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Abstract: Gene amplified in squamous cell carcinoma 1 (GASC1) is a member of Jumonji C-domain containing
histone demethylases that play an essential role in affecting chromatin architecture and gene expression. The pur-
pose of this study was to determine the expression features and the clinical significance of GASC1 in esophageal
squamous cell carcinoma (ESCC). GASC1 expression was detected on tissue microarrays of ESCC samples in 185
cases using immunohistochemical staining. Strong nuclear staining for GASC1 was observed in a subset of ESCC
samples. The nuclear expression of GASC1 was significantly associated with lymph node metastasis (P=0.030) and
tumor-node metastasis stages (P=0.013). Kaplan-Meier survival analysis showed a tendency that high expression
of GASC1 in the nucleus was associated with poor survival of ESCC patients, with a 5-year survival rate of 26.5%, as
compared to 43.7% for patients with GASC1-negative/low expression. Furthermore, multivariate analysis revealed
that high expression of GASC1 likely acts as a predictive factor for overall survival of ESCC patients, despite the
P-value failing to reach significance (P=0.059). The findings indicate that histone demethylase GASC1 may play an
important role in promoting cancer metastasis, and shed new light on the importance of targeting GASC1 to sup-
press metastatic disease in various tumor types, including ESCC.
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Introduction Thus, characterization of genes involved in the
development and progression of ESCC may
improve patient outcomes by enabling develop-
ment of better biomarkers for patient risk strati-

fication and novel targeted therapies.

Esophageal cancer is the eighth most common
cancer in the world and the fourth most com-
mon in China with a high mortality rate [1, 2].
Amongst all histological subtypes, esophageal

squamous cell carcinoma (ESCC) is the pre-
dominant one in Asia [3]. The overall 5-year sur-
vival rate of ESCCis lessthan 10% [4]. Diagnosis
of ESCC at its early stages still remains difficult,
and advanced ESCC frequently displays local
invasion and lymph node metastasis, which is
one key reason for its poor prognosis and low
survival rate [5]. Recently, the treatment of can-
cer using molecular targets has brought prom-
ising results and attracted more attention.

Gene amplified in squamous cell carcinoma 1
(GASC1, also known as KDM4C and JMJD2C)
was originally cloned from an amplified region
at 9p24 in ESCC lines [6]. Later studies showed
that GASC1  amplification/overexpression
occurs in various tumor types, including lym-
phoma, medulloblastoma, lung, prostate, and
breast cancers [7-11]. The GASC1 protein,
which contains an N-terminal Jumonji catalytic
domain as well as C-terminal plant homeo
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Table 1. Patient Characteristics

Clinical Parameters No.
Specimens 185
Mean age 54.8
Age
<54 82
>54 103
Gender
Male 122
Female 63
Tumor size
<3cm 57
3-5¢cm 96
>5 cm 32
Differentiation grade
G1 46
G2 119
G3 20
G4 0
Invasive depth
Tis 0
T1 3
T2 37
T3 143
T4 2
Lymph node metastasis
NO 123
N1 60
N2 2
N3
TNM classification
0 0
IA 2
1B 10
I1A 48
1B 68
1A 50
B 1
e 0
1% 6

Staging System: 7th Edition of the AJCC Cancer Staging
Manual.

domain (PHD) and Tudor domains, is a member
of a newly discovered family of histone demeth-
ylases that are fundamental regulators of chro-
matin architecture and gene expression [12-
15]. Very recently, abundant evidence indicates
that GASC1 serves as a transforming oncogene
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in various tumor types. For example, overex-
pression of GASC1 in non-transformed mam-
mary epithelial cells results in a transformed
phenotype exhibiting increased proliferation,
anchorage-independent growth, growth factor-
independent proliferation, disorganization of
cellular architecture, and increased mammo-
sphere formation [11]. Furthermore, GASC1
knockdown significantly slows cell growth of
breast cancer in vitro and in xenograft models
[11, 16].

To date, however, the link between GASC1
expression and the clinical progression of ESCC
is still unknown. Additional studies are needed
to understand the expression features of
GASC1 in ESCC, as well as to establish its clini-
cal significance. Thus, based on these previous
studies about the function of GASC1, in our cur-
rent work we analyzed the correlation between
GASC1 expression in ESCC cases and histologi-
cal and clinical parameters of tumors to evalu-
ate whether GASC1 expression features are of
any prognostic value; data which may provide
important information to guide tumor
treatments.

