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Introduction: Cancer stem cells (CSCs) are the main source of tumor resistance and
recurrence. At present, the main treatment for patients with advanced or metastatic bladder
cancer (BCa) is cisplatin-based combination chemotherapy. However, CSCs are not sensitive
to DNA-damaging drugs due to their enhanced DNA damage response (DDR) activity.
Materials and methods: Bladder cancer stem cell-like cells (BCSLCs) were obtained by
treating UMUCS3 cells with cisplatin. The characteristics of the BCSLCs were identified by
qPCR, flow cytometry, scratch wound-healing assays, transwell assays, tumorigenic ability
experiments, Edu assays and Western blot assays in vivo. After BCSLCs were treated with
norcantharidin (NCTD), the expression of Cdc6 and activation of the ATR-Chkl pathway
were detected by Western blotting. A subcutaneous tumor model in nude mice was success-
fully established to assess the anti-tumor efficacy of NCTD and cisplatin either alone or in
combination in vivo. The tumor tissues were detected by immunohistochemistry.

Results: The derived BCSLCs showed higher expression of stemness markers, increased
invasiveness, improved resistance to multiple chemotherapeutics, and higher tumorigenic
capacity in vivo. The protein expression level of chromatin-binding Cdc6 was increased in
BCSLCs; however, NCTD decreased the level of chromatin-binding Cdc6 and inhibited the
activation of the ATR-Chk1 pathway, which ultimately led to reduction in DDR activity in
BCSLCs. NCTD enhanced the killing effect of cisplatin on BCSLCs in vitro and vivo.
NCTD combined with cisplatin enhanced cisplatin-induced DNA damage in BCSLCs.
Conclusion: Long-term cisplatin treatment can enrich BCSLCs. However, NCTD enhanced
the killing effect of cisplatin on BCSLCs in vitro and vivo. The mechanism is inhibiting the
DDR activity by reducing the expression of chromatin-binding Cdc6.
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Introduction

Bladder cancer (BCa) is one of the most common urological malignancies threatening
human health, and it ranks as the 9th most frequently diagnosed cancer and the 13th
cancer in terms of associated deaths worldwide." The most effective treatment for muscle-
invasive BCa is radical total cystectomy. However, approximately 50% of patients
experience recurrence and metastasis within 2 years after surgery and eventually die.”
The main treatment for patients with advanced or metastatic BCa is cisplatin-based
combination chemotherapy, such as the GC (gemcitabine and cisplatin) and the MVAC
(methotrexate, vinblastine, adriamycin and cisplatin) regimens.’ Traditional chemother-
apeutic medicine can kill only rapidly proliferating tumor cells. However, the cancer stem
cells (CSCs) in the tumor are not sensitive to traditional chemotherapy due to an enhanced
DNA damage response (DDR). therefore, CSCs resist traditional chemotherapy, which
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results in therapy failure.*® In recent years, research on cancer
biomarkers and/or therapeutic targets for high-grade bladder
cancer has made encouraging progress in addressing treatment
resistance issues.”'® However, there are few reports on the
contribution of the DDR to drug resistance in bladder cancer
stem cells.

The DDR is a signaling network involving multiple
signaling pathways, including the detection point path-
way, DNA repair, transcriptional regulation and apopto-
sis. The of DDR depends on the
coordination of ataxia telangiectasia and Rad3-related

effectiveness

kinase (ATR) involvement in the detection point path-
way and various DNA repair mechanisms.'' ATR is a
protein kinase that is recruited to the site of DNA
damage and activated in the context of DNA damage;
it plays an important role in the activation of cell cycle
checkpoints.'' "3

Cdcb6 is a newly discovered anti-tumor target, and the
main function of Cdc6 is to assemble a pre-replication
complex (pre-RC) at the origin to initiate DNA replication
in the G1 phase.'® Studies have found that Cdc6 has other
functions: Cdc6 serves as a receptor for the ATR-ATRIP
complex to bind to chromatin in yeast."”> Cdc6 interaction
with ATR regulates replication-checkpoint activation in
the cells of the African clawed frog, and Cdc6 silencing
impairs ATR-dependent checkpoint activation.'® In gall-
bladder and cervical carcinoma, Cdc6 is involved in the
activation of the ATR signal.'”'®

