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Abstract

Background Genomic aberration is a common feature of
human cancers and also is one of the basic mechanisms that
lead to overexpression of oncogenes and underexpression
of tumor suppressor genes. Our study aims to identify
frequent genomic changes and candidate copy number
driving genes in esophageal squamous cell carcinoma
(ESCC).

Methods We used array comparative genomic hybrid-
ization to identify recurrent genomic alterations and
screened the candidate targets of selected amplification
regions by quantitative and semi-quantitative RT-PCR.
Results  Thirty-four gains and 16 losses occurred in more
than 50 % of ESCCs. High-level amplifications at 7p11.2,
8pl2, 8q24.21, 11ql3.2-q13.3, 12p11.21, 12ql12 and
homozygous deletions at 2q22.1, 8p23.1-p21.2, 9p21.3 and
14q11.2 were also identified. 11q13.2 was a frequent
amplification region, in which five genes including CHKA,
GAL, KIAA1394, LRPS and PTPRCAP were overexpres-
sed in tumor tissues than paracancerous normal tissues.
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The expression of ALG3 at 3q27.1 was higher in ESCCs,
especially in patients with lymph node metastasis.
Conclusions Target gene identification of amplifications
or homozygous deletions will help to reveal the mechanism
of tumor formation and explore new therapy method.

Keywords Array CGH - Esophageal squamous cell
carcinoma - Amplification - Deletion - Lymph node
metastasis

Introduction

Esophageal squamous cell carcinoma (ESCC) is the fourth
most common malignant tumor in China, and prevalent
throughout the world. Although diagnostic method and
cancer treatment have been improved in recent years, the
prognosis remains poor because of widespread lymph node
metastasis and relatively frequent distant metastasis.
Therefore, understanding of molecular changes underlying
esophageal carcinogenesis and metastasis may reveal the
mechanism of tumor formation and provide new therapy
method.

ESCC formation is a multi-step process, and chromo-
somal abnormality was a characteristic attribute. Several
studies have reported that gains of 3q26-qter, 5p15, 7p, 7q,
11q13.3, 8q24.3-qter and losses of 16p13.3 and 18q22-qter
were the most frequent genomic changes in ESCC [1-3].
Previous observations also showed that gains of 12p,
11q13.2, 8q24.21 (MYC) and loss of 3p14.2 (FHIT) were
associated with poor prognosis, and overexpression of
CPT1A in 11q13.2 was an independent prognosticator [3,
4]. Sakai et al. [5] found that amplification of 2q12-ql4,
3q24-q26 and 7q21-q31 was associated with lymph node
metastasis, and amplification of all these three
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chromosomal regions reflected worse survival. Qin et al.
[6] found that gains of 6p, 20q and losses of 10p and 10q
were more common in metastatic lymph nodes than pri-
mary lesions. The relationships between gain of 8q, loss of
4p and nodal metastasis, between gain of 2p, losses of 4pq,
11q14-qter and distant organ metastasis were revealed [7].
P53 mutation was associated with poorer response to
chemotherapy and poorer prognosis. However, p53
immunohistochemistry staining did not correlate with
response to chemotherapy or prognosis [8]. Lower the long
interspersed nucleotide element-1 (LINE-1) methylation
levels were detected in ESCC in comparison with matched
normal esophageal mucosa. And the LINE-1 hypomethy-
lation was significantly associated with disease-free sur-
vival and cancer-specific survival [9]. Especially, many
genes were amplified more frequently in ESCC than
esophageal adenocarcinoma (EAC) such as VEGFA,
ERBB2, PIK3CA and FGFRI, and inactivating mutations
of NOTCHI1 were only detected in ESCC [10, 11].

Genomic aberration is one of the mechanisms that can
result in gene dysfunction and contribute to the carcino-
genesis and tumor progression. GAL, GSTP1, MRPLI11,
MRPL21, SF3B2, YIF1A at gain region 11q13.1-q13.3 and
GALRI1 at loss region 18q23 have been shown to be
expression-dysregulated due to DNA copy number changes
in ESCC. And the galanin signaling pathway is also altered
because of genomic changes, which regulates oncogenesis
in human squamous cell carcinoma [12].

To clarify the recurrent genomic changes in ESCC, we
analyzed 20 ESCCs by array comparative genomic
hybridization (array CGH). And we further screened the
candidate targets of 11ql13.2, and found that five genes
were overexpressed in tumor tissues. ALG3 at amplifica-
tion region 3q27.1 was overexpressed, which was associ-
ated with lymph node metastasis.

