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ABSTRACT 

Expression of P16INK4A, Ki-67, and CK7 IHC markers wasevaluated to determine theirpredictive 
significance in progression to SCC of the cervix.IHC analysis of the expression of P16INK4A, Ki-67 and 
Ck7 was performed on 50 formalin fixed, paraffin-embedded tissue blocks retrieved from pathology 
archives. The tissue blocks were divided into normal cervical tissue (5 cases), CIN I (10 cases), CIN 
II&III (15 cases) and SCC (20 cases) of the cervix according to histologic diagnosis. Expression of 
P16INK4A was significantly higher in CIN I (50%), CIN II&III (75%) and SCC (95%) of the cervix than 
in the normal cervical tissue (20%). The positivity rate of Ki-67 expression was upregulated in the 
transition from normal cervical tissue (20%) to CIN I (60%), CIN II&III (86.7%) and SCC of the cervix 
(90%). There was a gradual increase in Ck7 staining intensity in the cases ranging from normal cervical 
tissue (20% expressing strong staining intensity) to SCC of the cervix (65% expressing strong staining 
intensity). A positive relationship between the degree of expression of P16INK4A, Ki-67 and Ck7, and 
the severity of the lesions in the progression to SCC of the cervix was observed through the course of this 
study. While these markers have proven to be effective in predicting the progression of normal cervical 
tissue or CIN to cervical SCC based on their staining patterns, none of these markers can stand on its own 
to give a fully definitive result and should be used in concordance with each other to compensate for their 
limitations and obtain relevant results. 
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INTRODUCTION 

Cervical cancer is a disease in which malignant cells proliferate within the tissues of the cervix (Hasan, 
2009). Although the disease is regarded as preventable, it has proven to be a significant public health 
issue; a significant number of deaths are recorded each year globally (Bisi-Onyemaechi et al., 2018). The 
uterine cervix is positioned anatomically below the cavity of the uterus and forms a canal with an internal 
and external os (Tiran, 2010). The squamocolumnar junction (SCJ) is the point where the endocervical 
and ectocervical epithelium meet. The SCJ is particularly susceptible to HPV infection and most 
squamous cell carcinoma develops at this point(Reichet al., 2017) (Ganesan et al., 2015). The cervical 
epithelium undergoes precancerous changes before it progresses to cancer, these changes are called 
cervical intraepithelial neoplasias (CINs). These classifications are; very mild to mild (CIN I), moderate 
dysplasia (CIN II) and severe in situ carcinoma dysplasia (CIN III) depending on their level of dysplasia. 
Most mild dysplastic lesions disappear spontaneously, but a significant proportion of the CIN III lesions 
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may progress into squamous cell carcinoma (SCC) of the cervix if left untreated (Marth et al., 
2017).Cervical cancer that develops from squamous epithelial cells within the cervix is called squamous 
cell carcinoma (SCC). Most cervical cancers are squamous cell carcinomas. SCC is responsible for about 
80 to 90% of all cervical cancer (Hasan, 2009). Predicting which cases of CIN will progress, regress or 
persist is not possible with regular histological and cytological techniques. Although the screening 
through the cytological techniques has aided in the reduction of mortality and morbidity rates, the success 
of this screening method is limited with respect to sensitivity and specificity. Interpretation of the 
cytology screening relies on subjective, morphological evaluation. Interpretation of histopathological 
techniques is affected by interobserver discordance (Murphy et al., 2003). Immunohistochemistry (IHC) 
is a method for localizing specific antigens in tissues primarily based on antigen-antibody recognition; it 
seeks to take advantage of specificity furnished through the binding of an antibody with its antigen at a 
light microscopy level (Dabbs, 2013). IHC can be employed to study the molecular changes in tissues, 
identifying cellular modifications not generally seen with H&E, providing a relatively rapid and simple 
method to better determine the origin of neoplastic tissue or investigate the behaviour or progression of a 
given neoplasm (Painter et al., 2010).  

