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Inhibition of G9a by a small molecule inhibitor, UNC0642,
induces apoptosis of human bladder cancer cells
Yue-peng Cao1, Jing-ya Sun2,3, Mei-qian Li4, Yu Dong2,5, Yuan-heng Zhang2,3, Jun Yan4, Rui-min Huang2,3 and Xiang Yan1

Urinary bladder cancer (UBC) is characterized by frequent recurrence and metastasis despite the standard chemotherapy with
gemcitabine and cisplatin combination. Histone modifiers are often dysregulated in cancer development, thus they can serve as an
excellent drug targets for cancer therapy. Here, we investigated whether G9a, one of the histone H3 methyltransferases, was
associated with UBC development. We first analyzed clinical data from public databases and found that G9a was significantly
overexpressed in UBC patients. The TCGA Provisional dataset showed that the average expression level of G9a in primary UBC
samples (n= 408) was 1.6-fold as much as that in normal bladder samples (n= 19; P < 0.001). Then we used small interfering RNA
to knockdown G9a in human UBC T24 and J82 cell lines in vitro, and observed that the cell viability was significantly decreased and
cell apoptosis induced. Next, we choosed UNC0642, a small molecule inhibitor targeting G9a, with low cytotoxicity, and excellent
in vivo pharmacokinetic properties, to test its anticancer effects against UBC cells in vitro and in vivo. Treatment with UNC0642
dose-dependently decreased the viability of T24, J82, and 5637 cells with the IC50 values of 9.85 ± 0.41, 13.15 ± 1.72, and 9.57 ±
0.37 μM, respectively. Furthermore, treatment with UNC0642 (1−20 μM) dose-dependently decreased the levels of histone
H3K9me2, the downstream target of G9a, and increased apoptosis in T24 and J82 cells. In nude mice bearing J82 engrafts,
administration of UNC0642 (5 mg/kg, every other day, i.p., for 6 times) exerted significant suppressive effect on tumor growth
without loss of mouse body weight. Moreover, administration of UNC0642 significantly reduced Ki67 expression and increased the
level of cleaved Caspase 3 and BIM protein in J82 xenografts evidenced by immunohistochemistry and western blot analysis,
respectively. Taken together, our data demonstrated that G9a may be a promising therapeutic target for UBC, and an epigenetics-
based therapy by UNC0642 is suggested.
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INTRODUCTION
Urinary bladder cancer (UBC) is one of the most common urologic
neoplasms worldwide, with 430,000 new cases diagnosed and
165,000 deaths per year [1]. The majority of UBC cases are of the
urothelial carcinoma histologic type, 75% of which are nonmuscle
invasive bladder cancer (NMIBC), and the remaining 25% are
muscle-invasive bladder cancer (MIBC) [2, 3]. More than half of all
NMIBC patients experience tumor recurrence within 5 years, and
10–30% develop malignant progression to MIBC [4]. Hence,
patients with NMIBC should be monitored by cystoscopy for
many years, and multiple treatment rounds are always needed.
Furthermore, MIBC patients have an unfavorable prognosis, with a
5-year survival rate of <50%. Unfortunately, currently, no high-
grade MIBC therapies exist, and many patients choose radical
cystectomy [5, 6]. Cisplatin-based chemotherapy administered
before or after surgery in a neoadjuvant or adjuvant manner can
partially reduce tumor recurrence and metastasis and improve
survival time. In spite of taking these approaches, MIBC patients
have an unfavorable prognosis, with a 5-year survival rate of

<50%. Therefore, development of new therapeutic strategies and
drugs for UBC is necessary and urgent.
G9a is a histone methyltransferase that specifically mediates

mono- and di-methylation of histone H3 lysine 9 (H3K9) [7, 8].
Lysine methylation of histone H3 by G9a is associated with
transcriptional repression. Accumulating studies demonstrate
that G9a participates in many biological processes, including
cell proliferation, survival, and invasion [9–14]. G9a is over-
expressed in various cancer types, such as gastric, ovarian, and
esophageal cancer [10, 15–17]. Knockdown of the G9a gene
induces chromosome instability and suppresses cancer cell
proliferation and invasion, supporting the notion that G9a is a
promising drug target [18–20]. G9a inhibitors, such as UNC0638
and BIX-01294, can inhibit cell proliferation by inducing cell
cycle arrest, triggering apoptosis, or inducing autophagic cell
death [21–23]. However, UNC0638 is not suitable for animal
studies due to its poor pharmacokinetic properties [24].
Recently, UNC0642, another selective G9a inhibitor, was
demonstrated to have high in vitro cellular potency and
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excellent selectivity, along with improved in vivo pharmacoki-
netic properties [24, 25].
In this study, we found that G9a was overexpressed in UBC