Norcantharidin (NCTD) is a derivative of cantharidin
and an anti-tumor drug independently developed in
China.'>? Numerous studies have shown that NCTD
can inhibit DNA replication and induce apoptosis of
tumor cells.'”?! Norcantharidin is currently used in
clinical anti-cancer treatment.’***?> In our previous
studies, NCTD had anti-tumor effects on various types
of cancers, including bladder cancer cells. We also
found that NCTD can degrade the Cdc6 protein in
cancer cells.?®*’ There is a high probability that
NCTD affects the DDR of CSCs by inhibiting Cdc6
and enhancing the sensitivity to cisplatin.

In this study we conducted experiments to enrich and
evaluate bladder cancer stem-like cells (BCSLCs) with
stemness characteristics and resistance to multiple che-
motherapeutic drugs. Then, we explored the effect of
norcantharidin on the Cdc6 protein and ATR activation,
and verified that norcantharidin can enhance the anti-
tumor effect of cisplatin in vitro and vivo by inhibiting
DDR activity.

Materials and methods

Cell lines

Cells from human bladder cancer cells line UMUCS3 (obtained
from the American Type Culture Collection (ATCC,
Manassas, VA, USA)) were cultured through the standard
procedure in RPMI-1640 (Gibco, Grand Island, NY, USA)
with 10% fetal bovine serum (Gibco), 1% penicillin and 1%
streptomycin (Gibco) under standard conditions (5% CO2 and
95% atmosphere, 37 °C). The drug-resistant cell line
UMUC3R was obtained by administering 6.66 pM cisplatin
(Selleck, Houston, TX, USA) to UMUCS3 cells every other day
for 90 days. Then, the cells were further treated with contin-
uous application of 13.32 uM cisplatin for 14 days to obtain a
cell subline with high expression of stemness makers. The
cells in this subline are designated as bladder cancer stem cell-
like cells (BCSLCs).

Identified characteristic of the BCSLCs
Expression of stemness markers

Quantitative real-time polymerase chain reaction (qPCR)
was used to evaluate the expression of CD34, CD44,
CD133, OCT4, ABCG2, and NANOG. Total RNA was iso-
lated from the cells using TRIzol reagents (Takara, Japan).
cDNA was synthesized using the Prime Script™ RT Reagent
Kit with genomic DNA Eraser (Takara). qPCR was per-
formed using SYBR® Premix Ex Taq™ (Takara)on a 7500
real-time PCR system (AB, Biosystems, Singapore) to detect
mRNA expression. Beta-actin was used as a negative control,
and normalization and fold changes were calculated using the
AACt method. UMUCS cells and BCSLCs were stained with
PE-labeled anti-CD133 (eBioscience, San Diego, CA, USA).
The CD133+ cells were detected by flow cytometry (FCM;
Becton Dickinson, San Jose, CA)

Migration and invasion assays

Both UMUCS3 cells and BCSLCs were cultured in RPMI-
1640 with 10% fetal bovine serum (FBS) under standard
conditions for 3 days to release them from cisplatin pres-
sure. Then, UMUCS3 cells and BCSLCs were seeded in 6-
well plates with serum-free RPMI-1640 medium. Cell
migration was assessed by a scratch wound-healing
assay. UMUC3 cells and BCSLCs were seeded in 24-
well plates with serum-free RPMI-1640 medium. Cell
migration and invasion were assessed by a transwell assay.

Tumorigenic ability
Nude mice were purchased from the experimental animal
center at Southern Medical University (Guangzhou,
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China). The protocols of animal studies were approved by
the Southern Medical University Experimental Animal
Ethics Committee (ethics number: L2018118). All mice
received humane care in accordance with the National
Institutes of Health animal use guidelines.

Nude mice (4 weeks) were maintained and treated
under specific pathogen-free conditions. The tumorigenic
ability of UMUCS3 cells and BCSLCs was compared after
subcutaneous injection of different concentrations of cells
into nude mice.

