N

o £

4

LS

¢

D

€ o
Y —
Nsoura Unve>

Y
%S

11/
A,
N
Y

N
N
(i*’ /4

MANSOURA JOURNAL OF CHEMISTRY

Official Journal of Faculty of Science, Mansoura University, Egypt
E-mail: scimag@mans.edu.eg ISSN: 2974-4938

Biochemical Evaluation between Urothelial bladder cancer and Upper Tract

Urothelial Carcinomas

Eman E. Dawood !, Amira Awadalla 2, Ahmed A Shokeir 23, Abdel-Aziz A. F. !

! Department of Chemistry, Biochemistry Division, Faculty of Science, Mansoura University,
35516, Egypt. * Center of Excellence for Genome and Cancer Research, Urology and Nephrology
Center, Mansoura University, Mansoura, 35516, Egypt. * Urology department, Urology and

Nephrology Center, Mansoura University, Mansoura, 35516, Egypt.)

* Correspondence to: Eman E. Dawood (Email: eman.edawood@gmail.com, Tel,

+201011898980)

Abstract: Background: Urothelial carcinomas (UC) can be either in the upper or in
the lower urinary tract or both. Urothelial bladder cancer (UBC) is more common than
upper tract urothelial carcinoma (UTUC). This research was designed to study the
biochemical difference between UBC and UTUC through the comparison between
Catalase and Nitric oxide and the measurements of CK20 and CD44 by flow
cytometry. Methods: To study the discrepancy between UBC and UTUC. A

§ § prospective trial was carried out for 28 radical cystectomy and 18 nephrouretrectomy
ﬁ E specimens of UBC and UTUC patients, respectively. The activity of Catalase and
® & | concentration of Nitric oxide were assessed in in normal adjacent tissues, UTUC and
o N | UBC spectrophotometrically. CK20 and CD44 also were assessed in in normal adjacent
g & | tissues, UTUC and UBC by flow cytometry. Results: Comparison between UBC and
'é § UTUC regarding Catalase had significant difference (P value < 0.05) and comparison
NN

between UTUC and UBC regarding nitric oxide had significant difference (P value <
0.05), regarding CK20 in UTUC was positive (73.6%) and in UBC was positive CK20
(62.4%) and regarding CD44 in UTUC was positive (65.5%) and in UBC was negative
CD44 (52.2%). Conclusions: Even though UTUC and UBC have the same origin,
there is clear evidence that there is a biochemical difference between them. This
biochemical difference could be the reason that UTUC is more aggressive than UBC.
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1.Introduction

Urothelium is the specific epithelial lining of
the upper urinary tract that includes the renal

Both arise from distinct
and have overlapping

prognosis [3].
embryonic  tissues

pelvis and ureters and lower urinary tract that
includes bladder and urethra [1]. Urothelial
carcinomas (UC) can be in the upper and/or the
lower urinary tract. Urothelial cancers are the
most abundant histologic subtype of bladder
cancer (BC) with nearly 90% of bladder tumors
being urothelial. Upper tract urothelial
carcinoma (UTUC) is uncommon, accounting
for only 5-10% of all UC [2].

Both UC of the bladder and upper tract are
considered as a disparate twin. Both originates
from the same tissue type, however both have
discrepancies in diagnosis, treatment and

genomic features [4].

Though UCB and UTUC are two separate
diseases, smoking is the most well-known risk
factor for both. Current smoking increases the
risk of developing UCB and UTUC by as much
as fourfold and sixfold, respectively [5].
Cigarette smoking increases the formation of
free radicals e.g. nitric oxide (NO) which
results in increases the oxidative stress of
plasma proteins [6]. Some defense mechanisms
in the body prevent the development of free
radicals and the damage they cause. One of the
most important antioxidant enzymes is catalase
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(CAT), which removes hydrogen peroxide
(H20,) that results from dismutation of
superoxide anion [7].

