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Among the many treatments for Bladder cancer (BCa) patients, radiotherapy is an effective way to preserve the
bladder. However, as the frequency of irradiation increases, the tumor cells appear "acquired radio-resistance"
(ARR) and loss the sensitivity to radiotherapy. To explore the molecular mechanism of ARR, two BCa cell lines,
5637 and T24, were enrolled here and their ARR counterparts, 5637R and T24R, were obtained by exposure to
y-ray of 2 Gy for 30 times. Compared to parental cells, ARR cells have significantly enhanced stem cell-like
phenotype, robust DNA damage repair capabilities and elevated expression of zeste homolog 2 (EZH2).
Decreasing EZH2 expression, both parental and ARR cells exhibited reduced abilities of forming microsphere and
repairing DNA damage, but enhanced cells radio-sensitivity and intracellular autophagy compared to untreated
cells. Down-regulation the expression of EZH2 induced an increasing of both LC3 and P62 in parental cells, while
in ARR cells, only LC3 increased upon EZH2 reduction. On the other hand, UNC1999 treatment caused the
increasing of LC3B and P62 in all cells, suggested that siEZH2 and UNC1999 affect ARR cells autophagy through
different mechanisms. In vivo study showed that pre-treated with UNC1999 greatly enhanced T24R cells
sensitivity to IR, and knocking down the expression of EZH2 significantly suppressed the tumor growth. Com-
bined with bioinformatics data analysis, we speculate that EZH2 is an important biomolecule linking the diag-
nosis, radiotherapy and prognosis of BCa. EZH2 targeted therapy may be an effective way to overcome ARR of
BCa, and is worthy of in-depth study.

Introduction

Bladder cancer (BCa) is the tenth most common cancer in the world
and the most common malignant tumor of the urinary system. Its inci-
dence is steadily increasing, especially in developed countries [1, 2].
According to the latest report of International Agency for Research on
Cancer (IARC), there are 570,000 new cases of BCa worldwide and 210,
000 deaths in 2020 [3]. Transitional cell carcinoma accounts for more
than 80% of all BCa, and is divided into non-muscle-invasive bladder
cancer (NMIBC) and muscle-invasive bladder cancer (MIBC) with
different prognosis. In terms of disease management, transurethral
resection and radical cystectomy with extended lymphadenectomy are
considered the initial treatment of choice for NMIBC and MIBC,
respectively. Actually, a considerable number of patients with BCa are
elderly or frailer, and they are ineligibility for surgical treatment.
Therefore, bladder-preserving based radiotherapy is recommended as an

alternative to surgery for the treatment of BCa. Moreover, radiation
therapy is also suitable for BCa patients who have recurred after surgery
[4]. In clinic, fractionated irradiation(FI) is commonly adopted to avoid
and reduce the damage effect of radiation on normal tissues. For BCa
treatment, the total dose is 64 Gy, divided into 32 irradiations for 6.5
weeks, or the total dose is 55 Gy, divided into 20 times lasting 4 weeks
[5]. However, the occurrence of acquired radio-resistance (ARR) caused
poor efficacy of BCa radiotherapy [6]. At present, the molecular changes
caused by FI during tumor radiotherapy and the mechanism of ARR are
still unclear.

Cancer stem cells (CSCs) have the characteristics of self-renewal,
asymmetric division and multidirectional differentiation. Based on
their strong DNA damage repair capabilities and fast self-renewal abil-
ities, CSC exhibit strong resistance to radiotherapy and chemotherapy
through abnormal expression of membrane transporters and anti-
apoptotic proteins [7]. Bladder cancer stem cells (BCSCs) are BCa cells

Abbreviations: EZH2, Enhancer of Zeste Homolog 2; ARR, Aquired Radio-Resistance; BCa, Bladder Cancer.

* Corresponding author.
E-mail address: kongzhaolu@fudan.edu.cn (Z. Kong).
1 Authors contributed equally to this work.

https://doi.org/10.1016/j.tranon.2021.101316

Received 1 October 2021; Received in revised form 11 December 2021; Accepted 14 December 2021

1936-5233/© 2021 The Authors.

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Published by Elsevier Inc.

This is an open access article under the CC BY-NC-ND license


mailto:kongzhaolu@fudan.edu.cn
www.sciencedirect.com/science/journal/19365233
https://www.elsevier.com/locate/tranon
https://doi.org/10.1016/j.tranon.2021.101316
https://doi.org/10.1016/j.tranon.2021.101316
https://doi.org/10.1016/j.tranon.2021.101316
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tranon.2021.101316&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

X. Zhang et al.

with multi-differentiation potential. Their stemness is regulated by ge-
netics and epigenetics and considered to be the initiation of BCa. BCSCs
are resistant to a variety of treatments and are the main factor for the
recurrence of BCa. Therefore, they play an important role in the study of
the pathogenesis, diagnosis and treatment of BCa.

