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Abstract
Purpose: This study aims to identify differentially expressed genes in esophageal squamous cell carcinoma
(ESCC) through the use of a membrane-based cDNA array.
Experimental Design: Two newly established human
ESCC cell lines (HKESC-1 and HKESC-2) and one corresponding to a morphologically normal, esophageal epithelium tissue specimen, prospectively collected from the
HKESC-2-related patient, were screened in parallel using a
cDNA expression array containing gene-specific fragments
for 588 human genes spotted onto nylon membranes.
Results: The results of cDNA expression array showed
that 53 genes were up-regulated 2-fold or higher and 8 genes
were down-regulated 2-fold or higher in both ESCC cell
lines at the mRNA level. Semiquantitative RT-PCR analysis
of a subset of these differentially expressed genes gave results consistent with cDNA array findings. Four of the differentially expressed genes that belong to the categories of
oncogenes/tumor suppressor genes (Fra-1 and Neogenin)
and cell cycle-related genes (Id-1 and CDC25B) were studied
more extensively for their protein expression by immunohistochemistry. The two ESCC cell lines and their corresponding primary tissues, 61 primary ESCC resected specimens and 16 matching, morphologically normal, esophageal
epithelium tissues were analyzed. The immunostaining results showed that Fra-1, Neogenin, Id-1, and CDC25B were
overexpressed in both ESCC cell lines and their corresponding primary tumors at the protein level, validating the microarray findings. The results of the clinical specimens
showed that the Fra-1 gene was overexpressed in ESCC
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compared with normal esophageal epithelium in 53 of 61
cases (87%), Neogenin in 57 of 61 cases (93%), Id-1 in 57 of
61 cases (93%), and CDC25B in 48 of 61 cases (79%).
Furthermore, the expression of Fra-1, Neogenin, and Id-1 in
ESCC correlated with tumor differentiation.
Conclusions: Overall, this study demonstrates that multiple genes are differentially expressed in ESCC and provides the first evidence that oncogenes Fra-1 and Neogenin
and cell cycle-related genes Id-1 and CDC25B are overexpressed in ESCC.

Introduction
Esophageal carcinoma is the ninth most common human
cancer in the world and the second most common cancer in
China (1). In Hong Kong, ESCC3 accounts for ⬃90% of esophageal malignant tumors and is the sixth most common cause of
cancer death (2). Despite advances in multimodality therapy, the
overall 5-year survival rates for ESCCs still remain poor (3).
The development of new treatment modalities, diagnostic technologies, and preventive approaches will require a better understanding of the molecular mechanisms underlying esophageal
carcinogenesis. Although recent reports have documented alterations of a few oncogenes and tumor suppressor genes in ESCC,
the molecular and genetic basis of esophageal carcinogenesis
still remains largely unknown (4, 5).
With the emerging technology of cDNA array hybridization, it is now possible to screen for alterations in the expression
of many genes simultaneously (6 – 8). Because the development
and progression of cancer are accompanied by complex changes
in patterns of gene expression (9, 10), the cDNA array technology provides a very useful tool for studying these complex
processes (6). In this study, we used cDNA expression array
hybridization to examine the expression of 588 genes in two
newly established ESCC cell lines (HKESC-1 and HKESC-2)
and one corresponding, morphologically normal, esophageal
epithelium tissue specimen collected prospectively from the
HKESC-2-related patient. By comparing gene expression levels
between normal esophageal epithelium and the ESCC cell lines,
we were able to identify the differentially expressed transcripts
in ESCC. Subsequent semiquantitative RT-PCR analyses vali-

3

The abbreviations used are: ESCC, esophageal squamous cell carcinoma; Fra-1, fos-related antigen 1; CDC25B, cell division cycle 25B;
Id-1, inhibitor of differentiation 1 (inhibitor of DNA binding 1); IH,
immunohistochemistry; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; RT-PCR, reverse transcription-PCR; FPR1, formyl peptide receptor 1; RANTES, regulated on activation, normal T expressed, and
secreted; AP-1, activator protein-1; CDK, cyclin-dependent kinase;
DAB, 3,3⬘-diaminobenzidine.
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dated the cDNA array results. Expression of the protein products
of four of these differentially expressed genes that belong to the
categories of oncogenes/tumor suppressor genes (Fra-1 and
Neogenin) and cell cycle-related genes (Id-1 and CDC25B) was
further evaluated by IH in a large series of ESCC tumor specimens.

