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High-risk human papilloma virus in archival tissues of oral pathosis and 
normal oral mucosa
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Abstract
Objectives: Oral cancer ranks third among all cancers in the Indian population. Human papilloma virus (HPV) plays a significant 
role in oral carcinogenesis. Population‑based subtype variations are present in the HPV prevalence. This study gives an emphasis 
on the parameters to be considered in formalin fixed paraffin embedded tissues for polymerase chain reaction (PCR)‑based 
research work. Materials and Methods: Cross‑sectional study on archival paraffin‑embedded tissue samples of oral squamous 
cell carcinoma (OSCC), epithelial dysplasia, and normal oral mucosa surrounding impacted tooth was amplified by PCR for 
the E6 gene of HPV type 16 and E1 gene of HPV type 18. Results: HPV 18 was positive in three OSCC cases. There was no 
statistically significant association of the positivity of HPV with the age, gender or habit. The HPV positive patients had a tobacco 
habit and were of a younger age group. Conclusion: The presence of HPV in carcinomatous tissue highlights the possible role 
of HPV in carcinogenesis and archival paraffin embedded tissue specimen can be used for this analysis. Recent studies on 
genomic analyses have highlighted that the HPV positive tumors are a separate subgroup based on genomic sequencing. The 
results of a larger retrospective study will help further in our understanding of the role of HPV in carcinogenesis, this study could 
form the baseline for such follow-up studies.
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Introduction

Papilloma virus (PV) was first established as a carcinogenic 
virus by Rous and Beard (1934) in cotton rabbit.[1] Human 
papilloma virus (HPV) was identified from the cervical 
smears by Meisels and Fortins (1976).[2] Durst (1983) 
isolated HPV from cervical cancers.[3] Syrjanen K (1983) 
demonstrated the presence of HPV in oral cancer tissue by 
immunohistochemical markers.[4] HPV has also shown to 
immortalize epithelial cells and has a synergistic effect with 

chemicals, like tobacco. This combined mutagenic effect plays 
a key role in HPV‑induced carcinogenesis.[5,6] HPV detection 
rate varies based on the technique identification. Polymerase 
chain reaction (PCR)‑based technique has a higher detection 
rate.[7] This article highlights the role of HPV in oral cancer, 
dysplasia, and the presence in normal oral mucosa and the 
technical difficulties commonly encountered in PCR‑based 
amplification of paraffin‑embedded tissue sections.

Materials and Methods

The archival samples from the cases reported to the Dental 
College within the duration of 2 years were selected. The 
samples were grouped into three groups, Group I‑patients 
with oral squamous cell carcinoma (OSCC), Group II‑patients 
with dysplasia (oral epithelial dysplasia), and Group III‑control 
group included patients who had reported for impaction, 
the surrounding tissue was used in the study. The ethical 
clearance was obtained from the college ethical board. The 
samples were fixed in 4% formalin and paraffin embedded. 
A section of 40 µ thick was utilized for DNA extraction for 
each specimen. Care was taken to prevent contamination 
during tissue sectioning. New blades were used for each 
block. The area was cleaned with xylene between each block.

DNA was extracted with the Qiagen Mini‑AMP DNA kit. The 
proteinase K incubation was done overnight at 56°C after 
discussion with the technical team to increase the yield from 
paraffin sections. The samples with adequate quantity of DNA 
were then amplified with a house keeping gene glutamate 
dehydrogenase (GluDH) the primer was selected such that 
the final amplicon size was small. The samples which were 
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positive for the PCR amplification of GluDH was amplified for 
the E7 and E1 genes of HPV 16 and 18, respectively. The PCR 
amplifications were carried out in separate labs to prevent 
contamination [Table 1].

Results

In the 23 cases which were included in our study, 3 patients 
with OSCC were positive for HPV 18. The patients with HPV 
positivity had a history of tobacco habits. Histopathologically, 
two patients had a well‑differentiated and one moderately 
differentiated squamous cell carcinoma. There was no 
statistically significant association of the positivity of HPV 
with the age, gender or habit [Figure 1 and Tables 2 and 3].

Discussion

Viruses have been identified as etiological agents in several 
types of human cancers. High‑risk types of HPV’s (16 and 18) 
have been established as the cause of invasive cervical cancer 
and anogenital carcinomas. There is an increasing evidence 
implicating viruses as etiological agents in the development 
of a subgroup of upper aerodigestive tract cancers.[8] The role 
of HPV as an etiological agent in oral cancer is supported by 
the fact that HPV DNA is present in oral cancer tissue and the 
observation that high‑risk HPV virus can also immortalize and 
transform normal oral epithelial cells. In this background, the 
present study was conducted to detect the presence of HPV 
type 16 and 18 in OSCC, potentially premalignant lesions 
and normal mucosa.

