
 

 

 

AIF-1 GENE AS STRONG PROGNOSTIC BIOMARKER FOR ORAL CANCER 
Original Article 

 

DIVYA TANDON  
Molecular and Human Genetics Lab, University of Lucknow, Lucknow, Uttar Pradesh, India 

*Corresponding author: Divya Tandon; *Email: d.tandon84@gmail.com 

Received: 18 Apr 2023, Revised and Accepted: 21 Jul 2023 

ABSTRACT 

Objective: Oral Squamous Cell Carcinoma (OSCC), which is the sixth most prevalent type of cancer across the globe caused by cigarette smoking, 
smokeless tobacco use, excessive and extreme alcohol use, oral trauma, HPV (Human Papilloma Virus) infection as well as genetic mutations. AIF-
1(Allograft Inflammatory Factor) has been identified as an inflammatory response modulator, and its increased expression has been linked to 
carcinogenesis.  

Methods: In this study, 200 OSCC patients and 200 matched controls were compared to investigate if there was any association between the AIF-
1(Allograft Inflammatory Factor) gene and the risk of cancer of oral cavity in the North Indian population. AIF-1(Allograft Inflammatory Factor) 
gene polymorphism rs2857595 were detected using TaqMan probe assay. 

Results: The findings of our study revealed that AA genotype of AIF-1(Allograft Inflammatory Factor) Gene increases the susceptibility of Oral 
Squamous Cell Carcinoma. The association of AA genotype with Oral Squamous Cell Carcinoma is more in co-dominant model and the combination 
of both the mutant genotypes (AA+AG) is more significantly associated with Oral Squamous Cell Carcinoma in recessive model. GG genotype of AIF-
1 (Allograft Inflammatory Factor) gene comes out with a protective effect against the risk of (OSCC Squamous Cell Carcinoma). To further 
understand the role of AIF-1(Allograft Inflammatory Factor) polymorphism, we compared the association of genotypes with various 
clinicopathological characteristics of Oral Squamous Cell Carcinoma patients. And we found that the patients with AA genotype have a significantly 
higher risk of developing high-grade tumors and more nodal involvement.  

Conclusion: Thus, rs2857595 locus AA genotype of AIF-1(Allograft Inflammatory Factor) can be considered as important point in the development 
of accurate preventive approach and a prognostic indicator for oral cancer. 
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INTRODUCTION 

Oral Squamous Cell Carcinoma (OSCC) starts with a small, strange, 
mysterious development or soreness in the oral cavity. It may affect 
any part of the mouth like vermillion borders of lips, buccal mucosa, 
gingiva, tongue, hard or soft palate, the floor of the mouth or if left 
untreated, may extend upto the pharynx. Overall, OSCC (Oral 
Squamous Cell Carcinoma) holds the sixth position among all cancer 
types [1]. Because of late diagnosis and expensive treatment 
modalities, the odds of recovery are extremely low almost negative [2].  

Untreated precancerous lesions or diseases, as well as inflammation 
of the usual mucosal lining, are typical causes of OSCC (Oral 
Squamous Cell Carcinoma) [3-6]. Lack of awareness, exposure to 
tobacco and tobacco products, alcohol or harmful carcinogens, 
behavioural factors and above all genetic alterations are indicators 
of OSCC (Oral Squamous Cell Carcinoma) [7].  

During tumor development, the immune system fights cancer or aids 
in the cancer's growth. This method is called immuno-editing [8]. 
These immune cells are seen infiltrating cancer cells and are 
important prognostic indicators of cancer [9-12].  

Allograft Inflammatory Factor-1(AIF-1) was first recognized as 
causing chronic rejection in rat cardiac allografts [13]. In humans, 
the phylogenetically preserved AIF-1 (Allograft Inflammatory 
Factor-1) gene is encoded within the main histocompatibility 
complex class III chromosome region 6p21.3 known to harbors 
clusters of genes implicated in inflammatory reactions such as 
TNF5-007 and nuclear factor-kappa B. [14].  