Materials and Methods
Cell Culture and Tissue Specimen. Two human ESCC
cell lines, HKESC-1 and HKESC-2, have been established
recently in our laboratory. HKESC-1 has been reported previously (11). Both cell lines were from Hong Kong Chinese
patients with moderately differentiated ESCC; HKESC-1 was
from a 47-year-old man, whereas HKESC-2 was from a 46year-old woman. The squamous epithelial nature of HKESC-2
was confirmed by both electron microscopy (presence of tonofilaments and desmosomes) and immunohistochemical staining
(positive for cytokeratins; data not shown). Both cell lines grew
as adherent monolayers (11). HKESC-2 was maintained in the
same conditions as HKESC-1 (11). Cells were harvested from
passage 31 of HKESC-1 and passage 4 of HKESC-2 at 80 –90%
confluency, respectively.
One morphologically normal, esophageal epithelium tissue
specimen, collected prospectively from the HKESC-2-related
patient, was used as a control for the array experiment. For
obtaining high-purity normal esophageal epithelium tissue specimen, the morphologically normal esophageal epithelium at
least 5 cm away from the tumor margin was carefully dissected
out from other tissues of the freshly resected esophagectomy
specimen from the HKESC-2-related patient and evaluated microscopically. Unfortunately, the collected normal esophageal
epithelium tissue from the HKESC-1-related patient could not
be used as a control because the specimen was too small and
only a small amount of RNA could be extracted from it.
cDNA Arrays, Probes, Hybridization, and Data Analysis. Atlas Human cDNA Expression Array membranes used in
this study were purchased from Clontech (Palo Alto, CA). The
membrane contained 10 ng of each gene-specific cDNA from
588 known genes and 9 housekeeping gene fragments (Fig. 1).
Several plasmid and bacteriophage DNAs and blank spots are
also included as negative and blank controls to confirm hybridization specificity.4
Total RNA was extracted using the Trizol reagent protocol
(Life Technologies, Inc., Gaithersburg, MD) from the two
ESCC cell lines (HKESC-1 and HKESC-2) and one corresponding, morphologically normal esophageal epithelium collected
prospectively from the HKESC-2-related patient. mRNA was
then isolated from the total RNA using the Straight A’s mRNA
Isolation System (Novagen, Madison, WI). The 32P-labeled
cDNA probes were generated by reverse transcription of 1 g of
mRNA of each sample in the presence of [␣-32P]dATP. Equal
amounts of cDNA probes (3 ⫻ 106 cpm/l) from the ESCC cell

4

A complete list of the 588 genes with array positions and GenBank
accession numbers of the Atlas Human Expression Array used here can
also be accessed through the web site http://www.clontech.com/clontech/APR97UPD/Atlaslist.html.

lines and normal esophageal epithelium were then hybridized to
separate Atlas Human cDNA array membranes for 24 h at 42°C
and washed according to the supplier’s instructions. The array
membranes were then exposed to X-ray film at ⫺70°C for 2–5
days. Autoradiographic intensity was analyzed using AtlasImage analysis software (version 1.01; Clontech). The signal intensities were normalized by comparing the expression of
housekeeping genes GAPDH (G12) and HLA-C (G14):
Adjusted intensity on array
⫺ HKESC-1 or HKESC ⫺ 2
Intensity ratio ⫽
Adjusted intensity on array ⫺ normal
⫻ Normalization coefficient
Adjusted intensity ⫽ Intensity ⫺ Background
Normalization coefficient
⫽

冉

冋冉

冊

Adjusted intensity GAPDH on array ⫺ normal
Adjusted intensity GAPDH on array
⫺ HKESC-1 or HKESC-2

Adjusted intensity HLA ⫺ Con array ⫺ normal
Adjusted intensity HLA ⫺ Con array
⫺ HKESC-1 or HKESC-2

冊册

⫼ 2

Genes were considered to be up-regulated when the intensity
ratio between expression in the ESCC cell lines compared with
normal esophageal epithelium was 2-fold or greater. Genes were
labeled as down-regulated when the ratio between normal and
ESCC cell lines was 2-fold or higher.
RT-PCR. cDNA was generated using 1 g of total RNA
from the two ESCC cell lines (HKESC-1 and HKESC-2) and
one corresponding, morphologically normal, esophageal epithelium collected prospectively from the HKESC-2-related patient
as template and 2.5 mM Oligo d(T)16 primers in a 20-l reaction
mixture, and the reverse transcription was carried out at 42°C
for 1 h, followed by 95°C for 10 min using the GeneAmp RNA
PCR Core kit (Perkin-Elmer, Branchburg, NJ). Two l of
cDNA were amplified in a 25-l PCR reaction mixture containing 1⫻ PCR buffer, 1.9 or 2.4 or 2.9 mM MgCl2, 0.5 M
primers, 0.18 mM deoxynucleotides triphosphates, 1 unit of
AmpliTaq Gold DNA polymerase with hot-start PCR as follows: 95°C for 10 min, followed by 25–35 cycles of 1 min
denaturation at 94°C, 1 min annealing at 60°C (for primers of
cyclin D1, Id-1, CDC25B, FPR1, RANTES, and GAPDH) or
62°C (for primers of Fra-1) or 65°C (for primers of Neogenin),
1 min extension at 72°C. Finally, PCR products were fully
extended by incubating at 72°C for 10 min. The PCR reagents
were purchased from Perkin-Elmer.
The sequences of gene specific primers for RT-PCR were
the same as those of cDNA array (data not shown because of the
copyright agreement by Clontech, Palo Alto, CA), except for the
primers specific for Fra-1, which were the same as described
before (12). All of the primers were synthesized by Integrated
DNA Technologies, Inc. (Coralville, IA). The cycle number was
optimized for each gene-specific primer pair to ensure that
amplification was in the linear range and the results were
semiquantitative. Twelve l of PCR product were visualized by
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electrophoresis on a 2% agarose gel stained with ethidium
bromide and quantitated by densitometry using a dual-intensity
transilluminator equipped with Gelworks 1D Intermediate software (version 2.51).
Collection of Tissues and Clinicopathological Data.
The tissues were obtained from 61 (50 men and 11 women)
patients with ESCC resected between 1996 and 1998 in Queen
Mary Hospital, The University of Hong Kong. The patients’
ages ranged from 41 to 83 years, with a mean age of 65 years.
The specimens were dissected and examined in the fresh state.
Representative tissue specimens from tumors and matching normal esophageal epithelium tissues were snap-frozen in liquid
nitrogen and stored at ⫺80°C. Other representative blocks were
taken and processed in paraffin for histological examination.
The carcinomas were found in the upper (n ⫽ 10; 16%), middle
(n ⫽ 35; 57%), and lower (n ⫽ 16; 26%) third of the esophagus.
The median length of the tumors was 5.5 cm (range, 1–11). The
histology of the carcinomas was reviewed according to the
criteria described previously (13). The ESCC tumors were well
differentiated in 20 (33%) cases, moderately differentiated in 29
(48%), and poorly differentiated in 12 (20%). The carcinomas
were staged according to the Tumor-Node-Metastasis classification (14). Many tumors were stage III (n ⫽ 35, 57%) or II
(n ⫽ 23, 38%); of the remainder, one was stage I and two were
stage IV.
Immunohistochemistry. Expression of Fra-1, Neogenin, Id-1, and CDC25B was investigated by the streptavidinbiotin-peroxidase complex method. Briefly, 6-m frozen sections were cut from two pellets harvested from cultured cell
lines HKESC-1 and HKESC-2, the cell lines’ corresponding
primary tissues, 61 primary ESCC tumors, and 16 matching,
morphologically normal, esophageal epithelium specimens. After endogenous peroxidase activity was quenched and nonspecific binding was blocked, polyclonal rabbit anti-Fra-1, goat
anti-Neogenin, rabbit anti-Id-1, and goat anti-CDC25B antibodies (Santa Cruz Biotechnology, Santa Cruz, CA) were incubated
at 4°C overnight at a dilution of 1:100 for Fra-1, 1:40 for
Neogenin and Id-1, and 1:30 for CDC25B, respectively. The
secondary antibody was biotinylated swine anti-rabbit (for
Fra-1 and Id-1) or rabbit anti-goat (for Neogenin and CDC25B)
antibody (DAKO, Glostrup, Denmark) used at a dilution of
1:200 for 30 min at 37°C. After washing, sections were incubated with StreptABComplex/horseradish peroxidase (DAKO;
1:100 dilution) for 30 min at 37°C. Negative controls were
performed by replacing the primary antibody by normal serum.

