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Background & Objective: Prostatic adenocarcinoma (PAC) is one of the most
common tumors worldwide. Immunohistochemical expression of cytokeratins has been
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evaluated in the diagnosis and prognosis of tumors. The aim of the present study is the
evaluation of Cytokeratin-7 (Ck-7) and Cytokeratin-19 (Ck-19) expression and its
relationship with Gleason score in patients with PAC.

Methods: In this cross-sectional study, 78 samples from 78 patients with PAC referred
to Mostafa Khomeini Hospital were gathered. Samples were immunohistochemically
stained by Ck-7 and Ck-19 markers. The percentage of each marker in tumor cells was
determined, and its relationship with Gleason scores and Gleason grade groups was
analysed by SPSS version 24.

Results: The expression of Ck-7 and Ck-19 were seen in 37.2% and 82.1% of samples,
respectively. The mean of Ck-7 expression in tumor cells was 4.98%+7.19 (ranged 0 to
26%), while the mean of Ck-19 expression was 41.02%=+23.36 (ranged 0 to 78%). There
was no relationship between Ck-7 expression with Gleason scores and Gleason grade
groups. However, Ck-19 expression was increased in higher Gleason scores and
Gleason grade groups (P<0.001). No relationship was found between age and Ck-7
(P=0.309) and Ck-19 (P=0.375).

Conclusion: The Ck-7 expression in PAC samples is weak and focal and had no
relationship with the Gleason scores and Gleason grade groups. However, Ck-19
expression in PAC was high and was associated with tumor dedifferentiation of
samples. There was no relationship between the expression of both markers with the

patient's age.
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Introduction

Prostate cancer is the most common malignancy
and the second leading cause of cancer-related death in
men worldwide, accounting for approximately 29% of
all cancers in the United States (1, 2). The incidence of
this disease has a direct relationship with age, so
prostate cancer diagnosis before the age of 50 is almost
rare, and with aging, the incidence and mortality of the
disecase increase sharply. Prostate adenocarcinoma
(PAC) is responsible for more than 90% of epithelial
malignancies of this organ and originates from the
glandular part of the prostate (3, 4). The Gleason score
plays an essential role in predicting the prognosis of
PAC and is one of the first and most successful
variables in choosing the optimal treatment for patients
with prostate cancer by minimizing treatment-related
complications and maximizing treatment benefits (5,
6). The Gleason score is the strongest predictor of
prostate cancer prognosis, which is defined as the sum
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of the scores of the first and second most common
structures in the biopsy (7). This system is based on the
glandular differentiation pattern of the tumor, and the
characteristics of the cells do not play a role in it. A
higher Gleason score has been proven as a marker of
more aggressive biological behavior of the tumor (8).
An essential part of prostate cancer management is
the early diagnosis of malignancy and its
differentiation from other malignancies of the
genitourinary system. The progression of normal
prostate epithelial cells to the neoplastic state is a multi-
step process characterized by continuous changes in
cell phenotype. Biomarkers are needed to distinguish
tumor tissue more effectively from normal prostate and
identify therapeutic targets for the development of
prevention and treatment (9, 10). In the last two
decades, many tumor markers have been used as
immunohistochemical aids for cancer diagnosis.
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Cytokeratins are one of the important and non-specific
tumor markers that are expressed in various tumors
including lung, breast, colon, prostate, and ovary.
Cytokeratins are a group of water-soluble proteins that
appear mostly in the epithelium and play a role in the
structure of the nuclear matrix (11). The presence of
keratin in malignant cells can be a useful marker to
distinguish between epithelial tumors and tumors of
endodermal, neuroectodermal, mesenchymal, or germ-
cell origin. Diverse patterns of cytokeratins are
associated with different pathways of differentiation
and, as a result, enable the classification of epithelial
cells into different subtypes (12, 13). The expression
profile of cytokeratins is commonly used today to help
diagnose the primary lesion as well as identify the
primary location of metastatic carcinomas and
determine the prognosis (14, 15). However, because
still limited evidence has investigated the expression of
Ck-7 and Ck-19 in prostate adenocarcinoma, this study
aimed to evaluate the expression of these
immunohistochemical markers in PAC samples and its
relationship with the Gleason score of the tumor.

Material and Methods

Patients and Sample Collection

To carry out this study, searching in the database of
the Pathology Department of Mostafa Khomeini
Hospital, Tehran, all the samples with the final
diagnosis of PAC from radical prostatectomy and
transurethral resection of the prostate during the years
2017 to 2022 were obtained. Clinical information
including the age of the patients, was extracted from
their files in the pathology department. Then, the
paraffin blocks fixed in formalin and slides stained
with the H&E method were reviewed by a pathologist
and in addition to confirming the diagnosis and
determining the primary, secondary, and total tumor
Gleason scores and Gleason grade groups, the blocks
with minimal necrosis and bleeding with enough tumor
cells were selected for immunohistochemical staining.
Samples that did not have enough tissue for staining or
whose files were incomplete were excluded from the
study. Finally, immunohistochemical staining for Ck-7
and Ck-19 was performed on the samples according to
the instructions as follows.

