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Abstract

Background: Bladder cancer isthe 2nd most common site
of cancer in Egyptian males (12.7%), compared to other
countries, the incidence and mortality rates are high. The ratio
of Squamous Cell Carcinoma (SCC) & Urothelial Carcinoma
(UC) types showed a shift towards UC. Keratin 17 (K17) is
an oncoprotein that has arole in tumor progression. K17 is
overexpressed in SCC, triple negative breast cancer & others.

Aimof Study: This study aimed to explore the expression
of K17 protein in UC in bladder biopsies of Egyptian cases.
Also, to correlate K17 expression with the available clinico-
pathological data of the studied cases.

Patients and Methods: This study was carried out on 60
cases of Egyptian bladder UC. Sections of the collected
paraffin blocks were performed and applied for Immunohis-
tochemical staining with K17, mouse monoclonal anti-human
K17 antibody. Positive K17 cases assessed for intensity
staining and distribution of positive stained cellsinto (mild,
moderate and strong) staining results.

Results: K17 showed high expression in UC Egyptian
patients biopsies (56.7%), strong intensity was found in more
than half of positive cases while it was negative in normal
urothelium. K17 is more expressed in papillary UC pattern
and more related to bad prognosis features as high grade and
muscle invasion. Significant association was detected between
positive K17 and squamous differentiation in UC cases. All
moderate intensity (100%) and majority of strong staining
(77.8%) were of papillary UC (p<0.001). In addition, signif-
icant association was found between moderate & strong K17
intensity and negative schistosomiasis ovae cases (p=0.003).

Conclusion: Our study calls for considering high expres-
sion of K17 in UC especidly papillary pattern, high grade &
muscle invasion. This study also sheds light on significant
association of K17 in UC with squamous differentiation &
absence of Schistosomiasis.
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Introduction

BLADDER cancer is a concern worldwide; most
recent report shows that it represents the 10 th most
common diagnosed cancer & number of new cases
is 549,393 (3%) according to Bray et al., 2018 [g].
It isthe 6th common cancer in men and represents
much lower incidence in women (17th) [89]. The
highest incidence of bladder cancer is detected in
Southern and Western Europe [2,8] . Age standard-
izedriskinmaleis 9.6 & infemale 2.4 [g]. Bladder
Cancer incidenceis related to geographical distri-

bution, with the highest age-standardized incidence
rate per 100,000 people to be found in Belgium
(17.5 cases) [29], it isaso dominant in Lebanon
(16.6 cases) [43] . Bladder cancer is more frequent
in American than in Asian countries [12]. In Amer-
ica, bladder cancer represents only 7% of al cancers
in men [32].

Regarding mortality, it represents 13 th most
frequent cause of death [2]. Number of death cases
represents 2.1% according to Bray et al., 2018 [g].
The observed highest standardized mortality rates
were found in Turkey & Egypt [2,10] . Bladder
cancer standardized mortality rate/100,000 per
year is different between men and women ranging
from 2-10 & 0.5-4 (respectively) [37]. In men, the
highest mortality rates were observed in Western
Asia& Northern Africa [4g].

Bladder cancer higher incidence in male than
in female may be related to differencesin risk
factors exposure [22] . Variation in the incidence
rates of bladder cancer according to geographical
changes points to the influence of various factors
[23] . The studied factors as amajor risk were: To-
bacco smoking as a most common factor in western
countries [35] ; family history of bladder cancers
astherisk istwice as high in first degree relatives
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[91, this may be related to tobacco exposure in same
family or could be hereditary genetic changes that
make it difficult to decompose some of the toxins
in the body causing bladder cancer [31,46] . Industrial
work exposure to potential carcinogens e.g. aro-
matic amines & carbon black dust, prolonged
drinking of arsenic-contaminated or chlorinated
water are other risk factors [9,15] . In addition,
chronic urinary tract infection with Schistosoma
hematobium (S. Hematobium) isamagjor risk in
certain countries [2] . It is proposed that, Gene-
environment interactions may play amajor role as
arisk factor especialy for tobacco and occupational
exposures [14].

