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It is increasingly apparent that cancer development depends not only on genetic alterations, but also on epigenetic changes

involving histone modifications. GASC1, member of the histone demethylases affecting heterochromatin formation and tran-

scriptional repression, has been found to be dysregulation in many types of cancers including breast cancer, prostate cancer,

metastatic lung sarcomatoid carcinoma, and leukemia. In this study, we examined the expression of GASC1 and certain

GASC1-targeted genes (KLF4, MYC, SOX2, PPARG, MDM2, and NANOG) and identified a three-gene prognostic signature

(PPARG, MDM2, and NANOG), using risk scores based on immunohistochemical analyses of 149 tumor specimens from

patients with esophageal squamous cell carcinoma (ESCC). The presence of a high-risk three-gene signature in the ESCC

tumors was significantly associated with decreased overall survival (OS) of the patients. We validated the predictive value of

the three-gene signature in a second independent cohort of 101 patients with ESCC in order to determine whether it had pre-

dictive value. The results were similar to those in 149 patients. According to multivariate Cox proportional hazards analyses,

the predictive model of a three-gene signature was an independent predictor for OS (p 5 0.005 in cohort 1, p 5 0.025 in

cohort 2). In addition, ROC analysis indicated that the predictive ability of the three-gene model was more robust than that of

a single biomarker. Therefore, our three-gene signature is closely associated with OS among patients with ESCC and may

serve as a predictor for the poor prognosis of ESCC patients.

Esophageal carcinoma has a high mortality rate and is one of
the most prevalent gastrointestinal cancers worldwide.1

Among the various histological subtypes of esophageal carci-
noma, esophageal squamous cell carcinoma (ESCC) occurs
most often in Asia.2 The 5-year overall survival (OS) rate of
patients with ESCC is less than 10%.3 The poor prognosis

and low OS rate for patients with ESCC are due in part to
the difficult nature of diagnosing early-stage ESCC and in
part to the frequent occurrence of local invasion and lymph
node metastasis in cases of advanced ESCC.4 In addition,
conventional chemotherapy and radiotherapy treatments are
relatively ineffective.5 Therefore, the identification of a
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sensitive and reliable method that would help identify
patients at a higher or lower risk of death for ESCC progres-
sion is of critical importance, not only for appropriate treat-
ment and improved prognosis, but also for a better
understanding of the molecular and cellular processes
involved in the tumorigenesis of ESCC.

It is increasingly apparent that cancer development
depends not only on genetic alterations, but also on epige-
netic changes involving histone modifications.6 For example,
methylation of histones is regarded as a stable modification
that defines the epigenetic program of a cell, which regulates
chromatin structure and transcription. However, the recent
discovery of histone demethylases has challenged this view of
the stable nature of histone methylation.7 Recently, several
histone demethylases were found to be involved in many
types of tumors. Specifically, the histone demethylase GASC1
(the gene amplified in squamous cell carcinoma 1), a member
of the JmjC-domain-containing proteins, has been shown to
be overexpressed, amplified, and/or mutated in such human
cancers as breast cancer, prostate cancer, metastatic lung sar-
comatoid carcinoma, and leukemia.6,8–11 More importantly,
recent studies have demonstrated that GASC1 regulates (both
positively and negatively) the expression of Kruppel-like fac-
tor 4 (KLF4), sex determining region Y-box 2 (SOX2), perox-
isome proliferator-activated receptor gamma (PPARG), a
regulator gene that encodes for a transcription factor (MYC),
mouse double minute 2 homolog (MDM2), and a transcrip-
tion factor critically involved with self-renewal of undifferen-
tiated embryonic stem cells (NANOG) via histone lysine
demethylase activity.6,12–14 Previously, we found that histone
demethylase GASC1 was overexpressed in a subset of pri-
mary ESCC samples and was significantly associated with
lymph node metastasis and tumor-node-metastasis (TNM)
classification of the International Union against Cancer.15

Indeed, GASC1 expression was originally found to be
up-regulated in several ESCC cell lines, suggesting that
overexpressed GASC1 may play an important role in the
development and/or progression of various types of cancer,
including ESCC).16–19 Therefore, we hypothesized that
GASC1 and a set of key genes regulated by GASC1 may
serve as a predictor for the poor prognosis of ESCC patients.