Immunohistochemical Studies

First, two 4-micron slices were prepared from each
paraffin block using a microtome. Then, for
deparaffinization, the samples were placed in an oven
at 60°C for 45 minutes. Then, the rehydration step was
done by placing the samples in three containers of
xylenol each for 10 minutes and then three containers
of alcohol with concentrations of 100, 96, and 70%,
respectively, and in each container for 5 minutes to
prepare the tissue for staining. Then, to retrieve the
antigen, the samples were placed in 1 M citrate buffer
with pH=6 in an autoclave with a pressure of 15
atmospheres and a temperature of 126 degrees Celsius
for 10 minutes. After washing the slides with TBS
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buffer with pH=7.2-7.6, one drop of peroxidase block
solution was poured on the slides, and after 5 minutes,
the slides were washed twice with TBS buffer and each
time for 5 minutes. After this time, the surface of the
slides was covered with protein blocking solution for 5
minutes, and after this period, the surface of the slides
was washed twice with TBS buffer for 5 minutes each
time. These actions were performed to remove excess
antibodies. In the next step, Ck-7 and Ck-19
monoclonal antibodies (Biogenex, USA) were placed
on the slides for one hour. After this time, the slides
were washed twice with TBS buffer for 5 minutes each
time. In the next step, to stain the slides,
diaminobenzene chromogen was added to the resulting
slides for 5 minutes, and then the slides were placed in
hematoxylin for 30 seconds. To remove the excess
colors, the slides were placed in the Xylenol solution
for 3 seconds. Finally, the slides were mounted after
drying and prepared for observation. Finally, slides
stained with Ck-7 and Ck-19 antibodies were observed
by a pathologist using a light microscope at 40X
magnification. Membranous and cytoplasmic staining
with each of these antibodies was considered a positive
result, and the percentage of positive tumor cells was
determined by the pathologist.

Statistical Analysis

The collected information was entered into SPSS
version 24 statistical software (IBM SPSS Statistics,
New York, United States) and subjected to statistical
analysis. Qualitative and quantitative descriptive data
were expressed as frequency percentages and mean +
standard deviation, respectively. One-way ANOVA
and Kruskal-Wallis statistical tests were used to
analyze the data and check the statistical relationship
between the expression percentage of the examined
markers and the Gleason scores and Gleason grade
groups of the tumor. The P<0.05 was considered
statistically significant in this study.

Results

A total of 78 PAC samples from 78 patients were
analyzed in this study. Table 1 shows the frequency of
each of the primary, secondary, and total Gleason
scores and Gleason grade groups in the studied
samples, respectively. The average age of the patients
investigated in this study was 70.8 + 8.78 years, with a
median of 72 years and a range of 53 to 89 years.

Based on the results of Ck-7 immunohist-
ochemical staining in PAC samples, the expression was
not observed in 49 samples (62.8%). The average
expression of this marker in total tumor cells was
4.98% =+ 7.19 and in the range of 0 to 26%. The
expression status of the Ck-7 marker according to
primary, secondary, and total tumor Gleason scores
and Gleason grade groups is shown in Table 1.

The expression of Ck-19 was not observed in 14
samples (17.9%). The average expression of Ck-19 in
all tumor cells in the examined samples was 41.02 +
23.36% and in the range of 0 to 78%. The average
expression percentage of Ck-19 according to primary,
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secondary, and total tumor Gleason scores and Gleason
grade groups is shown in Table 1.

There was no statistically significant relationship
between the expression of Ck-7 and the primary,
secondary, and total tumor Gleason scores and Gleason
grade groups of PAC. However, the percentage of Ck-
19 expression increased significantly with the increase
of primary, secondary, and total tumor Gleason scores
and Gleason grade groups, so all negative tumors in
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terms of Ck-19 expression had total Gleason score of 4
to 6 and 1 Gleason grade group.

The relationship between the expression of Ck-7
and Ck-19 markers in total tumor cells with age is
shown in Table 2. Based on this, it was found that there
was no statistically significant relationship between the
expression percentage of both markers with the
patient's age.