Materials and methods
Patients and samples

For the retrospective study, archival formalin-
fixed, paraffin-embedded samples from 185
primary ESCC patients, precancerous lesions
and the normal esophageal mucosa samples
were obtained from the Department of
Pathology of Shantou Central Hospital from
1987 to 1997. The samples embedded in
paraffin wax blocks underwent tissue microar-
ray (TMA) construction before immunohisto-
chemical staining. Information on various histo-
pathological characteristics, shown in Table 1
(Patient Characteristics), was obtained from
the records of the Clinical Pathology
Department. The follow-up for patients after
esophageal resection continued until their
deaths, and only patients who died from ESCC
were included in the tumor-related deaths.
Patients suffering from severe postoperative
complications, other tumors, or death from
other causes, were excluded. Furthermore,
none of the patients underwent radiotherapy or
chemotherapy treatment.
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All of the tumors were confirmed as ESCC by
pathologists in the Clinical Pathology
Department of the Hospital, and the cases
were classified according to the seventh edition
of the tumor-node-metastasis (TNM) classi-
fication of the Union for International Cancer
Control (UICC). Evaluation of tumor differentia-
tion was based on histological criteria of the
guidelines according to the WHO Pathological
Classification of Tumors. The study was
approved by the Ethics committee of the Center
Hospital of Shantou City and the local ethics
committee; only patients with written informed
consent were included in the study.

Tissue microarray (TMA) construction

Tissue microarray construction of esophageal
carcinoma tissue has been described earlier
[17]. Briefly, TMAs for immunohistochemistry
were generated from samples selected from
those specimens with more tissue available for
persistent correlative studies. In advance, rep-
resentative regions of each tissue were singled
out of hematoxylin-and eosin-stained sections
and marked on the individual paraffin blocks.
At least two tissue cores were acquired from
each specimen, measuring 1.8 mm in diameter
and 1.0-3.0 mm in length, depending on the
depth of tissue in the donor block. Each core
was precisely arrayed into a new paraffin block.
These microarrays were serially sectioned (4
um) and stained with hematoxylin and eosin to
ensure tissue sampling and completeness. The
unstained sections were baked overnight at
56°C in preparation for immunohistochemistry
staining.

Immunohistochemical analysis

Rabbit polyclonal GASC1 antibody (dilution
1:100 in PBS, Abcam) was performed in this
study. After de-waxed in xylene and rehydrated
in a series of graded alcohols, TMA sections (4
um) were subjected to immunostaining in the
SuperPicTure™ Polymer Detection Kit and the
Liquid DAB Substrate Kit (Zymed/Invitrogen).
Briefly, Antigen retrieval was performed by
microwave oven heating (10 minutes) in 0.01 M
sodium citrate buffer (pH 6.0). Slides were sub-
merged in a Peroxidase Quenching Solution,
containing 1 part of 30% hydrogen peroxide to
9 parts of absolute methanol, for 10 minutes
and were then washed with PBS for 2 minutes,
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3 times. Next, 0.1 ml of serum blocking solu-
tion was added to each section, followed by
incubation for 10 minutes, and then draining
the solution. At this time, 0.1 ml of primary anti-
body was applied to each section and incubat-
ed in a moist chamber for 30 minutes. After
rinsing with PBS for 2 minutes, 3 times, 0.1 ml
of HRP Polymer Conjugate was added to each
section, and incubated for 10 minutes, followed
by a rinse with PBS. Finally, 0.1 ml of DAB chro-
mogen was applied to each section and incu-
bated for 3-10 minutes. The samples were
rinsed well with distilled water. Thereafter,
slides were counterstained with Maye’'s hema-
toxylin, dehydrated, and mounted. The negative
controls were prepared by substituting PBS for
the primary antibodies.

The immunohistochemical staining results
were assigned a maximum score taking into
consideration both the intensity of staining and
the proportion of tumor cells showing unequivo-
cal positive reaction. Positive reactions were
defined as those showing brown signals in the
cell cytoplasm, nucleus, and membrane. The
intensity of staining: O, no staining; 1, weak
staining; 2, moderate staining; and 3, strong
staining. Tumor cells area: O, positive staining
in less than 5% of tumor cells; 1, positive stain-
ing in 5-25% of tumor cells; 2, positive staining
in 26-50% of tumor cells; 3, positive staining in
51-75% of tumor cells; 4, positive staining in
greater than 75% of tumor cells. For statistical
analyses, a composite staining index (Sl) was
defined as the product of intensity and area
scores, producing values from O to 12. Scores
from 0-4 were considered “-" (negative stain-
ing), scores of 5-12 were considered *“+" (posi-
tive staining). Negative staining represented
low expression of the GASC1 protein while posi-
tive staining was defined as high expression of
the GASC1 protein.

