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The Level of Expression of Ki-67 in Invasive  
Cervical Cancers and Cervical Intraepithelial  

Neoplasia in Ghanaian Women

Introduction
Increased cellular proliferation and cell cycle abnormalities 

have been associated with premalignant and malignant lesions and 
for that matter cervical intraepithelial neoplasia (CIN) and invasive 
cervical cancer respectively [1]. Histological assessments which 
was the gold standard of increased cellular proliferation in the 
cervix by pathologists use the location and numbers of abnormal 
mitotic figures in the diagnosis of CIN and invasive cervical cancer 
[2]. Criteria for grading of these cervical lesions is based on 
deviation from the normal cell such as varying nuclear size and 
shape, hyperchromasia, angulations of nucleus, coarse chromatin, 
digression in rate of growth , degree of invasiveness, among other 
abnormalities [3].

Grading of these lesions among pathologists however have 
always been affected by inter and intra-observer differences so  

 
far as reproducibility assessment is concerned [4]. Due to inter 
and intra-observer differences in grading of epithelial lesions of 
especially the uterine cervix, use of adjutant methods such as radio 
labeling with [‘H] thymidine and bromodeoxuridine have been 
considered [5,6]. Although quantitation of the proliferation rate of 
cellular deoxyribonucleic acid (DNA) can be assessed with some of 
these adjutant methods, their use in routine practice is limited due 
to sophistication. They require either in vitro or in vivo infiltration 
of tissue prior to fixation or access to specialized and expensive 
imaging equipment [7].

Ki-67 is a human non-histone nuclear protein, the expression 
of which is sternly associated with cell proliferation and which 
is widely used in routine pathology as a proliferation marker to 
measure the growth fraction of cells in human tumours [8].
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Abstract

Background: Increased cellular proliferation and cell cycle abnormalities have been associated with development of cervical cancer and cervical 
intraepithelial neoplasia in women. Criteria for grading of these lesions by pathologist based on digression in growth and degree of invasiveness among 
other abnormalities have been affected by inter and intra-observer differences resulting in poor reproducibility. Ki-67, a proliferative marker is useful 
in grading of cervical cancer and cervical intraepithelial neoplasia by giving uniform and reliable outcome independent of inter and intra-observer 
differences.

Aim: To demonstrate the level of expression of Ki-67 antigen in invasive cervical cancer and cervical intraepithelial neoplasia in Ghanaian women.

Methodology: Using indirect immunohistochemical method, 116 diagnostic cervical samples with varying grades of cervical intraepithelial 
neoplasia and invasive cancer selected retrospectively and randomly was analyzed for level of expression of Ki-67.

Results: The levels of Ki-67 expression in malignant lesions were higher than in premalignant lesions which were also higher than in normal cervix. 
The levels of Ki-67 could distinguish post menopausal atrophy from dysplasia.

Conclusion: Due to semi quantitation of Ki-67 protein there exist some level of inter observer difference using Ki-67 grading of tumours but as 
compared to that which exist for histomorphological grading of tumours, the former is better. Inter observer difference using Ki-67 grading as compared 
to histomorphological grading of tumours were better using kappa analysis. Ki-67 score can distinguish between reactive lesions and dysplasia. Ki-67 
analysis therefore should serve compliment to histological grading of tumour for the objective, reproducible, and reliable classification of dysplastic 
changes in cervical epithelium especially. However, the findings and conclusions of this study are limited by the small sample size of participants, and a 
much larger population-based study would be required to validate our findings.

Abbreviations: CIN: Cervical Intraepithelial Neoplasia; PD: Poorly Differentiated; MD: Moderately Differentiated; WD: Well Differentiated; INV: Invasive; 
HG: High Grade; LG: Low Grade; CIS: Carcinoma in Situ; ACSUS: Atypical Squamous Cell of Undetermined Significance
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Study Design

Study design
 This was retrospective study. Archived cervical samples were 

selected using stratified random sampling from year 2007-2010 
cases and analyzed immune histochemically for Ki-67 positivity in 
frank cervical cancers and CINs.