Materials and methods
Patients

Freshly resected tissues from 77 ESCC patients were col-
lected by the Department of Pathology, Cancer Hospital,
Chinese Academy of Medical Sciences, Beijing, China. All
the ESCC patients were treated with radical operation and
none of them received any treatment before surgery.
Representative tumor regions were excised by experienced
pathologists and immediately stored at —70 °C until used.
All the samples used in this study were residual specimens
after diagnosis sampling. And every patient signed separate
informed consent forms for sampling and molecular ana-
lysis. Clinical characteristics of patients used in the array
CGH study are shown in Table 1.

Table 1 Clinical characteristics of patients used in the array CGH
study

No. Sex Age pT pN pM Stage Grade
1 Female 49 T1 NO MO I G3
2 Male 33 T2 NO MO ITA G2
3 Male 65 T3 NO MO IIA Gl
4 Male 69 T3 NO MO A G2
5 Male 70 T3 NO MO A G2
6 Male 49 T3 NO MO A G2
7 Female 55 T3 NO MO ITA G2
8 Male 58 T3 NO MO A G2
9 Male 80 T3 N1 MO I G3
10 Male 60 T3 N1 MO 111 G3
11 Female 55 T3 N1 MO 111 G3
12 Female 51 T3 N1 MO 111 G2
13 Male 49 T3 N1 MO 111 Gl
14 Male 66 T3 N1 MO 111 G2
15 Male 70 T3 N1 MO 111 G3
16 Male 67 T3 N1 MO 111 G3
17 Male 27 T3 N1 MO 111 G2
18 Male 39 T3 N1 MO I Gl
19 Male 58 T3 N1 MO 111 Gl
20 Male 59 T3 N1 MO 11 Gl

Genomic DNA extraction

Genomic DNA was isolated from tumor tissues using the
Qiagen DNeasy Blood & Tissue Kit as described by the
manufacturer (Qiagen, Hilden, Germany). Tumor cell
content of all the samples was greater than 50 % by HE
staining.

Array-based CGH

ESCCs were detected by 60 K human genome CGH
microarray. Array CGH experiments were performed using
standard Agilent protocols (Agilent Technologies, Santa
Clara, CA). Commercial human genomic DNA (PRO-
MEGA, Warrington, UK) was used as reference. For each
CGH hybridization, 400 ng of reference genomic DNA and
the same amount of tumor DNA were digested with Alu I
and RSA T restriction enzyme (PROMEGA, Warrington,
UK). The digested reference DNA fragments were labeled
with cyanine-5 dUTP and the tumor DNA with cyanine-3
dUTP (Agilent Technologies, Santa Clara, CA). After
clean-up, labeled reference and tumor DNA as probes were
mixed and hybridized onto Agilent 60 K human genome
CGH microarray (Agilent) for 24 h. Washing, scanning
and data extraction procedures were performed following
standard protocols.
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Microarray data analysis

Array CGH data were analyzed using Genomic Workbench
(Agilent), BRB-CGHtools (http://linus.nci.nih.gov/BRB-
ArrayTools.html) and MD-SeeGH (http://www.flintbox.
com). Genomic Workbench was used to calculate log,.
ratio for every probe and to identify genomic aberrations.
Mean logoratio of all probes in a chromosome region
between 0.25 and 1.0 was classified as genomic gain, >1.0
as high-level DNA amplification, <—0.25 as hemizygous
loss, and <—1.0 as homozygous deletion.

Total RNA extraction

Total RNA was isolated from tissues using the RNeasy
Mini Kit as described by the manufacturer (Qiagen, Hilden,
Germany) and used for reverse transcription PCR and real-
time PCR assay.

Reverse transcription PCR

Total RNA was used to synthesize the first strand of cDNA
using SuperScript II RT 200 units/ul (Invitrogen, San
Diego, CA). And 10 pl of each PCR product were resolved
by 2 % (w/v) agarose gel electrophoresis. The primers of
detected genes are listed in Table S1.

