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5-Hydroxyuracil Incision Activity Varies According to the
Histological Grade of Non-muscle-invasive Bladder Cancer
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Abstract

Objective: High levels of endonuclease Ill-like 1 (NTHL1) DNA glycosylase, which plays a role in the first step of the base excision repair pathway, has been related
to cancer initiation and progression. 5-hydroxyuracil (5-OHU) oxidative base damage is a substrate for NTHL1 and endonuclease VIll-ike 1 enzyme 1 (NEILT) DNA
glycosylases. This study investigates the association of 5-OHU incision activity with the risk of disease progression in patients with non-muscle-invasive bladder cancer
(NMIBC) regarding grade and stage.

Materials and Methods: During transurethral resection of 17 NMIBC patients, the papillary tumour before monopolar resection and healthy bladder mucosal
tissue from the same person were obtained using cold cup biopsy. Both the normal mucosa and NMIBC tumour were pathologically confirmed. The histological
grade and stage were also determined. The 5-OHU incision activity of all tissues was measured using a radiolabelled 5-OHU modified base containing DNA substrate.
Results: 5-OHU incision activity was significantly higher in all high-grade NMIBC tissue extracts compared with the corresponding normal tissues (p=0.001).
However, we found no significant difference in 5-OHU incision activity in low-grade NMIBC tissues (p=0.89). There was also a significant increase in 5-OHU incision
activity at the Ta/T1 stage compared with the corresponding normal tissue (p=0.001).

Conclusion: The increase in 5-OHU incision activity according to the histological grade of NMIBC tissue indicates that this activity (mainly performed by NTHL1 and

NEILT DNA glycosylases) might play a role in NMIBC prognosis. Thus, it could be used as a potential prognostic biomarker for NMIBC.
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Introduction

Bladder cancer is one of the most frequent (approximately
430,000 new cases per year) and most lethal (165,000 per year)
cancers of the urinary system. Although its prevalence differs
geographically, it is within the first five most prevalent and ten
most lethal cancers (1). Bladder cancer is mainly grouped as non-
muscle-invasive bladder cancer (NMIBC) and muscle-invasive
(MIBC). Around 80% of newly diagnosed cases are NMIBC
(2,3). Although bladder cancer’s exact aetiology is unknown,
environmental, genetic and epigenetic risk factors are thought to
be related to the disease’s aetiology and pathogenesis (4,5). As
an initial step in diagnosing and treating the disease, a complete
transurethral resection (TUR) of the tumour is performed. In

moderate and high-risk NMIBC patients, Bacillus Calmette-
Guerin (BCQ) installation remains the gold standard treatment
regarding preventing disease recurrence and progression.
However, approximately 40% of patients do not respond to
BCG treatment (6,7). Although conventional histopathological
criteria, such as histological grade and stage, provide information
to determine NMIBC progression and metastasis risk, patients
with similar pathological features may have different disease
courses (3,8). This illustrates the importance of having an
individualised therapeutic approach to bladder cancer. The
present criteria are not adequate to define the risk factors for
recurrence, progression and treatment response.

Recent preclinical and clinical cancer studies have shown that
proteins involved in the base excision repair (BER) pathway
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can be promising prognostic and predictive biomarkers and
therapeutic targets to determine cancer risk, recurrence,
progression and drug resistance. The BER pathway is the primary
repair mechanism responsible for repairing oxidative base
damages, monofunctional base modifications and single-strand
breaks in DNA caused by environmental and endogenous agents.
BER is a multistep pathway, and DNA damage-specific DNA
glycosylase enzymes are involved in the first step of this pathway.
DNA glycosylase enzymes recognise modified or damaged bases
and form an apurinic/apyrimidinic (AP) site in the DNA chain by
the cleavage of the N-glycosidic bond. A single nucleotide gap is
formed by the cleavage of the abasic AP site by AP endonuclease
1 (APE1), and the gap is filled by DNA polymerase §. The repair
is completed by ligation of the nick (9,10). Although DNA
glycosylase enzymes are specific to DNA damage, they can
also repair the same base damage. For example, the main DNA
glycosylase that repairs 5-hydroxyuracil (5-OHU) base damage is
the endonuclease Ill homologue (NTHL1). Endonuclease VllI-like
1 enzyme 1 (NEIL1) also uses this base damage as a substrate.
5-OHU base modification is the most common base modification
resulting from oxidative deamination of cytosine by reactive
oxygen species (11). 5-OHU DNA lesions are bypassed by DNA
polymerases and pair with other bases during DNA replication,
resulting in mutations. BER mechanism impairment causes
mutagenic and/or cytotoxic DNA damage to accumulate in the
genome and causes genomic instability. This situation is one of
the main reasons for susceptibility to various cancers, such as
bladder, lung and breast cancer. On the other hand, it has been
shown that cancer cells have a very active BER mechanism that
causes cancer cell viability, recurrence, progression, metastasis
and resistance to genotoxic anticancer drugs (10,11,12,13). For
example, NTHL1 DNA glycosylase’s overexpression has been
associated with cancer progression and lymph node metastasis
(14,15,16). Therefore, this study investigated the association
of 5-OHU activity with the risk of progression in patients with
NMIBC using low-grade and high-grade NMIBC tissue and their
corresponding normal tissues from the same person.