Statistical analysis

Associations of GASC1 expression and other
clinicopathological characteristics, including
age, gender, tumor size, differentiation, inva-
sive depth, lymph node metastasis, and TNM
classification, were assessed with Kendall's
tau-b test. Kaplan-Meier curves were con-
structed for overall survival (0S) analysis using
a log-rank test. OS was defined as the time
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Figure 1. Results of immunohistochemical staining for GASC1. A: Strong immunoreactivity for GASC1 was observed
in the nucleus of one repressive ESCC sample. B: Strong nuclear staining was also found in the cases of carcinoma
in situ, while, C: weak or moderate GASC1 nuclear staining was observed in adjacent non-tumorigenic esophageal
epithelium. A-C are all magnified versions (x400) of the corresponding embedded micrographs on the left (x200).
The bar: 50 pm.

from the date of primary surgery to the date of
death due to esophageal cancer. Data about
survivors was censored at the last follow-up.
The multivariate Cox proportional-hazards
regression model was developed to correlate
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the clinical characteristics, survival, and the
expression of GASC1. All analyses were per-
formed with SPSS for Windows 13.0 software.
Each value is two-tailed and the significance
level is 0.05.
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Table 2. Association between GASC1 ex-
pression and clinical data in ESCC for 185
patients

o Nucleus GASC1
Clinical Parameters —7
Age (year)
<54 73 9
0.610
>54 95 8
Gender
Male 113 9
0.285
Female 55 8
Tumor size
<3cm 50 7
3-5cm 87 9 0.188
>5cm 31 1
Differentiation
G1 41 5
G2 110 9 0.994
G3 17 3
Invasive depth
T1 3 0
T2 34 3
0.782
T3 129 14
T4 2 0
LN metastasis
NO 116 7
0.030
N1+N2 52 10
TNM classification
IA+1B 11 1
IIA+11B 110 6
0.013
IHHA+IIB+IIIC 43 8
I\ 4 2

Statistical analysis: the Kendall’s tall-b test; -: negative
(score of (0-4)), +: positive (score of (5-12)). LN: lymph
node.

Results

Correlation between GASC1 expression levels
and clinicopathological parameters in ESCC
patients

To determine the correlation between GASC1
expression levels and clinicopathological
parameters in esophageal cancer, we per-
formed immunohistochemical staining of a
TMA containing 185 cases of primary esopha-
geal cancer specimens. Clinicopathological
characteristics of the patients can be found in
Table 1. The median age of the population
studied was 57.2 years (ranging from 34 to 73
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years). Since GASC1 is a nuclear protein, we
first focused on GASC1 nuclear expression in
ESCC samples (Figure 21A). Immunohisto-
chemical staining revealed a significant correla-
tion between GASC1 nuclear expression levels
and both lymph node metastasis (P=0.03) and
tumor-node metastasis (TNM) (P=0.013) (Table
2). Cases with highly expressed nuclear GASC1
(scores between 5 and 12) were found in 8.3%
(1 of 12) of TNM-I tumors, 5.2% (6 of 116) of
TNM-II, 15.7% (8 of 51) of TNM-Ill, and 33.3%
(2 of 6) of TNM-IV tumors. However, there were
no significant correlations between GASC1
expression levels and other clinicopathological
variables, including age, gender, tumor size, dif-
ferentiation and invasive depth in patients with
ESCC (Table 2).

We also performed GASC1 immunohistochemi-
cal staining in 22 adjacent non-tumor esopha-
geal epithelium and 22 carcinoma in situ (CIS)
samples. We found that weak or moderate
GASC1 nuclear staining was observed in most
normal squamous cell epithelia and hyperpla-
sia lesions (Figure 1C), while strong nuclear
staining was observed in the cases (7 of 22) of
carcinoma in situ (CIS) (Figure 1B). Of interest,
GASC1 protein staining was also observed in
the membrane and/or cytoplasm in basal cells
of the normal surface epithelia (Figure 1C). We
found that GASC1 expression has a tendency
to increase nuclear expression, while decreas-
ing membrane/cytoplasm expression in the
progression from normal epithelium to invasive
carcinoma of the esophagus. Future investiga-
tions are required to validate this observation
and more precisely address the possible roles
of GASC1 expression for membranes and cyto-
plasm in normal epithelium.