Studies have proven that HPV plays an etiologic role in cervical cancer (Wang et al., 2004). Integration of 
high risk HPV genome into the human chromosome will result in the stabilization oncogenes E6 and E7 
through the disruption of viral E2 gene. E7 binds to retinoblastoma protein leading to loss of cell cycle 
control. Functional inactivation of retinoblastoma results in overexpression of P16INK4A, as 
retinoblastoma inhibits P16INK4A transcription. Recent studies have shown IHC expression of 
P16INK4Ais relevant in the prediction of the transition of cervical tissue to SCC of the cervix (Lee et al., 
2017). 

Ki-67 is a nuclear antigen that is a cellular marker for proliferation (Shi et al., 2019). An increase in cell 
proliferation will cause a significant rise in expression of Ki-67.Expression of Ki-67 can be said to have a 
direct relationship with the progression of to SCC of the cervix as cell proliferation increases in 
concordance to the severity of a lesion (Bullwinkel et al., 2006). 

Cytokeratin (CK) 7 is an SCJ marker. Ectocervical cells that appear normal but are positive for CK7 have 
been found to express HPV E2 which is an early marker of HPV infection. These cells are also positive 
for HPV E6/E7 thus supporting the role of these cells in cervical carcinogenesis. Most CIN and 
carcinomas express CK7, CIN I cells that have a significant CK7 expression are more likely of 
progressing to SCC of the cervix than CIN I cells that do not express CK7. This finding implies that CK7 
is a predictive marker for progress to SCC of the cervix (Lee et al., 2017). 

The potential of P16INK4A, Ki-67 and CK7 as IHC markers that can predict squamous cell carcinoma of 
the cervix from samples of the normal and various transitional stages of CIN was evaluated by correlating 
their IHC expression to the lesion severity in the progression to SCC of the cervix. These IHC markers 
may prove to be valuable in clinical practice if they are found to be predictors of SCC of the cervix. 

MATERIALS AND METHODS 

Case Selection:  Cervical tissue blocks will be selected from the pathology files of Obafemi Awolowo 
University Teaching Hospital Complex (OAUTHC). All samples were fixed in formalin and embedded in 
paraffin wax by conventional techniques. Haematoxylin and eosin stained slides of all samples were 
reviewed and classified. Confirmed cervical tissue blocks of non-malignant, CIN and invasive squamous 
cell carcinoma (SCC) were selected. In total, 50 biopsy samples were taken. Among these, 5 cervical 
tissue blocks were non-malignant, 10 cervical tissue blocks had CIN I diagnosis, 15 cervical tissue blocks 
were diagnosed with CIN II and III, and 20 cervical tissue blocks were diagnosed with SCC of the cervix. 
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PREPARATION OF SECTIONS FOR IMMUNOHISTOCHEMISTRY 
All of the specimens were formalin-fixed and paraffin-embedded. 4µm thick serial sections were cut, and 
the end sections were stained with H&E to ensure that the lesions were still present in the serial sections. 
The sections were processed for immunohistochemical analysis as followed; 
 Deparaffinization was carried out with xylene followed by rehydration through graded alcohols. Epitope 
retrieval was performed by heating the sections for 10 min in citrate buffer (pH6.0) at 121°C. The 
sections were incubated in 3% hydrogen peroxide (HR2ROR2R) in methanol for 5 min to block endogenous 
activity, followed by blocking of nonspecific binding of primary antibodies to epitopes by a preincubation 
step with 5% normal goat serum for 10 min at 37°C. The primary antibodies used in this study are 
p16INK4A (Dako, P16INK4A kit, 1:100), Ki-67 (Dako, M7240, 1:100) and CK7 (Dako, Carpinteria, CA, 
1:100). Incubation with antibodies was done for 30 min at room temperature. Colour development will be 
carried out with diaminobenzidine (DAB). The slides was counterstained with haematoxylin, dehydrated 
in ascending grades of alcohol, cleared in xylene and mounted in Dibutylphtalate polystyrene xylene 
(DPX) mountant (Lee et al., 2017). Staining expression was evaluated optically using the light 
microscope at ×100 magnification. Photomicrographs of fields of relevance were taken at × 100 
magnifications with the use of a light microscope and camera. Expression of P16INK4A, ki-67 and CK7 
was determined through a semi-quantitative method.  
IMMUNOSTAINING ASSESSMENT 
The immunoreactivity of these markers was determined by accessing the cytoplasmic staining intensity 
and percentage of stained cell nuclei per field. The cytoplasmic staining intensity of P16INK4A and Ck7 
was graded as mild, moderate and strong. The percentage of stained nuclei per field of P16INK4A and 
Ki-67 was graded as follows: Staining in 0-10%of cells = negative (-), staining in 10-50% of cells = +, 
Staining in 50-80% of the cells = ++; and staining in 80-100% of the cells = +++ (Izadi-mood et al., 
2012).  

