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A B S T R A C T

Purpose: This study aimed to detect the expression levels of topoisomerase IIα (TOP2A), ribonucleotide reductase
catalytic subunit M1 (RRM1),c-erbB-2 (HER2) and excision repair cross complementing group 1 (ERCC1) in non-
muscular invasive bladder cancer (NMIBC) and explore the correlation between the expression of these genes and
NMBIC sensitivity to pirarubicin or gemcitabine treatment.
Materials and methods: NMIBC patient tissues and the bladder cancer cell lines BIU-87 and KK47 were selected for
the exploration of drug sensitivity in vitro. Immunohistochemistry was used to examine protein expression in
tissues. Reverse transcription-polymerase chain reaction (RT-qPCR) and a Western blot assay were used to detect
the mRNA and protein levels in cells. The cell IC50 value was evaluated by an MTT assay. Flow cytometry was
used to sort the cell subpopulations.
Results: In the pirarubicin-treated group, the patients with high TOP2A expression experienced lower recurrence
rates than those with low TOP2A expression, whereas TOP2A and HER2 co-expression resulted in higher
recurrence rates. The patients with low RRM1 expression, especially those with low ERCC1 expression, experi-
enced lower recurrence rates than the patients with high RRM1 expression in the gemcitabine-treated group.
Tumour cells with high TOP2A expression were highly sensitive to pirarubicin, and TOP2Aþ HER2- cells were
more sensitive to pirarubicin than TOP2Aþ HER2þ cells. Cells with low RRM1 expression levels were sensitive to
gemcitabine, and RRM1�ERCC1- cells were more sensitive to gemcitabine than RRM1�ERCC1þ cells.
Conclusion: High TOP2A expression or low RRM1 expression could predict the sensitivity of NMIBC to pirarubicin
or gemcitabine treatment. HER2 and ERCC1 expression may affect the effect of TOP2A and RRM1, thus affecting
the efficacy of chemotherapeutic drugs.
1. Introduction

Bladder cancer is a common malignant tumour of the urinary tract in
men, and in most cases, tumour cells do not invade the muscle. These
tumours are called non-muscle invasive bladder cancer (NMIBC).
Although NMIBCs have high recurrence rate, intravesical instillation
therapy for NMIBC after transurethral resection can efficiently reduce the
recurrence rate from 70% to 20% [1]. Effective intravesical chemo-
therapy is critical for the treatment of bladder cancer. Anthracyclines
(e.g., pirarubicin) and pyrimidines (e.g. gemcitabine) are frequently used
in intravesical chemotherapy for NMIBC after transurethral resection [2,
3]. Although these agents are not precise molecular-targeted drugs, some
tumours with the overexpression of specific genes are highly sensitive to
these treatments. TOP2 is one isoform of the Topoisomerase II (TOP2A)
to this work.
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which is a nuclear protein required for DNA replication and cell division.
TOP2A is a potentially important chemotherapy target, and several of
anticancer drugs, including anthracyclines, act on this gene [4, 5, 6]. In
patients with medulloblastoma and breast cancer, tumours with high
TOP2A expression levels are sensitive to anthracyclines and these drugs
show good therapeutic effects. Decreased TOP2A activity or expression
may lead to tumour resistance to TOP2A inhibitors [7, 8]. TOP2A was
significantly up-regulated in high-grade and advanced stage bladder
urothelial carcinoma (BLCA) samples than in normal epithelial tissue.
High TOP2A expression patients had poorer cancer-specific, pro-
gression-free and recurrence-free survival [9]. Ribonucleotide reductase
large subunit M1 (RRM1) is a rate-limiting enzyme that catalyzes the
conversion of ribonucleotide to dNTPs, contributes to DNA repair, and
cell growth because of the role in de novo DNA synthesis during cell
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replication [10]. RRM1 is an important molecular target of gemcitabine
because it can control the specificity of a substrate and the activity of an
enzyme. Patients with low RRM1 expression had a relatively long sur-
vival times after chemotherapy [11, 12]. In NMIBC patients treated with
intravesical gemcitabine monotherapy, low RRM1 expression patients
had longer progression-free survival and lower 1-year/2-year relapse
rates, although there is a need to further verify the results [13]. Pirar-
ubicin and gemcitabine are the most commonly used chemotherapeutic
drugs. However, minimal research has been carried out to investigate the
correlation between TOP2A and RRM1 expression and the pharmaco-
dynamics of the aforementioned drugs in NMIBC. Identifying markers for
the prediction of treatment sensitivity in patients receiving pirarubicin or
gemcitabine chemotherapy is of great value.

Human epidermal growth factor receptor 2 (HER-2) is a trans-
membrane receptor, it is involved in malignant tumors progression
including BLCA [14]. It is the main pathogenic proto-oncogene of breast
cancer, and plays an important role in its occurrence and development. In
many tumours, HER-2 and TOP2A are co amplified and expressed,
indicating that the activation of multiple genes determines the
biochemical activity and clinical characteristics of tumour cells [15].
Many studies have shown that the configuration of 17q21 amplicon in
cancer cells may influence the effect of HER-2 on TOP2A inhibitors,
thereby affecting the efficacy of these chemotherapeutic drugs [16].
Further studies are needed to confirm whether a relationship exists be-
tween HER-2 and TOP2A in bladder cancer. Excision repair cross com-
plement group 1 (ERCC1) identifies and resects the damaged DNA strand
that may be representative for the crucial DNA damage repair ability of
the cell. It is an important factor involved in nucleotide excision repair
[10]. Reynolds et al. found that a significant correlation exists between
the expression levels of RRM1 and ERCC1 protein and the response rate
to chemotherapy, and the response rate was low in patients with a high
expression of these proteins [17, 18]. The role of pirarubicin and gem-
citabine in postoperative bladder infusion chemotherapy for bladder
cancer patients needs further investigation.

