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Salivary Expression of HIF-1 α in
Oral Submucous Fibrosis
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ABSTRACT

Background: Oral submucous fibrosis (OSMF), a chronic debilitating condition distinguished by juxtaepithelial 
fibrosis or extensive fibrosis of submucosa and reduced vascularity, results in compromised blood supply 
causing tissue hypoxia. This brings about the transcription of a set of genes associated with angiogenesis, 
breakdown of iron/glucose, cell division and cell stability. Hypoxia Inducible Factor-1α (HIF-1α) is the main 
biomarker intervening in this reaction. The aim of research was to measure the salivary levels of HIF-1α in 
OSMF patients and healthy controls.
 
Methods: This study included 60 participants (30 Oral submucous fibrosis cases and 30 healthy controls). The 
consecutive sampling technique was used for the recruitment of the study participants. The enzyme-linked 
immunosorbent assay (ELISA) was used to evaluate HIF-1α levels in saliva. In order to determine data 
normality, the Kolmogorov-Smirnov test was used. Independent t test was applied to compare salivary levels 
of HIF-1α between cases and controls and p-value of less than 0.05 was considered statistically significant.
 
Results: The mean salivary HIF-1α value for the oral submucous fibrosis group was 20.18±7.78, compared to 
healthy controls 13.62±8.86. A statistically significant difference was seen between levels of HIF-1α in the 
OSMF and control group (p=0.003). The mean mouth opening for cases was 22.94±9.51 mm and for controls 
42.00±5.19 mm. There was no correlation among salivary levels of HIF-1α in both the case and control groups 
(-0.059, -0.030) respectively. 

Conclusion: Higher levels of HIF-1α were seen in the OSMF group in comparison to healthy individuals 
suggesting that HIF-1α may play a role in malignant transformation of OSMF.
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INTRODUCTION

Oral submucous fibrosis (OSMF) is a premalignant 
condition that has been portrayed 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 
juxtaepithelial inflammatory reaction followed by 
fibroelastic change of the lamina propria and 
epithelial atrophy leading to mucosal stiffness and 
functional morbidity” 1. Over five million people 
worldwide suffer from OSMF according to the World 
Health Organization (WHO) 2.The rate of malignant 

transformation of OSMF is about 7-30%, with a 
prevalence of about 0.03% to 6.42% 3,4. 
Epidemiological and in vitro experimental studies 
have established areca nut (in various 
preparations) as the principal etiological agent 
causing OSMF5. Due to the widespread availability 
of areca nut and smokeless chewable tobacco in 
Pakistan, it is consumed in large quantities 
contributing to the high frequency of OSMF in 
Pakistan6. According to a study carried out in a 
Pakistani village, 99 percent of OSMF patients had 
previously used areca nut7. A study conducted in 
southern Pakistan on schoolchildren eating areca 
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nut reported the prevalence of OSMF ranged from 
50% to 79.6%8.

Hypoxia Inducible Factor-1α (HIF-1α) is a transcriptional 
activator of genes that modulate oxygen homeostasis 
and metabolic activation. It is a key regulator for 
recognizing and responding oxygen levels in cells9. HIF-1
α promotes angiogenesis in tumors by the generation of 
cellular vesicles, which facilitates intercellular contact at 
a distance. In hypoxic conditions, it is stabilized before 
translocating into the nucleus to interact with hypoxia 
responsive components. HIF-1α regulates the expression 
of genes that help cells to adapt and survive hypoxia10. 
In the early stages of OSMF, increased expression of HIF-1
α induces transcription of downstream cytokines like 
TGF-β, PAI-1 and PDGF that increases proliferation of 
fibroblast and collagen synthesis while inhibiting 
collagen degradation, resulting in fibrosis11. Literature 
also showed an association between hypoxia and 
fibrosis in renal and lung fibroblasts12,13. IncreasedHIF-1α 
expression has been found in OSMF with risk of 
progression towards malignancy14. This could be 
attributed to fibrosis of connective tissue in OSMF and 
blood vessels constriction resulting in a reduced blood 
supply to the local tissue environment. Hence, it is 
considered as an important factor in the progression to 
malignant transformation15. In India and Sri Lanka, the 
association of HIF-1α with OSMF was investigated using 
immunohistochemistry and RT-PCR in tissue samples of 
OSMF, but no such study has been conducted in 
Pakistan. Furthermore, to the best of the author’s 
knowledge, no study has assessed the salivary levels of 
HIF-1α in OSMF. The purpose of this case control study 
was to compare the expression of salivary HIF-1α levels in 
OSMF patients and healthy controls.

