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ABSTRACT 

Introduction: Cervical cancer is the third most common cancer among women and is more common 

in developing countries such as India, due to lack of good screening tests. The efficacy of the Pap 

smear is hampered by high inter-observer variability and high false positive and false negative rates. 

Liquid based cytology has not been shown to improve sensitivity or specificity when compared to Pap 

smear.  Histological assessment which is considered the gold standard is also hampered by intra- and 

inter-observer variability. This study was undertaken to assess the p16ink4a expression in cervical in-

traepithelial neoplasia and invasive squamous cell carcinoma of the cervix and its role in a developing 

country. Materials and Methods: This was a retrospective study of a total of 80 cases with 16 cases 

each of chronic nonspecific cervicitis, cervical intraepithelial lesion CIN1, CIN2, CIN3, and invasive 

squamous cell carcinoma, on which immunohistochemistry was performed with primary mouse mono-

clonal antibody (Immunogen clone G175, SOTYPE IgG). Results: The p16ink4a expression score asso-

ciated well with the degree of cervical neoplasia from chronic non-specific cervicitis to the invasive cer-

vical cancer group. The percentage of tumour cells showing progressive increase in the positive stain-

ing; Chronic non-specific cervicitis 25% (n=4/16) positivity, CIN1 62.6% (n=10/16), CIN2 75% 

(n=12/16), CIN3 81.2% (n=13/16) and there was 100% positivity of p16ink4a staining in squamous 

cell carcinoma. Conclusion: Our study confirmed the usefulness of p16ink4a and findings from this 

study reiterate its importance for a low resource setting also. 
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INTRODUCTION 

Cervical cancer is the third most common can-

cer among women worldwide. It is more com-

mon in developing countries such as India, 

where 85% of the cases occur and accounts  

INTRODUCTION 

for 13% of all female cancers. It has been re-

ported that 27% (77,100) of the total report-

ed cervical cancer deaths occur in India. This 

disproportionately high burden of cervical can-

cer in developing countries and medically un-

derserved population has been attributed 

largely to lack of adequate screening for pre-

cancerous and early stage cervical cancer. 1 



Despite Pap smear being used as a screening 

tool, several studies have reported high inter-

observer variability and high false positive and 

false negative rates which range from 5-70% 

and 20-30% respectively. 2 Recent advances 

such as liquid based cytology have also not 

been shown to improve the sensitivity or spec-

ificity for detection of high grade cervical in-

traepithelial lesion (CIN) compared to conven-

tional cytology. 3 Similarly, histological assess-

ment which is considered the gold standard 

can also be hampered by intra- and inter-

observer variability. 4 

 

 Testing for Human papilloma virus 

(HPV) DNA, the main aetiological factor of cer-

vical cancer does not discriminate between 

transient and chronic infection. Differentiating 

these two is crucial as persistent infection pre-

disposes to the progression to cervical neo-

plasia. 5 This emphasises the need for adju-

vant methods to interpret the actual morpho-

logical impression of CIN lesions in dynamic 

terms rather than static morphologic grades. 

p16 is one of the most widely available, ro-

bust, stable and strong predictive biomarker 

which is available for evaluating  and differen-

tiating CIN lesions. 6 

 

 Epidemiological studies have suggest-

ed that cervical cancer is caused by the highly 

pathogenic HPV strains 16 and 18. Genomic 

integration of the viral genome can disrupt 

several cellular proteins resulting in their up-

regulation. One of the consequences is the up-

regulation of the tumour suppressor gene 

p16ink4a which is a cyclin dependent kinase 

inhibitor. The protein p16 is integral to pRb 

(retino-blastoma) mediated counters of the G1

-S phase transition of the cell cycle by inacti-

vating the CDKs that phosphorylate Rb pro-

tein. A reciprocal relation between p16 and 

pRb has been observed. The E7 protein of the 

HPV binds and inactivates Rb which lead to 

the release of E2F, a transcription factor, 

which in turn can activate the genes required 

for entry into 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. Thus over-expression of p16 

indicates an already advanced interference of 

the viral oncoproteins with cellular proteins 

involved in cell cycle regulation. 7 The aim of 

this study is to report our experience, the use 

of p16ink4a to assess the CIN and invasive 

squamous cell carcinoma (SCC) of the cervix 

in a developing nation where resources are 

limited. 

MATERIALS AND METHODS 

This was a retrospective study of a total of 80 

cervical biopsies. The diagnosis of cervical 

dysplasia was based on the Bethesda system 

2001. The diagnosis consisted of chronic non-

specific cervicitis, CIN1, CIN2, CIN3, and inva-

sive SCC. Sixteen (20%) cases of each chronic 

non-specific cervicitis, CIN1, CIN2, CIN3 and 

invasive SCC diagnosed over a period of 2009-

2010 were included in the study. The cases 

were randomly selected and retrieved from 

the archives of the Department of Pathology 

at the M.S. Ramaiah Medical College and Hos-

pital. All slides were reviewed by senior 

pathologists with agreement on the histopath-

ologic diagnosis.  