patients and regulated cell proliferation and apoptosis in UBC
cells. Targeting of G9a activity by UNC0642 suppressed UBC cell
growth and induced apoptosis in vitro and in vivo. These
findings indicate that G9a may be a promising therapeutic
target for UBC, and epigenetics-based therapy with UNC0642 is
suggested.

MATERIALS AND METHODS
Cell lines and reagents
Human UBC T24, J82, and 5637 cell lines were purchased from Cell
Bank of Type Culture Collection, Chinese Academy of Sciences
(Shanghai, China). All cells were maintained in RPMI 1640 medium
(Life Technologies, Carlsbad, CA, USA) containing 10% fetal bovine
serum (HyClone, Logan, UT, USA) at 37 °C in a humidified
incubator containing 5% CO2. The compound UNC0642 with
99.89% purity was purchased from MedChemExpress (HY-13980,
Monmouth Junction, NJ, USA).

G9a expression in human UBC samples
TCGA portal was used to obtain normalized G9a mRNA
expression data in Fragments Per Kilobase Million (FPKM)
from UBC studies. In TCGA Provisional dataset, 19 normal
bladder tissues and 408 primary UBC samples were included.
GEO profiling was used to obtain G9a mRNA expression
data (via count) for UBC studies. In the GSE3167 202326_at
dataset, 14 normal bladder tissues and 46 UBC samples were
included. The correlation between the G9a mRNA level and
cumulative overall survival (OS) in human UBC samples was
analyzed using the Kaplan–Meier method in the TCGA Provi-
sional dataset (n= 405). Median, tertiles, quartiles, and quintiles
were determined as the cutoff points for G9a expression, and
differences in the survival rates between curves were assessed
using a log-rank test. P <0.05 was considered statistically
significant.

RNA interference
Cells were cultured in six-well plates at a density of 1 × 105

cells/well. After 24 h, the cells were transfected with G9a siRNA
using Lipofectamine RNAiMAX (Life Technologies) according to
the manufacturer’s instructions. Then, the cells were cultured for
another 72 h and harvested for further analysis. The oligonucleo-
tide sequences of the two siRNAs used to target G9a were siG9a-1:
5ʹ-CGCACAGAGAAGAUCAUCUTT-3ʹ and siG9a-2: 5ʹ-GGUGUCCA
AUGACACAUCUTT-3ʹ, and that of the control siRNA (siNC) was
5ʹ-TTCTCCGAACGTGTCACGTTT-3ʹ.

Apoptosis analysis
Cells were cultured in six-well plates at a density of 1 × 105 cells/
well. After 24 h, the cells were treated with DMSO (vehicle) or the
indicated concentration of UNC0642 for 72 h. Then, both adherent
and floating cells were harvested and washed with cold PBS. Prior
to FACS analysis, cells were resuspended in 500 μL of binding
buffer containing 5 μL of Annexin V and 5 μL of propidium iodide
solution (PI; cat #: 556547, BD Biosciences, Piscataway, NJ, USA)
and were stained for 15 min at room temperature in the
dark. Then, apoptosis analysis was performed using a FACS
Calibur flow cytometer (BD). The data were analyzed using
CELLQuest software (BD).

Cytotoxicity assay
Cells were seeded in 96-well plates at 3000–5000 cells/well in
triplicate. After 24 h, the cells were treated with different
concentrations of UNC0642 and incubated at 37 °C for another
72 h. Then, the cells were fixed with 10% trichloroacetic acid

overnight and stained with 4 mg/mL sulforhodamine B (SRB;
Sigma, St Louis, MO, USA) in 1% acetic acid. The SRB in the cells
was dissolved in 10 mM Tris-HCl and measured at 560 nm. IC50
values were analyzed using GraphPad Prism software (version
6.01, GraphPad Software Inc., La Jolla, CA, USA).