PHOTOMICROGRAPHY 

The Stained sections were examined under a LEICA research microscope (LEICA DM750, Switzerland) 
interfaced with digital camera (LEICA ICC50). Digital photomicrographs of stained sections for the 
histomorphology, immunohistochemistry on the organs studied were taken at various magnifications, and 
reported for Morphological changes. 

 
DATA ANALYSIS 
Statistical analysis of obtained results was carried out using Graph pad prism software program.  
 
RESULTS 
Table 1:immunochemistry staining expression of P16INK4A in normal cervical tissue, CIN I, CIN II&III 
and SCC of the cervix and their percentage positivity rates 

Groups  N(50) - + ++ +++ Positivity 
rate (%) 

Normal 5 4 1 0 0 20 
CIN I 10 5 5 0 0 50 
CIN II&III 15 4 3 4 4 75 
SCC 20 1 5 6 8 95 
 

Table 1 depicts the grading of the expression of P16INK4A observed in various tissue sections which 
have been grouped into the various stages of the progression to SCC of the cervix according to their 
confirmed histologic diagnosis. 1 out of 5 (20%) cases diagnosed as normal cervical tissue was positive 
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for P16INK4A, 5 out of 10 CIN I cases were positive for P16INK4A, 75% of the CIN II&III cases 
showed significant P16INK4A expression, whereas 95% of the 20 cases diagnosed to be SCC of the 
cervix were P16INK4A positive. 

Table 2: shows the correlation between histological diagnoses of the progression to SCC of the cervix and 
cytoplasmic staining intensity of P16INK4A 

 Normal  CIN I CIN II&III SCC 

Intensity      

Negative 4(80%) 3(30%) - - 

Weak 1(20%) 5(50%) 4(26.7%) 1(5%) 

Moderate  - 2(20%) 3(20%) 5(25%) 

Strong  - - 8(53.3%) 14(70%) 

Total  5 10 15 20 

Table 2 shows the increasing staining intensity from cases with normal cervical tissue to SCC. A positive 
correlation between lesion severity and staining intensity of P16INK4A was noticed, the cytoplasmic 
staining intensity of P16INK4A deepened as the condition progressed to SCC of the cervix with a greater 
percentage of cases having moderate-strong staining intensity in CIN II&III and SCC of the cervix 
whereas CIN I cases had a higher percentage of weak cytoplasmic staining intensity and the normal 
cervical tissue was mostly negative for cytoplasmic expression of P16INK4A. 

Table 3: alterations of Ki-67 expression in the transition from normal cervical tissue, CIN I, CIN II&III 
and SCC of the cervix and their percentage positivity rates 

Groups  N(50) - + ++ +++ Positivity 
rate (%) 

Normal  5 4 1 0 0 20.0 
CIN I 10 4 6 0 0 60.0 
CIN II&III 15 2 6 4 3 86.7 
SCC 20 2 3 7 8 90.0 

 
Table 3 shows the positivity rates observed between normal cervical tissue, CIN I, CIN II&III and SCC of 
the cervix as 20% (1 of 5), 60% (6 of 10), 86.7% (13 of 15) and 90% (18 of 20) respectively. 
 