Analysis of cell viability (chemotherapy resistance)
The UMUCS3 cells and BCSLCs were seeded in 96-well
plates and incubated for 24 hr. Next, the cells were treated
with different concentrations of cisplatin (Sigma), pacli-
taxel (Sigma), and gemcitabine (Selleck) for another 24 hr.
Cell viability was quantified by using Cell Counting Kit-8
(CCK-8) reagent (Dojindo, Kumamoto, Japan).

DNA replication and expression of Cdcé
in BCSLCs

Edu assays

The UMUCS3 cells and BCSLCs were seeded in 6-well
plates, and DNA replication was measured using a Cell-
Light™ Edu Apollo® 567 in vitro imaging kit (RiboBio,
Guangzhou, China) according to the instructions for the
kit. The cells were observed under an inverted microscope
(Nikon TE2000-S, Tokyo, Japan) and photographed.

Chromatin binding assays

The UMUC3 cells and BCSLCs were treated with the
same concentration cisplatin (19.98 uM). After 48 hr, the
cells were harvested and resuspended in tubes with EB
buffer (100 mM KCI, 50 mM HEPES-KOH pH 7.5,
2.5 mM MgCl,, 50 mM NayP,07, 0.1 mM NaVOs;, 0.5%
Triton X-100) with protease inhibitors and then incubated
for 10 min on ice. The tubes were flicked every 2—3 min to
mix the solution during incubation. Subsequently, 30%
ice-cold sucrose with protease inhibitors was added to
the bottom of the tubes. The tubes were spun at 15k rpm
for10 min at 4 °C, and the supernatants were transferred to
new tubes. The pellets were washed with EB buffer and
vibrated briefly for resuspension, followed by spinning in
a microfuge at 15k rpm for 5 min at 4 °C. The super-
natants from the two steps were combined (the non-chro-
mosomal fraction). The pellets (the chromatin-binding
fraction) were resuspended in EB buffer and analyzed by
Western blotting.

Western blot analysis

After the protein concentration was measured by using a BCA
protein assay kit, equal amounts of protein from the samples
were separated by electrophoresis on a 10% SDS-PAGE gel
and transferred onto polyvinylidene fluoride membranes.
After blocking with 5% nonfat milk solution for 1 hr, the
membrane was incubated at 4 °C with a primary monoclonal
antibody against Cdc6 (CST, MA, USA), beta-actin (CST) or
histone-H3 (CST) overnight. After washing with TBST, the
membrane was incubated with secondary antibodies against
goat HRP-conjugated IgG at room temperature for 1 hr. The
membrane was washed, and the proteins were detected by an
ECL system (Millipore, Billerica, MA, USA). Western blot
bands were analyzed by imagel.

The effect of NCTD on BCSLC:s in vitro
The effect of NCTD on the expression of Cdcé-c in
BCSLCs

BCSLCs were treated with norcantharidin (NCTD) at dif-
ferent concentrations (0 uM, 50 uM, 100 uM and 200 pM)
for 48 hr. Chromatin-binding proteins were extracted, and
the protein expression of Cdc6-C was analyzed by Western
blotting. Histone-H3 was used as an internal control.

The effect of NCTD on the expression of ATR-C, p-
Chkl and p-Cdc25c in BCSLCS and UMUCS cells
NCTD (50 uM) was continuously applied to BCSLCs and
UMUCS3 cells for 48 hr. The chromatin-binding protein was
extracted, and the expression of ATR-C was analyzed by
Western blotting (6% SDS-PAGE). Histone-H3 was used as
an internal control. Total protein was extracted by using
RIPA Lysis Buffer (Beyotime, Shanghai, China). The
expression of phosphorylated chkl (p-Chkl), p-Cdc25C
was analyzed by Western blotting (10% SDS-PAGE), and
beta-actin was used as an internal control.

The cell viability was analyzed by the cck-8 assay
BCSLCs were divided into four groups: NCTD+ cisplatin,
NCTD, cisplatin, and control. The corresponding doses of
NCTD (50 uM) and/or Cisplatin (19.98 uM) were added to
each group. After 48 hr, the cell viability was analyzed by
the cck-8 assay.

