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ABSTRACT 
 

Background: The diagnosis of prostatic adenocarcinoma relies on a constellation of architectural 
and cytological features. However, some cases may pose some diagnostic challenges especially 
where there are only small foci of cancer where only a few atypical glands are present, especially in 
needle biopsies. Therefore, immunohistochemistry may be used to differentiate benign from 
malignant proliferations, primary prostatic lesions and secondary lesions from other sources. 
Objectives: To determine the immunohistochemical profile of prostatic carcinoma seen at the 
Department of Morbid Anatomy and Histopathology, Ladoke Akintola University of Technology 
Teaching Hospital, Osogbo, using high molecular weight cytokeratin, alpha-methylacyl co-enzyme 
A racemase and Ki-67 markers. 
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Methods: This was a retrospective study involving all cases of diagnosed prostatic carcinoma in 
the Department of Morbid Anatomy and Histopathology of the Ladoke Akintola University of 
Technology Teaching Hospital, Osogbo, Osun State, Nigeria. The histologic slides were reviewed 
for the histological variant of prostatic carcinoma as well as the Gleason histologic grade of the 
tumour and the presence of high-grade prostatic intraepithelial neoplasia (HGPIN). 
Immunohistochemistry was done using high molecular weight Cytokeratin (HMWCK), a basal cell 
marker, and alpha-methyl acyl CoA racemase (AMACR), a marker of malignant prostatic cells. Ki-
67 antibody was used to assess the proliferating index of the tumour.    
Results: The majority of cases (72.8%) were seen between the ages of 61 and 80 years while the 
peak age of frequency was the 71-80-year age group. Prostatic carcinoma constituted 4.4% of all 
tumours and 18.7 % of malignant tumours. A total of 204 (54.8%) cases were well-differentiated 
tumours, 104 (27.9%) moderately differentiated, and 64 (17.2%) were poorly differentiated. The 
most common histologic type (73.7%) was acinar adenocarcinoma, while colloid carcinoma was the 
least common variant (0.2%). HGPIN was seen in 111 cases (29.9%). Most of the cases of 
prostatic carcinoma (78.8%) were negative for Ki-67. All well-differentiated tumours were negative 
for the marker.  
Conclusion: Prostatic carcinoma is the commonest malignant tumour in males in this environment 
with a frequency that increases with age. Poorly differentiated tumours are more like to be 
associated with a younger age at presentation. HGPIN appears to be a true precursor lesion. 
Immunohistochemistry with HMWCK and AMACR should be reserved for equivocal cases only. The 
Ki-67 marker may help segregate tumours with poorer prognosis. 
 

 
Keywords: Immunohistochemistry; prostate carcinoma; adenocarcinoma. 
 

1. INTRODUCTION  
 
Prostatic adenocarcinoma is an invasive 
epithelial tumor consisting of secretory cells of 
the prostatic glands [1].

 
In the development                 

of prostatic cancer, many genes associated             
with cell cycle regulation and proliferation have 
been implicated [2]. Numerous molecular 
abnormalities have been described, including 
chromosome loss or gain, gene amplification, 
mutations leading to increases or decreases in 
gene expression, and mutations leading to 
changes in the function of the protein product [3]. 
Telomerase reactivation has also been detected 
in a significant proportion of cases of prostatic 
cancer [4]. It has also been observed that 
telomerase RNA levels are higher in malignant 
tissues than in non-malignant ones [5].

 

 
The product, E2F4, a transcription factor involved 
in cell proliferation, is overexpressed at the 
mRNA and protein levels in malignant radical 
prostatectomy specimens. There is also a 
possible significance for the development of 
prostate cancer from repeat polymorphism 
microsatellites (CAG and CGN) in the androgen 
receptor. Alleles of CAG microsatellites’ repeat 
have been linked to an increased risk of 
advanced prostate cancer and diagnosis at a 
younger age [6].

 
The c-met protooncogene 

encodes the hepatocytes growth factor/scatter 
factor receptor. Its expression increases with 

Gleason’s score and more than 90% of the 
metastatic specimen have been shown to be 
positive for the c-met proto-oncogene in contrast 
to 50% in primary tumors [7].  

