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ABSTRACT

Background: Cervical cancer is the major cause of cancer deaths among women. Globally, around 5,70,000 new cases of cervical cancer
and 3,11,000 deaths occurred in the year 2018. In India, Cervical cancer is a leading cause of cancer related mortality among women and the
number of deaths is 60,000 per year among 97,000 diagnosed patients, especially those from lower socioeconomic group. Human Papilloma
Virus (HPV) plays a crucial role in causing cervical dysplasia. This is done by upregulating pl 6INK4A, a cyclin dependent kinase inhibitor
through interaction with cellular regulatory proteins. Hence pl 6INK4A can be used as a biomarker, since it is directly related variable for the
presence of HPV. This study was conducted to evaluate the expression of p16INK4A in benign, premalignant and malignant cervical lesions
and to assess its utility in diagnosing and grading cervical lesions.

Methods: A total of 80 cervical specimens categorized histopathologically into nonspecific cervicitis, low grade squamous intraepithelial
neoplasia (LSIL), high grade squamous intraepithelial neoplasia (HSIL) and squamous cell carcinoma cervix were included in this prospective
study of one-year duration. Immunohistochemical study of pl6INK4A were interpreted qualitatively and semi-quantitatively by Allred
scoring system (0 to 8 points) which measures the proportion of stained cells and intensity of staining of cells. The collected data were
statistically analyzed by ANOVA and chi square test.

Result: Qualitative method showed absence of pl6INK4A expression in all nonspecific cervicitis. 16.7% (2/12) LSIL, 100% (12/12) HSIL
and 100% (28/28) squamous cell carcinoma cases showed p16INK4A positivity. Allred scoring of p16INK4A showed 66% (8/12) HSIL and
85.7% (24/28) squamous cell carcinoma cases with score 3 positivity. Hence high-grade lesions showed higher expression of this marker.

Conclusion: IHC expression of pl6INK4A showed increasing degree of expression from benign to premalignant and malignant lesions
suggesting its diagnostic and prognostic value in the cervical cancer management.
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essential to identify precancerous lesion for appropriate
treatment. No form of malignancy better documents the

Introduction
Worldwide, cervical carcinoma is the fourth-most common

cause of cancer and fourth common cause of death in
women."! Every year, cervical cancer is diagnosed in
about 5,00,000 women globally and is responsible for
more than 2,80,000 deaths annually.””! In India, Cervical
cancer is a leading cause of cancer related death among
women, especially those from lower socioeconomic group
contributing to about one third of total world population.®!
Human papilloma virus is the prime cause for carcinoma
cervix and its prevalence among cervical cancer patients
varied from 87.8% to 96.67%.! Molecular studies have
shown that HPV 16 and 18 are most common oncogenic
types involved in causing carcinoma cervix. HPV infection
of cervix is sexually transmitted. Young and sexually
active women are at highest risk for HPV infection and
preinvasive cervical neoplasia.

Carcinoma cervix is known to develop from premalignant
lesion, intraepithelial neoplasia. It takes nearly 5 to 15
years to progress to invasive carcinoma.! Hence it is very

most remarkable benefits of effective screening, early
diagnosis, and curative therapy than does the carcinoma
of cervix.! However detection and interpretation of
HPV infection in cervical specimens are difficult. Hence
indirectly assessing the presence of HPV infection by
analyzing a step-in pathogenesis of HPV cell cycle is of
utmost importance.

Various studies have highlighted the role of p16INK4A as
an excellent marker of cervical carcinoma. Its expression
is associated with the progression of disease. It is directly
related to the presence of HPV.F! p16INK4A belongs to
cyclin-dependent kinase Cdk4/6 inhibitors. It is encoded by
tumor suppressor gene INK 4A. It has an important role in
the regulatory pathway Cdk-Rb-E2F. The protein product
of the gene, pl6INK4A, prevents pRb phosphorylation
by inactivating cyclin dependent kinase Cdk4/6. pRb
keeps binding E2F transcription factors and rests the cell
in G1 phase and does not pass DNA for replication.!! In
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HPV related cervical lesions, HPV derived oncoprotein
E7 interacts with pRb and inactivates it leading to the
disruption of the regulatory pathway Cdk-Rb-E2F.
Inactivated pRb passes the cell cycle to the checkpoint
G1/S without any inhibition. As a response to this event,
an overexpression of pl6INK4A occurs [FIGURE 1].1
Thus, pl6INK4A protein can be a marker of premalignant
and malignant cervical epithelial cells.’® Hence p16INK4A
expression can be used as a biomarker, since it serves as a
directly related variable for the presence of HPV. It can add
a significant diagnostic material in the diagnosis of CIN
lesions.]

