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Abstract
Background: The association of Human papillomavirus (HPV ) and p16INK4a is well established with cervical malignancies
and has been studied in oral mucosa also. Koilocytosis, that is considered to be a hallmark of HPV infection is also seen in
oesophageal mucosa.
Aims: This study was designed to determine the prevalence of HPV in biopsies from inflammatory and neoplastic lesions
of oesophagus and correlate it with expression of p16INK4a.
Materials and Methods: The study included 102 oesophageal biopsies. Haematoxylin & Eosin stained sections were
examined for morphological details including koilocytosis. Immunohistochemistry for HPV and p16INK4a were done on 50
biopsies. HPV positivity was graded and scoring for p16INK4a was done.
Results: Various grades of koilocytosis was noted in 68.75%, 94.73% and 72.91% controls, inflammatory and neoplastic
lesions respectively. IHC for HPV was positive in 80% control, 75% inflammatory and 100% cases of neoplastic lesion.
Complete score for p16INK4a was 0.60, 0.59 and 3.63 in control, inflammatory and neoplastic lesion. The difference in expression of p16INK4a between neoplastic and inflammatory lesion was statistically significant.
Conclusion: Expression of p16INK4a protein showed good correlation with HPV infection in inflammatory and neoplastic
lesions. Thus IHC for p16INK4a which is easily available can be used as an indirect evidence of HPV infection in neoplastic
lesion where expensive molecular technique for HPV DNA measurement is not feasible.
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Introduction

has been debated for the past 30 years.

Cancer of the oesophagus is currently the eighth most common
human cancer and the sixth most common cause of cancer-related death [1]. Globally, squamous cell carcinoma (SCC) is the most
common subtype of oesophageal cancer [2]. Human OSCC is
believed to develop through a multi-step process. Understanding
of the molecular mechanisms in this process will not only provide biomarkers for early detection, but also enable us to improve
treatment modalities. The role of HPV in the etiology of OSCC

Human papillomavirus (HPV) are small encapsulated, non-enveloped double stranded DNA viruses classified as belonging to the
Papovaridae family, and more than 70 papillomavirus types have
been identified on the basis of sequence divergence. The association of human papillomavirus (HPV) infections and squamous
cell precancer lesions of the uterine cervix has been established
since the late 1970s. The squamous cell lining of the oral mucosa
is in direct continuity with the oesophagus, and the first descrip-
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tions on HPV lesions in the oral mucosa were slightly preceded by
reports suggesting that this virus might be involved in the development of both benign and malignant squamous cell lesions of
the oesophagus also. A long-recognized, pathognomonic feature
of human papillomavirus (HPV) infection is the appearance of
halo or koilocytotic cells in the differentiated layers of the squamous epithelium.
The p16 protein (p16) is a Cyclin-dependent kinase inhibitor 2A,
(CDKN2A, p16INKa) also known as multiple tumor suppressor 1
(MTS-1), a tumor suppressor protein, that in humans is encoded
by the CDKN2A gene [3]. The p16 tumor suppressor gene, located on chromosome 9p21, is a member of the INK4 class of
cell-cycle inhibitors that includes p15INK4a, p18INK4C, and p19INKd.
The binding of the p16 tumor suppressor gene product with the
cyclin-dependent kinases 4 and 6 blocks its interaction with the
D-type cyclins, maintains the retinoblastoma (Rb) gene in its hypophosphorylated state that binds the E2F transcription factor,
and, in turn, prevents cell-cycle progression [4]. Overexpression
of p16 has been demonstrated to be strongly related to the presence of HPV16, 18 [5]. Overexpression of p16 in cervical cancers
is believed to be due to the inactivation of Rb by the HPV E7 oncoprotein [6]. Homozygous deletion of p16 are frequently found
in oesophageal cancer and gastric cancer cell lines [7].
HPV is considered to be a recognized agent for having potential
in carcinoma cervix. The association of HPV infection with oesophageal cancer in India has been studied by some authors but
no well documented data is there [8-10]. Some studies have shown
lack of significant association between the high risk HPV 16 and
18 and oesophageal carcinoma and suggest further research [1113].
As correlation between HPV and oesophageal carcinoma has
shown variable results, therefore the present study was undertaken to do immunohistochemistry for Human papilloma virus
and p16INK4a in oesophageal biopsies in various groups and to correlate the prevalence of HPV with expression of p16INK4a antigen.