Bladder cancer is the 2 nd most common site of
cancer in Egyptian males (12.7%). According to
lower Egypt 2009-2011 reports, it represents 8.82%
and 2.77% of cancer incidence rate in male and
female respectively. Compared to other countries,
the incidence and mortality rates are high in Egypt,
the incidence represents 16.2% of all cancers, the
age-standardized incidence rate is 21.1/100,000 &
standardized mortality rate is 6.5/100,000 people
[10,20,23,27,32] .

There are two main histological types of urinary
bladder cancer, Urothelial Carcinoma (UC) and
Squamous Cell Carcinoma (SCC). In Western
Europe and USA, the mgjority (90%) of bladder
cancer consists of UC. In Africa, SCC of bladder
was more common [16,41] . In Egypt, the ratio of
SCC and UC types showed a shift towards UC,
with SCC decreasing and UC increasing, as reports
show that only 27-30% of the cases are of SCC
type [1,24,34].

In Egypt, South residency, age, sex, late year
of diagnosis, and S. hematobium infection were
all significantly associated with the UC typein the
univariate analyses done by Felix and colleagues
in 2008. 82% of all bladder cancer Egyptian patients
are carriers of S. hematobium eggs. This represents
the main risk factor of bladder cancer and is more
frequent in Upper Egypt. It has been proposed that
young people with positive eggsin their bladders
has a greater tendency to spread the tumor [6,19].
It should be considered that S. hematobium infec-
tion was detected in bladder cancer cases, both UC
& SCC [34].

According to Amin, 2013 major risk factorsin
Upper Egypt include positive family history, expo-
sure to pesticides, bladder stones apart from schis-
tosomiasis. Another studied factor was loss of the
Y chromosome by Fluorescence in Situ Hybridiza-
tion (FISH) technique. This was detected in 7 of
the 17 (41%) Schistosomiasis-associated bladder

cancer Egyptian cases reported by Khaled and his
colleagues [30].

Sometimes the diagnosis and confirmation of
bladder cancer becomes a challenge. Thereis
always a need for new biomarkers to be used for
detection, diagnosis and prognosis of bladder cancer
[4.7.

K17 isatype of keratin (epithelial predominant
intermediate filament) [13]. Therole of K17 in
tumor progression was proved by Grachtchouk et
a., [24] . K17 functions as an oncoprotein that
promotes p27KI1P1 nuclear export and degradation
[18] . K17 isoverexpressed in SCC [40] . Escobar-
Hoyos and co-workersin 2014 [18], reported that
K17 could predict the overall survival of patients
with cervical SCC. However, in triple-negative
breast carcinoma, gastric adenocarcinoma, epithe-
lial ovarian carcinoma & oropharyngeal SCC, K17
is anegative prognostic indicator [28,42,4547] . In
addition, it is proposed that K17 is highly expressed
not only in cervical SCC, but also in most cases
of both insitu & invasive cervical adenocarcinomas.
Itisalso considered as a negative prognostic marker
in these cases [39].

He et al., 2009 studied tumorigenic basal cell
compartment in UC & showed that K17 mark a
basal-like population. To our knowledge only Babu
and his colleaguesin 2019 [4] studied K17 expres-
sion by immunohistochemistry in formalin-fixed,
paraffin embedded tissue specimens of UC.

The current study aimed to investigate keratin
17 (K17), as adiagnostic biomarker of UC in
bladder biopsies of Egyptian cases and to correlate
its expression with the available clinicopathological
data of the studied cases.

Patients and M ethods

This study was carried out on 60 cases of Egyp-
tian bladder UC. These cases were selected from
archives of Pathology Department, Faculty of
Medicine Aswan University and private laborato-
ries. Cases were collected as paraffin embedded
blocks of all TURT specimens (Transurethral re-
section of bladder tumor). Eighteen cases [18] cases
of normal urinary bladder tissue fragments were
also used as a control cases for comparison.

The selected formalin fixed, paraffin-embedded
tissue blocks are sectioned and stained with H &
E for routine histopathol ogic examination.