METHODS

This was a case control study and the consecutive 
sampling technique was used. Using OpenEpi 
software, the sample size was estimated. The study 
involved a total of 60 individuals, divided into 2 
groups: 30 clinically diagnosed cases of oral 
submucous fibrosis and 30 clinically healthy 
individuals. Both study groups included males and 
females who had previously used areca nut and 
smokeless chewable tobacco. The exclusion criteria 
of this study are OSMF patients who had previously 
been treated with steroids or who had any chronic 
oral and systemic diseases. Ethical approval was 
taken from the Ethics Review Committee (ERC) of 
Ziauddin University, Karachi (Reference code: 
1840120KIOM).

The protocol was described to all the participants 

who were asked to read the consent form and 
signed it before the start of the study. All 
participants were instructed that their participation 
was voluntary and they had the withdrawal right 
any time with no repercussions. One trained 
examiner distributed a complete and structured 
questionnaire to all the participants. Information 
about demographics, habits (e.g., use of areca nut, 
betel quid or gutka), duration and frequency of 
habit, clinical examination were included in the 
questionnaire for both the study groups.

All patients of OSMF were diagnosed clinically on 
the basis of: (a) inter- incisal mouth opening; (b) 
unilateral or bilateral fibrous bands in buccal 
mucosa; (c) buccal and palatal mucosal 
appearance; (d) a change in the appearance or 
movement of the tongue and; (e) and presence of 
soft palatal fibrosis. All saliva samples were 
collected from Department of Oral Medicine, and 
analyzed at Multidisciplinary Research Laboratory 
(MDRL), Ziauddin University, Clifton, Karachi. 
Unstimulated whole saliva (UWS) by passive 
drooling method was obtained from both the study 
groups and was done early in the morning. Salivary 
HIF-1α levels were determined by enzyme-linked 
immunosorbent assay technique (ELISA) kit 
(SEA798Hu, USCN, USA).

Statistical Package for Social Services (SPSS) version 
22 was used for data analysis. For descriptive 
statistics percentage and frequency was reported 
for categorical variables. For continuous data, 
mean and standard deviation was calculated. 
Kolmogorov-Smirnov test was used to assess data 
normality. In inferential statistics, Independent t and 
Mann Whitney tests were used to compare salivary 
levels of HIF-1α and other characteristics between 
cases and controls respectively. Spearman 
correlation test was applied to report correlation 
between salivary HIF-1α levels and other variables 
like frequency, duration of tobacco product use 
and mouth opening. p-value < 0.05 was considered 
statistically significant.

RESULTS

The current research included 60 participants, 30 
cases and 30 controls. The mean overall age of 
study subjects was 33.21±11.11. However, mean 
age for OSF cases was 35.56±12.55 and 30.86±9.06 
for controls. Sixty-seven percent (n=20) of the cases 
were males and 33% (n=10) of cases were females. 
Similarly, 73% (n=22) of controls were males and 27% 
(n=8) were females (Table 1).
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Out of thirty OSF cases, 10 participants were 
exclusive betel nut chewers, 1 exclusive gutka user 
and 19 participants were using different tobacco 
products in combination. Also out of thirty healthy 
controls, 8 were exclusive betel nut chewers, 1 pan 
user, 3 smokers, 2 naswar users, 10 participants with 
all above habits and 6 controls had no tobacco 
eating habits. Frequency of use per day and 
duration of use in years are mentioned in Table 1. 