In the current study, we examined the expression of GASC1
in combination with several genes (KLF4, MYC, SOX2, PPARG,
MDM2, and NANOG) in 149 surgical specimens with ESCC
using immunohistochemistry. We then built a predictive model
based on the genes that were correlated with OS, either posi-

tively or negatively, and validated the model by applying it to a
set of such samples from an independent cohort of 101 patients
with ESCC in order to determine whether it had predictive
value. Our goal was to identify a gene signature that is corre-
lated with the clinical outcome of patients with ESCC.

Material and Methods
Patients and specimens

For the retrospective study, 149 archival formalin-fixed, paraf-
fin-embedded ESCC specimens between 1987 and 1997 were
retrieved from the Department of Clinical Pathology at Center
Hospital of Shantou City. We validated the three-gene risk-pre-
diction model using an independent cohort of 101 randomly
selected patients who underwent surgical resection of ESCC at
the Department of Clinical Pathology of Center Hospital of
Shantou City between 2007 and 2011. The clinicopathological
characteristics of patients in the two cohorts are summarised in
Table 1. The follow-up for patients after esophageal resection
was continued until their deaths and only patients that died
from ESCC were included in the tumor-related deaths. The
patients, suffering from severe postoperative complications,
other tumors, or died of other causes were excluded.

All the tumors were confirmed as ESCC by the patholo-
gists in the Clinical Pathology Department of the Hospital,
and the cases were classified according to the seventh edition
of the tumor-node-metastasis (TNM) classification of the
International Union against Cancer. Evaluation of tumor dif-
ferentiation was based on histological criteria of the guide-
lines of the WHO Pathological Classification of Tumors. The
study was approved by the Ethics committee of the Center
Hospital of Shantou City, the local ethics committee, and
only patients with written informed consent were included.

Tissue microarray construction and immunohistochemical

analysis

Tissue microarray (TMA) construction of esophageal carci-
noma tissue has been described earlier.20 KLF4, MYC, SOX2,
PPARG, MDM2, NANOG and GASC1 were analyzed in this
study. The antibodies are shown in Supporting Information
Table 1. After dewaxing in xylene and rehydration in a series
of graded alcohols, TMA sections were sectioned (4 lm) and
subjected to immunostaining in the SuperPicTureTM
Polymer Detection Kit and the Liquid DAB Substrate Kit
(Zymed/Invitrogen, San Francisco, CA).

Immunohistochemical staining was assessed by three inde-
pendent pathologists (B.C., J.-H.S. and S.-H.W.) without

What’s new?

Epigenetic alterations that involve modifications to histones are thought to play critical roles in cancer, with effects on proc-

esses ranging from tumor development to metastasis. The present investigation focused on the expression of the histone

demethylase GASC1 and its gene targets in tumors from patients with esophageal squamous cell carcinoma (ESCC). Using risk

scores from immunohistochemical analyses, the authors developed a three-gene prognostic signature involving the genes

PPARG, MDM2, and NANOG. The signature was associated with a reduction in overall survival of ESCC patients, suggesting

that it is predictive for poor prognosis in ESCC.
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knowledge of patient characteristics. Discrepancies were
resolved by consensus. The immunohistochemical staining
results were assigned a maximum score considering both the
intensity of staining and the proportion of tumor cells show-
ing unequivocal positive reaction. Positive reactions were
defined as those showing brown immunostaining in the cell
cytoplasm and nucleus. For KLF4, MYC, SOX2, PPARG,
MDM2, NANOG and GASC1, a staining index (values 0–12)