In this study, we explored the correlation between TOP2A, RRM1,
HER2 and ERCC1 expression levels and the sensitivity of NMIBC to
pirarubicin or gemcitabine treatment. Effective chemotherapeutic agents
could improve the treatment outcomes of NMIBC patients.

2. Materials and Methods

2.1. Patients

In total, 85 Ta, Tis and T1 tumour (TNM) urothelial carcinoma sam-
ples of low-grade papillary urothelial carcinoma, and high-grade papil-
lary urothelial carcinoma were collected from patients who underwent
transurethral resection of bladder tumour (TURBT) from April 2012 to
March 2017 at Tangshan People's Hospital. There were 63 males and 22
females, aged 33–88 years, with an average age of 67.87 years. Two
pathologists made pathological diagnosis independently; The overall
survival rate of the patients was estimated in this study. Patents follow-up
time range from 6 months to 108 months, median time was 53.81
months. Additionally, after TURBT, 45 patients underwent IVT (intra-
vesical therapy) with pirarubicin, whereas 40 patients underwent IVT of
gemcitabine. The recurrence rates of the tumours were calculated within
one year. All protocols were conducted in accordance with the ethical
guidelines of the 1975 Helsinki Declaration, and the use of tissue samples
in this study was approved by the Ethical Committee of Tangshan Peo-
ple's Hospital (No. 20171274). Written informed consent was obtained
from each participant according to institutional guidelines.

2.2. Immunohistochemistry

Eighty-five paraffin-embedded NMIBC tissue sections
were cut into 5 μm thick sections. Then, the sections were dewaxed
in xylene and hydrated through a serial alcohol gradient.
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Antigens were removed by microwaving in citrate buffer (pH 6.0) for
15 min. The sections were placed in the endogenous peroxidase inhibitor
3% H2O2 for 30 min to eliminate endogenous peroxidase activity. Then,
the sections were incubated with the primary antibodies at 4 �C in a
refrigerator overnight. The sections were washed with PBS buffer 3 times
(3 min per wash), and the sections were incubated with a secondary
antibody at room temperature for 60 min. Then, 3, 30-diaminobenzidine
(DAB) developer was added for development. Three high-power fields
(40�) were randomly selected for the cell counts and the staining in-
tensity was evaluated and scored. Immunohistochemical results were
interpreted by evaluating the staining intensity and frequency of positive
tumour cells (mean score). The final score was determined by multi-
plying the staining intensity score and the frequency scores of the posi-
tive area. The intensity scores were defined as 0 to 3 (negative, weak;
moderate; and strong). The frequency of positive cells was defined as 0 to
4 (less than 5%; 5%–25%; 26%–50%; 51%–75%; and 4, greater than
75%). Scores �7 were considered negative or low expression, and scores
of �8 were considered positive or high expression.
2.3. Antibodies and drugs

Anti-TOP2A antibody (1:400; ab52934, Abcam, Cambridge, MA,
USA), anti-RRM1 antibody (1:200; ab137114, Abcam), anti-ErbB2/HER2
antibody (1:400; ab2645411, Abcam) and anti-ERCC1 antibody (1:400;
ab2356, Abcam) were used in this study. Gemcitabine (catalogue no. HY-
B0003, MedChemExpress, USA) and pirarubicin (catalogue no. HY-
13725A, MedChemExpress, USA) were used.
2.4. Cell lines

The NMIBC cell lines BIU-87 and KK47, were cultured in RPMI-1640
medium (Key Gene Biotech, Nanjing, CN) with 10% foetal bovine serum
(Biological Industries, Kibbutz Beit-Haemek, ISRAEL), supplemented
with and 1% streptomycin sulfate and penicillin sodium at 37 �C and 5%
CO2. These two cell lines were purchased from the National Infrastruc-
ture of Cell Line Resource (Chinese Academy of Medical Sciences).
2.5. Plasmid transfection

TOP2A was knocked down in BIU-87 cells by transfection with a
TOP2A shRNA plasmid (catalogue no. HSH018172-LVRH1P, GeneCo-
poeia, USA), and RRM1 was overexpressed in KK47 cells by transfection
with a RRM1 cDNA plasmid (catalogue no. EX-C0244-Lv105-10, Gene-
Copoeia, USA). The Lenti-Pac™ HIV expression kit (catalogue no. HPK-
LvTR-20, GeneCopoeia. USA) was used for the plasmid transfection ac-
cording to the manufacturer's directions. Transfection efficiency was
evaluated by quantitative reverse transcription-polymerase chain reac-
tion (RT-qPCR) and a Western blot analysis.
2.6. RNA isolation and RT-qPCR

The total RNA was extracted using TRIzol reagent (Tiangen Biotech,
Beijing, China), and RT-qPCR was performed as previously described [19].
The primers for TOP2A (catalogue: HQP018172), RRM1 (catalogue:
HQP054684) and GAPDH (catalogue: HQP006940) internal controls were
constructed by GeneCopoeia. PCRwas conducted by an ABI 7500 Real-Time
PCR System. GAPDH was used as an internal reference. Genes expression
were calculated by the 2�ΔΔCtmethod as follows:△△Ct¼(average Ct value
of the target gene in the experimental group-average Ct value of the GAPDH
in the experimental group)-(average Ct value of the target gene in the control
group-averageCt valueof theGAPDH in the control group).A2�ΔΔCt value>
1 was considered high expression, and a value < 1 was considered low
expression.