 
The discovery of the HER2/neu (C-erbB2) 
oncogene in breast cancer led to speculation that 
it may also be important in prostate cancer [8]. 
However, it is expressed in more advanced 
diseases at lower levels [9]. Mutations of the p53 
gene are common in prostatic cancers, 
particularly in advanced diseases. Abnormal 
accumulation of p53 protein is a negative 
prognostic factor for disease-free survival 
especially if the p53 positive nuclei were located 
near each other [10,11]. Loss of chromosome 
17p (deleting a region that includes the p53 
locus, but not BRCA) occurs in advanced stages 
of prostate cancer and metastatic disease [12]. It 
is now generally accepted that mutations of p53 
occur infrequently in early invasive carcinoma 
[13].

  

 

PTEN, a tumour suppressor gene, located on 
chromosome 10q23 in a region frequently 
associated with loss of heterozygosity in prostate 
cancer and encoding a phosphatase that 
negatively regulates cell cycles may be mutated 
in prostatic carcinoma [14].

 
Loss of PTEN has 

been associated with higher Gleason’s scores 
and the risk of clinical reoccurrence of the lesion 
[15,16]. Loss of PTEN at DNA and protein levels 
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have been reported in 25–33% of advanced 
prostate tumours, and at varying frequencies, in 
clinically localized prostate cancer [17]. 
 

Overexpression of Bcl2 in prostate carcinoma 
cells is a hallmark of the advanced, hormone-
refractory disease, and may account for the 
resistance to apoptosis that is characteristic of 
late stages of disease [18].

 
Although Bcl2 

expression is restricted to basal cells in the 
normal prostate, forced expression of Bcl2 in 
locally advanced prostate carcinoma cells 
protects against apoptosis induced by androgen 
depletion [19,20].

 
Moreover, as is the case for 

p53, Bcl2 expression may provide a prognostic 
marker that correlates with disease outcome [21].

 

Indeed, several preliminary studies have 
examined whether Bcl2 inactivation may prevent 
tumor recurrence [22]. RUNX2 is a transcription 
factor that prevents cancer cells from undergoing 
apoptosis thereby contributing to the 
development of prostate cancer [23].

 
The 

PI3k/Akt signaling cascade works with the TGF-

/SMAD signaling cascade to ensure prostate 
cancer cell survival and protection against 
apoptosis [24].

 
Moreover, an X-linked inhibitor of 

apoptosis (XIAP) is hypothesized to promote 
prostate cancer cell survival and growth and is a 
target of research since it is possible that if this 
inhibitor can be shut down then the apoptosis 
cascade can carry on its function in preventing 
cancer cell proliferation [25].

  

 

Macrophage inhibitory cytokine-1 (MIC-1) 
stimulates the focal adhesion kinase (FAK) 
signaling pathway which leads to prostate cancer 
cell growth and survival [26]. Numerous studies 
have provided evidence for familial clustering of 
prostate cancer, indicating that family history is a 
major risk factor for this disease [27].

 

Segregation analysis of familial prostate cancer 
suggests the existence of at least one dominant 
susceptibility locus and predicts that rare high-
risk alleles at such loci account in the aggregate 
for 9% of all prostate cancers and more than 
40% of early onset disease [28].

 
Analyses of 

genetic alterations in prostate cancer have 
demonstrated frequent duplication of DNA 
sequences on the distal long arm of chromosome 
8, as well as loss of DNA sequences resulting in 
loss of heterozygosity (LOH) for the short arm of 
chromosome 8 and the long arm of the 
chromosome.   
 

Preliminary investigations by linkage analysis of 
these regions as well as sites of known tumor 
suppressor genes have, however, not identified a 
susceptibility locus in prostate cancer [29].

 
In our 

local environment, the diagnosis of prostatic 
adenocarcinoma relies on a constellation of 
architectural and cytological features. Although 
the diagnosis of prostatic adenocarcinoma                 
is straightforward, in some cases there may be 
benign lesions that mimic prostatic cancer 
histologically.

 
In addition, the widespread use              

of various screening methods has made the 
diagnosis of early disease possible with 
pathologists being increasingly challenged in              
the diagnosis of small foci of cancer when only a 
few atypical glands are present, especially             
in needle biopsies. In difficult situations, 
therefore, immunohistochemistry may be used to 
differentiate between primary benign and 
malignant proliferations of the prostate on                 
the one hand as well as between primary 
prostatic lesions and secondary lesions from 
other sources on the other hand [8].