Fig. 1 A–C, gene expression profiles of two human ESCC cell lines
HKESC-1 (A) and HKESC-2 (B) and one morphologically normal
esophageal epithelium (C) from the HKESC-2-related patient using the
Atlas Human cDNA Expression Array. Some of the differentially expressed genes are indicated: 1, c-myc (A1a); 2, Fra-1 (A4f); 3, Neogenin

(A4n); 4, Id-1 (A5e); and 5, CDC25B (A7m). D, schematic diagram of
Atlas Human cDNA Expression Array. The array contains 588 human
genes spotted in duplicate and divided into six functional categories
(Quadrants A–F). Three blank (G1, G8, and G15) and nine negative
(G2– 4, G9 –11, and G16 –18) controls are included to confirm hybridization specificity. Nine housekeeping genes (G5–7, G12–14, and G19 –
21) are also included in the array for normalizing mRNA abundance.
Genomic DNA spots (dark dots) serve as orientation marks to facilitate
in the determination of the coordinates of hybridization signals. A
complete gene list with array coordinates and GenBank accession numbers is available at world wide web site http://www.clontech.com/
clontech/APR97 UPD/Atlaslist.html.
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Each section was independently assessed by two histopathologists without prior knowledge of the patients’ other data. Scoring was based on the percentage of positive cells. The staining
was identified as: ⫺, no expression; ⫹, ⬍10% of cells were
stained; ⫹⫹, 10 –50% of cells stained; and ⫹⫹⫹, ⬎50% of cells
stained. From ⫹⫹ to ⫹⫹⫹ was defined as overexpression.
Statistical Analysis. Comparisons between groups were
performed using the 2 test and t test when appropriate. P ⬍
0.05 was used to determine statistical significance. All statistical
tests were performed with the GraphPad Prism software version
3.0 (GraphPad Software, Inc., San Diego, CA).

Results and Discussion
In this study, we first used cDNA expression array hybridization to identify genes that were differentially expressed in
ESCC compared with normal esophageal epithelium. Two
newly established ESCC cell lines in our laboratory were selected for cDNA array analysis to assure large quantities of
high-purity tumor mRNA. The comparison of the autoradiographic intensities between ESCC cell lines and normal esophageal epithelium showed that 65 and 59 genes were up-regulated
2-fold or higher and 11 and 21 genes were down-regulated
2-fold or more in HKESC-1 and HKESC-2, respectively.
Among these differentially expressed genes, 53 genes were
up-regulated and 8 genes were down-regulated in both cell lines
(Fig. 1 and Table 1). No signals were visible in the three blank
spots (G1, G8, and G15) and nine negative control spots (G2– 4,
G9 –11, and G16 –18; Fig. 1), indicating that the cDNA array
hybridization was highly specific. Among the 61 differentially
expressed genes in both cell lines, 49 genes such as Fra-1,
Neogenin, Id-1, and CDC25B genes were identified as differentially expressed in ESCC for the first time; 12 other differentially expressed genes have been described to be overexpressed in ESCC previously. The genes overexpressed in both of
the ESCC cell lines belong to the categories of oncogenes/tumor
suppressor genes, cell cycle-related genes, genes for DNA synthesis, DNA binding genes, or apoptosis-related genes (Table 1).
The 8 genes that were down-regulated in both ESCC cell lines
comprised genes for signal transduction (guanine nucleotide
regulatory protein NET1, protein kinase C-␤ II, cAMP-dependent protein kinase catalytic d-subunit and EPLG3), genes for
signaling proteins (RANTES protein T-cell specific, Somatomedin A, and FPR1), and the gene for MAL protein. These findings
demonstrated that multiple genes are differentially expressed in
ESCC at mRNA level.
To further validate the cDNA array approach, we performed semiquantitative RT-PCR to analyze the expression
levels of 8 genes, cyclin D1, Fra-1, Neogenin, Id-1, CDC25B,
FPR1, RANTES, and GAPDH. The results of RT-PCR analysis
(Fig. 2) were consistent with the expression profiles obtained
through cDNA array hybridization (Fig. 1).
Genes that belong to the categories of oncogenes/tumor
suppressor genes and cell cycle-related genes are often implicated in the pathogenesis of various cancers (4, 5, 15). Significantly, a number of the differentially expressed genes identified
by cDNA array hybridization in both ESCC cell lines belong to
these categories. Four of these differentially expressed genes
that were identified for the first time to be overexpressed in