The function of AIF-1 (Allograft Inflammatory Factor-1) is not well 
understood but is primarily expressed by immune cells and is linked to 
inflammatory disorders, obesity, diabetes, and carcinogenesis [15]. It is a 
well-recognized key controller of inflammation by modulating the 

appearance of chemo-attractants and pro-inflammatory cytokines [16]. 
Apart from immunomodulation function, a recent study has shown that 
AIF-1 (Allograft Inflammatory Factor-1) regulates a number of 
important cell adhesion molecules [17, 18]. 

Studies have revealed that it plays important role in progression of 
cancer and its expression is increased in carcinogenesis [19]. Also, this 
AIF-1v3 (Allograft Inflammatory Factor-1) can up-regulate TNFα 
(Tumour Necrosis Factor-α) mediated activation of p38-MAPK pathway 
that leads to increased migration of breast cancer cells [20, 21].  

The objective of the present study is to explore the possible function of 
AIF-1(Allograft Inflammatory Factor-1) gene polymorphism in OSCC 
(Oral Squamous Cell Carcinoma) of varying aggressiveness by evaluating 
the correlation of AIF-1(Allograft Inflammatory Factor-1) gene with the 
demographic and clinicopathological parameters of OSCC (Oral 
Squamous Cell Carcinoma) patients in Indian subpopulation.  

Even though AIF-1(Allograft Inflammatory Factor-1) has been 
studied previously in inflammatory disorders and in other types of 
cancers, but its role in oral cancer risk is still to be explored. 

MATERIALS AND METHODS 

Methods 

Selection of patients and sample collection 

For this study we have gathered 200 newly diagnosed oral cancer 
patients from King George Medical College, Lucknow and 200 
healthy controls. Both the groups (cases and controls) were asked to 
submit a questionnaire to have a knowledge about their 
demographic profile and any history of exposure to smoke or 
alcohol. Human Ethical Committee, KGMU, Lucknow reviewed and 
approved the study. (1252/R. Cell-19). The exclusion and inclusion 
criteria for cases and controls were same as discussed before [22]. 
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Blood samples around 2-3 ml were taken from both the oral cancer 
patients and control for DNA isolation and genotyping. We have also 
taken a total of 100 tissue samples from oral cancer patients and 30 
control tissues from periphery of oral cancer region for the study. 
After extracting the tissue, one section was put in formal saline, 
while the other was placed in RNA later solution [Thermo Scientific] 
and held at 20 °C before processing. 

DNA and RNA isolation 

DNA was isolated from blood samples of OSCC (Oral Squamous Cell 
Carcinoma) samples and control samples using whole blood QIA 
amp DNA Blood mini kit [Qiagen] for blood genomic DNA isolation 
following the manufacturer’s protocol and quantified using 
spectrophotometer and stored at-20̊ C. RNA was isolated and cDNA 
was prepared in order to compare the expression of AIF-1((Allograft 
Inflammatory Factor-1)) gene among cases and controls.  

Histopathological categorization of OSCC (Oral Squamous Cell 
Carcinoma) tissue samples 

Histopathology of OSCC (Oral Squamous Cell Carcinoma) samples 
was done to grade them according to their differentiation. 
Histopathology was not only done to grade the tumor tissues but 
also used to get an idea about the prognosis or aggressiveness of 
disease. For histopathological grading of cases, 50-60 mg of OSCC 
(Oral Squamous Cell Carcinoma) tissue samples is obtained and put 
in formal saline. Parts were first embedded in paraffin wax; then 
tissue blocks were created and sliced into thin, uniformly cut 
sections using a microtome. The pieces were then placed on slides 
and stained with hematoxylin and eosin (fig. 1).  