Impact of GASC1 expression on the overall
survival (OS) of ESCC patients

Having established the correlation between
GASC1 expression and clinicopathological
parameters, Kaplan-Meier survival analysis
was next used to address the impact of GASC1
expression on the overall survival (0OS) of ESCC
patients. The survival information of the
patients is shown in Table 3. High expression of
GASC1 in the nucleus is likely associated with
poor survival of ESCC patients (Figure 2). The
Kaplan-Meier survival curve revealed a clear
trend that patients with nuclear GASC1-positive
tumors experienced accelerated death, with a
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studies are needed to test
whether GASC1 acts inde-
pendently as a prognostic
marker in ESCCs.

Discussion

Using TMA, GASC1 was
found to be highly overex-
pressed in a subset of
ESCCs. More importantly,

1.0 -
[3  Nucleus expression of GASC1
084 13
® 0.6
=
g Negative (score of 0-4 n=168)
é’ 0.4 - -
Lj) Positivc::‘ (score of 5—12 n=17)
0.2
P=0.063
0.0

-+ we have shown that GASC1
nuclear expression was sig-
nificantly associated with
TNM stages and metasta-

T T T T T
0.0 20.0 40.0 60.0 80.0

months

Figure 2. Overall survival of the patients with ESCC in relation to the expression
level of GASC1 in the nucleus. Kaplan-Meier survival curve showing that pa-
tients with ESCC expressing high nuclear GASC1 have worse survival compared
with patients with negative or low GASC1 expressing tumors.

5-year survival rate of 26.5%. That rate is com-
pared to a 5-year survival rate of 43.7% for
patients with GASC1-negative/low expression
tumors (Table 3).

Univariate and multivariate analysis for the
prognostic value of GASC1 expression

Finally, we included GASC1 expression in fur-
ther prognostic value analysis. In univariate
analysis, the following parameters were signifi-
cantly associated with the overall five-year sur-
vival rate of the patients: tumor size (P=0.008),
differentiation grade (P=0.007), invasive depth
(P=0.000), lymph node metastasis (P=0.000),
and TNM classification (P=0.000) (Table 3).
Using the Cox proportional hazards model, we
performed multivariate analysis to assess the
independent predictive value of GASC1 nuclear
expression for overall survival. The following
prognostic variables: tumor size (P=0.026),
invasive depth (P=0.002), and lymph node
metastasis (P=0.016), can be used indepen-
dently as prognostic indicators for ESCC
patients (Table 4). Multivariate analysis
revealed that high expression of GASC1 likely
acts as a predictive factor for overall survival of
ESCC patients, despite the P-value failing to
reach significance (P=0.059), possibly due to
limited patient number (Table 4). Thus, further
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sis, supporting the impor-
tant role of this histone
modifying factor in the pro-
gression of ESCC. This
result was in keeping with
previous studies demon-
strating that GASC1 is over-
expressed in a diverse
array of human cancers,
where it correlates with a
poor prognosis for cancer patients [8-12, 16,
18-20]. The GASC1 gene was originally identi-
fied and cloned from the 9p24 amplicon of the
ESCC line KYSE150 that was established from
a poorly differentiated, aggressive ESCC in a
49-year old patient [6, 21]. In human breast
cancer, GASC overexpression is more prevalent
in the basal-type, which is particularly aggres-
sive and accounts for a disproportionate num-
ber of breast cancer deaths [11]. Based on the
MSKCC (Memorial Sloan-Kettering Cancer
Center) and Oncomine databases, GASC1
expression increases with tumor stage and
metastasis in prostate cancer [12, 22].
Furthermore, a large genetic epidemiological
study revealed that variants in two SNPs of
GASC1 are strongly associated with increased
cancer risk of upper aerodigestive tract can-
cers, including oral cavity, pharynx, larynx, and
esophagus [23].

