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Table 2 Primary tumor location and areas of nodal metastases in 127 patients with tumor limited to within the submucosa (pT1)

Tumor location

Mid (n = 67) (%)

Lower (n = 38) (%) Total (n = 127) (%)

Area Upper (n = 22) (%)

Supraclavicular 3(13.6) 8(11.9)
Upper mediastinal 12(54.5) 15(22.4)
Mid-mediastinal 1(4.5) 4(6.0)
Lower mediastinal - 6(9.0)
Perigastric - 16 (23.9)
Celiac - 2(3.0)

11(8.7)

5(13.2) 32(25.2)

2(5.3) 7(5.5)

2(5.3) 8(6.3)
15(39.5) 31 (24.4)
- 2(1.6)

Primary tumor location and areas of lymph node
metastases in 127 patients with pT1 tumor are shown
in Table 2. When tumor was limited to within the
submucosal layer, frequencies of periesophageal node
metastasis in the mid- and lower mediastinum were
very low. Patients with tumor located in the upper
esophagus showed node metastasis in the upper medi-
astinum most frequently as a matter of course. Even
with tumors located in the mid- and lower esophagus,
node metastasis was more frequent in the upper medi-
astinum and perigastric area than in the mid- and
lower mediastinum. Supraclavicular node metastasis
was also more frequent than that in the mid- and
lower periesophageal area in patients with tumor
located in the mid-esophagus.

Primary tumor location and areas of lymph node
metastases in 229 patients with pT2-4 tumor are
shown in Table 3. Frequency of lymph node metasta-
sis in the mid- and lower mediastinum was increased
dramatically compared with patients showing pTl1
tumor. However, frequencies of node metastasis in
the mid- and lower mediastinum were still lower than
those in the upper mediastinum and perigastric area.
Supraclavicular node metastasis was frequent as
same as that in the lower mediastinum in patients
with tumor located in the mid-esophagus. The upper
mediastinal node metastasis was frequent as same as
in the lower mediastinum in patients with tumor
located in the lower esophagus.

Overall postoperative survival curves according to
the number of involved nodes of patients with pT1
tumor and patients with pT2-4 tumor are shown in
Figure 1. Overall postoperative survival curves did
not differ among the areas of involved nodes (Fig. 2).

More than 20% of patients with supraclavicular node
metastasis showed long-term survival. The most pre-
dictive factor associated with lymph node metastasis
for postoperative survival was not the area of
involved nodes, but the number of involved nodes
according to multivariate analyses (Table 4).

DISCUSSION

Our clinical data for the frequency of involved nodes
according to the areas of dissection verified the ana-
tomical observations'""!? that long longitudinal exten-
sion of lymphatic drainage in the submucosa
connected to the superior mediastinum along the
recurrent nerve and paracardial lymphatics. Superfi-
cial tumors (pT1) obtain entry into the abundant
lymph-capillary plexus in the lamina propria
mucosae and submucosa of the esophagus. These
lymphatic networks extend longitudinal craniocau-
dally and continue with the lymphatics of the proxi-
mal esophagus and cardia.'' Superficial lymphatic
vessels of the proximal part of the esophagus have
abundant direct connections with the recurrent nerve
nodes.'? In patients with tumor limited to within the
submucosal layer, even with tumors located in the
mid- and lower esophagus, lymphatic metastasis was
frequent in the upper mediastinum and perigastric
area. Isolated distant lymph node involvement from
superficial carcinoma is thus not necessarily a sign of
advanced disease.

Another anatomical concept'' was confirmed, with
lymphatic routes to periesophageal lymph nodes
usually originating from the intermuscular area of the

Table 3 Primary tumor location and areas of nodal metastases in 229 patients with tumor invading into or through the muscularis

propria (pT2-4)

Tumor location

Mid (n = 106) (%)

Lower (n = 90) (%) Total (n = 229) (%)

Area Upper (n = 33) (%)

Supraclavicular 7(21.2) 27 (25.5)
Upper mediastinal 28 (84.8) 65 (61.3)
Mid-mediastinal 2(6.1) 52(49.1)
Lower mediastinal 2(6.1) 27 (25.5)
Perigastric 2(6.1) 57(53.8)
Celiac - 514.7)

