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Abstract

Background: Tumor hypoxia refers to reduced oxygen levels in tumor tissues, and the transcription factors of
cellular response to hypoxia are hypoxia-inducible factors (HIFs). Although the altered expression of HIFs has been
identified in many malignancies, their role in oral squamous cell carcinoma (OSCC) is still debatable. Cancer-associated
fibroblasts (CAF) are part of the tumor microenvironment; however, the effects of hypoxia on CAFs require further
investigation. Objectives: This observational study aimed to evaluate the HIF -1a and HIF - 20 expression in OSCC
compared to normal oral mucosal tissues (NOM) using immunohistochemistry. Further, the study aimed to analyze the
association of 1o and 2a isotypes of HIF with the clinicopathologic features of OSCC and their relationship with CAFs
in tumor tissues. Materials and Methods: Immunostaining of HIF -1o and HIF - 20, and alpha-smooth muscle actin
(a- SMA; as a marker for CAFs) was performed on 50 OSCC and 50 NOM samples. Analysis of variance, chi-square
test, and Mann—Whitney U test were used to analyze the data. A P value < 0.05 was considered significant. Results:
HIF -1o. and HIF - 2a, and a-SMA expressions were significantly higher in OSCC samples than in NOM (P < 0.001).
The expressions of HIF-1a and HIF-20 were higher in histologically more differentiated tumor cells; however, the
association with histologic grading was not significant. a-SMA exhibited a positive correlation with the expression
of la and 2a isotypes of HIF. Conclusions: The elevated nuclear and stromal immunostaining of HIFs in OSCC
substantiates their role in the pathogenesis of OSCC. The correlation between HIFs and a-SMA indicates an influence
of hypoxia in inducing CAFs in oral cancer.
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Introduction

Oral cancer is the sixteenth most prevalent cancer
globally. According to Globocan 2022, lip and oral
cancer is the most common cancer in males in the Indian
population [1]. A hypoxic environment is one of the major
hallmarks of cancer, which typically represents less than
1% O,.

Solid tumors are more prone to hypoxia due to their
abnormal vascular architecture and an imbalance between
oxygen requirement and supply [2]. Both tumor cells and
cells in the tumor microenvironment (TME) are affected
by hypoxia. Cancer-associated fibroblasts (CAFs),
endothelial cells, adipocytes, immune cells, etc., are part

of the TME [3]. CAFs demonstrate both pro- and anti-
tumorigenic effects. However, the mechanisms by which
hypoxic cancer cells affect CAFs remain incompletely
understood [4]. The hypoxic response is mediated by
hypoxia-inducible factors (HIFs), which are heterodimer
proteins comprising o and § subunits (HIF-o and HIF-p).
HIF-a has different isoforms, such as HIF-1a, HIF-2a,
and HIF-3a [2]. Of these, HIF-1o and HIF-2o. are two
important isoforms in mammals [5]. HIF-1o and HIF-2o
exhibit temporospatial variations in their expressions and
have overlapping but independent roles in tumor hypoxia
[6]. Altered expression of HIF isotypes has been identified
in many tumors; however, the association of HIF isotypes
with different tumor types is not similar [7-10]. In oral

!Department of Oral Pathology, Govt Dental College Thrissur, Kerala, India. ’Directorate of Medical Education,
Thiruvananthapuram, Kerala, India. *Human Molecular Genetics Laboratory, Rajiv Gandhi Centre for Biotechnology (RGCB),
Thycaud Post, Poojappura, Thiruvananthapuram, Kerala 695014. India. *Department of Oral Pathology, Govt Dental College
Kottayam, Kerala, India. >Consultant Oral Pathologist, Kerala, India. ‘Department of Public Health Dentistry, Government Dental
College, Kozhikode, Kerala, India. *For Correspondence: indumohan2011@gmail.com

Asian Pacific Journal of Cancer Prevention, Vol 26 3027



Indu M et al

cancer and head and neck carcinoma, the association of
HIF with clinicopathologic features and prognosis remains
controversial [10-14].

