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The highest incidence of esophageal squamous cell carcinoma (ESCC) occurs in China. Cancer stem cells play key roles for
tumor progression. Gene amplified in squamous cell carcinoma 1 (GASCI) is essential to maintain self-renewal and differentiation
potential of embryonic stem cells. This study aimed to reveal the effect and mechanism of GASCI on ESCC stemness. The
biological function of GASCI in ESCC was evaluated both in vitro and in vivo. ChIP assay was performed to determine the
molecular mechanism of GASCI in epigenetic regulation of NOTCHI. We found that GASC1 expression was increased in poor
differentiated ESCC cells and tissues. ESCC patients with a high level of GASCI presented a significantly worse survival rate.
GASCI1 expression in purified ALDH" ESCC cells was significantly higher than that in ALDH™ cells. The stemness of ESCC
was dramatically decreased after GASCI blockade. Furthermore, blockade of GASC1 decreased NOTCHI expression via increase
of NOTCHI promoter H3K9me2 and H3K9me3. Moreover, the impaired stemness after blockade of GASC1 could be reversed
after transfection of NOTCHI overexpression lentiviral vector. GASCI1 promoted stemness in ESCC cells via NOTCHI promoter
demethylation. Therefore, GASCI/NOTCHI signaling might be a potential therapeutic target for the treatment of ESCC patients.

1. Introduction

Esophageal cancer (EC) is the eighth most common cancer
worldwide and the sixth leading cause of cancer-related
deaths. China is the country with the highest incidence of
EC in the world [1]. Contrary to European and American
countries that 80% of EC is adenocarcinoma, more than
90% of EC in China is esophageal squamous cell carcinoma
(ESCC). Although few new small-molecule targeted drugs
are explored for advanced ESCC in some clinical trials, there
still are no strong evidences that support the patients would
have satisfactory survival.

Cancer stem cells (CSCs) are responsible for cancer
growth, metastasis, and recurrence [2]. It has been shown that

CSCs played an important role for ESCC development [3].
Therefore, targeting CSCs could be a potential therapeutic
strategy of ESCC.

Gene amplified in squamous cell carcinoma 1 (GASCI,
also named KDM4C/JMJD2C), which encodes a nuclear
protein with a Jumonji C domain that catalyzes lysine (K)
demethylation of histones [4], is essential to maintain the
self-renewal and differentiation of embryonic stem cells.
However, the function and mechanism of GASCI in the
stemness of ESCC cells have not been elucidated yet. Whether
demethylation of histones is involved in CSC maintain
of ESCC cells is unclear. Therefore, we focused on the
role and mechanism of GASCI in CSC-like properties of
ESCC.
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2. Materials and Methods

2.1. Cell Lines and Culture. Human ESCC cell lines including
KYSE70, KYSE140, KYSE30, and KYSE150 were requested
by Dr. Shimada from Kyoto University. Human EC9706
had been preserved in our laboratory. The cell lines were
cultured in 1640 medium containing 10% fetal bovine serum
at 37°C for 5% CO,. For preparation of primary cells
derived from patients, fresh tissue samples of esophageal
carcinoma were digested using gentle MACS Dissociator
(Miltenyi Biotec, Germany) as manufacturer’s instructions.
The single cell suspension was obtained by filtration with 40
pm membrane and cultured using Aldefluor kit (STEMCELL
Technologies, Canada) as manufacturer’s instructions. The
methods of enrichment culture and detection of ESCC stem
cell were performed as described previously [5, 6]. KYSE150
cells were stably transfected with a vector containing a
GASCl-specific small hairpin RNA (shRNA) to knockdown
GASCI expression (shGASCI KYSEI50 cells). After 48 h, the
transfected cells were sorted by flow cytometry according
to the expression of green fluorescent protein (GFP). Then,
the expression of GASCI was confirmed by qRT-PCR and
western blotting.

2.2. Patients. From October 2008 to October 2011, a total
of 109 specimens of tumor and peritumor tissues from
patients with ESCC were obtained at The First Affiliated
Hospital of Henan University of Science and Technology and
Anyang Cancer Hospital. One hundred specimens were used
for analysis at last after 9 specimens with nonconformity
of quality were abandoned. All patients did not undergo
neoadjuvant chemotherapy and/or radiotherapy, and all of
them were diagnosed with ESCC. This study was approved by
the Medical Ethics Committee of the above two hospitals and
The First Affiliated Hospital of Zhengzhou University, and all
patients signed informed consent.