Western blotting
Protein extracts were prepared with SDS-lysis buffer (50 mM Tris-
HCl, pH 7.4, 2% SDS). Cell lysates were boiled for 10min at 100 °C
and centrifuged at 14,000 r/min for 5 min at 4 °C. The supernatant
was collected and subsequently resolved by SDS-PAGE, trans-
ferred to nitrocellulose membranes, probed with the appropriate
primary antibodies and then incubated with horseradish
peroxidase-conjugated secondary antibodies. The immunoreac-
tive proteins were detected using an ECL detection reagent
(Pierce, Rockford, IL, USA) and imaged with a chemiluminescence
instrument (LAS-4000, GE Healthcare, Piscataway, NJ, USA).
Primary antibodies targeting the following proteins were used:
Histone H3 (#4499, Cell Signaling Technology (CST), Danvers, MA,
USA, 1:5,000), di-methyl-Histone H3 (Lys9) (#4658, CST, 1:5,000),
cleaved Caspase-3 (#9664, CST, 1:1,000), Caspase-3 (#9665, CST,
1:1,000), cleaved PARP (#5625, CST, 1:1,000), PARP (#9532, CST,
1:1000), BIM (#2933, CST, 1:1,000), and β-actin (60008-1-Ig,
Proteintech, 1:10,000).

Gene expression microarray analysis
T24 cells were treated with siG9a-1 or siNC for 48 h, and total RNA
was then extracted with TRIzol reagent (Life Technologies),
purified, amplified, and labeled to obtain biotin-labeled cRNA.
Affymetrix PrimeView GeneChip hybridization was performed
according to the manufacturer’s protocol (Affymetrix, Carlsbad,
CA, USA). Differentially expressed genes (exhibiting at least
1.5-fold change in expression) were screened via moderated-t
test (P < 0.001). GSEA of gene sets was performed against MSigDB
v5.1 with 105 permutations. The original and normalized micro-
array data from this study can be accessed at GSE115341 in NCBI
GEO Datasets.

Quantitative real-time PCR
Quantitative real-time PCR was performed using a Bio-Rad Real-
Time PCR detection system (Bio-Rad, Berkeley, CA, USA). Total RNA
was extracted with TRIzol reagent and subjected to reverse
transcription with HiScript II Q RT SuperMix (#R222-01, Vazyme,
Nanjing, China). PCRs were performed with SYBR Green
Master Mix (#Q121-02, Vazyme). The primers used were as follows:
G9a: forward, 5ʹ-TCCAATGACACATCTTCGCTG-3ʹ and reverse, 5ʹ-
CTGATGCGGTCAATCTTGGG-3ʹ Ampka2: forward, 5ʹ-GTGAAGATCG
GACACTACGTG-3ʹ and reverse, 5ʹ-CTGCCACTTTATGGCCTGTTA-3ʹ
ELL2: forward, 5ʹ-CATCACCGTACTGCATGTGAA-3ʹ and reverse, 5ʹ-
ACTGGATTGAAGGTCGAAAAGG-3ʹ Bim: forward, 5ʹ-TAAGTTCTG
AGTGTGACCGAGA-3ʹ and reverse, 5ʹ-GCTCTGTCTGTAGGGAGGT
AGG-3ʹ.

In vivo xenograft study
The animal protocol was approved by the Association for
Assessment & Accreditation of Laboratory Animal Care interna-
tional of Model Animal Research Center of Nanjing University. J82
cells (2 × 106) were mixed with 100 μL of Matrigel (cat #: 356234,
BD; 1:1 ratio) and then were injected subcutaneously into 8-week-
old male nude mice, which were obtained from the Model Animal
Research Center of Nanjing University. Seven days later, nude
mice bearing palpable xenografts were randomly divided into two
groups. One group was treated with vehicle (DMSO), and the
other was treated with UNC0642 (5 mg/kg) via intraperitoneal (i.p.)
injection every other day. Tumor volumes were measured using a
caliper and calculated as length × width2/2. At the endpoint, mice
were killed, and tumors were weighed and processed for further
analysis.

Targeting G9a by UNC0642 induces apoptosis of bladder cancer
YP Cao et al.