Genotyping assay 

Genotyping was carried our using TaqMan probe assay. The primer 
and probe sequences were taken from a study done by ZHANG et al., 
2020. They are checked on our samples and found appropriate for 
genotyping. The primers and probes are as follows:  

rs2857595-P1-Probe-FAM-AGAAGTCACCCAATCT-MGB 

rs2857595-P2-Probe-HEX-AGTCACTCAATCTCMGB 

rs2857595-F-Primer-GGGAGCCATTCATTAGTTGAAAAATAT 

rs2857595-R-Primer-AAAGTCCACAATCCAGCACAGG 

The protocol followed is as follows:  

• Pre-denaturation phase performed at 95 ᵒC for 10 min. 
Denaturation phase follows pre-denaturation performed at 95 ᵒC for 
5 seconds X 40 cycles. Then comes Annealing phase performed at 60 
ᵒC for 30 seconds X 40 cycles. Samples were then kept in incubation 
at 4 ᵒC. 

The final reaction mix contains 1 µl of DNA template, 2.5 µl of 2X 
TaqMan master mix, 0.225 µl of both forward and reverseprimers, 
0.095 ml of each probe and 0.86 µl ddH2O making total reaction 
volume5 µl. The reactions were performed in triplicates and then 
some samples were randomly selected for assay repetition.  

Statistical analysis 

The genotype distribution was first tested for Hardy-Weinberg 
equilibrium, which was validated using Chi-square analysis. 
Demographic details of both the groups, i.e. cases and controls, were 
compared and p values were calculated to define the significance. 
Correlation between genotypes, risk of development of OSCC (Oral 
Squamous Cell Carcinoma) and clinical and pathological parameters 
were estimated using Odds Ratio and 95% Confidence Interval 
obtained from age and gender-adjusted multiple logistic regression 
models. Data was analyzed using SPSS software. 

RESULTS 

Population aspects of OSCC cases and control 

The case-control study conducted comprises 200 OSCC (Oral 
Squamous Cell Carcinoma) cases and 200 matched controls. There 
was no significant difference between the distribution of cases and 
controls in their age and sex. Between the two classes, there was a 
significant variation in habitual parameters such as betel quid 
chewing (p<0.001), alcohol consumption (p<0.001), and cigarette 
smoking (p<0.001) (table 1). 

 

Table 1: Demographic and clinical categorization of cases and controls 

Variables Control [n=200] Cases [n=200] Chi P value 
Age 
<50 y 96(48%) 98(49%) 0.04 0.8414 
>50 y 104(52%) 102(51) 
Gender 
Male 116(58%) 129(64.6%) 1.780 0.1821 
Female 84(42%) 71(35.5%) 
Betel quid Chewing 
No 160(80%) 40(20%) 144.0 <0.001 
Yes 40(20%) 160(80%) 
Cigarette Smoking 
No 93(46.5%) 24(12%) 57.52 <0.001 
Yes 107(53.5%) 176(88%) 
Alcohol 
No 151(75.5%) 90(45%) 38.84 <0.001 
Yes 49(24.5%) 110(55%) 
Tumor location 
Buccal mucosa  127(63.5%)   
Tongue 64(32%)  
Upper and lower gingiva 9(4.5%)  
Tumour dimensions 
T1-T2  165(82.5%)   
T3-T4 35(17.5%)  
Lymph Nodal involvement 
N0-N1  158(79%)   
N2-N3 42(21%)  
Tumor Stage 
1-2  159(79.5%)   
3-4 41(20.5%)  
Tumor Grade 
G1  112(56%)   
G2-G3 88(44%)  
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Histopathological and clinicopathological characteristics of 
OSCC (Oral Squamous Cell Carcinoma) cases 

All the OSCC (Oral Squamous Cell Carcinoma) patients were graded 
clinicopathologically and histopathologically in various categories to 
keep an estimate about the aggressiveness and prognosis of the 
patient. Patients were histopathologically graded according to their 
differentiation into Well-differentiated tumors, i.e. Grade I and 
Moderately and poorly differentiated tumors, i.e., Grade II and we 
found that a little more than half of the patients recruited were in 
Grade I. Majority of tumors were located on the buccal mucosa 
(63.5%), 32% were located on tongue and only 9% were found on 
upper and lower gingival crevices. Around 80% of the patients were 
in early stages of OSCC (Oral Squamous Cell Carcinoma) with little or 
no lymph node involvement and rarely, we found any cases with 
distant metastasis (table 1, fig. 1A-D). 
 