Objectives of The Study
1. To evaluate the expression of marker pl6INK4A in
benign, premalignant and malignant cervical lesions.

2. Toassess the utility of pl 6INK4A marker in diagnosing
and grading cervical lesions.

Materials and Methods

This Prospective study was conducted in the
ANONYMIZED from May 2015 to April 2016. Ethical
clearance for the study was obtained from the institutional
Ethical committee.

Inclusion Criteria
*  Cervical biopsies from women in ages ranging from
20 years to 70 years.

«  Women with Colposcopy findings suggestive of
cervical abnormality are included in the study.

Exclusion Criteria
*  Patients with the history of HPV vaccination

e Patients with recurrent cervical cancer

e Patients under treatment for cervical malignancy are
excluded from the study

A total sample of 80 cervical biopsies were analysed of
which 28 cases were of invasive squamous cell carcinoma,
each 12 cases of low grade squamous intraepithelial lesion
and high grade squamous intraepithelial lesion and 28
cases were of nonspecific cervicitis. They were categorized
based on their histomorphological features in haematoxylin
and eosin stained sections.

Cervical biopsies showing dense chronic inflammatory
cell infiltrate predominantly composed of plasma cells
and few lymphocytes in superficial cervical stroma are
categorized under non-specific cervicitis.'”! In our study,
the premalignant lesions of cervix were classified based
on two tier system: low-grade squamous intraepithelial
lesions [LSILs] and high-grade squamous intraepithelial
lesions [HSILs].". Biopsies showing koilocytic changes in
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superficial differentiating cells and cells above basal layer
show increased nuclear cytoplasmic ratio and increased
mitotic activity are categorized as LSIL.I'J and those
showing high nuclear cytoplasmic ratio for lower two third
and full thickness of epithelial lining and are mitotically
active are categorized as HSIL.['!

Cervical carcinoma was classified according to WHO
histological classification of invasive carcinomas of uterine
cervix. Squamous cell carcinoma of cervix is graded as
well differentiated (Grade 1), moderated differentiated
(Grade 2) and poorly differentiated (Grade 3) according to
Modified Broder system.!'2 Well differentiated(Grade 1)
show malignant cells with individual cell keratinization,
mitotic figures and keratin pearls within tumor nests,
Moderated differentiated (Grade 2) show pleomorphic
tumor cells with less cytoplasm and larger irregular nuclei.
Cell borders are often indistinct. keratin pearls are less
common. Mitotic activity is greater than Grade 1 tumors
and Poorly differentiated (Grade 3) show primitive tumor
cells with hyperchromatic oval nuclei and scant indistinct
cytoplasm. Mitosis are common and extensive necrosis is
noted. Evidence of keratinization is difficult to identify.
Occasionally Grade 3 tumors consists of large pleomorphic
cells with bizarre nuclei and abnormal mitotic figures.!'2

Formalin fixed and paraffin embedded tissue specimen of
cervical biopsies were stained for routine haematoxylin and
eosin stain. Sections of four micron thickness were cut and
stained for immunohistochemistry with pl6INK4A mouse
monoclonal antibody (clone E6H4). Immunohistochemistry
stained sections were assessed qualitatively and semi-
qualitatively by Allred scoring system which is based on
intensity and proportion of staining of tumor cells.

Intensity and the proportion of staining of cells for
p16INK4A were scored according to the following.["!

Table 1: The Allred Score.[*?]
PROPOR- |Proportion of

Intensity |Intensity of

score staining TION cells showing
SCORE nuclear and
cytoplasmic
staining
0 No visible 0 None
staining
1+ Weak staining |1+ Less than 1%
2+ Moderate 2+ 1t0 10%
staining
3+ Intense 3+ 11 to 33%
staining
4+ 34 to 66%
5+ More than 66%
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Allred score is summation of proportion score and intensity
score, ranging from 0 to 8.Since there is only intense
staining of tumor cells in this studyhe possible values for
Allred score are categorized into score 0 - Allred 0, score
1- Allred 5,6, score 2- Allred 7 and score 3 — Allred 8.