Study site
The study was done in the Department of Pathology, University 

of Ghana Medical School (UGMS), Korle –Bu Teaching Hospital 
(KBTH). The department has four main units; Histology, Cytology, 
Immunology and mortuary. The department undertakes a lot of 
clinical research especially in cancers and immunology.

Subjects/target population
The study population was from cervical specimen of women 

who have been diagnosed with invasive cervical cancer or CIN. 
Control population was from cervical samples of women negative 
for invasive cervical cancer or CIN from the archival samples in the 
Department of Pathology, UGMS, from year 2007 to 2010. Controls 
were matched against the cases according to age. Intensity of Ki-
67 expression among grades of CIN and invasive cancer was also 
compared.

Inclusion Criteria

Study Cases
Cervical Specimen of patients diagnosed with invasive cervical 

cancer or CIN aged between 25 to 90 years.

Controls

Cervical Specimen of patients negative for invasive cervical 
cancer or CIN aged between 25-90 years.

Exclusion criteria: Cases where paraffin embedded blocks is 
not available or tissue is depleted as well as cervical biopsies of 
women who fall outside the age range (25-90 years) diagnosed 
with or without cervical cancer.

Sample size: Using the prevalence rate of cervical cancer at 
10.80% (estimated) obtained from 2010 annual report from the 
Department of Pathology University of Ghana Medical School, Korle-
Bu. in Ghana the sample size was calculated from the formula: n=z2 
(p,q)/(error2), where n is sample size, z is standard-score at 95% 
confidence interval=1.96, p is the prevalence of cervical neoplasia 
(10.8%), q is percentage of non -cervical neoplasia cases=1- p and 
error=2% (Significant difference).

n=z2 (p,q)/(error2)

n=1.962 (0.108, 1-0. 0.108)/(0.0052)= 3.8416(0. 
0.108,0.892)/0.0025=3.8416(0. 0.0963)/0.0025

n=148.03≡148.0

Informed consent: Since the study is retrospective using 
archival materials and direct patient contact is not involved, consent 

was sought from the Head of Department of Pathology, University 
of Ghana Medical School

Sample preparation: Selected paraffin embedded blocks 
of test and controls were put on ice for 30 minutes. Using the 
microtome at a predetermined gauge of 5µm, 3 sections each were 
cut and allowed to float on water in a bath at a temperature of 600 
C (slightly above the melting point of wax) to spread the folds in 
the sections but not melting the wax. Sections were put on slide 
and labeled with the research code and allowed for the water to 
drain. Pre-coated slides were used for immune section. Sections 
were put in oven subsequently for adhesion to slides. One slide of 
each patient and control was stained with haematoxylin and eosin 
(H&E) to confirm diagnosis by a panel of reviewers and 1 of the 
remaining 2 slides was for immunostaining for Ki-67, the other 
slide was reserved in case there is a need for a repeat.

Staining and mounting haematoxylin & eosin staining 
technique: After dewaxing in 3 changes of xylene for 2 minutes each, 
the sections were hydrated for 2 minutes each in absolute ethanol 
through descending grades of ethanol to water. The nuclei in the 
sections were then stained for 5 minutes in aqueous haematoxylin 
and afterwards blued using bluing agent at pH 7.0. Blued sections 
are dehydrated through ascending grades of ethanol to absolute for 
2 minutes. Eosin, a counterstain was used to stain the cytoplasm 
of the cells in the sections. After counterstaining the sections 
were further dehydrated in three changes of absolute ethanol and 
removal of excess Eosin as well. Using 2 changes of Xylene, sections 
were cleared of ethanol and also allowed cytoplasmic transparency 
for 2 minutes and mounted using (DPX) mountant and coverslip 
appropriately.

Procedure for immunohistochemical staining: Using direct 
Immunohistochemical Staining Method based on the principle that 
when foreign antigens are introduced into a host, corresponding 
antibodies are produced was used to demonstrate ki-67. A primary 
antibody binds to the epitope FKEL to form an antigen-primary 
antibody complex. Antigen-primary antibody complex gave colour 
after an enhancer was added.