 

Immunohistochemistry has, therefore, become 
an essential tool in the evaluation of such foci, 
especially by confirming the absence of basal 
cells. 
 

2. METHODOLOGY 
 

2.1 Study Design 
 

This study was a cross-sectional retrospective 
review of all cases diagnosed as prostatic 
carcinoma in the Department of Morbid Anatomy 
and Histopathology of the Ladoke Akintola 
University of Technology Teaching Hospital, 
Osogbo, Osun State, Nigeria between January 
2005 and December 2014 were included in the 
study.  
 

2.2 Study Technique   
 

The histologic slides were reviewed for the 
histological variant of prostatic carcinoma as well 
as the Gleason histologic grade of the tumours 
and the presence of High Grade Prostatic 
Intraepithelial Neoplasia (HGPIN). The Gleason’s 
score was re-classified into prognostic groups A, 
B, and C depending on the Gleason scores. New 
slides were cut for immunohistochemistry and in 
cases where the old slides were missing, faded 
or broken. Immunohistochemistry was done 
using High Molecular Weight Cytokeratin 
(HMWCK), a basal cell marker, and Alpha Methyl 
Acyl Coa Racemase (AMACR), a marker of 
malignant prostatic cells. Ki-67 antibody was 
used to assess the proliferating index of the 
tumours.    
 

Immunohistochemical studies were done by the 
indirect immunoperoxidase method on formalin-
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fixed paraffin-embedded sections (FFPE). Briefly 
2-3µm thick sections of FFPE tissue blocks were 
made and mounted on charged slides. The 
tissue sections were deparaffinized through 
graded xylene and then rehydrated. The antigen 
was appropriately retrieved by heat retrieval 
method. Endogenous peroxidase activity was 
blocked with 3% hydrogen peroxide. The slides 
were then incubated with the primary antibody, 
rinsed and then followed up with the use of 
secondary detection systems using 
diaminobenzidine (DAB) as the chromogen. 
Haematoxylin was used as a counter stain to 
help locate the nuclei of cells. Both positive and 
negative controls were used. For the primary 
antibodies specific to the basal cells high 
molecular weight cytokeratin (HMWCK), were 
graded as Negative, or Positive. 
  
Moreover, for the primary antibody specific for 

the prostatic cancer cells, -methyl acylCoA 
racemace (AMACR) was used and 
immunostaining was graded as strongly positive 
(grade 2) in all prostate cancers with continuous 
dark and diffuse cytoplasmic staining or those 
with a circumferential apical granular staining 
pattern. A focal apical pattern of staining was 
regarded as weakly positive (grade 1). Staining 
was considered negative where the cells were 
unstained (grade 0). Cells with little or no 
immune reactivity for AMACR were thus 
considered as benign glands.  Ki-67 antibody 
from Norvocastra was used as the proliferation 
marker. The staining pattern was graded as 
follows: 0 – Nil staining; 1 - <10% (mild staining); 
2 - 10-30% (moderate staining); 3 - >30% (strong 
staining).  
 

2.3 Data Analysis 
 
The data obtained were analyzed for differences 
in proportion using the Statistical Package for 
Social Sciences (SPSS) version 21. Chi-square 
was used to compare discontinuous variables. 
The level of statistical significance was set at p = 
<0.05. 
 

3. RESULTS 
 

A total number of 374 cases of prostatic 
carcinoma were diagnosed within the study 
period. However, only 372 were confirmed as 
prostatic carcinoma after immunohistochemical 
staining with HMWCK and AMACR. During this 
period, a total of 1,987 cases were diagnosed as 
malignant diseases out of a total of 8,517 
neoplastic lesions received in the same 

department. Thus, prostatic carcinoma 
constituted 18.7% of all malignant diseases and 
4.4% of all neoplastic disorders during the study 
period. However, other male malignancies were 
300(15.1%). There were 159 (40.1%) 
prostatectomy samples, 221 (59.1%) prostatic 
biopsies and 3(0.8%) transurethral resection of 
prostate (TURP) samples. Surgical intervention 
was performed on account of benign prostatic 
hyperplasia (BPH) in 127 cases (35.8%) and 
carcinoma of the prostate (CAP) in 247 (64.2%). 
Most of the patients, however, patients presented 
with symptoms of bladder outlet obstruction.    
 