This study aimed to evaluate the immunohistochemical
expression of HIF-1o and HIF-2o in oral squamous
cell carcinoma (OSCC) and normal oral mucosal tissue
(NOM). Additionally, the study aimed to analyze the
association of hypoxia with the clinicopathologic features
of OSCC and its relation to CAFs in tumor tissues.

Materials and Methods

Patients and tissue samples

In this observational study, formalin-fixed
paraffin-embedded (FFPE) tissue samples of OSCC
(n = 50) were retrieved from the archival collection of
biopsy specimens at the Department of Oral Pathology,
Government Dental College, Kottayam. The demographic
and clinical data were recorded. As controls, normal oral
mucosal tissue samples (NOM, n = 50) were collected
from patients undergoing operculectomy and periodontal
surgeries. Informed consent was obtained from these
patients. The study received approval from the Institutional
Ethics Committee. Hematoxylin and Eosin (H&E)-stained
slides were reviewed using a double-headed bright field
microscope (Labomed LX 500, Labo America Inc., CA,
USA) to assess histopathologic features. The highest
density tumor budding (TB) area was identified in the
sections at low magnification (10%). TB was counted
at high magnification (40x) at the tumor-invasive front
[15]. The intensity of TB (budding index) was classified
as follows [16]:

A. High-intensity TB: >5 TBs in the field

B. Low-intensity or no TB: <5 TBs or no detectable TB

Immunohistochemistry

Serial sections with 5 pm thickness were prepared from
the tissue blocks and mounted on positively charged slides
(Auto frost adhesion micro slides, Cancer Diagnostics
Inc). Immunohistochemistry was performed using the
following primary antibodies: rabbit monoclonal HIF-
1o antibody (clone EP118, BioGenex), rabbit polyclonal
HIF-20, antibody (BioGenex), and mouse monoclonal
smooth muscle actin (SMA) antibody (1A4, Quartett).
The tissue sections were immunostained according to the
manufacturer’s instructions. Lung cancer and renal cell
carcinoma tissue served as positive controls for HIF-1a
and HIF-2a, respectively. For a-SMA, vascular smooth
muscle acted as an internal positive control. Primary
antibodies were excluded from staining to prepare the
negative controls.

Evaluation of slides

Two oral pathologists independently assessed the IHC
slides at 40x magnification. The following parameters
were used to assess the immunopositivity of HIFs: A =
staining intensity; B = percentage of stained cells. An
immune reactive score (IRS) was obtained by multiplying
the scores of A and B. IRS was categorized as follows: a)
Negative = 0—1, b) Mild = 2-3, ¢) Moderate = 4-8, and
d) Strong =9-12 [17]. The mean labeling index (MLI) for
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HIF-1o and HIF-2a was calculated using the formula [ 14]:

(Number of positive cells / Total number of cells per
field) x 100

The a-SMA score was categorized as follows: a)
Score 0 =no CAFs, b) Score 1 (scanty) = a few scattered
CAFs, ¢) Score 2 (focal) = concentrated and irregular
distribution of CAFs, and d) Score 3 (abundant) =
concentrated, extensive, and continuous distribution of
CAFs surrounding the tumor. a-SMA scores 0 and 1 were
classified as low expression, whereas scores 2 and 3 were
classified as high expression [18].

Statistical analysis

Data analysis was performed using SPSS Version
25.0 (IBM Corp., Armonk, NY). Mann—Whitney U test
was used to compare the mean IRS and MLI for HIFs
between groups. The site of HIF positivity between groups
was compared by the chi-square test. The proportions of
SMA positivity were compared by Fisher’s exact test.
Immunostaining among groups was compared by the
analysis of variance test. P value < 0.05 was considered
statistically significant. Inter-examiner variability was
tested using Kappa statistics.

Results

The present study compared the immunostaining of
HIF 1o, HIF-20., and a-SMA in OSCC and NOM. Among
OSCC cases, 40% of the patients were aged <60 years,
and 60% were aged >60 years; 66% were males, and 34%
were females. The demographic and clinicopathologic
findings of OSCC cases are shown in Table 1.