Studies report that UTUC is more aggressive
and invasive than UBC [8]. CD44 is a widely
distributed cell surface adhesion molecule that
IS important in a variety of biological activities,
including cell motility and cell-matrix
interaction [9]. Tumor invasion and metastasis
are connected to changes in CD44 expression
patterns. CD44 expression and its relationship
to tumor biological features, on the other hand,
varies depending on the kind and origin of the
tumor [9].

Cytokeratins are intermediate filaments
expressed in epithelial cells. One of these,
CK20, is higher in urothelial tumor than in non-
neoplastic hematuria patients, hence it can be
used as a marker of urothelial differentiation
[10].

Several studies had compared between UBC
and UTUC in epidemiology, etiology, staging,
risk factors, prognosis, and management. There
are no enough biochemical studies to compare
between UBC and UTUC [1, 2, 11]. Therefore,
this study was designed to investigate the
biochemical characteristics in the two types of
UC, through shedding the light on the oxidative
stress in both tumors by measuring the activity
of catalase and the level of nitric oxide. Also,
by comparing between CD44 and CK20 in both
tumors.

2. Patients and methods:
° Patients:

This prospective study was undertaken after
Institutional Review Board (IRB) approval at
Mansoura Urology and Nephrology center (ID
number RP.19.07.38) and informed consent
was taken from all patients. The study was
performed on pathological specimens of 31
subjects with UBC who underwent cystectomy
and 19 with UTUC who underwent radical
nephroureterectomy with bladder cuff excision.
In each group samples were taken from the
malignant tissue and non-tumor tissue of the
same specimen. All tumors were graded using
the 2004 WHO classification and staged
according to the 1997 TNM classification.

° Methods:

° Determination of oxidative stress
markers

Catalase  activity and  Nitric  oxide

concentration were determined by colorimetric
method using commercially available Kkits
provided by Bio-Diagnostic Company, Giza,
Egypt [12, 13].

o Flow cytometry

Immunomagnetically enriched samples were
subjected to flow cytometry. Cells were
prepared using fixation/permeabilization kit
(Beckman Coulter, Brea, USA) before the
addition of anti-cytokeratin  20- FITC and
CD44-FITC. Briefly, cells and both antibodies
were incubated in the dark then cells were
washed and centrifuged. Labeled cells were
detected by using BD Accuri C6 flow
cytometry [14].

o Statistical analysis

Statistical analysis was performed with the
use of the IBM SPSS Statistics ver. 22.0 for
Windows (IBM Corp., Armonk, NY, USA). In
the normally distributed variables, student t-test
was used for comparison between groups. Chi-
square and Fisher exact tests were used for
comparing categorical data of both groups. P
value <0.05 was considered statistically
significant.

3. Results

Twenty-eight subjects with UBC and 18
subjects with UTUC were included in this
study. Tablel shows the patient demographic
characteristics of the two groups. Groups were
matched in age, sex, BMI, and renal function.
Moreover, co-morbidities in terms of liver
disease, diabetes mellitus and chronic kidney
disease were not significantly different among
both groups.

Oncologic comparison between both groups
is shown in Table 1. UTUC had significantly
lower tumor stage with 89.5% having T1. On
the hand lymphovasular invasion was
significantly higher in UTUC 77.8% versus
39.3% in UBC. Meanwhile, both groups were
comparable regarding tumor grade, lymph node
status and pathological cell type.
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Table 1:Demographic and oncologic features of UTUC and UBC