Enhancer of zeste homolog 2 (EZH2) encodes a histone methyl-
transferase, which is the catalytic core protein of the polycomb repressor
complex 2 (PRC2). PRC2 is well known for initiating target gene
silencing by promoting H3K27 trimethylation, which is catalyzed by
EZH2. Previous research has shown that the EZH2 is involved in the cell
proliferation, invasion, apoptosis, angiogenesis, and metastasis of can-
cer progression [8, 9]. Herein, we observed that higher levels of EZH2
expression in BCa patients are associated with poor prognosis.
Furthermore, we demonstrate that EZH2 promotes the process of
radiation-induced stem cell-like transformation and radio-resistance
through DNA damage repair, and autophagy. These results indicate
that EZH2 might be a potential therapeutic target for preventing clinical
BCa radiotherapy resistance and progression.

Methods and materials
Cell culture

Three human-derived tumor cell lines, 5637 and T24 (bladder can-
cer), MDA-MB-231 (breast cancer), were maintained in Dulbecco’s
modified Eagle’s medium (DMEM, high glucose, Invitrogen, Thermo
Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine
serum (FBS, Invitrogen), 100 U/ml penicillin and 100 U/ml strepto-
mycin (Sigma-Aldrich, Merck KGaA, Darmstadt, Germany) under a hu-
midified atmosphere of 5% carbon dioxide at 37C.

Irradiation(IR) and ARR cell models

Cells were irradiated at room temperature in ambient air using a
137¢Cs source (y-ray, MDS Nordion, Toronto, Canada) at a dose rate of
0.77 Gy/min. In order to mimic the clinical radiotherapy treatment, the
parental cell lines, 5637, T24 and MDA-MB-231 were exposed to y-rays
at 2 Gy for a continuous 5 days followed by a 2-day interval, with a
cumulative dose of 60Gy. The surviving cells after 1 month of culture
were collected and named 5637R, T24R and MDA-MB-231R, respec-
tively. The ARR phenotype of above cells were confirmed every three
months with colony formation assay. In vivo experiments, nude mice
were anesthetized, and subcutaneous tumors were irradiated with 4 Gy
X-ray (X-RAD 320, PXI Inc., North Branford) every other day, and the
cumulative dose was 12 Gy for a total of 3 irradiations.

Colony formation assay (CFA)

Two hours post ionizing radiation (IR), cells under different treat-
ment and control cells were trypsinized to a single-cell suspension. Then
cells were counted and seeded into 6-cm dishes. After 2 weeks of incu-
bation, the colonies were fixed with 100% methyl alcohol at room
temperature for 30 min, stained with 0.2% crystal violet for 30 min at
room temperature (RT), cleaned with water, counted after sufficiently
dried and the surviving fraction was calculated.

Quantitative real-time polymerase chain reaction (qQRT-PCR)

Total RNA was extracted and analyzed as described formerly [10].
Total RNA from BCa cells were extracted using an RNA extraction kit
(Tiangen Biotech Co., Ltd., Beijing, China). RNA was reverse transcribed
into ¢cDNA using cDNA synthesis kit (TOYOBO Co., Ltd, Shanghai,
China). qPCR was subsequently performed with SYBR Green RT-PCR
reagents (BIOER, Hangzhou, China) under the following thermocy-
cling conditions: 95°C for 5 min, followed by 40 cycles of 95°C for 30 sec
and 65°C for 45 sec. The primers of target genes designed by GenScript
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(Nanjing, Jiangsu, China). Primers were: EZH2, 5’-CTAGG-
GAGTGTTCGGTGACCA-3’(F) and 5’-ATTCTGCTGTAGGGGA-
GACCAAG-3’(R); GAPDH,5’-GAGTCAACGGA

TTTGGTCG-3’ (F) and 5’-CGGAAGATGGTGATGGGATT-3’ (R). Each
sample was examined in triplicate and the amount of product was
normalized relative to that of GAPDH. AACt method was applied to
calculate the gene expression.

