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Abstract

Background: Bladder cancer in Egypt is the most prevalent
malignancy among Egyptian males (16%), producing >7900
deaths annually, which is strikingly higher than most other
parts of the world. The genesis and progression of urothelial
bladder carcinoma (UBC) is known to involve aterationsin
several molecular pathways. Subtyping of bladder carcinoma
patients based on the molecular aterationsin their primary
tumors may permit risk stratification and administration of
more personalized therapies.

Aimof Sudy: The aim of this study isto review the studies
investigating the frequency of CK 5/6 expression and its value
in the stratification of urothelial bladder carcinomain English
literature.

Material and Methods: The data were retrieved from
databases (PubMed, Medscape and Google scholar) and also
material available on the Internet from 2001 till 2019. A
structured systematic review was performed with the results
tabulated.

Results: The initial search presented 8 articles (2001-
2019). The frequency of CK 5/6 expression in UBC cases
ranged between 19.7% and 62%. Positivity of CK 5/6 showed
significant association with female gender, advanced tumor
stage and pure SCC and UC with squamous differentiation.
Positivity for CK 5/6 showed significant association with
shorter overal survival in UC cases with squamous differen-
tiation. CK5/6 expression alone was not associated with
clinical outcome in any of the articles but showed significant
association when combined with other markers.

Conclusions: CK 5/6 as a basal marker could identify
aggressive subtypes of urothelial carcinoma as those associated
with squamous differentiation and advanced stage, however,
it is not related to grading.
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Introduction

URINARY bladder cancer (UBC) isaglobal and
national health problem, being an important cause
of morbidity and mortality. It ranks the ninth in
the worldwide cancer incidence [1] . In Egypt, the
relative frequency of urinary bladder cancer is
18.3% [2] . The highest mortality rate worldwide
(16.3 per 100.000) occurs in Egyptian males, which
istwice as high as the highest rates in Europe and
over 4 times higher than that in the United States
3.

The genesis and progression of UBC is now
known to involve alterations in several molecular
pathways. These alterations often dictate the rate
of tumor progression, and may therefore act as
surrogates for identifying patients who have more
aggressive disease. Subtyping patient popul ations
based on the molecular aterationsin their primary
tumors may therefore permit risk stratification and
administration of more personalized therapies [4].

Cytokeratin 5/6 (CK 5/6) is an intermediate-
sized basic keratin. In normal tissue, CK5/6 is
mainly expressed in keratinizing (epidermis) and
non-keratinizing (mucosa) squamous epithelium.
It is also expressed in basal-myoepithelial cell
layer of the prostate, breast, and salivary glands.
CK5/6 is also seen in benign and malignant tumors
of epidermal, squamous mucosal, and myoepithelia
origins [5].

The CK 5/6 staining pattern and intensity varied
between well differentiated and poorly differenti-
ated transitional cell carcinoma. In low-grade
papillary transitional cell carcinoma (TCC), the
CK 5/6- positive cells were observed at the basal
layers of the papillae; whereas in high-grade TCC,
tumor cells were diffusely positive for CK 5/6 in
some cases [6].
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Aim of the study:

The aim of this study isto review the studies
investigating the frequency of CK 5/6 expression
and its value in the stratification of urothelial
bladder carcinomain English literature.

Material and M ethods

Search strategy:

PubMed, Medscape and Google scholar were
used as Medline databases together with material
available on the Internet in the period between
2001 and 2019. We used CK 5/6, immunohisto-
chemical, molecular classification, basal, luminal,
urothelial carcinoma, urinary bladder cancer as
searching terms.

Sudy selection:

We assessed all the studies independently for
inclusion criteria that must be fulfilled and were:

1- Published in the English language.
2- Published in peer-reviewed journals.

3- Focused on CK 5/6 and urothelial bladder car-
cinoma.

4- Done on histological specimens of urothelial
bladder carcinoma.

We exclude the studies that did not fulfill the
above criteria such as;

1- CK 5/6 in urothelial carcinoma of any origin
other than urinary bladder as renal pelvis and
prostate.

2- CK 5/6 in carcinomas other than those of urothe-
lial origin.