1077

Acta Pharmacologica Sinica (2019) 40:1076 – 1084

1
2
3
4
5
6
7
8
9
0
()
;,:



Immunohistochemical (IHC) staining
Briefly, 5-μm-thick paraffin sections were stained using an
UltraSensitive S-P IHC staining kit (cat #: 9707, MAXIN, Fujian,
China). The primary antibodies were rabbit polyclonal antibodies
for di-methyl-Histone H3 (Lys9) (#9753, CST; 1:400) and Ki67
(VP-RM04, Vector Laboratories, Burlingame, CA, USA; 1:10,000),
which were incubated with sections overnight at 4 °C. The
streptavidin–peroxidase method was used, and the signals were
detected with an enhanced DAB substrate kit (cat #: DAB-2031,
MAXIN), followed by counterstaining with hematoxylin.

Statistical analysis
Statistical analyses were performed using GraphPad Prism Soft-
ware. Comparisons between groups were performed with two-
tailed Student’s t test, and differences were considered statistically
significant at P < 0.05.

RESULTS
G9a is overexpressed in UBC patients and is positively correlated
with cancer progression
To test whether G9a is associated with UBC development, the
expression level of G9a in UBC patients was analyzed using the
public TCGA database and GEO Profiles database. In the dataset
(TCGA Provisional) from TCGA database, the normalized mRNA
expression level (FPKM) of G9a was analyzed. The average
expression level of G9a in primary UBC samples (n= 408) was

1.6-fold higher than that in normal bladder samples (n= 19; P <
0.001; Fig. 1a). Next, correlations between the FPKM of G9a and
tumor histology (Fig. 1b) or individual cancer stage (Fig. 1c) was
investigated. Both papillary (P < 0.001; n= 271) and nonpapillary
UBC samples (P < 0.001; n= 132) exhibited G9a overexpression
compared with normal bladder samples (n= 19). However, there
was no significant difference between papillary and nonpapillary
UBC samples (Fig. 1b). In addition, UBC samples at different cancer
stages, including T1 (P < 0.05; n= 3), T2 (P < 0.001; n= 119), T3
(P < 0.001; n= 194), and T4 (P < 0.01; n= 58), exhibited upregula-
tion of G9a compared with normal bladder samples (n= 19).
However, correlations between the FPKM of G9a and individual
cancer stages were not observed (Fig. 1c). Next, the correlation
between the FPKM of G9a and molecular subtype (Fig. 1d) was
examined. All UBC samples, including neuronal (n= 20), basal
squamous (n= 142), luminal (n= 26), luminal infiltrated (n= 78),
and luminal papillary (n= 142) subtypes, expressed a higher level
of G9a than normal bladder samples (n= 19; P < 0.05). Notably,
G9a expression in the neuronal subtype, which behaves similarly
to neuroendocrine neoplasms at other tissue sites and is
associated with particularly poor survival [26, 27], was significantly
higher than that in the other four UBC subtypes (P < 0.05). The
relative expression level of G9a in another independent dataset
(GSE3167, 202326_at) from GEO Profiles database was further
analyzed. The average level of G9a in UBC samples (n= 46)
was twofold higher than that in normal bladder samples (n= 14)
(P < 0.001; Fig. 1e). However, a correlation between high G9a

Fig. 1 G9a overexpression is associated with UBC progression. a Analysis of G9a mRNA expression level (FPKM) in normal bladder (n= 19) and
primary UBC (n= 408) samples from TCGA provisional database. b Analysis of G9a mRNA expression level (FPKM) in normal bladder (n= 19),
papillary UBC (n= 271) and nonpapillary (n= 132) samples in TCGA provisional database. c Analysis of G9a mRNA expression level (FPKM) in
normal bladder (n= 19) samples and in samples of UBC growing into the layer of connective tissue under the lining of the bladder wall (T1;
n= 3), UBC growing into the muscle layer of the bladder wall (T2; n= 119), UBC growing into the layer of fatty tissue that surrounds the
bladder (T3; n= 194), and UBC spreading into the prostate, uterus, or vagina and growing into the pelvic or abdominal wall (T4; n= 58); all
data were derived from TCGA provisional database. d Analysis of G9a mRNA expression level (FPKM) in normal bladder (n= 19), neuronal UBC
(n= 20), basal squamous UBC (n= 142), luminal UBC (n= 26), luminal infiltrated UBC (n= 78) and luminal papillary UBC (n= 142) samples
from TCGA provisional database. e Analysis of relative expression G9a level in normal bladder (n= 14) and primary UBC (n= 46) samples from
GEO Profiles database. Bars represent the mean ± SD. *P < 0.05; **P < 0.01; ***P < 0.001; ###P < 0.001
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expression and poor overall survival could not be detected in UBC
patients from the TCGA Provisional dataset (n= 405; Fig. S1). The
above data demonstrate that G9a is overexpressed in human UBC
patients and thus a potential therapeutic target in UBC patients.