2.3. RNA Extraction and gPCR. Total RNA extraction, cDNA
synthesis, and qPCR were performed as previously described
[7]. Total RNA was extracted from cell lines, tumor and peri-
tumor tissues of ESCC using TRIzol (Invitrogen Corporation,
CA). cDNA was obtained using a PrimeScript™ RT reagent
kit (Takara, China) according to the manufacturer’s instruc-
tions. mRNA levels were determined by qPCR using SYBR
Premix ExTaq II (Takara, China) on an ABI PRISM 7300
system (Applied Biosystems, USA). The mRNA abundance
for each gene of interest was normalized to that of GAPDH.
Details of the primer sequences used for qPCR are listed in
Supplementary Table SI.

2.4. Western Blotting. The cells in each group were lysed
and used for total protein extraction and quantitation.
Total protein was separated by 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and then transferred onto
nitrocellulose membranes (Millipore, USA). The membranes
were blocked with 3% nonfat milk for 1.5 h at room temper-
ature and then incubated with primary antibodies. Then, the
membranes were incubated with HRP-conjugated secondary
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antibody (1:18000, Santa Cruz) for 1.5 h at room tempera-
ture. The protein bands were visualized using an enhanced
chemiluminescence detection system. Densitometry values
were normalized to levels of GAPDH. Quantitation analysis
for western blotting was performed using Image-Pro Plus 6.0
software (Media Cybernetics, Inc., USA).

2.5. Immunohistochemistry. Immunohistochemical staining
was conducted according to procedures described every-
where [8]. The sections were incubated overnight at 4°C with
primary antibodies against anti-GASCI (Abcam, USA). After
washing with PBS, sections were incubated with an appro-
priate biotinylated secondary antibody (Zymed Laboratories,
USA) for 30 min. The primary antibody was replaced with
PBS for use as a negative control.

Staining intensity was graded as 0 (no staining), 1 (weak
staining), 2 (moderate staining), and 3 (strong staining).
Analysis of staining in the normal epithelium showed pre-
dominant absence or mild staining. In ESCC samples, grade
0 to 1 stain was classified as low expression, and grade 2 to 3
as high expression. Scoring was done independently by two
independent pathologists.

2.6. Aldefluor Assay and Fluorescence-Activated Cell Sort-
ing (FACS). The Aldefluor® kit (STEMCELL Technologies,
Canada) was used to isolate cells with high ALDH activity.
Briefly, cells were suspended in Aldefluor® assay buffer
containing BODIPY-aminoacetaldehyde and incubated at
37°C for 30 min. FACS was performed with a FACSAria™
cell sorter (BD Bioscience, USA). The Aldefluor® stain-
ing was detected using FITC channel. To prevent cross-
contamination between ALDH" and ALDH™ cells, sorting
gates of these 2 populations were set up at least one log apart.

2.7. Immunofluorescence. The protocols used for immunoflu-
orescence are described elsewhere [7]. Anti-GASCI, anti-
ALDHILI, anti-NOTCH1 (Abcam, USA), anti-H3K9Me2,
and anti-H3K9me3 (Millipore, USA) antibodies were used
as primary antibodies. Donkey anti-rabbit IgG (Alexa Fluor®
488), donkey anti-rabbit IgG (Alexa Fluor® 555), donkey
anti-sheep IgG (Alexa Fluor® 488), and goat anti-mouse
IgG (Alexa Fluor® 488) (Abcam, USA) were used as sec-
ondary antibodies. Nuclear staining was performed with
40,6-diamidino-2-phenylindole (DAPI; 1:1000; Roche, USA).

2.8. In Vivo Tumorigenicity Study. Male nude mice, 6-8
weeks old, were maintained under specific pathogen-free
conditions. In one set of experiments, 1 x 10° shGASCI
ALDH" KYSEI50 or scramble shRNA cells were injected
subcutaneously into the mice. In the CA assay, 1 x 10°
NOTCHI overexpression or control ALDH™ KYSE150 cells
were injected subcutaneously into the mice. One week after
cell implantation, the GASCI inhibitor caffeic acid (CA; 5 or
10 uM; Sigma, USA) or saline as a control was administrated
intraperitoneally 3 times a week to the mice. Tumorigenicity
was evaluated twice weekly. The mice were sacrificed by
cervical dislocation and the tumors were isolated for further
analysis.



Journal of Oncology

2.9. Microarray Analysis. We performed transcriptome
analysis between shGASCI and scramble shRNA control
KYSE150 cells by Agilent Human Whole Genome
Microarrays. The genes that decreased by >20% following
GASC1 knockdown in KYSEI50 cells were analyzed by
the DAVID Functional Annotation Tool, compared with a
background of the total genes expressed in scramble shRNA
control KYSEI50 cells.