UTuC UBC P value
Age, years(mean * SD) 63.89 + 10.21 61.9 + 10.64 0.517
BMI(mean + SD) 28.48+6.9 31.24+7.63 0.334
Gender, no. (%) 15 (83.3%) 22 (78.6%) 0.691
- Male 3 (16.7%) 6 (21.4%)
- Female
Co-morbidities, no. (%) 0 4 (14.3%) 0.093
Liver disease 18 (100%) 24 (85.7%) 0.019
- Yes 1 (5.6%) 10 (35.7%) 0.545
_ No 17 (94.4%) 18 (64.3%)
Diabetes mellitus 1(5.6%) 3 (10.7%)
- Yes 17 (94.4%) 25 (89.3%)
- No
CKD
- Yes
- No
Serum creatinine, mg/dL(mean = SD) 1.35+0.6 1.34+1.27 0.969
T stage, no. (%) 16 (89.5%) 6 (21.4%) <0.001"
- T1 1(5.3%) 7 (25%)
- T2 1 (5.3%) 12(42.8%)
_ T3 0 3 (10.7%)
- T4
N stage, no. (%) 0.107
- NO/x 15 (83.3%) 17 (60.7%)
_ N1 (single) 3 (16.6%) 4 (14.2%)
- N2 (multiple) 0 6 (21.4%)
_ N3 0 2 (7.1%)
Cell type final pathology, no. (%) 18 (100%) 20 (71.4%) 0.06
- Pure TCC 0 7 (25.0%)
- TCC with squamous 0 1(3.6%)
differentiation
- TCC with micropapillary
component
Grade, n (%) 0 1 (3.6%) 0.429
- Low grade 18 (100%) 27 (96.4%)
— High grade
Lymphovasular invasion final 14 (77.8%) 11 (39.3%) 0.228
pathology, no. (%) 4 (22.2%) 17 (60.7%)
- Yes
- No
"p<0.05
R Determination of Catalase activity Table 2: Catalase activity in normal and
. tumor Upper urinary tract
Catalase activity was detected

spectrophotometery in tumor tissue of Upper
urinary tract the adjacent normal. Table (2)
showed comparison between CAT activity in
normal and tumor upper urinary tract tissue.
CAT activity was significantly increased in
normal tissue more than tumor tissue with p
value < 0.05. The comparison between CAT
activity in normal and tumor urinary bladder
tissue. CAT activity was significantly increased
in normal tissue more than tumor tissue with p
value < 0.001.

CAT (U/g) p
(Mean + SD) value
Upper Normal 19.43+£9.81 <0.05
urinary Tumor 1151 +6.14
tract
Bladder Normal 19.3+2.15 <0.001
Tumor 15.96 + 2.36

CAT activity was compared between both
tumors of upper urinary tract and urinary
bladder. Table (3) showed the comparison
between CAT activity in upper urinary tract
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tumor and urinary bladder tumor. CAT activity
was significantly increased in upper urinary
tract tumor than bladder tumor with p value <
0.001.

Table 3: Comparison between Catalase activity
in upper urinary tract tumor and urinary bladder
tumor

Upper Bladder P
Tumor Tumor value
CAT (U/g)
(Mean + 1151 +6.14 15.96 £ 2.27 <0.05
SD)

e Determination of Nitric acid

Nitric oxide concentration was detected
spectrophotometery in tumor tissue of Upper
urinary tract the adjacent normal. Table (4)
showed comparison between NO concentration
in normal and tumor upper urinary tract tissue.
NO concentration was significantly increased in
normal tissue more than tumor tissue with p
value < 0.001. The comparison between NO
concentration in normal and tumor urinary
bladder tissue. NO concentration was
significantly increased in normal tissue more
than tumor tissue with p value = 0.001

Table 4: Nitric oxide activity in normal and
urinary bladder tumor

NO (umol/g) p
(Mean = SD) | value
Upper Normal 288+1.7 <
urinary tract | Tumor 6.68 +2.4 0.001
Bladder Normal 0.31+0.26 <0.05
Tumor 0.53+0.27

NO concentration was compared between
both tumors of upper urinary tract and urinary
bladder. Table (5) showed the Comparison
between NO concentration in upper urinary
tract tumor and urinary bladder tumor. NO
concentration was significantly increased in
upper urinary tract tumor than bladder tumor
with p value < 0.001.

