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ABSTRACT
 
Background: Oral cancer is a major problem globally. The strong causal association with tobacco, prevalent 
in Pakistan makes it imperative to know the role of molecular events in oral oncogenesis. We aim to evaluate 
high risk HPV 16/18 and p16 in oral premalignant lesions (OPL) and oral squamous cell carcinoma (OSCC). 
We further analyze the association between high risk human papilloma virus (HR-HPV16/18) and p16 in OPL 
and OSCC.

Methods: A total of 100 OSCC and 50 OPL cases were included. Demographic data along with habitual 
exposure to smoked and chewable tobacco, betel and gutka etc., was noted. We evaluated p16 in OPL 
and OSCC by immunohistochemistry, HPV was detected by polymerase chain reaction. Data was entered 
and analyzed using SPSS 21. Chi square and Fisher exact were applied to determine the association of HPV 
and p16 with different variables.

Results: Out of 50 OPL, 14% were positive and 86% were negative for p16 whereas out of 100 OSCC, 18% were 
positive and 82% were negative. Out of 50 OPL, HPV was detected in 6% whereas out of 100 OSCC, 15% were 
positive. Highly significant co expression of HPV with p16 was observed in all 15 (100%) HPV positive OSCC 
cases (p = 0.001). However, 3 out of 18 cases, which showed p16 expression, did not show HPV infection.

Conclusion: Role of p16 as a surrogate marker for HPV in OSCC can be supported in the present study. More-
over a Chemical carcinogen like tobacco is considered as major associative risk factor with p16 and HPV in 
concert.
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INTRODUCTION

Oral cancer ranks as the sixteenth most common 
malignancy in the world and 12th most common 
cancer in Asia1,2. It is highly prevalent in South Asian 
countries like Bangladesh, India, Pakistan and Sri 
Lanka, where one-third of all the cancers reported 
are oral cancers2. Shaukhat Khanum Memorial 
Cancer Hospital and Research Centre (SKMCHRC) 
reported oral cancer as 7th most common cancer in 
Pakistan for the year 20173.

Oral cancers are multifactorial in origin with contri-
bution of individual’s genetic makeup and environ-
mental influences. They are usually preceded by 
oral premalignant lesions (OPL) which are histologi-
cally classified as dysplasia (mild, moderate, 
severe), leading to carcinoma in situ4. A strong 
relationship of OPL and oral cancer has been estab-
lished with conventional risk factors including chew-
able tobacco mixtures, betel quid, areca nut, smok-
ing and their combinations5-7.
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Human Papilloma Virus (HPV) is now recognized as 
an established risk factor for oral squamous cell 
carcinoma (OSCC), particularly in the oropharynx. 
HPV association with OSCC and OPL shows a wide 
variation, ranging from 0-100% in different studies 
around the world8. The p16 protein is a tumor 
suppressor gene located on chromosome 9p21. It is 
expressed at a low level in normal cells. Loss of p16 
expression is noted in early stages of carcinogene-
sis9-11. Moreover, loss of p16 is also observed in 
patients of OSCC with exposure to conventional risk 
factors, through mechanisms of hypermethylation 
of promoter region, homozygous deletion or loss of 
heterozygosity11,12. Interestingly, literature revealed 
p16 overexpression in tumors with biologically 
active HPV infection. Normally, pRB represses p16 
transcription, but, in HPV infection, the E7 protein of 
HPV causes inactivation of pRB, which in turn leads 
to overexpression of p1613. 

The relationship between HPV positivity and p16 
immunoreactivity has given a prospect for p16 
over-expression to find a place as a surrogate 
marker for HPV detection. However, their correla-
tion appears to be more significant in head and 
neck squamous cell carcinoma (HNSCC) as com-
pared to primary OSCC11,14. Studies have also 
reported that p16 over-expression can also be 
exhibited by pathways other than HPV E7 protein13. 
Hence, the impact of p16 overexpression in HPV 
infected OSCC as a surrogate marker needs to be 
explored. In this study, we aimed to determine the 
expression of p16 in OPL and OSCC, detect HR-HPV 
16/18 in OPL and OSCC and analyze the correlation 
between p16 and HPV 16/18. 