The patients’ ages ranged from 44 to 102 years. 
The mean age was 71.3 years ± 2.0 SD. 
According to Fig. 1, there was a steady rise in 
the frequency of prostatic carcinoma with each 
decade from the 5

th
 decade of life up until the 8

th
 

decade from where the frequency begins a 
steady decline. The least frequency of cases was 
seen in patients older than 100 years old with 3 
cases (0.8%) while the peak age frequency was 
the 71-80-year age group with 142 cases 
(38.1%). There were 129 and 52 cases in the 61 
to 70-year and 51 to 60-year age groups 
respectively. A total of 271 cases (72.8%) were 
between the ages of 61 and 80 years. There 
were only five cases (1.3%) seen in patients 
younger than 50 years. No cases were recorded 
below the age of 40 years. 
 
From Table 1, sixty cases (16.1%) of prostatic 
carcinoma were completely negative for basal 
cells staining, 22 (21.2%) of which were 
moderately differentiated carcinomas while 38 
(59.4%) were poorly differentiated carcinomas 
and none were well differentiated. The remainder 
312(83.9%) showed positive HMWCK 
immunoreactivity in apparently benign glands 
that were admixed with the negatively staining 
malignant glands. In this category of cases were 
204 cases (54.8%) of prostatic carcinoma were 
well differentiated carcinomas, 82 (22.0%) were 
moderately differentiated and 26 (6.9%) were 
poorly differentiated carcinomas.  The 
association of Gleason’s histologic grade and 
immunoreactivity was found to be significant with 
a P value of< 0.005. 
 
Out of all 374 cases diagnosed as prostatic 
carcinoma on H&E, only 2 (0.5%) were negative 
for AMACR and thus regarded as negative for 
carcinoma. The pattern of AMACR 
immunoreactivity is shown in Table 2. According 
to this table, 187 cases (50.3%) of prostatic 
carcinoma showed 1+ reactivity to AMACR, 104 
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(55.6%) of which were well differentiated tumours 
and 78 (41.7%) were moderately differentiated 
tumours while only 5 (2.7%) were poorly 
differentiated carcinomas. There were 183 
(49.2%) prostatic carcinomas with 2+ 
immunoreactivity to AMACR. Of these, 98 cases 
(55.6%) were well differentiated carcinomas, 
while 26 cases (14.2%) were moderately 
differentiated and 59 cases (32.4%) were poorly 
differentiated tumours. The association between 
Gleason grade and immunoreactivity for AMACR 
was found to be statistically significant with a p 
value of < 0.05 (Table 2).   
 
From Table 3, 293 cases (78.8%) out of the 372 
cases reviewed for this study showed a negative 
Ki-67 immunoreactivity. Out of these, a total of 

204 cases (69.6%) were well differentiated 
carcinomas while 50 cases (17.7%) and 39 
cases (13.3%) respectively were moderately and 
poorly differentiated tumours. Thus, none of the 
well differentiated tumours showed any 
immunoreactivity for Ki-67. Of the moderately 
differentiated tumours, however, 45 (44.6%) and 
6 (5.9%) respectively showed 1+ and 2+ 
immunoreactivity. Similarly, only 18 cases 
(26.9%) and 10 cases (14.9%) of poorly 
differentiated tumours respectively showed 1+ 
and 2+ immunoreactivity for Ki-67. There was a 
statistically significant association between the 
Gleason histologic grade and immunoreactivity 
for Ki-67 with a p-value less than 0.005 and Chi-
square of 382.526. There was no 3+ 
immunoreactivity. 

 

 
 

Fig. 1. Age frequency of patients with prostatic carcinoma 

mean age: 71.3  2.0SD 

 
Table 1. High molecular weight cytokeratin immunoreactivity and Gleason histologic grade 

 

Immunoreactivity parameters Geason’s histologic grade Total 
A B C 

Negative - 22(21.2%) 38(54.4%) 60(16.1%) 
Positive 204(100%) 82(78.8%) 26(45.6%) 312(83.9%) 

  204(54.8%) 104(27.9%) 64(17.2%) 372(100%) 

(p< 0.05; Chi square= 308.466) 

 
Table 2. Gleason histologic grade and AMACR immunoreactivity 

 