Effect of NCTD combined with cisplatin
on BCSLGC:s in vivo

Subcutaneous tumor formation was established by injecting
1x10° BCSLCs subcutaneously into the right flank of nude
mice. The nude mice with subcutaneous tumors were
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divided into four groups (5 mice in each group, with an
average body weight of approximately 19.22+1.16 g): cis-
platin, NCTD, and NCTD + cisplatin(combo) and Control.
When the tumor diameter grew to 6 mm, drugs were admi-
nistered every 3 days as follows: cisplatin group: 0.2 ml
cisplatin solution (0.5 mg/kg), NCTD group: 0.2 ml nor-
cantharidin solution (20 mg/kg), combo group: 0.1 ml cis-
platin solution (0.5 mg/kg) combined with 0.1 ml
norcantharidin solution (20 mg/kg), and control group:
0.2 ml of normal saline (0.9% NS). Mice with subcutaneous
tumor undergoing drug treatment were observed for
21 days, and the volume of the tumor was measured every
3 days. After 21 days, the tumor tissues were extracted for
immunohistochemical determination with Cdc6, ATR and
v-H2AX (Abcam) antibodies.

Statistics

The experiments in vivo were repeated 3 times. All results
are presented as the means + SD. Statistical analysis of
gPCR, FACS, Edu, scratch wound-healing, transwell,
Western blot data was performed using an independent
sample ¢-test. Data cck-8 assay for cell viability and immu-
nohistochemistry detection were analyzed using one-way
ANOVA. The difference in tumor volume between the two
groups was compared by using repeated measures ANOVA.
All data were analyzed using SPSS (version 22.0), and
P<0.05 was considered indicative of statistical significance.

Results
Characterization of BCSLCs

Compared with that in UMUC3 cells, the expression of
CD34, CD133, ABCG2, OCT4 and NANOG in BCSLCs
was significantly increased (Figure 1A and B). The rate of
CD133+ cells in BCSLCs was significantly higher than
that in UMUCS3 cells (Figure 1C and D). The cell migra-
tion capability of BCSLCs was significantly greater than
that of UMUCS3 cells, according to the scratch wound-
healing assay (Figure 1E and F) and transwell migration
assay (Figure 1G and H). The cell invasion capability of
BCSLCs was significantly greater than that of UMUC3
cells, according to the transwell invasion assay (Figure 1G
and H). Different concentrations of UMUC3 cells and
BCSLCs were injected subcutaneously into nude mice,
which were then observed for 4 weeks. The results showed
that the tumorigenic ability of BCSLCs was significantly
higher than that of UMUC3 cells; BCSLCs can form
subcutaneous tumors after injection of 5x10* tumor cells,

while UMUCS3 cells require 1x10° tumor cells (Table 1).
Injection of 5x10° BCSLCs and UMUCS3 cells can induce
the formation of subcutaneous tumors in all mice.
However, the subcutaneous tumors formed by the
BCSLCs were significantly larger than those formed by
the UMUC3 cells, and the difference was statistically
significant (Figure 11 and J, Table 2). BCSLCs show
greater chemotherapy resistance than UMUC3 (parental)

cells (Table 3).

BCSLC:s are relatively quiescent regarding
DNA replication, but show high levels of
initiation protein Cdcé binding onto

chromatin

To determine the proliferative status of BCSLCs, we con-
ducted Edu incorporation assays. The proportion of Edu-
positive cells in BCSLCs population was much lower than
that in UMUC3 population (Figure 2A and B). These
results suggest that BCSLCs are in a stationary phase
and that DNA replication is significantly inhibited.
However, as an initiation protein of DNA replication,
Cdc6 shows considerable expression and binding to chro-
matin in BCSLCs. Moreover, the amount of chromatin-
binding Cdc6 (Cdc6-C) in BCSLCs was higher than that in
UMUCS3 cells (Figure 2C and D).