METHODS

The study was conducted at Dow Diagnostic 
Research and Reference Laboratory (DDRRL), Dow 
University of Health Sciences (DUHS), Karachi after 
ethical approval of Institutional Review Board 
(Reference number: Ph-D-13/ERB-64/DUHS-08). A 
total of 150 biopsies from oral cavity (100 cases of 
OSCC and 50 cases of OPL) were collected from 
Otolaryngology ward of Civil Hospital, Karachi and 
Dr. Ishrat ul Ebad Khan Institute of Oral Health 
Sciences (DIKIOHS) at DUHS after informed consent 
by the patients. Clinico-pathological parameters of 
the patients were then documented. Personal 
habits and addictions especially betel quid chew-
ing, tobacco chewing and smoking were evaluat-
ed in detail as risk factors for OPL and OSCC. 
Furthermore, 25 cases of normal mucosal samples 
obtained from molar extraction tissue and 25 cases 
of hyperplasia were included for histological and 
molecular comparison.

Subsequent to biopsy, routine grossing and hema-
toxylin and eosin (H and E) staining was performed. 
Histopathological grading of OPL was done as mild, 
moderate and severe dysplasia by Barnes classifi-

cation4.

According to the World Health Organization (WHO) 
criteria, histopathological grading of OSCC was 
done as grade I (well differentiated), grade II (mod-
erately differentiated) and grade III (poorly differen-
tiated). As per the American Joint Committee on 
Cancer Staging (stage I - stage IV), clinical staging 
of all the cases of OSCC were recorded15. In order 
to investigate the expression of p16 in OPL and 
OSCC, all cases were subjected to conventional 
immunohistochemistry protocol. Sections were 
deparaffinized, dehydrated and antigen retrieval 
of antigen was carried out. Mouse primary mono-
clonal human antibody against p16 (5A8A, Abbio-
tec) were incubates with treated sections for1 hour 
in the moisturizer chamber. Secondary antibody 
(HRP conjugated anti-rabbit antibody) (Abbiotec) 
containing A as amplifier and solution B as polymer 
were used. For all read outs, staining was controlled 
by using known p16 expressing normal mucosal 
samples and cases of hyperplasia. Two experi-
enced pathologists evaluated the immune-stained 
slides. All the cases were assessed for diffuse nuclear 
and cytoplasmic stain by p16.In order to quantify 
p16 stain; a semi-quantitative method was used by 
multiplying intensity and percentage of cells affect-
ed16.

The intensity was depicted as follows: i. Weak =1, ii. 
Moderate = 2 and iii. Strong = 3. The percentage of 
cells stained was graded as follows: i. Absent stain-
ing = 0, ii. 0-10% cells stained = 1, iii. 11-50% cells 
stained = 2, iv. 51 - 80% cells stained = 3 and v. 81 - 
100% cells stained = 4. Final score of 0-12 was 
obtained by multiplying the two variables. A score 
of 4 or above was taken as positive.

All the study samples were collected and cut into 
five microns’ thickness. The QIA amp DNA tissue kit 
(Invitrogen Life Technologies, Carlsbad, USA) 
(Qiagen, Valencia, CA) was used to extract DNA 
from the tissue sections according to the manufac-
turers instruction. HPV genotype was analyzed 
through Real time PCR by using 12.5 µl of extracted 
DNA. The quantitative genotyping of HPV-16 and 
HPV-18 in isolated DNA was done by using real-time 
PCR kit (HPV 16/18 Real TM Quant, Sacace Biotech-
nologies, Italy) by real time PCR machine (Smart 
Cycler II, Cephied, USA). The principal of assay was 
based on two major processes viz isolation of DNA 
from specimens and multiplex Real Time amplifica-
tion. Results of HPV16 DNA amplification were 
detected on the FAM/green channel, amplification 
results of HPV-18 DNA were detected on the Rox/or-
ange channel and β-globin gene used as internal 
control detected on the Joe/HEX/yellow channel. 
For the interpretation of the results, software of 
Smart Cycler Real-time PCR was used to obtain the 
fluorescence curve with the threshold line generat-
ed by the system in real-time.
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Using SPS version 21 for data were recording of 
different variables including age, gender, grade, 
type, stage, HPV expression and p16. Descriptive 
statistics were applied to know the frequency of the 
given variables. In order to investigate the associa-
tion of p16 and HPV with different variables and to 
find the association between p16 expression and 
HPV, later, Chi square or Fisher’s exact were applied 
and a p-value < 0.05 was considered as significant.