Histopathological evaluation was performed
by two pathologists to classify the cases into
(urothelial carcinoma and papillary urothelial car-
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cinoma) according to architecture of papillae for-

mation. Grading of the cases according to (World
Health Organization/International Society of Uro-
logic Pathologists consensus classification-WHO
ISUP 2016), into low grade and high grade cases
according to polarity of tumor cells and cytological

atypia. Also assessment of lamina propriainvasion
and muscularis propriainvasion was done. All
cases were negative for vascular invasion by tumor
cells. Assessment of presence of calcified Bilharzial
ovaor not was done.

Sections of the collected paraffin blocks were
performed and applied for automated autostai ner
for K17, mouse monoclonal anti-human K17 anti-
body. Positive control isnormal skin tissue, asit
isbasal cytokeratin for basal cellslayer and inter-
prented as cytoplasmic staining.

Cases were examined after staining with K17
and evaluated for positive or negative staining
results through the whol e thickness of tumor tissue.
Positive K17 cases assessed for intensity staining
and distribution of positive stained cellsinto (mild,
moderate and strong) staining results and compared
with findings reported in literature and the control
Cases.

Satistical analysis of the data:

Data were fed to the computer and analyzed
using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp) qualitative data were
described using number and percent. The Kol-
mogorov-Smirnov test was used to verify the nor-
mality of distribution quantitative data were de-
scribed using range (minimum and maximum),
mean, standard deviation and median. Significance
of the obtained results was judged at the 5% level
(Kotz et al. 2006, and Kirkpatrick et al., 2013).

The used tests were:
1- Chi-squaretest: For categorical variables, to
compare between different groups.

2- Monte Carlo correction: Correction for chi-
square when more than 20% of the cells have
expected count less than 5.

Differences were considered as follows; (Daw-
son and Trapp 2001):

* Statistically significant (S) when (p<0.05).
* Highly significant (HS) when (p<0.01).
* Not significant (NS) when (p>0.05).

Results

Out of total 60 patients included in the study,
76.7% were men, the majority (two third) of pa-
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tients were older than 60 years with median age
65. More than three fourth of the cases were diag-
nosed as papillary UC. Only 23.3% of all cases
were noninvasive, 47.8% showed muscle invasion.
Of all UC cases 76.6% were of high grade. Squa-

mous differentiation was detected in 34/60 cases.

Schistosomiasis ovae were found in 23.3% of all
cases (Table 1).

More than three fourth of UC studied cases
showed lamina propriainvasion. Out of 46 positive
lamina propriainvasion cases, 22 cases showed
muscle invasion (47.8%) (Table 1) & Fig. (1).

K17 was negative in all normal urothelial tissue
cases (18). Out of 60 cases of UC, 34 were stained
positive for K17 representing (56.7%). Strong
intensity was detected in more than half of positive
cases (18/34) (Table 1).

Table (1): Distribution of the studied cases according to
different parameter (n=60).

No. (%)

Sex:

Male 46 (76.7%)

Female 14 (23.3%)
Age (years):

<60 20 (33.3)

>60 40 (66.7)

Median (min.-max.) 65 (47-80)

Mean * SD 63.1+9.9

Histopathological diagnosis:

Papillary urothelial carcinoma 46 (76.7%)

Urothelial carcinoma 14 (23.3%)
Grade:

Low 14 (23.3%)

High 46 (76.7%)
Squamous differentiation:

Negative 26 (43.3%)

Positive 34 (56.7%)
Lamina propriainvasion:

Negative 14 (23.3%)

Positive 46 (76.7%)

Negative Muscle invasion 24 (52.2%)

Positive Muscle invasion
Urothelial carcinoma K17:

22 (47.8%)

Negative 26 (43.3%)

Positive 34 (56.7%)
Intensity of K17 staining:

Negative 26 (43.3%)

Mild 4 (6.7%)

Moderate 12 (20%)

Strong 18 (30%)

Bilharzial ova infection:
Negative
Positive

46 (76.7%)
14 (23.3%)

- Qualitative data were described using number and percentage.
Quantitative data was expressed using mean * SD. and median
(min.-max.).
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(Muscle invasion)
Lamina propriainvasion
Fig. (1): Distribution of the studied cases according to lamina
propriainvasion (n=60).
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Although no significant difference could be
detected when comparing K17 positive and negative
casesin male and female UC patients. 76.5% of
positive cases were older than 60y. More than 2/,
of the positive k17 cases were papillary UC Fig.
(2). High grade UC showed more positive k17 than
low grade (26 versus 8) Fig. (3), (Table 2).