sies were taken as control from patients who did not have any
oesophageal lesions but underwent upper GI endoscopy for gastric or duodenal lesion. Remaining 55 biopsies were collected retrospectively from the records of department of pathology. This
study has been performed in accordance with the ethical standards after taking approval of institutional ethical committee.
Three to four micron thick sections were cut and stained with
Haematoxylin & Eosin (H&E) stain for histopathological details. H&E stained sections were examined thoroughly to note
the histopathological details. Sections were grouped in Normal,
Inflammatory and Neoplastic group based on histopathological
features. Koilocytes were counted by pin hole method, randomly
in ten high power fields moving from a field with highest no. of
koilocytes towards field with lowest no. of koilocytes and percentage was calculated. Accordingly they were graded as: - Negative<1%, traces =1-10%, mild =11-30%, moderate =31-60%,
severe =>60%. (Figure 1)
IHC for HPV and p16INK4a could only be performed on 50 cases
out of 102 cases that had evidence of koilocytosis on histological examination due to technical and financial reasons. Immunohistochemistry was done for HPV localization and expression
of p16INK4a as follows-Five micron thick sections were cut from
paraffin block and mounted on super frost slide. Sections were
dewaxed, washed in alcohol and antigen retrieval carried out in
microwave with EZ antigen retrieval solution-I (Biogenex, Fremont CA) for 15 minutes. Endogenous peroxidase was blocked
by using 0.3% hydrogen peroxide in distilled water at room temperature for 10 minutes. Slides were washed by PBS briefly and
incubated with Mouse monoclonal primary antibody for 60 min.
Slides were then extensively washed in PBS and incubated with
secondary antibody for 20 min. Sections were washed with PBS
and incubated with label (ABC) for 30 min. Sections were washed
with PBS. Diaminobenzidine (DAB) was used as the chromogen
in hydrogen peroxide for 10 min. Sections were then counterstained with haematoxylin and mounted.
Results

Materials and methods
The study was conducted on 102 oesophageal biopsies. Out of
these, 31 prospective biopsies were from patients presenting with
inflammatory and neoplastic lesion of oesophagus and 16 biop-

A case was considered positive when brown colouration of the
nucleus and/or cytoplasm was observed.
Primary antibody used for HPV was Monoclonal Mouse Anti

Figure 1. Section Showing Koilocytosis. (H and E, x400)
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HPV clone K1H8 (DAKO Denmark). Anti HPV clone K1H8
reacts with a non-conformational internal linear epitope of a major capsid protein of HPV-1 which is broadly expressed among
different HPV subtypes. The antibody was diluted 1:50 with PBS.
Cells showing positive expression for HPV antigen on IHC in the
form of brown colouration of nucleus were counted randomly in
10 high power fields by pin hole method and then percentage was
calculated against the total number of nuclei recorded. Accordingly, they were graded as: - Negative<1%, traces =1-10%, mild
=11-30%, moderate =31-60%, severe =>60%. (Figure 2)
Primary antibody used for p16INK4a was Anti p16INK4a clone G175405 (BioGenex, Fremont CA). A case of uterine cervix squamous
cell carcinoma was used as a positive control.The scoring criteria
for p16INK4a immunoreactivity (p16INK4a expression) were based on
previous scoring method used by Sargolzaei et al., (2014) [14]. Expression score (ES) was given as: 0- <5% cells positive, 1- <20%
cells positive and 2- >20% cells positive. The staining intensity
was compared with the positive control slide and graded as Intensity score (IS): 1 for weak, 2 for moderate and 3 for severe
staining. Localization score (LS) were noted as 1 for nuclear or cytoplasmic positivity and 2 for both. Finally a Complete score (CS)
was calculated using the formula: CS=ESxISxLS. Mean (S.D.) of
CS was calculated for various lesions. (Figure 3)
Statistical Analysis
Data obtained from the analysis were finally transported to the
excel sheet. Unpaired student‘t’ test and chi square test with and
without Yates’ correction was used to compare various param-
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eters. Sensitivity, specificity, positive predictive value and negative
predictive value for koilocytosis and p16INK4a as an indicator for
presence of HPV infection were also calculated taking positive
HPV antigen expression on IHC as gold standard.