was determined by multiplying the score for staining inten-
sity with the score for positive area. The intensity of staining
was determined as: 05 no staining; 15weak staining;
25moderate staining; and 35 strong staining. Tumor cells
area: 05 positive staining in less than 5% of tumor cells;
15 positive staining in 5 to 25% of tumor cells; 25 positive
staining in 26 to 50% of tumor cells; 35 positive staining in
51 to 75% of tumor cells; 45 positive staining in 75 to 100%
of tumor cells. For statistical analyses, a composite staining
index was defined as the product of intensity and area scores,
giving values from 0 to 12. Negative/positivity was defined as
low/high-expression on the basis of scores of 0–12 by the X-
tile.21 For KLF4, MYC and GASC1, scores of 0 to 4 were
considered “negative staining” (low-expression), and scores of
5 to 12 were considered “positive staining” (high-expression)
while scores of 0 to 8 were considered “negative staining”
(low-expression), and scores of 9 to 12 were considered
“positive staining” (high-expression) for MDM2 and
NANOG. For PPARG, we assumed as negative scores from 0
to 3 (low expression), and positive scores of 4 to 12 (high
expression) while we defined as negative scores from 0 to 9
(low expression), and positive scores of 10 to 12 (high
expression) for SOX2.

Construction of a weighted overall survival (OS) predictive

score algorithm

We used univariate Cox proportional hazards regression
analysis to evaluate the association between patients’ OS and
the expression of each biomarker. A patient’s risk score
was derived by the summation of the expression level
(positive5 2, negative5 1) of each biomarker multiplied by
its corresponding regression coefficient.22 All patients were
then divided into two groups (high-risk signature and low-
risk signature) by the cut-off value that came from the
median of the final risk scores.

Statistical analysis

Statistical analyses were performed using SPSS 13.0 for win-
dows (IBM, Chicago, IL). Overall survival time was calculated
by the Kaplan-Meier method and analysed by the log-rank
test. The overall survival was defined as the time from the
date of primary surgery to the date of death due to esopha-
geal cancer and data on survivors were recorded at the last
follow-up. Univariate and multivariate analyses were based
on the Cox proportional hazards regression model. The cor-
relation significance was analyzed by Kendall tau-b rank cor-
relation analysis. Receiver operating characteristic (ROC)
curve analysis was used to determine the predictive value of
the parameters. A p value of less than 0.05 was considered
statistically significant and each value is two-tailed.

Results
Expression of seven biomarkers in ESCC

Cytoplasmic and/or nuclear immunostaining patterns of
seven biomarkers were successfully interpreted in ESCC

Table 1. Patient characteristics

Clinical Parameter Cohort 1 (No.) Cohort 2 (No.)

Specimens 149 101

Mean age 54.7 58.6

Age

�54 67 37

>54 82 64

Gender

Male 112 80

Female 37 21

Tumor size (cm)

�3 39 29

3–5 79 47

>5 31 25

Histologic grade

G1 29 13

G2 99 77

G3 21 11

Invasive depth

T1 1 2

T2 21 11

T3 123 86

T4 4 2

Lymph node metastasis

N0 87 44

NI 1 N21 N3 62 57

TNM classification

I

IA 1 1

IB 3 3

II

IIA 31 12

IIB 51 31

III

IIIA 50 29

IIIB 3 16

IIIC 1 0

IV

IV 9 0
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tissues. Based on the staining intensity, all the biomarkers dis-
played two immunostaining phenotypes; that is, negative stain-
ing and positive diffuse staining (Fig. 1). The staining patterns
of the biomarkers varied in staining intensity and percentage
of positive cells. A duplicate set of spots for each tumor
showed a good level of homogeneity for both intensity and
stained cell percentages. The patterns were focal, scattered, or

diffuse at different staining intensities. The staining patterns of
seven biomarkers were also varied by location. PPARG and
NANOG protein staining was primarily observed in the cyto-
plasm, SOX2 was primarily observed in the nucleus, and
KLF4, MYC, MDM2, and GASC1 showed both positive cyto-
plasmic and strong nuclear immunostaining (Fig. 1).

Prognostic significance of seven biomarkers and

clinicopathological characteristics

The 5-year OS was 40.6% for the entire study population of
cohort 1. The results of univariate analysis confirmed that
three biomarkers (PPARG, MDM2, and NANOG) and two
clinical factors (lymph node metastasis and TNM classifica-
tion) were prognostic factors for OS, whereas KLF4, MYC,
SOX2, GASC1, and other clinical indexes (age, gender, tumor
size, differentiation grade, and invasive depth) had no prog-
nostic significance for OS (Supporting Information Table 2
and Supporting Information Fig. 1). PPARG, MDM2, and
NANOG were also independent factors for OS according to
multivariable Cox proportional hazard regression analyses
(Table 2).