ESCC in this study, the oncogenes Fra-1 and Neogenin and the
cell cycle related genes Id-1 and CDC25B, were selected for
more detailed study for their protein expression in a large series
of ESCC tumor specimens by IH. Moreover, these genes have
been reported to be overexpressed in other tumor cell lines or
primary tumors (16 –24). The other consideration for selecting
these particular genes for more extensive study was that the
suitable antibodies of these genes were commercially available
for the IH studies. The protein expression of these four genes
was investigated in the two ESCC cell lines and their corresponding primary tissues, 61 primary ESCC tumors, and 16
matching, morphologically normal, esophageal epithelium specimens. The results of immunostaining are summarized in Tables
2 and 3 and are shown in Fig. 3. The protein products of Fra-1,
Neogenin, Id-1, and CDC25B genes were found to be overexpressed in both the ESCC cell lines and their corresponding
primary tumors (Table 2), validating the cDNA array results.
Fra-1 is one component of the AP-1 complex (25). The
AP-1 components are considered to play key roles in signal
transduction pathways involved in complex cellular growth,
differentiation, and tumorigenesis (16). Previous studies indicated that increased AP-1 activity is a necessary event in the
transformation of mouse epidermal cells (26, 27). Fra-1 overexpression has been found in kidney and thyroid cancer (16, 17).
These observations suggest that Fra-1 overexpression might
play an important role in malignant transformation of epithelial
cells. In the present work, Fra-1 mRNA overexpression was
detected in both ESCC cell lines by cDNA array analysis (Fig.
1) and RT-PCR (Fig. 2B). Also, the majority of ESCC tumors
(53 of 61, 87%; Table 3; Fig. 3B) had enhanced expression of
Fra-1. Fra-1 protein expression was localized in the nuclei of
ESCC tumor cells (Fig. 3B). In contrast, morphologically normal, esophageal epithelium tissues showed low expression of
Fra-1. The expression of Fra-1 was often focal in morphologically normal esophageal epithelium and always restricted to the
basal cell layer (Fig. 3A). The well or moderately differentiated
ESCC showed more intense expression of Fra-1 than poorly
differentiated ones (P ⬍ 0.0001; Table 3).
Neogenin encodes a 1461-amino acid protein with 50%
amino acid identity to DCC (deleted in colorectal cancer; Ref.
18). It has been suggested to play an integral role in regulating
differentiation and/or cell migration events within many embryonic and adult tissues (28). Neogenin expression has been detected at low levels in many adult tissues but not including
esophagus (18). Overexpression of Neogenin has been observed
in a wide variety of human cancer cell lines from cancers of
breast, pancreas, brain, cervix, colon, and rectum (18). However, there is no information about the status of Neogenin
expression in human primary cancers including esophageal cancer. In the current study, our cDNA array (Fig. 1) and RT-PCR
(Fig. 2B) results showed that Neogenin mRNA was overexpressed in both ESCC cell lines. Neogenin protein overexpression was noted in 93% (57 of 61) of ESCCs (Table 3; Fig. 3D).
The expression was localized in the cytoplasm of tumor cells
(Fig. 3D). In contrast, the expression of Neogenin protein in
morphologically normal esophageal epithelium was negative or
negligible and was restricted to the highly proliferative basal
cells (Fig. 3C). The well or moderately differentiated ESCC
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Table 1 List of differentially expressed genes in the ESCC cell lines HKESC-1 and HKESC-2 when compared with one corresponding,
morphologically normal, esophageal epithelium tissue specimen (N) from the HKESC-2-related patient using cDNA expression array
Intensity Ratio
Location