Real-time PCR

The PCR reactions were performed in a total volume of
20 ul, including 10 pl of 2XPower SYBR® Green PCR
Master Mix (Applied Biosystems, Warrington, UK), 2 pl
of cDNA/DNA (5 ng/ul), 1 pl of primer mix (10 uM
each). The PCR amplification and detection were carried
out in a 7300 Real Time PCR System (Applied Biosys-
tems) for 40 cycles, each with 15 s at 95 °C, 1 min at
60 °C, and initial denaturation with 10 min at 95 °C. The
relative gene expression (relative copy number) was cal-
culated using the comparative CT Method. The copy
number of the target gene normalized to an endogenous
reference (GAPDH or B-actin), and relative to calibrator
was given by the formula 2 — AAC,. ACT was calculated
by subtracting the average GAPDH (B-actin) CT from the
average CT of the gene of interest. The ratio defines the
level of relative expression (relative copy number) of the
target gene to that of GAPDH or B-actin.

Fluorescence in situ hybridization
Tumor tissues were minced and then digested with 0.2 %
type II collagenase (Sigma, St. Louis, MO). Cells were

incubated in 0.075 M KCL hypotonic buffer for 60 min at
37 °C and fixed in methanol/acetic acid (3:1, v/v) at 4 °C.

@ Springer

Single-cell suspensions were dropped on cool wet slides.
After air-drying overnight, slides were sequentially treated
with RNase and pepsin. Denaturation was performed in
70 % formamide, 2XSSC (pH 7) for 3 min at 75 °C. BAC
clones covering GAL (RP11-569N5), KIAA1394 (RP11-
389P13) and ALG3 (RP11-631P04) were labeled by ran-
dom primer technique with cyanine-3 dUTP or fluorescein
isothiocyanate dUTP. The probe mixture was denatured for
7 min at 75 °C and then hybridized to denatured slides for
48 h at 37 °C. Post-hybridization washes were carried out
in 50 % formamide for 15 min and twice in 2XSSC. Slides
were counterstained with 4, 6-diamidino-2-phenylindole
(DAPI). Gray images were captured with Cascade 512 B
CCD camera (Protometrics, Tucson, AZ) equipped with an
Olympus fluorescence microscope. The images were ana-
lyzed using the MetaMorph Imaging System (Universal
Imaging Corp., West Chester, PA).

Statistical analysis

Student’s 7 test and Chi square test were performed with the
statistical software SPSS 15.0. The differences were judged
as statistically significant when the corresponding two-
sided P value were <0.05.

Results

Recurrent copy number changes in ESCC detected
by array CGH

Array CGH detected 34 gains and 16 losses in ESCC with
frequency over 50 %. The five most frequent gains were
8q24.3, 3929, 7q21.3-q22.1, 3q26.32-q28 and 20q11.21-
q11.23, and the five most common losses, at 18q21.33-q23,
9p21.1-p21.3, 3pl12.1-p13, 18ql12.1-q12.3 and 4pl12-p13
(Fig. 1a; Table S2). High-level amplifications at 7p11.2,
8pl2, 8q24.21, 11ql3.2-q13.3, 12p11.21, 12ql12 and
homozygous deletions at 2q22.1, 8p23.1-p21.2, 9p21.3 and
14q11.2 were also identified (Table 2). GISTIC analysis,
which scores the significance of recurrent gains or losses
and detects peak regions likely to contain the driver
gene(s), revealed that gains of 7pl2.1, 7pl11.2 (EGFR),
8q24.21 (MYC), 11q13.2-q13.4 (ANO1, FADD and CTTN),
11922.1-q22.3 (MMP7, MMP3) and losses of 9p21.3
(MTAP, CDKN2A and CDKN2B) and 11qll (SPRYDS,
OR5W2) were the most common genomic changes
(Fig. 1c; Table 2). Among them, amplifications of 7p11.2,
8q24.21, 11ql3.2-q13.3 and homozygous deletion of
9p21.3 were both found by GISTIC and Genomic Work-
bench (Agilent). By analyzing the numbers of genomic
aberrations, we found that 25 % of ESCCs had more than
100 genomic aberrations (Fig. 1b).
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Fig. 1 Genomic aberration in ESCC. a Genome-wide frequency plot of ESCC by array CGH analysis. Right: gain; left: loss. b Numbers of
aberrations in ESCC. X Number of aberrations, Y Number of cases. ¢ Amplifications and homozygous deletions (HDs) identified by GISTIC

We further validated the three most frequent gains and
losses (Table S2) using real-time PCR in eight independent
ESCCs. The results showed that gains of 8q24.3, 3q29 and
7q22.1 occurred in 3, 2 and 2 cases, respectively (Fig. 2a).
Losses of 9p21.3 and 3p13 were detected in 3 cases, and
18921.33 in one case (Fig. 2b). We analyzed the correla-
tion between the profiling of genomic aberrations and cli-
nico-pathological parameters. Gains of 3q, 8q, 12p, 16p,
17q and loss of 18q were more frequently detected in poor-
differentiated tumors (Fig. 2c).