Statistical analysis

The collected data was tabulated, analysed and statistical
analysis was done using SPSS 16.0 version. ANOVA
was used to assess the quantitative variables. The Chi-
square test was used to assess the differences in categoric
variables between groups. The p-value of less than 0.05
was considered statistically significant

Result

Immunohistochemistry sections of study samples were
analysed qualitative and semiquantitative by Allred
scoring system. Assessment showed lack of pl16INK4A

Table 2: Correlation of degree of p16INK4A expression with histopathological diagnosis.

Nonspecific cervicitis

28 (100)

expression with score 0 in all cases of nonspecific cervicitis
[Figure 2A,2B]. In low-grade squamous intraepithelial
lesions, only 17%(2/12) cases showed strong nuclear
and cytoplasmic pl16INK4A positivity with score 1 and
remaining 83%(10/12) cases were of score 0 [Figure 3A,
3B]. In High-grade squamous intraepithelial lesions cases,
the association of pl6INK4A expression was positive in
all cases with each 17% (2/12) cases of score 1 and 2 and
66% (8/12) cases of score 3. [Figure 4A, 4B]. Invasive
squamous cell carcinoma of cervix showed pl6INK4A
expression in all cases with 14.3% (4/28) cases of score
2 and 85.7% (24/28) cases of score 3 [Figure 5A,5B]. It
showed increasing degree of pl6INK4A expression from
benign to premalignant and to malignant lesions with p
value less than 0.05 [Figure 6]. There was increase in score
from benign to malignant lesions as per Allred scoring
method [Table 2]. Hence high grade lesions of cervix
showed high expression of this marker.

0 28

Low grade squamous intraepithelial lesion | 10 (83) 2(17) 0 0 12
High grade squamous intraepithelial lesion | 0 2(17) 2(17) 8 (66) 12

Invasive Squamous cell carcinoma 0

4 (14.3) 24 (85.7) 28

n-number of patients

Table 3: p16INK4A expression in various studies in cervical biopsies.

Present study Benign 14 More than 6% of epithelial cells show strong 0
CIN 1 6 nuclear and cytoplasmic positivity. 16.7%
CIN 2/3 6 100%
SCC 14 100%
Fatemeh sari et al Benign 24 Nuclear and continuous diffuse cytoplasmic 1.8%
(2013) CIN 1 4 staining 50%
CIN2/3 19 100%
Reuschenback etal |CIN 1 21 Diffuse nuclear and cytoplasmic expression 57.1%
(2010) CIN 2/3 50 86.9%
SCC 46 100%
Munhoz et al (2009) |Benign 5 Number of cells showing nuclear and 0
CIN 1 12 cytoplasmic staining divided by the number of |27.949,
CIN 2/3 25 cells counted per sample. 61.4%
SCC 12 73.47%
Eun Ji Nam, et al. CIN 1 12 More than 5% of cells showing diffuse positivity. | 16.6%
(2008) ®° CIN 2/3 19 100%
Agoff et al(2003) Normal 75 More than 25% of cells showing nuclear and 13%
CIN 1 76 cytoplasmic positivity. 46%
CIN2/3 193 88%
SCC 46 90%
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Fig. 1: Functions of p16INK4A.
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Fig. 2: Nonspecific cervicitis showing lymphoplasmacytic infiltration in superficial cervical stroma (H&E, x40, A) Chronic
nonspecific cervicitis showing p16INK4A negativity (score-0, IHC, x40, B).

Fig. 3: Low grade squamous intraepithelial lesion showing dysplastic cells involving lower third of cervical epithelium
and koilocytes in middle layer (H&E, x40, A) Low grade squamous intraepithelial lesion showing p16INK4A nuclear and
cytoplasmic positivity in lower one third of cervical epithelium (score-1, IHC, x40, B).
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Fig. 4: High grade squamous intraepithelial lesion showing dysplastic cells involving full thickness of cervical epithelium
(H&E, x40, A) High grade squamous intraepithelial lesion showing p16INK4A nuclear and cytoplasmic positivity in full
thickness of cervical epithelium (score-3, IHC, x40, B).