 

Fig. 1A: Well-differentiated oral squamous cell carcinoma 
 

Well-differentiated tumors characterized by the presence of keratin 
islands with keratin pearls inside. Inside the keratin pearls, the cells 
are acidophilic with pyknotic nucleus and karyolysis. 
 

 

Fig. 1B: Moderately differentiated oral squamous cell 
carcinoma 

 

Moderately differentiated tumors are characterized by the presence 
of organized islands of neoplastic cells. At the periphery, the islands 

are separated with inflammatory cells. Tumor cell nuclei have 
different shapes and sizes.  
 

 

Fig. 1C: Poorly differentiated oral squamous cell carcinoma 
 

Poorly differentiated tumors are defined by cellular dissemination, 
tumor stroma results from conversion of covering epithelium into 
stroma. This provides nitrition to tumor cells to grow and divide. 
 

 

Fig. 1D: Verrucous carcinoma 
 

Verrucous carcinoma a slow-growing tumor which is defined by the 
presence of rete ridges. It shows good prognosis. 

Association of AIF-1 gene polymorphism with risk of OSCC 

To further study the association of AIF-1 gene polymorphism with 
the risk of OSCC, we genotyped controls and OSCC patients. Table 2 
shows the genotyping distributions and relationships between oral 
cancer and AIF-1 gene polymorphisms. In the controls, all the 
genotype frequencies follow Hardy-Weinberg equilibrium. The 
unconditional logistic regression analysis shows AA genotype in the 
co-dominant model and combination of both the mutant genotypes 
(AA+AG) in the recessive model significantly increases the risk of 
oral cancer, while GG genotype comes out with a protective effect 
against the risk of OSCC. And there is no significant difference seen 
between the cases and the control in the dominant model genotype. 

 

Table 2: The rs2857595 unconditional logistic regression on the risk of oral cancer 

Type Case Control Odds ratio 95%CI P value 
Co-dominant Genetic model 
AA 71 64 1.997 1.102-3.618 0.0216 
AG 104 91 2.057 1.170 to 3.617 0.0114 
GG 25 45 Ref   
Dominant genetic model 
AA 71 64 1.17 0.7723-1.771 0.4592 
AG+GG 129 136 Ref   
Recessive genetic model 
AA+AG 175 155 2.032 1.191-3.469 0.0085 
GG 25 45 Ref   
  

Association of AIF-1 gene polymorphism with 
clinicopathological characteristics of OSCC patients 
To further study the involvement of AIF-1 gene polymorphism in the 
causation of OSCC, we categorize the cases according to their 

clinicopathological features. And we found that AA genotype 
increases the risk of more lymph node involvement and the patients 
have significantly more chances of developing high-grade tumors in 
comparison to GG (table 3). 
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Table 3: Association of AIF-1 gene polymporphism with clinicopathological characteristics of OSCC patients 

Tumour size           
  <=T2 >T2        
Rs2857595 N= 165 N=35 OR 95%CI P value 
AA 51 20 4.51 0.9716 to 20.93 0.0391 
AG 91 13 1.643 0.3460 to 7.801 0.5285 
GG 23 2 Ref     
Clinical Stage           
Rs2857595 I+II III+IV       
  N= 159 N= 41       
AA 54 17 1.653 0.4976 to 5.490 0.4087 
AG 84 20 1.25 0.3858 to 4.050 0.7094 
GG 21 4 Ref     
Lymph Node           
Rs2857595 N0-N1 N3-N4       
  N= 158 N= 42       
AA 47 24 3.745 1.018 to 13.78 0.0371 
AG 89 15 1.236 0.3286 to 4.649 0.7536 
GG 22 3 Ref     
Clinical Grade           
Rs2857595 Grade I Grade II       
  N= 152 N= 48       
AA 51 20 1.569 0.5178 to 4.752 0.4235 
AG 81 23 1.136 0.3841 to 3.359 0.8178 
GG 20 5 Ref     