Expression of hypoxia markers

HIFs immunopositivity was observed as brown
staining of the cytoplasm and/or nucleus. Expression of
both hypoxia markers was significantly higher (mean
IRS) in OSCC than in NOM (p <0.001 for both HIF-Ia
and HIF-2a). Moreover, the MLI for HIF-1a and HIF-2o.
was significantly higher in OSCC than in NOM (p <0.001
for both HIF-10 and HIF-2a) (Table 2). Kappa analysis
showed almost perfect interobserver agreement for HIF-
la and HIF-2a

Well-differentiated SCC (WDSCC) and moderately
differentiated SCC (MDSCC) had greater mean IRSs of
HIF-1a and HIF-2a expression than poorly differentiated
SCC (PDSCC) (Graph 1); however, the difference was not
significant (p = 0.143 and 0.289 for HIF-1o and HIF-2a,
respectively). The sites of expression of both hypoxia
markers differed significantly (p <0.001) between OSCC
and NOM; OSCC showed greater nuclear positivity for
both HIF isotypes than NOM. Absolute cytoplasmic
expression of HIF isotypes was predominantly observed in
WDSCC and MDSCC; however, the difference in the site
of expression among different histologic grades of OSCC
was not significant (p = 0.190 and 0.279 for HIF-1o and
HIF-2a, respectively). The most common IRS category
of HIF-1a in OSCC was the moderate type (76%), and
that of HIF-2a expression was the mild type (58%). The



Table 1. The Demographic and Clinicopathological
Features of OSCC Cases

Characteristics of OSCC cases Percentage
distribution % (n)
Age >60 years 60% (n=30)
<60 years 40 % (n=20)
Gender Male 66 % (n=33)
Female 34 % (n=17)
Family history of any ~ No 94% (n=47)
cancer Yes 6% (n=3)
Family history of oral ~ No 98%  (n=49)
cancer Yes 2% (n=1)
History of tobacco No 14 % n=7)
habit Yes 86%  (n=43)
History of the alcohol ~ No 52 % (n=26)
habit Yes 48%  (n=24)
History of systemic No 74%  (n=37)
diseases Yes 26% (n=13)
Food habit Vegetarian 2% (n=1)
Non- vegetarian 98 % (n=49)
Buccal mucosa 34 % (n=17)
Site of lesion Tongue 34%  (n=17)
Floor of mouth 4% (n=2)
Palate 6% n=3)
Alv.mucosa/gingiva 14 % (n=17)
Retromolar region 8% (n=4)
Size of lesion <2cm 36 % (n=18)
>2to<4 48%  (n=24)
>4 cm 16 % (n=18)
Lymph node No 50 % (n=50)
involvement Yes 50 % (n = 50)
Type of lesion Ulcer 22 % (n=11)
Ulceroproliferative 70% (n=135)
White/red patch 8% (n=4)
Histopathologic WDSCC 18% (n=9)
grading MDSCC 76%  (n=38)
PDSCC 6% (n=3)
Presence of Necrosis No 74 % (n=37)
Yes 26 % (n=13)
Mild 2% (n=1)
Inflammation Moderate 40 % (n=20)
Severe 58 % (n=29)
Invasion of adjacent No 60 % (n=30)
structures Yes 40%  (n=20)
Tumor budding Low 36 % (n=18)
High 64% (n=32)

prevalent IRS category of HIF-1o expression in WDSCC
and MDSCC was the moderate type, while in PDSCC, it
was the mild type (Figure 1).

A few specimens showed stromal expression of HIF
isotypes along with epithelial positivity. OSCC showed
a higher stromal positivity of both hypoxia markers than
NOM, but a significant difference was observed only
for HIF-1a (p = 0.039) (Figure 1). Similarly, different
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histologic grades of OSCC showed a significant difference
in HIF-1o stromal expression (p = 0.042) but not in HIF-
2a stromal expression (p = 0.117). Factors such as age,
gender, habit history, and family history of cancer and
clinicopathologic features such as size, site, type of lesion,
lymph node involvement, TB, degree of inflammation,
and necrosis were not associated with the degree of HIF-
1o and HIF-2a expression in OSCC (Supplementary file
1a, 1b).