Name of gene

Genes up-regulated in both ESCC cell lines
Oncogene/Tumor suppressor genes
A1a
c-myc
A2b
IGFBP-2
A3b
Snon
A3i
rhoA (MDR protein)
A3k
DCC
A4b
APC
A4c
BRCA2
A4f
Fra-1
A4g
Ezrin
A4h
JUN-D
A4j
PEP1
A4k
EB1
A4l
C-CBL
A4m
SmadI
A4n
Neogenin
Cell cycle-related genes
A5e
Id-1
A5g
P58/GTA1
A6g
Cyclin D1
A6l
Cyclin B1
A6m
Cyclin E
A7b
Cyclin G2
A7d
p35
A7l
C-1
A7m
CDC25B
Apoptosis-associated genes
C1i
Adenosine A1 receptor
C4l
Apopain
Genes for DNA synthesis/repair/recombination proteins
C6d
XRCC1
C6l
DNA Topoisomerase II
C7n
Dnase X
Genes for DNA binding/transcription factors
D1c
CCAT-binding protein
D1d
Id-3
D1e
BTEB2
D1g
Id-2
D1l
TAX
D1n
CNBP
D2a
CCAAT displacement protein
D2c
APRF
D2d
hSNF2b
D2f
TAXREB67
D2i
TCF5
D3a
hSNF2a
D3b
DB1
D3c
D-binding protein
D3g
PAX-8
D3j
P15 subunit
D3k
Guanine nucleotide-binding protein G-S
D4c
AP-2
D4j
NF-E1
D5k
PAX3
D7k
TAFII31
Genes for signal proteins
F5a
NGF-2
F5b
MIP2␣
F5f
IL-8
Genes down-regulated in both ESCC cell lines
Gene for iron channel/transport protein
B1b
MAL protein
Genes for signal transduction
B4g
Guanine nucleotide regulatory protein NET1
B5j
Protein kinase c-␤ II
B6b
cAMP-dependent protein kinase ␣-subunit
B6n
EPLG3
Genes for cell signaling proteins
F1a
Somatomedin A
F1k
FMLP-related receptor I
F2j
RANTES protein T-cell specific

HKESC-1/N

HKESC-2/N

2.5
6.9
7.2
2.8
5.1
2.6
30029/0
10.8
21936/0
35.4
3.6
2.6
2.7
3.2
2.4

3.0
6.0
6.0
3.9
3
3.9
42730/0
7.8
36475/0
60.6
4.8
3.0
2.2
3.0
3.2

3.4
4.0
2.1
2.4
3.5
2.4
6.9
2.6
2.0

3.7
2.2
2.3
3.2
3.3
3.1
7.2
2.6
2.5

22.2
8.7

5.9
13.7

3.2
14759/0
5.1

2.9
22201/0
4.4

9.9
6.5
7.4
9.8
3.0
4.3
4.2
33987/0
42.2
39440/0
37478/0
7.1
316.5
37796/0
13.6
38725/0
33.0
7.1
34506/0
24.8
7.0

8.8
6.6
9.0
7.6
4.4
2.1
4.5
29011/0
40.7
49383/0
23080/0
4.2
225.0
21621/0
7.2
40864/0
49.2
4.9
15924/0
10.6
4.8

16.7
39223/0
39239/0

4.6
19827/0
11638/0

1/3.3

0/11989

0/28564
0/29588
0/41060
0/22304

1/23.7
0/29588
1/304
1/2.5

0/19560
0/29220
0/36868

0/19560
0/29220
1/3.2
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Fig. 2 RT-PCR analysis of cyclin D1, Fra-1,
Neogenin, Id-1, CDC25B, FPR1, RANTES, and
GAPDH genes in ESCC cell lines HKESC-1 and
HKESC-2 and one corresponding, morphologically normal epithelium (Normal) from the
HKESC-2-related patient. A, determination of optimal number of PCR cycles for different genespecific primer pairs. mRNA from HKESC-1 was
used to determine the optimal number of PCR
cycles for genes cyclin D1, Fra-1, Neogenin, Id-1,
CDC25B, and GAPDH. mRNA from the normal
esophageal epithelium was used to determine the
optimal number of PCR cycles for genes FPR1
and RANTES. B, expression of cyclin D1 (25 cycles), Fra-1 (32 cycles), Neogenin (30 cycles),
Id-1 (25 cycles), CDC25B (28 cycles), FPR1 (35
cycles), RANTES (28 cycles), and GAPDH (25
cycles) genes in two ESCC cell lines HKESC-1
and HKESC-2 and one corresponding, morphologically normal esophageal epithelium (Normal)
from the HKESC-2-related patient.

Table 2 Summary of immunohistochemical staining results in ESCC cell lines and their corresponding primary tissue specimens
Primary tissuesa

Cell lines

Fra-1
Neogenin
Id-1
CDC25B

HKESC-1

HKESC-2

T1

N1

T2

N2

⫹⫹⫹
⫹⫹⫹
⫹⫹⫹
⫹⫹⫹

⫹⫹⫹
⫹⫹⫹
⫹⫹⫹
⫹⫹⫹

⫹⫹⫹
⫹⫹⫹
⫹⫹⫹
⫹⫹⫹

⫹
⫺
⫹⫹
⫺

⫹⫹
⫹⫹
⫹⫹
⫹⫹

⫹
⫹
⫺
⫹

b

a

T, ESCC tumor; N, morphologically normal esophageal epithelium.
Expression: ⫺, no expression; ⫹, ⬍10% cells positive; ⫹⫹, ⱖ10% and ⬍50% cells positive; ⫹⫹⫹, ⱖ50% cells positive. ⫹⫹ to ⫹⫹⫹ was
considered as overexpression.
b

showed more intense expression of Neogenin than poorly differentiated ones (P ⫽ 0.0047; Table 3).
Id-1 is a cell cycle-related gene that encodes a helix-loophelix protein. Id-1 plays an important role not only in suppressing cellular differentiation but also in enhancing cellular proliferation (29, 30). Generally, Id-1 protein is highly expressed in
growing cells, and its expression is down-regulated upon differentiation in many cell types. Although Id-1 is expressed in a
variety of fetal tissues and overexpressed in tumors from brain
and lung (19), its expression in ESCC is unknown. In this study,