Western blot analysis (WB)

Cellular proteins were extracted with M-PER™ protein extraction kit
(Thermo Fisher Scientific, cat. No. 78501). Proteins were quantified
(BCA assay kit; cat. No. 23227; Thermo Fisher Scientific) and 50 pg total
proteins were loaded on 10% SDS-PAGE gels. Proteins were then frac-
tionated and transferred to polyvinylidene difluoride (PVDF) mem-
branes (0.45 pm, Merck KGaA), blocked with 5% bovine serum albumin
(BSA, AR2440, Sangon Biotech Co., Shanghai, China) for 1 h at RT.
Subsequently, the membranes were incubated with primary antibodies
at 4C overnight, and then incubated with secondary antibodies, horse-
radish peroxidase-conjugated secondary antibodies against mouse or
rabbit (1:1000, Beyotime Institute of Biotechnology, Haimen, China) for
1 hour at RT. Finally, the bands were visualized with the ChemiDoc XRS
system (Bio-Rad Laboratories, Hercules, CA, USA). Primary antibodies:
anti-EZH2, anti-LC3B, anti-Bax, anti-P62, anti-Bcl-2 (1:1000, HuaAn
Biotechnology, Hangzhou, China) and anti-GADPH (1:1000; Hangzhou
Goodhere Biotechnology).

RNA interference (RNAi)

5 x 10° cells were seeded into 6-cm dishes, and transfection was
performed at 60%-70% confluence. Transient inhibition of human EZH2
were carried out by co-transfection with 20nM siRNA (siEZH2, 5'-
GACACCCGGUGGGACUCAGAAG-3) and Lipofectamine 2000 (Invi-
trogen) according to the manufacturer’s instructions. Cells treated with
siCon (5'-CT GGACTTCCAGAAGAACA-3') as control. The medium was
replaced 8h later and subsequent experiments were performed after 24h.
All siRNA oligonucleotides were synthesized by Genepharma (Shanghai,
China).

Sphere formation assay

Cells were trypsinized and washed in DMEM. 2.0 x 10° cells were
seeded in ultra-low attachment surface 6-well plate (Corning, Inc., NY,
USA) and maintained in the serum-free medium (SFM) supplemented
with 20 ng/ml EGF, 20 ng/ml bFGF and 2% B27 (Invitrogen). Cell
spheres were imaged by the microscope in five independent fields and
spheres with diameters greater than 50 pm were counted after 3-6 days.

Soft agar colony anchoring assay

Low melting point agarose (Sigma-Aldrich) was first dissolved in
ultrapure water (concentration, 1.2% and 0.8%). Then prepare the
bottom matrix: 2 x DMEM, which contains 2% PS and 30% FBS, were
mixed with 1.2% agarose solution at a 1:1 ratio. 3 ml of the mixture was
added to 6-cm dishes, cooled and solidified in an incubator. Next, cells
were suspended in 3ml medium (2 x DMEM: 0.8% agar solution, 1:1)
and move to dishes. After the upper layer of agarose fully solidified,
incubated at 37C for two weeks. Cells were stained with 0.2% crystal
violet (Sangon Biotech Co., Ltd.) for 15-30 min at RT. Finally, the col-
onies were photographed and counted.

Tumor xenograft in nude mice
The male BALB/c nude mice (age 35-42 days; weight 22-25 g) were

purchased from Shanghai SLAC Laboratory Animal Co., Ltd in China.
Experimental animals were housed in 24C, 50-70% humidity, and light /
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dark cycle (12h: 12h), and were free to obtain food and water. For
generation of xenografts, 5 x 10® tumor cells were injected into the right
flank of each mouse. After tumors were measurable, tumor-bearing mice
with T24R cells were grouped randomized, untreated control, radiation
alone (4 Gy), UNC1999 alone (50mg/kg, every other day, 3 times), and
radiation + UNC1999. Tumor sizes were measured and the tumor vol-
ume was calculated by following formula: V=reLeW?2/6. Mice were
sacrificed 13 days after transplantation, and the tumor weight was
measured. Then, all tumors were collected for subsequent analysis. All
experiments were approved by the Committee for Ethical Use of
Experimental Animals at Fudan University (approval no. 201802144S;
Shanghai, China) and were compliant with the Guide for the Care and
Use of Laboratory Animals.

Immunocytochemical analysis (ICC)

Cells were planted on poly-lysine coated cover slips and exposed to a
total radiation dose of 2 Gy. Fix the cells with 4% paraformaldehyde at
different time points post-IR. cells were blocked with 5% BSA and
stained with rabbit primary antibodies. Alexa Fluor 555 labeled donkey
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anti-rabbit IgG (1:200) was used as the secondary antibody. Finally, the
coverslips were mounted with mounting medium containing 4’,6-dia-
midino-2-phenylindole (DAPI) and examined with a fluorescence mi-
croscope (Olympus Corporation, Tokyo, Japan).