G9a is required for UBC cell survival and regulates the expression
of genes mediating cell viability and apoptosis
To test whether G9a can regulate UBC cell survival, we knocked
down G9a expression with two different siRNAs in T24 and J82
cells. After 72 h, cell viability was assessed using an SRB assay.
Downregulation of G9a decreased the methylation level of H3K9
according to a western blotting assay (Fig. 2a) and reduced cell
viability (P < 0.01; Fig. 2b) in both cell lines. Annexin V-FITC/PI
double staining showed that apoptosis occurred in >40% of T24
cells and >15% of J82 cells treated with siRNAs targeting the G9a
gene, whereas the rate of apoptotic cells was 11% in T24 cells and

7% in J82 cells treated with negative control siRNA (siNC) (P < 0.05;
Fig. 2c, d). Consistently, the expression of apoptotic markers,
including cleaved Caspase-3 and its substrate cleaved PARP, was
increased in G9a-depleted UBC cells (Fig. 2e).
Because G9a is a histone methyltransferase that mediates gene

transcription, a gene expression array was performed to deter-
mine the downstream effectors of the G9a gene, which may
regulate UBC cell survival. PrimeView™ Human Gene Chips,
comprising more than 530,000 probes covering more than
36,000 transcripts and variants, were chosen to analyze the mRNA
expression profiles of T24 cells treated with G9a siRNA or siNC. As
shown in Fig. 3a, 316 upregulated and 370 downregulated genes
(exhibiting an at least 1.5-fold change in expression; P < 0.001)
were identified. A Gene Set Enrichment Analysis (GSEA)
also determined a set of genes related to apoptosis with
statistically significant, concordant differences between siG9a

Fig. 2 Knockdown of G9a reduced cell viability and induced cell apoptosis of UBC cells. T24 and J82 cells were treated with G9a siRNAs for
72 h. a T24 and J82 cell lysates were analyzed by western blotting with the indicated antibodies. b Viability of T24 and J82 cells was measured
using an SRB assay. The assays were performed in triplicate, and the results are presented as the mean ± SD. c, d Apoptosis of T24 and J82 cells
was determined with Annexin V/PI assays (c). Cells in the first and forth quadrants were defined as apoptosis cells. The assays were performed
in triplicate, and the results are presented as the mean ± SD (d). e T24 cell lysates were analyzed via western blotting with the indicated
antibodies. *P < 0.05; **P < 0.01; ***P < 0.001
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and siNC-treated cells (Fig. 3b), such as downregulation of genes
involved in cell proliferation (Cyclin D1 and ENO2) and upregula-
tion of genes involved in apoptosis (Bim, Ampkα2, and ELL2).
Quantitative real-time PCR was further applied, and the expression
changes in the above genes were validated in two siG9a groups
compared with the siNC group (P < 0.05; Fig. 3c). Our results show
that G9a plays an important role in cell survival and that targeting
of G9a with siRNA can induce apoptosis in UBC cells.

Targeting of G9a with UNC0642 reduced cell viability and induced
apoptosis in UBC cells
UNC0642 is a novel inhibitor of G9a with high cellular potency and
excellent selectivity in various cancer cell lines (Fig. 4a) [24], and
thus, we chose it for further targeting of G9a of UBC cells both
in vitro and in vivo. We applied UNC0642 at different concentra-
tions (ranging from 0 to 20 µM) to three human UBC cell lines (T24,
J82, and 5637) for 72 h and found that UNC0642 reduced cell

Fig. 3 G9a regulated the expression of proliferation and apoptosis-related genes in UBC. a, b T24 cells were treated with G9a siRNA, and then,
gene expression profiling was performed. Differentially expressed genes are shown in a heatmap (a). GSEA presented the hallmarks of
apoptosis (b). c T24 cells were treated with G9a siRNAs. The expression levels of G9a, Cyclin D1, ENO2, Ampkα2, ELL2, and Bim were determined
with qRT-PCR. *P < 0.05; **P < 0.01; ***P < 0.001