Totally, 60 cases were selected after the histopathological 
diagnosis, 23 samples were used for the study, since the 
housekeeping gene could be amplified only in these samples. 
PCR inhibitors, e.g. proteinase K, detergents, ions (used 
for DNA extraction) may prevent the PCR amplification by 
inhibiting the activity of the thermostable enzymes.[9] DNA 
integrity is altered due to the cross‑linking with proteins 

induced by formaldehyde.[10] These two limitations should be 
considered when PCR technique is used in archival formalin 
fixed paraffin embedded tissue.

Better DNA amplication is possible when primers of 
amplicon size lesser than 200 base pair are used for PCR 
amplification.[11] A study on cancer tissues which were 
formalin fixed and paraffin embedded, DNA was extracted 
in only 160 of 228 cancer specimens.[12] In our investigative 
study, initial housekeeping gene primers, β– globin (220 bp 
size), and 18 S genes (300 bp) were amplified. However, due 
to the lack of DNA integrity, the efficiency of the PCR‑based 
amplifications of the initial housekeeping genes was not 
effective for primers >200 bp products.[11] GluDh primers 
were chosen as the housekeeping gene with the amplicon 
product size of 88 bp, better amplification when primers 
of lesser than or equal to 200 bp of amplicon product size 
were used for these samples. The amplicon product size 
for HPV 18 and HPV 16 selected were 73 bp and 75 bp, 
respectively. The final sample size of 23 samples, which 

Figure 1: Samples positive for human papilloma virus 18 (s), 
positive control from Hela cell line and water blank

Table 1: PCR setting for three primers

Primer (sequence) Component of PCR No of 
cycles

DNA 
denaturation

Annealing of 
Primer

Primer 
extension

HPV 18 E1 primers (73 Bp size)
Forward Primer
5’CATTTTGTGAACAGGCAGAGC
Reverse Primer 
5’ACTTGTGCATCATTGTGGACC

50µl reaction - 1x 
concentration PCR 
mastermix- (FINNzyme 
DyNAzyme II) i.e 25µl, 
with 10 nanogram 
DNA per lamda of 
each primer and milliq 
water added to form 
50 µl. The composition 
of mastermix 
included polymerase 
enzyme, Mg buffer 
& polymerase 
incorporated dNTP’s

35 cycles Initial
94ºC for 5 mins
Each Cycle
94ºC for 1 min

65ºC for 2 mins 72 ºC for 2 mins 
& addition 3 mins 
for the last cycle

HPV 16 E7 primers ( 75 Bp size)
Forward Primer 
5’AGCTCAGAGGAGGAGGATGAA
Reverse Primer
5’ GGTTACAATATTGTAATGGGC

Glutamate DH Primers ( 88 Bp)
Forward Primer
5’ CTGGCTTGGCATACACAATG
Reverse Primer
5’ GCTGTTCTCAGGTCCAATCC
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were GluDh positive, were selected for the identification of 
HPV type 16 and 18.

The relation of habit and demographics in HPV‑induced oral 
carcinogenesis is controversial. Some authors state that the 
presence of HPV has no relation to the habits, site of the 
tumor, age and gender.[13,14]

In contrast, the HPV prevalence has been reported in tobacco 
chewers and smokers but a lower rate.[15] Some studies 
have not found any association between HPV and tobacco 
associated habits suggesting that these acted as independent 
factors in the pathogenesis of cancer.[16] Tobacco had an 
additive effect and that alcohol consumption had a synergistic 
effect with HPV positive cancers.[16] In our study, all the HPV 
positive cases were habitual users of tobacco indicating 
a possible correlation with tobacco, though there was no 
significant association.

In our study, oral cancer cases were predominantly from 
buccal mucosa; this finding was consistent with the data of 
site prevalence of oral cancer in South Asia.[17] HPV has also 
been detected in gingival biopsies, the gingiva could possibly 
considered a reservoir of the virus.[18] The presence of HPV in 
normal oral mucosa could be due to a latent HPV infection.[19]

Latent infection can be as a result of two important 
factors, that is, low immune clearance of the virus and 
other factor is probably the site viral genome integration 
or lack integration.[20,21] This immune response is based on 
genetic predisposition of the individual, human leukocyte 
antigen haplotype shows a characteristic pattern in HPV 
positive cancers.[22] The genetic markers in HPV positive 
cancers differ from negative cancers, commonly expressed 
gene include certain cell cycle regulators and transcription 
factors.[23] These parameters could probably explain the 
absence of progression of HPV positive normal oral mucosa 
to precancerous or cancerous lesions.

Human papilloma virus was predominantly detected only in 
a younger age group below 60 years in our study, though 
there was no significant association. Some authors have 
hypothesized that combined effects of the habits and HPV 
infection may lead to the early occurrence of OSCC in younger 
age group.[24] HPV 18 was detected in cases within a mean 
age being 52 years, that is, below the age group of 60 years 
in our study.