Significant difference was found when compar-
ing frequency of K17 in cases with squamous
differentiation & with no squamous differentiation
Fig. (4) & (Table 2).

Table (2): Relation between urothelial carcinoma kertien17 and different parameters (n=60).

Urothelial carcinoma (Keratin 17)

- " Test
Negative Positive of sig. p
(n=26) (n=34)
Sex: 5
Male 22 (84.6%) 24 (70.6%) X = 0.203
Femae 4 (15.4%) 10 (29.4%) 1621
Age (years): 2
<60 12 (46.2%) 8 (23.5%) X = 0.065
>60 14 (53.8%) 26 (76.5%) 3.3%4
Median (min.-max.) 62 (48-80) 67 (47-80) = 0.112
Mean * SD 60.8+9.3 64.9+10.1 1.615
Histopathological diagnosis: 2
Papillary urothelial carcinoma 20 (76.9%) 26 (76.5%) X = 0.967
Urothelial carcinoma 6 (23.1%) 8 (23.5%) 0.002
Grade: 2
Low 6 (23.1%) 8 (23.5%) X = 0.967
High 20 (76.9%) 26 (76.5%) 0.002
Sguamous differentiation: >
Negative 18 (69.2%) 8 (23.5%) = <0.001 *
Positive 8 (30.8%) 26 (76.5%) 12.532*
Lamina propria invasion: 5
Negative 4 (15.4%) 10 (29.4%) X = 0.203
Positive 22 (84.6%) 24 (70.6%) 1621
Negative Muscle invasion 14 (63.6%) 10 (41.7%) X = 0.136
Positive Muscle invasion 8 (36.4%) 14 (58.3%) 2.220

2
X :Chi sguaretest.  t: Student t-test.

p: p-value for association between urotheial carcinomakertien17 and different parameters.

*: Statistically significant at p<0.05.
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Urothelial
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Fig. (2): Relation between urothelial carcinomakertien17 and
histopathological diagnosis (n=60).
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Fig. (3): Relation between urothelial carcinomakertien17 and

grade (n=60).
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Positive

Negative
Squamous differentiation

Fig. (4): Relation between urothelial carcinomakertien17 and
squamous differentiation (n=60).
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When comparing different staining of k17
intensity there is asignificant difference between
papillary and non-papillary UC cases. All mod-
erate intensity (100%) and majority of strong
staining (77.8%) were of papillary UC ( p<
0.001). Significant association was found be-
tween moderate & strong K17 intensity and
negative schistosomiasis ovae (p=0.003). (Table
3), Figs. (5,6).

Table (3): Relation between Intensity of Keratin 17 staining and different parameters (n=34).

Intensity of Keratin 17 staining

Mild Moderate Strong x2 p
(n=4) (n=12) (n=18)
Histopathological diagnosis:
Papillary urothelial carcinoma 0 (0%) 12 (100%) 14 (77.8%) 13.896* <0.001*
Urothelial carcinoma 4(100%) O (0%) 4 (22.2%)
Grade:
Low 0 (0%) 4(33.3%) 4 (22.2%) 1487 0.535
High 4 (100%) 8(66.7%) 14 (77.8%)
Squamous differentiation:
Negative 0 (0%) 4(33.3%) 4 (22.2%) 1487 0.535
Positive 4(100%) 8(66.7%) 14 (77.8%)
Lamina propriainvasion:
Negative 0 (0%) 4(333%) 6 (33.3%) 1549 0.586
Positive 4(100%) 8(66.7%) 12 (66.7%)
Negative Muscle invasion 0 (0%) 4 (50%) 6 (50%) 3.204 0.225
Positive Muscle invasion 4(100%) 4 (50%) 6 (50%)
Bilharzial ova infection:
Negative 0 (0%) 8(66.7%) 16 (88.9%) 11.147* 0.003*
Positive 4(100%) 4(33.3%) 2 (11.1%)

2
X : Chi square test.

p: p-value for association between intensity of Keratin 17 staining and different parameters.

