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Abstract

Background: Polymorphisms of TAP1 gene might be pertinent in develop-
ment of cancer by altering the immune response. We studied the association of
TAP1 gene polymorphism with HPV related oropharyngeal cancer. Methods:
This prospective study consisted of 200 subjects divided into three groups;
Group A—HPYV positive oropharyngeal cancer (17/100), Group B—HPV nega-
tive oropharyngeal cancer (83/100) and Group C—Controls. TAP1ile333val
polymorphism genotyping was performed by ARMS-PCR. Results: No sig-
nificant difference was observed in the distribution of Val/Val genotype of
Group A in comparison to Group C (OR = 0.663, 95% CI = 0.164 - 2.688, p
= 0.742) and Group B (OR = 1.725, 95% CI = 0.388 - 7.675, p = 0.677) and
thus was not associated with HPV associated cancer. But the frequency of
Val/Val genotype was found to be significantly decreased in Group B as com-
pared to controls and was linked with increased risk of oropharyngeal cancers
(OR =0.38, 95% CI = 0.15 - 0.97, p = 0.048). Conclusion: TAP1i333v gene
polymorphism was not associated with HPV positive oropharyngeal cancer;
however decreased frequency of Val/Val genotype raises the risk of oropha-
ryngeal cancer.
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1. Introduction

Head and Neck Squamous Cell Carcinoma (HNSCC) is the sixth most common
cancer with approximately 6 million cases being reported annually all over the
world and oropharyngeal squamous cell carcinoma accounts for approximately
10% [1] of all HNSCC. An association between HNSCC and human papillo-
mavirus (HPV) was postulated more than twenty years ago [2]. A wide varia-
tion in the prevalence of HPV is seen all through the upper aerodigestive tract
tumors, among which a stronger link of these oncogenic viruses appears with
those cancers arising from oropharynx. It has been demonstrated that HPV re-
lated oropharyngeal cancers present with a specific molecular, clinical and patho-
logic patterns that are possibly associated with HPV infection [3]. Also they are
less likely associated with traditional risk factors such as alcoholism and smok-
ing [4]. Several studies identify a survival advantage [5] [6] despite advanced
disease.

It has been observed that all the individuals infected with HPV are not able to
eradicate this oncogenic virus. Thus suggesting that host genetic backgrounds
may account, at least partly, for the development of HPV associated oropharyn-
geal cancer. Defect in the cell-mediated immune response may be one of the
possible mechanisms which contribute to this altered ability to eradicate HPV.
Major Histocompatibility Complex (MHC) class I molecules exhibit a critical
role in immune recognition of virus-infected cells. The Transporter associated
with Antigen Processing (TAP) is a vital component of MHC class I antigen
presentation [7]. TAP products facilitate the entry of viral proteins into the rough
endoplasmic reticulum which further integrates with MHC-I molecules [8]. Ear-
lier studies have provided evidence for the role of genetic polymorphisms of
TAP1 gene in modulating immune response to HPV and hence their persistence
leading to increased risk of tumorigenesis [9]. Thus, genetic polymorphisms of
TAP1 gene may therefore enhance the tumorigenesis by hampering TAP func-
tions and giving a survival advantage to HPV. Given the role of deficiencies in
TAP1 gene with immune recognition of HPV and related tumorigenesis, the va-
riant TAP proteins are potential candidates for predisposition to HPV related
oropharyngeal cancer. However, data regarding the association of TAP1 gene
polymorphisms with risk of HPV related oropharyngeal cancer is lacking. Sever-
al previous association analyses in HPV positive cervical cancers have provided
conflicting results [10] [11]. So our present work aimed to study the association
of TAP1 gene polymorphisms with susceptibility to HPV related oropharyngeal

cancer.