The effect of NCTD on BCSLC:s in vitro:
NCTD inhibited the expression of Cdcé-c,
inhibited activation of the ATR pathway,
inhibited DDR, and enhanced the killing

effect of cisplatin on BCSLCs in vitro

Chromatin-binding proteins were collected after BCSLCs
were treated with different concentrations of NCTD. The
result showed that NCTD inhibited the expression of
chromatin-binding Cdc6 (Cdc6-C) in BCSLCs, and the
inhibition was enhanced with increasing NCTD concentra-
tions (Figure 3A and B). Next, chromatin protein and total
protein were collected after BCSLCs and UMUC3 cells
were treated with or without NCTD (50 uM). The expres-
sion of ATR-C, phosphorylated Chkl (p-Chkl) and phos-
phorylated Cdc25C (p-Cdc25C) was detected by Western
blotting. The results showed the following: 1) The expres-
sion of ATR-C, p-Chkl, and p-Cdc25C in BCSLCs was
significantly higher than that in UMUCS3 cells. 2) The ATR
pathway was significantly activated in BCSLCs compared
with UMUCS3 cells. 3)The expression of ATR-C, p-Chkl
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Figure | Characterization of BCSLCs. (A, B) Expression of CD34, CD44, ABCG2, CD133, OCT4 and NANOG in UMUC3 cells and BCSLCs according to qPCR assays. (C) Flow
cytometry was used to detect CD |33+ cells in UMUCS3 cells and BCSLCs. (D) Proportion of CD 133+ cells (%) is presented. (E) Cell gaps were photographed at 0, 24, 48, and 72 hr after
scratching. (F) Distance between cells in the scratch zone (% of basal) is shown. (G) Cell migration and invasion as determined by the transwell assay were photographed. (H) Cells per
field were counted. (I) Subcutaneous tumor formation was established under the skin on the side of the back in nude mice with 5% 10° cells UMUCS3 cells and BCSLCs after 4 weeks (Left/
UMUCS3 cells, Right/BCSLCs). (J) The tumors were extracted from the mice after day 28 (Upper/BCSLCs, Lower/UMUC3 cells). There were significant differences in size. (*P<0.05).
Abbreviation: BCSLCs, bladder cancer stem-like cells.
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Table | Tumor formation rate from cells injected at different
concentrations

Cell Type Number of Cells

5x10* 1x10° 1x10° 5x10°
BCSLCs 1/5 3/5 5/5 5/5
UMUC3 0/5 0/5 2/5 5/5

Abbreviation: BCSLCs, bladder cancer stem-like cells.

Table 2 Volume of subcutaneous tumors in the UMUC3 and
BCSLCs groups of mice (mean * SD) (n=5) (*P<0.05)

Cell Type Volume (mm?)
BCSLCs 3354.00+83.35*
UMuC3 178.63+19.45

Abbreviation: BCSLCs, bladder cancer stem-like cells.

and p-Cdc25C in UMUCS3 cells and BCSLCs treated with
NCTD was significantly increased, and NCTD inhibited
the activation of the ATR pathway in UMUCS3 cells and
BCSLCs (Figure 3C—F). The cck-8 assay showed that the
relative cell viability (mean) of the cisplatin group was
0.62, while that of the NCTD group was 0.59, and that of
the combo group was 0.32. NCTD enhanced the killing
effect of cisplatin on BCSLCs (Figure 3G).

NCTD enhanced killing effect of cisplatin
on BCSLC:s in vivo

The nude mice with subcutaneous tumors were randomly
divided into four groups, treated as planned with intraperito-
neal injection, and the volume of the tumor was measured
every 3 days. The observation lasted 21 days. The results

Table 3 The half maximal inhibitory concentration (IC50) of chemotherapy drugs to UMUC3 and BCSLCs (mean + SD) (n=3) (*P<0.05)

Cell Type Cisplatin(uM) Paclitaxel (nM) NCTD(nM) Gemcitabine(nM)
BCSLCs 35.06+7.33* 3354483.35* 94.72+7.08* 6287.67+162.19*
UMUC3 12.62+3.53 178.63+19.45 25.17%1.97 194.67+9. 65

Abbreviations: BCSLCs, bladder cancer stem-like cells; NCTD, norcantharidin.
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blot bands is presented. (*P<0.05).

