tongue 26 22 12.118 0.033* 4.734 0.449 

Floor of mouth 4 3 
    

Buccal mucosa 46 38 
    

Alveolus 38 32 
    

Lip 2 2 
    

Palate 4 3 
    

Histopathological grading 

Well differentiat-

ed 
52 43 0.972 0.615 2.667 0.264 

Moderately 

differentiated 
54 45 

    

Poorly differenti-

ated 
14 12 

    

Tumour region 

Center 60 50 5.217 0.022* 2.157 0.142 

Periphery 60 50 
    

TNM staging 

Stage I 22 18 7.160 0.028* 6.333 0.096 

Stage II 28 23 
    

Stage III 40 33 
    

Stage IV 30 25 
    

Tumour status 

Non-metastatic 50 42 15.318 0.001** 7.160 0.028* 

Metastatic 50 42 
    

Recurrent 20 17 
    

 

Footnote: Chi-square test was used to assess the association between 

HIF-1α and MCT-1 expression and clinicopathological parameters.  
Comparisons were made between marker-positive and marker-negative 

cases within each clinicopathological category. 

* p < 0.05 – statistically significant 
** p < 0.01 – highly significant 

Abbreviations: Oral squamous cell carcinoma (OSCC); hypoxia-

inducible factor-1α (HIF-1α); monocarboxylate transporter-1 (MCT-1); 

tumour necrosis metastasis (TNM) 
 

and p= 0.028, respectively). 

Two observers independently performed IHC evalu-

ation, and good inter-observer agreement was observed. 

Pearson’s correlation analysis revealed a positive corre-

lation between HIF-1α and MCT-1 expression in non-

metastatic OSCC cases (p= 0.006).  

 

Discussion 

OSCC exhibits an altered metabolism when compared 

to the normal host tissue. Apart from genetic and epige-

netic changes in the tumour, metabolic adaptation of 

tumour cells within the microenvironment contributes to 

tumour proliferation and invasion [10]. In tumour cells, 

aerobic glycolysis takes place even in the presence of 

sufficient oxygen levels, which leads to increased lactic 

acid concentration around the tumour cells, which in 

turn activates HIF-1α [11]. In normal host tissue, MCT-

1 found in the blood-brain barrier, red blood cells and 

skeletal muscles, is responsible for regulating substrate 

concentration and pH [10].  

In the current study sample, 57% of the cases were 

male, while 47% were female. Similar findings have 

been documented in prior research, where OSCC 

(OSCC) was observed to be more prevalent among 

males than females within their respective cohorts [12-

13]. Regarding age distribution, OSCC was more fre-

quently identified in individuals over 45 years of age in 

the present cohort, aligning with the observations re-

ported by Youssef et al. [14]. In this study, the buccal 

mucosa emerged as the most commonly affected site, 

followed by the alveolar mucosa and tongue. Converse-

ly, previous studies have identified the tongue, buccal 

mucosa, and floor of the mouth as prevalent sites of 

involvement [7, 12-14]. A significant proportion of cas-

es in the present series were classified as advanced 

TNM stage (Stage III), consistent with findings reported 

by Costa et al. [16]
 
and Lin et al. [17] Histopathological 

analysis revealed that the majority of cases were moder-

ately differentiated squamous cell carcinomas, followed 

by well-differentiated and poorly differentiated tumours, 

mirroring observations reported by Yasin et al. [15]. 

IHC analysis revealed that HIF-1α expression was 

more pronounced in the central region of the tumour 

compared to the periphery. Additionally, moderate ex-

pression of HIF-1α was noted, with an increased expres-

sion observed in metastatic OSCC. Sumera et al. [18] 

observed that moderate to marked expression of HIF-1α 

in OSCC was noted, with no association with Broder’s 

grading system and TNM staging. Bharti et al. [19] 

found a marked association between HIF-1α expression 

and the tumour and nodal stages of OSCC. According to 

Patel et al. [20], there is a notable progressive increase 

in the expression of HIF-1α as oral epithelial dysplasia 

advances to OSCC, which is expressed with higher 

TNM stages MCT-1 expression did not demonstrate any 

correlation with clinical findings. However, MCT-1 was 

expressed in metastatic OSCC. Dang et al. [21] investi-

gated that MCT-1 inhibition impairs cell proliferation, 
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suggesting its role in glycogen-dependent proliferation, 

and it shows increased levels in metastatic tumour tissu-

e. Leu et al. [22]
 
investigated the protein expression of 

MCT-1 and MCT 4 in head and neck cancers and re-po-

rted that MCT-1-positive cases showed worsened progr-

ession-free survival with a hazard ratio of 3.1 and pro-

posed that MCT-1 was a promising biomarker in head 

and neck squamous cell carcinoma compared to MCT 4.  

Alterations in cell adhesion and the epithelial- mes-

enchymal transition significantly contribute to tumour 

invasion and metastasis in OSCC. Chandolia et al. [23] 

reported that elevated N-cadherin expression in OSCC 

is correlated with aggressive tumour behaviour and a 

poorer prognosis. Lymphangiogenesis and angiogenesis 

are critical components of the OSCC tumour microenvi-

ronment. Agarwal et al. [24] demonstrated that lym-

phatic and vascular markers, such as D2-40 and CD34, 

play a role in tumour progression and metastatic poten-

tial in OSCC. 

In this study, HIF-1α demonstrated a positive corre-

lation with MCT-1, exhibiting significant expression. 

Rademakers et al. [10] examined the staining pattern 

and co-expression of HIF-1α with MCT-1 and 4, 

GLUT-1, CAIX, and LDH-5, finding that HIF-1α ex-

hibited strong co-expression with the monocarboxylate 

transporter protein. Yamaguchi et al. [25] investigated 

cell lines derived from lung adenocarcinoma and as-

sessed the energy metabolism of MCT-1 and MCT4 in 

normoxia and hypoxia. HIF-1α knockdown leads to 

decreased levels of MCT4 under hypoxia, and hypothe-

sized that MCT4 can be a potential cancer target. 

Khammanivong et al. [26] reported that OSCC cases 

with elevated MCT-1 and MCT-4 levels showed a poor 

prognosis.  

This is in accordance with the hypothesis that hy-

poxia leads to increased levels of lactate mediated by 

MCT, which in turn activates HIF-1α, promoting angio-

genesis, cancer stem cell formation, progression, and 

consequently, controls the behaviour of OSCC. Still, a 

greater number of OSCC cases with different hypoxia 

and lactate transporter-related markers is needed to rule 

out the exact behaviour of the OSCC.  

 

Conclusion 

Based on the above literature and the results from the 

current study, HIF-1α plays an important role in meta-

bolic and functional changes in cancer cells. Acidic 

microenvironment in a reduced oxygen state worsens 

the prognosis of OSCC by suppressing the immunity, 

which leads to therapeutic resistance of tumour cells. 

Also, a positive correlation between HIF-1α and MCT-1 

denotes that they may represent a potential therapeutic 

target for OSCC treatment modality. 
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