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SUMMARY 

 

Cervical cancer is still a major problem in Poland due to persistently high morbidity 

and mortality rates. According to the latest data from 2013, 2,909 women were diagnosed 

with cervical cancer in Poland, and more than half of them died. The most common 

histological type of cervical cancer is squamous cell carcinoma. The peak age of 

the disease is 35-54. 

The main cause of cervical cancer is human papillomavirus (HPV) transmitted by 

sexual contact. Infection occurs mostly at an early age and after starting sexual activity. 

In 2008, Harald zur Hausen received the Nobel Prize for explaining the mechanism of 

HPV oncogenesis. 

The purpose of the activities referred to as cervical cancer prophylaxis is to reduce 

the incidence of this cancer. Cytological examination is the most important goal of 

secondary prevention. 

In Poland, the Population-based Cervical Cancer Prevention and Early Detection 

Program is funded by the Ministry of Health under the National Program for 

the Prevention of Cancer. The program is targeted at women aged 25 to 59 and includes 

a cytological examination every 3 years.  

This examination may be performed by conventional cytology or liquid-based cytology 

(LBC).  

Neoplastic intraepithelial lesions are most often found in the area where 

the multilayered squamous epithelium of the vaginal part of the cervix is in contact with 

the glandular epithelium of the endocervical mucosa. It is the so-called transformation 

zone. 

Every abnormal cytological examination requires further verification and further 

diagnostic procedures. Further diagnostics is performed by colposcopy or colposcopy 

and targeted biopsy to obtain histopathological verification of detected abnormalities. 

The abnormal cytological results, according to the existing 2001 Bethesda system, 

are: ASCUS – atypical squamous cells of undetermined significance, AGUS – atypical 

glandular cells of undetermined significance, LSIL – low-grade squamous intraepithelial 

lesions, HSIL – high-grade squamous intraepithelial lesions, and cancer cells. 

The use of HPV tests and immunohistochemistry reactions is a method that 

improves the effectiveness of abnormal cytological results. Their  main role 
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is identification of these epithelial cells which are in the stage of cancer transformation. 

These reactions include immunohistochemical reactions against p16INK4a and Ki-67 

proteins. 

The p16INK4a protein belongs to the group of cyclin-dependent kinase (Cdk4/6) 

inhibitors, plays an important role in cell cycle control, stops cell division in G1 phase and 

inhibits phosphorylation of retinoblastoma protein (pRb). Mature epithelial cells are 

characterized by a barely detectable level of p16 protein. Whereas, cervical cells infected 

with oncogenic HPV exhibit a significantly elevated expression of this protein. Under 

normal conditions, pRb binds to the E2F transcription factor, which blocks gene 

transcription and proliferation processes. The p16 protein acts as a guard and prevents the 

transition from G1 phase to DNA replication through Cdk 4/6 inactivation. In response to 

the action of the E7 protein, pRb-E2F-Cdk4/6 pathway interference and p16 protein 

overexpression occur. 

Ki-67 is a nonhistone protein known as the universal proliferation marker, encoded 

by the MKI67 gene, detected only in the cell nucleus and associated with the cell cycle 

phases: G1, S, G2, and M, except G0. In the case of high-risk HPV infection and the action 

of oncoproteins E6 and E7, the disturbance of the host cell cycle occurs, epithelial cells 

proliferation is observed in infected tissues and consequently an increase  of the intra-

nuclear Ki-67 protein. 

The purpose of this study is to evaluate expression of p16INK4a and Ki-67 proteins 

in tissue material collected for histopathological verification from patients diagnosed with 

ASCUS in Department of Clinical Pathomorphology of the Medical University of Lublin, 

Poland, in years 2010-2014. The study was started after a positive opinion of the Bioethics 

Committee, KE-0255/44/2015. This paper attempts to assess the expression of p16 and Ki-

67 proteins in correlation with the histopatological verification of samples taken from the 

vaginal portion of the cervix from patients with an ASCUS cytology diagnosis. This stage 

allowed for the assessment of the sensitivity of both biomarkers. The next step in the study 

was the correlation of the expression of the examined biomarkers with the result of DNA 

tests for HR HPV and histopathological verification. The entire group of patients 

diagnosed with ASCUS included 1,348 cases. Then, a group of 110 patients was selected 

in whom colposcopy had been performed with histopathological examination. 

Study group A consisted of 110 women  aged 19 to 75 ( mean age of 39 years), group B ( 

negative control group) consisted of women aged 22 to 60 (mean age of 40 years) and 
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group C. (positive control group) consisted of women aged 26 to 59 ( mean age of 41 

years). In 70 of the 110 patients in group A, HR HPV DNA test results were available. In 

all 110 patients, p16 and Ki-67 immunohistochemical reactions were performed. The 

obtained results were subjected to statistical analysis based on STATISTICA v. 8.1 

software, in which immunohistochemical reactions, HR HPV tests, and colposcopic results 

were referred to as "tests". 

The conducted statistical analysis examined the compatibility of the results of the 

"tests" with the results of histopathological verification. Predictive values : sensitivity 

(SENS), specificity (SPEC) and accuracy (ACC) were calculated for the above tests. 

In patients with an ASCUS cytology diagnosis and histopathological diagnosis 

of dysplastic lesions of multilayered squamous epithelium of the cervix, expression of p16 

and Ki-67 proteins was observed. The intensity and distribution of the expression of both 

proteins were similar. Statistical analysis showed the highest accuracy 

of immunohistochemical reactions performed in diagnosing the presence or absence 

of dysplasia. 

Evaluation of diagnostic usefulness of the analyzed tests has showed that both 

immunohistochemical reactions are characterized by the highest sensitivity, specificity and 

accuracy of all tests (p16: 0.82 0.92 and 0.85, for Ki-67: 0.86 0.96 and 0.87) in the 

diagnosis of dysplastic lesions vs lack of dysplasia. The HR HPV tests had the lowest 

sensitivity (0.59), and colposcopy had the lowest specificity (0.46). In the case 

of histopathological diagnosis of CIN 1, the test of the highest sensitivity, specificity and 

accuracy was the Ki-67 test (ACC = 0.83). 

For the histopathological diagnosis of ≥ CIN 2, the best diagnostic test was the HR HPV 

DNA test and immunohistochemistry of p16 and Ki-67 proteins (for CIN 2, ACC = 0.95 

for p16 and 0.83 for Ki-67, 1.0 for HR HPV) (for CIN 3, ACC = 0.94 for both reactions, 

0.97 for HR HPV). 

Statistical analysis showed that, in the case of dysplasia of multilayered squamous 

epithelium, high compliance of the results of immunohistochemical reactions with the HR 

HPV test was demonstrated. This indicates their usefulness in the selection of patients 

in which oncogenesis process  has started. 

Screening for cervical cancer is still imperfect and often misclassifies some 

patients. Improving the accuracy of histopathological verification is important not only for 

patient care but also for evaluating new diagnostic tests. 
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Based on the analysis of the literature in correlation with the results of this study, it 

can be concluded that, in patients with an ASCUS cytology diagnosis, it seems appropriate 

to use additional tests increasing the sensitivity of screening. Patients who underwent 

histopathological verification, in particular in the diagnosis of CIN 1, which was doubtful 

or negative with a positive HR HPV test result, using an immunohistochemical reaction 

against p16 and Ki-67 proteins seems to be appropriate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