Target screening of 11q13.2 amplification region

11q13 was one of the most common high-level amplifi-
cation regions, and the frequency of gain and amplifica-
tion was more than 40 and 10 %, respectively (Fig. 3a, b).
Most of the attention was paid to 11q13.3 and target
CCND1, but the driving gene of 11q13.2 was still unclear.

Therefore, we conducted a target-screening assay to 37
genes at 11q13.2 using RT-PCR. The top ten genes
including GAL, KIAA1394, TBX10, GPR152, CHKA,
MGRPRD, LRP5, PTPRCAP, CDK2AP2 and CLCF1
were further analyzed in 8 ESCCs by real-time PCR. The
results showed that the expression of CHKA, GAL,
KIAA1394, LRP5 and PTPRCAP was significantly higher
in ESCC tissues than in paracancerous tissues (Fig. 3c).
We analyzed the copy number status of the five genes, and
found that 67 % (4/6) of patients with LRP5 overex-
pression had copy number increase, and the rates for
KIAA1394, GAL, CHKA and PTPRCAP were 60 % (3/
5), 57 % (4/7), 50 % (3/6) and 40 % (2/5), respectively.
However, the expression of TBX10, GPR152, MRGPRD,
CDK2AP2 and CLCFl was not significantly different
between tumor tissues and paracancerous tissues (Fig.
S1). We also applied FISH to validate the copy number
increase of GAL and KIAA1394 in 8 ESCCs, and found
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that GAL and KIAA1394 were co-amplified in five cases
(n = 8, Fig. 3d).

Overexpression of ALG3 at 3q27.1 in ESCC

Copy number gain at 3q was very common in ESCC and
the frequency was 70 % (Fig. 4a, b). We further found that
ALG3 at 3q27.1 was significantly overexpressed in tumor
tissues comparing with paracancerous normal tissues
(Fig. 4c). The mRNA expression of ALG3 in cell lines
with amplification was higher than those without amplifi-
cation (Fig. 4d, e). FISH assay showed that ALG3 was
amplified in 4 ESCCs (n =8, Fig. 4f). And high
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expression of ALG3 was significantly associated with
lymph node metastasis (P = 0.038; n = 33; Table 3).

Discussion

Genomic aberrations can contribute to the carcinogenesis
and tumor progression. Earlier reports have identified
multiple abnormal regions in ESCC, including amplifica-
tions at 1p34, 3q, 5p, 7pl12, 8q, 11q13, 12p, 17q12, 22q as
well as deletions at 2q, 3p, 4q, 5q13-q21, 9p21.3 and 13q
[1, 3, 6, 13]. In the present study, we found 34 gains and 16
losses in ESCC with frequency over 50 %, especially six
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Case 1

high-level amplifications at 7pll1.2, 8pl2, 8q24.21,
11q13.2-q13.3, 12p11.21, 12q12 and four homozygous
deletions at 2q22.1, 8p23.1-p21.2, 9p21.3 and 14qll1.2
were identified. EGFR (7p11.2) was amplified and over-
expressed in ESCC, and copy number increase of EGFR
led to protein overexpression [14]. MYC (8q24.21) was
frequently amplified, and its copy number increase was
associated with worse overall survival of ESCC [4].
CCNDI1 at 11gq13.3 was another common amplification
gene, and both copy number increase and overexpression
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Case 2 Case 1 Case 2

of CCND1 were significantly linked with lymph node
metastasis [15]. And elevated level of CCND1 DNA in
plasma was significantly associated with poor prognosis
[16]. However, target genes of other amplifications were
largely unknown.

Amplification of 11q13 is a common genomic event in
cancers, including esophageal, breast, gastric, oral and liver
cancer [15, 17-21]. The 11q was gained in 75 % of gastric
adenocarcinoma, and the two minimal amplification
regions harbored two candidate target genes CCNDI1 and
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Fig. 4 Overexpression of
ALGS3 at 3q27.1 in ESCC.

a Typical amplification status of
3g27.1 in six ESCC cases.

b Frequency plot of copy
number changes at 3q. Right of
0: amplification; left of 0:
homozygous deletion.