Z. Liu et al. Heliyon 8 (2022) e09643
2.7. Western blot analysis

Protein sample preparation: One millilitre of RIPA lysate with 10 μl
PMSF were used for the cell lysis, and an appropriate amount of lysate
was added to the cells and the cells were incubated on ice for 30 min. The
proteins were separated by electrophoresis based on their molecular
weight using SDS–PAGE, and transferred from the gel to a PVDF mem-
brane. The nonspecific binding site was blocked by immersing the
membrane in 5% non-fat milk in TBS solution for 1 h at RT. The mem-
brane was incubated overnight at 4 �C, washed with TBS buffer and
incubated with a secondary antibody for 1 h at RT. GAPDH was taken as
internal reference. ImageJ analysis software was used to quantify the
greyscale of each band in the Western blot images. The grey value was
standardized by GAPDH, and the protein expression fold difference ¼
protein grey value/GAPDH grey value. A fold difference>1 was consid-
ered high expression, and a value < 1 was considered low expression.

2.8. MTT assay

The cell survival ratio was determined by an MTT assay. The cells
were seeded into 96-well plates, cultured for 24 h and then incubated
with fresh medium supplemented with various concentrations of pirar-
ubicin (0, 0.5, 1, 2, 4 and 8 μg/ml) or gemcitabine (0, 1, 3, 5, 7 and 10 μg/
ml). After 48 h, 20 μl of MTT (5 mg/ml, Sigma–Aldrich) were added for 4
h. The supernatant was then removed and 200 μl of DMSO were added to
dissolve the formazan. The viable cells were detected by a 96-well micro
plate reader (Bio-Rad, Hercules, CA, USA) at a wavelength of 490 nm.
The survival ratio was calculated as follows: survival ratio (%) ¼ (OD of
the drug treated group)/(OD of the control group). The half maximal
inhibitory concentration (IC50) was defined as the concentration of the
drug that resulted in 50% inhibition of cell growth and was calculated
using a linear regression analysis. All experiments were repeated three
times.

2.9. Flow cytometry and cell sorting

BIU-87 cells were collected and incubated with antibodies against
TOP2A and HER2 or RRM1 and ERCC1 (1:100 dilutions) at 4 �C for 45
min. A FITC-conjugated rabbit anti-mouse IgG antibody and PE-
conjugated goat anti-rabbit antibody were used as secondary anti-
bodies, and the cells were incubated for 45 min at room temperature in
the dark. The cells were washed three times and re-suspended in 500 μl of
PBS. The samples were analysed and sorted by fluorescence activated cell
sorter (FACS) Calibur flow cytometer (BD Bioscience) with Cell Quest
software (BD Biosciences).

2.10. Statistical analysis

The data analysis was performed with SPSS 17.0 software. To
compare the correlations between TOP2A, HER2, RRM1 or ERCC1
expression and the tumour recurrence rates, measurement data were
expressed by mean � standard deviation. Student's t-test is used to
compare gene expression between two groups. We applied a chi-square
test to assess the categorical variables and adjusted them by Fisher's
exact test and Yates' correction. The overall survival (OS) rate was
calculated by the Kaplan-Meier method. The differences in the survival
curves were evaluated by a log-rank test. The P-values were two-sided,
and statistical significance was determined at the 0.05 level.

3. Results

Expression of TOP2A and RRM1 in human NMIBC tissues and its
significance in cancer recurrence after treatment with pirarubicin or
gemcitabine

To investigate the relationship between TOP2A and RRM1 expression
and cancer recurrence after treatment with pirarubicin or gemcitabine,
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we collected 85 NMIBC patient tissues obtained during TURBT. The tu-
mours of fifty-nine patients positively expressed TOP2A, 13 tumours
negatively expressed TOP2A (Figure 1A), and 37 tumours positively
expressed RRM1 (Figure 1B). The association between TOP2A and RRM1
expression and the patient overall survival rate was evaluated. The mean
survival time of the TOP2A-positive group was 48.493 � 4.097 months,
which was significantly shorter than that of the TOP2A-negative
expression group (66.413 � 4.993) (p ¼ 0.040; Figure 1C). However,
no significant difference was observed in the overall survival rates be-
tween the RRM1-positive and RRM1-negative expression groups (p ¼
0.431, Figure 1D). Due to the small sample size in the sub-group, more
cases need to be collected for further research.

To investigate the relationship between TOP2A and RRM1 expression
and cancer recurrence after treatment with pirarubicin or gemcitabine, in
total, among 45 patients who underwent intravesical chemotherapy with
pirarubicin, 32 had tumours that positively expressed TOP2A and 13 had
tumours that negatively expressed TOP2A (Figure 1E). In the pirarubicin-
treated group, the recurrence rate in the patients with positive TOP2A
expression was 25%, whereas that in patients with negative TOP2A
expression was 61.5% within one year (p � 0.05, Figure 1E, Table 1).
Forty patients underwent intravesical chemotherapy with gemcitabine;
of these patients, 18 had tumours that positively expressed RRM1, and 22
had tumours that negatively expressed RRM1 (Figure 1F, Table 2).
Among the 40 patients treated with gemcitabine, the recurrence rate of
tumours with RRM1 overexpression was 66.7%, whereas the recurrence
rate of tumours with low RRM1 expression was 27.3% (p � 0.05,
Figure 1F). These results indicated that pirarubicin had a considerable
effect on tumours with high TOP2A expression. Gemcitabine was effec-
tive in tumours with low RRM1 expression.