Paraffin sections were dewaxed and incubated in deionized 
water (AD) for 5 minutes. Usingretrieval solution antigen were 
retrieved (1 retrieval solution: 9 deionized water) at 99 °C for 10 
minutes. After the temperature was cooled to 50 °C the sections 
were equilibrated at room temperature in deionzed water to stop 
the antigen retrieval for 5 minutes. Epitope apart from the one to be 
investigated (FKEL) were blocked to prevent non-specific binding 
using 200µl of perioxidase for 5 minutes. With the exception of 
the test negative controls and negative controls each section was 
treated with 200µl of prediluted (dilution factor not disclosed by 
manufacturer) primary antibody by incubation at room temperature 
for 30 minutes to bind to corresponding antigen. After that 200µl of 
visualization reagent horse radish perioxidase (HRP) was applied 
to each section for 15 minutes. 200µl of AP, a second visualizing 
reagent was further applied and incubated for 15 minutes. 200µl 
of DAB substrate-chromogen (1ml DAB substrate: 30µl of DAB 
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chromogen; stable within 8 hours of dilution) was later applied to 
each section and incubated for 10 minutes. Afterwards each section 
was flooded with deionised water to stop the reaction of DAB 
substrate-chromogen for 5 minutes. 200µl of Fast Red substrate-
chromogen (1ml Fast Red substrate: 45ml Fast Red chromogen) 
was applied to each section for an incubation period of 15 minutes. 
The sections were finally flooded with 2ml of distilled water for 
5 minutes. After each major step stated above, each section were 
flooded with 2ml of wash buffer (1 wash buffer: 9 deionized water) 
and incubated for 5 minutes to remove excess reagent. All steps 
were performed at room temperature and sections were washed in 
phosphate buffered saline. Counter staining with Haematoxylin as 
in HE was done as above. Slides were mounted using DPX.

Microscopy
The H&E stainedsections were light microscopically examined 

using x10, x25 and x40 objectives of Olympus microscope, CX41RF. 

X10 objective was for scanning through the section and x40 
objectives for detailed evaluation to confirm diagnosis. The sections 
of test cases was compared with controls.

Immunostained sections
Evaluation of the immunohistochemistry was done by light 

microscope as well. The immune-stained sections were confirmed 
by 2 Reviewers using x10 and x40 objectives of Olympus microscope 
CX41RF using x10 objective to scan through the smear and x40 
objectives for detailed evaluation of Ki-67 expression. The sections 
of test cases was compared with controls. The grading was done as 
follows: 0-20% as normal, 21-34% as LG; 35-66% as MG, 67-70% 
as HG, and above 70% as INV.

Results
Tables 1-4 and Figure 1.

              A1                           A2                                A3                       A4                  A5                       A6

Figure 1: Micrographs of Ki-67 stained section (x 40).
Figure A1: Control positive expressing 60% Ki-67 which may be due HPV infection showing no cytopathic effect.
Figure A2: HPV about 30% correlates with diagnosis.
Figure A3: CIN II expressing Ki-67 up to 25%.
Figure A4: Well Differentiated carcinoma Ki- expressing Ki-67 up to >70% Figure A5 : Carcinima In Situ expressing Ki-67 up to 
70%.
Figure A6: Invasive Squamous Cell Crcinoma expressing about > 70% of Ki-67.

Table 1: Table of histomorphological diagnosis in study `popula-
tion.

Type of SCC/CIN Quantity

Invasive 19

WD 13

MD 38

PD 18

CIS 11

CIN III 6

CIN II 2

CIN I 1

Koilocytes 6

ASCUS 1

Moderate/Poor 1

Total 116
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Table 2: Level of expression of ki -67 in premalignant cervical lesions.

Percentage of Ki-67 (%) 0 ≤20 21- 34 35 - 66 67-70 ≥70 Total

CIN I 0 0 0 0 0 0 0

CIN II 1 1 0 0 2

CIN III 0 0 0 0 - 2 2

koilocytes/con doloma 1 1 1 3

ASCUS 1 0 0 0 1

Total 3 1 1 3 8

Table 3: Histological diagnosis with their corresponding level of ki-67 expressions malignant.