2.10. Chromatin Immunoprecipitation (ChIP) Assay. In order
to explore whether GASCI could affect the level of methy-
lation modification of histone H3K9me2/me3 in NOTCHI1
promoter region, we performed ChIP assay in ALDH"
KYSE150 cells with GASCI knockdown or CA treatment.
ChIP assay was carried out as described previously [9].
Antibodies were used as anti-GASC1 (Bethyl Laboratories,
USA), anti-trimethylated H3K9, anti-dimethylated H3KO9,
and anti-total H3 (Active Motif, USA). Anti-GST antibody
(Santa Cruz Biotechnology, USA) was used as mock ChIP
control. The ChIP-qPCR primers are as follows: nonpromoter
control: forward: 5'-TTCTTGAGTTTGGCATGAAAGA-3';
reverse: 5'-TCTTAATCCAGCATTGGCAGT-3'; NOTCHI
promoter: forward: 5'-CCCAATGGGCAAGAAGTCTA-3';
reverse: 5'-CACAATGTGGTGGTGGGATA-3".

2.11. Statistical Analysis. All statistical analyses were per-
formed using GraphPad Prism 5.0 software, and data was
expressed as mean values + standard deviation. Two inde-
pendent samples were compared using a t-test. Analysis of
Kaplan-Meier curves was performed to determine patient
survival. Comparisons between groups were used analysis of
variance and parallel comparisons. P < 0.05 was considered
to denote statistical significance.

3. Results

3.1. GASCI Expression Is Increased in Poor Differentiated
ESCC Cells. Firstly, we analyzed the expression of GASCI in
ESCC cell lines (KYSE30, KYSE70, KYSE140, and KYSE150)
by qPCR and western blotting, respectively. The results
showed that mRNA expression of GASCI in KYSE30 and
KYSEI50 cells was significantly higher than that in SHEE
(human immortalized esophageal epithelial cell line, as a
control), KYSE70, and KYSE140 cells (P<0.05, Figure 1(a)).
GASCI protein expression in KYSE30 and KYSEI50 cells
was also increased, especially in KYSE150 cells (Figure 1(b)).
Moreover, GASCI protein expression in primary ESCC cells
from fresh tumor tissues of five ESCC patients were analyzed,
showing that GASC1 was highly expressed in three ESCC
patients with poor differentiation compared to the other two
patients with well differentiation (Figure 1(c)).

Furthermore, we analyzed the mRNA expression of
GASCI in ESCC and peritumor tissues by gPCR. The results
showed that there was no significant difference of GASC1
expression between ESCC and peritumor tissues (P>0.05,
Figure 2(a)). However, mRNA expression of GASCI in ESCC
tissues with poor and medium differentiation (G2 and G3)
was significantly higher than that in ESCC tissues with well

differentiation (Gl1) (P<0.05, Figure 2(b)). Similarly, GASC1
protein levels in ESCC and peritumor tissues were also
no significant difference (P>0.05, Figures 2(c) and 2(d)),
and good differentiated ESCC tissues had a lower level
of GASCl compared to medium and poor differentiated
ESCC tissues (P<0.05, Figure 2(e)). The relationship between
GASCI expression and clinical parameters is shown in Sup-
plementary Table 2, respectively. Taken together, these results
indicate that poor differentiated ESCC exhibits a high level of
GASC1 expression.

3.2. High Level of GASCI Is Closely Associated with Poor
Survival in ESCC Patients. Next, we detected the expression
of GASCI in ESCC and peritumor tissues by immunobhis-
tochemistry. We found that there was also no significant
difference between ESCC and peritumor tissues (P>0.05,
Figures 3(a), 3(b), and 3(f)). However, GASCI expression
in ESCC tissues with medium and poor differentiation was
obviously higher than that in ESCC tissues with well differen-
tiation (P<0.01, Figures 3(a), 3(c), and 3(f)). Furthermore, the
level of GASC1 in ESCC tissues with lymph node metastasis
was higher than that in ESCC tissues with nonmetastasis
of lymph node (P<0.05, Figures 3(d) and 3(f)). GASCI
level in ESCC tissues with advanced T3 and T4 stages was
significantly higher than that in ESCC tissues with early T1
and T2 stages (P<0.001, Figures 3(e) and 3(f)). In addition, we
analyzed the relationship between GASCI expression and the
survival of ESCC patients and found that patients with a high
level of GASCI presented a significantly worse survival rate
(P=0.0146, Figure 3(g)). Therefore, these results suggest that
high level of GASCI is closely correlated with poor survival
in ESCC patients, and is a prognostic indicator of ESCC
patients.