Data extraction:

Data from each €ligible study were independ-
ently abstracted in duplicate using a data collection
form to capture information on study characteristics,
interventions, quantitative results reported for each
outcome of interest. Conclusions and comments
on each study were made.

Due to small number of the studied articles and
heterogeneity in the collected data, it was not
possible to perform meta-analysis. Significant data
were collected. Thus, a structured review was
performed with the result tabul ated.

The analyzed publications were eval uated ac-
cording to evidence-based medicine (EBM) criteria
using the classification of the U.S. Preventive
Services Task Force & UK National Health Service
protocol for EBM in addition to the Evidence
Pyramid.

U.S Preventive services task force:

* Level |I: Evidence obtained from at least one
properly designed randomized controlled trial.

* Level 11-1: Evidence obtained from well-designed
controlled trials without randomization.

* Levd I1-2: Evidence obtained from well-designed
cohort or case-control analytic studies, preferably
from more than one center or research group.

* Level 11-3: Evidence obtained from multiple time
series with or without the intervention. Dramatic
results in uncontrolled trials might also be re-
garded as this type of evidence.

* Level 111: Opinions of respected authorities, based
on clinical experience, descriptive studies, or
reports of expert committees.

Quality assessment:

The quality of all the studies was assessed.
Important factors included, study design, attainment
of ethical approval, evidence of a power calculation,
specified eligibility criteria, appropriate controls,
adequate information, and specified assessment
measures.

Data synthesis:

A structured systematic review was performed
with the results tabul ated.

Results

Sudy selection and characteristics:

Eight potentially relevant publications were
and included in the review as they fulfilled the
inclusion criteria. The included eight articles were
human, retrospective or cohort studies using im-
munohistochemical staining on formalin fixed
paraffin embedded blocks of bladder carcinoma
cases. The data extracted from the 8 articles were
presented in Table (1).

The age of the studied cases ranged between
31 and 89 years with amale to femaleratio as
2.16:1 (lowest ratio) and 39.3:1 (highest ratio).

CK 5/6 expression in urothelial bladder carci-
noma cases ranged between 19.7% and 62% that
showed significant association with female gender
in one study [7].

Positive CK 5/6 in urothelial carcinoma cases
showed association with advanced tumor stagein
two studies [7,9] .

Regarding grade of tumor, CK5/6 was associ-
ated with low-grade urothelial carcinomain one
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study [8] and with high tumor grade in another
study [7].

Asregarding histopathologic type, CK 5/6 was
expressed in pure SCC and UC with squamous
differentiation in one study [9].
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CK 5/6 positivity showed significant shorter
overal survival in UC cases with squamous differ-
entiation in one study [10] . On the other hand,
CK5/6 expression alone was not associated with
clinical outcome in any of the reviewed articles.

Table (1): Frequency of CK 5/6 expression and relation to available cilinicopathological data.

CK 5/6 positivity & relation to clinicopathological data

Type of
Reference study & A’\\Aggagyie%rs) Gender Histopathological Patient outcome
number Range M:F  Positive features Overall (Univariate &
of cases cases (%) (stage, grade, survival multivariate
histoogica type) analysis)
(Jangir et al., 2019) Retrospective 56.6+9.62 1231 23/40 No significant ShorterinUC  No significant
40MIBC 31-76 years (57.5%) association cases with correlation
sguamous with survival
differentiation
(p=0.0498)
(Calveteet a., 2019)  Retrospective 68.1£9.25 39.3:1 48/121 No significant No significant CK5/62
121NMIBC &  44-89 years (39.7%) association association expression
MIBC alone was not
associated
with clinical
outcome.
(Wang et al., 2019) Cohort Not available  2.37:1 52/91 No significant No prognostic  CK5/6 alone
2010-2016 39-89 years (57.1%) association significance was not
91 MIBC prognostically
significant

(Rodriguez Penaet a., 193 TURBTs 68 2.16:1 Under 50% Significant No significant  No significant

2019) taken from 60 (No available positivity association with association association
patients SD) (number of advanced stage
(NMIBC & 47-89 years positive cases (p=0.04) and
MIBC) not mentioned)  low-grade
urothelial
carcinoma
(p=0.01)

(Hashmi et al., 2018) 127 NMIBC &  63.23£13.9 31 25/127 (19.7%)  Significant No significant  No significant
MIBC (240 association with association association
specimens) advanced tumor

stage
(p=0.049), high
tumor grade
(p=0.000) and
with female
gender
(p=0.014).