Materials and Methods

NMIBC and Normal Bladder Tissue Samples from the
Same Patient

Before the TUR procedure, cold cup biopsies were acquired
separately, first from healthy-appearing mucosa and then from
cancer tissue in 17 newly diagnosed, treatment-naive bladder
cancer patients at the Acibadem Maslak Hospital urology
department. The samples were snap-frozen by immediately
placing them in liquid nitrogen. A piece of the normal mucosa
and cancer tissue were separated for conventional pathology to
confirm the normal mucosa and diagnose and grade cancer cells
(17). Ethical board approval was obtained from the Acibadem
University medical ethics committee (ATADEK-2018/12). The
informed consent form was filled in by all participants.

Tissue Lysates Preparation of Normal and NMIBC Tissue

Tissue lysates were prepared as previously described (18). Briefly,
the tissue was homogenised by a Dounce glass homogeniser in
cold whole-cell extraction buffer. The tissue homogenate was
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centrifuged at 16,000 x g at 4 °C for 15 min. The pellet was
dissolved, and tissue lysates were incubated at 4 °C for two
hours in a shaking incubator. Then, they were centrifuged at
130,000 x g at 4 °C for one hour. The supernatant was dialysed
at 4 °C overnight and centrifuged at 16,000 x g to remove the
salts. The tissue lysates were kept at -80 °C. The tissue lysate
protein content was measured with the Bradford protein assay
at 595 nm using bovine serum albumin as a standard.

Preparation of Radiolabelled 5-OHU Containing DNA
Substrate

The oligodeoxynucleotide sequences of DNA substrate
containing 5-OHU base modification are as follows: (X = 5-OHU)

5'-GCTTAGCTTGGAATCGTATCATGTAXACTCGT GTGCCGTGTA
GACCGTGCC-3/;3'-CGAATCGAACCTTAGCATAGTACATGTGAG
CACACGGCA CATCTGGCACGG-5'.

The oligodeoxynucleotides were purchased from DNA
Technology, Denmark. The 51 mer upper primer sequence of the
substrate was labelled with [y-32P]ATP using a polynucleotide
kinase reaction protocol from the 5 -end (Perkin Elmer, USA).
The annealing reaction was completed by incubating [y-32P]
ATP labelled 51 mer primer and 51 mer template at 90 ¢C for 5
min, and then slowly cooling to room temperature (18).

5-OHU Incision Activity

Incision of 5-OHU was performed in a reaction mixture
containing 70 mM HEPES-KOH, pH 7.4, 5 mM EDTA, T mM
DTT, 50 mM NaCl, 10% glycerol and 50 fmol of 32P-labelled
double-stranded 5-OHU-containing the DNA substrate. The
reactions were initiated by adding 0.5 pug whole tissue extract
and incubating at 37 °C for 30 min. The reactions were
stopped by adding formamide stop dye with 100 mM NaOH.
Samples were heated at 95 °C for 10 min and then run on
20% PAGE-urea gel. Gels were visualised by Typhoon FLA 9500
Phosphorlmager (GE Healthcare, USA). The experiments were
performed in triplicate, and the incision activity is presented as
fmol of substrate converted to product per min per ug protein.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism 6.1
software. Differences in NMIBC tissue activities and the same
individual’s corresponding normal tissue were analysed using
the Wilcoxon matched-pairs signed-rank test. A p<0.05 was
considered statistically significant. All statistical tests were
two-sided.