3.3. GASCI Is Involved in Stemness of ESCC Cells. CSCs are
responsible for ESCC development and progression [3]. To
further explore the relationship between GASCI and ESCC
progression, we analyzed the change of GASCI expression in
ALDH" cells (defined as CSC population [10]) and ALDH"~
cells derived from ESCC tissues. The results showed that
the expression of GASCI in ALDH" cells was significantly
upregulated compared to ALDH™ cells (P<0.05, Figure 4(a)).
Then, to further investigate the effect of GASC1 on ESCC pro-
gression, we used GASCI stable knockdown and CA (GASC1
inhibitor [11]) to block GASCI expression in KYSE150 cells.
We found that the sphere forming ability of shGASCl
cells was obviously decreased compared to control (P<0.05,
Figure 4(b)). After treatment with CA, the sphere forming
ability of KYSE150 cells was significantly decreased in a dose-
dependent way (P<0.05, Figure 4(b)). After knockdown of
GASCI expression in KYSE150 cells and treatment with CA,
the percentages of ALDH" cells were obviously decreased
compared to control (P<0.05, Figure 4(c)). Meanwhile,
immunofluorescence result showed that ALDH expression
in KYSEI50 cells was markedly decreased after blockade of
GASCI (Figure 4(d)). In addition, colony formation abil-
ity of shGASC1 KYSEI50 cells was significantly decreased
compared to control (P<0.05, Supplementary Figure S1). The
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FIGURE 1: The expression level of GASCI in ESCC cells. (a) Relative expression of GASCI in established cell lines was analyzed by qPCR. ESCC
cell lines: KYSE30, KYSE70, KYSE140, and KYSE150; human immortalized esophageal epithelial cell line: SHEE. (b) The protein level of
GASCI expression in ESCC cell lines and SHEE cell line was analyzed by western blotting. (c) GASCI protein level in primary ESCC cells
(ECs) from tumor tissues of patients with ESCC was analyzed by western blotting. Data are represented as means + SD. * = P < 0.05, ns =

nonsignificant.

proliferation of shGASC1 KYSEI50 cells was dramatically
impaired compared to control (P<0.05, Supplementary Fig-
ure S2A). After treatment with CA, KYSE150 cell proliferation
was also decreased (P<0.05, Supplementary Figure S2B).
Flow cytometry results showed that knockdown of GASC1 in
KYSEI150 cells inhibited cell progress from Gl stage to S stage
compared to control (Supplementary Figure S3).

Furthermore, we investigated the effect of GASC1 knock-
down on tumor growth in vivo. As a result, the tumor volume
of shGASC1 ALDH" KYSEI150 cell-derived xenografts was
significantly lower than control group (P<0.05, Figure 4(e),
Supplementary Figure S4A). Similarly, an obvious reduction
in tumor growth was detected in xenografts following CA
treatment (P<0.05, Figure 4(e), Supplementary Figure S4B).
Lastly, the metastasis of ESCC cells to lung was evaluated,
showing that after blockade of GASCI, the number of
metastatic lesions was dramatically decreased compared to
control (P<0.05, Figure 4(f)). All of these results demonstrate
that GASCI is involved in stemness of ESCC cells.

3.4. NOTCHI Is Decreased after Knockdown of GASCI in
ESCC Cells. To clarify the mechanism of GASCI involving
in the regulation of CSC-like properties in ESCC cells, we
used the Agilent Human Genome Microarray to analyze
the different gene expression between shGASCl KYSEI50

and scramble shRNA control cells. The results showed that
the expression level of NOTCHI in shGASCI cells was
decreased compared to that in scramble shRNA KYSEI50
cells (Figure 5(a)). To further verify it, NOTCHI and other
CSC-related transcription gene expression in shGASCI and
scramble shRNA control KYSE150 cells was analyzed by
qPCR. The mRNA expression of NOTCHI and other CSC-
related transcription gene in shGASCl KYSEI50 cells was
indeed lower than that in scramble shRNA control cells
(P<0.05, Figure 5(b)). Western blotting results showed that
NOTCHI protein level in shGASC1 ESCC cells was dra-
matically decreased compared to that in SHEE control cells
(Supplementary Figure S5). Moreover, cellular immunofluo-
rescence result showed that NOTCHI expression in shGASCl
KYSEL50 cells was remarkably decreased compared to con-
trol (Figure 5(c)). These findings indicate that NOTCHI is
decreased after knockdown of GASCI in ESCC cells.

3.5. Blockade of GASCI Induces NOTCHI Promoter Methyla-
tion. Histone demethylases is regarded as an important type
of histone modification during CSC maintenance [12, 13]. To
further evaluate downregulation of NOTCHI during GASC1
blockade is linked to histone modification, we investigated
whether blockade of GASCI affect selected global histone
methylation states in ALDH" KYSE150 cells. ChIP analysis
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FIGURE 2: The expression level of GASCI in ESCC tissues. (a) Relative expression of GASCI in tumor and peritumor tissues from ESCC patients
was analyzed by qPCR. (b) Relative expression of GASC1 in different grade tissues (G1, G2+G3) from ESCC patients was analyzed by qPCR.
(c) GASCl protein level in tumor and peritumor tissues from ESCC patients was analyzed by western blotting. Four representative patients are
shown. (d) Western blotting results of GASC1 expression in tumor and peritumor tissues from ESCC patients are presented as a histogram. (e)
Western blotting results of GASCI expression in different grade tissues from ESCC patients are presented as a histogram. Data are represented

as means + SD. * = P < 0.05, ns = nonsignificant.