 

DISCUSSION 

If we define OSCC (Oral Squamous Cell Carcinoma), it is simply called 
as the malignant tumor occurring/involving the oral cavity. The 
incidence of OSCC (Oral Squamous Cell Carcinoma) has been 
increasing in recent years. AIF-1(Allograft Inflammatory Factor-1) is 
a gene located on chromosome 6 in the human leukocyte antigen 
class III genomic region. Although the precise mechanism connecting 
the rs2857595 gene polymorphism to oral cancer sensitivity has yet 
to be identified, there exist a connection between the rs2857595 
locus and several inflammatory genes [24]. Furthermore, AIF-
1((Allograft Inflammatory Factor-1) protein was discovered as an 
effective marker for intestinal mucosal barrier repair in a recent 
animal study, and it can aid in the healing of intestinal mucosal 
damage by reducing inflammatory responses and encouraging 
intestinal mucosal cell differentiation [24].  

Taking this study as a reference, we tried to explore whether AIF-
1((Allograft Inflammatory Factor-1) gene is also involved in repair 
of oral mucosal injury and we found a protective response of AIF-
1((Allograft Inflammatory Factor-1) gene for OSCC (Oral Squamous 
Cell Carcinoma). But the exact mechanism involved in this repair is 
still to be studied. 

We have also found AIF-1(Allograft Inflammatory Factor-1) as main 
inflammatory cytokine that has been linked to cancer, as shown by 
report of Zhang et al. 2021 and Roman et al. 2017 [23, 24] t, which 
found elevated AIF-1 (Allograft Inflammatory Factor-1) mRNA levels 
in human cervical cancer relative to adjacent normal cervical tissue. 
In rat and human gliomas, Deininger et al. observed elevated 
expression of AIF-1(Allograft Inflammatory Factor-1) in active 
microglial cells and a subset of macrophages for tumor infiltration. 
According to previous studies, AIF-1(Allograft Inflammatory Factor-
1) will function as an oncogene. 

The findings of this study revealed a clear correlation of AIF-
1(Allograft Inflammatory Factor-1) gene polymorphism with risk of 
OSCC (Oral Squamous Cell Carcinoma)[25] and the results indicated 
a clear association with AA genotype that it increases the risk of oral 
cancer and GG genotype perform a protective role. To further justify 
our results, we studied whether there is any correlation between 
AIF-1(Allograft Inflammatory Factor-1) gene polymorphism and 
clinicopathological characteristics of OSCC (Oral Squamous Cell 
Carcinoma) patients. And we found an association of AIF-1(Allograft 
Inflammatory Factor-1) gene polymorphism with the nodal status 
and tumour grade. These results indicate that AIF-1(Allograft 
Inflammatory Factor-1) expression may be involved in the 

development of OSCC (Oral Squamous Cell Carcinoma) and may have 
significance as a prognostic marker [26]. 

A study done by Wei et al.,2014 found that the AIF-1(Allograft 
Inflammatory Factor-1) gene polymorphism rs2857595 lowers the 
risk of laryngeal squamous cell carcinoma, which our results 
contradict [25]. 

LIMITATIONS OF THE STUDY 

Since this is a case-control study, some degree of selection bias and 
recall bias exists. But we have tried our best on the selection of 
patients and quality of our data to reduce the biasness. Although a 
more elaborated study on large sample size is needed taking our 
study as base to further study the function of AIF-1(Allograft 
Inflammatory Factor-1) gene as a biomarker for OSCC(Oral 
Squamous Cell Carcinoma). 

CONCLUSION 

In summary, our study inferred that the AIF-1(Allograft 
Inflammatory Factor-1) gene rs2857595 locus AA genotype can 
increase the risk of oral cancer. In future studies, this rs2857595 
locus AA genotype of AIF-1(Allograft Inflammatory Factor-1) can be 
considered as important point in the development of an accurate 
preventive approach and a prognostic indicator for oral cancer. 
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