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ABSTRACT

Oral submucous fibrosis (OSMF) is a premalignant condition, which involves the oral cavity as well as pharynx
and upper third of the esophagus. It is a predominant disease of South and South-East Asian population.
OSMF has the highest rate of malignant fransformation among the other oral premalignant disorders (OPMD)
that is 7-30% with a prevalence of about 0.03% to 6.42%. OSMF is described by extensive fibrosis of
submucosa and reduced vascularity, which results in compromised blood supply guiding to hypoxia of
tissue. This tissue hypoxia brings about the transcription of a set of genes associated with angiogenesis,
breakdown of iron/glucose, cell division and cell stability. Hypoxia Inducible Factor-1a (HIF-1a) is the main
biomarker intervening in this reaction. The alteratfion of cells to hypoxia emerges to be mediated through
hypoxia inducible factor, which is said fo be linked with malignant fransformation of epithelium.
Research-based studies covered on the probable mechanism of HIF-1a were explored using PubMed and
Google Scholar. In this review, we analyzed over 40 arficles from the years 2004-2021, which were published
regarding the structure and function of HIF-1a, and its association with OSMF. Research articles in which HIF-1
ais used separately or in combination with other biomarkers in oral submucous fibrosis have been selected.
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INTRODUCTION

Oral Submucous Fibrosis (OSMF) is considered as an
insidious, chronic disease that affects any part of
the oral cavity and sometimes the pharynx and
oesophagus. It is always associated with a juxta
epithelial inflammatory reaction followed by
fibroelastic change of the lamina propriac and
epithelial atrophy leading to mucosal stiffness and
functional morbidity™2. The histopathological char-
acteristics include chronic inflammation, excessive
collagen deposition in the connective tissues below
the oral mucous epithelium, local inflammation in
the lamina propria and degenerative changes in
the muscles*. Further features of OSMF comprises of
dry mouth, pain and taste disorders'>.

As per the World Health Organization (WHO) figures,

there are > 5 milion patients of OSMF worldwide$’.
In recent years, the predominance of OSMF has
risen from 0.03% to 6.42% with a malignant conver-
sion rate of 7%-30% 8°. Areca nut was identified as
the key etiological agent causing OSMF!,
Pakistan is one of South Asia's leading countries
where large quantities of areca nut are ingested
due fo easy accessibility, this leads fo the high
incidence of OSMF'Z14,

Hypoxia is considered as an important factor in the
progression fo malignant fransformation. Extreme
fibrosis of the connective fissue result in decreased
vascularity leading to tissue hypoxia and resulting in
upregulation of HIF-Ta . After adjusting to low
oxygen sfrain, i.e., fissue hypoxia brings about the
change in transcription of a set of genes, which are
associafted with angiogenesis, breakdown of iron
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and glucose and cell division. HIF-1a is the basic
element mediating this reaction'. HIF-1a was first
identified in 1995 and since its detection; it has been
associated with several fypes of disease from
cancer fo infection. In order fo respond to these
essential conditions, cells with oxygen levels below
physiological levels engage in a variety of biologi-
cal responses. Hypoxic cells respond by upregulat-
ing the expression of number of genes that aid in
survival in these conditions”. The purpose of this
article is fo feature the role of hypoxia in the initia-
tion of cancer formation and fo recommend poten-
tial inferences for research in this arena.

DISCUSSION

This review explored the association of a biomarker
hypoxia inducible factor-1a in the malignant frans-
formation of oral submucous fibrosis (OSMF).

Structure and Role of Hypoxia Inducible Factor-1a

The hypoxia-inducible factor (HIF-1) is an oxygen-
dependent transcriptional accelerator that fakes a
vital part in angiogenesis of fumor. HIF-1 comprises
of HIF-1a and HIF-1B subunit and HIF-1a has also two
other subunits (HIF-2a or HIF-3a) '8. The strength and
action of HIFFla is conirolled by numerous
post-translational  modifications,  hydroxylation,
acetylation and phosphorylation. Thus, HIF-1a links
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with multiple factors of protein which includes prolyl
hydroxylase (PHD), von Hippel-lindau tumor
suppressor gene (pVHL) and ElA-associated
protein/ CREB-binding profein (p300/CBP) ™. In
normoxic conditions, the HIF-Ta is promptly degen-
erated through pVHL- mediated ubiquitin -protea-
some pathway. The association between pVHL and
HIF-1a in normoxia is caused by hydroxylation of
proline and acetylation of lysine within the oxygen-
dependent degradation (ODD) domain segment
of polypeptides.