RESULTS

The study included a total of 50 cases of oral 
premalignant lesions (OPL) with the mean age of 
the patients being 40.22 ± 9.66 years. Thirty-five 
(70%) out of these were males while 15 (30%) were 
females. Majority of OPL cases, 46 (92%) were habit-
uated to risk factors. Check, 21 (42%), was the com-
monest site of OPL in our series. Clinically, leukopla-
kia, 40 (80%) was the most commonly diagnosed 
OPL. Histologically, a total of 25 (50%) patients had 
mild dysplasia, 16 (32%) had moderate dysplasia 
and 9 (18%) had severe dysplasia. 

The series comprised a total of 100 cases of oral 
squamous cell carcinoma (OSCC). Mean age of 
the patients was 47.84 ± 12.18 years. It included a 
total of 74 (74%) males and 26 (26%) females. 
91(91%) patients were habituated with risk factors. 

Cheek 50 (50%) was the commonest site of OSCC 
lesion. Histologically, 48 (48%) patients with grade I, 
37 (37%) with grade II and 15 (15%) with grade III 
tumors were reported. Six (6%) cases were of stage 
I, 20 (20%) cases of stage II, 35 (35%) cases of stage 
III and 39 (39%) cases of stage IV cancer.

Out of total 50 cases of OPL, 43 (86%) cases 
revealed loss of p16 expression while 7 (14%) cases 
showed over expression of p16. No significant 
association was seen between both, loss of p16 and 
over expression of p16 with different variables 
including age, gender, site, risk factors, clinical and 
histological presentation.

Out of total 100 cases of OSCC, lack of p16 expres-
sion was seen in 82 (82%) cases whereas over 
expression of p16 was noted in 18 (18%) cases. A 
highly significant relationship between p16 nega-
tive cases was evident with tumor differentiation, 
most cases were seen in grade I and grade II malig-
nancy (p = 0.000). Significant association was also 
seen between p16 negative cases and habituated 
risk factors (p = 0.002). No significant association 
was detectable between loss of p16 expression and 
age, gender, site and stage of tumor. Since, p16 
overexpression showed no significant association 
with age, gender, site, risk factors, grade and stage 
of the tumors (Table 1) (Figure 1).

Table 1: Correlation of p16 with clinic-pathological parameters in OSCC.

 
               

 
   

  

     

 

 

 

    

    

    

    

    

  

     

    

  

     

 

 

    

    

     

 

   

  

Total

9

24

34

22

8

3

74

26

9

16

46

29

Positive (18%)

3(33.3%)

4(16.7%)

4(11.8%)

4(18.2%)

2(25%)

1(33.3%)

16(21.6%)

2(07.7%)

1(11.1%)

7(43.8%)

2(04.3%)

8(27.6%)

Chi
 
sq

 

p-value

0.3684

0.112

0.002*

Negative (82%)

P16

6(66.7%)

20(83.3%)

30(88.2%)

18(81.8%)

6(75%)

2(66.7%)

58(78.4%)

24(92.3%)

8(88.9%)

9(56.3%)

44(95.7%)

21(72.4%)

Age Groups

21-30years

31-40years

41-50years

51-60years

61-70years

71-80years

Gender

Male

Female

Risk Factors

No Habits

Tobacco Smoking

BQ/Tobacco chewing

Smoking with BQ/ Tobacco
chew

Site

Parameters
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Significant at 0.05, **Significant at 0.01, ~Chi‐sq Test 
P‐value with More than 20% Cells Proportion * Test: 
Chi-square for Association, Fisher Exact Test.

Figure 1: A. H and E stain grade III Oral Squamous 
Cell Carcinoma, B. H and E stain stratified squamous 
epithelium with marked dysplasia, C. p16 positive 
oral squamous cell carcinoma grade III showing 
diffuse marked nuclear and cytoplasmic staining, 
D. p16 positive moderately dysplastic stratified 
squamous epithelium with diffuse marked nuclear 
and cytoplasmic staining.

Out of 50 cases of OPL, 3 (6%) cases were positive 
for HPV. No significant association was observed 
between HPV positivity and other variables includ-
ing age, gender, site, risk factors, clinical and histo-
logical grade of tumor.