we observed that Id-1 mRNA was overexpressed in both ESCC
cell lines (Figs. 1 and 2B). Also, Id-1 protein overexpression
was frequent in human primary ESCC tumors (57 of 61, 93%;
Table 3; Fig. 3F). The Id-1 protein was localized in the cytoplasm of tumor cells (Fig. 3F). In contrast, the expression of
Id-1 protein in morphologically normal esophageal epithelium
was either negative or negligible and was restricted to the basal
and parabasal cells (Fig. 3E). The well or moderately differentiated ESCC showed more intense expression of Id-1 than
poorly differentiated ones (P ⫽ 0.0156; Table 3).
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Fig. 3 Photomicrographs of Fra-1,
neogenin, Id-1, and CDC25B expression by IH in morphologically
normal esophageal epithelium and
ESCC. A, Fra-1 IH in morphologically normal esophageal epithelium
showing that Fra-1 expression was
restricted to the basal cell layer (arrow); DAB ⫻160. B, Fra-1 IH in
ESCC showing that the nuclei of
tumor cells are strongly positive for
Fra-1; DAB ⫻ 400. C, Neogenin IH
in morphologically normal esophageal epithelium showing that Neogenin expression was restricted to the
basal cell layer (arrow); DAB
⫻330. D, Neogenin IH in ESCC
showing Neogenin expression in the
cytoplasm of tumor cells; DAB
⫻500. E, Id-1 IH in morphologically normal esophageal epithelium
showing Id-1 expression was restricted to the basal (arrow) and
parabasal (arrowhead) cell layers;
DAB ⫻330. F, Id-1 IH in ESCC
showing Id-1 expression in the cytoplasm of tumor cells; DAB ⫻500.
G, CDC25B IH in morphologically
normal esophageal epithelium showing lack of immunoreactivity; DAB ⫻
330. H, CDC25B IH in ESCC showing CDC25B expression in the nuclei
of most tumor cells; DAB ⫻500.

CDC25B is a cell cycle-related gene. Its product is a
phosphatase that catalyzes the removal of inhibitory phosphate
from the CDK family of proteins (31). CDC25B can dephosphorylate threonine 14, tyrosine 15, or both on CDKs and
activate cyclin/CDK complexes to stimulate cell proliferation
(32). In vitro transforming experiments have demonstrated that
CDC25B is also a potential oncogene (20). Overexpression of

CDC25B has been found in cancers arising from breast (20),
stomach (21), lung (22), and head and neck (23), and in nonHodgkin’s lymphoma (24). In this study, we demonstrated that
the mRNA of CDC25B was highly expressed in both ESCC cell
lines by cDNA array (Fig. 1) and RT-PCR (Fig. 2B). Furthermore, CDC25B was overexpressed in 79% (48 of 61) primary
ESCC tumors by IH (Table 3; Fig. 3H). CDC25B protein

Downloaded from clincancerres.aacrjournals.org on January 19, 2021. © 2001 American Association for Cancer
Research.

2220 Differential Gene Expression in Esophageal Cancer

Table 3

Summary of IH staining results in clinical ESCC tumors and normal esophageal epithelium tissues
Fra-1

Diagnosis

⫺

Normal (n ⫽ 16)
Carcinoma (n ⫽ 61)
Well (n ⫽ 20)
Moderate (n ⫽ 29)
Poor (n ⫽ 12)

1
4
0
1
3

a

Neogenin

⫹ ⫹⫹ ⫹⫹⫹
15 0
4 22
0 9
0 11
4 2

0
31
11
17
3

P

⫺ ⫹ ⫹⫹ ⫹⫹⫹

6 10
3 1
1 0
⬍0.0001 0 0
2 1
⬍0.0001

Id-1

0
7
2
1
4

0
50
17
28
5

P

⫺ ⫹ ⫹⫹ ⫹⫹⫹

3 12
3 1
0 1
0.0047 0 0
3 0

⬍0.0001

CDC25B

1
8
3
3
2

0
49
16
26
7

P

⫺ ⫹ ⫹⫹ ⫹⫹⫹

9
10
2
0.0156 6
2

⬍0.0001

7
3
2
1
0

0
19
7
10
2

0
29
9
12
8

P
⬍0.0001
0.5720

a
Expression: ⫺, no expression; ⫹, ⬍10% cells positive; ⫹⫹, ⱖ10% and ⬍50% cells positive; ⫹⫹⫹, ⱖ50% cells positive. ⫹⫹ to ⫹⫹⫹ was
considered as overexpression.