On the other hand, the subunit HIF-labecomes
immovable in the hypoxic state and associates with
protein coactivators, for example, p300/CBP to
regulate its franscriptional function®?. Figure 1
represents the structure of HIF-1a. Eventually, HIF-1a
behaves as a chief confroller of various hypoxia-in-
ducible genes in hypoxic environment. The farget
genes of HIF-1a are particularly linked fo angiogen-
esis, cell expansion/endurance and iron and
glucose digestion. In addition, HIF-Ta stimulation is
being reported fo be strictly linked fo a different
variety of fumors and oncogenic paths. Therefore,
the impeding of HIF-1a ifself or HIF-1a communicat-
ing profeins can obstruct fumor development.
Therefore, HIF-1a can be selected as a farget for
anfineoplastic remedies based on these data? 2.
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Figure 1: Structure of Hypoxia Inducible Factor-1a (HIF-1a) 2.

Role of Hypoxia in the Progression of Oral Submu-
cous Fibrosis (OSMF)

Hypoxia has been suggested to be a significant
micro-environmental factor in oral submucous
fibrosis (OSMF) linked to betel quid chewing and its
malignant fransformation. HIF-1a is the principal
regulator of hypoxia in cellular reaction and is highly
upregulated in various fibrotic diseases including
OSMPF%. Articles have likewise shown relationship
among hypoxia and fibrosis in lung fibroblasts and
renal fibroblasts?*2. Tumor hypoxia is a well-known
phenomenon that is induced within the tumor
microenvironment by an imbalance between the
availability of oxygen and its consumptfion. Some
tumor cells can survive under prolonged hypoxic
conditions and adapt themselves to cellular chang-

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2021, VOL. 10 (03)

es caused by hypoxia that can lead to more
aggressive phenotype, resulting in invasion and
metastasis?. Hyperbaric oxygen freatment (HBO)
raises oxygen fension and delivery fo oxygen-
deficient fissues and may act as a supplementary
fibrogenesis therapy involving hypoxia®.

There is a rise in expression of HIF-1a in fibroblasts
cells and epithelial cells of renal and lung fissue
resultant fo hypoxia. The same can be postulated
for OSMF connective tissue. Further, overexpression
of TGF-p through HIF-1a has also been demonstrat-
ed. These observations support the speculation that
hypoxia takes part in the advancement of fibrosis in
OSMF after the disease activity begins with areco-
line present in the betel quid®.
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Figure 2: Schematic representation of role of hypoxia in the progression of Oral Submucous Fibrosis (OSMF)

initiated by arecanut?.

Cellular Responses to Hypoxia

A variety of responses is exhibited by cells under
hypoxic stress, which includes changes in metabo-
lism, expanded angiogenic ability and alterations in
cell development and endurance. The master
regulator of cell reactions to hypoxia is recognized
as HIF-Ta. HIF-1a specifically affects the expression
of more than 100 target genes, which are associat-
ed with various mechanisms such as “angiogenesis,
cell metabolism, invasiveness and erythropoiesis.”
Vascular endothelial growth factor (VEGF) is addi-
tionally over-expressed by hypoxia and HIF-1a is a
significant infermediary of angiogenesis¥®.

Expression of HIF-1a in OSMF

HIF-Ta has been reported to be involved in the
malignant transformation of OSMF. Exireme fibrosis
of the connective tissue results in decreased vascu-

larity leading fo fissue hypoxia and resulting in
upregulation of HIF-1a. Understanding the mecha-
nism of malignant fransformation in the surrounding
of OSMF may contribute to prompt identification of
oral squamous cell carcinoma (OSCC) 3. HIF-1a is
related with the inifiation of cancer formation and
development of ftumor by the modulation of genes,
which are associated with various biological mech-
anisms such as angiogenesis and glycolytic metab-
olism. HIF-1a, a HIF protein is over-expressed in OSMF
which enhances the expression of a variety of other
factors, for instance, vascular endothelial growth
factor (VEGF) %2. However, very little work has been
done fo find an associafion between hypoxia
inducible factor-1la and Oral Submucous Fibrosis
with different methods of analysis. Table 1 lists all the
studies that evaluated expression of HIF-1a in OSMF.
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Table 1: Studies that evaluated HIF-1a expression in Oral submucous fibrosis (OSMF).