Table 4: represents the comparison between the percentage positivity rates of P16INK4A and ki-67 in the 
various stages in the progression to cervical squamous cell carcinoma. 
 

Groups  P16INK4A Ki-67 
Normal  20.0% 20.0% 
CIN I 50.0% 60.0% 
CIN II&III 75.0% 86.7% 
SCC 95.0% 90.0% 
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Table 4 illustrates the correlation between the percentage positivity rate of tumour biomarkers P16INK4A 
and Ki-67 in the various stages in the progression to cervical squamous cell carcinoma. It was observed 
that there was an up regulation in the percentage positivity rate as the condition progressed from a state of 
pre-malignancy to malignancy in the tissues stained with both markers. 
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Figure 1: a graph illustrating the comparison between the percentage positivity rates of p16INK4A and ki-
67 in the various stages in the progression to cervical squamous carcinoma. 

 
Table 5: portrays the cytoplasmic staining intensity profile of ck7 in histologically confirmed normal 
cervical tissue, CIN I, CIN II&III and SCC of the cervix. 
 

 Normal  CIN I CIN 
II&III 

SCC 

Intensity      

Weak  3(60%) 2(20%) 2(13.3%) 2(10%) 

Moderate  1(20%) 7(70%) 4(26.7%) 5(25%) 

Strong  1(20%) 1(10%) 9(60.0%) 13(65%) 

Total  5 10 15 20 

 
Table 5 shows the increasing cytoplasmic staining intensity in cases ranging from normal cervical tissue 
to SCC that have been treated with CK7. Relevant expressions of the cytoplasmic staining intensity in 
cases histologically diagnosed to be normal cervical tissue (60% weak, 20%moderate, 20% strong), CIN I 
(20% weak, 70% moderate, 10% strong), CINII&III (13% weak, 26.7% moderate, 60% strong) and SCC 
(10% weak, 25% moderate, 65% strong). A positive correlation between lesion severity and cytoplasmic 
staining intensity was noticed. 
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Figure 2: micrographs of cervical sections stained with H&E showing: (A) (H&E ×100) showing 
stratified squamous epithelium, the basement membrane (BM), in normal cervical tissue, CIN I (B) (H&E 
×100) showing cells with hyperchromatic nuclei and Koilocytosis (KC), (C) (H&E ×100) CIN II&III 
showing marked dysplasia and nuclear polymorphism (NP) in the basal and parabasal cells and SCC (D) 
(H&E×100) proliferating cells have completely infiltrated the basement membrane. 
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Figure 3: micrographs of cervical sections stained with P16INK4A showing: (E&F) ectocervical 
squamous epithelium strata (E) (P16INK4A ×100) illustrating the basement membrane (BM) in normal 
cervical tissue with few cells expressing weak staining intensity, CIN I (F) (P16INK4A ×100) showing 
koilocytosis (KC) expressing weak to moderate staining intensity, (G) (P16INK4A ×100) CIN II&III 
showing dysplasia and nuclear polymorphism (NP) in the basal cells. The cells in this section expressed 
nuclear and cytoplasmic staining of majorly moderate and strong staining intensity and SCC (H) 
(P16INK4A ×100) showed cells having marked dysplasia that have invaded the basement membrane. 
Strong nuclear and cytoplasmic expression of P16INK4A was observed. 
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Figure 4: micrographs of cervical sections stained with Ki-67 showing: (I&J) ectocervical squamous 
epithelium strata (I) (Ki-67×100) illustrating the basement membrane (BM) in normal cervical tissue with 
cells having nuclear expression Ki-67 being <10% and CIN I (J) (Ki-67×100) showing koilocytosis (KC) 
and about 10% of cells showing nuclear expression of Ki-67, (K) (Ki-67 ×100) CIN II&III showing 
marked dysplasia and invasion of the basement membrane by the proliferating cells. >50% of the cells in 
this section expressed nuclear staining by Ki-67. SCC (L) (Ki-67 ×100) showed cells having marked 
dysplasia that have invaded the basement membrane, populating the connective tissue stroma. >80% the 
cells expressed nuclear Ki-67 staining. 
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Figure 5: micrographs of cervical sections stained with Ck7 showing: (M&N) ectocervical squamous 
epithelium strata (M) (Ck7×100) illustrating the basement membrane (BM) in normal cervical tissue with 
few cells expressing weak staining intensity and CIN I (N) (Ck×100) showing mild dysplasia with 
koilocytosis (KC) expressing moderate staining intensity, (O) (Ck7 ×100) CIN II&III showing dysplasia 
and nuclear polymorphism (NP) in the cells. The cells in this section expressed cytoplasmic staining of 
moderate and strong staining intensity across the epithelium. SCC (P) (Ck7 ×100) showed cells having 
marked dysplasia that have invaded the basement membrane completely. Strong cytoplasmic expression 
of Ck7 was observed. 