o-SMA staining

a-SMA expression was significantly higher in OSCC
compared to NOM (p <0.001) and increased significantly
with the grade of OSCC (p = 0.026). The control group
exhibited negative or scanty a-SMA expression. a-SMA
was expressed in focal, scanty, and abundant patterns
in OSCC. The scanty pattern was the most common in
WDSCC, while the focal pattern was more frequently
observed in MDSCC and PDSCC (Figure 2).

a-SMA expression was significantly higher in lesions
that invaded adjacent structures (p = 0.002) Factors such as
age, gender, habit history, and family history of cancer and
clinicopathologic features such as size, site, type of lesion,
lymph node involvement, TB, degree of inflammation, and
necrosis were not associated with the degree of a-SMA
expression in OSCC (Supplementary file 2). Kappa
analysis showed almost perfect interobserver agreement
for a-SMA. The difference in the expression of HIF
isotypes and a-SMA between NOM and different grades
of OSCC was found to be significant. (Supplementary file
3). Amoderate positive correlation was observed between
HIF-1o and HIF-2a, HIF-1a and a-SMA, and HIF-2o0, and
a-SMA (Table 3).

Discussion

The present study showed significantly higher
expression of HIF-1a and HIF-20 in OSCC compared
to NOM, with minimal staining in NOM. Similar
observations have been reported between OSCC and
NOM [12, 19]. The present study observed a higher MLI
for HIF-2a than for HIF-1a. In addition, a lower mean
IRS for HIF-2a than for HIF-1a in OSCC was noted.
Differences in the immunostaining intensity of H/F-1o.and
HIF-2a may be the cause of variations between MLI and
IRS values. Interestingly, a recent study has also reported
that MLI for HIF-2a was significantly higher than that for
HIF-10:[10] The most common IRS category for HIF-1a
in OSCC was moderate, whereas for HIF-2a, it was mild.
Another study also noted intense expression of HIF-2a
only in 13% of OSCC cases, with most cases showing
mild to moderate intensity [14].

In this study, mixed cytoplasmic and nuclear
expression was the most common pattern for HIFs in
OSCC (HIF-1a, 64%; HIF-20.,48%). In contrast, absolute
cytoplasmic expression was the most common pattern
in NOM (HIF-1o, 70%; HIF-2a, 82%). The nuclear
positivity of HIFs was higher in OSCC. Among OSCC
grades, PDSCC showed the greatest nuclear expression,
though the difference was not significant. El-Sayed et al.
in 2015 stated that nuclear expression is strongly related
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Figure 1. HIF-la and HIF-20. Expression in OSCC and NOM. Fig 1: A: Photomicrographs showing
immunohistochemistry staining of HIF-1a and HIF-2a at 10x a) HIF-1a in NOM, 10x%. b) HIF-1a in WDSCC, c¢)
HIF-1a in MDSCC, d) HIF-1a in PDSCC, e) HIF-2a in NOM, f) HIF-2a in WDSCC, 10x, g) HIF-2a in MDSCC,
h) HIF-2a in PDSCC, B: Percentage distribution of the site of expression of HIF 1a and HIF 20 in OSCC and NOM.
C: Percentage distribution of HIF 1o and HIF 2a stromal expression in OSCC and NOM. D: Percentage distribution
of IRS scoring category of HIF-1a in OSCC as per grading. E: Percentage distribution of IRS scoring category
of HIF-2a in OSCC as per grading. (C: Cytoplasmic, C +N: Cytoplasmic and nuclear, N: Nuclear, NOM: Normal
oral mucosa, HIF: Hypoxia-inducible factor, WDSCC: Well-differentiated squamous cell carcinoma, MDSCC:
Moderately differentiated squamous cell carcinoma, PDSCC: Poorly differentiated squamous cell carcinoma, OSCC:
Oral squamous cell carcinoma)

to the activated status of HIF-o when it is translocated to ~ complex controls several pathways involved in metabolic
the nucleus to dimerize with the B subunit. The HIF-a/8 ~ reprogramming, immune evasion, angiogenesis, cell