*: Statistically significant at p<0.05.
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Fig. (5): Relation between intensity of Keratin 17 staining
and histopathol ogical diagnosis (n=34).
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Fig. (6): Relation between intensity of Keratin 17 staining
and Bilharzial ovainfection (n=34).
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(A) (B)

(©) (D)

(E) (F)

(G) (H)
Fig. (7): (A): H & E (100x) of papillary UC (low grade). (B): H & E (400x) of papillary UC (high grade). (C): H & E
(400x) of UC (high grade). (D): K17 expression, moderate staining of whole thickness of papillary UC (low grade) (200x). (E):
K17 expression, strong staining results of UC (high grade) (400x). (F): K17 expression, strong staining results of whole thickness
of UC (high grade) (400x). (G): K17 expression, strong staining results of whole thickness of UC (high grade) (400x). (H):
K17 expression, mild to moderate staining results of areawith squamous differentiation & adjacent Bilharzial ova.
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Discussion

In Egyptian patients, bladder carcinoma shows
high incidence in male and is an important cause
of death especially in Upper Egypt. In this study,
we investigate K17 immunohistochemistry expres-
sion in 60 bladder UC biopsies of Egyptian patients.
18 normal bladder tissues were added as a control.

Out of total 60 patientsincluded in the study,
(76.6%) were men, this was expected as al reports
worldwide and from Egypt show male predomi-
nance [1,2,8,21] . The majority (two third) of patients
were older than 60 years with median age 65 and
mean age 63.1+9.9. This old age of presentation
goes in concordance with other studies, where UC
is usually more frequent in older age than SCC
[17,25,49] . UC mean age of 61 years was identified
in the studies of; Amin, 2013 [1] who reported
bladder cancer from Assuit in Egypt, also, Asar
and coworkers [3] research from National Cancer
Institute in Egypt, and Kyritsi et al., [34] in his
recent research of urinary bladder cancer in Egypt.
Mohamed et al., [39] from Zagazig studied cases
in Egypt reported 64 as main age of UC. Felix and
colleagues in 2008 [21] attributed | ate presentation
of UC in Egypt to long incubation period in expo-
sure to smoking and carcinogens.

In the current study, more than three fourth of
the cases were diagnosed as papillary UC. Thisis
similar to findings of Koyuncuer, 2015 [33] of
Transurethral Resection urinary bladder tumor
specimens. A papillary tumor pattern was detected
in 67.2% of their UC studied cases.

Only 23.3% of all cases were noninvasive, this
goes with report of Asar and coworkers, 2017 [3]
of noninvasive UC cases to represent 29.7%. In
this work, more than three fourth of UC studied
cases showed lamina propriainvasion and near
half of cases (47.8%) showed muscle invasion.
Thisiscloseto results of Asar et al., 2017 and
Kyritsi et al., 2018 [13,34] who found that the
majority of UC cases were invasive and reported
that muscle invasion was noted in ~55 & 59%
respectively.

Of all UC studied cases, mgjority of cases
(76.6%) were of high grade, thisis similar to the
study of Amin, 2013 [1] who reported that majority
of included UC cases were high grade (62.7%).
Also, Asar et al., 2017 [3] reported high grade UC
as 85.7% of their studied cases.

Squamous differentiation was detected in more
than half of cases (34/60), this presentation in
(57.7%) of casesissimilar to Black et al., 2009
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[5] who reported squamous differentiation in 60%
of cases. On the other hand, Amin, 2013 [1] record
of squamous cell differentiation in only 6.2%.
While, Liu et a., 2017 [36] detected it in 19.3% of
radical cystectomy casesfor UC in Roswell Park
Cancer Institute. This variation can be related to
indefinite criteriafor squamous differentiation in
UC and different geographical distribution with
variable factors affecting metaplasia, also cystec-
tomy specimen could vary from biopsy.