expression was localized mainly in the nuclei of tumor cells
(Fig. 3H). On the other hand, the expression of CDC25B in
morphologically normal esophageal epithelium tissues was either negative or very weak (Fig. 3G). In the case of CDC25B,
there was no correlation between gene expression and ESCC
differentiation (P ⫽ 0.5720; Table 3).
In summary, all four of the genes selected for further study
demonstrated a significantly higher incidence of overexpression
in primary ESCCs than morphologically normal esophageal
epithelium tissues (P ⬍ 0.0001; Table 3). Furthermore, three of
them, Fra-1, Neogenin, and Id-1 were more highly expressed in
tumors with greater differentiation. CDC25B did not demonstrate this correlation (Table 3). The expression of these genes
did not correlate to age at presentation or gender of patients or
tumor site, size, or stage. The differentiation of squamous cell
carcinoma bears no relationship with the stage of the tumor (4).
In this study, the expression of Fra-1, Neogenin, and Id-1 was
more often noted in the well/moderately differentiated squamous cell carcinoma. This is consistent with the theory that
poorly differentiated squamous cell carcinoma arises at the early
stage of carcinogenesis. In the later stages of tumor progression,
the squamous cell carcinoma becomes more mature in appearance (well/moderately differentiated).
Unfortunately, the complete follow-up data were available
only for some of these patients. Nevertheless, all these patients
died within 2 years of resection of the primary tumors. Also, the
Fra-1, Neogenin, Id-1, and CDC25B were highly expressed in
squamous cell carcinomas. Thus, it is unlikely that the expression of these genes acts as an independent prognostic factor in
these tumors.
Overall, our data demonstrate that multiple genes are differentially expressed in ESCC and show for the first time that
oncogenes Fra-1 and Neogenin and cell cycle-related genes Id-1
and CDC25B are overexpressed in ESCC. Additional studies are
required to determine the roles of these and other differentially
expressed genes in the molecular pathogenesis of ESCC.

References
1. Blot, W. J. Esophageal cancer trends and risk factors. Semin. Oncol.,
21: 403– 410, 1994.
2. Lam, K. Y., and Ma, L. Pathology of esophageal cancers: local
experience and current insights. Chin. Med. J., 10: 459 – 464, 1997.
3. Law, S. Y., Fok, M., Cheng, S. W., and Wong, J. A comparison of
outcome after resection for squamous cell carcinomas and adenocarcinomas of the esophagus and cardia. Surg. Gynecol. Obstet., 175: 107–
112, 1992.

4. Lam, K. Y., Tsao, S. W., Zhang, D., Law, S., He, D., Ma, L., and
Wong, J. Prevalence and predictive value of p53 mutation in patients
with esophageal squamous cell carcinomas: a prospective clinico-pathological study and survival analysis of 70 patients. Int. J. Cancer, 74:
212–219, 1997.
5. Montesano, R., Hollstein, M., and Hainaut, P. Genetic alterations in
esophageal cancer and their relevance to etiology and pathogenesis: a
review. Int. J. Cancer, 69: 225–235, 1996.
6. DeRisi, J., Penland, L., Brown, P. O., Bittner, M. L., Meltzer, P. S.,
Ray, M., Chen, Y., Su, Y. A., and Trent, J. M. Use of a cDNA
microarray to analyse gene expression patterns in human cancer. Nat.
Genet., 14: 457– 460, 1996.
7. Fuller, G. N., Rhee, C. H., Hess, K. R., Caskey, L. S., Wang, R.,
Bruner, J. M., Yung, W. K. A., and Zhang, W. Reactivation of insulinlike growth factor binding protein 2 expression in glioblastoma multiforme: a revelation by parallel gene expression profiling. Cancer Res.,
59: 4228 – 4232, 1999.
8. Shim, C., Zhang, W., Rhee, C. H., and Lee, J. H. Profiling of
differentially expressed genes in human primary cervical cancer by
complementary DNA expression array. Clin. Cancer Res., 4: 3045–
3050, 1998.
9. Vogelstein, B., and Kinzler, K. W. The multistep nature of cancer.
Trends Genet., 9: 138 –141, 1993.
10. Zhang, L., Zhou, W., Velculescu, V. E., Kern, S. E., Hruban, R. H.,
Hamilton, S. R., Vogelstein, B., and Kinzler, K. W. Gene expression
profiles in normal and cancer cells. Science (Wash. DC), 276: 1268 –
1272, 1997.
11. Hu, Y. C., Lam, K. Y., Wan, T. S. K., Fang, W. G., Ma, E. S. K.,
Chan, L. C., and Srivastava, G. Establishment and characterization of
HKESC-1, a new cancer cell line from human esophageal squamous cell
carcinoma. Cancer Genet. Cytogenet., 118: 112–120, 2000.
12. Risse-Hackl, G., Adamkiewicz, J., Wimmel, A., and Schuermann,
M. Transition from SCLC to NSCLC phenotype is accompanied by an
increased TRE-binding activity and recruitment of specific AP-1 proteins. Oncogene, 16: 3057–3068, 1998.
13. Lam, K. Y., He, D., Ma, L., Zhang, D., Ngan, H. Y., Wan, T. S., and
Tsao, S. W. Presence of human papillomavirus in esophageal squamous
cell carcinomas of Hong Kong Chinese and its relationship with p53
gene mutation. Hum. Pathol., 28: 657– 663, 1997.
14. Beahrs, O. H., Henson, D. E., Hutter, R. V. P., and Kennedy, B. J.
(eds.). Manual for Staging of Cancer, Ed. 4, pp. 57–59. Philadelphia:
J. B. Lippincott Co., 1992.
15. Hunter, T. Oncoprotein networks. Cell, 88: 333–346, 1997.
16. Battista, S., de Nigris, F., Fedele, M., Chiappetta, G., Scala, S.,
Vallone, D., Pierantoni, G. M., Megar, T., Santoro, M., Viglietto, G.,
Verde, P., and Fusco, A. Increase in AP-1 activity is a general event in
thyroid cell transformation in vitro and in vivo. Oncogene, 17: 377–385,
1998.
17. Urakami, S., Tsuchiya, H., Orimoto, K., Kobayashi, T., Igawa, M.,
and Hino, O. Overexpression of members of the AP-1 transcriptional
factor family from an early stage of renal carcinogenesis and inhibition
of cell growth by AP-1 gene antisense oligonucleotides in the Tsc2 gene

Downloaded from clincancerres.aacrjournals.org on January 19, 2021. © 2001 American Association for Cancer
Research.