¢ Relative mRNA expression of
ALG3 in paired ESCC samples.
d Logratio of ALG3 in four
ESCC cell lines. e Relative
mRNA expression of ALG3 in
four ESCC cell lines. f FISH
assay on the ALG3
amplification (RP11-631P04)

Table 3 ALG3 mRNA expression in lymph node metastatic cases
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ORAOV1 [17]. In oral squamous cell carcinoma (OSCC),
gain of 11q22.1-q22.2 and loss of 11q23-q25 was associ-
ated with loco-regional recurrence and shorter survival
[18]. ORAOV1 at 11q13.3 was amplified in OSCC, and its

expression level in OSCC cell lines with 11q13 amplifi-

% Fisher’s exact test

N1 positive lymph node metastasis; NO no lymph node metastasis

cation was higher than those without amplification [19].

11q13 was also a common amplification region in liver
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cancer, and knockdown of CCND1 or FGF19 located in
this region can significantly inhibit clonal growth and
tumorigenicity of hepatocellular carcinoma cells [20]. In
ESCC, 11ql3 was frequently amplified, in which CTTN
promoted tumor metastasis by anoikis resistance via acti-
vation of the phosphatidylinositol 3-kinase/Akt pathway
[22]. Our present study screened 37 genes at 11q13.2 and
found that five genes including CHKA, GAL, KIAA1394,
LRPS5 and PTPRCAP were significantly overexpressed in
ESCC. It has been reported that CHKA was overexpressed
in 35 % of hepatocellular carcinoma, and its overexpres-
sion was significantly correlated with advanced tumor
stage and poor prognosis [23]. In breast cancer cell lines,
CHKA interacted with EGFR kinase domain and was
phosphorylated in a c-Src-dependent manner, and finally
promoted EGF-dependent cell proliferation [24]. GAL was
overexpressed in ESCC, and GAL together with its
receptor GalR1 could reduce caspase-8-dependent apop-
tosis via upregulation of the caspase-8 inhibitor
FLIP(L) and induce chemoresistance[12, 25]. Amplifica-
tion and overexpression of LRP5 were detected in sarcoma
lines, and together with overexpression of co-receptor
LRP6 were one of the mechanisms of activating Wnt sig-
naling [26]. However, the biological function about the
genes KIAA1394 and PTPRCAP in tumorigenesis was
limited. Therefore, our data may help to identify novel
candidate amplification target genes in ESCC.

Amplification of 3q is also a common genomic feature
in cervical, lung and esophageal cancer [27-29]. In lung
squamous cell carcinoma, EPHB3 (3q27.1), MASPI1
(39g27.3) and SST (3q27.3) were amplified at frequency of
18, 18 and 14 %, respectively [27]. Overexpression of
FXR1, CLAPMI1, EIF4G and TP63 located at 3q26-q27
was also reported, especially that copy number increase
and overexpression of TP63 were an indicator of prolonged
survival [28]. Choi et al. reported that gain of 3q27.1
especially ALG3 at 3q27.1 was correlated with the cervical
carcinogenesis [30], so we conducted the study to explore
whether ALG3 was the novel target of 3q27.1 amplification
in ESCC. Our study revealed that ALG3 at the amplifica-
tion region 3q27.1 was significantly overexpressed and
associated with lymph node metastasis. Therefore, ALG3
may be the novel important gene for 3q27.1 amplification,
but the role of it in the tumorigenesis was still needed to be
clarified.

In summary, our study identified multiple DNA copy
number-changed chromosome regions and candidate tar-
gets of amplification regions 11q13.2 and 3q27.1. These
findings provide important insights into molecular altera-
tions occurred in ESCC. Further study should be addressed
to explore the possible tumorigenic roles of these candidate
genes.

@ Springer

Acknowledgments This work was supported by Chinese Hi-Tech
R&D Program Grant (2012AA02A503, 2012AA020206) and
National Science Fund (30971482).

Conflict of interest We declare that we have no conflict of interest.

References

1. Yen CC, Chen YJ, Chen JT, Hsia JY, Chen PM, Liu JH, et al. Comparative
genomic hybridization of esophageal squamous cell carcinoma: correlations
between chromosomal aberrations and disease progression/prognosis. Cancer.
2001;92:2769-77.