5(5.6) 39(17.0)
24(26.7) 117(51.1)
i s
59(65.6) 118 (51.5)
8(8.9) 13(5.7)
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Fig. 1 Overall postoperative survival curves of patients with (a) pT1 and (b) pT2-4 tumor according to the number of involved nodes.

muscularis propria and restricted lymphatic commu-
nication between submucosal and intermuscular
areas. When tumor was limited to within the submu-
cosal layer in the mid- and lower esophagus, tumor

cells had little chance to flow into lymphatic routes
originating from the intermuscular area of the mus-
cularis propria and to spread to periesophageal
nodes. When tumor invaded or penetrated the muscle
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Fig. 2 Overall postoperative survival curves of patients with involved nodes according to area.
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Table 4 Results from multivariate Cox-regression analysis to

study association of areas and numbers of node metastasis

Categorical variable Hazard ratio P
Gender
Female 1 -
Male 1.648 (0.884-3.075) 0.116
Age
=Mean 1 -
>Mean 1.631 (1.137-2.341) 0.008
Tumor location - 0.928
Lower 1 -
Mid 0.927 (0.588-1.461) 0.745
Upper 0.930 (0.485-1.784) 0.827
T classification - 0.000
{(pathological)
pTI 1 -
pT2 2.344 (1.260-4.357) 0.007
pT3 2.163 (1.312-3.567) 0.002
pT4 8.414 (3.009-23.530) 0.000
Number of nodal - 0.000
metastasis’
0 1 -
1-2 2.281 (1.070-4.864) 0.033
3-6 5.061 (2.108-12.154) 0.000
>7 5.065 (1.641-15.634) 0.005
Area of nodal metastasis
Supraclavicular 1.097 (0.674-1.785) 0.710
Upper mediastinal 1.511 (0.909-2.509) 0.111
Mid-mediastinal 1.008 (0.629-1.614) 0.975
Lower mediastinal 1.143 (0.742-1.760) 0.545
Perigastric 0.729 (0.444-1.199) 0.213
Celiac 1.735 (0.848-3.548) 0.131

tNumber of nodal metastasis included supraclavicular node
metastasis.

layer, frequency of periesophageal lymph node
metastasis in the mid- and lower mediastinum
increased. Periesophageal lymph node metastasis in
the mid- and lower mediastinum would be a sign of
more advanced esophageal cancer.

Survival after curative three-field dissection did
not differ among patients with involved nodes in the
upper, mid-, and lower mediastinum, perigastric area,
and even supraclavicular area. This lack of difference
in survival among patients with involved nodes
according to area suggested that these nodes should
be staged equivalently. The conventional strategy of
dissection is based on the hypothesis that thoracic
esophageal tumor cells involve the nearby periesoph-
ageal nodes first. The mid- and lower esophageal
tumors involve the mid- and lower periesophageal
nodes first. Then tumor cells spread to nodes a little
further into the upper mediastinum and perigastric
area. Finally, tumor cells reach distant nodes in the
supraclavicular and celiac areas. Radical resection of
those distant node metastases required extended dis-
section. However, the efficacy of extended dissection
appears slight for this advanced situation.'*"* This
concept was not demonstrated in the present study.
From the time the tumor is limited to within submu-
cosal layer, tumor cells have the chance to spread
craniocaudally via the submucosal lymphatic plexus
and involve nodes in the upper mediastinum, along

© 2010 Copyright the Authors

the recurrent nerve and perigastric area. The lym-
phatics channels connect the recurrent nerve node to
supraclavicular node and the left gastric artery node
to celiac node.

The present study supported the recent change of
TNM classification' for esophageal cancer that the N
category is classified by the number of regional lymph
node metastasis, The most predictive factor for
lymph node metastasis was not the area of involved
nodes, but the number of involved nodes.'s!” Patients
with lymph node metastasis in supraclavicular area
still show good survival after esophagectomy with
lymph node dissection. Lymph node metastasis in
supraclavicular area does not mean systemic disease
and should not be classified as M1.