Table 1. The mean of Ck-7 and Ck-19 expression according to primary, secondary, and total Gleason scores and Gleason grade groups

Gleason (N, %) Ck-7 expression (%) Ck-19 expression (%)

2 (19, 24.3%) 5.63+4.76 20.78 £17.18
3 (31, 39.7%) 4.93+6.13 30.58 £ 18.76
4 (19, 24.3%) 531+7.8 63.21 = 10.06
Primary scores 5(9,11.5%) 2.44 £6.33 74.88 £7.83
P-value 0.283 <0.001
Total 491 +7.35 41.25+25.23
Total range 0-27 0-85
2 (16, 20.5%) 437 +3.71 22.12+19.36
3 (33,42.3%) 6.09 +6.7 35.21 £23.02
4(23,29.5%) 4.69 +7.38 55.3 +8.58
Secondary scores 5 (6, 7.7%) 3.83 £8.39 61.5+13.61
P-value 0.672 <0.001
Total 5.15+7.45 40.47 +£22.55
Total range 0-26 0-79
4 (4,5.1%) 5.5+3.87 26.25+17.51
5 (21,26.9%) 7.33 £6.35 17.33 +19.64
6 (13, 16.7%) 4.15+£5.381 36.61 +£18.75
7 (20, 25.6%) 4.15+6.8 51.35+12.79
Total scores 8 (14, 17.9%) 4+641 59.21 £12.53
9 (6, 7.7%) 3.33+£7.16 66.5 +9.37
P-value 0.286 <0.001
Total 498 +£7.19 41.02 +£23.36
Total range 0-26 0-78
1(38, 48.7%) 6.05£6.34 24.86 +20.69
2(11, 14.1%) 2.45+5.50 43.90 +£9.03
3(9, 11.5%) 6.22 £9.90 60.44 + 10.84
4(14, 17.9%) 4.00 £ 8.41 59.21 £12.53
grade groups 5(6, 7.7%) 3.33+8.16 66.50 + 9.37
P-value 0.321 <0.001
Total 498 +£7.19 41.02 +£23.36
Total range 0-26 0-78

N: Number, %: Percent, Ck-7: Cytokeratin-7, Ck-19: Cytokeratin 19

Table 2. The mean of Ck-7 and Ck-19 expression according to age groups

Age groups (year) CKk-7 expression (%) Ck-19 expression (%)

50 - 60 4.53 £5.25 37.92 £25.92
61-70 3.72+5.01 4427 £20.18
71 - 80 4.7 £6.05 43.77 £ 23.73
81-90 8.5+7.35 31.33£27.25
P-value 0.309 0.375

Ck-7: Cytokeratin-7, Ck-19: Cytokeratin-19, %: Percentage

Discussion

In the present study, the immunohistochemical
expression of Ck-7 and Ck-19 markers in tissue
samples of PAC with different Gleason scores and
Gleason grade groups was investigated. According to
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the findings of the present study, the expression of Ck-
7 was not observed in 62.8% of cases, while in 37.2%,
a small expression of this marker was evident. Also, the
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maximum expression of this marker was observed in
26% of tumor cells.

Other studies conducted in the field of the
expression of Ck-7 in PAC have often examined the
simultaneous expression of this marker with
cytokeratin-20  (Ck-20) or other markers to
differentiate PAC from bladder urothelial carcinoma.
In the study conducted by Gheitasi et al., the expression
of Ck-7 was present only in 27.8% of cases (16). Also,
in the study of Mhawech et al., which was conducted
in the United States and Switzerland, the positive
expression of Ck-7 was observed in 27.5% of PAC
samples with a Gleason score of 8 or higher, and in
75% of cases, the expression of Ck-7 and Ck-20 were
simultaneously negative (17). In a study published by
Adisa et al. in Nigeria, the expression of Ck-7 was
observed in 80% and 13.3% of benign prostate
hyperplasia and PAC samples, respectively (18). In the
study conducted by Goldstein et al in the United
States, Ck-7 expression was present in 49.8% of PAC
cases with a Gleason score of 6 to 10, but in most
samples, it was observed in less than 25% of tumor
cells (19). In the study of Genega et al., the expression
of Ck-7 was observed in only 19% of PAC samples
(20). In two other studies conducted in the United
States, which examined the simultaneous expression of
Ck-7 and Ck-20 in PAC patients, the absence of
simultaneous expression of these two markers was
observed in 81% and 86% of the samples, respectively.
Additionally, only 10% of samples showed positive
expression of Ck-7 (21, 22). Interestingly, the results of
the study of Dariane et al. showed that Ck-7 is
expressed in normal prostate tissue and benign glands
around the tumor, mainly in the cells of the basal and
suprabasal layers, but it is not present in the luminal
cells of the tumor (23). Therefore, the expression of
Ck-7 decreases during the development of PAC. Ck-7
expression is usually negative or shows weak and focal
expression in PAC samples, which seems to be an
aberrant expression.