Results
Of 102 cases included in the study, 16 were from control group.
Remaining 86 included inflammatory 38/86 (44.18%) and neoplastic 48/86 (55.81%) cases.
Control
11/16 (68.75%) showed evidence of koilocytosis of varying
grades. It was predominantly in traces (43.75%) and mild (18.75%)
grade. IHC for HPV done for 5 controls showed 4 cases with evidence of HPV positivity out of which 3/5 (60%) were of mild
grade. Similarly IHC for p16INK4a done in the 5 controls showed a
mean CS (S.D.) of 0.60 (0.89).
Patients

Inflammatory: Koilocytosis was noted in 36/38 (94.73%) in-

flammatory lesions. Out of that 18/38 (47.36%) and 13/38
(34.21%) showed mild and moderate grade koilocytosis respectively. The difference in the presence of koilocytes between normal group and inflammatory lesion was statistically significant
(P<0.02). IHC for HPV was done in 8 inflammatory cases out of
which 3/8 (37.5%) showed mild and 3/8(37.5%) showed moder-

Figure 2. Grading of HPV antigen expression on IHC(x400).
(a)Single nucleus (→) showing positivity (negative grade).
(b) Nuclear positivity (→) in traces.
(c) Section showing 11-30% nuclear (→) positivity (mild grade).
(d) Section showing 31-60% nuclear positivity (moderate grade). Both nuclear and cytoplasmic positivity seen.
(e) Section showing >60% nuclear positivity (severe grade).
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Figure 3. Scoring for p16INK4a on IHC.
(a) Section from Squamous Cell Carcinoma Cervix taken as control showing strong p16INK4a expression (x400).
(b) Section from oesophageal biopsy with WDSCC showing p16INK4a expression with Expression Score (ES) of 1 (×100).
(c) Section from oesophageal biopsy with PDSCC showing p16INK4a expression with Expression Score (ES) of 2 (×100).
(d) Section from oesophageal biopsy with WDSCC showing weak staining for p16INK4a as compared to control [Intensity
Score (IS) of 1](×400).
(e) Section from oesophageal biopsy with MDSCC showing moderate staining for p16INK4a [Intensity Score (IS) of 2](x400).
(f) Section from oesophageal biopsy with WDSCC showing severe staining for p16INK4a as compared to control [Intensity
Score (IS) of 3]. Both nuclear and cytoplasmic positivity seen [Localisation Score (LS) of 2] (×400).

Table 1. Number of Controls, Inflammatory and Neoplastic Cases Showing Koilocytosis, HPV and CS for p16.
Neoplastic
n=48

Control
n=16

Inflammatory
n=38
WDSCC n=18

MDSCC n=14

PDSCC n=7

Koilocytosis

11
68.7%

36
(94.7%)

13
(72.2%)

10
(71.4%)

6
(85.7%)

6
(66.6%)

HPV

4
(25%)

7
(18.4%)

11
(61.1%)

13
(92.8%)

6
(85.7%)

6
(66.6%)

P16INK4a

0.6

0.59

1.95

4.11

5.21

4.37

OSCC
n=39

Adenocarcinoma
n=9

Table 2. Correlation of Grades of Koilocytosis with HPV Immunopositivity.
Koilocytosis
↓

HPV→

Negative
(< 1%)
n (%)

Traces
(1-10%)
n (%)