The TNM classification for esophageal cancer
defines the minimum number of lymph nodes exam-
ined necessary for accurate nodal staging as 6, but
does not define the areas of lymph nodes sampled.'®
Even with tumors located in the mid- and lower
esophagus, node metastasis was more frequent in the
upper mediastinum and perigastric area than in the
mid- and lower mediastinum. Node metastasis was
also more frequent in supraclavicular area than in the
mid- and lower periesophageal area in patients with
tumor in the mid-esophagus. For adequate nodal
staging, these areas should be dissected even for
patients with tumor limited to within the submucosal
layer.

We understand a limitation in the present study
that all analyses in the present study were based on
patients with squamous cell carcinoma. In recent
decades, a dramatic rise in the incidence of adenocar-
cinoma has been seen in Western patients. In Asian
patients, including Japanese patients, squamous cell
cancer remains the predominant type. No epidemio-
logical data have yet suggested any obvious increase
in adenocarcinoma in Japan.'® During the 5-year
study period, the incidence of adenocarcinoma was
<3% in our institution. The proposed concept of lym-
phatic metastasis should be assessed for applicability
to Western patients with adenocarcinoma.
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with extensive lymph node metastasis
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Abstract. Prognosis of cancers with lymph node metastasis
is known to be very poor; however, it is still controversial
whether metastatic potential can be evaluated by expression
profiles of primary tumors. Therefore, to address this issue,
we compared gene expression profiles of 24 esophageal
squamous cell carcinomas (ESCCs) with extensive lymph
node metastasis and 11 ESCCs with no metastatic lymph
node. However, there was no gene cluster distinguishing
these two groups, suggesting that lymph node metastasis-
associated genes are varied depending on cases or subgroups.
Therefore, we applied a recently developed filtering method
(S2N"} to identify such genes, and successfully extracted 209
genes associated with node status. Among them, over-
expression of CALBI, KRT7/CK7, MUCI and CEA/CEACAMS
in poor prognostic cases with metastatic lymph nodes was
confirmed in two sets of ESCCs by RT-PCR. Each often
seemed to have glandular cell type-characteristics in both the
gene expression and morphology. It was also revealed that
FOXAI siRNA treatment of esophageal cancer cells reduced
the mRNA level of both KRT7 and a stabilizer of epithelial-
mesenchymal transition (EMT) regulator LOXL2, and that
both FOXA] and LOXL2 siRNAs reduced invasion and
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migration of ESCC cells. In 15 KRT7-expressing ESCCs
with metastatic lymph nodes, 60% expressed FOXAI and
33% expressed both FOXAI and LOXL2. These results
suggest that FOXA1 induces not only KR77 but also LOXL2
in a subset of poor prognostic ESCCs with metastatic [ymph
nodes, and it is also plausible, that other FOXA1 downstream
genes could be therapeutic targets of poor prognostic
ESCCs.

Introduction

Cancer is a major cause of human deaths world-wide. Gene
expression data from DNA microarrays are individualized
and useful in the diagnosis and prognosis of diseases (1).
Esophageal cancer is the eighth most common cancer and the
sixth most common cause of cancer-related mortality (2).
Esophageal cancer in East Asian countries and some parts of
Europe consists mainly of squamous cell carcinomas.
Chemoradiotherapy (CRT) followed by surgery is the
standard therapy in Western countries. In Japan, CRT or
neoadjuvant chemotherapy followed by surgery and
definitive CRT are the standard therapies (3). For locally
advanced esophageal cancers, surgery is still the standard
therapy in Japan. A recent improvement in surgical resection
following radical node dissection has been reported with 5-
year survival rates of 31-55% (4). Yet also in this cancer,
lymph node metastasis has been reported to be a most strong
marker for poor prognosis in patients with the improved
surgery (4), especially, those patients with >5 metastatic
lymph nodes did very poorly compared with patients with no
metastatic lymph nodes. Thus, lymph node metastasis is
known to be tightly associated with a poor prognosis in many
surgically resectable solid tumors. Identification of genes
associated with lymph node metastasis is very important for
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establishing a molecular diagnosis and also for understanding
the malignant phenotype; however, it is still controversial
whether metastatic potential can be evaluated by expression
profiles of primary tumors. Esophageal cancer provides an
opportunity to address such an important issue.