DISCUSSION 

Cervical cancer is one of the most prevalent malignant tumours affecting the female gynaecological tract 
(FGT) worldwide, staying one of the top causes of mortality from cancer in women worldwide, with 
clinical studies showing that the incidence of cervical cancer in young women is rising yearly. There is 
therefore a need for enhanced diagnostic techniques to investigate the potential usefulness of tumour-
related antigen markers as an adjunct to these conventional techniques in screening, diagnosis and 
potentially predicting whether a case will progress to SCC of the cervix. HPV is an important causal 
factor although other genetic and epigenetic factors may be involved in tumour progression (Wang et al., 
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2004). In this study the expression of several specific immunohistochemistry markers in histologically 
confirmed normal cervical tissue, CIN and SCC of the cervix was observed and evaluated in order to 
determine if these markers were relevant in predicting whether a case will progress to SCC of the cervix. 

P16INK4A is a tumour suppressor gene that participates in the regulation of the normal cell cycle and is 
of significance to researchers in early detection of cervical cancer. (Cioffi-Lavina et al., 2010) (Tozawa-
Ono et al., 2012).In this study, amongst the five (5) normal cervical tissues stained with P16INK4A 
antibody one (1) case displayed up 10% nuclear expression of the marker which enabled it to be classified 
as positive, the same section exhibited a weak cytoplasmic staining intensity. In the CIN I cases, 50% of 
the ten (10) cases exhibited significant positive nuclear reactions with 70% of the positive cases 
exhibiting weak to moderate staining intensity. Whereas CIN II&III cases, an almost uniform nuclear and 
cytoplasmic staining was observed along most of the squamous epithelium strata, an elevated percentage 
nuclear positivity was discovered in eleven (11) of the fifteen(15) selected cases, giving it a 75% 
positivity rate. The staining intensity notably deepened with more cells having moderate to strong staining 
intensity. The selected SCC cases a marked positive nuclear expression of P16INK4A, 95% of the twenty 
(20) SCC cases were positive, 5% of the cases displayed moderate staining intensity while 70% showed 
strong staining intensity. From the results obtained, the percentage positivity rate of each case distribution 
was calculated and it was discovered that there was a direct relationship between the lesion severity, 
percentage positivity and staining intensity. There was a significant increase in the values of these 
parameters as the condition progressed from the premalignant phases to a state of malignancy. The 
findings in this study are in concurrence with the studies ofSilvaet al and Murphy et al that also 
established that there was a significant increase in the expression ofP16INK4Awhich was directly 
proportional to the lesion severity. Significant positive expression of P16INK4A in the normal cervical 
tissue can be said to be resulting from a possible infection and genomic integration with HPV in tissues 
that are yet to undergo the dysplastic changes in the squamous epithelium. This coincides with a study by 
Murphy et al in which all cases positive for HPV expressed the P16INK4A IHC marker, but not all cases 
positively expressing P16INK4A were HPV positive. The suggested principle by which these findings 
can be explained was expressed in the work by Leeet al who stated that the presence of HPV proteins E6 
and E7 will cause an increase in p53 degradation or inactivation of the retinoblastoma protein respectively 
which in turn causes P16INK4A overexpression. 

