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ABSTRACT
Introduction
Cervical cancer is the second leading cause of female cancer mortalities, worldwide and
5,00,000 new cases are diagnosed annually in developing and developed countries. The
epidemiological profile of the disease shows that Cervical cancer is related to sexual activity
and associated with Human papillomavirus (HPV) infection.The high risk HPV types 16 and
18 are the most prevelant, representing 69.8% and 15% respectively in cases of invasive
cancer. A persistent high-risk HPV infection is also a prerequisite for the development of
Cervical cancer. Genomic integration of the viral genome can disrupt several cellular proteins
resulting in the upregulation of the tumour suppressor gene P16INK4A which is a cyclindependent kinase inhibitor. Thus over-expression of p16 indicates an already advanced
interference of the viral oncoproteins with cellular proteins involved in cell cycle regulation.
The protein P16INK4 serves as a surrogate marker for the oncogenic activities of HPV in
replication–competent cells of cervical epithelial and its over-expression is well established
in Cervical intraepithelial neoplasia(CIN) and Invasive Squamous cell carcinoma(SCC) by
many studies.
Aims and objectives
The study was a prospective study done from October 2013 to October 2015.The surgical
biopsy specimens of uterine cervix were included in study.The main objective was to classify
histopathological sections of uterine cervix by latest WHO criteria and study its association
with P16INK4A immunostaining.Also to establish P16INK4A as marker of dysplastic and
neoplastic epithelium and to correlate present study with results of other authors.
Results
A total uterine cervix specimens received and studied were 365.Hysterectomy
specimen were 237 and cervical biopsy specimen were 128. Out 128 cases of
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Cervical biopsy ,sixty five cases were Chronic non specific cervitis ,sixteen cases were
CIN1,seven cases were CIN2,five cases were CIN3 and thirty seven cases were SCC.
For immunohistochemistry, all cases of CIN lesion ,twelve cases of SCC,ten cases of
CNSC were subjected to IHC .Out of sixteen cases in CIN1, thirteen cases showed
patchy staining intensity and three case showed diffuse basal positivity.In CIN2 out of
seven cases ,four cases were patchy positive ,three cases showed diffuse basal
positivity .In CIN3 out of five cases,one case was diffuse basal positive and four cases
were diffuse full thickness positive , in SCC all the twelve cases showed diffuse full
thickness positivity and in CNSC all the ten cases were negative.
CONCLUSION
In conclusion ,the current study shows the efficacy of P16INK4A as a marker for
screening cervical malignancies. Increasing staining intensity of P16INK4A from CIN1 to
SCC,makes it a marker of choice for cervical dyskaryosis.
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INTRODUCTION
Cervical cancer is the second leading cause of female cancer mortalities, worldwide and
5,00,000 new cases are diagnosed annually in developing and developed countries. The
epidemiological profile of the disease shows that Cervical cancer is related to sexual activity
and associated with Human papillomavirus (HPV) infection.[1] The high risk HPV types 16
and 18 are the most prevelant, representing 69.8% and 15% respectively in cases of invasive
cancer. A persistent high-risk HPV infection is also a prerequisite for the development of
Cervical cancer.[2] Genomic integration of the viral genome can disrupt several cellular
proteins resulting in the upregulation of the tumour suppressor gene P16INK4A which is a
cyclin-dependent kinase inhibitor. The protein P16 is integral to pRb (retinoblastoma)
mediated counters of the G1-S phase transition of the cell cycle by inactivating the CDKs that
phosphorylate Rb protein.P16 and pRb relationship is reciprocal. The E7 protein of the HPV
bind and inactivates Rb which lead to a release of E2F, a transcription factor ,which in turn
can activate the genes required for entry into the S phase of the cell cycle. This results in
increased levels of P16 through a negative feedback mechanism. Accumulation of E2F has
also been found to increase P16 transcription.[3,4] Thus over-expression of p16 indicates an
already advanced interference of the viral oncoproteins with cellular proteins involved in cell
cycle regulation. The protein P16INK4 serves as a surrogate marker for the oncogenic
activities of HPV in replication–competent cells of cervical epithelial and its over-expression
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is well established in Cervical intraepithelial neoplasia(CIN) and Invasive Squamous cell
carcinoma(SCC) by many studies.[3] This study aims to report the use of P16INK4A to assess
the Cervical intraepithelial neoplasia (CIN) and invasive Squamous cell carcinoma and show