A predictive model of the three-gene signature and

survival

The risk score of the predictive model was calculated as fol-
lows: (0.566 3 PPARG)1 (0.708 3 MDM2)1 (0.627 3

NANOG). The coefficients were calculated by Cox regression,
and the gene name represents its expression level (pos-
itive5 2, negative5 1). The median of the final risk scores
was 2.467. All patients were divided into the high-risk signa-
ture (risk score >2.467) and low-risk signature (risk score
�2.467, Fig. 2a).

The OS in the high-risk signature group was significantly
shorter than that in the low-risk signature group (p< 0.001,
Fig. 2a). In a subgroup analysis of 127 patients with invasive

Figure 1. Representative positive/negative expression of KLF4,

MYC, SOX2, GASC1, PPARG, MDM2, and NANOG by immunochemis-

try study in tissue microarrays. The bar indicates 50 lm.

Table 2. Independent index of prognosis assessment by clinical
characteristics

95.0%
CI for Exp(B)

Parameter Sig. Exp(B) Lower Upper

Cohort 1

PPARG 0.001 2.458 1.448 4.172

MDM2 0.030 1.698 1.054 2.736

NANOG 0.015 1.924 1.737 3.255

Cohort 1

Lymph node metastasis 0.000 2.651 1.546 4.544

Three-gene signature 0.005 1.987 1.232 3.204

Cohort 2

Lymph node metastasis 0.014 2.315 1.183 4.531

Three-gene signature 0.025 2.081 1.095 3.956

Statistical analysis: the multivariate Cox proportional-hazards
regression.
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depth 3 (T3) or invasive depth 4 (T4) disease, those with a
high-risk gene signature had a shorter OS than those with a
low-risk gene signature (p< 0.001, Fig. 2b). In a subgroup
analysis of 99 patients with differentiation grade 2 (G2) dis-
ease, patients with a high-risk gene signature had a lower OS
than patients with a low-risk gene signature (p< 0.001, Fig.
2c). Using multivariate analyses, the predictive model of a
three-gene signature was an independent predictor for OS
(p5 0.005, Table 2).

Correlation of the predictive model with

clinicopathological features

To obtain a better understanding of the clinical significance
of the predictive model in patients with ESCC, we correlated
it with a series of clinicopathological parameters. As shown
in Table 3, a significant correlation was observed between the
three-gene signature and lymph node metastasis (p5 0.029)
and TNM classification (p5 0.016). The high-risk gene signa-
ture was found in 51.6% (32/62) of lymph node metastasis

Figure 2. Kaplan-Meier estimates of survival of patients with ESCC according to the three-gene signatures as measured by immunohisto-

chemistry. In cohort 1, overall survival is shown for the 149 patients with ESCC (a), for the 127 patients with invasive depth 3 (T3) or inva-

sive depth 4 (T4) disease (b), and for the 99 patients with differentiation grade 2 (G2) disease (c). Overall survival is also shown for the

independent cohort 2 of 101 patients (d), for the 88 patients in cohort 2 who had T3 or T4 disease (e), and for the 77 patients in cohort 2

who had G2 disease (f).
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compared with 33.3% (29/87) of no-lymph node metastasis.
In addition, the high-risk gene signature was found in 32.6%
(28/86) of TNM-I or TNM-II disease, 51.9% (28/54) of
TNM-III disease, and 55.6% (5/9) of TNM-IV disease. There
was no significant difference in other clinicopathological fea-
tures between high-risk gene signature and low-risk gene sig-
nature groups.