Gleason 
histologic grade 

AMACR Immunoreactivity 

-ve (%) 1+ (%) 2+ (%) Total (%) 

A 2 104(55.6%) 98(55.6%) 206 
B - 78(41.7%) 26(14.2%) 104 
C - 5(2.7%) 59(32.4%) 64 

Total 2 (0.5) 187(50.3) 183(49.2) 374(100.0) 
(p <0.05; Chi square= 370.783) 
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Table 3. Gleason histologic grade and Ki-67 immunoreactivity 
 

Gleason 
Histologic 
grade 

Ki-67 Immunoreactivity 

-ve 1+              
(≤ 10%) 

2+             
(10-20%) 

3+                 
(≥ 30%) 

Total 

A 204(100.0) - - - 204(100.0) 
B 50(49.5) 45(44.6) 6(5.9) - 101(100.0) 
C 39(58.2) 18(26.9) 10(14.9) - 67(100.0) 

Total 293(78.8) 63(16.9) 16(4.3) - 372(100.0) 
(p<0.05; Chi square= 382.526) 

 

4. DISCUSSION AND CONCLUSION 
 
Globally, prostate cancer has become the most 
common cancer in men with an ever increasing 
incidence and mortality in black African ancestry 
[6]. In fact, a report showed that prostate cancer 
incidence and mortality rates in Africans to be 
23.2 and 17.0 per 100,000 repsectively [30]. In 
Nigeria it has been shown to be the most 
common malignant tumour in males [31].

 
This 

fact is further buttressed by this study which 
showed that prostate cancer constituted 18.7% 
of all malignant tumors and 4.4% of all neoplastic 
diseases diagnosed in our hospital. Thus, 
prostatic carcinoma contributes significantly to 
the health burden, not only in our local 
environment, but the entire nation at large. It 
therefore, becomes imperative that adequate 
well organized screening measures be instituted 
to ensure its early diagnosis as this will go a long 
way in ameliorating the challenges associated 
with the management of advanced tumours.  
 
It is well recognized that age is a very important 
independent risk factor in the development of 
prostatic carcinoma. The disease is extremely 
rare before the age of 40 years but the risk 
increases greatly with age with more than 60% of 
cases diagnosed in men over the age of 65 years 
[25]. In this study, the patients ages ranged from 
44 to 100 years while the mean age was 71.3 
years ± 2.0 SD. The peak age incidence was 
found to be in the 71-80-year age group. The 
mean age according to this study, however, 
contrasts sharply with that from studies done by 
Oluwole et al in Lokoja, Eke et al in Port 
Harcourt, Osegbe in Lagos and Mohammed et al 
in Jos and Kano, where the mean age  for 
patients with prostatic carcinoma was found to be 
60 years [19,30,32,33]. The reason for this 
disparity could possibly be due to patients in this 
study presented late to the hospital. 
Nevertheless, this disparity may actually suggest 
local geographic differences in the age of 
occurrence of prostatic carcinoma which may be 
due to differences in the biologic behaviour of 

prostatic carcinoma in our local environment. The 
earliest age at presentation in this study was in 
the fifth decade, precisely in a patient aged 44 
years. This also sharply contrasts with various 
studies from different parts of Nigeria and Africa 
where the earliest presenting age was in the 
seventh decade [19,32]. 
 
The mean age in our study, however, is similar to 
that in a study carried out in the United Kingdom 
which put the mean age at 69 years ± 2.0 SD 
with a steady rise in the incidence of prostatic 
carcinoma from 50-54 years to a peak at 75-79 
years followed by a steep decline by 80-84 
yearsm [25]. Similarly, our study revealed a 
steady rise in the incidence of prostatic 
carcinoma to a peak at 71-80 years followed by a 
sharp decline in individuals older than 80 years. 
This sharp decline could possibly be due to the 
short life expectancy in our country which has 
resulted in a marked reduction in the number of 
individuals over the age of 80 years as 
suggested by the Nigerian population structure. 
 