Table 2. Comparison of HIF-1a and HIF-2a Expression in the Study Groups

Category IRS HIF-1a p* IRS HIF-2aa  P* Value MLIHIF-la P Value MLIHIF-2a P* Value
(Mean+SD) ~ Value (Mean£SD) (Mean+SD) (Mean+SD)

OSCC (n=50) 4.58+1.75 3.50+1.31 43.70+18.86 47.48+10.19

NOM (n=50) 1.08+0.488  <0.001 1.48+0.61 <0.001 3.14+2.81 <0.001 5.47+4.44 <0.001

(* Mann- Whitney U test, two-sided, P.value<0.05) (HIF, Hypoxia-inducible factor; IRS, Immune reactive score; MLI, Mean labeling index; NOM,
Normal oral mucosa; OSCC, oral squamous cell carcinoma; SD, Standard deviation)
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Table 3. Correlation between HIF-1a, HIF- 2a, and a-SMA

IRS HIF-1a IRS HIF-2a a-SMA
IRS HIF 1a Pearson Correlation 1 0.550%* 0.611**
Sig. (2-tailed) <0.0001 <0.0001
IRS HIF 2a Pearson Correlation 0.550%* 1 0.531%*
Sig. (2-tailed) <0.0001 <0.0001
a-SMA Pearson Correlation 0.611%* 0.531** 1
Sig. (2-tailed) <0.0001 <0.0001

** Correlation is significant at the 0.01 level (2-tailed). (Pearson correlation coefficient (r) value ranges from — 1 to +1); (CAF, Cancer-associated
fibroblasts, a- SMA: Alpha smooth muscle actin, IRS: Immune reactive score)
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Figure 2. a-SMA Expression in OSCC and NOM. A: Photomicrographs showing immunohistological staining of
a-SMA. a) a-SMA in NOM, 10x%, b) Scanty a-SMA expression in OSCC 10%, ¢) Focal a-SMA expression in OSCC
10x, d) Abundant a-SMA expression surrounding the tumor islands in OSCC 10%, B: Percentage distribution of a-SMA
in OSCC and NOM, C: Percentage distribution of a-SMA in different grades of OSCC, D: Percentage distribution
of a-SMA patterns in OSCC and NOM, E: Percentage distribution of a-SMA patterns in different grades of OSCC.
(CAF: Cancer-associated fibroblasts, 0-SMA: Alpha smooth muscle actin, NOM: Normal oral mucosa, WDSCC:
Well-differentiated squamous cell carcinoma, MDSCC: Moderately differentiated squamous cell carcinoma, PDSCC:
Poorly differentiated squamous cell carcinoma, OSCC: Oral squamous cell carcinoma)

Asian Pacific Journal of Cancer Prevention, Vol 26 3031



Indu M et al

Mean of IRS
= I w -
h Mo th W & thoth

&
(=N

NOM
1.08
1.48

=N ean of IRS HIF-1a
e Mlean of IRS HIF-2a

e Mean of IRS HIF-1a

BN

WDSCC MDSCC PDSCC
4.56 4.74 2.67
3.56 3.58 2.33

e ©Mean of IRS HIF-2a

Graph 1. Comparison of HIF la and HIF 2o expression in NOM and different grades of OSCC. (HIF, Hypoxia-
inducible factor; IRS, Immune reactive score; MLI, Mean labeling index; NOM, Normal oral mucosa; WDSCC,
Well-differentiated squamous cell carcinoma; MDSCC, Moderately differentiated squamous cell carcinoma; PDSCC,

Poorly differentiated squamous cell carcinoma)

proliferation, epithelial-mesenchymal transition, and
tumor progression [20, 21]. Therefore, higher HIF-1a
and HIF-2o expression and nuclear positivity could act
as diagnostic indicators of malignancy.

This study showed higher HIF-1o and HIF-2a
stromal expression in OSCC compared to normal tissue.
Moreover, stromal immunostaining of HI/F-1a increased
with the histologic grade of OSCC. HIF-1a and HIF-2o.
were also expressed in the TME cells, such as endothelial
cells, fibroblasts, and immune cells [22]. Joseph et al. also
reported higher stromal positivity of HIF-20. in OSCC
compared to normal tissues [14].