From the 30 cases, 5 patients had unilateral buccal 
fibrous bands, 22 patients had bilateral buccal 
fibrous bands (Figure 1) and 3 patients had no 
fibrous bands. Twelve cases had tongue restriction 
and fibrous soft palate whereas 18 cases showed 
absence of this finding. Eleven cases complained of 
a burning sensation, and 19 cases did not complain 
of a burning sensation. 

The mean salivary HIF-1α levels were 20.18± 7.78 for 
OSMF group whereas mean salivary HIF-1α for 
healthy controls were 13.62 ± 8.86 (Figure 2). 
Independent t test showed statistically significant 
result (p=0.003) indicating significant difference 
between salivary levels of cases and controls (Table 
1). The mean mouth opening for case was 

recorded as 22.94±9.51 mm and for controls 
42.00±5.19 mm showed significant difference 
(p=0.001). Similarly frequency and duration of 
tobacco use showed significant difference among 
cases and controls (p=0.001, p=0.005), respectively 
(Table 1).

Table1:  Characteristics of the cases and controls.

Characteristics Cases
Mean ± SD

Controls
Mean ± SD

p-Value

Gender n (%)
Male 20 (67) 22 (73.33)

0.573
Female 10(33) 8 (26.66)

Age 35.56 ± 12.55 30.86 ± 9.06 0.242
Frequency of tobacco use 17.06 ± 24.32 5.63 ± 5.28 0.001

Duration of tobacco use 13.15 ±6.69 8.16 ± 6.63 0.005
Mouth opening 22.94 ±9.51 42.00 ±5.19 0.001
Mean salivary HIF -1  levels 20.18 ±7.78 13.62 ±8.86 0.003

Clinical characteristics of cases (OSMF) n (%)

Buccal fibrous 
bands

Bilateral 22(73)
Unilateral 5(16.6)
No fibrosis 3(10)

Tongue restriction 12(40)
Without tongue restriction 18(60)
Burning sensation 11(36.6)
Without burning sensation 19(63.3)

Figure 1: Clinical changes affecting the buccal mucosa showing significant blanching or marble-like
appearance thus, noted severe fibrosis of the buccal mucosa.
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Spearman correlation test was used to explore for 
any correlations among salivary HIF-1α levels and 
explanatory variables assessed in OSMF cases. 
Frequency of tobacco use i.e. number of packets 

per day, duration of use and mouth opening in 
millimeters showed no significant correlation with 
salivary levels of HIF-1α in case and control groups 
(Table 2).

DISCUSSION

We hypothesized in this study that salivary HIF-1α 
levels in OSMF are higher than in healthy controls. 
The results of this study revealed a statistically 
significant difference in HIF-1α expression between 
cases and controls. Moreover, we also assessed 
correlation between salivary HIF-1α levels and 
clinical parameters but no significant correlation 
was found between them. However, there was a 
non-significant negative association found 
between salivary HIF-1α levels and mouth opening 
which means that if mouth opening is decreased 
then levels increased.

Due to connective tissue fibrosis in OSMF, there is 
blood vessels constriction resulting in a reduced 
blood supply to the local tissue environment. This 
hypoxia induces the activation of the transcription 
factor HIF-1α. Numerous studies reported 
overexpression of HIF-1α in OSMF as compared to 
controls but all of the studies were carried out on 
tissue samples of OSMF. Hande et al. evaluated the 
expression of HIF-1α in OSMF using 
immunohistochemistry16. However the comparison 
of our study with study by Hande and coworkers 
had certain limitations like the difference in sample 
used (saliva vs. tissue) and analytical techniques 
employed in the studies (ELISA vs. 
immunohistochemistry). Pereira, Dalmia, Chaudhry 

Figure 2: Box and Whisker plot representing mean concentrations of salivary HIF 1- alpha among OSMF
cases and healthy control thus, noted higher levels in cases and low levels in controls of salivary HIF-1α.