Mild
(11-30%)
n (%)

Moderate
(31-60%)
n (%)

Severe
(>60%)
n (%)

Negative (<1%)

1 (2)

1 (2)

4 (8)

4 (8)

0

Trace(1-10%)

0

1 (2)

2 (4)

5 (10)

1 (2)

Mild
(11-30%)

0

4 (8)

6 (12)

7 (14)

1 (2)

Moderate
(31-60%)

0

0

5 (10)

8 (16)

0

Severe (>60%)

0

0

0

0

0

Table 3. Comparison of Grades of HPV Positivity with P16INK4A Complete Score.
Inflammatory

Neoplastic

Grade

HPV +ve
(n %)

Negative (<1%)

12.5

0.0 (0.0)

0.0

0.0 (0.0)

Trace (1-10%)

0.0

0.0 (0.0)

10.8

4.79 (3.11)

P16 mean CS(S.D.)

HPV +ve
(n %)

P16 mean CS(S.D.)

Mild (11-30%)

37.5

0.0 (0.0)

27.02

2.23 (1.25)

Moderate (31-60%)

50.0

1.33 (1.31)

56.75

4.07 (2.92)

Severe (>60%)

0.0

0.0 (0.0)

5.40

1.87 (0.52)
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ate grade expression. Similarly IHC for p16INK4a done in 8 inflammatory cases showed a mean CS (SD) of 0.59 (1.06).

Neoplastic: Out of 48 neoplastic cases 39 cases were of OSCC

and 9 cases had adenocarcinoma. Koilocytosis was observed in
35/48 (72.91%). Out of these 14/48 (29.16%) had mild grade
and 12/48 (25.0%) of moderate grade koilocytosis. Koilocytosis
was mostly associated with OSCC cases. On further grading of
OSCC cases, 18 were well differentiated, 14 were moderately differentiated and 7 were poorly differentiated OSCC. The distribution of koilocytosis was seen to be mostly associated with well
differentiated cases 13/18 (72.22%).
IHC for HPV was positive in all 36 neoplastic cases which included 30 cases of OSCC and 6 cases of adenocarcinoma. 21/36
(58.33%) neoplastic cases showed moderate grade of HPV antigenexpression. Distribution of HPV in different grades of OSCC
shows majority of positive cases in moderately differentiated
OSCC 13/30 (43.33%), most of which are of moderate grade
6/13 (46.15%).