2. Material and Methods
2.1. Subjects
100 cases of biopsy proven oropharyngeal cancers (for Squamous cell carcino-

ma) presenting to the Department of Otolaryngology and Head Neck Surgery of
Post Graduate Institute of Medical Education and Research (PGIMER), Chan-
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digarh, India were included in this study. The research protocol was approved by
the Institute Research Ethics Committee, PGIMER. The study period was from
July 2011 to December 2012. All patients were screened for HPV status and then
grouped as A and B depending on their HPV status. Group A and B comprised
of HPV positive and HPV negative oropharyngeal cancer patients respectively.
Group C consisted of 100 healthy subjects who had no clinical manifestations of
HPYV infection/chronic illness nor had any family history of cancer. Informed

consent was obtained from all cases and controls.

2.2. Genotyping

Genomic DNA was isolated from peripheral blood lymphocytes using proteinase
K digestion and phenol chloroform method [12]. Tumor samples were screened
for HPV16 DNA using a HPV16-specific PCR for E6 (Forward primer A,
5-TCAAAAGCCACTGTGTCCTGA-3’ and primer B,
5-CGTGTTCTTGATGATCTGCAA-3’). f-globulin was used as an internal con-
trol. HPV 16 primers were standardized with pool DNA of positive control from
temperature 48°C to 57°C (gradient: 48, 48.6, 49.7, 51.3, 53.4, 55.2, 56.3, 57.0),
2.5 mM MgCl, and product size of 119 bp. TAP1I333V polymorphism genotyping
was performed by amplification refractory mutation system-polymerase chain reac-
tion (ARMS-PCR) (Figure 1) as described by Powis et al [13]. Briefly, in this me-
thod, four primers were used for the dimorphic site at 333. Two of these were com-
plementary to one of the dimorphic sites, while the other two allele-nonspecific
primers were used as an internal control. PCR conditions were standardized for
these two sets of primers and genomic DNA was amplified using optimized con-

ditions as mentioned.

Ladder 1 2 3 4 5 6 7 8

Figure 1. Representative PCR products for TAP1lgene i333v polymorphism analysed on
2% agarose gel. Lane 2 & 7: control & allele specific 241 bp and 533 bp fragments defining
the Ile/Ile homozygote. Lane 1, 3, 4-5: control and allele specific, smaller fragments (241
bp, 351 bp and 533 bp) defining Ile/Val heterozygote. Lane 6 & 8: control and allele spe-
cific 351 bp and 533 bp fragments defining the Val/Val homozygote.
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Details of the primers:

Codon Sequence (5’ to 3’) Specificity Size (bp)

TAP1333CCCTGCACTGAGATTTGCAGACCTCTGGAGS’ flanking Control; 533

GATCAGTGTCCCTCACCATGGTCACCCGGA Ile-333 Ile-333; 241

GGGCAGAAGGAAAAGCAGAGGCAGGGTCAC Val-333 Val-333; 351

ACCTGGGAACATGGACCACAGGGACAGGGT 3’ flanking

PCR was setup under sterile conditions. The PCR reaction mixture (25 pl) con-
tained 1 pl of DNA, 0.25 mM of dNTP, 10 pmol of each primers, 10X PCR buf-
fer, 2.5 mM MgCl,, and 1 unit of thermostable Taq DNA polymerase. The PCR
reaction composition has been listed in Table 1.

The PCR tubes were given a brief spin to mix the contents and then placed in
the thermal cycler. The gradient PCR of TAP1 from 58°C to 65°C at a concen-
tration of 1.5 mM MgCl, and 2.5 mM MgCl, were studied. PCR was carried out
at 95°C for 5 min (Initial denaturation), 35 cycles of 1 min at 95°C (denatura-
tion), 45 s at 62°C (annealing), 72°C for 1 min (extension) followed by a final
extension of 10 min at 72°C.

DNA isolated was checked for integrity on 2% agarose gel stained by ethidium
bromide, by electrophoresis and picture of gel was taken on GelDoc (BioRad).
Genotyping results were interpreted as follows: Ile/Val if 241, 351 and 533 bp
bands were visible, Ile/Ile if 241 and 533 bp bands were visible, and Val/Val if
351 and 533 bp bands were visible.