Statistical analysis

The results are presented as the means + standard errors of the
means (SEM) of three independent experiments. Statistical analyses
were performed using an unpaired Student’s t-test. Statistical analysis
was conducted using Graphpad Prism 7.0 statistics software and P<0.05
was considered to indicate a statistically significant difference. In the
figures, asterisks denote statistical significance (*P <0.05, **P <0.01,
***P <0.001, ****P <0.0001).

Fig. 1. ARR cells exhibit enhanced CSC properties and DNA
damage repair ability.

(A) Representative images of morphology of 5637/ 5637R and
T24/T24R under an inverted microscope (x 100). (B) CSC
characteristics of 5637/5637R cells were detected by tumor
microsphere culture. The representative images (B, left) and
the quantification (B, right) were shown. Bar=200um. (C) CSC
characteristics of T24/T24R cells were detected by tumor
microsphere culture. The representative images (C, left) and
the quantification (C, right) were shown. Bar=200um. (D) CSC
characteristics of BCa cells were detected by soft agar colony
anchoring assay. The representative images (D, left) and the

y-rays (0, 2, 4, 6 and 8Gy) was detected by CFA and surviving
curve was fitted with Sigma Plot 11.0. (F) The expression of
EZH2 in 5637/5637R and T24/T24R cells were detected by
western blot. GADPH was loaded as an internal control. (G)
The expression of EZH2 in 5637/5637R and T24/T24R cells
were detected by qRT-PCR. *P < 0.05, **P< 0.01, ****P <
0.0001.
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Results

FI enriched stem cell-like characteristics and increased EZH2 expression of
BCa cells

In order to explore the mechanism of BCa recurrence and treatment
tolerance after clinical radiotherapy, we established ARR cell model
5637R and T24R (Fig. 1A) by subjected human BCa cell lines 5637 and
T24 to long-term IR as described previously [11]. With tumor micro-
sphere culture and soft agar colony anchoring assay, we noticed that
ARR cells (5637R & T24R) exhibited enhanced CSC properties compared
to the parental cells (5637 & T24), respectively. The microsphere
numbers of 5637 and 5637R were 18.40 + 2.61 versus 37.20 + 5.36
(P=0.034, Fig. 1B). Similarly, the microspheres of T24 and T24R were
29.20 + 2.79 versus 49.20 + 3.19 (P=0.009, Fig. 1C). The soft agar
clones were 26.00 + 3.61 vs. 73.30 + 8.02 (5637 vs.5637R, P=0.006,
Fig. 1D) and 74.67 + 2.52 vs. 193.33 + 5.13 (T24 vs. T24R, P<0.001,
Fig. 1D), respectively. It should be mentioned that, compared with 5637
and 5637R cells, T24 and T24R cells can quickly form >50pM micro-
spheres and visible colonies under the same conditions, which is
consistent with the higher histological grade of T24 cells (III grade) than
5637 cells (I grade). On the other hand, accompanied by the tolerance
to radiation (Fig. 1E), we noticed that the expression of EZH2 in ARR cell
models was also significantly higher than that of the parental cells on
both protein level (Fig. 1F) and mRNA (Fig. 1G).

High levels of EZH2 expression were associated with poor prognosis in
patients with BCa

EZH2 is a popular target in the field of epigenetic anti-tumor research
in recent years. Here, we made a bioinformatics analysis of its impact on
the prognosis of BCa. Firstly, we compared the expression of mRNA of
EZH2 in normal bladder tissue and BCa tissue samples based on the data
from the Gene Expression Omnibus (GEO) and TCGA. Both NCBI GEO
database (http://www.ncbi.nlm.nih.gov/geo/), GSE38264, GSE121711
and GSE37815) (Fig. S1A~C) and the Oncomine three database

A 5637 5637R

siCon siEZH2 siCon siEZH2

EZHZ‘ P L a—_ ‘

GAPDH’ —— ‘

N
N
80
"
o
HEH

in
%
%
%
%

e
n

Relative Protein Expression
=

e

5637 5637R

O siCon
SIEZH2

T24 T24R
siCon siEZH2 siCon siEZH2

2 5 E

s

EZHD | womn. st e

2

GAPDH

-—--.-—v—-‘

Relative Protein Expression(EZH2)
°
%

S e 2 2 g
s

5637 5637R

siCon o N 601 O3 siControl

SIEZH2 i .