Abbreviations: BCSLCs, bladder cancer stem-like cells; Cdcé-S, non-chromatin binding Cdc6é; Cdc6-C, chromatin-binding Cdcé.
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Abbreviations: BCSLCs, bladder cancer stem-like cells; Cdc6é-C, chromatin-binding Cdcé; NCTD, norcantharidin; ATR-C, Chromatin-binding ATR; pChkl, phosphorylated

check point kinase |; pCdc25C, phosphorylated Cdc25C.

showed that 1) NCTD or cisplatin alone slowed tumor growth,
but did not effectively reduce tumor volume (the tumor volume
of the NCTD group decreased significantly compared with that

of'the control group after day 9, and tumor growth among mice
in the cisplatin group was slowed to a certain extent after day
18, but the tumor volume of both group still increased
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Figure 4 The effect of NCTD in BCSLCs in vivo. (A) Tumor size of each group on
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day 21 is shown. (B) Growth curve of subcutaneous tumors is presented for each group.

(C) Representative graph of Immunohistochemistry shows Cdcé, ATR and y-H2AX (brown represents positive expression). (D) Histogram of ATR immunohistochemical
score is displayed. (E) Histogram of Cdcé immunohistochemical score is presented. (F) Histogram of y-H2AX immunohistochemical score is shown. (*P<0.05).
Abbreviations: Cdc6-C, chromatin-binding Cdcé6; NCTD, norcantharidin; Cdcé, cell division cycle 6; ATR, ataxia telangiectasia mutated and RAD3-related.

gradually). 2) The combo group showed the strongest inhibi-
tory effect on tumor growth. The tumor volume of the combo
group was significantly smaller than that of the other three
groups (P<0.05), and the tumor volume decreased on the 18th
day, compared with the 15th day, under continuous treatment,
indicating that NCTD reversed the resistance of the tumor to
cisplatin, enhanced the anti-tumor effect of cisplatin and

reduced the tumor volume (Figure 4A and B, Table 4). Then,
the tumor tissues were obtained, embedded and sectioned for
immunohistochemical  detection. Immunohistochemistry
assays showed that 1) Cdc6 expression in the NCTD group
was significantly weaker than it was in the control group
(P<0.05). Cdc6 expression in the combo group was rarely

detected. Cdc6 expression in the cisplatin group was weaker
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Table 4 Volume of subcutaneous tumors in each group of mice (mean * SD) (n=5)

Groups Control (mm?®) Cisplatin (mm?®) NCTD (mm?®) Combo (mm?)
Day 0 87.06+8.23 86.36+7.46 86.04+6.58 86.61+6.84

Day 3 138.19+£20.98 121.47£12.29 126.59+11.43 120.52+12.49

Day 6 237.62+40.56 224.57+29.44 195.65+25.18 156.91+25.07

Day 9 587.07+69.82 553.97+54.38 370.65+46.75 266.84+31.91

Day 12 918.33+89.55 879.11+72.39 679.06+70.41 408.67+43.75

Day 15 1389.18+128.8 1290.78+109.26 889.91+89.76 530.89+58.27

Day 18 1808.87+133.67 1491.26+105.61 1131.43+£70.78 443.42+39.47

Day 21 2572.22+157.47 1895.34+£79.43 1370.67+56.52 373.62+25.65

Abbreviation: NCTD, norcantharidin.

than it was in the control group (Figure 4C and D). 2)
Expression of ATR in the NCTD group and the control group
was not obvious, but it was significantly increased in the cell
nucleus of the Cisplatin group cells. Cisplatin activated the
ATR pathway, while the expression of ATR in the combo
group was decreased, indicating that NCTD inhibited the
activation of the ATR pathway (Figure 4C and E). 3)
v-H2AX was expressed to the greatest degree in the combo
group, indicating that NCTD enhanced the DNA damaging
effect of cisplatin (Figure 4C and F). This finding confirmed
that NCTD inhibited the protein expression of Cdc6 and the
ATR pathway in tumor tissues, and it reduced the DDR activity
and enhanced the DNA damage caused by cisplatin.