3. Statistical Analysis

Statistical analysis was performed using the SPSS software (version 16.0). Hardy
Weinberg equilibrium (HWE) calculator was used to check deviation from HWE.
The risk to HPV positive oropharyngeal cancer in relation to polymorphic pre-
valence was evaluated using Pearson’s y* test to calculate odds ratio and 95%
confidence intervals after adjustment for potential confounders. Wild type ge-
notype was used as reference category in the statistical analysis. A two sided p

value of <0.05 was considered statistically significant.

Table 1. Reaction composition used TAP11333V polymorphism.

Components Volume
Taq Buffer (10X) 2l
MgCl, (25 mM) 2.5ul
dNTPs (25 mM) 0.25 ul
Forward Primer (10 uM) 1ul
Reverse Primer (10 pM) 1ul
DNA 1l
Taq Polymerase (1 unit/pl) 1ul
Water 16.25 ul
Total 25 ml
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4. Results

Demographic profile of patients and control subjects is given in Table 2. 17%
patients were found to be HPV 16 positive. Thus Group A had 17 cases of HPV
positive oropharyngeal cancer and Group B consisted of 83 cases of HPV nega-
tive oropharyngeal cancer. The genotype and allele frequency of patients and
controls are given in Table 3 and Table 4. Allele frequency of TAP1I333V gene
polymorphism was consistent with Hardy Weinberg Equilibrium (HWE).

No significant difference in distribution of Val/Val genotype in Group A was
observed when compared to Group C (OR = 0.663, 95% CI = 0.164 - 2.688, p =
0.742) and Group B (OR = 1.725, 95% CI = 0.388 - 7.675, p = 0.677). However,
the frequency of Val/Val genotype was found to be significantly decreased in the
Group B as compared to controls and this decrease was associated with increased
risk of oropharyngeal cancers (OR = 0.38, 95% CI = 0.15 - 0.97, p = 0.048). No
significant difference in distribution of Val allele among Group A as compared to
controls (OR = 0.665, 95% CI = 0.302 - 1.468, p = 0.343). Whereas the prevalence
of Val allele was significantly decreased in the Group B when compared to con-
trols and this decrease was associated with increased risk of oropharyngeal can-
cers (OR = 0.59, 95% CI = 0.38 - 0.98, p = 0.025) (Table 3). The frequency of Val
allele was significantly higher in controls than in cases (OR = 0.606, 95% CI = 0.397
- 0.923, p=0.025) and was associated with decreased risk of cancer in controls.

Table 2. Demographic profile of study population.

Avs Avs Bvs A+B
Group A GroupB GroupC GroupA+ C C +vsC

Characteristics
(n=17) (n=83) (n=100) B (n=100)
pvalue

51.94 54.19 48.9 + 51.36 £

Mean Age (yrs) 0.482 0.379 0.007 0.007
9.46 12.41 13.62 13.01

Gender
Males 15 (88.2) 75 (90.40) 71 (71) 10 (10) 0.709 0.137 0.001 0.001
Females 2(11.8) 8 (9.60) 29 (29) 90 (90)
Smokers 14 (82.4) 62 (74.7) 30 (30) 76 (76) 0.501 0.001 0.001 0.001
Non smokers 3(17.6) 21 (25.3) 70 (70) 24 (24)

17.58 £ 14.57 £ 1042 + 13.80 £
Pack years (Yrs) 0.267 0.048 0.103 0.058

11.77 11.76 10.41 11.53

Alcoholics 7 (41.20) 44 (53) 22 (22) 51 (51) 0.791 0.09 0.001 0.001
Non alcoholics 10 (58.80) 39 (37) 78 (78) 49 (49)
Tobacco chewing 4 (23.5) 20 (24.1) 16 (16) 24 (24) 0.96 0.367 0.367 0.157
Non tobacco chewing 13 (76.5) 63 (75.9) 84 (84) 76 (76)
Concurrent
consumption of 6 (35.3) 36 (43.37) 12 (12) 42 (42) 0.900 0.011 0.013 0.012

tobacco and alcohol

Age analyzed by t test; rest by Pearsons Chi square test.
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Table 3. TAP1 genotypes among various groups.