Slide No Histomorphological Diagnosis Level  of  Ki -67 Expression % Coreespondi Ng Diagnosis

1 WD 01 - -

2 PD NEG -

3 WD 01 >70 INV

4 CIS 67-70 HG

5 KOILOCYTES 30 LG

6 CIN III >70 INV

7 MD >70 INV

8 PD >70 INV

9 WD >70 INV

10 MD >70 INV

Table 4: Kappa analysis for KI-6.

Diagnosis Ki-67 Histomorphology

WD 0.95 0.361

MD 0.82 0.606

PD 0.72 0.136

CIS 0.75 0.305

CIN III 0.71 0.305

Koilocyte 0.85 1

Discussion

Histomorphological diagnosis in study population
Histomorphological diagnosis in the study population in the 

study population ranged from poorly differentiated Squamous 
cell Carcinoma to CIN I. Out of 116 diagnostic test cases the 
premalignant cases were 16 in number representing 13.80 % whilst 
the malignant ones are 102 in number (86.10%). For the malignant 
cases, Invasive moderately Differentiated Squamous Carcinoma 
(MD) numbering 38(32.76. %) was most diagnosed whilst well 
differentiated squamous cell carcinoma (WD) was the 13(11.21%) 
in number. 18(15.52%) were diagnosed as poorly differentiated 
squamous cell carcinoma (PD) whilst CIS the least diagnosed 
was 11(9.48%). There were 19(16.38%) invasive squamous cell 
carcinoma with differentiation. There were 6(5.17%) CIN III, 
2(1.72%) CIN II and 1 CIN I (0.86%) Cervical cancer worldwide 
have attributed to HPV infection [9].

Cervical cancer remains the second most common cancer 
and leading cause of cancer deaths among women living in low 

to middle income countries and for that matter Ghana [10]. This 
trend of events indicates that African women and for that matter 
Ghanaian female (no published data) present late with cervical 
lesions to the hospital with subsequent poor prognosis for long-
term survival [11]. Again poor viral clearing due to weak immune 
system as a result of few langerhan cells resulting in persistence 
of viral infected cervical cell in smokers which is rare in the case 
of Ghana have been investigated [12]. Most of these women live in 
deprived areas with very low socio-economic status as reported by 
Hannele et al. [13].

Hormone replacement therapy and oral contraceptive use 
which is inconclusive have been cited as cofactors to HPV infection 
in some studies [12]. A USA study found fourfold increase in risk 
of developing pre-invasive lesions overall in using hormonal 
contraceptive with risk increasing with duration of use [14]. In the 
developed world prescreening is done before to assess who is a 
good candidate for a particular method of contraception whiles in 
our case, this is not so [15]. 

Poor nutrition among women who may be subsequently 
infected with HR HPV develops cervical cancer as compared with 
infected women taking good nutrition [16]. Most of these women 
with cervical cancer may have had their first sexual debut in early 
ages with the risk increasing with number of life-time partners as 
stated by Akosua et al. [17]. As confirmed by some researches, high 
parity increases a women’s chance of developing cervical cancer; 
the greater the number of children the higher the risk of developing 
cervical cancer with age at first birth been important [18].
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The prevalence of cervical cancer in older women of this study 
confirms an earlier one which indicates that most women are in 
polygamous marriages where there is high prevalence of HPV in 
older age groups, which may be a distinctive feature of polygamous 
populations where HPV transmission continues into middle age 
and cervical cancer incidence is very high [17].

Histomorphological diagnosis with their corresponding 
level of ki–67 expression

Histological review and corresponding Ki-67 were scored 
independently by the same pathologist and the result is as follows. 
The level of expression of Ki-67 in 3 (30%) originally diagnosed 
WD SCC and reviewed as 2(20%) WD and 1 (10%) MD were >70% 
corresponding to INV according to the reference table of this study 
(Table 4)