Translational Oncology 16 (2022) 101316

(Fig. S1D~F) showed that the mRNA expression of EZH2 was signifi-
cantly higher in BCa tissues than that in normal tissues. Further sub-
group analysis of 408 bladder carcinoma samples and 19 normal sam-
ples in the TCGA consistently supported that, compared to healthy
people, BLCA patients exhibited a higher transcription of EZH2 based on
gender, age, ethnicity, disease stages and tumor grade (Fig. S2). Next,
using the GEPIA database, we evaluated the relationship between EZH2
mRNA expression and the prognosis of BCa patients. In the 201 cases
included in GEPIA, the expression level of EZH2 mRNA was not signif-
icantly correlated with OS, but it was significantly negatively correlated
with DFS (P=0.034), that is, DFS was lower in patients with higher
expression of EZH2 mRNA (Fig. S3 A~B). In addition, based on the in-
formation of 405 BCa patients provided by Kaplan-Meier Plotter online
database, we observed that although there were no significant differ-
ences in both OS and RFS between EZH2 high and EZH2 low patients,
EZH2 hi8® patients still exhibited a relatively low RFS rate to EZH2 %
patients (Fig. S3C~D). Thus, we speculated that the expression of EZH2
may serve as a potential diagnostic indicator in BCa.

Down-regulation of EZH2 decreased the phenotype of radio-resistance and
microsphere formation ability of BCa cells

To further investigate the role of EZH2 in BCa cells, we down regu-
lated EZH2 expression by RNAi method (Fig. 2A). Both EZH2"8" cells
(5637 siCon&5637R siCon, T24 siCon&T24R siCon) and EZH2!°Y cells
(5637 siEZH2&5637R siEZH2, T24 siEZH2&T24R siEZH2) were
exposed to increasing doses of IR (0, 2, 4, 6 and 8 Gy) and cultured for
obtaining stable clones. A dose-dependent reduction caused by radiation
were observed in all lines. Moreover, all EZH2'®" cells exhibited
enhanced sensitivity to ionizing radiation compared to their EZH2"i8?
counterparts. The surviving fraction at 2 Gy (SFg) of 5637 siCon and
5637siEZH2 were 0.47 + 0.04 and 0.42 + 0.02 (P=0.359), respectively.
For 5637R siCon and 5637R siEZH2 cells, the SF, were 0.83 + 0.01 and
0.68 + 0.02 (P=0.004), respectively. For T24 siCon vs. T24 siEZH2 and
T24R siCon vs. T24R siEZH2 cells, the SF, were 0.79 £ 0.06 vs. 0.50 &
0.01(P=0.009) and 0.90 £ 0.02 vs. 0. 80 &+ 0.07(P=0.239), respectively
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Fig. 2. Down-regulation of EZH2 decreased stem cell-like tumor cells and increased BCa cells radio-sensitivity. (A) The knockdown efficiency of EZH2 by
RNAi were detected by Western blot. (B) The radiosensitivity of cells was detected by colony formation assay (CFA). Cells were exposed to increasing doses of IR (0, 2,
4, 6 and 8 Gy) and surviving curve was fitted with Sigma Plot 11.0. (C) Microspheres of 5637/5637R after knockdown EZH2 with RNAi were detected. The
representative images (C, left) and the quantification (C, right) were shown. Bar=200um. (D) Microspheres of T24/T24R after knockdown EZH2 with RNAi were
detected. The representative images (D, left) and the quantification (D, right) were shown. Bar=200um. *P< 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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(Fig. 2B). With the enhanced sensitivity to IR, the microsphere forma-
tion abilities of siEZH2 cells were significantly reduced compared to the
control cells. 5637 siCon vs. 5637siEZH2, 18.40 £ 2.61 vs. 7.6 & 1.14
(P=0.019), 5637R siCon vs. 5637RsiEZH2, 37.2 &+ 5.36 vs. 19.20 + 3.27
(P=0.046) (Fig. 2C); T24 siCon vs. T24 siEZH2, 27.20 + 1.72vs. 15.80 £
1.47(P=0.00), T24R siCon vs. T24R siEZH2, 41.20 + 2.32 vs. 25.20 £+
1.17(P=0.004) (Fig. 2D).