was performed using antibodies that individually recognize
either H3K9me2 and H3K9me3 and the primers amplifying
the regions of NOTCHI promoter. The H3K9 methylation
format was studied using H3K9me2 and H3K9me3 anti-
bodies, and GST antibody as a control. GASC1 knockdown
was found to cause substantial increases of H3K9me2 and
H3K9me3 levels at NOTCHI promoter in ALDH" KYSE150
cells (Figures 6(a)-6(c)). To further extend our study, we
screened the promoter region of NOTCHI for GASCI-
dependent modulation of H3K9 methylation after treatment

with CA. The results showed that GASC1 blockade with CA
could promote the increase of NOTCHI promoter H3K9me2
and H3K9me3, and in a dose-dependent way (Figures
6(d)-6(f)). The results of cellular immunofluorescence assay
showed that blockade of GASCI including GASCI knock-
down and CA treatment significantly increased H3K9me2
(Figure 6(g)) and H3K9me3 (Figure 6(h)) levels compared to
control groups, indicating a demethylation effect of GASCI
on NOTCHI promoter. Summary, these data suggest that
blockade of GASCI induces NOTCHI1 promoter methylation.
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3.6. NOTCHL! Is Required for GASCI-Induced Stemness of
ESCC. To determine whether NOTCHI participates in the
regulation of GASCI on stemness of ESCC, NOTCHI stable
knockdown and overexpression vectors were successfully
constructed. After knockdown of NOTCHI in KYSE150
cells, the sphere forming ability was significantly decreased
compared to control (P<0.05, Figures 7(a) and 7(b)). The
sphere forming ability of shGASC1 KYSEI50 cells (P<0.05,
Figure 7(c)) and the percentage of ALDH" cells in shGASCl
KYSE150 cells (P<0.05, Figure 7(d)) were obviously reduced
compared to control. However, this effect could be reversed
after transfection of NOTCHI overexpression lentiviral vec-
tor. Moreover, we also investigated the similar effect of
NOTCHI-mediated stemness recovery after CA treatment
(P<0.05, Figures 7(e) and 7(f)). The in vivo experiment
results showed that tumor volume of CA treatment group was
dramatically reduced compared to control group (P<0.05,
Figure 7(g)). However, tumor growth was reversed in group
with NOTCHI overexpression cells (P<0.05, Figure 7(g)).
Accordingly, these results imply that NOTCHLI is required for
GASCl-induced stemness of ESCC.

4. Discussion

GASCI is overexpressed in many types of tumors including
breast cancer [14], ESCC [15], metastatic sarcomatoid carci-
noma in lung, and primary mediastinum B cell lymphoma

and Hodgkin’s lymphoma [16]. In primary mediastinum B
cell lymphoma and Hodgkins lymphoma, the amplifica-
tion of GASCI and JAK, and the two-protein cooperation
was happened, leading to the inhibition of H3K9me3 and
the formation of heterochromatin [17]. Importantly, GASCI
knockdown and JAK2 inhibition caused cell death [17].
In more than half of glioma patients, additionally, GASC1
expression was increased, which was positive correlated with
the severity of the tumor [18].

In the present study, we found that GASCI plays an
important role in maintaining ESCC stem cells and partici-
pating in tumor development, which inherits and expands the
research of the predecessors. We found that the expression of
GASCl in a number of ESCC cell lines was higher than that in
human immortalized normal esophageal epithelial cell lines,
and was closely associated with poor differentiated ESCC
cell lines. Moreover, GASCI expression in poor differentiated
ESCC carcinoma was significantly higher than that in well
differentiated carcinoma. These results suggest that GASCI
is closely correlated to maintain the malignant phenotype
of ESCC. As a histone demethylase, it is speculated that
abnormal amplification of GASCI is the promoting factor
of malignant transformation of normal esophageal clinical
epithelium.