Polymorphism Group C Group A Group B Group A + B OR (95% CI); p
TAP1 333 n (%) n (%) n (%) n (%) AvsB
Ile/Ile 42 (42.00) 10 (58.82) 46 (55.42) 56 (56.00)
Ile/Val 39 (39.00) 4(23.53) 29 (34.94) 33 (33.00))
OR (95% CI); p* 0.43 (0'3.2;% 1.486); 0.679 (0.3296 1.284); 0.635 (05;1;13 1.171); 0.634 (0(.)1:;8 2.212);
Val/Val 19 (19.00) 3 (17.65) 8 (9.64) 11 (11.00)

OR (95% CI); p*

0.663 (0.164 - 2.688)

0.38 (0.15 - 0.97);

0.43 (0.187 - 1.009);

1.725 (0.388 - 7.675);

0.742 0.048 0.061 0.677
*-Pearsons chi squared test.
Table 4. TAP1 alleles among various groups.
Polymorphism Group C Group A Group B Group A + B OR (95% CI); p*
TAP1 333 n (%) n (%) n (%) n (%) AvsB
Ile 123 (61.50) 24 (70.58) 121 (72.89) 145 (72.50)
Val 77 (38.50) 10 (29.41) 45 (27.11) 55 (27.50)

OR (95% CI); p*

0.665 (0.302 - 1.468);
0.343

0.59 (0.38 - 0.98);
0.025

0.606 (0.397 - 0.923);
0.025

1.120 (0.497 - 2.527);
0.834

*-Pearsons chi squared test.

5. Discussion

Pathogenic mechanism of HPV related oropharyngeal cancers is one of the con-
troversial issues and thus the association between HPV related oropharyngeal
cancers and genetic polymorphism is of growing interest. The current work at-
tempted to identify the possible relation between TAP1 gene polymorphism and
the risk of developing oropharyngeal cancers. Our data showed lack of associa-
tion between risk of HPV positive oropharyngeal cancer and TAP1I333V gene
polymorphism. However, lower frequency of Val/Val genotype and Val allele ap-
pears to increase the risk of oropharyngeal cancer. Thus individuals within con-
trol group who were carriers of increased frequency of Val/Val genotype were
protected from oropharyngeal cancer. These results are in concordance to earlier
reports which showed that TAP1I333V polymorphisms were associated with a
protective effect for development of cervical cancer [14] [15]. TAP gene poly-
morphisms have been shown to influence susceptibility to various diseases in-
cluding tumorigenesis by modulating antigen peptide selection and transport
process [16] [17]. Einstein et al [18], observed that TAP1 i333v products protect
against immune evasion regardless of the oncogenicity of HPV type in cervical
neoplasia.

TAP is a vital component of MHC class I antigen presentation [7] and TAP
products facilitate the entry of viral proteins into the rough endoplasmic reticu-
lum which further integrates with MHC-I molecules [8]. Thus, dysregulation of

TAP gene may modulate immune response to HPV and hence their persistence.
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Liu et al. have shown that loss of expression of MHC class I and TAP1 results in
evasion of immune surveillance by some tumor cells which may contribute to
esophageal cancers [19]. Our study further supports that TAP1 i333v polymor-
phisms may potentially serve to identify people susceptible to oropharyngeal
cancer.

However, our study has several limitations, foremost being limited sample
size. Secondly, all clustered polymorphism sites of TAP1 and associated genes
were not included and the haplotypes analysis could not be performed, which
has been shown to be a better predictor of susceptibility in cervical cancer [20].

In conclusion our results show that lower frequency of Val/Val genotype of
TAP1i333v gene polymorphism may be associated with increased risk of oro-
pharyngeal cancer. However, further studies with larger population along with
all clustered polymorphism sites of TAP1 and associated genes are needed to

confirm these results.
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