(Kaufmann et al., 2001) 20 metastatic No available data 7120 No significant No available data
urothelial (35%) association
carcinoma
cases

(Chu and Weiss, 2002) 24 TCC No available data 15/24 No significant No available data

(62%) association

(Gaisaetdl., 2011) 89 pure SCCs No available data 22/66 (30.2%) of Significant No available data
and mixed UC cases, association with
UC/SCCs, 66 76.6% of SCC pure SCC and
urothelial cases UC with
carcinomas squamous

differentiation
(p<0.01).

ucC

: Urothelial carcinoma.

SCCs : Squamous cell carcinomas.

SD

: Standard deviation.

MIBC
TCC

. Muscle invasive bladder carcinoma.

: Transitional cell carcinoma.
NMIBC : Non-muscle invasive bladder carcinoma.

Discussion

Histopathol ogic features of bladder cancer are
important items for therapeutic decisions, but
identification of UC molecular subtypes has the
potential to guide patient stratification for progno-

sis, treatment and administration of more person-
alized therapies [11,12].

Molecular classification of bladder cancer based
on whole genome expression profiling was done
by severa groupsthat classify urothelial carcinoma
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into different classes that showed striking similar-
itiesto the intrinsic basal and luminal subtypes
identified in human breast cancers [13-16] .

In ameta-analysis done using whole transcrip-
tome expression data from four independent cohorts
for clustering of basal and luminal biomarkers of
bladder carcinoma, they found that a subset of
tumor displayed strong expression of high molec-
ular weight cytokeratins (that characterize basal
urothelial layer) including CK 5/6 and was referred
to as basal subtype of bladder carcinoma [17].

Even prior to molecular profiling studies, it has
been noted that MIBCs that express basal cytok-
eratins including CK5/6 were associated with poor
outcomes [9,18] .

In the current review, the age of studied cases
were available in 5 articles that ranged between
31 and 89 years. Bladder cancer can occur at any
age, but it is generally a disease of middle-aged
and elderly people [19,20] . Bladder TCC in young
peopleisrare and <1% of cases develop in the
first 4 decades of life [21] . The incidence of bladder
cancer increases dramatically with age. Ratesin
patients aged >70 years are about 2-3 times higher
than those between 55-69 years, and 15 to 20 times
higher than those between 30-50 years [19].

In the present review, five articles demonstrated
the ratio between male and female gender that was
almost near to each other and showed higher rate
of bladder carcinomain male than female but only
one study showed significant association of CK
5/6 positivity with female gender (p=0.014) [7].
Thisfinding can be explained by impact of gender
on urinary bladder carcinoma (UBC) incidence as
women have alower UBC incidence up to four-
fold [22] and a higher mortality rate than men. The
lower UBC incidenceislikely to represent histor-
ically lower smoking prevalence and less occupa-
tional exposure to carcinogens in women. However;
the reasons for the higher mortality rate are unclear.

Although UC incidencein female is lower than
that in male, it's reported to be with poor prognosis
due to underlying histopathological features of
presence of squamous differentiation [10] . The
latter study demonstrated that all cases with female
gender showed squamous differentiation.

In the current review, CK 5/6 expression ranged
between 19.7% [7] and 62% [6], the frequency of
expression depends on the histopathological type
of the studied cases as it was the lowest in the
study by Hashmi et al., since they investigated
only pure urothelial carcinoma cases excluding

cases with squamous differentiation and pure SCC.
The highest expression (62%) reported by Chu and
Weiss who mentioned that the studied cases were
TCC but no comment on presence or absence of
divergent differentiation. According to Jangir et
al., 2019, CK 5/6 was expressed in 57.5% of cases,
they investigated both pure UC cases and urothelial
carcinoma cases with sgquamous differentiation and
showed that CK 5/6 positivity was related to all
cases of UC with squamous differentiation.