Down-regulation of EZH2 reduced DNA repair ability of BCa cells

Accumulation of the phosphorylated histone H2AX (y-H2AX) on the
sites of DNA lesions in the form of nuclear foci is one of the most
established markers of DNA damage in response to irradiation. In cur-
rent study, we exposed both parental cells and ARR cells to y-ray of 2Gy
and detected the formation of the y-H2AX foci by immunofluorescence
at different time points (2h, 12h, and 24h post IR), and un-irradiated
cells as control. It was observed that, compared with parental cells,
the foci of ARR cells decreased faster after irradiation (Fig. 3A, left),
suggesting that ARR cells could have a stronger ability to repair radia-
tion damage. In order to clearly compare the changes of DNA damage
over time, we normalized the number of foci in 2 hours with the
calculation formula: foci (12n/24n)/focian) x 100% (Fig. 3A, right & B)
and the data was listed in Table S1(A: 5637 & 5637R; B: T24 & T24R).
On the other hand, EZH2 knocking-down caused the numbers of y-H2AX
foci maintain a high level within 24 hrs post IR in BCa cells (Fig. 3C~D).
It showed that there was no difference in the number of y-H2AX foci in
the cells of the control group and the EZH2 inhibition group 2h after the
radiation. As time passed, the number of foci in the control group
gradually decreased, while the number of foci in the EZH2 inhibition
group remained relatively high. The high-level foci indicates that there
is a large amount of DNA damage that has not been repaired. The
normalization process is carried out with the number of foci in 0.5 hours,
and the calculation formula is: foci (2/6,12/24n) / foci (0.5n) x 100%. The
results were showed in Table S1C (5637 siCon & 5637 siEZH2), S1D
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(5637R siCon & 5637R siEZH2), S1E (T24 siCon & T24 siEZH2) and S1F
(T24R siCon & T24R siEZH2).

Down-regulation of EZH2 affected the autophagic-flux stability of BCa
cells

Autophagy, an intracellular conserved self-degradation system, plays
a critical role in maintaining cellular homeostasis in response to external
stimulus [12]. For BCa cells, EZH2-siRNA treatment significantly
increased LC3BII/I ratio (Fig. 4A) and the proportion of LC3B-positive
(Fig. 4B, top & C, left, Table S2A) of BCa cells, suggesting that auto-
phagy was enhanced in those EZH2 down-regulated cells. We further
detected the expression of P62 in the cells by immunofluorescence
analysis. Compared to untreated cells, knocking-down EZH2 only
increased the proportion of P62-positive cells in parental BCa cells (5637
& T24). However, EZH2 down-regulation did not affect the expression
and distribution of P62 in radio-resistant cells (5637R & T24R) (Fig. 4B,
bottom & C, right, Table S3A).

UNC1999, an EZH2 inhibitor, weakened the abilities of microsphere
formation, DNA repair and autophagy regulation of BCa cells

In order to further observe the effect of EZH2 on BCa cells, a new S-
adenosine-l-methionine competitive EZH2 inhibitor, was enrolled and
untreated cells as control. Accompanied by the inhibition of EZH2
(Fig. 5A), the microsphere formation ability of BCa cells were signifi-
cantly reduced, and the microsphere numbers of control and UNC1999-
treated cells were 24.58 + 2.05 and 18.00 + 1.58 (5637, P=0.030),
45.60 £+ 2.51 and 17.40 + 3.36 (5637R, P<0.001), 26.20 + 2.48 and
12.00 + 2.10 (T24, P=0.012), and 46.40 + 1.85 and 24.20 + 3.54
(T24R, P=0.005), respectively (Fig. 5B). Also, pre-treated with
UNC1999 caused the foci numbers of y-H2AX maintained at a high level
for a long time after BCa cells exposed to IR (Fig. 5C~D & Table S1 G~J)
and increased the LC3BII/I ratio (Fig. 5E), the LC3B-positive proportion
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numbers in 100 cells/6,,12/24n)/ foci numbers in 100 cellsg spy x 100%.
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Fig. 4. Down-regulation of EZH2 affected the autophagic-
flux stability of BCa cells . (A) The protein levels of LC3BI
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(Fig. 5F, Table S2B) and the P62-positive proportion of BCa cells
(Fig. 5G, Table S3B). We noticed that the ratio of P62(+) expression was
raising in both UNC1999-treated parental cells and ARR cells. Whereas,
EZH2 siRNA interference did not affect P62 expression in ARR cells
(Fig. 4B&C).