Author and Year

Sample Type

Detection Method

Findings

Pereira et al. 2020

20 biopsy proven cases of
Oral submucous fibrosis
(OSMF)

Immunohistochemistry (IHC)

Increased expression of HIF-
lain OSMF

Gupta et al. 2018

150 samples (50 OSMF, 50
Oral squamous cell
carcinomas (OSCC), 50
Conifrols)

Polymerase chain reaction
(PCR)

HIF-1a expression in OSMF
and OSCC were found to be
significantly higher

Honde et al. 2019

75 histopathologically
proven cases of OSMF

Immunohistochemistry (IHC)

HIF-1a increased significantly
from no dysplasia to low to
high-risk epithelial dysplasia

Ho et al. 2017

15 OSMF Buccal mucosal
fibroblasts (BMFs) and 10
normal BMFs

Cell culture

HIF-1a mRNA expression was
significantly higher in OSMF
BMFs than normal BMFs

Dalmia et al. 2016

15 samples each of
Normal oral mucosa
(NOM), OSMF and OSCC

Reverse transcription
polymerase chain reaction
(RT-PCR)

An upregulation of HIF-Ta
expression is positively
correlated with oral
carcinogenesis and grade of
OsCC

Chaudhary et al.
2015

20 cases each of OSMF,
OSCC and OSCC with
OSMF diagnosed
histopathologically

Immunohistochemistry (IHC)

Increase in expression of HIF-
la from OSMF to OSCC to
OSCC with OSMF is noticed

Tilakaratne et al.
2008

48 samples of OSMF

Immunohistochemistry (IHC),

Reverse transcription
polymerase chain reaction
(RT-PCR)

HIF-1a is over - expressed in
OSMF at both protein and
MRNA levels and the
correlation of epithelial
dysplasia is statistically

important

Correlation of HIF-1a with Oral Submucous Fibrosis
(OSMF)

Pereira et al. have evaluated the qudlitative expres-
sion of HIF-la in conversion of oral submucous
fibrosis info malignancy. The goal of this research
was fo assess the expression of HIF-Ta in OSMF by
immunohistochemistry. A refrospective analysis was
conducted which comprised of 20 histopathologi-
cally diagnosed cases of OSMF and five subjects
were chosen from age and sex coordinated individ-
uals for the confrol group. Their findings showed
increased HIF-1a expression in OSMF and they
concluded that HIF-1a seems to have a part in
OSMF malignant change®. Tilakaratne et al. have
described significant upregulation of HIF-1a in the
formailin fixed and frozen samples of OSMF as com-
pared to normal mucosa by using immunohisto-
chemistry and RT-PCR. They have taken 48 blocks of
OSMF cases and 10 biopsies of normal oral mucosa.
They found out that HIF-1a levels of both protein and
mRNA were upregulated in OSMF and the relation-
ship with dysplasia of epithelium was statistically
significant (p<0.001) 3,

Researchers also concluded that HIF-la may
contribute to the progression of fibrosis®#3*. Another
research led by Tsai et al., have differentiated the
expression of HIF-1a in fissues of normal buccal
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mucosa and OSMF cases using immunohistochem-
istry. HIF-la expression of fibroblasts that was
cultured from fissues of OSMF and normal buccal
mucosa was assessed using Western blot. Normal
fibroblasts of buccal mucosa were tested by areco-
line, which is a significant alkaloid of areca nut fo
clarify if HIF-1a expression could be influenced by
arecoline.

The findings indicated that HIF-1a expression was
notably over-expressed in OSMF cases and demon-
strated chiefly by cells of fibroblasts, epithelium and
inflammation. The results showed rise in expression
of HIF-Ta protein in fibroblasts cells which was
derived from OSMF than normal fibroblasts of
buccal mucosa (p<0.005). The aforementioned
findings suggested that HIF-1a expression was nota-
bly higher in tissues of OSMF in consumers of betel
nut, suggesting a possible role as a biomarker of
hypoxia in local fissues®. Similarly, Ho et al. differenti-
ated HIF-1a expression from normal fibroblasts cells
of buccal mucosa and OSMF specimens and
explored probable processes, which instigate HIF-1a
expression. They also evaluated the reaction of
alkaloid present in arecanut, which is known as
arecoline on HIF-1a expression in normal fibroblasts
of buccal mucosa in vifro. Buccal mucosal
fibroblasts (BMFs) of OSMF showed altogether
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higher mRNA expression of HIF-1a in comparison
with normal fibroblasts of buccal mucosa (p<0.005)
and arecoline has been found fo upregulate HIF-1a
MRNA gene expression in a subordinate way. In
ending, they stated that hypoxia through the
expression of HIF-1a can provide fo the proliferation
of fibrous tissue in the progression of OSMF associat-
ed with the consumers of betel nut¥.