Sensitivity of cell lines with different expression levels of TOP2A and
RRM1 to different drugs

To determine whether TOP2A and RRM1 expression plays a role in
tumour drug sensitivity, we measured the mRNA and protein levels of
TOP2A and RRM1 in the bladder tumour cell lines BIU-87, KK47 and
human embryonic bladder tissue derived cells CCC-HB-2 by RT-qPCR
and Western blot analysis. The results showed that TOP2A was more
highly expressed in the BIU-87 cells than in the CCC-HB-2 and KK47 cells,
while RRM1 expression was lower in KK47 cells, and its expression was
found to be low in both cell lines (Figure 2A). We selected BIU-87 cells to
evaluate the effect of down regulating TOP2A and KK47 cells to evaluate
the effect of up regulating RRM1 to estimate the correlation between the
expression of these two genes and tumour sensitivity to pirarubicin and
gemcitabine (Figure 2B).

The MTT assay showed that the IC50 values of pirarubicin in the BIU-
87 and KK47 cells were 0.84 � 0.22 μg/ml and 1.82 � 0.31 μg/ml,
respectively. BIU-87 cells with high TOP2A expression were more sen-
sitive to pirarubicin than gemcitabine, and the down regulation of
TOP2A in the BIU-87 cells decreased sensitivity to pirarubicin (p � 0.05,
Figure 2C). The IC50 values of gemcitabine in the BIU-87 and KK47 cells
were 4.94 � 0.31 μg/ml and 3.45 � 0.32 μg/ml, respectively, and KK47
cells with low RRM1 expression had more effective response to gemci-
tabine (p� 0.05). The up regulation of RRM1 in the KK47 cells decreased
the inhibitory capacity of gemcitabine (Figure 2D). These results further
confirm that TOP2A is associated with sensitivity to pirarubicin, whereas
RRM1 is correlated with sensitivity to gemcitabine.

3.1. The expression of HER2 and ERCC1 in NMIBC and its relationship
with chemotherapy

Researchers have suggested that the HER2 status may influence the
effect of TOP2A on inhibitors on cancer cells, and a significant correla-
tion exists between the expression of RRM1 and ERCC1 and response to
chemotherapy. Therefore, the expression of HER2 and ERCC1 in NMIBC
was detected. HER2 was mainly expressed in the nucleus (Figure 3A),
and positive expression was observed in 41 of 85 tumour samples, while
ERCC1 expression was positive in 50 tumour samples (Figure 3B).



Figure 1. Expression levels of TOP2A
and RRM1 in human NMIBC tissues and
their significance in cancer recurrence. A
and B, Immunohistochemistry show pos-
itive and negative expression of TOP2A
and RRM1 in NMIBC tissues. C, The mean
survival time of the TOP2A-positive
group was significantly shorter than that
of the TOP2A-negative expression group
(p ¼ 0.040). D, No significant difference
was observed in the overall survival rates
between the RRM1-positive and RRM1-
negative expression groups (p > 0.05).
E, In the pirarubicin-treatment group, 32
and 13 patients had positively and
negatively expressed TOP2A, respec-
tively. Tumours with high TOP2A
expression showed a lower recurrence
rate than those with low TOP2A expres-
sion after one year of pirarubicin treat-
ment (p ¼ 0.037). F, In the gemcitabine-
treatment group, 18 and 22 patients had
positive and negative RRM1 expression,
respectively. Tumours with low expres-
sion of RRM1 had lower recurrence rate
than tumours with high expression of
RRM1 after treatment with gemcitabine
within one year (p ¼ 0.024).

Table 1. Relationship between TOP2A expression and recurrence rate after
treatment with pirarubicin

Recurrent state TOP2A p

High expression (%) Low expression (%)

Recurrence 8 (25%) 8 (61.5%) 0.037*

NO recurrence 24 (75%) 5 (38.5%)

*p � 0.05.

Table 2. Relationship between RRM1 expression and recurrence rate after
treatment with gemcitabine.

Recurrent state RRM1 P

High expression (%) Low expression (%)

Recurrence 12 (66.7%) 6 (27.3%) 0.024*

NO recurrence 6 (33.3%) 16 (82.7%)

*p � 0.05.
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Neither HER2 nor ERCC1 expression was correlated with the overall
survival rate (p > 0.05, Figure 3C, D). We further detected a correlation
between the expression of HER2 and TOP2A and that of RRM1 and
ERCC1 in relation to chemotherapy sensitivity. HER2 positive expression
was observed in 20 of the 45 patients who underwent intravesical
chemotherapy with pirarubicin (Figure 3E). The recurrence rate in the
patients with positive TOP2A and HER2 co-expression (58.3%) was
higher than that in the patients with TOP2A single expression (5.3%) (p
� 0.05, Figure 3E, Table 3). ERCC1 was mainly expressed in the cyto-
plasm and negatively expressed in 17 of the 40 patients who underwent
4

intravesical chemotherapy with gemcitabine (Figure 3F). The patients
negatively expressing both RRM1 and ERCC1 had a lower recurrence rate
(8.3%) than those with only RRM1 negative expression (50%). (p� 0.05,
Figure 3F, Table4).
3.2. Sensitivity of different cell subpopulations to drugs

RT-qPCR and Western blot analysis showed that the mRNA and
protein levels of HER2 in the BIU-87 cell line were higher than those in
the CCC-HB-2 and KK47 cell line, whereas the mRNA and protein levels
of RRM1 were no significant different in these cells (Figure 4A). To
further investigate the sensitivity of cells with different expression levels
of TOP2A, HER2, RRM1 and ERCC1 to different drugs, we isolated four
subpopulations of cells (TOP2Aþ HER2�cells, TOP2Aþ HER2þcells,
TOP2A�HER2þcells and TOP2A�HER2�cells) from BIU-87 cells by using
FACS(Figure 4B). The separated TOP2Aþ HER2�cells were more sensi-
tive to pirarubicin than TOP2AþHER2þ cells (p � 0.05, Figure 4C). The
HER2�cells had increased sensitivity to pirarubicin. Additionally,
RRM1þERCC1�cells, RRM1þERCC1þcells, RRM1�ERCC1þcells and
RRM1�ERCC1- cells were sorted from the BIU-87 cell line (Figure 4D).
The RRM1�ERCC1- cells were more sensitive to gemcitabine chemo-
therapy than RRM1�ERCC1þ cells (p � 0.05, Figure 4E). These results
indicate that HER2 or ERCC1 expression may influence the effect of
TOP2A or RRM1 on cancer cell responses to inhibitors.