Down-regulation of EZH2 restrained ARR cells growth in vivo

To demonstrate the effect of EZH2 inhibition on tumors, we
employed mouse xenograft tumor models. Both parental BCa cells and
ARR counterparts were injected to nude mice to observe the effect of
EZH2-downregulation on tumor formation. However, only T24R cells
formed tumors after inoculation in our experiments (Fig. 6A) [13]. It
was found that untreated tumors took a period of 2 weeks (14 days) to
reach around 800mm?®. During this period, treatment with UNC1999 (50
mg/kg, 3 times) alone (P=0.014, Day 14) or high dose of IR (4 Gy, 3
times) alone (P=0.0001, Day 14) started from 5 day suppressed the
tumor growth, while combination treatment exhibited a robust inhibi-
tion of tumor growth compared to IR alone or UNC1999 alone (p<0.05,
Day 14) (Fig. 6B) without body weight changes (Fig. 6C). At the

T24R

endpoint of dayl4, tumor volume and tumor weight were, T24R Con:
779.78 + 72.09 mm® and 0.82 + 0.08 g, T24R UNC1999 alone: 517.05
+ 37.19 mm® and 0.38 + 0.03g, T24R IR alone: 220.27 + 39.21 mm®
and 0.25 + 0.03g, T24R UNC1999 + IR: 72.06 + 39.90 mm® and 0.05 +
0.02g, respectively (Fig. 6D), suggested that the combined treatment
obtained a remarkable therapeutic efficacy.

On the other hand, due to lack of parental cells as a comparison, we
herein introduced a human breast cancer cell line, MDA-MB-231 and its
radio-resistant counterpart, MDA-MB-231R cells to perform in vivo ex-
periments. Similarly, long term exposure to IR caused increased EZH2
expression in MDA-MB-231R cells, compared to MDA-MB-231 cells
(Fig. 6E, left). Knocking down the expression of EZH2 (Fig. 6E, right), we
observed that the tumor growth rate slowed down significantly (Fig. 6F).
At the end of the experiment (Day 13), the tumor volume and tumor
weight were measured and listed below, MDA-MB231 siCon vs. MDA-
MB-231siEZH2, 560.59 + 107.12 mm® vs. 199.58 + 13.24 mm3
(P=0.029), 0.25 + 0.02 g vs. 0.10 g+ 0.01 g (P<0.001); MDA-MB231R
siCon vs. MDA-MB-231RsiEZH2, 696.33 + 103.47 mm? vs. 371.19 +
36.61 mm® (P=0.042); 0.25 + 0.03g vs. 0.20 + 0.01g (P=0.032),
respectively (Fig. 6G). In comparison to control, down-regulation of
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Fig. 5. UNC1999, a small EZH2 inhibiter, attenuated the abilities of microsphere formation, DNA damage repair and affected autophagy regulation of BCa
cells. (A) The inhibition efficiency of EZH2 mediated by UNC1999 in cells were detected by Western blot. GADPH was loaded as an internal control. (B) Microspheres
after inhibiting EZH2 with UNC1999 were detected. (C, D) DNA damage repair kinetics of cells was obtained by ICC. Cells with or without UNC1999 regulating were
stained with y-H2AX at the time point (0.5, 2, 6, 12, 24h) to determine remained foci formation. (E) The protein levels of LC3BI and LC3BII in cells treated by
UNC1999 were determined by western blot. (F, G) The ratios of LC3B and P62 positive cells were detected by ICC. The calculation formula: positive cell numbers /
total cell numbers in five independent fields x 100%. *P < 0.05, **P< 0.01, ***P < 0.001, ****P < 0.0001.

EZH2 expression greatly decreased the rate of tumor growth.
Discussion

BCa is one of the most common malignant tumors in the urinary
system, accounting for approximately 90% to 95% of urothelial carci-
noma [14]. The lifetime risk of BCa is approximately 1.1% in men and
0.27% in women [15]. On the other hand, age is the greatest risk factor
for BCa, with an average age of diagnosis between 70 and 84 years [16].
These elderly patients are not appropriate for the basic therapy of cys-
tectomy. Therefore, the bladder-sparing palliative therapies are
commonly applied in the treatment of BCa, including radiotherapy,
chemotherapy, immunotherapy, and close supportive medical care to
alleviate symptom burden. Nowadays, high-precision 3D imaging
guided radiotherapy greatly optimizes identification of the target vol-
ume sand surrounding at organs at risk (OARs) and minimize the side
effects from dosing to other local organs [17]. Therefore, radiotherapy
has been more and more widely used in BCa treatment. However, the
occurrence of ARR phenomenon greatly reduces the effectiveness of
radiotherapy. In order to find effective ways to overcome ARR, we first
established ARR-BCa model by exposed parental cells (5637, T24) to FI
of 2 Gy/day*30 times. The cells survived from long-term radiation and
could be stably passaged are named 5637R and T24R, respectively. In
addition to significantly decreased radiation sensitivity, both 5637R and
T24R cells exhibited increased CSC properties, DNA damage repair
abilities and EZH2 expression compared to 5637 and T24 (Fig. 1). Bio-
informatics data analysis showed that EZH2, as an important biomole-
cule of epigenetic regulation, also played a major role in the occurrence