Immunoreactivity of prostatic glands for High 
Molecular Weight Cytokeratin (HMWCK), even, 
when they appear highly suspicious 
histologically, typically suggests that they are 
benign in nature. However, a negative staining 
must be interpreted with caution because 
HMWCK is formalin sensitive and progressive 
loss of immunoreactivity can be seen in 
prolonged formalin fixation and successful 
immunostaining requires optimal antigen 
retrieval. HMWCK is known to stain basal cell in 
prostatic glands. These basal cells are typically 
absent from malignant prostatic glands but may 
be focally present in High Grade Prostatic 
Intraepithelial Neoplasia (HGPIN). This study 
showed that in more than 80% of the cases the 
malignant glands were admixed with benign 
prostatic glands. In fact, this was more commonly 
associated with well differentiated tumours none 
of which was completely free of these benign 
glands. In two cases, however, the supposedly 
malignant glands were found to be benign on 
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immunohistochemical analysis with HMWCK. 
This becomes especially important when 
assessing prostatic biopsies since benign glands 
could be misinterpreted as malignant for various 
reasons. On the other hand, well differentiated 
malignant glands could be misjudged as benign 
especially when admixed with benign glands. In 
addition, HMWCK positivity is typically 
discontinuous in a variety of benign lesions such 
as post atrophic hyperplasia, atypical 
adenomatous hyperplasia and high-grade 
prostatic intraepithelial neoplasia.  It, therefore, 
becomes imperative that equivocal areas in 
biopsy specimens be subjected to 
immunohistochemistry for HMWCK in order to 
correctly establish their true nature. A study by 
Zhou et al affirms that lack of basal cells staining 
in supposed malignant glands should be 
supported by simultaneous demonstration of a 
positive basal cell layers in the adjacent 
unequivocal benign glands [15]. It has been 
shown that the application of HMWCK decreases 
the “atypical” diagnosis rate from 8.3% to 0.4% 
[12]. 
 
From this study only two out of all the 374 cases 
histologically diagnosed as prostatic carcinoma 
on routine haematoxylin and eosin were found to 
be negative for Alpha Methyl Acyl Coa 
Racemase (AMACR), thus confirming their 
benign nature and giving a false positive rate of 
0.53%. Various studies have shown similar 
findings [17-20]. A study by Herawi et al showed 
that 98.4% of the cases reviewed were confirmed 
as malignant prostatic disease after 
immunostaining for AMACR [8]. Typically, the 
specificity for AMACR is known to approach 
closely 100% while the sensitivity is about 92% 
[32].

 

 

Thus, AMACR is considered to be a useful 
immunohistochemical marker for prostate 
cancer. However, because of non-standardized 
immunostaining protocols, interpretation criteria 
and heterogeneous staining patterns, there is a 
wide variation in the sensitivity and specificity of 
AMACR immunoreactivity in prostate biopsies. In 
addition, AMACR expression has been 
demonstrated in high-grade PIN, atypical 
adenomatous hyperplasia/adenosis and 
nephrogenic adenoma. Therefore, AMACR 
positivity must be evaluated with caution. It is 
recommended that AMACR is best restricted to 
the evaluation of morphologically highly 
suspicious foci in which negative 
immunoreactivity of basal cell markers alone is 
insufficient to establish a diagnosis of cancer. 

This fact is further emphasized by the very low 
false positive rate observed in this study.  
 
This study showed that majority of the cases of 
prostatic carcinoma (78.8%) were negative for 
Ki-67, a proliferation marker. In addition to this, 
all well differentiated tumours were negative for 
this marker. Moreover, the less well differentiated 
the tumour was, the greater not only the 
proportion that was positive for the Ki-67 
immunostain, but also the greater the proportion 
with higher staining intensities. These findings 
seem to agree with the widely held view that 
prostatic carcinoma is generally a slowing 
growing, indolent tumour especially when well 
differentiated. The fact that a significant 
proportion of the higher grade tumours in this 
study were still negative for the Ki-67 marker 
despite their poorer differentiation, seems to 
suggest that those tumours which are positive for 
Ki-67 are those more likely to show increased 
proliferative activity and may, therefore, be those 
associated with the mutations that have been 
associated with poorer prognostic parameters. 
[25-28]. Indeed, a study done by Cowen et al 
concluded that the Ki-67 marker was significantly 
associated with tumour stage T3/T4 and 
Gleason’s score 7-10 tumours especially when 
there is evidence of biochemical failure [34]. The 
Ki-67 marker may thus be a useful tool in the 
identification of tumours with poorer prognosis 
with a view to triaging them for more optimal 
treatment. It is concluded from this study that 
prostatic carcinomas are slow growing.  
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