In this study, among the HPV positive cases, two were female 
patients and one case was a male patient. A higher HPV 
prevalence in males than females is noted in OSCC.[24]

Table 2: Demographics and Histopathologic grade of the Oral epithelial dysplasia cases 

Dysplasia Age/Sex Martial status Site Grade Habit HPV 16 HPV 18

1 48/M M Buccal Mucosa Mild Smoking (Cig) - -

2 75/M M Buccal Mucosa Moderate Alcohol & tobacco chewer - -

3 39/M M Buccal Mucosa Moderate Smoking (Cig) and tobacco chewer - -

4 55/M M Buccal Mucosa Mild Bidi & Alcohol - -

5 48/M M Buccal Mucosa Mild Smoking (Cig) - -

Table 3: Demographics and Histopathologic grade of the oral squamous cell carcinoma cases 

OSCC Age/Sex Martial  status Site Grade Habit HPV 16 HPV 18

1 72/F M Alveolar Mucosa Moderate Betel and tobacco chewer - -

2 55/F M Labial Mucosa Well Tobacco chewer - -

3 50/M M Buccal Mucosa Well Smoker (Cig+Bidi) - +

4 65/F M Floor of mouth Moderate Tobacco chewer & Bidi - -

5 63/M M Gingiva Well Smoker (Cig+Bidi) - -

6 75/M M Buccal Mucosa Poor Smoking and Alcohol - -

7 60/M M Buccal Mucosa Moderate Smoking (cig) - -

8 70/F M Buccal Mucosa Well Betel Chewer - -

9 50/F M Buccal Mucosa Moderate Betel and tobacco chewer - +

10 61/M M Tongue Moderate Smoking (Bidi) and Alcohol - -

11 61/M M Floor of mouth Well Smoking (Cig) and Alcohol - -

12 55/F M Buccal Moderate Betel and tobacco - -

13 58/F M Buccal Mucosa Well Smoking (cig) - +

14 66/M M Buccal Mucosa Well Smoker (Cig+Bidi) - -
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The prevalence rate of different subtypes of HPV is varied in 
geographical locations, few studies there is a predominance 
of HPV type 18. HPV 18 was the only subtype detected by 
real time PCR in OSCC.[13] In patients of OSCC and other 
mucosal lesions in an Italian population detected HPV 18 in 
85%, of their cases and in contrast had a very low prevalence 
of HPV 16, 31 and 33.[25] HPV type 18 was detected in 47% of 
cases (higher percentage) and HPV 16 in 42% of OSCC cases in 
the South Indian population.[26] In a North Indian population, 
only HPV 16 was present with an absence of HPV 18 in OSCC 
and potentially malignant lesions.[19] In our study of South 
Indian individuals, HPV type 18 was detected in 3 cases of 
OSCC. HPV 16 was not detected in any of the groups in our 
study. We could probably explain the absence of HPV 16 in 
our study due to the geographical variation as documented 
in other studies among different population.[19,26‑28]

In this study, the cases which were positive for HPV 18, two 
were well‑differentiated carcinomas and one was moderately 
differentiated carcinoma. This finding was similar to other 
studies which did not find an association between the 
presence of HPV and the grade of the tumor.[29] PCR of paraffin 
embedded tissue increases the sensitivity of diagnosis in 
diseases, like tuberculosis.[30] DNA quality in this study was 
also checked by amplification of a housekeeping gene.

The incidence of HPV normal oral mucosa has always been 
the topic of controversy about the role of HPV in oral 
carcinogenesis. The presence of HPV in oral tissues observed 
was 15 cases (15%) of OSCC, 27 cases (34%) of potentially 
malignant lesions and 15 cases (31%) of the corresponding 
normal mucosa the subtype HPV 16 only was present. No 
correlation was observed in their study between the presence 
of HPV and gender, age and tumor stage and differentiation.[19] 
HPV in the normal tissues can exist in latent form without 
induction of oral cancer, which may be depended on the 
genotypic predisposition.[19,22] Genomic sequencing in HPV 
positive and HPV negative tumors has revealed difference 
in mutation and the p16 expression (surrogate marker for 
HPV positive cancers).[31] HPV positive can be considered a 
separate subset of cancers.

In the present study, a relation of HPV positive cases of OSCC 
with habit and age group of individual was evident. Scope 
of the study was to use type specific primers of high‑risk 
subtypes of HPV, HPV 16, and HPV 18 which are the most 
common subtypes associated with oral cancer and dysplasia. 
The short comings of this study were that the sample size 
was reduced due to failure of amplification of the house 
keeping gene. During genomic studies, the samples for DNA 
extraction should not be exposed to any PCR inhibitors or 
formalin for long periods. This DNA can be checked with a 
housekeeping gene. This is an exploratory study to test the 
feasibility, as this could potentially enable archival material 
to be used in a larger retrospective study.

Conclusion

This study also highlights that HPV‑induced cancers can be a 
separate subgroup of cancers, in those individuals who are 
lesser than 60 years of age. This could be due to the dual 
mutagenic effects of HPV and the combined effect of habits. 
When archival samples of formalin fixed sections are for such 
studies, few alterations can be undertaken, like overnight 
incubation with proteinase K for maximum DNA yield and 
primers should be selected with a small amplicon size. The 
results of a larger retrospective study will help further in our 
understanding of the role of HPV in carcinogenesis, this study 
could form the baseline for such follow‑up studies.
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