2. Hirasaki S, Noguchi T, Mimori K, Onuki J, Morita K, Inoue H, et al. BAC
clones related to prognosis in patients with esophageal squamous carcinoma: an
array comparative genomic hybridization study. Oncologist. 2007;12:406-17.

3. Shi ZZ, Liang JW, Zhan T, Wang BS, Lin DC, Liu SG, et al. Genomic alter-
ations with impact on survival in esophageal squamous cell carcinoma identified
by array comparative genomic hybridization. Genes Chromosom Cancer.
2011;50:518-26.

4. Miyawaki Y, Kawachi H, Ooi A, Eishi Y, Kawano T, Inazawa J, et al. Genomic
copy-number alterations of MYC and FHIT genes are associated with survival
in esophageal squamous-cell carcinoma. Cancer Sci. 2012;103:1558-66.

5. Sakai N, Kajiyama Y, Iwanuma Y, Tomita N, Amano T, Isayama F, et al. Study of
abnormal chromosome regions in esophageal squamous cell carcinoma by
comparative genomic hybridization: relationship of lymph node metastasis and
distant metastasis to selected abnormal regions. Dis Esophagus. 2010;23:415-21.

6. Qin YR, Wang LD, Fan ZM, Kwong D. Guan XY Comparative genomic
hybridization analysis of genetic aberrations associated with development of
esophageal squamous cell carcinoma in Henan China. World J Gastroenterol.
2008;14:1828-35.

7. Qin YR, Wang LD, Kwong D, Gao SS, Guan XY, Zhuang ZH, et al. Com-
parative genomic hybridization: the profile of chromosomal imbalances in
esophageal squamous cell carcinoma]. Zhonghua Bing Li Xue Za Zhi.
2005;34:80-3.

8. Yamasaki M, Miyata H, Fujiwara Y, Takiguchi S, Nakajima K, Nishida T, et al.
p53 genotype predicts response to chemotherapy in patients with squamous cell
carcinoma of the esophagus. Ann Surg Oncol. 2010;17:634-42.

9. Iwagami S, Baba Y, Watanabe M, Shigaki H, Miyake K, Ishimoto T, et al.
LINE-1 hypomethylation is associated with a poor prognosis among patients
with curatively resected esophageal squamous cell carcinoma. Ann Surg.
2012;257:449-55.

10. Agrawal N, Jiao Y, Bettegowda C, Hutfless SM, Wang Y, David S, et al.
Comparative genomic analysis of esophageal adenocarcinoma and squamous
cell carcinoma. Cancer Discov. 2012;2:899-905.

11. Bandla S, Pennathur A, Luketich JD, Beer DG, Lin L, Bass AJ, et al. Com-
parative genomics of esophageal adenocarcinoma and squamous cell carcinoma.
Ann Thorac Surg. 2012;93:1101-6.

12. Sugimoto T, Seki N, Shimizu S, Kikkawa N, Tsukada J, Shimada H, et al. The
galanin signaling cascade is a candidate pathway regulating oncogenesis in
human squamous cell carcinoma. Genes Chromosom Cancer. 2009;48:132—42.

13. Tada K, Oka M, Hayashi H, Tangoku A, Oga A, Sasaki K. Cytogenetic analysis
of esophageal squamous cell carcinoma cell lines by comparative genomic
hybridization: relationship of cytogenetic aberrations to in vitro cell growth.
Cancer Genet Cytogenet. 2000;117:108-12.

14. Yang YL, Xu KL, Zhou Y, Gao X, Chen LR. Correlation of epidermal growth
factor receptor overexpression with increased epidermal growth factor receptor
gene copy number in esophageal squamous cell carcinomas. Chin Med J (Engl).
2012;125:450-4.

15. YingJ, Shan L, Li J, Zhong L, Xue L, Zhao H, et al. Genome-wide screening for
genetic alterations in esophageal cancer by aCGH identifies 11q13 amplification
oncogenes associated with nodal metastasis. PLoS One. 2012;7:¢39797.

16. Takeshita H, Ichikawa D, Komatsu S, Tsujiura M, Kosuga T, Deguchi K, et al.
Prediction of CCND1 amplification using plasma DNA as a prognostic marker
in oesophageal squamous cell carcinoma. Br J Cancer. 2010;102:1378-83.