progressive expression of P16INK4A as the severity of dysplasia increases from dysplasia to
malignancy.[3]
AIMS AND OBJECTIVES
1) To study the age wise incidence of uterine cervical lesions.
2) To study the premalignant and malignant lesions of uterine cervix.
3) To study P16INK4A immunopositivity in the diagnosis of cervical intraepithelial
neoplasia and carcinoma Cervix.
MATERIALS AND METHODS
The prospective study for a period of two years from October 2013 to October 2015 was done
at the department of pathology. During the above period the uterine cervical biopsies and
abdominal hysterectomy specimens obtained were analysed. Among the 365 cases, 237 were
hysterectomy specimens and 128 cases were cervical biopsies. The specimens were fixed in
10% formalin processed and paraffin-embedded .Sections approximately four microns were
taken and stained with routine hematoxylin and eosin. Stained sections were classified
according to the criteria of World Health Organisation 2014. Cases were selected for IHC
from Cervical biopsies, all the cases Cervical intraepithelial neoplastic, 17 cases of Squamous
cell carcinoma and 5 cases of chronic nonspecific cervicitis (CNSC) were subjected for
Immunohistochemistry (IHC) to detect the intensity of HPV.
Immunostaining for P16ink4a: Immunohistochemistry was performed on representative
four micrometer sections cut from formalin-fixed, paraffin-embedded tissue blocks, using
monoclonal antibody to P16(ventana) on ventana benchmark automated immunostainer
(Ventana Medical system , Tucson AZ,USA). Detection involved Ventana'sultraview
universal DAB detection kit, an indirect biotin free system, kit that utilizes a cocktail of
enzyme -labeled secondary antibodies that locate the bound primary antibody. The complex
is then visualized with hydrogen peroxide substrate and a 3', 3’-diaminobenzidine
tetrahydrochloride (DAB) chromogen.Antigen retrieval, standard on the machine, utilized the
ventana cell conditioner 1, EDTA TRIS, PH 8.0 solution.In built postive controls and along
with it negative controls were also run.
Interpretation of P16ink4a Staining: Scoring was done based on the percentage positivity
of tumor cells.
a) 0% staining as negative
b) 1-5% as 1+
c) 5-25% as 2+
d) Over 25% as 3+
Classification of P16INK4A staining:
a) Negative if no positive cells
b) Patchy if focally aggregated cells involving < 25% of an area of epithelium were positive
c) Diffuse basal if positive cells lay in continuity with each other in the lower half of a broad
area of epithelium
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d) Diffuse full thickness if positive cells in continuity and involved full thickness of broad
area of epithelium
Sample Size For IHC: 50 cases.
Inclusion Criteria: All hysterectomy and cervical biopsy specimen received at our
department. Sections diagnosed as cervical intraepithelial neoplasia, SCC from cervical
biopsies were subjected to IHC and 5 cases of CNSC were subjected to IHC to know the
negative association.
Exclusion Criteria: Lesions with extensive necrosis, inadequate viable tissue were excluded.
RESULTS
In the total number of 365 specimens received, 237 were abdominal hysterectomy specimens
and 128 were cervical biopsies. The commonest lesion noticed among hysterectomy and
cervical biopsy was Chronic cervicitis a total 250 cases,the next common lesion was 51 cases
of Cervical intraepithelial lesion1 (CIN1) or Low grade squmaous intraepithelial
lesion(LSIL), followed by 44 cases of SCC, 13 cases of CIN2 or High grade squamous
intraepithelial lesion (HSIL) and 7 cases of CIN3 or High grade squamous intraepithelial
lesion(HSIL). Highest number of CNSC, CIN1, CIN2 and SCC cases were seen among 31-40
years of age and highest number of CIN3 cases was seen among 20-30 years of age. [Table 1]
And among the premalignant lesions, most common was CIN1, highest numbers of all cases
were noted between age group of 31-40 years and highest number of malignant lesions was
noted between 31-40 years of age. [Table 1]
The P16INK4A marker study was done using Ventana'sultraview universal DAB detection
kit an indirect biotin free system, marker on 50 cases. Among Uterine cervical biopsies 16
cases of CIN1, 7 cases of CIN2, 5 cases of CIN3, 17 cases of SCC,and 5 cases of CNSC
were subjected to IHC. All 45 cases showed 100% positivity for P16. No negative cases
among CIN and SCC were observed. And all 5 cases of CNSC were negative for P16.
Table 1: Age wise incidence of total uterine cervical lesions (Hysterectomy and Uterine
cervical biopsies)
Age
CNSC
CIN1(LSIL)
CIN2(HSIL) CIN3(HSIL) SCC
20-30
88
17
5
5
12
31-40
103
24
7
1
15
41-50
41
9
1
1
10
51-60
18
1
0
0
7
Total(number
250(68.7%) 51(13.9%)
13(3.5%)
7(1.9%)
44(12.0%)
and percentage)
Table 2: Proportion of positive cells
Category
0%
1-5%
CIN1(LSIL)
0
0
CIN2(HSIL)
0
0
CIN3(HSIL)
0
0
SCC
0
0