For a marker gene selection from mRNA expression
profiles, the use of one of the many filtering methods is
necessary, such as Mann-Whitney's U-test, Student's t-test,
Welch's t-test, signal-to-noise (S2N) (5), significance
analysis of microarrays (SAM) (6), and nearest shrunken
centroids (NSC) (7). In our previous study, we developed the
projective adaptive resonance theory (PART) filtering
method (8) and reported that the PART filtering method
showed a better performance than conventional methods such
as S2N and NSC (9-14). By the PART method, the genes that
have a low variance in the gene expression level in either of
two classes or subgroups can be selected. We further
developed another simple and practical filtering method,
modified S2N (S2N) (12), based on the concept underlying
the PART filtering method. The S2N' filtering method was
statistically superior to the conventional methods such as
Mann-Whitney's U-test, Student's t-test, Welch's t-test, S2N,
SAM and NSC (12).

In the present study, we applied S2N' to genome-wide
gene expression profiles to identify marker genes for poor
prognostic esophageal squamous cell carcinomas (ESCCs)
with lymph node metastasis, and successfully identified
FOXAI transcriptional pathways for cell invasion or migra-
tion in a subset of such ESCCs.

Materials and methods

Tissue samples. All cases of esophageal cancers examined in
this study were diagnosed as squamous cell carcinoma. All
esophageal squamous cell carcinoma (ESCC) patients
underwent surgical resection following two- or three-field
node dissection between 1994 and 2000 at the Central
Hospital of the National Cancer Center. ESCC tissues were
provided after obtaining informed consent from each patient
and approval by the Centerls Ethics Committee.

Microarray analysis. Gene expression profile data were
obtained from 35 surgical specimens from ESCC patients: 24
patients with >5 metastatic lymph nodes (N5 group) and 11
patients with no metastatic lymph node (NO group). For RNA
extraction, trained pathologists carefully excised bulk tissue
samples from the main tumor, leaving a clear margin from
the surrounding normal tissue. Total RNAs extracted from
the bulk tissue samples were biotin-labeled and hybridized
to high-density oligonucleotide microarrays (Human
Expression Array U95A version 2, Affymetrix, Santa Clara,
CA, USA) according to the manufacturer's instructions. The
scanned data of the arrays were processed by GeneChip
Analysis Suite version 4.0, which scaled the average
intensity of all the genes on each array to a target signal of
1,000 to reliably compare variable multiple arrays.

S2N' filtering of gene expression profiles. The S2N' filtering
method for gene selection from microarray data was origi-
nally developed by us (12). This method allows us to extract
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as a marker gene even in the case that only a single gene (or
a few genes) was expressed specifically in one of the two
groups. By this method, we selected the top 209 marker gene
candidates which were expressed preferentially in one of the
two groups (NO and N5) in this study.

Survival analysis and hierarchical clustering analysis. The
Kaplan-Meier metastases analysis plots were formulated
using WinSTAT Statistics for Windows ver. 3.1 (Light Stone,
Tokyo, Japan). The significance of the difference in survival
rates was analyzed using a log-rank test (Mantel-Cox
method). Hierarchical clustering is widely used as one of the
unsupervised learning methods. In this study, hierarchical
clustering of microarray data of 35 ESCCs was performed by
the use of CLUSTER software (15).

Semi-quantitative and quantitative RT-PCR. Surgical speci-
mens were snap-frozen in liquid nitrogen. Total RNA was
isolated by suspending the cells in Isogen lysis buffer (Nippon
Gene, Toyama, Japan) followed by precipitation with iso-
propanol. RT-PCR was carried out using primer sets designed
for detecting the 3' side of cDNA of each gene: for CALBI,
5'-AATCAAAATGTGTGGGAAAG-3' and 5'-CCCAG
CACGAGAATAAGAG-3!, for TFF3, 5-CTGAGGCACCT
CCAGCTGCCCCCG-3' and 5'-GGAGCATGGGACCTT
TTTCG-3', for KRT7, 5'-CTGAAGGCTTATTCCATCCG-3'
and 5'-CCTCAGAATGAGGCTGCTTT-3', for CLDNI0,
5'-ACGGCTAACTGGATAACTGA-3'and 5'-TGTCTCACT
CACTCCTCACA-3'", for MUCI, 5'-AATTGACTCTGG
CCTTCCGA-3" and 5'-GCCACCATTACCTGCAGAAA-3/,
for CEA, 5'-AGACTCTGACCAGAGATCGA-3"and 5-GGT
GGACAGTTTCATGAAGC-3', for PGC, 5-CCAGCTTGA
CCTTCATCATC-3' and 5'-GCTGAATCCAGAGTGGA
AAG-3, for LIPF, 5“ACGAGTCGCTTGGATGTGTA-3" and
5-CGTTCCACACTGCAATTGGT-3', for LOXL2, 5'-CACC
ATGTGTCATCACAGAC-3'and 5'-CTCCTTAGATTGCTT
CTCCC-3', for FOXAI, 5'-GGTCATGTCATTCTGAG
GTC-3"and 5"-TAACACCATGTCCAACTGTG-3', for ACTB
(B-actin), 5" TCATCACCATTGGCAATGAG-3' and 5'-CAC
TGTGTTGGCGTACAGGT-3'.