Schistosomiasis ovae were found in 23.3% of
al cases. Thisisclose to the report of Amin, 2013
[1], that 27.8% of her patients have history of Schis-
tosomiasis. While, Kyrits et al., 2018 [34] reported
that schistosomiasis ovae were found in 59% of
male and 42% of female UC Egyptian patients.
Their higher percentage may be dueto larger scale
of cases asthey conducted it as a multicenter case-
control study between 2006 and 2014. The detection
of Schistosomiasisis of relative low incidencein
UC than SCC especially nowadays due to prolonged
efforts to eradicate such a disease from Egypt [49].

In the current work, K17 was negative in all
normal urothelial tissue cases [18]. Thisis because
K17 is not found in most of adult tissue but only
in some stem cells [11]. According to Babu et al.,
2019 [4] report, normal urothelial epithelium rarely
stainsfor K17.

Out of 60 cases of UC, 34 were stained positive
for K17 representing (56.7%). In addition, strong
intensity was detected in more than half of positive
cases (18/34). Thisindicates high frequency of
K17 in UC especially strong intensity. This supports
the conclusion of Babu et al., 2019 [4] that K17
can help as a sensitive and specific diagnostic
biomarker in UC.

In this study, no significant difference could
be detected when comparing K17 positive and
negative cases in male and female UC patients.
76.5% of positive cases were older than 60 years.
More than 3/4 of the positive K17 cases were
papillary UC. High grade UC showed more frequent
K17 positivity than low grade (26 versus 8). Cases
of muscle invasion showed more frequent expres-
sion of K17 than cases of non-muscle invasion and
thisis supported by record of Babu et a., 2019 [4].
They showed significant higher proportion of K17
positive tumor cells in muscle invasion cases.
Although no significant association could be de-
tected, these data indicate that K17 is more ex-
pressed not only in cases with papillary pattern
but also in relation to bad prognosis features as
high grade and muscle invasion.
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Significant difference was found when compar-
ing frequency of K17 in cases with squamous
differentiation & with no squamous differentiation.
(76.5%) of positive K17 showed squamous differ-
entiation. Somji et al., 2011 [44] who studied a
transformed urothelial cancer cell line, demonstrat-
ed that foci of squamous differentiation of urothelia
tumor cells express K17.

When comparing different staining intensity of
K17 there is a significant difference between pap-
illary and non-papillary UC cases. All moderate
intensity (100%) and mgjority of strong staining
(77.8%) were of papillary UC (p<0.001). However,
thisis not the case in the study of Babu et al., 2018
[4] who reported that non papillary UC showed
greater proportion of K17 positivity. This difference
can be explained by different categorization, as
they reported papillary urothelial neoplasia of low
malignant potential PUNLMP, low-grade papillary
together and high grade papillary (honinvasive and
invasive) cases as papillary UC cases whilein this
study we did not include PUNLUMP, we separated
papillary and nonpapillary cases apart from invasive
and noninvasive, high or low grade.

We detected significant association between
moderate & strong K17 intensity and negative
Schistosomiasis ovae cases (p=0.003). This means
K17 ismainly not related to Schistosomiasis.

In conclusion, K17 showed high expression in
UC Egyptian patients biopsies (56.7%), strong
intensity was found in more than half of positive
cases while it was negative in normal urothelium.
K17 is more expressed in papillary UC pattern and
more related to bad prognosis features as high
grade and muscle invasion. Significant association
was detected between positive K17 and sguamous
differentiation in UC cases. All moderate intensity
(100%) and majority of strong staining (77.8%)
were of papillary UC (p<0.001). In addition, sig-
nificant association was found between moderate
& strong K17 intensity and negative schistosomiasis
ovae cases (p=0.003). This shed light on expression
of K17 inrelation to UC especially papillary pat-
tern, squamous differentiation and in absence of
Schistosomiasis.
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