Validation of the predictive model

We validated the predictive value of the three-gene signature
in another independent cohort (cohort 2) of 101 patients
with ESCC. The 3-year OS was 47.2% for the entire study
population of cohort 2. The results for cohort 2 were similar
to those in cohort 1. On univariate analysis, three biomarkers
(PPARG, MDM2, and NANOG) and two clinical factors
(lymph node metastasis and TNM classification) were also
confirmed as prognostic factors for OS (Supporting Informa-

tion Table 3 and Supporting Information Fig. 2). Patients
with a high-risk gene signature had a shorter OS than those
with a low-risk gene signature (p< 0.001, Fig. 2d). According
to multivariate Cox proportional hazards analyses, the
predictive model was still an independent predictor of OS
(Table 2). We also analyzed the three-gene signature in
tumor specimens obtained from patients in the validation
cohort with T3 or T4 disease and G2 disease. Among 88
patients with T3 or T4 disease, those with a high-risk gene
signature had a shorter OS than those with a low-risk gene
signature (p< 0.001, Fig. 2e). Among 77 patients with G2
disease, patients with a high-risk gene signature had a lower
OS than patients with a low-risk gene signature (p5 0.010,
Fig. 2f). Moreover, the three-gene signature significantly
correlated with lymph node metastasis (p< 0.001) and
TNM classification in cohort 2 (p< 0.001) (Supporting Infor-
mation Table 4). Compared with the single biomarkers, the
predictive power of the three-gene signature was higher
than that of PPARG, MDM2, or NANOG (p< 0.001) as
revealed by the ROC analysis in both cohort 1 and cohort 2
(Fig. 3).

Discussion
Recent studies using loss- or gain-of-functions approaches
indicate that histone demethylases, including GASC1, modu-
late histone methylation status and affect the expression of a
set of key genes that are critical for cancer invasion and
metastasis.8,14,23 These studies suggest that the genes modu-
lated by histone demethylases may serve as predictors for the
poor prognosis of cancer patients. In this study, we identified
a three-gene prognostic signature (PPARG, MDM2, and
NANOG) from seven genes (including GASC1), using risk
scores based on immunohistochemical analyses of 149 tumor
specimens from patients with ESCC. The presence of a
high-risk three-gene signature in the ESCC tumors was sig-
nificantly associated with decreased OS. We validated the
predictive value of the three-gene signature in a second inde-
pendent cohort of 101 patients with ESCC. The results were
similar to those in cohort 1. In addition, ROC analysis indi-
cated that the predictive ability of the three-gene model was
more robust than that of a single biomarker.

Diagnosis of ESCC at its early stage remains difficult. As a
result, a great majority of patients with ESCC are in the
advanced stages of the disease, and conventional chemother-
apy and radiotherapy treatments are relatively ineffective. In
a subgroup analysis of patients with T3 or T4 disease in this
study, those with a high-risk gene signature had a shorter OS
than those with a low-risk gene signature. Construction of
this three-gene signature may improve the classification of
patients in the late phase of ESCC and help doctors use dif-
ferent interventions on the basis of the classification, thereby
paving a way for the discovery of novel treatment modalities.
Similarly, our analysis of a subgroup of patients with G2 dis-
ease showed that patients with a high-risk gene signature had
a lower OS than patients with a low-risk gene signature.

Table 3. Association between the three-gene signature and clinical
pathological parameters in ESCC in cohort 1

Three-gene signature
status

Clinical
parameter

Low-risk
signature

High-risk
signature r/p

Age (yr)

�54 43 24 0.094/0.315

>54 45 37

Gender

Male 64 48 20.068/0.446

Female 24 13

Tumor size (cm)

�3 23 16 0.005/0.969

3–5 47 32

>5 18 13

Differentiation

G1 18 11 20.015/0.874

G2 56 43

G3 14 7

Invasive depth

T1 1 T2 10 12 20.115/0.240

T3 1 T4 78 49

Lymph node metastasis

N0 58 29 0.183/0.029

N1 1 N2 1 N3 30 32

TNM classification

I (IA 1 IB) 3 1 0.193/0.015

II (IIA 1 IIB) 55 27

III (IIIA 1 IIIB 1 IIIC) 26 28

IV 4 5

Statistical analysis: the Kendall’s tall-b test.
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These results indicate that the three-gene signature may also
be useful in the future for planning treatment strategies for
the clinical management of patients with G2 disease. In addi-
tion, as we can see in Supporting Information Tables 2 and
3, the number of ESCC patients with T1/T2 or G1/G3 is
small in cohort 1 and cohort 2, which is the reason that they
are not included in analysis. In China, Diagnosis of ESCC at
its early stage or G1 still remains difficult and patients in the
late phase of ESCC or G3 frequently displays local invasion
and lymph node metastasis resulting in conservative treat-
ment, which is one of the important reasons for the low
number of ESCC patients with T1/T2 or G1/G3. It could be
well worth studying the patients of T1/T2 and G1/G3, and
we will gather such more specimens to study in the future
and in our subsequent study.