For semi-quantitative RT-PCR, we showed data within
linear range by performing 25-35 cycles of PCR. Quanti-
tative real-time PCR was performed by a Bio-Rad iCycler
with iQ Syber Green Supermix (Bio-Rad, Hercules, CA,
USA) as directed by the manufacturer. The value of 1/2N
(N: the number of PCR cycles corresponding to the onset of
the linear amplification of each gene product) was calculated
as a relative mRNA expression level of each gene normalized
to ACTB. The data from 2 independent analyses for each
sample were averaged.

Immunohistochemistry. All resected specimens were fixed in
either 10% formalin or methanol and embedded in paraffin.
Tissue sections of 4 ym in thickness were cut from a paraffin-
embedded block including the most representative area of the
tumor, and were used for immunohistochemical staining. The
sections were deparaffinized in xylene, dehydrated in a
graded series of ethanol, and immersed in methanol with
0.3% hydrogen peroxide for 15 min to inhibit endogenous
peroxidase activity. The slides were heated at 95°C for 20 min
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in a microwave oven in a citrate buffer with pH 6.0 for antigen
retrieval, and allowed to cool to room temperature. Non-
specific binding was blocked by preincubation with 2% normal
swine serum in phosphate-buffered saline (PBS) for 60 min
at room temperature. The slides were then incubated over-
night at 4°C with respective primary antibodies. The slides
were washed three times with PBS and incubated with
EnVision (Dako, Carpinteria, CA, USA) for 1 h at room
temperature. The sections were visualized using 3, 3'-
diaminobenzidine tetrahydrochloride in 50 mM Tris-buffer
(pH 7.6) containing 0.3% hydrogen peroxide as the
chromogen, and counterstained by hematoxylin. Antibodies
used in this study were anti-CK7 (mouse monoclonal, clone

OV-TL, Dako, 1:50).

$iRNA rransfection. The esophageal cancer cell line TE3 was
used in this study because among 6 cell lines (TE1, TE3,
TES, TE6, TE8 and TE10), TE3 has been reported to maintain
the expression profile of primary esophageal cancers and
to most mimick the basal cell (12). Three or four small
interfering (si)RNA fragments were used for suppressing
FOXAI, KRT7 and LOXL2 mRNA expression respectively,
and the most effective one was selected by quantitative real-
time RT-PCR analysis; for FOXA! mRNA target sequence:
5'-GGAGAGATAAGTTATAGGG-3' (siRNA ID: 107428,
Ambion, Austin, TX, USA); for KRT7: 5'-GGCTGAGATC
GACAACAT-3' (siRNA ID: 215171, Ambion); for LOXL2:
5'-CCCTCCAGTCTATTATAGT-3' (siRNA ID: 114218,
Ambion). The siRNAs including control siRNA (1022076,
Qiagen, Valencia, CA, USA) were introduced to TE3 using
DharmaFECT (Dharmacon, La Fayette, CO, USA) following
the procedure recommended by the manufacturer. The RT-
PCR and Matrigel invasion assay were carried out after
siRNA treatment of TE3 cells.