Table 5: Comparison between Nitric oxide
concentration in upper urinary tract tumor and
urinary bladder tumor

Upper Bladder P

Tumor Tumor value
NO(pmol/g) 6.68 £ 0.53+0.27 <
(Mean % SD) 2.45 0.001

o Flow cytometry:

Flow cytometric analysis showed negative in
both CK20 (89.5%) in normal upper tract cells
and positive in both CK20 (73.6%) in UTUC,
(Figure 1) and negative CK20 (90.1%) in
normal bladder cells and positive CK20
(62.4%) in UBC (Figure 2).
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Fig 1: Flow cytometry of CK20 in Upper tract
urothelial
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Fig 2: Flow cytometry of CK20 in Bladder

Flow cytometric analysis also showed
negative CD44 (95.3%) in normal upper tract
cells and positive CD44 (65.5%) in UTUC
(Figure 3) and negative CD44 (90%) in normal
bladder cells negative CD44 (52.2%) in UBC
(Figure 4).
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Fig 3:Flow cytometry of CD44 in Upper tract
urothelial
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Fig 4:Flow cytometry of CD44 in Bladder

4. Discussion

As Upper tract urothelial carcinoma (UTUC)
and Urothelial bladder cancer (UBC) are
considered as distinct tumor entities, a
biochemical study was required to clarify the
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difference between the two tumors and to
understand the behavior of each one of them.

In the present study we investigated the
activity of catalase (CAT) and nitric oxide
(NO) on both UTUC and UBC as they play
important role in cancer biology.

Catalase (CAT) is an antioxidant enzyme
that catalyzes the breakdown of hydrogen
peroxide to water and oxygen in all cells. Both
tumors and their surrounding normal tissue had
their CAT activity assessed. In comparison to
the adjacent normal, activity was low in UTUC
(P value = 0.002) and low in UBC (P value =
0.000). This result is consistent with the result
reported that CAT activity was lower in UBC
tissue than the adjacent normal [15]. When
CAT activity was compared between UTUC
and UBC, CAT activity was considerably
higher in UBC (P value = 0.000).

Nitric oxide (NO) is a short-lived free
radical that is important in a variety of
biological activities. NO has been proposed to
play a key role in tumor biology, with both
facilitatory and inhibitory effects on tumor
growth [16]. NO activity was recorded in both
tumors and the normal tissue surrounding them.
UTUC had higher concentration than the
surrounding normal (P value = 0.000), while
UBC had higher concentration than the
adjacent normal (P value = 0.001). It was
reported that NO concentration was higher in
UBC than in normal tissue [16]. When NO
concentrationat UTUC and UBC was
compared, NO concentrationin UTUC was
significantly higher than in UBC (P value =
0.000).

The significant increase in NO and decrease
in CAT in UTUC could explain its aggressive
attitude than UBC [8].

In the present study we used flow cytometry
technique to assess CD44 and CK20. In UTUC,
CK20 was positive (73.6%) in compared to
normal upper tissue (negative (89.5%)). This
result agrees with study that reported CK20 was
overexpressed in UTUC [17]. In UBC, CK20
was positive (62.4%) in compared to normal
bladder tissue (negative (90.1%)). This results
agrees with study that reported CK20 was
overexpressed in UBC [18]. In the comparison
between UTUC and UBC, CK20 is more
positive in UTUC than UBC.

In UTUC, CD44 was positive (65.5%) in
compared to normal upper tissue (negative
(95.3%)). This result agrees with study that
reported CD44 was overexpressed in UTUC

[19]. In UBC, CD44 expression was higher
(negative (52.2%)) in compared to normal
bladder tissue (negative (90%)). This result
agrees with study that reported CD44 was
overexpressed in UBC [20]. In the comparison
between UTUC and UBC, CK20 is more
positive in UTUC than UBC.

The significant expression of CK20 and
CD44 in UTUC could explain its aggressive
and invasive attitude than UBC [8]. The Results
of this study showed that CK20 and CD44 are
very likely to be involved in the occurrence and
development of UTUC. Our study provided
references for the molecular etiology of the
aggressiveness and invasiveness of UTUC.

5. Conclusion:

Results of the present study showed clear
evidence that there is a biochemical difference
between UTUC and UBC despite they share the
same origin. This biochemical difference could
be the reason that UTUC is more aggressive
than UBC.
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