Stemness in various types of cancer is the main cause
of tumor recurrence and deterioration [19, 20]. Although
studies have been shown that CSCs are closely correlated
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immunofluorescence for GASC1 (green), ALDH (red), and DAPI (blue). One representative micrograph is shown. (e) Tumor volumes were
measured after ALDH" KYSEI150 cell implantation with GASC1 knockdown (shGASCI1-5 and shGASCI-7) and CA usage (5 and 10 yM). (f)
The numbers of metastatic lesions in lung were measured in groups before and after GASCI knockdown and CA usage (10 uM). Data are

represented as means + SD. Scale bar represents 30 ym. * = P < 0.05.

to tumor cell renewal, proliferation, differentiation, invasion,
metastasis, drug resistance and tumorigenesis [21-23], the
relevant specific mechanism for its role is still unknown, and
it still needs further study. Wnt, FGE, NOTCH, BMP, and
Hedgehog signaling pathways together form a complex stem
cell signaling network regulation system, and the balance
between signal network regulation systems plays a key role
in maintaining the cell stemness [24, 25]. It is shown that
GASCl is essential to maintain the self-renewal and differen-
tiation potential of embryonic stem cells [26]. Analogously,
we further found that GASCI plays an important role in
ESCC stemness maintenance. Intriguingly, GASCI was highly

expressed in ALDH" cells. Additionally, GASC1 knockdown
decreased the percentage of ALDH" cells and the sphere
forming ability of ALDH" CSCs.

GASCl is reported to modify the key regulatory factors
(such as NOTCHI, NANOG, OCT4 and SOX2) for the self-
renewal of embryonic stem cells [26, 27]. The methylation
state of H3K9 is maintained through complex interactions
between transcription factors and histone demethylase activ-
ities [28]. In present study, this phenomenon supports the
assumption that histone modification factors may be involved
in the maintenance of tumor stem cells during the occur-
rence and development of ESCC cells. H3K9me2/me3, the
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FIGURE 5: NOTCHI is decreased after GASCI knockdown in KYSEI50 cells. (a) Heatmap showing the expression of transpiration-related
genes in shGASCI and scramble shRNA KYSEI50 cells. (b) Relative expression of NOTCHI, POU5FI, SOX2, MYC, and ALDHIAL in
shGASCI and scramble shRNA KYSEI50 cells was analyzed by qPCR. (c¢) shGASCI and scramble shRNA KYSEI150 cells subjected to double
immunofluorescence for GASCI (green), NOTCHI (red), and DAPI (blue). One representative micrograph is shown. Scale bar represents 30

pm. Data are represented as means + SD. * = P < 0.05.

promoter of NOTCHI, was upregulated via GASCI knock-
down, indicating that the mechanism of ESCC stemness
induced by GASCI1 could be mediated via NOTCHI promoter
demethylation.

Increasing evidences support the fact that GASCI upreg-
ulates the expression of important oncogene MDM2 and
myc and stem cell key transcription factor NANOG through

H3K9 methylation [29, 30]. Additionally, NOTCHLI is an
evolutionarily highly conserved sequence whose function is
associated with self-renewal in different tissues of embryoge-
nesis and adulthood [31, 32]. In this study, we explored the
mechanism of GASCI/NOTCHI pathway involving in CSC-
like properties in ESCC cells. By means of human genome
microarray analysis and ChIP, we found that ALDH" CSCs
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could induce rapid increase of H3K9me3 level in target
gene NOTCHI promoter region after GASCI expression was
reduced. It is suggested that GASCI plays an important role
in the regulation of ESCC-CSC by promoting the demethy-
lation of NOTCHI promoter region. This study suggests that

GASCI/NOTCHI axis is one of the key therapeutic targets for
ESCC.

In conclusion, we found that high level of GASC1 was
closely associated with poor survival of ESCC patients.
GASCI1 was involved in CSC-like properties of ESCC via
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NOTCHI promoter demethylation. Blockade of GASCI sig-
naling suppressed stemness of ESCC cells. Our findings
provide a theoretical basis for a new therapeutic strategy
development based on the inhibition of GASCI signaling
pathway to eliminate CSC-like properties of ESCC.
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Supplementary Materials

Supplementary 1. Figure SI: colony formation ability of
shGASCI ESCC cell is decreased. (A) Colony formation ability
of sShGASC1 KYSEI150 cells was analyzed. One representative
experiment is shown. (B) The result is shown as a histogram.
Data are represented as means + SD. % = P < 0.05.

Supplementary 2. Figure S2: cell proliferation of ESCC cell
after GASCI blockade is downregulated. ( A) Cell proliferation
of shGASCI KYSEI150 cells was analyzed by MTT assay. ( B)
Cell proliferation of KYSE150 cells before and after treatment
with CA (5, 10, and 20 uM) was analyzed by MTT assay. Data
are represented as means + SD. * = P < 0.05.

Supplementary 3. Figure S3: knockdown of GASCI inhibits cell
progress from GI stage to S stage of cell circle. ( A) Cell circle
of shGASCI KYSE150 cells was analyzed by flow cytometry.
One representative experiment is shown. ( B) G1/S transition
of shGASCI1 KYSEI50 cells was analyzed and showed as a line
chart. C. GO/GI transition of shGASC1 KYSE150 cells was
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analyzed and showed as a line chart. Data are represented as
means + SD. x = P < 0.05.