Marrigel invasion and wound healing assays. Invasion of the
esophageal cancer TE3 cells in vitro was measured by BD
BioCoat™ Matrigell Invasion Chamber (BD Bjosciences,
San Jose, CA, USA) according to the manufacturerns protocol.
After siRNA transfection, the cells were trypsinized and
transferred into triplicate wells. After 24-h incubation, the
cells that passed through the filter into the lower wells were
fixed, stained and counted. For the wound healing assay, TE3
cells were grown till they were 90% confluent. A lineal scratch
wound was made on the plate by a plastic tip. Images were
taken every 12 h for 2 days.

Results

Survival analysis. The Kaplan-Meier method was performed
on two groups: the NO group consisting of 11 esophageal
squamous cell carcinoma (ESCC) patients with no metastatic
lymph node and the N5 group consisting of 24 ESCC patients
with more than 5 metastatic lymph nodes. All patients under-
went surgical resection following two- or three-field node
dissection. These two groups showed a significant difference
(p<0.001) in survival rates after surgical resection (Fig. 1).

Calculation of S2N' values and ranking of each gene probe.
First, we obtained mRNA expression profiles of ESCC
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Figure 1. The Kaplan-Meier curve for each group. The NO group with no
metastatic lymph node consisted of 11 patients, and the N5 group with >5
metastatic lymph nodes consisted of 24 patients. The p-value was calculated
by log-rank test.

tissues from a total of 35 patients of the two groups (NO and
N5). By unsupervised hierarchical clustering using various
types of data processing, the two groups were not separated
clearly (data not shown). These results implied that no large
gene clusters associated with each group were present or that
subgroups were present in each group. In this situation, the
conventional filtering methods, such as Mann-Whitney's
U-test, Student's t-test and Welch's t-test, were thought to be
ineffective. In fact, only a few marker genes were selected by
these t- or u-test methods (data not shown). The number of
selected gene was too small to show significance. Therefore,
we applied our previously developed S2N' method for marker
gene selection in the two groups of ESCCs. The S2N' values
were calculated for each gene probe and we successfully
extracted 209 genes which were expressed preferentially in
one of two groups. The top 50 genes were shown in Table I.
However, this method allows us to extract a marker gene
even in the case that only a single gene was expressed speci-
fically in one of the two groups (12). Therefore, we have to
further select genes with regards to the frequency of specific
expression in one of the two groups. Of the top 50 genes, we
selected 8 genes (Rank 1: CALBI; Rank 2: TFF3; Rank 3:
KRT7; Rank 9: CLDNI10; Rank 13: FOXAI; Rank 15: MAL;
Rank 20: CEACAMS, and Rank 21: MUCI) that were found
to be expressed preferentially and frequently in the N5 group.
Their signal levels are shown in Fig. 2. These results suggest
that our S2N' is very useful as a new method of candidate
gene selection for genome-wide gene expression profiles
obtained from microarrays.

RT-PCR analysis of 6 candidate marker genes in two sets of
ESCCs with more than 5 metastatic lymph nodes or with no
metastatic lymph node. Of the 8 genes, 6 (CALBI, TFF3,
KRT7/CK7, CLDN10, MUCI and CEA/CEACAMS) were first
analyzed by semi-quantitative RT-PCR in two independent
sets of ESCCs: in the first set are 42 samples (12 patients
with no metastatic lymph node including 11 NO patients, and
30 patients with more than 5 metastatic lymph nodes
including 24 NS5 patients); in the second set are 22 samples
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Figure 2. Each signal of microarray for 8 representative top genes whose level was highly correlated with N5 group, respectively.

(10 patients with no metastatic lymph node and 11 patients
with >5 metastatic lymph nodes). Similar to the 11 NO patients
and the 24 N5 patients (Fig. 1), Kaplan-Meier analyses of
the two groups in each set showed a significant difference
in survival after surgical resection (data not shown). In
correspondence with microarray data, preferentials expres-
sion of all the 6 genes in the N5 ESCC patients with >5
lymph nodes was confirmed in the first set (Fig. 3A). Among
these 6 genes, 4 (CALBI, KRT7, MUCI and CEA) showed a
reproducible expression pattern in the second set (Fig. 3B).

. These 4 genes preferentially expressed in patients with >5
metastatic lymph nodes in both of the two sets of samples.
These results suggest that CALBI, KRT7, MUC1 and CEA
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