 

Immunostaining for p16ink4a: Two four 

micrometre thick paraffin sections were taken 

on slides coated with adhesive (saline). The 

technique for immunohistochemistry included 

antigen retrieval in tris buffer in a microwave 
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oven, blocking endogenous peroxidase with 

hydrogen peroxide. The specimen was incu-

bated with  p16ink4a primary mouse mono-

clonal antibody (Immunogen clone G175, SO-

TYPE IgG), linking with rabbit anti-mouse sec-

ondary antibody (Novocastra, UK) enzyme 

labeling with streptavidin- horseradish peroxi-

dase (Novo-castra, United Kingdom), devel-

oping chromogen with diaminobenzidine 

(DAB) and counterstaining with haematoxylin. 

Positive and negative controls were run with 

each batch of slides. Positivity in stromal fi-

broblasts served as internal positive control. 

 

Evaluation of p16ink4a immunostaining: 

This was based on the percentage positivity of 

tumour cells and staining intensity. Scoring of 

percentage positive tumour cells was carried 

out as follow; 0% staining as negative, 1-5% 

as 1+, 5-25% as 2+ and over 25% as 3+. 

The intensity of immunostaining was catego-

rised into 1+, 2+, and 3+ based on the study 

by Gupta et al. 7 Keeping in mind the subcel-

lular location of p16, we scored all cases as 

positive when staining was expressed in ei-

ther the cytoplasm or both the nuclei and cy-

toplasm. The patterns of p16ink4a staining 

classification is shown in Table 1. 8  

Rationale for sample size: The sample size 

was estimated to include 16 in each group 

namely chronic non-specific cervicitis (CNSC), 

CIN1, 2, 3 and SCC so as to have power of 

80% and alpha error of 5%. This was based 

on the study by Gupta et al. 7 which reported 

that p16 expression in normal cervical epithe-

lium as 10% and 45-55% in CIN 2/3, and 

100% in SCC.  

 

Inclusion criteria: Cervical specimens from 

patients of all ages with CIN and SCC were 

included in this study. 

Exclusion criteria: Cases with extensive ne-

crosis with inadequate viable tissue for im-

munohistochemical evaluation. 

• Negative, if there was no positive cells or <1% of 

cells were positive. 

• Patchy if focally aggregated cells involving <25% 

of an area of epithelium were positive. 

• Diffuse basal if positive cells lay in continuity with 

each other in the lower half of a broad area of 

epithelium. 

• Diffuse full thickness, if positive cells lay in conti-

nuity with each other and involved the full thick-

ness of a broad area of epithelium. 

Figs. 1) p16 expression in the various categories; a and b): CIN1 (H&E and p16 stain, x10) showing focal posi-

tivity, c and d): CIN2 with nucleo-cytoplasmic positivity and diffuse basal staining (x10), e and f): CIN3 with 

diffuse full thickness positivity, and f and g) SCC with diffuse, strong nuclear and cytoplasmic positivity (x40). 

Table 1: Classification of p16ink4a staining. 
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Statistical analysis: Data was tabulated in 

the form of frequency distribution tables. The 

proportion (%) of the cases revealing expres-

sion of p16ink4a in each of the groups was 

estimated. The statistical difference was test-

ed employing Chi-square test of significance. 

Statistical significance was taken at a p value 

of less than or equal to 0.05. 

RESULTS 

It was observed that 100% of the SCC cases  

showed 3+ intensity for p16ink4a staining 

and more than 25% of cells stained were cat-

egorised as positively. In contrast, chronic 

non-specific cervicitis (CNSC) cases were pre-

dominantly negative, except for four cases 

which showed p16 positivity with 1+, 2+ in-

tensity and the percentage of positive cells 

ranged from 1-25%. With the exception of 

1+, there was progressive increase in the 

staining intensity and percentage positive 

cells as the level of CIN increased. These are 

shown in Table 2. 

 

 All showed nuclear-cytoplasmic and 

cytoplasmic staining except one case of exclu-

sive nuclear positivity (Table 3). 

 

 Histopathological diagnosis has a pos-

itive predictive value of 75%. The pattern of 

staining is shown in Table 4. p16ink4a was 

predominantly patchy, whereas in CIN2/3 dif-

fuse basal and diffuse full thickness cases 

were more in number especially in CIN3. 