Fig. 4 Cell viability of human UBC cells treated with UNC0642. a Chemical structure of UNC0642. b Cytotoxicity of UNC0642 in the human UBC
cell lines T24, J82, and 5637 after treatment for 72 h. The assays were performed in triplicate, and the results are presented as the mean ± SD.
c UNC0642 suppressed the activity of G9a protein according to detection of the level of H3K9me2. T24 and J82 cells were treated with
UNC0642 for 24 h at the indicated concentration. β-Actin was used as the loading control
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Fig. 5 UNC0642 induces apoptosis in UBC cells. a–c T24, J82, and 5637 cells were treated with UNC0642 at the indicated concentrations for
72 h. Apoptosis was determined with an Annexin V/PI assay (a). Cells in the first and forth quadrants were defined as apoptotic cells. The
assays were performed in triplicate, and the results are presented as the mean ± SD (b). Cell lysates were analyzed via western blotting with
the indicated antibodies (c). d T24 cells were treated with UNC0642 at the indicated concentrations for 48 h. The expression levels of Ampkα2,
ELL2, and Bim were determined with qRT-PCR. *P < 0.05; **P < 0.01; ***P < 0.001
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viability of all three lines in a dose-dependent manner based on
an SRB assay (Fig. 4b). The IC50 values of UNC0642 in T24, J82, and
5637 cells were 9.85 ± 0.41 μM, 13.15 ± 1.72 μM, and 9.57 ±
0.37 μM, respectively. Western blotting analysis validated the
specific decrease in the global level of histone H3K9me2 with
UNC0642 treatment (Fig. 4c). A stable G9a-knockdown T24 cell
line (shG9a) was constructed as a control to test whether
pharmacological inhibition of G9a by UNC0642 was specific
(Fig. S2a). We found that T24 mock cells (shCTL) were more
sensitive to UNC0642 than T24 shG9a cells (Fig. S2b), indicating
that cell death induced by UNC0642 was partially dependent on
G9a activity.
To examine whether UNC0642 could induce apoptosis, we

carried out Annexin V-FITC/PI double staining of UBC cell lines
treated with UNC0642 (Fig. 5a). Flow cytometry analysis showed
that the ratio of apoptotic cells was increased in a dose-
dependent manner in three UBC cell lines (Fig. 5b). The expression
levels of apoptosis markers, such as cleaved Caspase-3 and
cleaved PARP, were consistently raised in UBC cells upon UNC0642
treatment according to western blotting analysis (Fig. 5c). Mean-
while, we examined whether the expression of apoptosis-related
genes, including Bim, Ampkα2, and ELL2, was also affected by
UNC0642 treatment. Our results revealed that the mRNA levels of
the Ampkα2, ELL2, and Bim genes were upregulated in T24 cells
treated with UNC0642 at concentrations of 10 μM and 20 μM

(Fig. 5d), consistent with the siG9a treatment results (Fig. 3c).
These results indicate that targeting of G9a with UNC0642 reduces
cell viability and induces apoptosis in UBC cells.

Targeting of G9a with UNC0642 suppressed tumor growth in vivo
To test the in vivo effects of G9a inhibition, J82 cells were
subcutaneously injected into nude mice. One week after
xenografts became palpable, UNC0642 (5 mg/kg) was adminis-
tered via i.p. injection every other day for 11 days. UNC0642
inhibited tumor growth during the treatment window (P < 0.05;
Fig. 6a) without a significant effect on body weight compared with
the vehicle-treated group (Fig. 6b). At the endpoint of the
experiment, xenografts were harvested, weighed, and processed
for further IHC study. The average tumor weight in the UNC0642
group (1.15 g) was approximately half of that in the vehicle
treatment group (2.30 g, P < 0.05; Fig. 6c, d). Moreover, IHC
staining demonstrated that UNC0642 treatment strikingly
decreased the histone H3K9me2 level in the nuclei of cancer
cells in J82 xenografts (Fig. 6e). Ki67 (cell proliferation marker)-
positive staining and cleaved Caspase 3 (apoptosis marker)-
positive staining in cells were quantified (Fig. 6f, g). Targeting of
G9a in vivo reduced cell proliferation (from 61.73% in the vehicle
group to 22.20% in the UNC0642 group; P < 0.01) and induced
apoptosis (from 0.36% in the vehicle group to 4.89% in the
UNC0642 group; P < 0.05). In addition, the level of the