p16INK4a expression was observed to be strongly associated with
neoplastic cases. Mean (S.D) CS calculated in neoplastic lesion
was 3.63(2.62). A greater range of variation was noted in neoplastic cases when compared with the inflammatory group and this
difference was found to be statistically significant (P≤0.05).
However, among neoplastic lesions, we found a mean (S.D) CS
of 3.45 (2.63) in OSCC cases and 4.37 (3.24) in Adenocarcinoma
cases. On further sub grouping the OSCC cases into well, moderately and poorly differentiated forms, mean (S.D) CS of 1.95
(1.15), 4.11 (1.95) and 5.21 (3.98) was recorded respectively.
On comparing HPV antigen expresion with koilocytosis, we
found a slight variation in inflammatory group with 14% showing
koilocytosis and 16% showing HPV antigen expression. However
a great difference was noted in the neoplastic lesions, with 52%
showing koilocytosis and 74% showing antigen expression.
Sensitivity, specificity, positive predictive value and negative predictive value of koilocytosis taking HPV antigen expression on
IHC as gold standard was found to be 30.77%, 79.17%, 61.54%
and 51.25% respectively.
On comparing the mean (S.D.) CS among the well differentiated
OSCC cases with the poorly differentiated OSCC cases, a greater
difference was observed and this difference was statistically significant (P ≤ 0.008).
Analysis of HPV antigen expression with p16INK4a reveals that
majority of the neoplastic cases having moderate grade of HPV
antigen expression showed a higher mean(S.D.) complete score.
56.75% of neoplastic cases were observed to have a CS of
4.07(2.92).
Sensitivity, specificity, positive predictive value and negative predictive value of p16INK4a taking HPV antigen expression as gold
standard was found to be 96.43%, 31.82% , 64.29% and 87.50%
respectively.
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Discussion
The role of HPV in squamous cell carcinoma of uterine cervix
is well established since the late 1970 and substantial evidence
has been provided during the past few years indicating an etiologic role of HPV infection in anogenital and upper aerodigestive lesions [15-18]. The etiological role of human papillomavirus
(HPV) in oesophageal squamous cell carcinoma (OSCC) has been
widely researched for more than three decades, with conflicting
findings. HPV infection in the squamous cell lining induces koilocytosis formation. Diagnostically, the koilocyte is considered to be
an excellent indicator of HPV infection [19]. In present study we
have tried to correlate it with HPV detection by IHC.
The choice of a suitable method for detection of HPV DNA has
become increasingly complex [16]. In 1986 Hille et al., were the
first to use IHC for HPV antigen demonstration in oesophageal
carcinoma [20]. Only10 % of their cases showed positivity for
HPV antigen. Elizabeth et al., used IHC for HPV detection and
p16 expression in 16 cases of HNSCC. They found 73% of cases
positive for HR-HPV by PCR method. HPV detection by IHC
was negative in all the samples but p16 strongly correlated with
HR-HPV [21].
To confirm the presence of HPV in our study, detection of HPV
capsid protein was done with the help of immunohistochemistry.
Due to non-availability of tissue and some technical errors IHC
could only be applied on 50 cases which were exhibiting koilocytosis too. Out of the 50 cases, 10% were from normal controls,
16% were from inflammatory and 74% were from neoplastic lesion. Total no. of cases that were positive for HPV were 98%,
out of which 8.16% were from normal group, 16.32% were from
inflammatory lesion and 75.51% were from neoplastic group.
No well documented study could be found with reference to any
scoring method for the percentage of cells demonstrating positivity for HPV antigenic expression on IHC. In our study, we
recorded the percentage of cells showing nuclear positivity for
HPV antigen and the sections were graded into negative, traces,
mild, moderate and severe grade. The grades of positivity were
compared in normal, inflammatory and neoplastic group.
When the HPV antigen expression was compared with koilocytosis, 8% of normal control group showed koilocytosis and HPV
positivity. A slight variation was observed in the inflammatory
group showing 14 % with koilocytosis and 16% expressing HPV
antigen. However, a marked variation was noted in neoplastic
cases (52% showed koilocytosis and 74% showed HPV antigen
expression). It was also observed that as we moved from well differentiated OSCC to poorly differentiated OSCC, the expression
of koilocytosis decreased. Taking HPV antigen expression as gold
standard, the sensitivity of koilocytosis was found to be 30.77%.
It signifies that koilocytosis may be taken as indicator of HPV
infection in inflammatory lesions but it is not uniformly seen in
neoplastic lesion. This may be due to alteration in cell morphology, lack of differentiation and increased pleomorphism.
In the present study, detection of HPV by IHC was high as compared to some previous studies [26, 27]. This may probably be due
to the low number of cases and inclusion of cases with evidence
of koilocytosis on histology. Another factor was improvement