Supplementary 4. Figure S4: tumor growth of ESCC cell
after GASCI blockade is decreased. (  A) Tumor volume
of shGASC1 ALDH" KYSEI50 cell-derived xenografts was
measured when mice were sacrificed. ( B) Tumor volume of
ALDH" KYSE150 cell-derived xenografts with CA treatment
(5 and 10 M) was measured.

Supplementary 5. Figure S5: knockdown of GASCI inhibits
NOTCHI expression in ESCC cells. ( A) NOTCHI1 protein
expression in ESCC cell lines (KYSE30, KYSE70, KYSE140,
KYSEI50, and EC9706) was analyzed by western blotting.
( B) NOTCH]I protein expression in shGASC1 ESCC cells
(shGASCI-5/7) was analyzed by western blotting. SHEE cell
was used as a control.

Supplementary 6. Supplementary Table 1: the sequences of
primers used for qPCR reaction.

References

[1] L. A. Torre, E Bray, R. L. Siegel, J. Ferlay, and J. Lortet-
Tieulent, “Global cancer statistics, 2012,” CA: A Cancer Journal
for Clinicians, vol. 65, no. 2, pp. 87-108, 2015.

[2] L. Li, J. Li, H. Yang et al, “Expansion of cancer stem cell
pool initiates lung cancer recurrence before angiogenesis,”
Proceedings of the National Acadamy of Sciences of the United
States of America, vol. 115, no. 38, pp. E8948-E8957, 2018.

[3] H. Kojima, T. Okumura, T. Yamaguchi, T. Miwa, Y. Shimada,
and T. Nagata, “Enhanced cancer stem cell properties of a
mitotically quiescent subpopulation of p75NTR-positive cells in
esophageal squamous cell carcinoma,” International Journal of
Oncology, vol. 51, no. 1, pp. 49-62, 2017.

[4] G. Liu, A. Bollig-Fischer, B. Kreike et al., “Genomic amplifica-
tion and oncogenic properties of the GASCI histone demethy-
lase gene in breast cancer;” Oncogene, vol. 28, no. 50, pp. 4491-
4500, 2009.

[5] D.Ucar, C.R. Cogle, J. R. Zucali et al., “Aldehyde dehydrogenase
activity as a functional marker for lung cancer,; Chemico-
Biological Interactions, vol. 178, no. 1-3, pp. 48-55, 2009.

[6] J. Wang, L. Li, L. Gao et al., “Identification of differentially
expressed genes in oral squamous cell carcinoma TCAS8113
cells;” Oncology Letters, vol. 14, no. 6, pp. 7055-7068, 2017.

[7] L. Li, L. Yang, L. Wang et al., “Impaired T cell function
in malignant pleural effusion is caused by TGF-f derived
predominantly from macrophages,” International Journal of
Cancer, vol. 139, no. 10, pp. 2261-2269, 2016.

L. Boulter, O. Govaere, T. G. Bird et al., “Macrophage-derived
Wnt opposes Notch signaling to specify hepatic progenitor cell
fate in chronic liver disease,” Nature Medicine, vol. 18, no. 4, pp.
572-579, 2012.

[9] Y.Lu, A. Chu, M. S. Turker, and P. M. Glazer, “Hypoxia-induced
epigenetic regulation and silencing of the BRCAI promoter,”
Molecular and Cellular Biology, vol. 31, no. 16, pp. 3339-3350,
2011.

[10] K. McLean, L. Tan, D. E. Bolland et al., “Leukemia inhibitory
factor functions in parallel with interleukin-6 to promote
ovarian cancer growth,” Oncogene, vol. 38, no. 9, pp. 1576-1584,
2019.

[8

Journal of Oncology

[11] A. L. Nielsen, L. H. Kristensen, K. B. Stephansen et al., “Iden-
tification of catechols as histone-lysine demethylase inhibitors,”
FEBS Letters, vol. 586, no. 8, pp. 1190-1194, 2012.

[12] N. Yan, L. Xu, X. Wu et al,, “GSKJ4, an H3K27me3 demethylase
inhibitor, effectively suppresses the breast cancer stem cells;
Experimental Cell Research, vol. 359, no. 2, pp. 405-414, 2017.

[13] T. Vougiouklakis, Y. Nakamura, and V. Saloura, “Critical roles of
protein methyltransferases and demethylases in the regulation
of embryonic stem cell fate,” Epigenetics, vol. 12, no. 12, pp. 1015-
1027, 2017.

[14] U. Vinatzer, M. Gollinger, L. Miillauer, M. Raderer, A.
Chott, and B. Streubel, “Mucosa-associated lymphoid tissue
lymphoma: novel translocations including rearrangements of
0ODZ2, JMJD2C, and CNN3,” Clinical Cancer Research, vol. 14,
no. 20, pp. 6426-6431, 2008.