5-25%
14
4
1
0

>25%
2
3
4
17
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Table 3: Pattern of P16INK4A expression
Category
Number of
Negative Positive
cases(n)
cases
cases
CNSC
5
10/10
0
CIN1(LSIL) 16
0/16
16/16
CIN2(HSIL) 7
0/7
7/7
CIN3(HSIL) 5
0/5
5/5
SCC
17
0/17
17/17
Table 4: Types of cellular staining
CIN1(LSIL)
Positive
16
Cytoplasmic
11
positivity
Nucleo-cytoplasmic 4
Nuclear positivity
1

Patchy

Diffuse
basal
0
3
3
1
0

0
13
4
0
0

Diffuse full
basal
0
0
0
4
17

CIN2(HSIL)
7
1

CIN3(HSIL)
5
0

SCC
17
0

6
0

5
0

17
0

Figure-5: CNSC H&E 10X
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Figure-6: CNSC IHC10X

Figure-7: CIN1 H&E 10X
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Figure-8: CIN1 IHC 10X

Figure-9: CIN2 H&E Scanner View
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Figure-10: CIN2 IHC 10X

Figure 11: CIN3 H&E 10X
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Figure 12:CIN3 IHC 10X

Figure 13: SCC H&E Scanner View
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Figure 14:SCC IHC 10X
Table 15: Comparison of our study with various studies on P16INK4A positivity.*nnumber
Author
CNSC
CIN1 %(n)
CIN 2%(n)
CIN 3%(n)
SCC%(n)
%(n)
Murphy et
Not done
100%(38/38)
100%(33/33) 98%(45/46)
100%(10/10)
[4]
al.
Volgareva
0%(0/16)
37.2%(19/51) 31%(12/38)
66.6%(16/24) 95%(20/21)
[9]
et al.
Gupta et al. 10%(2/20)
50%(10/20)
60%(12/20)
70%(14/20)
95%(19/20)
[7]

Srivastava
S[8]
Kumari K[3]
Lui Y[11]
Present
study

0%(0/15)

100%(15/15)

100%(15/15)

100%(3/3)

100%(15/15)

25%(4/16)
Not done
0%(0/5)

62.6%(10/16)
Not done
100%(16/16)

75%(12/16)
100%(50/50)
100%(7/7)

81.2%(13/16)
Not done
100%(5/5)

100%(16/16)
Not done
100%(17/17)