4. Discussion

TOP2A and RRM1 are abnormally expressed in different types of
cancers and are associated with cancer development [20, 21]. Several
studies have reported correlations between TOP2A expression levels and
prognosis in some cancer patients and indicated that TOP2A expression is



Figure 2. mRNA and protein levels of
TOP2A and RRM1 in bladder cancer
cell line cells. A, RT-PCR and Western
blot analysis showed that the mRNA
and protein levels of TOP2Ain the BIU-
87 cell line were higher than those in
the CCC-HB-2 and KK47 cell line (p <

0.01), whereas the mRNA and protein
levels of RRM1were lower in the KK47
cells (p < 0.05) (The original blots
images were provided in supplement
figure1A-TOP2A, supplement
figure1A-RRM1 and supplement
figure1A-GAPDH). B, The mRNA and
protein levels of TOP2A in BIU-87 cells
(The original blots images were pro-
vided in supplement figure1B-TOP2A,
supplement figure1B-GAPDH-TOP2A,
supplement figure1B-RRM1 and sup-
plement figure1B-GAPDH-RRM1)
were significantly decreased by the
transfection with TOP2A shRNA, and
RRM1 was increased in KK47 cells by
the transfection with the PCDNA3
RRM1 plasmid. C, Survival curves of
BIU-87 and KK47 cells treated with
different concentrations of pirarubicin
(0, 0.5, 1, 2, 4 and 8 μg/ml) for 48 h.
The IC50 values of pirarubicin in BIU-
87 and KK47 cells were 0.84 � 0.22
μg/ml and 1.82 � 0.31 μg/ml,
respectively. The IC50 values of
pirarubicin in the shTOP2A group
were significantly higher than those in
the vector control group of BIU-87
cells (p < 0.05). D, Survival curves of
BIU-87 and KK47 cells treated with
different concentrations of gemcita-
bine (0, 1, 3, 5, 7 and 10 μg/ml) for 48
h the IC50 values of gemcitabine in
BIU-87 and KK47 cells were 4.94 �
0.31 μg/ml and 3.45 � 0.32 μg/ml,
respectively. The IC50 values of gem-
citabine in the PCDNA RRM1 group
were significantly higher than those in
the vector control group of KK47 cells
(p < 0.05). Each experiment was
repeated three times.
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a prognostic factor of cancer [22, 23]. In addition, the sensitivity or
resistance of a malignant cell to several anti-tumour drugs known as
“topoII poisons” depends on the cellular expression level of topoII. In
bladder cancer, studies indicate that the expression of TOP2A in tumour
cells is closely related to the efficacy of intravesical instillation of
anthracyclines [24]. Anthracyclines, such as TOP2A inhibitors, are
widely used in the clinic- and are highly specific and selective [25, 26].
Anthracyclines form stable complexes by the covalent binding of TOP2A
with DNA strands, resulting in DNA breakage and chromosomal aber-
ration, and thus, exhibiting anticancer effects [5]. In the present study,
the cell toxicity experiments showed that bladder cancer cells with high
5

expression of TOP2A significantly inhibited cancer growth compared
with cells with low expression. Moreover, the curative effect in patients
with high TOP2A expression was better than that in patients with low
TOP2A expression after the intravesical instillation of pirarubicin.
Pirarubicin IVT may have a better effect in patients with high TOP2A
expression. However, not all tumours with high TOP2A expression are
sensitive to pirarubicin treatment. In tumours with high TOP2A expres-
sion, those with concurrent HER2 overexpression showed a higher
recurrence rate, and the IC50 in the TOP2Aþ HER2þ cells was higher
than that in the TOP2Aþ HER2- cells. Both HER2 and TOP2A are located
in 17q12-22. Many studies have also found that the amplification and



Figure 3. Expression levels of HER2 and ERCC1 in human NMIBC tissues and their significance in cancer recurrence. A, Immunohistochemistry shows positive and
negative expression of HER2 in NMIBC tissues. B, Immunohistochemistry shows positive and negative expression of ERCC1 in NMIBC tissues. C, No significant
difference was observed in the overall survival rates between the HER2-positive and HER2-negative expression groups (p > 0.05). D, No significant difference was
observed in the overall survival rates between the ERCC1-positive and ERCC1-negative expression groups (p > 0.05). E, In the pirarubicin-treatment group, HER2 was
positively expressed in 20 of the 45 patients. The recurrence rate in the patients with positive TOP2A and HER2 co-expression was higher than that in those with
TOP2A expression alone (p ¼ 0.002). F, In the gemcitabine-treatment group, ERCC1 was negatively expressed in 17 of the 40 cases. Patients with both the negative
expression of both RRM1 and ERCC1 had lower recurrence rates than those with only a low expression of RRM1 (p ¼ 0.023).
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overexpression of HER2 in bladder cancer are closely related to the
tumour grade and stage and significantly correlated with poor
disease-specific survival. The configuration of 17q21 amplifiers in cancer
cells may influence the effect of HER2 on TOP2A inhibitors, thereby
affecting the efficacy of these chemotherapeutic drugs [14]. The mech-
anism by which HER2 interferes with TOP2A still needs further
investigation.