Ki-67 is a gene that monitors cell proliferation;hence irregular Ki 67 protein expression usually implies 
abnormal proliferation of cells. (Yu et al., 2015) (Gertych et al., 2012). Results of this study showed that 
Ki-67 expression was minimal in normal cervical tissues with only 20% of the distribution having a 
significant positive expression, but significant expressions were detected in the progression from CIN I 
(60%), CIN II&III (86.7%) and SCC (90%), the percentage positivity rate of Ki-67 expression was 
significantly elevated as the degree of cervical lesions in the progression to SCC increased. These 
findings correspond with Shi et al who observed an increased positivity rate with an increase in increased 
degree of severity of the cervical lesions. The exact role of Ki-67 has not been established, however, 
Ancuta et al stated in a study that level of Ki-67 expression is used to determine the cell proliferation 
status which is elevated in cases of malignancy. 

Related literature has focused on IHC for SCJ markers, CK7 in particular. Herfs and colleagues were 
among the first to demonstrate CK7 IHC's position as a critical tool for CIN I biopsies. In this study, Ck7 
cytoplasmic staining intensity in normal cervical tissue was weak in the squamous epithelial cells at the 
transformation zone with very few cells having moderate-strong staining. This staining pattern was 
mostly consistent in the 5 normal cervical tissue sections. In the CIN I distribution, all cells expressed 
Ck7, the cells closer to the basement membrane displaying a weaker staining intensity which gradually 
transitioned to a moderate staining intensity towards the superficial layer of the squamous epithelium. 
About 70% of the CIN I distribution had a moderate staining intensity. The superficial layer of the CIN 
II&III distribution was stained the most intensely and the strength of the intensity gradually decreased in 
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the transition to the basement membrane. 60% of cells in this distribution conveyed strong staining 
intensity which was predominantly located in the superficial layer. 13 out of 20 (65%) cases histologically 
diagnosed to be SCC of the cervix exhibited a predominantly homogeneous strong staining intensity.It is 
to be noted that the staining intensity has a direct relationship with the progression of the condition. Khan 
et al disclosed a principle that viral proteins seem to reorganise and regulate the cytokeratin (CK) 
network. It is believed that the viral E4 protein is involved in CK disruption, release of viruses and 
transmission. 

CONCLUSION 

The data obtained from this study has enabled the discovery that P16INK4A is expressed in normal 
cervical tissue, CIN and SCC of the cervix, and the percentage positivity rate and the staining intensity of 
the IHC marker both exhibit a positive correlation to the progression of the disease. Ki-67 positivity rate 
was also found to have a positivity rate that was directly proportional to the progression of the conditions 
leading up to SCC of the cervix. It was found that the rate at which the staining intensity of Ck7 increased 
in accordance to the rate of advancement of the lesions to SCC of the cervix.  These findings suggest that 
variations in the expression of P16INK4A, Ki-67 and Ck7 are valuable markers for predicting the 
progression towards squamous cell carcinoma of the cervix but P16INK4A and Ki-67 used in conjunction 
with one another has proven to be of greater predictive and clinical value. Although these markers have 
proven to be significant in predicting the progression of a normal cervical tissue or cervical squamous 
intraepithelial lesion to SCC of the cervix, none of these markers can stand alone to give a completely 
definitive result and as such they should be used in concordance to one another in order to make up for 
their limitations and obtain pertinent results. 
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