17. Kang JU. Koo SH ORAOV1 is a probable target within the 11q13.3 amplicon in
lymph node metastases from gastric adenocarcinoma. Int J Mol Med. 2012;29:81-7.

18. Ambatipudi S, Gerstung M, Gowda R, Pai P, Borges AM, Schiffer AA, et al.
Genomic profiling of advanced-stage oral cancers reveals chromosome 11q
alterations as markers of poor clinical outcome. PLoS One. 2011;6:e17250.

19. Xavier FC, Rodini CO, Paiva KB, Destro MF, Severino P, Moyses RA, et al.
ORAOV1 is amplified in oral squamous cell carcinoma. J Oral Pathol Med.
2012;41:54-60.

20. Sawey ET, Chanrion M, Cai C, Wu G, Zhang J, Zender L, et al. Identification of
a therapeutic strategy targeting amplified FGF19 in liver cancer by oncogenomic
screening. Cancer Cell. 2011;19:347-58.

21. Holm K, Staaf J, Jonsson G, Vallon-Christersson J, Gunnarsson H, Arason A,
et al. Characterisation of amplification patterns and target genes at chromosome
11q13 in CCND1-amplified sporadic and familial breast tumours. Breast Cancer
Res Treat. 2012;133:583-94.



Clin Transl Oncol (2014) 16:606-615

615

22.

23.

24.

25.

26.

Luo ML, Shen XM, Zhang Y, Wei F, Xu X, Cai Y, et al. Amplification and
overexpression of CTTN (EMS1) contribute to the metastasis of esophageal
squamous cell carcinoma by promoting cell migration and anoikis resistance.
Cancer Res. 2006;66:11690-9.

Kwee SA, Hernandez B, Chan O, Wong L. Choline kinase alpha and hexoki-
nase-2 protein expression in hepatocellular carcinoma: association with survival.
PLoS One. 2012;7:¢46591.

Miyake T, Parsons SJ. Functional interactions between choline kinase o, epi-
dermal growth factor receptor and c-Src in breast cancer cell proliferation.
Oncogene. 2012;31:1431-41.

Stevenson L, Allen WL, Turkington R, Jithesh PV, Proutski I, Stewart G, et al.
Identification of galanin and its receptor GalRl as novel determinants of
resistance to chemotherapy and potential biomarkers in colorectal cancer. Clin
Cancer Res. 2012;18:5412-26.

Vijayakumar S, Liu G, Rus IA, Yao S, Chen Y, Akiri G, et al. High-frequency
canonical Wnt activation in multiple sarcoma subtypes drives proliferation
through a TCF/B-catenin target gene, CDC25A. Cancer Cell. 2011;19:601-12.

27.

28.

29.

30.

Kang JU, Koo SH, Kwon KC, Park JW, Kim JM. Identification of novel can-
didate target genes, including EPHB3, MASPI and SST at 3q26.2-q29 in
squamous cell carcinoma of the lung. BMC Cancer. 2009;9:237.

Massion PP, Taflan PM, Jamshedur Rahman SM, Yildiz P, Shyr Y, Edgerton
ME, et al. Significance of p63 amplification and overexpression in lung cancer
development and prognosis. Cancer Res. 2003;63:7113-21.

Wilting SM, Snijders PJ, Verlaat W, Jaspers A, van de Wiel MA, van Wieringen
WN, et al. Altered microRNA expression associated with chromosomal changes
contributes to cervical carcinogenesis. Oncogene. 2012;32:106-16.

Choi YW, Bae SM, Kim YW, Lee HN, Kim YW, Park TC, et al. Gene
expression profiles in squamous cell cervical carcinoma using array-based
comparative genomic hybridization analysis. Int J Gynecol Cancer.
2007;17:687-96.

@ Springer



	Identification of putative target genes for amplification within 11q13.2 and 3q27.1 in esophageal squamous cell carcinoma
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patients
	Genomic DNA extraction
	Array-based CGH
	Microarray data analysis
	Total RNA extraction
	Reverse transcription PCR
	Real-time PCR
	Fluorescence in situ hybridization
	Statistical analysis

	Results
	Recurrent copy number changes in ESCC detected by array CGH
	Target screening of 11q13.2 amplification region
	Overexpression of ALG3 at 3q27.1 in ESCC

	Discussion
	Acknowledgments
	References