Clinical Cancer Research 2221

mutant (Eker) rat model. Biochem. Biophys. Res. Commun., 241:
24 –30, 1997.
18. Meyerhardt, J. A., Look, A. T., Bigner, S. H., and Fearon, E. R.
Identification and characterization of Neogenin, a DCC-related gene.
Oncogene, 14: 1129 –1136, 1997.
19. Zhu, W., Dahmen, J., Bulfone, A., Rigolet, M., Hernandez, M. C.,
Kuo, W. L., Puelles, L., Rubenstein, J. L., and Israel, M. A. Id gene
expression during development and molecular cloning of the human
Id-1 gene. Brain Res. Mol. Brain Res., 30: 312–326, 1995.
20. Galaktionov, K., Lee, A. K., Eckstein, J., Draetta, G., Meckler, J.,
Loda, M., and Beach, D. CDC25 phosphatases as potential human
oncogenes. Science (Wash. DC), 269: 1575–1577, 1995.
21. Kudo, Y., Yasui, W., Ue, T., Yamamoto, S., Yokozaki, H., Nikai,
H., and Tahara, E. Overexpression of cyclin-dependent kinase-activating CDC25B phosphatase in human gastric carcinomas. Jpn. J. Cancer
Res., 88: 947–952, 1997.
22. Wu, W., Fan, Y. H., Kemp, B. L., Walsh, G., and Mao, L. Overexpression of cdc25A and cdc25B is frequent in primary non-small cell
lung cancer but is not associated with overexpression of c-myc. Cancer
Res., 58: 4082– 4085, 1998.
23. Gasparotto, D., Maestro, R., Piccinin, S., Vukosavljevic, T., Barzan,
L., Sulfaro, S., and Boiocchi, M. Overexpression of CDC25A and
CDC25B in head and neck cancers. Cancer Res., 57: 2366 –2368, 1997.
24. Hernandez, S., Hernandez, L., Bea, S., Cazorla, M., Fernandez,
P. L., Nadal, A., Muntane, J., Mallofre, C., Montserrat, E., Cardesa, A.,
and Campo, E. cdc25 cell cycle-activating phosphatases and c-myc

expression in human non-Hodgkin’s lymphomas. Cancer Res., 58:
1762–1767, 1998.
25. Cohen, D. R., and Curran, T. Fra-1: a serum-inducible, cellular
immediate-early gene that encodes a fos-related antigen. Mol. Cell.
Biol., 8: 2063–2069, 1988.
26. Li, J. J., Dong, Z., Dawson, M. I., and Colburn, N. H. Inhibition of
tumor promoter-induced transformation by retinoids that transrepress
AP-1 without transactivating retinoic acid response element. Cancer
Res., 56: 483– 489, 1996.
27. Joseloff, E., and Bowden, G. T. Regulation of the transcription
factor AP-1 in benign and malignant mouse keratinocyte cells. Mol.
Carcinog., 18: 26 –36, 1997.
28. Keeling, S. L., Gad, J. M., and Cooper, H. M. Mouse neogenin, a
DCC-like molecule, has four splice variants and is expressed widely in the
adult mouse and during embryogenesis. Oncogene, 15: 691–700, 1997.
29. Norton, J. D., Deed, R. W., Craggs, G., and Sablitzky, F. Id
helix-loop-helix proteins in cell growth and differentiation. Trends Cell
Biol., 8: 58 – 65, 1998.
30. Desprez, P. Y., Hara, E., Bissell, M. J., and Campisi, J. Suppression
of mammary epithelial cell differentiation by the helix-loop-helix protein Id-1. Mol. Cell. Biol., 15: 3398 –3404, 1995.
31. Gautier, J., Solomon, M. J., Booher, R. N., Bazan, J. F., and
Kirschner, M. W. cdc25 is a specific tyrosine phosphatase that directly
activates p34cdc2. Cell, 67: 197–211, 1991.
32. Galaktionov, K., and Beach, D. Specific activation of cdc25 tyrosine phosphatases by B-type cyclins: evidence for multiple roles of
mitotic cyclins. Cell, 67: 1181–1194, 1991.

Downloaded from clincancerres.aacrjournals.org on January 19, 2021. © 2001 American Association for Cancer
Research.

Identification of Differentially Expressed Genes in Esophageal
Squamous Cell Carcinoma (ESCC) by cDNA Expression Array:
Overexpression of Fra-1, Neogenin, Id-1, and CDC25B Genes in
ESCC
Ying Chuan Hu, King Yin Lam, Simon Law, et al.
Clin Cancer Res 2001;7:2213-2221.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://clincancerres.aacrjournals.org/content/7/8/2213

This article cites 31 articles, 10 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/7/8/2213.full#ref-list-1
This article has been cited by 16 HighWire-hosted articles. Access the articles at:
http://clincancerres.aacrjournals.org/content/7/8/2213.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/7/8/2213.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on January 19, 2021. © 2001 American Association for Cancer
Research.