In 2006, the GASC1 protein was discovered as
a member of the Jumonji C domain-containing
histone lysine demethylases [12-15]. Recent
structural and biochemical studies indicated
that GASC1, as well as its homologues KDM4A
and B, catalyze the demethylation of H3K9me3/
me2, and less efficiently (4-5 fold less than
H3K9me3/me2), H3K36me3/me2 substrates;
H3K9me3/me2 repressive methylation marks

Am J Cancer Res 2013;3(5):509-517
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Table 3. Survival information of the patient by clinical charac-

teristics
Clinical Parameters No. Five Year Survival Rate (%) P-Value
Age (year)
<64 82 43.5 0.538
>54 103 41.5
Gender
Male 122 41.4 0.918
Female 63 43.9
Tumor size
<3cm 57 49.9 0.008
3-5¢cm 96 44.3
>5cm 32 22.0
Differentiation grade
Gl 46 60.9 0.007
G2 119 38.8
G3 20 19.3
Invasive depth
T1 3 66.7 0.000
T2 37 58.8
T3 143 38.3
T4 2 0.0
Lymph node metastasis
NO 123 50.5 0.000
N1+N2 62 25.6
TNM classification
IA+IB 12 59.5 0.000
IIA+11B 116 51.9
IHA+111B+IIIC 51 18.8
% 6 16.7
Nuclear expression of GASC1
Low expression 168 43.7 0.063
High expression 17 26.5

Statistical analysis: Kaplan-Meier curves (log-rank test); High expression:

scores of 5-12. Low expression: scores of 0-4.

Table 4. Independent index of prognosis assessment by clini-

cal characteristics

Sig. Exp(B) 95.0% ClI for Exp(B)

Lower Upper
Gender 0.624 1.118 0.716 1.745
Age 0.335 1.226 0.810 1.854
Tumor size 0.026 0.478 0.250 0.914
Differentiation grade 0.121 0.623 0.343 1.133
Invasive depth 0.002 0.021 0.002 0.248
Lymph node metastasis 0.016 1.794 1.115 2.886
Nucleus expression of GASC1 0.059 1.894 0.977 3.671

Statistical analysis: the multivariate Cox proportional-hazards regression.

are normally associated with gene silencing.
Thus, GASC1 can function as a transcriptional
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activator by removing the euchro-
matic H3K9me3/me2 repre-
ssive marks [24]. Indeed, it has
been shown that GASC1 regulates
the expression of important cancer
genes, such as MYC and MDM2,
through demethylation of H3K9Ome3/
me2 at corresponding promoter
regions [20, 25, 26]. In addition,
GASC1 interacts with hypoxia-induc-
ible factor 1 (HIF1) and stimulates
transcription of HIF-1 target genes,
thereby promoting breast cancer
growth and lung metastasis [16].
Furthermore, Loh et al. demonstrat-
edthat GASC1 enhanced the expres-
sion of Nanog, a cell-fate regulatory
molecule known to be important for
the self-renewal of embryonic stem
cells [27]. Studies also demonstrat-
ed that overexpression of GASC1
enhances sphere formation, a char-
acteristic property of stem/progeni-
tor cells, in breast and colonic can-
cer cells by mediating expression of
Wnt and Notch pathway genes [28].

A finding of particular interest from
our current study is that GASC1
expression in the nucleus is signifi-
cantly associated with metastatic
progression of ESCC. Recent stud-
ies using loss- or gain-of-functions
approaches indicate that histone
demethylases, including GASC1,
have critical roles in promoting can-
cer metastasis [29]. For example,
with a functional in vitro small inter-
fering RNA (siRNA) screening
approach, Ding et al. identified sev-
eral histone demethylases, includ-
ing KDM4A and GASC1, that may be
required for head and neck squa-
mous cell carcinoma (SCC) metasta-
sis [30]. Then, KDM4A was selected
for a more detailed study, and it was
demonstrated that KDM4A expres-
sion was significantly increased in
human metastatic SCC in lymph
nodes compared with that in prima-
ry human SCC. Furthermore, knock-
down of KDM4A significantly inhibits
the metastasis of SCC to cervical
lymph nodes in a mouse model [30].

Another study by Luo et al. revealed that GASC1
knockdown inhibits breast tumor growth and
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spontaneous metastasis to the lungs of mice
following mammary fat pad injection of MDA-
MB-435 cells [16]. Both studies suggest that
histone demethylases KDM4A and/or GASC1
modulate histone methylation status and affect
the expression of a set of key genes that are
critical for cancer invasion and metastasis [16,
30].

In conclusion, this study has shown that GASC1
is over-expressed in a subset of primary ESCC
samples and related to lymph node metastasis
and TNM stages. We suggest that the GASC1
protein status might be a significant diagnostic
biomarker for ESCC. Our study, together with
others, indicates that histone demethylase
GASC1 may play an important role in promoting
cancer metastasis, and shed new light on the
importance of targeting GASC1 to suppress
metastatic disease in various tumor types,
including ESCC.
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