Table 2: Correlation among Salivary HIF-1α levels, tobacco use and mouth opening.

*p-value < 0.05 was considered significant; Spearman correlation test was applied. 

Variables
Cases (n=30 ) Controls (n=30)

Correlation
Coefficient p-Value Correlation

Coefficient p-Value

Frequency of tobacco use
(no of packets per day)

0.098 0.607 0.131 0.492

Duration of tobacco use 
(in years) -0.150 0.430 0.285 0.126

Mouth Opening
(in mm)

-0.059 0.757 -0.030 0.876
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and Tilakaratne also evaluated HIF-1α expression in 
OSMF and controls and showed statistically 
significant results17-20. Again, these researches 
involved tissue biopsy, immunohistochemistry and 
polymerase chain reaction (PCR) for biomarker 
identification. To the best of our knowledge, the 
study is the first carried out on the salivary expression 
of HIF-1α in OSMF and healthy individuals. 
According to the findings of this study, salivary HIF-1
α levels were increased in OSMF patients as 
compared to healthy individuals. As a result, the 
present study data suggested that HIF-1α could 
have a role in the malignant transformation of 
OSMF. 

In this study, out of 30 cases 20 were males (67%) 
and 10 (33%) were females which clearly showed a 
male predominance. Similar observations have 
been reported in other studies21,22. This is due to easy 
accessibility of areca nut based products, use of 
areca nut and related products by 
co-workers/closely associated people at work 
place or people in the immediate surroundings. 
Moreover freedom from financial and 
social/cultural constraints in the use of these 
products among males also make them more 
prone to their use23. However recent studies have 
shown changing trends with an increase in 
incidence of use of areca base products among 
females as well24. This could be due to the social 
tolerability in use of areca nut based products by 
females, also due to the lack of knowledge and 
false beliefs of areca nut and related products 
being harmless and favorable products.

In the current study, the mean age of cases was 
calculated to be 35.56±12.55. Similar age group 
was reported in other studies as well25,26. OSMF is a 
condition that prevails in the 2nd and 3rd decades 
of life as results from several studies have shown that 
use of tobacco is more prevalent among younger 
individuals. According to epidemiological data, 
areca nut consumption in younger individuals is 
mostly associated with low/middle socioeconomic 
status and low cost and eases of access to these 
products27. Chewing areca nut, betel quid and 
gutka, raises the risk of developing OSMF. Areca nut 
contains a variety of biologically active alkaloids 
and flavonoids that stimulate fibroblast cells to 
promote collagen production while simultaneously 
reducing collagen degradation due to increased 
collagen structural stability and decreased 
collagenase activity28. Majority of the participants in 
our study had the combine habits of betel nut and 
gutka while some participants were exclusively 
betel nut chewers. The above findings are in 
accordance with other studies as well29,30.

This study, like many others, has some limitations that 
must be considered. We cannot generalize the 
findings because samples were solely collected 

from a single institute. It should be mentioned that 
the sensitivity/specificity of HIF-1α in saliva was not 
calculated in the present study. We used clinical 
examination only to diagnose OSMF in the present 
study. Pathologists can get diagnosis that is more 
accurate and staging of OSMF using invasive 
procedures like “punch biopsy”. These methods, 
however, have a major impact on the compliance 
of patient. OSMF is classified based on many clinical 
parameters and histopathological manifestations, 
which have been thoroughly established. As a 
result, determining the severity of the disease and its 
malignant transformation in relation to the levels of 
HIF-1α in saliva might be difficult. More research is 
needed to compare salivary HIF-1α levels in 
different stages of OSMF.

CONCLUSION

In this study, higher level of HIF-1α was seen in oral 
submucous fibrosis (OSMF) group in comparison to 
the healthy individuals suggesting that HIF-1α may 
play a role in malignant transformation of OSMF.
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