  Intensity of staining: n (%) Proportion of positive cells: n (%) 

Category 0 1+ 2+ 3+ 0 % 1-5% 5-25% >25% 

CIN1 6 (37.5) 3 (18.8) 5 (31.2) 2 (12.5) 6 (37.5) - 7 (43.8) 3 (18.8) 

CIN2 4 (25) 2 (12.5) 7 (43.8) 3 (18.8) 4 (25) 2 (12.5) 6 (37.5) 4 (25) 

CIN3 3 (18.8) 1 (6.2) 2 (12.5) 11 (68.8) 3 (18.8) 2 (12.5) 2 (12.5) 9 (56.2) 

SCC - - - 16 (100) - - - 16 (100) 

CNSC 12 (75) 2 (12.5) 2 (12.5) - 12 (75) 1 (6.2) 3 (18.8) - 

 

X = 59.479  p = 0.001         

  CNSC CIN1    CIN2 CIN3 SCC 

Negative (- ve) 12 6 4 3 0 

Positive (+ ve) 4 10 12 13 16 

Cytoplasmic positivity 4 6 4 3 1 

Nucleo-cytoplasmic positivity 0 4 7 10 15 

Nuclear positivity 0 0 1 0 0 

CIN: Cervical Intra-epithelial neoplasia, SCC: Squamous cell carcinoma, CNSC: Chronic non-specific cervicitis 

CIN: Cervical Intra-epithelial neoplasia, SCC: Squamous cell carcinoma, CNSC: Chronic non-specific cervicitis 

Table 2: Staining intensity and proportion of positive cells among the different groups. 

Table 3: Types of staining among the difference groups. 

DISCUSSION 

Wide arrays of potential biomarkers have 

been investigated in diagnosis of cervical can-

cer and precancerous lesions. One of the im-

portant biomarkers extensively studied is p16 
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CIN1 16 10 (62.6) 5 (31.3) 4  (25) 1 (6.3) 

CIN2 16 12 (75) 4 (25) 4 (25) 4 (25) 

 CIN3 16 13 (81.2) 2 (12.5) 5 (31.3)  6 (37.5) 

Category N 
Positive cases 

n (%) 

Patchy  

n (%) 

Diffuse basal  

n (%) 

Diffuse full thickness  

n (%) 

protein, which is a tumour suppressor protein 

that is expressed in dysplastic cervical epithe-

lial cells. 

 

 There are several studies that have 

documented the up-regulation of p16ink4a 

following HPV infection. However, there are 

not many studies done on Indian populations, 

despite India accounting for a large number of 

cervical cancer reported worldwide. In their 

study, Gupta et al. 7 showed that normal cer-

vical epithelium was essentially negative for 

p16 with the exception of two cases. They 

studied 100 cases which included 20 cases 

each of normal cervical histology, CIN1, CIN2, 

CIN3 and invasive SCC. The authors did not 

offer any explain why there was positivity en-

countered in the normal cervix. In CIN1, the 

p16 expression was seen in 50% (n=10), 

CIN2 45% (n=9), CIN3 55% (n=11), and 

SCC 90% (n=18) and showed a strong nucle-

ar or nucleocytoplasmic positivity. In our 

study, CNSC 25%, CIN1 62.6%, CIN2 75%, 

CIN 81% and SCC 100% showed p16ink4a 

positivity. 

 

 In another Indian study 9, p16 and 

MIB1 immunostaining were used and revealed 

that all normal cervical tissue containing epi-

thelial, metaplastic, endocervical reactive and 

inflammatory regions were negative for p16. 

On the other-hand cervical dysplasia showed 

progressive p16 and MIB1 expressions with 

increasing severity of dysplasia. Diffuse stain-

ing, both nuclear and cytoplasmic in all cases  

was observed with the exception of two cases 

where there was only cytoplasmic staining. 

The explanation provided was that both nu-

clear and cytoplasmic staining were observed 

possibly because of post-transcriptional modi-

fication or overproduction of p16 protein even 

though p16 is basically a nuclear protein. This 

results in transfer into the cytoplasm. The 

authors recommended the use of both p16 

and MIB1 on conventional pap smears as di-

agnostic adjunct, thus reducing the need for 

tissue biopsy. 