HIF-1a is the master regulator of hypoxia and is
predominantly expressed in response to acute hypoxia.
HIF-2a has similar domain arrangement and binding
characteristics as HIF-1a, but it is elevated in response
to chronic hypoxia [20]. Differences in the expression of
HIF-1o and HIF-2a may be due to variations in oxygen
levels required for activation, temporospatial arrangement,
signaling pathways, and degradation patterns [6, 23]. E3
ligases, such as hypoxia-associated factor (HAF), mediate
oxygen-independent degradation of HIF-Io in tissues
but not of HIF-2a. Moreover, ubiquitin-independent
degradation of HIFs may cause alterations from their
expected levels of expression. Koh MY showed that HIF-
20, demonstrates more sustained expression under hypoxic
conditions compared to HIF-1a [23].

HIF expression is not uniform across tumors. Moreover,
even similar tumors may exhibit differential expression
of HIFs owing to mechanisms other than hypoxia [24].
HIF-1o can be upregulated by altered growth factors,
activation of the PAM (PI-3K/AKT/mTOR) pathway,
genetic up-regulation [24], and activation of oncogenes
under normoxic conditions, such as Ras mutation or Src
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activation [23]. In many cases, HIF expression may be
below the detection threshold of immunohistochemical
analysis. Additionally, in some well-oxygenated tumors,
HIF may not be induced at all [24].

In this study, WDSCC and MSDCC showed higher
immunostaining of HIFs. Staining was more prominent
in the keratinized/keratin pearl areas. However, no
significant variations in HIFs expression were observed
among different grades of OSCC, which is in line with the
findings of previous studies [12, 14]. Fillies et al. in 2005
noted that HIF- 1o expression was usually more prominent
in the keratinized tumor parts [11]. Joseph et al. observed
greater HIF-2a expression in WDSCC [14]. Mahapatra
et al. in 2023 reported a reduction in the positivity of
both markers as the tumor severity increased from well
to poorly differentiated [10].

In this study, none of the demographic and
clinicopathologic features showed an association with
the degree of HIF-1o and HIF-2a positivity in OSCC.
Similar studies have testified variable results regarding
the association of demographic and clinicopathologic
features with HIF expression [10, 11, 13, 19, 21, 25, 26].

CAFs are a heterogeneous group of cells that have pro-
and anti-tumorigenic effects. They are sensitive to oxygen
levels. a-SMA/smooth muscle aortic alpha-actin (ACTA2)
is one of the most reliable markers for identifying CAFs
[27]. In this study, a-SMA expression was significantly
higher in OSCC compared to NOM, in consensus with
Gandhi et al.’s findings in 2023 [28]. Gupta et al. in
2015 suggested that myofibroblasts were absent in NOM
but present in OSCC due to the inductive effect of the
genetically altered epithelium [29]. Our study showed
an increase in CAF expression with the increasing grade
of OSCC, with all PDSCC cases showing high a-SMA4



expression. According to Guiquan et al.’s study in 2021,
aSMA expression positively correlated with the nuclear
expression of HIF-1o in head and neck cancer [30]. The
current study showed a positive correlation between HIF-
lo, HIF-2a, and a-SMA expressions in OSCC.

No significant associations between HIF expression and
clinicopathological parameters, including histopathologic
grades of OSCC, were observed in this study, which may
be attributable to the relatively small number of WDSCC
and PDSCC cases. HIF expression can be influenced by
factors other than hypoxia, and those factors should be
studied further.

In conclusion, this study highlights that OSCC
expressed hypoxia markers significantly. The higher
nuclear and stromal positivity of HIF-1a and HIF-2a
in tumor tissues suggests the possible clinical utility of
hypoxia markers. Additionally, this study underscores the
influence of hypoxia in inducing a-SMA-positive CAFs
in OSCC. As both HIF-1a and HIF-2o. are significantly
involved in OSCC, both can be considered separate
therapeutic targets for oral cancer treatment. As the
hypoxia—CAF axis can modify the behavior of OSCC,
CAF-directed therapies can also be considered for oral
cancer. As HIF can be upregulated by factors such as
genetic alterations, these mechanisms should be further
explored.
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