In terms of drug sensitivity, in contrast to TOP2A, a low expression of
RRM1 was associated with a high rate of response to gemcitabine-
containing regimens. Gemcitabine is an example of a pyrimidine drug.
After entering the body, the phosphorylation products of gemcitabine
completely inhibit RR activity, resulting in a low or absent formation of
dNTPs, which prevents DNA synthesis and induces apoptosis, thereby
Table 3. Relationship between TOP2A and HER2 expression and recurrence rate
after treatment with pirarubicin

Recurrent state TOP2A HER2 TOP2A p

Co-expression (%) Single high expression (%)

Recurrence 7 (58.3%) 1 (5.3%) 0.002*

NO recurrence 5 (41.7%) 19 (94.7%)

*p � 0.05.
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preventing the proliferation of cancer cells [27]. RRM1 is a necessary
precursor for the synthesis of RNAs participating in a series of processes
involved in RNA reduction to DNA and is the only enzyme that can ca-
talyse RNA substitution to DNA; therefore, RRM1 can be used in DNA
repair processes [28]. The low expression of RRM1 may limit the func-
tion of DNA repair, which reduces the ability of tumour cells to be more
sensitive to chemotherapeutic drugs. Bergman et al. [29] established a
non-small cell lung cancer model in vivo to study the causes of gemci-
tabine resistance. The results showed that RRM1 was highly expressed in
resistant cells and that the RRM1 gene was a key target in gemcitabine
resistance. Our studies show that the RRM1 expression level was corre-
lated with cell sensitivity to gemcitabine. A low RRM1 expression was
associated with a better response to gemcitabine. Previous studies
Table 4. Relationship between RRM1 and ERCC1 expression and recurrence rate
after treatment with gemcitabine.

Recurrent state RRM1 ERCC1 RRM1 p

Co-low expression (%) Single low expression (%)

Recurrence 1 (8.3%) 5 (50%) 0.023*

NO recurrence 11 (91.7%) 5 (50%)

*p � 0.05.



Figure 4. The sensitivity of different subpopulations of cells to chemotherapeutic drugs. A, RT-PCR and Western blot analysis showed that the mRNA and protein
levels of HER2 in the BIU-87 cell line were higher than those in the CCC-HB-2 and KK47 cell line, whereas the mRNA and protein levels of RRM1 were no significant
different in these cells (The original blots images were provided in supplement figure2A-HER2, supplement figure2A-ERCC1 and supplement figure2A-GAPDH). B,
TOP2AþHER2- cells, TOP2AþHER2þ cells, TOP2A�HER2þ cells and TOP2A�HER2- cells were sorted from BIU-87 cells by FACS. C, Separated TOP2Aþ HER2- cells
were more sensitive to pirarubicin than TOP2AþHER2þ positive cells (p < 0.05). D, RRM1þERCC1- cells, RRM1þERCC1þ cells, RRM1�ERCC1þcells and
RRM1�ERCC1- cells were also sorted from the BIU-87 cell line. E, RRM1�ERCC1- cells were more sensitive to gemcitabine chemotherapy than the RRM1�ERCC1þ

subpopulation cells (p < 0.05). Each experiment was repeated three times.

Z. Liu et al. Heliyon 8 (2022) e09643
revealed that patients with lower expression of RRM1 had a relatively
long survival period after chemotherapy, indicating that the RRM1 gene
is a major indicator of gemcitabine resistance [30]. In addition, a better
response to gemcitabine was observed in the tumours with a low
expression of both RRM1 and ERCC1. As an important factor involved in
nucleotide excision repair, ERCC1 contributes to platinum resistance by
repairing platinum-induced DNA damage in tumour cells [31]. There-
fore, tumours with a low expression of both RRM1 and ERCC1 may have
weaker DNA repair capacity and are more sensitive to chemotherapy.
Above all, to achieve a better chemotherapy effect and prevent tumour
recurrence, the TOP2A, RRM1, HER2 and ERCC1 mRNA or protein
expression levels in NMIBC tissues could be detected after NMIBC.
Gemcitabine IVT could be used in patients with TOP2A-positive and
HER2-negative expression, while pirarubicin could be used in patients
with RRM1 and ERCC1-negative expression, but it still need to be
confirmed by further investigation based on larger number of basic and
clinical experiments.
7

5. Conclusion

Tumour expression of TOP2A, RRM1, HER2 and ERCC1 may associ-
ated with the sensitivity of NMIBC to pirarubicin or gemcitabine treat-
ment. Evaluating the different genes expression may provide help in
chemotherapeutic drugs selection.

Declarations

Author contribution statement

Zhifei Liu: Conceived and designed the experiments; Performed the
experiments; Analyzed and interpreted the data; Wrote the paper.

Liyong Xing: Performed the experiments.
Yanfeng Zhu: Analyzed and interpreted the data.
Peng Shi& Gang Deng: Contributed reagents, materials, analysis tools

or data.



Z. Liu et al. Heliyon 8 (2022) e09643
Funding statement

This work was supported by Medical research project of Hebei Health
Commition [NO.20171274].

Data availability statement

No data was used for the research described in the article.

Declaration of interests statement

The authors declare no conflict of interest.

Additional information

Supplementary content related to this article has been published
online at https://doi.org/10.1016/j.heliyon.2022.e09643.

References

[1] K. Chamie, E. Ballon-Landa, T.J. Daskivich, J.C. Bassett, J. Lai, J.M. Hanley, et al.,
Treatment and survival in patients with recurrent high-risk non-muscle-invasive
bladder cancer, Urol. Oncol. 33 (2015), 20 e29-20 e17.