[15] L.Liu, C. Lin, W. Liang et al., “TBLIXRI promotes lymphangio-
genesis and lymphatic metastasis in esophageal squamous cell
carcinoma,” Gut, vol. 64, no. 1, pp. 26-36, 2015.

[16] H.Lv, R. Liu, J. Fu et al., “Epithelial cell-derived periostin func-
tions as a tumor suppressor in gastric cancer through stabilizing
p53 and E-cadherin proteins via the Rb/E2F1/pl4ARF/Mdm?2
signaling pathway,” Cell Cycle, vol. 13, no. 18, pp. 2962-2974,
2014.

[17] A. Italiano, R. Attias, A. Aurias et al., “Molecular cytogenetic
characterization of a metastatic lung sarcomatoid carcinoma:
9p23 neocentromere and 9p23-p24 amplification including
JAK2 and JMJD2C;” Cancer Genetics and Cytogenetics, vol. 167,
no. 2, pp. 122-130, 2006.

[18] J. Wu, S. Liu, G. Liu et al., “Identification and functional analysis
of 9p24 amplified genes in human breast cancer;,” Oncogene, vol.
31, no. 3, pp. 333-341, 2012.

[19] X. Wang, B. C. Prager, Q. Wu et al,, “Reciprocal signaling
between glioblastoma stem cells and differentiated tumor cells
promotes malignant progression,” Cell Stem Cell, vol. 22, no. 4,
pp. 514-528.¢5, 2018.

[20] A. Mukherjee, H. A. Kenny, and E. Lengyel, “Unsaturated fatty
acids maintain cancer cell stemness,” Cell Stem Cell, vol. 20, no.
3, pp. 291-292, 2017,

[21] H. Lou and M. Dean, “Targeted therapy for cancer stem cells:
the patched pathway and ABC transporters,” Oncogene, vol. 26,
no. 9, pp. 1357-1360, 2007.

[22] M. E Clarke, “Oncogenes, self-renewal and cancer;,” Pathologie
Biologie, vol. 54, no. 2, pp. 109-111, 2006.

[23] H.R.B.Pelham and J. E. Rothman, “The debate about transport
in the golgi - Two sides of the same coin?” Cell, vol. 102, no. 6,
pp. 713719, 2000.

[24] M. Katoh, “Networking of WNT, FGF, Notch, BMP, and
Hedgehog signaling pathways during carcinogenesis,” Stem Cell
Reviews and Reports, vol. 3, no. 1, pp. 30-38, 2007.

[25] M. Katoh, “WNT signaling pathway and stem cell signaling
network,” Clinical Cancer Research, vol. 13, no. 14, pp. 4042-
4045, 2007.

[26] J. R. Whetstine, A. Nottke, F. Lan et al., “Reversal of histone
lysine trimethylation by the JMJD2 family of histone demethy-
lases,” Cell, vol. 125, no. 3, pp. 467-481, 2006.

[27] P. A. C. Cloos, J. Christensen, K. Agger et al., “The putative
oncogene GASC1 demethylates tri- and dimethylated lysine 9
on histone H3,” Nature, vol. 442, no. 7100, pp. 307-311, 2006.

[28] L. Wang, J. Chang, D. Varghese et al, “A small molecule
modulates Jumonji histone demethylase activity and selectively
inhibits cancer growth,” Nature Communications, vol. 4, no.
2035, 2013.


http://downloads.hindawi.com/journals/jo/2019/1621054.f4.docx
http://downloads.hindawi.com/journals/jo/2019/1621054.f5.docx
http://downloads.hindawi.com/journals/jo/2019/1621054.f6.docx

Journal of Oncology

[29] L. Rui, N. C. T. Emre, M. J. Kruhlak et al., “Cooperative
epigenetic modulation by cancer amplicon genes,” Cancer Cell,
vol. 18, no. 6, pp. 590-605, 2010.

[30] Y. Katoh and M. Katoh, “Comparative integromics on JMJD2A,
JMJD2B and JMJD2C: Preferential expression of J]MJD2C in
undifferentiated ES cells,” International Journal of Molecular
Medicine, vol. 20, no. 2, pp. 269-273, 2007.

[31] S. Fujimaki, D. Seko, Y. Kitajima et al., “Notchl and Notch2
coordinately regulate stem cell function in the quiescent and
activated states of muscle satellite cells,” Stem Cells, vol. 36, pp.
278-285, 2018.

[32] Z. Yang, Y. Qi, N. Lai, J. Zhang, Z. Chen, M. Liu et al,
“NOTCHI signaling in melanoma cells promoted tumor-
induced immunosuppression via upregulation of TGF-f1,
Journal of Experimental & Clinical Cancer Research, vol. 37, no.
1, 2018.

15