 

 In our study, we used a simple posi-

tive vs. negative scoring with a more complex 

semi-quantitative immunohistological scoring 

system with score ranging from 0-9. Many 

studies documented negative p16 expression 

in normal cervix, whereas we observed four 

cases which were positive. We re-reviewed 

the haematoxylin and eosin (H&E) stained 

slides and these four cases were reclassified 

to be CIN1, CIN2 and CIN3. In these cases, 

the histopathological findings were so subtle 

that they were only picked up by p16 im-

munostaining. This signifies the importance of 

employing the p16 marker for cervicitis exam-

inations. However, p16 positivity in normal 

cervix has also been reported. 7 Our results 

Table 4:  Pattern of p16ink4a expression in different grades of CIN. 
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are in accordance with results of many publi-

cations which have been compiled shown in 

Table 4. 7,  9-11  

 

 Murphy et al. 10 showed that all their 

cases were positive for p16 expression expect 

for one case of CIN3. In this study all cases of 

CIN1, 2, 3 and invasive cancer showed a 

combination of nuclear and cytoplasmic stain-

ing with the exception of a few cases of CIN1 

that showed exclusive nuclear staining. In our 

study a case of CIN2 showed nuclear positivi-

ty whilst the remaining cases showed either 

cytoplasmic or nucleocytoplasmic positivity. 

The study by Murphy et al., had also included 

glandular neoplasms and the authors conclud-

ed that p16 is not only a diagnostic marker 

for cervical squamous but also glandular neo-

plastic lesions. In addition, they recommend-

ed its use to identify individual dyskaryotic 

cells in thin prep smears.  

 

 In a study by Volgareva et al., 11 33% 

of cases of CIN3 and 5% of invasive SCC of 

the cervix did not differ from normal cervical 

epithelium with respect to p16 expression. In 

our study 18.8% of CIN3 were negative for 

p16 staining. The authors opined that im-

munohistochemical staining for p16 does not 

overcome the existing ambiguities of early 

diagnosis of cervical cancer and p16ink4a 

negative cervical neoplasms do exist. 

Author (year) Normal CIN1 CIN2 CIN3 SCC 

  % (n) % (n) % (n) % (n) % (n) 

Gupta et al. 7 (2007) 10 (2/20) 50 (10/20) 60 (12/20) 70 (14 /20) 95 (19/20) 

Supriya et al. 9 (2010) 0 (0/15) 100 (15/15) 100 (15/15) 100 (3/3 ) 100 (15/15) 

Volgareva et al. 11 (2004) 0 (0/16) 37.25 (19/51) 31.57 (12/38) 66.6 (16/24) 95 (20/21) 

Murphy et al. 10 (2004) N.D 100 (38/38) 100 (33/33 ) 98 (45/46) 100 (10/10) 

Present study (2013) 25(4/16) 62.6(10/16) 75(12/16 ) 81.2 (13/16) 100 (16/16) 

Other possible reasons include the use of dif-

ferent clones of antibodies in different studies 

or different HPV types causing CIN or carcino-

ma of the cervix. 7 

 

 Galgano et al. 12 demonstrated that 

p16ink4a staining in a strong and diffuse 

block pattern is highly sensitive for CIN3 as 

well as CIN2, but not CIN1. Thus p16ink4a 

immunohistochemical staining may be useful 

in distinguishing high grade CIN from CIN1, 

but probably not useful for distinguishing 

CIN1 from non-CIN (negative). They also 

stated that p16ink4a positive CIN1 may rep-

resent a group of women who are at high risk 

of having or developing CIN2, because of in-

adequate sampling. They concluded that 

p16ink4a positive CIN1 may be at significant 

risk of subsequently developing into CIN2 and 

larger studies are required to quantify this 

risk. They suggest additional research to 

identify biomarkers useful in distinguishing 

CIN from non-CIN. 

 

 Negri et al. 13 reported the immuno-

histochemical expression of p16ink4a as a 

marker of progression risk in low grade dys-

plastic lesions of the cervix. They studied 32 

CIN1 with proven spontaneous regression of 

the lesion, 31 with progression to CIN3 and 

33 randomly chosen irrespective of the natu-

ral irrespective of the natural history of the 

Table 4:  Published studies on p16ink4a. 
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lesion. They demonstrated that although 

p16ink4a may be expressed in low grade 

squamous lesions that undergo spontaneous 

regression, CIN1 with diffuse p16ink4a stain-

ing had a significantly higher tendency to pro-

gress to a high grade lesion than p16ink4a 

negative cases and suggested that p16ink4a 

may have the potential to support the inter-

pretation of low grade dysplastic lesion. In 

our study, p16ink4a was predominantly 

patchy, whereas in CIN2/3 diffuse basal and 

diffuse full thickness cases were more in num-

ber especially in CIN3. Hu et al., 8 showed 

that the expression was patchy in CIN1 but 

full thickness in CIN 2/3. 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. 8 

 

 In conclusion, the current study reit-

erates the efficacy of p16 as a marker for 

screening cervical malignancies. High positivi-

ty rates among SCC cases with strong intensi-

ty and relatively high negative rates for CNSC 

makes it a marker of choice in low resource 

settings.  
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