Fig. 5: Squamous cell carcinoma cervix showing sheets of malignant squamous cells showing mitotic figures (H&E, x40, A)
Squamous Cell Carcinoma showing p16INK4A nuclear and cytoplasmic positivity in sheets of malignant cervical epithelium
(score -3, IHC, x40, B).
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Fig. 6: Association of p16INK4A expression in different cervical lesions.
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Discussion

In the present study, the immunohistochemical expression
of pl6INK4A, a cyclin dependent kinase inhibitor in
benign, premalignant and malignant lesion of uterine cervix
were assessed by the intensity and proportion of staining
by cervical tumor cells. 100 % (28 out of 28) cases of the
cervical squamous cell carcinoma showed strong nuclear
and cytoplasmic positivity for pl 6INK4A. Similar findings
were observed in the study done by Reuschenbach et al.l'”
Agoff et al also reported 92%(42 out of 46) of cervical
carcinoma cases with nuclear and cytoplasmic positivity
for pl 6INK4A.!13)

All 12 high grade squamous intraepithelial lesion cases
showed 100% positivity for pl 6INK4A. These findings are
in accordance with the similar studies by Fatemah et al ['9]
and Reuschenbach et al. " Hu L et al also reported 100%
positivity in CIN 3 cases.!'”!

In this study, out of 12 low grade squamous intraepithelial
lesion cases, only two (16.7%) were positive for pl 6INK4A
in less than 33% of epithelial cells 9 [score 1]. In the study
done by Agoff et al, 8% of cases showed positivity for
p16INK4A in less than 25% of epithelial cells and vatsala
et al " also reported 25% of LSIL cases positive for
pl6INK4A expression.

All cases of nonspecific cervicitis cases showed no
expression of pl6INK4A in this study. Similar findings
were noticed in the study done by Munhoz et al ! and
98.2% cases showed lack of expression of p16ink4A in the
study done by Fatemeh sari et al ['"

All cases of Squamous cell carcinoma and HSIL showed
an over -expression of pl6INK4A. Similar evidence
were obtained by the studies done by Benevolo et al
and Volgareva et al ?°2!1[Table 3] This reflects the close
association of overexpression of pl6INK4A in HSIL and
Squamous cell carcinoma with the degree of premalignancy
and malignancy and its pivotal role in the progression of
malignancy in cervix.

In this prospective study, Allred scoring analysis
demonstrated a graded increase in the expression of the
protein pl6 INK4a from nonspecific cervicitis to LSIL
and further to HSIL and invasive squamous cell carcinoma
with p value of less than 0.05. Hence it was found that
there is an increase of p16INK4A according to the increase
in dysplastic cells that indirectly indicates the degree of
premalignancy and malignancy. Thus, expression of
p16INK4A protein in cervical biopsies can serve as a
specific marker for diagnosing premalignant and malignant
lesions.
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Moreover our study in benign lesions like nonspecific
cervicitis showed no expression of pl 6INK4A as compared
to premalignant(LSIL-17% and HSIL- 100% positive) and
malignant lesions (100% positive). Hence pl 6INK4A can
be used as an adjunct tool to distinguish benign lesions
from premalignant and malignant lesions to enhance the
diagnostic accuracy. This fact could help in the differential
diagnosis between the cervical lesions.

Conclusion

This prospective study of one year duration was conducted
to assess the expression of marker pl6INK4A in benign,
premalignant and malignant cervical lesions and its role in
diagnosis. This study showed no expression of pl 6INK4A
protein in all cases of Nonspecific cervicitis, 17% LSIL
cases showed strong nuclear and cytoplasmic pl6INK4A
positivity with score 1. pl6INK4A expression in HSIL was
positive in all with each 17% cases of score 1 and 2 and
66% cases of score 3. Invasive squamous cell carcinoma
of cervix showed pl6INK4A expression in all cases with
14.3% cases of score 2 and 85.7% cases of score 3. It
showed the upregulated expression of pl6INK4A protein
from benign to premalignant and to malignant lesions of
uterine cervix. Hence it was found that there is an increase
of pl6INK4A according to the increase in dysplastic cells
that indirectly indicates the degree of premalignancy and
malignancy.

Histopathological examination is considered as a gold
standard method for diagnosis of cervical lesions.
pl16INK4A marker can be used as an adjunct diagnostic
tool in the differential diagnosis of cervical intraepithelial
lesion for resolving uncertain morphologies to enhance
the accuracy in diagnosis. From this study, we found that
p16INK4A played the defining role in early detection of
cervical cancer.
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