Fig. 6 UNC0642 suppressed the tumorigenicity of J82 xenografts. The tumor volume (a) of the J82 xenografts and the body weights of nude
mice bearing J82 xenografts (b) are presented. Arrows indicate the timepoints of administration of UNC0642 or vehicle. c The xenografts were
harvested at the end of the experiment and photographed. d The tumor weights are plotted in the graph. e–g IHC staining to determine
H3K9me2, cleaved Caspase 3 and Ki67 (proliferation index) levels in J82 xenografts treated with vehicle or UNC0642 (5mg/kg). Scale bar, 20 μm
(e). Quantification of the cells positive for Ki67 (f) and cleaved Caspase 3 (g) staining between the vehicle and UNC0642 treatment groups.
h Western blotting and quantification of BIM protein levels in UNC0642 and vehicle treatment groups. *P < 0.05, **P < 0.01; ***P < 0.001
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proapoptotic protein BIM was increased in the UNC0642 treat-
ment group, consistent with the in vitro data (Fig. 6h). Thus,
targeting of G9a with UNC0642 suppressed UBC tumor growth
and induced apoptosis in vivo.

DISCUSSION
G9a has been shown to be overexpressed in multiple cancer types
[10, 15–17]. Knockdown of G9a via RNA interference in breast or
gastric cancer cells inhibited cell proliferation and invasion,
indicating that G9a overexpression is required for cancer cell
survival and aggressiveness [19, 20]. Although G9a overexpression
was not correlated with poor prognosis in UBC patients from
TCGA Provisional dataset (n= 405, P>0.05), we still found that G9a
was highly expressed in human UBC patients (n= 454, P < 0.05),
especially in patients with neuronal UBC, which is the most
malignant type of UBC and is presently incurable [27]. Because
G9a is a promising drug target, thus far, several small molecule
inhibitors have been identified with great in vitro inhibitory effects
against G9a activity. However, to date, few G9a pharmacological
inhibitors have demonstrated excellent in vivo efficacy and
pharmacological kinetics [24]. A recent study reported that one
G9a-specific inhibitor, UNC0642, exhibited high in vitro cellular
potency, excellent selectivity and greatly improved in vivo
pharmacokinetic properties [24, 25]. In this study, we applied
UNC0642 to target the G9a gene, which was overexpressed in
human UBC patients. UNC0642 reduced cell viability and induced
apoptosis in UBC cells in a dose-dependent manner. In vivo data
also showed that UNC0642 suppressed the tumorigenicity of UBC
xenografts.
BIX01294 is the first selective inhibitor of G9a/GLP discovered

via high-throughput screening. Depletion of G9a or inhibition of
its activity by BIX-01294 reduced the expression levels of anti-
apoptotic proteins, such as Bcl-2 and Mcl1 [22, 28, 29], and
induced the expression of proapoptotic proteins, such as BAX and
BAD [28, 30]. In addition, BIX-01294 induces autophagy in breast
cancer, head and neck squamous cell carcinoma, and neuroblas-
toma cells [31–33]. However, BIX01294 exhibits selectivity for GLP
over G9a, and thus, more potent G9a inhibitors, including
UNC0224, UNC0321, and E72, were developed based on the
crystal structure of the protein complex [34]. Further, this series of
compounds were optimized for discovery of more potent and
selective G9a inhibitors, specifically, UNC0638 and UNC0642.
UNC0642 has been demonstrated to possess excellent selectivity
and improved in vivo PK properties compared with other G9a-
specific inhibitors, such as UNC0638, which makes it suitable for
animal studies [23, 24]. We found that UNC0642 inhibited G9a
activity, decreased the level of histone H3K9me2 and induced the
expression of the proapoptotic protein BIM, leading to tumor-
igenicity suppression in UBC xenografts. Notably, the body
weights of nude mice did not show significant changes between
the vehicle control and UNC0642 treatment groups, indicating
that the dosage regimen of UNC0642 used in this study was
relatively safe.
In conclusion, the present study is the first to report that G9a

regulates UBC cell survival by mediating cell apoptosis and that
targeting of G9a by UNC0642 significantly inhibits UBC cell
proliferation and survival in vitro and in vivo. Thus, we have
confirmed that UNC0642 has potential as a therapeutic option for
UBC patients.
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