Results

The mean age of the patients was 68.65+15.02 years. A total
of 6 patients had low-grade, and 11 patients had high-grade
NMIBC. Of the patients, 14 had Ta stage and three of them had
T1 disease. 5-OHU incision activity was measured as the incision
of double-stranded oligodeoxynucleotide substrate containing
5-OHU at position 26. 5-OHU incision activity in all high-
grade NMIBC tissue extracts was significantly higher than the
corresponding normal tissues (Figure 1A, p=0.001). In contrast,
no statistically significant difference in the activity was observed
in low-grade NMIBC tissues (Figure 1B, p=0.89). The median of
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5-OHU incision was 0.20 fmol/min/ug (range 0.15 to 0.44 fmol/
min/ug) in high-grade NMIBC tissues and it was 0.10 fmol/min/
pg (range 0.06 to 0.17 fmol/min/pug) in their corresponding
normal tissues. In low-grade NMIBC tissues, the median of
the activity was 0.16 fmol/min/ug (range 0.07 to 0.25) and
it was 0.18 fmol/min/ug (range 0.08 to 0.2 fmol/min/ug) in
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Figure 1. 5-OHU incision activity in NMIBC and their corresponding normal
tissues. Quantitation of 5-OHU incision from high-grade (A), low-grade (B) and Ta/
T1 stages (C) of all NMIBC and their corresponding normal tissues (fmol/ug/min)
5-OHU: 5-hydroxyuracil, NMIBC: Non-muscle-invasive bladder cancer

their corresponding normal tissues. NMIBC tissue at the Ta/T1
stage exhibited a significant increase in 5-OHU activity (Figure
1C, p=0.001; median: 0.17 fmol/min/ug; range, 0.07 to 0.44
fmol/min/ug) compared to the corresponding normal tissues
(median: 0.12 fmol/min/ug; range, 0.06 to 0.2 fmol/min/ug).
5-OHU incision activity was 2.01+0.42-fold higher in high-grade
NMIBC tissue (Figure 1A and Figure 2), whereas the activity was
0.9740.2-fold in low-grade NMIBC tissue (Figure 1B and Figure
2). Figure 2C shows the inter-individual variation among NMIBC
and normal tissue. 5-OHU incision activity is different in NMIBC
and normal tissues, and each individual (Figure 2C).
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Figure 2. Inter-individual variability of 5-OHU incision activity in BER capacity of
seventeen NMIBC and their corresponding normal tissues. Low-grade sample
numbers are 2, 4, 9-12; high-grade sample numbers are 1, 3, 5-8, 13-17

5-OHU: 5-hydroxyuracil, NMIBC: Non-muscle-invasive bladder cancer, BER: Base excision repair

Discussion

In this study, it has been shown that 5-OHU incision activity of
high-grade NMIBC tissue is very high compared with that of
healthy bladder tissue of the same individual. In contrast, the
activity does not change in low-grade NMIBC tissues. Thus,
the increased activity correlates with the grade of NMIBC
tissues. 5-OHU is the substrate for both NTHL1 and NEIL1
DNA glycosylase enzymes (19), suggesting that these enzymes
might play an important role in the progression and recurrence
of NMIBC. Cells with high levels of NTHL1 and NEILT DNA
glycosylase enzymes have been shown to protect themselves
by preventing mutations induced by 5-OHU modified base
(16). Similarly, the aggressiveness and lymph node metastasis
are related to increased levels of NTHL1 expression in colorectal
cancers (15). In another study, high levels of NTHLT gene
expression were shown to cause genomic instability and tumour
formation (14).

In NMIBC tissues, uracil DNA glycosylase activity, which repairs
uracil base damage, was high. However, no difference was
reported in 8-oxoguanine DNA glycosylase activity, which
repairs 8-oxoguanine base damage. In the same study, total BER
activity and APE1 and Pol (3 activities of the BER pathway were
increased in NMIBC tissues. These activities were statistically
significant in both high-grade and low-grade NMIBC tissues than
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the corresponding normal tissues (18). A study comparing the
expression levels of the APET gene in patients with high- and low-
grade NMIBC showed that APET gene expression was at a very high
level in high-grade NMIBC tissue, and this increase was associated
with the prognosis and recurrence of the disease (20,21,22). In
this study, the increase in 5-OHU incision activity depended on
the degree of NMIBC, thereby demonstrating that this activity can
also be used as a prognostic biomarker for NMIBC.

Every individual has a different DNA repair capacity. The
emergence of BER capacity differences between individuals and
even between normal and cancer tissues helps to personalise
cancer treatment by enabling the individual to understand their
sensitivity to environmental toxins and their response to certain
chemotherapeutic agents (23). Determining each NMIBC
patient’s BER capacity will facilitate their selected treatment
approach that will provide the maximum benefit for NMIBC
patients and predict the cancer cells’ response to treatment.

Study Limitations

The limitation of this study was its small sample size. The number
of patients could be increased for future biomarker studies.

Conclusion

In this study, the increase in 5-OHU incision activity in high-
grade NMIBC tissues was determined and associated with
NMIBC tissue grade. This activity and DNA glycosylase enzymes
using a 5-OHU modified base as a substrate (mainly NTHL1 and
NEILT) might play a role in the progression of NMIBC. It could
be used as a potential prognostic biomarker for NMIBC.
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