Out of 100 cases of OSCC, HPV was positive in 15 
(15%) cases. Significant association was noted 
between HPV and risk factors where HPV was 
predominantly positive in patients with smoking and 
betel quid chewing (p=0.029). Significant associa-
tion was also seen between HPV and grade of 
tumor where HPV showed higher positivity in poorly 
differentiated OSCC (p=0.001). No significant 
association of HPV-16 was seen with other variables 
(Table 2) (Figure 2).
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9

16

46

29

50

24

7

9

6

4

6

20

35

16(21.6%)

2(07.7%)

1(11.1%)

7(43.8%)

2(04.3%)

8(27.6%)

10(20%)

3(12.5%)

2(28.6%)

1(11.1%)

2(33.3%)

0(0%)

2(33.3%)

3(15%)

4(11.4%)

0.526

0.112

0.002*

0.657

58(78.4%)

24(92.3%)

8(88.9%)

9(56.3%)

44(95.7%)

21(72.4%)

40(80%)

21(87.5%)

5(71.4%)

8(88.9%)

4(66.7%)

4(100%)

4(66.7%)

17(85%)

31(88.6%)

-

Gender

Male

Female

Risk Factors

No Habits

Tobacco Smoking

BQ/Tobacco chewing

Smoking with BQ/ Tobacco
chew

Site

Cheek

Tongue

Lip

Alveolus

Palate

Floor

Stage

Stage I

Stage II

Stage III
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Table 2: Correlation of HPV with clinic-pathologic parameters in OSCC.

Parameters HPV  
 

Negative (85%) Positive (15%) 

  

6(66.7%) 3(33.3%)  

 

 

 
0.442~

 

21(87.5%) 3(12.5%)  

30(88.2%) 4(11.8%)  

20(90.9%) 2(09.1%)  

6(75%) 2(25%)  

2(66.7%) 1(33.3%)  

  

 61(82.4%) 13(17.6%)   

0.342   24(92.3%) 2(07.7%)  

     

 8(88.9%) 1(11.1%)  

 

 0.029*~

 

 12(75%) 4(25%)  

44(95.7%) 2(04.3%)  

21(72.4%) 8(27.6%)  

  

 42(84%) 8(16%)  

 

 

 0.510~

 

 22(91.7%) 2(08.3%)  

 5(71.4%) 2(28.6%) 

 8(88.9%) 1(11.1%)  

 4(100%) 0(0%) 

 4(66.7%) 2(33.3%)  

  

4(66.7%) 2(33.3%)   

 18(90%) 2(10%)  

Age Groups

21-30years 

31-40years 

41-50years 

51-60years 

61-70years 

71-80years 

Gender

Male

Female

Risk Factors

No Habits

Tobacco Smoking

BQ /Tobacco chewing 

Smoking with BQ/Tobacco 

chewing 

Site

Cheek

Tongue

Lip

Alveolus

Palate

Floor

Stage

Stage I 

Stage II 

Total

9

24

34

22

8

3

74

26

9

16

46

29

50

24

7 

9

4 

6

6

20

Chi sq 
p-value 

*Significant at 0.05, **Significant at 0.01, ~Chi‐sq Test P‐value with More than 20% Cells Proportion 
Test: Chi-square for association Fisher Exact Test.
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Figure 2: Crossing of fluorescence curve with the 
threshold line showing human DNA as Internal 
Control (amplification marker) detected on the 
Joe/HEX/Yellow channel;Positive HPV 16 Control on 
the FAM/Green channel; Positive HPV 18 Control on 
Rox/Orange channel.

OPL showed HPV DNA presence in dysplastic 
epithelial cells, strongly linked to p16 overexpression 
in 3 of 3 (100%) cases. However, 4 out of 7, of p16 
positive cases did not show HPV DNA on Real 
time-PCR. (p = 0.001) (Table 3). Highly significant co 
expression of HPV with p16 was observed in all 15 
(100%) HPV positive OSCC cases (p = 0.001) (Table 
3).

Table 3: Correlation between p-16 and HPV in OPL 
and OSCC.

*Chi square Significant at < 0.05

DISCUSSION

Oral squamous cell carcinoma was considered as a 
disease of elderly, but over the last few decades it 
has shown to be commonly affecting younger age 
group as well which is also observed in our study17-19. 
This shift to a decade earlier is likely to be related to 
the exposure by chemical carcinogens like tobac-
co and betel quid from an early age.

The present study reveals 91% of OSCC to be habit-
ually exposed to chemical carcinogens with male 
predominance, where most of them were involved 
in the dual habits of smoking along with some form 

of tobacco chewing, which justifies double 
frequency of males being affected by OSCC17,18,20  . 
We have detected more than half the cases (54%) 
in buccal cavity mucosa (cheek), which corre-
sponds to the majority of the local studies20-22.