Asregards stage of urothelial carcinoma, CK
5/6 positivity was related to tumor stage IV accord-
ing to Jangir et al., 2019, infiltration deep into
muscularis propria or beyond according to Calvete
et al., 2019, association with metastatic tumor at
presentation according to Kaufmann et al., 2001.
Furthermore, it showed significant statistical asso-
ciation with advanced tumor stage in two studies
(p=0.04 & p=0.049) [7,9].

The association with advanced stage is most
probably due to the expression of Ck5/6 in “Basal-
like” subgroup [23] . The basal group showed more
EGFR gains or amplifications and TP53 mutations
and the degree of p53 expression (reflecting chro-
mosome 17p abnormalities) was significantly as-
sociated with pathologic tumor stage, lymphovas-
cular invasion, lymph node metastases, pathologic
tumor grade, disease recurrence, and bladder can-
cer-specific death [24] . Also according to The
university of north Carolina classification (UNC),
the basal group that were characterized by expres-
sion of CK 5/6 contained a claudin-low subgroup,
as defined in breast cancer, that was enriched in
epithelial-mesenchymal transition (EMT) [16] and
so increased expression of genes related to epithelial
to mesenchymal transition [11,25] .

In the current review, only two articles showed
significant association between CK 5/6 positivity
and tumor grade but both results were opposite to
each other. One study showed significant associa-
tion with high tumor grade [7] and the other study
showed significant association with low tumor
grade [8] without explanation. It can be explained
by CK 5/6 staining pattern and intensity varied
between well differentiated and poorly differenti-
ated transitional cell carcinoma as positivity in
basal layer of papillae was observed in low-grade
papillary TCC compared to diffuse positivity in
some cases of high-grade TCC [6] . It was also
found that CK 5/6 expression is associated with
high grade invasive duct carcinoma of the breast
[26] and with high grade serous ovarian carcinoma

[27].
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In the current review, 3 articles [9,10,28] inves-
tigated pure UC and UC with squamous differen-
tiation and showed diffuse CK 5/6 positivity in
cases with squamous differentiation according to
Wang et al., 2019, related to all urothelia carcinoma
cases with squamous differentiation according to
Jangir et al., 2019 and showed statistical signifi-
cance with pure SCC and UC with squamous dif-
ferentiation (p<0.01) according to Gaisaet al.,
2011. This can be explained by CK 5/6 is consid-
ered to be marker of basal and squamous cell
differentiation in several normal epithelia and
human tumors [29] . FOXA1 expression is reduced
in areas of sqguamous differentiation due to epige-
netic modification of the FOXA1 promoter in the
form of DNA methylation [30,31] and FOXALl is
associated with the basal -squamous molecular
subtype [32] . This phenotypic plasticity may reflect
anatural disease process in which progression of
some bladder tumors is associated with luminal to
basal subtype switching [11,15]. Another possibility
isthat the observed gain of basal marker expression
may recapitulate the early pre-microscopic stages
of tumor differentiation toward a squamous phe-
notype which expresses basal markers [30].

In the present review, CK 5/6 positivity showed
significant shorter overall survival in UC cases
with sguamous differentiation (p=0.0498). This
can be explained by aggressive behavior of UC
cases with squamous differentiation [33-36] . UC
cases with squamous differentiation are associated
with poor prognosis and outcome as they are more
likely to present with extravesical disease and less
likely to have organ-confined disease than those
with pure urothelial carcinoma and was associated
with ahigh tumor stage and a high rate of pelvic
nodal metastasis [36] . Prior studies have reported
that urothelial carcinoma with squamous differen-
tiation is more aggressive because of its resistance
to radiotherapy, chemotherapy, and immunotherapy
[33-35].

In the current review, CK5/6 expression aone
was not associated with clinical outcome in any
of the reviewed articles, however, simultaneous
expression with other markers such as FAP (Fi-
broblast activation protein) and CD44 expression
predict worse cancer-specific survival (HR=2.304;
p=0.001) according to Calvete et al., 2019.

Conclusions; CK 5/6 as abasal marker could
identify aggressive subtypes of urothelial carcinoma
as those associated with squamous differentiation
and advanced stage, however, it is not related to
grading.
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