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in the technique used for antigen retrieval and the procedure of
IHC.
The role of IHC in detecting HPV infection is more consistent
for the inflammatory lesion as compared to neoplastic group. This
was comparable with the study of Nakamura et al., They investigated the relation between squamous tumours of the conjunctiva and lacrimal sac and HPV infection in 17 cases [22]. 8 cases
showed positive immunohistochemical staining with antibodies to
HPV and koilocytosis was detected in 7 of these 8 cases. However
they concluded that koilocytosis is a more reliable indicator of
HPV infection in benign lesion as compared to neoplastic lesions.
On the other hand IHC staining was superior to assessment of
koilocytosis and in situ hybridization for detection of HPV infection in dysplastic lesions and carcinomas.
Changes in gene INK4a (p16) have been studied in several tumors
such as squamous cell carcinoma of the head, neck and oesophagus, adenocarcinoma of the pancreas and gastrointestinal stromal
tumors. HPV-positive tumors are characterized by high expression of p16 and p16 is widely considered a surrogate marker for
HPV infection in the context of squamous cell carcinoma [23,
24].
In the present study, p16INK4a expression was recorded on the basis of scoring method used by Sargolzaei et al., [14] A detailed examination of the cells expressing p16INK4a was done. Expression
score (ES), Intensity score (IS) and Localization score (LS) were
noted and finally a complete score (CS) was calculated in all the
cells positive for p16INK4a.
CS of 0.60 was recorded in normal group while 0.59 in inflammatory group where as neoplastic group showed a CS of 3.63 that
was significantly high (P <0.00073) as compared to inflammatory
group indicating that higher expression of p16 is a definite marker
of neoplastic changes. Similar results were obtained by Busatto et
al., [25]. On comparing malignant and normal tissues, they found
neoplastic nuclei showed a higher percentage of immunoreaction
for p16.However, results of Busatto et al. indicated that p16/
CDKN2 mutations occur infrequently in oesophageal squamous
carcinoma [25].
A good association was found between HPV infection and expression of p16INK4a in earlier studies on OSCC by Ding et al .,
who detected HPV 16 in 47% cases of OSCC by PCR method
and 41% cases of OSCC showed positivity for p16INK4a [26]. In
a study by Deng et al., HPV DNA was detected in 31.3 % samples but p16INK4a expression was seen in 26.7% HNSCC cases
[27]. The sensitivity of p16INK4a staining for detection of HPV
DNA in HNSCC was 61.7%, while the specificity was 89.3% for
all HNSCC cases. In the present study, it was observed that the
sensitivity of p16INK4a taking HPV as gold standard was 96.43%
Our sensitivity results for p16INK4a correlated well with the study
of Deng et al., [27].
Murthy et al., conducted a study to correlate levels of p16 expression in different grades of Oral cancer [28]. They inferred that
high p16 expression levels is associated with well differentiated
oral SCC (low grade). However, there existed no significant difference in the expression range for the different grades of tumors.
On contrary, Patil et al., correlated the association of HPV in histological grades of Oral SCC using p16 (p16INK4a) immunohistochemistry (IHC) [29]. p16 positivity was noted in 26/30 (86.66%)
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oral SCC cases .Out of 26 oral SCC cases, p16 positivity was seen
in 70% of WDOSCC, 90% of MDOSCC and, 100% PDOSCC..
Diffuse staining pattern was noted in PDOSCC, which in turn
depicts the increase viral overload, which might have an influence
on its aggressive behaviour.
Sargolzaei et al., tried to correlate p16INK4a expression in different
grades and stages of oral squamous cell carcinoma [14]. However, they found 33.3%, 31.6% and 33.3% of well differentiated,
moderately differentiated and poorly differentiated oral SCC cases respectively were positive for p16INK4a, the difference was not
statistically significant.
In present study CS was 1.95 for WDSCC while in MDSCC CS
was 4.11 and in PDSCC CS was 5.21. Here a greater difference
was noted between CS of WDSCC and PDSCC which was statistically significant (P<0.008). The difference between CS of WDSCC and MDSCC was also statistically significant (P<0.0014) but
no significant difference was observed between CS of MDSCC
and PDSCC.

Conclusion
To conclude, the prevalence of koilocytosis on H&E stained section is a good indicator of HPV infection in inflammatory lesions.
However in neoplastic lesions, the sensitivity was found to be less,
probably due to dedifferentiation of cells and lack of identification of koilocytosis.
Expression of p16INK4a protein showed good correlation with
HPV infection in inflammatory and neoplastic lesions. The CS
for expression of p16INK4a was maximum in MDSCC thus IHC
for p16INK4a which is easily available can be used as an indirect
evidence of HPV infection in neoplastic lesion where expensive
molecular technique for HPV DNA measurement is not feasible.
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