While studies done in the West reported tongue as 
the commonest site of OSCC23,24. This can probably 
explained by the habit of local placement of 
tobacco, naswar and related quid material at the 
particular site. In recent decades, a number of 
studies have highlighted the molecular changes 
through various grades of dysplasia into the invasive 
malignant phenotype. Role of HPV and p-16 in OPL 
and OSCC is being extensively explored. Our study 
showed a similar trend of HPV prevalence (15%= 
OSCC and 6% = OPL) as noted by other studies25-27.

Interestingly, a number of studies have shown 
higher prevalence of HPV in head and neck squa-
mous cell carcinoma (HNSCC)28-30. This discrepancy 
can be sorted out as the high risk-HPV (HR-HPV) 
related tumors are more commonly detected in the 
oropharynx, posterior tongue and tonsillar pillars 
which are included in the head and neck classifica-
tion but are outside the jurisdiction of WHO classifi-
cation of oral cavity proper.

Considering the genotypes, we reaffirmed the fact 
with other studies that HR-HPV type 16 is more 
frequently the etiology of OSCC than type 1814,27,29,31. 
Although literature states that HPV is an indepen-
dent risk factor for OSCC, Angel et al. reported 
tobacco associated carcinogens induces genetic 
alteration which might render HPV positive tumors 
less responsive to therapy. Our study observed 
significant correlation between HPV positive cases 
and chemical risk factors particularly in individuals 
with tobacco chewing habits, which justifies that 
other than tobacco smoking, chewable tobacco, 
which is much prevalent in our region, also has a 
significant association with HPV. We also noted a 
significant correlation of HPV positive cases with 
high-grade tumors, which similar to findings of Patil 
et al. and this might correlate with the virus 
overload, and an aggressive behavior of the 
tumor32.

p16 tumor suppressor gene aberrations have been 
shown to be very common and one of the earliest 
molecular events in oral carcinogenesis33,34. In most 
HR-HPV unrelated oral cancers, inactivation of p16 
by genetic and epigenetic mechanisms by chemi-
cal carcinogenesis leads to loss of immunoexpres-
sion. Comparable high frequencies of p16 inactiva-
tion, 86% in OPL and 82% in OSCC was seen in our 
study with a significant association with mild dyspla-
sia and low grade tumors which is in accordance 
with other studies defining p16 loss as an early 
event35,36.

 OPL  OSCC p-
value 

P16 HPV 
+ve 

HPV 
-ve Total  

 
*<0.001

 
HPV 
+ve 

HPV 
-ve  Total  

 
*<0.001

 
+ve 3 4 7 15 3 18 
-ve 0 43 43 0 82 82 

p-
value 
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Our study observed a significant co-expression of 
HPV with p16 in oral malignancies. Similarly, Patil et 
al. observed 86.6% of OSCC cases being p16 
positive with HPV positivity in 87% of cases32. Howev-
er; in our study, few cases, which showed p16 over 
expression, were noted to be HPV negative. Litera-
ture shows as many as 30% of p16 positive tumors 
have been reported to be HPV negative13.The most 
feasible explanation in Rb inactivation caused by 
factors other than HPV infection needs to be 
explored. Pande et al. have also proposed a role of 
betel quid and tobacco in HPV unrelated tumors 
with p16 positivity37.So, not only HPV but also chemi-
cal carcinogens might also be inactivating Rb 
gene. Alternatively, one might speculate that there 
might be unidentified genotypes of HPV that are 
not yet detectable by PCR. The other thought could 
be that tumors might have innate p16 over expres-
sion that develops independently from HPV.

CONCLUSION

In conclusion, HPV was found in substantial number 
of OSCC cases and few cases of OPL. Cancers of 
oropharynx and tonsils, which are common site for 
HR-HPV related tumors, were not included in the 
study and this could be one of the reasons of the 
low rates of HR-HPV prevalence in the present 
series. However, p16 was expressed in all HPV 
positive cancers justifying it as an adequate but not 
surrogate marker for HR-HPV in our population. To 
the best of our knowledge, only few studies are 
available from South Asian countries, which have 
observed a detailed study as ours in relation to p16, 
HPV and risk factors in premalignant and malignant 
lesions of oral cavity. One of the limitations was that 
we were unable to use more modern techniques 
other than DNA PCR for HPV-16/18, to identify mRNA 
for the E6/E7 viral transcripts for superior specificity 
due to difficult accessibility and financial 
constraints. However, our study is the first of its kind 
of study in Pakistani population, where we have 
highlighted the role of tobacco chewing, a major 
predominant risk factor, in p16 and HPV associated 
oral premalignant lesions and squamous cell carci-
noma.
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