Another study conducted by Joseph et al. investi-
gated HIF-1a expression in fifty-seven samples of
OSCC, forty-one samples of Oral epithelial dysplasia
(OED) which includes twelve, seventeen and
twelve mild, moderate and severe OED samples
respectively and fourteen samples of normal oral
mucosa (NOM) by using immunohistochemisiry. The
mean nuclear HIF-Ta labeling indices (LIs) were
found fo increase significantly from NOM to OED
(mild fo moderate fo severe) to OSCC (p<0.001).
They found out that there was a strong association
among the higher mean nuclear HIF-la LI and
OSCC which was accompanied by large tumor
areqa, regional lymph node metastasis or further
developed clinical phases (p<0.001). They conclud-
ed that the expression of HIF-1a is an inifial incident
in formation of oral cancer®. Further in specimens of
OSCC, the nuclear HIF-1a Ul could predict the
progression and survival of patients of OSCC?®.

In another study, which was supervised by Gupta et
al. observed the frequency of single nucleotide
polymorphisms of VEGF and HIF-1a was examined in
150 specimens. That were divided into 3 groups (fifty
samples of OSMF, fifty samples of oral cancer and
fifty samples of healthy controls) utilizing the
polymerase chain reaction (PCR) procedure of the
resfriction fragment length polymorphism (RFLP). A
significant increase in the frequencies of single
nucleotide polymorphisms (SNPs) of VEGF and HIF-1
a in OSMF and OSCC was found as compared fo
conirols (p<0.001). Therefore, SNPs can also serve as
a prognostic biomarker and likewise it can be
ulilized in the invention of drugs against VEGF or
HIF-1a in the freatment as well as in the prevention
of OSCC in OSMF¥*.

Chaudhary et al. investigated the link among the
expression of HIF-Ta and mean blood vessel density
in OSMF, OSCC and OSCC with OSMF by immuno-
histochemistry. They have taken 20 histopathologi-
cally proven samples of OSCC, OSMF alone and
OSMF with oral cancer. The immunohistochemistry
was carried out on ftissue sections, which was
embedded in paraffin by ufiizihg monoclonal
anfibody of HIF-1a. The increase in the expression of
HIF- Ta from OSMF to OSCC to OSCC with OSMF was
noticed and blood vessel density was found to be
highest in OSCC with OSMF, inftermediate for OSCC
and lowest for OSMF,

Kanwal Igbal, Mervyn Hosein, Saima Butt

Another research done by Dalmia et al. stated the
hypothesis of differential expression of HIF-Ta in
invasive conversion of OSMF was examined. Fifteen
specimens each of normal mucosa, OSMF and
OSCC were taken and their sections were calculat-
ed using Hematoxylin and Eosin (H&E) staining.
which was fixed in formalin and connection among
the differential expression of HIF-1la mRNA, OED and
grades of oral cancer, were tested via RT-PCR. It has
been figured out that a rise in HIF-1a expression is
related positively with carcinogenesis and grades of
oral cancer, whereas downregulation is related with
fibrosis. Consequently, they concluded that it can
be used as both diagnostic and prognostic mark-
er'. Hande et al. evaluated the expression of HIF-1a
in OSMF. They included 75 cases of OSMF, which are
proven histopathologically, and then analysis was
done on different grades of OSMF using immunohis-
tochemistry. After examining in various grades of
OSMF for expression of HIF-1a, it was found that
there was a remarkable increase in expression from
normal oral mucosa fo without epithelial dysplasia
and from low fowards high-risk dysplasia of epitheli-
um. The altered HIF-Ta expression can signify that
there is a disturbance in epithelial-mesenchymal
intferaction, which is an indicatfion of OSMF progres-
sion fowards malignancy. Thus, HIF-1a expression
showed good association with increase in epithelial
dysplasia grades. Therefore, it can assist in quantify-
ing epithelial dysplasia in OSMF2.

Future Research

There is a fundamental revolution in the research
techniques, the production of biologic protein from
saliva as compared fo fissues or blood. However,
there is a need to carry out more studies on saliva
samples as it can be utilized as an appropriate tool
for identification of HIF-1a levels in patients because
of ifs painless and non-invasive character and has
the ability to be emerged as an economical marker
of screening in the coming years.

CONCLUSION

The fimely idenfification of altered HIF-1a expression
may provide an opportunity for early identification
of possible fransformation of oral submucous fibrosis
(OSMF) into oral cancer and could help minimize
morbidity and mortality due to its potfential for
malignancy. Likewise, it can be guided adequately
as a medium of remedy to arrest the fransformation
of OSMF into malignancy. In this review, some prom-
ising mechanism of acfion of HIF-la has been
recognized by analyzing previous researches.
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