and progression of tumors. It was found that BCa tissues have signifi-
cantly up-regulated EZH2 mRNA levels compared with normal tissues in
multiple datasets (Fig. S1) and in subgroup analyses based on gender,
age, ethnicity, disease stages and tumor grade (Fig. S2). By analyzing the
prognosis of BCa patients in the GEPIA databases, we observed that the
DFS of EZH2"8" BCa patients was lower than that of EZH2'°" BCa pa-
tients (Fig. S3). Owing to the poor tumorigenicity of 5637 and T24, we
failed to establish the corresponding tumor-bearing models, but T24R
cells formed tumors after inoculation, suggested that ARR cells have a
stronger degree of malignancy. With in vivo experiments, we noticed
that combination treatment of EZH2 inhibitor UNC1999 and X-rays
continuously suppressed the tumor growth. As a supplement, we
enrolled a human breast cancer cell line, MDA-MB-231 and its ARR cells
MDA-MB-231R to perform animal experiments in this study. As ex-
pected, knocking down EZH2 expression slowed down the growth rate of
tumor tissues (Fig. 6).

Moreover, EZH2 is often overexpressed in many cancer types, espe-
cially in a variety of urinary system tumors [18, 19, 20] and positively
correlated with poor clinical outcomes and metastatic disease [21,22],
we believed that EZH2 should be an ideal tumor treatment target.
Therefore, both RNA interference and small molecule inhibitor was
applied to decrease EZH2 expression and methyltransferase function,
respectively. It was noted that EZH2'° cells are sensitive to radiation
with weakened DNA damage repair ability and reduced microsphere
forming rate compared to EZH2Meh cells (Figs. 2-5). In addition, we
noticed that EZH2 inhibition induced autophagy by monitoring the ratio
of LC3BII/I in BCa cells. It is known that autophagy is a dynamic,
multi-step process involving the formation of autophagosomes, the
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fusion of autophagosomes and lysosomes to form autolysates, and the
degradation of autolysates. Autophagosomes are autophagy markers
with characteristic significance, which is used to evaluate the level of
autophagy in cells [23]. Autophagosomes can be observed by electron
microscopy, and can also be reflected indirectly by methods such as
western blot detection of protein LC3BII [24]. Another widely used
marker of autophagy flux is P62. Basic autophagy degrades P62 together
with the target cargo by the lysosomal system, thereby maintaining the
level of P62 at a relatively low level. The increase of LC3BII and P62
indicates that the autophagy flow is blocked and the maturation of
autophagy is impaired, while the increase of LC3BII and the decrease of
P62 indicate that the autophagy flow is activated and unobstructed [25].
In the current study, we found that autophagy-related protein changing
after EZH2 siRNA transfection in ARR cells was inconsistent with that in
sensitive cells (Fig. 4). P62 accumulation was only detected in
siEZH-treated 5637 and T24 cells, not in 5637R and T24R cells upon the
similar treatment. It suggested that in 5637&T24 cells, LC3B and P62
both increased after knocking down EZH2, indicating that the initial
process of autophagy was activated, but the downstream did not work,
phagosomes and lysosomes could not fuse or autophagy/lysosomal
degradation pathways suppressed.While in 5637R&T24R cells, in
response to EZH2 knocking down, the ratio of LC3BII to LC3BI increased
more significantly, and the proportion of cells with positive expression
of LC3B also increased dramatically, but the level of P62 did not change
obviously. UNC1999, which decreased EZH2 expression and activation
and caused LC3B and P62 accumulation in both parental cells and ARR
cells, could be more effective to increase ARR cells responsiveness to

treatment. However, Hsieh et al [26] reported that UNC1999 induced
autophagy was partially dependent on ATG7 but independent of EZH2
inhibition. Therefore, we will continue to screen the best EZH2 targeted
drugs to improve tumor cells, especially radiation tolerant cells, sensi-
tivity to treatment.

In conclusion, EZH2 could be an important biomolecule linking the
diagnosis, radiotherapy and prognosis of BCa. EZH2 targeted therapy
may be an effective means to overcome ARR by reducing the DNA
damage repair ability, stem cell characteristics and autophagy stability
of BCa cells, and is worthy of in-depth study.
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