The level of expression of Ki-67 in one case originally diagnosed 
as PD SCC was negative (0%) by R 1 but for some unexplained reason 
did not review its diagnosis. This 0% expression of Ki-67 could 
be due to misdiagnosis originally which could be due to reactive 
changes or atrophy which Ki-67 is said to have distinguished 
between the two. Both atrophy and CINs show increased nuclear/
cytoplasmic ratio, nuclear crowding, and lack of maturation. Due 
to these similarities, distinguishing CIN from atrophy in cervical 
biopsies from elderly patients is often controversial. Unlike 
atrophy, dysplasia show increased cellular proliferation. Hence the 
possiblility of utilizing of KI-67 in distinguishing dysplasia from 
atrophy [19]. This is supported of a study done in the Netherlands 
in which using only histomorphology in diagnosis cervical atrophy 
was classified as HG lesion but level of expression of Ki-67 which 
was lower than in nomal cervix confirmed it to be atrophy but not 
dysplasia as suggested by morphological diagnosis [20].

The level of expression of Ki-67 in a reviewed WD originally 
CIN III was also >70% correlating with INV. This support a research 
by Looi et al. [21] in which Ki-67 index was higher in high grade 
CIN (CIN II and III) and SCC lesions compared to normal cervices. 
Reproducibility of grading as WD, MD, PD, CIS, CIN III, Koilocytes 
by R1 using `Ki-67 immunostaining (weighted Kappa- 0.95, 
0.82, 0.72, 0.75, 0.71 and 0.85 respectively) were all higher than 
histomorphology (weighted Kappa- 0.361, 606, 0.136, 0.305, 0.305 
and 1.000 respectively.). The average weighted Kappa using Ki-
67 immunostaining to grade is 0.80. The average weighted Kappa 
using histomorphology to grade is 0.452

Level of expression of ki -67 in premalignant cervical 
lesions

2(25%) of the study population in the premalignant (CIN II) 
category had 1(`12.50%) expressing Ki-67 level between 21-34 
% corresponding to LG whilst the other 1 expressed level Ki-67 
between 35-66%. 2 (25%) CIN III had their level of expression of 
Ki-67 between 67-70 % correlating to HG lesion. Out of 3(37.5%) 
koilocytes/condoloma, 1(12.5%) had its level of expression of 
Ki-67 between 21-34 % corresponding to LG, whilst the other 

1(12.5%) had its Ki-67 level between 35- 66 % corresponding to 
HG. 1(12.5%) of ASCUS had ki-67 expressed between 21-34 % 
corresponding to LG lesion. Dependent T-test was used to compare 
the number of cases classified by KI-67 and manual diagnosis. No 
significant difference was found between the two diagnosis criteria 
(t=2.343, p=0.167).

Premalignant cervical lesions have being attributed to HPV 
infection which after malignant transformation of cell there is 
increased in cellular proliferation which is positively correlated 
with Ki-67, a proliferative marker. The overall expression level of 
Ki-67 increased with higher grades of the lesion. The deviation in 
its expression can be attributed to inter observer differences in 
grading of the lesion. This research is in support of most studies 
done elsewhere. In a study by Mica et al. [22] Ki-67 immunostaining 
proved to be predictive for high-risk HPV infection, and could 
differentiate reactive lesions from cervical dysplasias. Again Ki-67 
quantitative analysis in 3 epithelial layers was sensitive and specific 
method of differentiation between CIN 1, CIN 2 and CIN 3 grades 
and could be a adjunctive method for more accurate CIN grading. 
A Serbian research revealed that there was positive correlation 
between proliferative activity, distribution of Ki-67 positive cells 
and increasing CIN grade [23].

In contrast to this, a Swedish study revealed higher MIB-1 (KI 
67) levels in tumors with a lower grade. Moreover, MIB-1 levels 
seem to be higher in tumors due to infection with HPV 16 and 18. 
It was concluded that MIB-1(Ki-67) may be a helpful marker in 
grading carcinoma: a high level of expression of MIB-1 indicates a 
low grade of tumor [24].