Discussion
CSCs comprise a subpopulation of cancer cells capable of
self-renewal and differentiation into mature tumor cells.?®
they play an important role in tumor growth and a decisive
role in maintaining malignant proliferation, invasion, metas-
tasis, recurrence and drug resistance of tumors.>’ The recur-
rence of solid tumors may be due to the inability of
traditional chemotherapy and radiotherapy to eliminate
CSCs. Eliminating CSCs is a key issue in eradicating
tumors.>° Researchers have successfully isolated and iden-
tified CSCs from various tumors.’** Our previous study
also reported the successful separation and identification of
CSCs from MB49 bladder cancer cell line.*> The tumori-
genic ability was obviously greater than it was in the MB49
cell line. and chemotherapy resistance of CSCs is greater
than that of the MB49 cells. In this study, we found that
bladder cancer stem-like cells (BCSLCs) can also be
enriched in cancer cell populations by cisplatin screening
and show multiple chemotherapeutic drug resistance.

The enhanced DDR response is an important mechan-
ism for the drug resistance of cancer stem cells.® ATR plays

two main roles in the DDR process: First, ATR binds to
DNA damage sites to make time for DNA repair by activat-
ing the checkpoint kinase 1 (Chk1) checkpoint pathway and
continuing to phosphorylate the Cdc25 protein, leading to
multistage cell cycle arrest. At the same time, ATR interacts
with other related proteins to bind to the damaged area of
DNA and participate in DNA repair.***” DNA-damaging
drugs such as cisplatin can activate the ATR pathway and
stimulate DNA repair in cells. Abnormal regulation of DNA
repair is associated with chemotherapy resistance.*®*°

Therefore, ATR plays an important regulatory role in
the activation of the detection point pathway during DNA
damage. In our study, we found that the expression of
chromatin-binding ATR (ATR-C), pChkl and pCdc25C
in BCSLCs after cisplatin treatment was significantly
higher than that in UMUC3 cells. It is highly possible
that the chemotherapy resistance of BCSLCs may be
related to excessive activation of the ATR-Chk1 pathway.

Cdc6 overexpression has been detected in a variety of
cancer types, and high levels of Cdc6 are not merely the
result of cancer proliferation. Cdc6 itself has the ability to
promote malignant cell transformation and is associated
with poor prognosis in patients with cancer.*'*** In this
study, we found that DNA replication was reduced in
BCSLCs, however, the protein expression of chromatin-
binding Cdc6 was higher. A significant proportion of
Cdc6 remains in the nucleus and binds to chromatin,
which is positively associated with the ATR pathway
activated in BCSLCs. This observation suggests that
these chromatin-binding Cdc6 proteins may be involved
in the chemotherapy resistance of BCSLCs and that the
ATR-related detection point pathway is regulated by the
interaction between Cdc6 and ATR.

When we treated BCSLCs with norcantharidin, the
protein level of chromatin- bound Cdc6 decreased,
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activation of the ATR-Chk1 pathway was reduced and the
sensitivity of cells to cisplatin was enhanced both in vivo
and in vitro, DDR was reduced and DNA damage was
increased. Norcantharidin enhanced the killing effect of
cisplatin on BCSLCs.

Conclusion

Bladder cancer stem-like cells (BCSLCs) were obtained
by enrichment of UMUCS3 cells with the long-term cispla-
tin treatment and evaluated in the current study. Compared
with UMUC3 cells, BCSLCs have more malignant char-
acteristics (stronger proliferation, migration and invasion,
MDR, and tumorigenic ability). The expression level of
chromatin-binding Cdc6 in BCSLCs was higher than that
in UMUCS3 cells after cisplatin treatment.

NCTD enhanced the killing effect of cisplatin on
BCSLCs in vitro and vivo. The mechanism is based on
the ability of NCTD to reduce chromatin-binding Cdc6
expression, inhibit the activation of the ATR-Chkl path-
way, and inhibit DDR activity. The study provided an
experimental basis for the clinical application of NCTD.
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