[2] X.L. Ding, D.L. Yang, R.P. Yan, Z.P. Li, C.W. Ye, J. He, et al., Value of European
Organisation for Research and Treatment of Cancer score system for predication of
immediate postoperative intravesical instillation of pirarubicin after transurethral
resection of non-muscle invasive bladder cancer, Zhonghua zhong liu za zhi Chin. J.
Oncol. 40 (2018) 308–312.

[3] Z. Ye, J. Chen, Y. Hong, W. Xin, S. Yang, Y. Rao, The efficacy and safety of intravesical
gemcitabine vs Bacille Calmette-Guerin for adjuvant treatment of non-muscle invasive
bladder cancer: a meta-analysis, OncoTargets Ther. 11 (2018) 4641–4649.

[4] A. Sato, T. Takahata, K. Saito, [Topoisomerase II inhibitors (anthracyclines)], Nihon
rinsho Japan. J. Clin. Med. 73 (Suppl 2) (2015) 178–183.

[5] J. Marinello, M. Delcuratolo, G. Capranico, Anthracyclines as topoisomerase II
poisons: from early studies to new perspectives, Int. J. Mol. Sci. 19 (2018).

[6] Y. Ali, S. Abd Hamid, Human topoisomerase II alpha as a prognostic biomarker in
cancer chemotherapy, Tumour Biol.: J. Int. Soc. Oncodevelopment. Biol. Med. 37
(2016) 47–55.

[7] D. Almeida, R. Gerhard, D. Leitao, C. Davilla, M. Damasceno, F. Schmitt,
Topoisomerase II-alfa gene as a predictive marker of response to anthracyclines in
breast cancer, Pathol. Res. Pract. 210 (2014) 675–679.

[8] T. Uesaka, T. Shono, D. Kuga, S.O. Suzuki, H. Niiro, K. Miyamoto, et al., Enhanced
expression of DNA topoisomerase II genes in human medulloblastoma and its
possible association with etoposide sensitivity, J. Neuro Oncol. 84 (2007) 119–129.

[9] S.X. Zeng, A.W. Liu, L.H. Dai, X.W. Yu, Z.S. Zhang, Q. Xiong, et al., Prognostic value
of TOP2A in bladder urothelial carcinoma and potential molecular mechanisms,
BMC Cancer 19 (2019).

[10] P.J. McHugh, XPF-ERCC1: linchpin of DNA crosslink repair, PLoS Genet. 16 (2020),
e1008616.

[11] M. Sierzega, R. Pach, P. Kulig, J. Legutko, J. Kulig, Prognostic implications of
expression profiling for gemcitabine-related genes (hENT1, dCK, RRM1, RRM2) in
patients with resectable pancreatic adenocarcinoma receiving adjuvant
chemotherapy, Pancreas 46 (2017) 684–689.

[12] Y. Chen, Y. Huang, D.M. Chen, C. Wu, Q.P. Leng, W.Y. Wang, et al., RRM1 expression
and the clinicopathological characteristics of patients with non-small cell lung cancer
treated with gemcitabine, OncoTargets Ther. 11 (2018) 5579–5589.
8

[13] Z. Yang, B. Fu, L. Zhou, J. Xu, P. Hao, Z. Fang, RRM1 predicts clinical outcome of
high-and intermediate-risk non-muscle-invasive bladder cancer patients treated
with intravesical gemcitabine monotherapy, BMC Urol. 19 (2019) 69.

[14] J.J. Zhao, W.D. Xu, Z.S. Zhang, R.X. Song, S.X. Zeng, Y.H. Sun, et al., Prognostic role
of HER2 expression in bladder cancer: a systematic review and meta-analysis, Int.
Urol. Nephrol. 47 (2015) 87–94.

[15] E. Rossi, V. Villanacci, G. Bassotti, F. Donato, A. Festa, G. Cengia, et al.,
TOPOIIalpha and HER-2/neu overexpression/amplification in Barrett's oesophagus,
dysplasia and adenocarcinoma, Histopathology 57 (2010) 81–89.

[16] T.A. Jarvinen, M. Tanner, V. Rantanen, M. Barlund, A. Borg, S. Grenman, et al.,
Amplification and deletion of topoisomerase IIalpha associate with ErbB-2
amplification and affect sensitivity to topoisomerase II inhibitor doxorubicin in
breast cancer, Am. J. Pathol. 156 (2000) 839–847.

[17] C. Reynolds, C. Obasaju, M.J. Schell, X. Li, Z. Zheng, D. Boulware, et al.,
Randomized phase III trial of gemcitabine-based chemotherapy with in situ RRM1
and ERCC1 protein levels for response prediction in non-small-cell lung cancer,
J. Clin. Oncol.: Off. J. Am. Soc. Clin. Oncol. 27 (2009) 5808–5815.

[18] M. Ulker, B.B. Duman, B. Sahin, D. Gumurdulu, ERCC1 and RRM1 as a predictive
parameter for non-small cell lung, ovarian or pancreas cancer treated with cisplatin
and/or gemcitabine, Contemp. Oncol. 19 (2015) 207–213.

[19] T. Sun, N. Zhao, X.L. Zhao, Q. Gu, S.W. Zhang, N. Che, et al., Expression and
functional significance of Twist1 in hepatocellular carcinoma: its role in
vasculogenic mimicry, Hepatology 51 (2010) 545–556.

[20] A. Germano, I. Rapa, M. Volante, S. De Francia, C. Migliore, A. Berruti, et al., RRM1
modulates mitotane activity in adrenal cancer cells interfering with its
metabolization, Mol. Cell. Endocrinol. 401 (2015) 105–110.