In our study, although the expression of Ck-7
decreased slightly with increasing Gleason score and
Gleason grade group of the tumor, the findings did not
show a statistically significant relationship between the
percentage of Ck-7 expression in tumor cells with
primary, secondary, and total Gleason scores and
Gleason grade groups of PAC. In other studies, it has
been shown that Ck-7 expression is similar among
adenocarcinomas with different Gleason scores (20,
24, 25). Only Goldstein et al. reported that Ck-7
immunohistochemical expression increased in higher
Gleason scores. However, in their study, the increase
in the expression of Ck-7 was in the range of rare
expression to a maximum of less than 26% of tumor
cells (19). Therefore, almost all researchers agree that
a substantial increase in Ck-7 expression is not
characteristic of PAC with higher Gleason scores. In
general, the level of expression of Ck-7 in PAC tumor
cells is insignificant and independent of the degree of
tumor differentiation. Anyway, the difference in the
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staining instructions, the way of interpreting the
results, and individual diversity among populations
cause controversies in the results of published studies.

Based on the findings of our study, the expression
of Ck-19 was observed in about 82% of the examined
PAC samples. The average expression of Ck-19 in all
tumor cells was about 41% and in the range of 0 to
78%. Other studies in this field have also reported the
high frequency of Ck-19 expression among PAC
patients. In Winter's study in Germany, which
examined lymph nodes involved in PAC with a
Gleason score higher than 7, Ck-19 expression was
present in 95% of the samples (26). In another study
conducted by Menz et al. in Germany, the expression
of Ck-19 varied between 82.1% in tumor cells with a
Gleason score of 10 to 92.8% in tumor cells with a
Gleason score of 6 (27). However, contrary to the
results of this study, the expression level of Ck-19 was
significantly higher in tumor cells with higher primary,
secondary, and total Gleason scores and Gleason grade
groups. So, the average expression percentage of Ck-
19 increased from 26.25% to 66.5% of tumor cells with
an increasing Gleason score of 4 to 9. Also, the lowest
level of expression of this marker was 17.3% in tumor
cells, with a total Gleason score of 5 observed. All
samples negative for Ck-19 also had 1 Gleason grade
group or total Gleason scores of 4 to 6.

Previous studies have reported that as epithelial
tumors increase in size, tumor prognosis worsens and
is usually accompanied by the increased loss of
differentiation, which is associated with increased
expression of Ck-19 (28). The association of Ck-19
expression with tumor size, progression, and poor
prognosis in breast cancer has also been reported (29).
However, in the study of Winter et al., the expression
level of Ck-19 in PAC was not related to the Gleason
score (26). Ck-19 expression levels are associated with
several key tumor molecular features such as estrogen
and progesterone receptor expression in breast cancer,
and von Hippel-Lindau gene alterations in kidney
tumors, suggesting that altered cellular functions or the
differentiation status of neoplastic cells can be as easily
influenced by expression levels and filament
composition such as Ck-19 (27). The results of a study
showed that the expression of Ck-19 in normal adult
prostate glands is limited to the basal part, but in the
fetal prostate, which has a lower degree of
differentiation, the staining pattern of this marker is
different and all cells, even luminal cells, are strongly
positive for Ck-19 (30). Therefore, according to the
results of our study, with the reduction of glandular
differentiation in PAC, the expression of Ck-19 in
these cells increases; however, the results of Menz et
al.'s study do not confirm this finding. Of course, in the
aforementioned study, in addition to the percentage of
stained cells, the intensity of staining also played a role
in defining the positivity of Ck-19 (27). In general, the
use of different guidelines, antibodies, and
interpretation criteria, as well as the difference in the
thresholds used to define the positive expression of Ck-
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19, can cause differences in the results of published
studies. Therefore, it is expected that different
laboratory conditions can affect the rate of Ck-19
positivity. However, due to the limited information in
this field, it is necessary to conduct more studies for
definitive conclusions.

The findings of the present study did not show a

statistically significant relationship between the age of
patients with PAC and the expression percentage of

Ck-7 and Ck-19 markers in the tumor cells. Therefore,

it seems that the immunohistochemical expression of

Ck-7 and Ck-19 markers in PAC is independent of the
patient’s age and may be influenced by other factors.
Anyway, considering that the relationship between age
and the expression of these markers in PAC has not
been investigated in previous studies, a definitive
conclusion in this field requires more research.

Limitations

The main limitation of the current study is its
retrospective nature, which causes the failure to
examine the relapse and mortality status of patients and
its relationship with the expression status of Ck-7 and
Ck-19 markers to determine the effective role of these
markers on prognosis. Therefore, conducting
prospective studies in this field can be valuable in
confirming or rejecting these results. Also, due to the
presence of false positives and negatives during
immunohistochemical staining, it is helpful to
investigate the expression status of Ck-19 with more
accurate methods and at the level of gene expression
for more precise conclusions.

Conclusion

Based on the findings of the present study, it can be
concluded that PAC usually lacks the expression of Ck-
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