Level of expression of ki -67 in malignant cervical lesions
Out of the 19(19.56%) cases diagnosed histomorphologically as 

PD, Ki-67 could confirm only 12 (13.04%) as invasive; 12(13.04%) 
their level of expression of Ki-67 greater than 70%, 4(4.35%) of 
PD had their level of expression of Ki-67 between 35-66% whilst 
3(3.26%) had their level between 21-34%. Out of 38 (41.30%) 
diagnosed histomorphologically as MD 12 (13.04%) was picked by 
Ki-67 expression as such whilst the level of expression of Ki-67 in 6 
(6.52%) were 67-70% correlating with HG, the level of expression 
of Ki-67 in 10(10.86%) was between 35-66% corresponding to M, 
in 3 (3.26%) the level was between 21-34% correlating to LG and 
5(5.43%) had their expression>20 where research suggest it to be 
negative [25]. Out of 14(15.22%) histomorphologically cases of 
WD 6(6.52%) were picked as such by Ki-67 as such, 12(13.04%) of 
the study population had their of expression of Ki-67 protein less 
than 20 % , 2(2.17%) had Ki-67 protein expressed within 67-70% 
correlating to HG, 2(2.17%) had Ki-67 protein expressed within 
35-66% correlating to MD 3(3.26%) had Ki-67 protein expressed 
within 21-34% correlating to LG.

18(19.57%) were diagnosed as INV without any differentiation 
using histology; 10(10.87%) had Ki-67 expression above 70% 
correlating to INV, 4(4.35%) had Ki-67 expression between 
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35-66% correlating to HG whilst another 4(4.35%) had Ki-67 
expression between 21-35% correlating LG. 4(4.35%) of the study 
population was diagnosed as CIS histomorphologically all had their 
level expression of Ki-67>70% correlating to INV. This support a 
research by Haas et al. [26] in which Ki-67 index was higher in SCC 
lesions compared to normal cervices. All cases of INV that expressed 
low levels of Ki-67 could be in actual fact HG that are regressing as 
suggested by a study Iaconis et al. [27].

Conclusion
Inter observer difference using histomorphological grading 

of tumours between seniors colleagues is greater as compared to 
juniors colleagues. This implies that the level of agreement between 
junior colleagues is higher than between senior colleagues.

Due to semi quantitation Ki-67 protein there exist some 
level of Inter observer difference using Ki-67 to compliment 
grading of tumours but as compared to that which exist for 
histomorphological grading of tumours, the former is better. As was 
observed in histomorphological diagnosis of especially lower grade 
lesions which was originally diagnosed Koilocytes was reviewed 
and diagnosis came out as benign, Ki-67 score could distinguish 
between reactive lesions and dysplasia. These inter observer and 
intra observer differences will affect patient management; under 
treatment which may result in cancer metastasis or over treatment 
which incur unnecessary cost on poor patients.

Ki-67 analysis is a promising alternative method for the 
objective, reproducible, and reliable classification of dysplastic 
changes in cervical epithelium especially using computerized 
image analysis system. However, the findings and conclusions of 
this study are limited by the small sample size of participants, and a 
much larger population-based study would be required to validate 
our findings.

Acknowledgement
I would like to give special thanks  to CINTec, Professor R. K. 

Gyasi and Professor Y. Tettey my supervisors for doing me the 
honour to work with them. Their help guidance and help are 
beyond measure, God richly bless them.

Appendix
Preparation of reagent - CINtec PLUS kits

The reagent were all commercially prepared and some 
prediluted without dilution factor. The pack of kits contained, 
Peroxidase Blocking Reagent, MIB -1 primary antibody, a AP- 
visualizing reagent, CIN mountant and HRP were all ready to use 
(Prediluted). Wash Buffer, DAB Buffered Substrate and Chromogen, 
Naphthol Phosphate Substrate and Fast Red Chromogen, Retrieval 
Solution were not diluted. Storage of kits was done at 5 ºC. 

Dilutions
a.	 Wash Buffer-1 Part of Stock Buffer: 9 Parts Of AD.

b.	 Retrieval Solution -1 Part of Stock Buffer: 9 Parts of AD.

c.	 DAB Buffered Substrate and Chromogen-016ML DAB 
Buffered Substrate: 0.85ML Chromogen Fast Red-25ML Naphthol 
Phosphate Substrate: 1.33 ML Fast Red Chromogen,
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