[21] H. Shigematsu, S. Ozaki, D. Yasui, H. Yamamoto, J. Zaitsu, D. Taniyama, et al.,
Overexpression of topoisomerase II alpha protein is a factor for poor prognosis in
patients with luminal B breast cancer, Oncotarget 9 (2018) 26701–26710.

[22] L. Ren, J. Liu, K. Gou, C. Xing, Copy number variation and high expression of DNA
topoisomerase II alpha predict worse prognosis of cancer: a meta-analysis, J. Cancer
9 (2018) 2082–2092.

[23] K. Chikamori, A.G. Grozav, T. Kozuki, D. Grabowski, R. Ganapathi, M.K. Ganapathi,
DNA topoisomerase II enzymes as molecular targets for cancer chemotherapy, Curr.
Cancer Drug Targets 10 (2010) 758–771.

[24] E.J. Kim, Y.S. Lee, Y.J. Kim, M.J. Kim, Y.S. Ha, P. Jeong, et al., Clinical implications
and prognostic values of topoisomerase-II alpha expression in primary non-muscle-
invasive bladder cancer, Urology 75 (2010) 1516 e1519–1513.

[25] S.E. Zheng, S.H. Zhou, G.L. Qiao, Q.C. Yang, Z.C. Zhang, F. Lin, et al., Pirarubicin-
based chemotherapy displayed better clinical outcomes and lower toxicity than did
doxorubicin-based chemotherapy in the treatment of non-metastatic extremity
osteosarcoma, Am. J. Cancer Res. 5 (2015) 411–422.

[26] S. Kageyama, K. Maeda, S. Kubota, T. Yoshida, T. Osafune, Y. Arai, et al., Single
short retention instillation of pirarubicin prevents intravesical recurrence of low-
risk non muscle invasive bladder cancer, In Vivo 35 (2021) 1141–1145.

[27] P. Wonganan, W.G. Chung, S.J. Zhu, K. Kiguchi, J. DiGiovanni, Z.R. Cui, Silencing
of ribonucleotide reductase subunit M1 potentiates the antitumor activity of
gemcitabine in resistant cancer cells, Cancer Biol. Ther. 13 (2012) 908–914.

[28] X. Li, J. Zhang, C. Su, X. Zhao, L. Tang, C. Zhou, The association between
polymorphisms in the DNA nucleotide excision repair genes and RRM1 gene and
lung cancer risk, Thoracic Canc. 3 (2012) 239–248.

[29] A.M. Bergman, P.P. Eijk, V.W. Ruiz van Haperen, K. Smid, G. Veerman, I. Hubeek,
et al., In vivo induction of resistance to gemcitabine results in increased expression
of ribonucleotide reductase subunit M1 as the major determinant, Cancer Res. 65
(2005) 9510–9516.

[30] L.R. Wang, G.B. Zhang, J. Chen, J. Li, M.W. Li, N. Xu, et al., RRM1 gene expression
in peripheral blood is predictive of shorter survival in Chinese patients with
advanced non-small-cell lung cancer treated by gemcitabine and platinum,
J. Zhejiang Univ. - Sci. B 12 (2011) 174–179.

[31] L.L. Yang, A.M. Ritchie, D.W. Melton, Disruption of DNA repair in cancer cells by
ubiquitination of a destabilising dimerization domain of nucleotide excision repair
protein ERCC1, Oncotarget 8 (2017) 55246–55264.

https://doi.org/10.1016/j.heliyon.2022.e09643
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref1
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref1
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref1
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref2
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref2
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref2
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref2
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref2
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref2
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref3
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref3
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref3
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref3
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref4
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref4
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref4
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref5
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref5
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref6
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref6
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref6
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref6
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref7
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref7
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref7
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref7
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref8
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref8
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref8
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref8
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref9
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref9
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref9
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref10
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref10
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref11
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref11
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref11
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref11
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref11
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref12
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref12
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref12
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref12
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref13
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref13
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref13
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref14
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref14
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref14
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref14
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref15
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref15
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref15
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref15
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref16
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref16
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref16
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref16
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref16
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref17
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref17
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref17
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref17
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref17
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref18
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref18
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref18
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref18
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref19
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref19
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref19
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref19
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref20
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref20
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref20
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref20
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref21
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref21
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref21
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref21
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref22
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref22
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref22
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref22
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref23
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref23
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref23
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref23
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref24
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref24
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref24
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref24
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref25
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref25
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref25
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref25
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref25
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref26
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref26
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref26
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref26
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref27
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref27
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref27
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref27
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref28
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref28
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref28
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref28
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref29
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref29
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref29
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref29
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref29
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref30
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref30
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref30
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref30
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref30
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref31
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref31
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref31
http://refhub.elsevier.com/S2405-8440(22)00931-8/sref31

	Association between TOP2A, RRM1, HER2, ERCC1 expression and response to chemotherapy in patients with non-muscle invasive b ...
	1. Introduction
	2. Materials and Methods
	2.1. Patients
	2.2. Immunohistochemistry
	2.3. Antibodies and drugs
	2.4. Cell lines
	2.5. Plasmid transfection
	2.6. RNA isolation and RT-qPCR
	2.7. Western blot analysis
	2.8. MTT assay
	2.9. Flow cytometry and cell sorting
	2.10. Statistical analysis

	3. Results
	3.1. The expression of HER2 and ERCC1 in NMIBC and its relationship with chemotherapy
	3.2. Sensitivity of different cell subpopulations to drugs

	4. Discussion
	5. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	References