DISCUSSION
In the present study highest number of CNSC, CIN1, CIN2, and SCC cases was seen among
31-40 years of age and the highest number of CIN3 cases were seen among 20-30 years of
age. [Table 1] Among the premalignant lesions, the most common was CIN1 and the highest
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number of premalignant cases were noted between the age group of 31-40 years, and the
highest number of the malignant lesion were noted between 31-40 years of age. The present
study differed from the study done by Bhardwaj.S,[5] as they observed the highest number of
premalignant lesions in the 35-54 age group and the highest number of malignant lesions
observed in the 45-64 age group. In the present study percentage of all the premalignant
lesions was 13.5 % and the malignant lesion was 8.3%.In a study done by Sagol et al. [6] there
were 64.7% were premalignant lesions, and 35.3% malignant lesions. Bhardwaj S.[5] showed
that 34.8% were premalignant lesions and 65.2% were malignant lesions. In the present study
increased atypical mitotic figures and atypical cells were observed as the dysplastic lesion
progressed into malignancy and commonest the histological type of squamous cell carcinoma
was well differentiated keratinized type followed by non-keratinized moderately
differentiated type, these findings were in consistent with the study done by Bhardwaj .S. [5]In
the present study P16INK4A marker was performed using Ventana'sultraview universal DAB
detection kit. Staining pattern of P16INK4A was different in high-grade intraepithelial
neoplasia of cervix (CIN2 &CIN3), where it was diffuse and was focal staining in CIN1.
Other studies have documented the up-regulation of P16INK4A following HPV infection like
Murphy et al,[4] and the present study was compared with other studies on P16INK4A. [Table
15]
In the present study, a progressive P16INK4A expression was observed, with increasing
severity of dysplasia, the intensity of staining increased as dysplasia persisted and progressed
into squamous cell carcinoma. In the present study all CIN lesions, 17 cases of SCC, and 5
cases of CNSC were taken for the IHC study. P16INK4A positivity was seen in all cases of
CIN, SCC and all 5 cases of CNSC were negative for P16. Gupta et al. [7] studied 100 cases,
which included 20 cases each of normal cervical histology, CIN1, CIN2, CIN3, and SCC.
Gupta et al. observed P16INK4A expression as follows in CNSC 10%(n=2)CIN1
50%(n=10),CIN2 60%(n=12),CIN3 70%(n=14) SCC 95%(n=19) and a strong nuclear or
nucleocytoplasmic positivity was observed. The authors did not offer any explanation for the
positivity observed in the normal cervix.In the present study, all cases of CIN1, CIN2, CIN3,
and SCC showed a combination of nuclear and cytoplasmic staining except for a single case
of CIN1 that showed exclusive nuclear staining. All 4 cases of CIN1 showed Nucleo
cytoplasmic staining, 6 cases of CIN2, all the 5 cases in CIN3, and all cases of SCC showed
nucleo-cytoplasmic staining.12 cases of CIN1 showed cytoplasmic staining and 1 case in
CIN2 showed cytoplasmic staining. Srivastava S et al,[8] documented that cervical dysplasia
showed progressive P16INK4A and MIB1 expressions with increasing severity of dysplasia.
Diffuse staining; both nuclear and cytoplasmic in all cases was observed except for 2 cases
where only cytoplasmic staining was. Both nuclear and cytoplasmic staining was observed
possibly because of post- transcriptional modification or overproduction of P16 protein even
though P16 is a nuclear protein. This results in transfer into the cytoplasm.
Murphy et al,[4] showed all cases were positive for P16INK4A except for one case in CIN3,
P16INK4A positivity in their study was as follows CIN1 100%(38/38), CIN2 100%(33/33),
CIN3 98%(45/46) and SCC 100%(10/10). The present study was consistent with the study
done by Srivastava. S ,[8] and slightly differed from other studies. In the present study, no
negative cases were observed in CIN and SCC in comparison to the study by Volgareva et
al,[9] who observed few negative cases in CIN and SCC.
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Negri et al,[10] documented the immunohistochemical expression of P16INK4A as a marker
of progression risk in low-grade dysplastic lesions of the cervix. They observed that although
P16INK4A may be expressed in low-grade squamous lesions that undergo spontaneous
regression, CIN1 with diffuse P16INK4A staining had a significantly higher tendency to
progress to a high-grade lesion than P16INK4A negative cases and suggested that P16INK4A
may have the potential to support the interpretation of low-grade dysplastic lesion. Lui Y et
al,[11] upon retrospective review, stated the majority of CIN 2 lesions (77%) in their study
revealed p16 that was distinctly positive (18%) or negative (59%). In the present study, 6
cases from both CIN1 and CIN2 showed a diffuse basal pattern, indicating a significant
tendency to progress into high-grade lesions.
Hu et al,[12]showed that the expression was patchy in CIN1 but full thickness in
CIN2/3.Diffuse staining such as diffuse full thickness pattern expression is closely associated
with high-risk HPV infection and high-grade rather than low-grade CIN.
In the present study, the P16INK4A marker showed progressive expression as the severity of
dysplasia increased and progressed to carcinoma. The present study correlated with Negri et
al,[10] and Hu et al,[12] regarding the Pattern of P16INK4A expression.
Galgano et al,[13] demonstrated that P16INK4A staining in a strong and diffuse block pattern
was highly sensitive for CIN3 as well as CIN2, but not CIN1.ThusP16INK4A immune
histochemical staining is useful in distinguishing high-grade CIN from CIN1, but probably
not useful for distinguishing CIN1 from non-CIN.Their study also stated that P16INK4A
positive CIN1 may represent a group of women who were at high risk of having or
developing CIN2. Their study concluded that P16INK4A positive CIN1 may subsequently
develop into CIN2. Histopathological diagnosis correlated with P16INK4A IHC marker
expression, few cases with diffuse basal pattern in CIN1 &CIN2 which would probably
persist and progress into severe dysplasia. Interobserver discrepancies while giving correct
histopathological diagnoses were diminished using the P16 IHC marker.
CONCLUSION
In conclusion, the present study focuses on the incidence of premalignant, malignant lesions
of the uterine cervix and also on the efficacy of P16INK4A as a marker for screening cervical
dysplasia.P16INK4A immunohistochemical is staining useful in distinguishing high-grade
CIN from low-grade CIN, as P16INK4A staining intensity increases with increasing severity
of dysplasia and persistent infection. A Group of women who are at risk of developing CIN2
may also be demonstrated in CIN1 using P16INK4A Positivity as these cases will show more
P16INK4A positivity and over staining. Thus P16INK4A is a marker of choice for cervical
dyskaryosis.
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