The identification of three genes that can predict the clinical
outcome in patients with ESCC may reveal targets for the
development of therapy for esophageal cancer. PPARG, a
member of the PPAR family (a subfamily of the nuclear recep-
tor superfamily), has been reported to be significantly corre-
lated with both tumor progression and patient prognosis in
several types of carcinomas, including breast cancer, colon can-
cer, tongue squamous cell carninoma, prostate cancer, and
pancreatic cancer.24–28 NANOG, a cell-fate regulatory molecule
known to be important for the self-renewal of embryonic stem
cells, was found not only in germ cell tumors, but also in
breast, cervical, oral cavity, kidney, and ovarian tumors.29–34

This embryonic stem cell self-renewal molecule NANOG may
conceptually contribute to tumorigenesis by a mechanism
related to its role in embryonic stem cells. Alternatively,
NANOG may enhance proliferation of cancer cells. This con-
cept was supported by reports of exogenous overexpression of
NANOG in mesenchymal stem cells and NIH3T3 cells that
promoted cell proliferation and enhanced colony forma-
tion.35,36 In addition, NANOG upregulated the expression of
ezrin, which is involved in tumor progression and regulates cel-
lular activities including survival, adhesion, and migration/
invasion by organizing membrane-cytoskeleton-associated
complexes.37,38 MDM2 is overexpressed in most types of can-
cer from various tissues. Despite the sometimes conflicting
results from studies, the overall trend is that MDM2 expression
is associated with decreased OS, increased recurrence,
increased metastasis, and decreased response to therapeutic
intervention in a wide variety of tumors.23 In this study, we
first identified three prognostic factors (PPARG, MDM2, and
NANOG) from seven biomarkers (including GASC1) through
immunohistochemistry. Then, we built a predictive model
based on the genes (PPARG, MDM2, and NANOG) using risk
scores based on immunohistochemical analyses, which is cor-
related with the clinical outcome of patients with ESCC. We
also speculate that other genes (SOX2, MYC and KLF4) with-
out being prognostic may work in other ways. Recently, Neu-
mann et al. demonstrated that SOX2 expression correlates with
lymph-node metastases and distant spread in right-sided colon

Figure 3. The predictive ability of the three-gene signature compared with single markers by receiver operating characteristic (ROC) curves

(a in cohort 1 and b in cohort 2) and areas under the curve (AUC) with 95% CI (c in cohort 1 and d in cohort 2). The results show that the

predictive ability of the three-gene model was more robust than that of a single biomarker.
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cancer.39 Additionally, in 2009, Rapp UR et al. discovered that
MYC is a metastasis gene for non-small-cell lung cancer.40

What’s more, KLF4 is a transcriptional regulator of genes criti-
cal for EMT, including jnk1 (mapk8).41 Considering all above,
we speculate that these genes (SOX2, MYC and KLF4) have no
direct prognostic significance but correlate with tumor invasion
and migration by affecting the downstream genes of them or
the genes in passageways. In addition, GASC1 interacts with
hypoxia-inducible factor 1 (HIF1) and stimulates transcription
of HIF-1 target genes, thereby promoting breast cancer growth
and lung metastasis.42 Studies also demonstrated that overex-
pression of GASC1 enhances sphere formation, a characteristic

property of stem/progenitor cells, in breast and colonic cancer
cells by mediating expression of Wnt and Notch pathway
genes.43 Therefore, we also speculate that GASC1 may be
not the executor of the function in direct but the one which
is involved in the development and progression of many
kinds of tumors by regulating the expression of GASC1 target
genes.

In conclusion, the three-gene prognostic signature we
identified is closely associated with the clinical outcome in
patients with surgically resected ESCC. This signature could
be useful in stratifying patients according to risk in trials of
adjuvant treatment of the disease.
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