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Fig. 3. Hierarchical clustering with dendrogram
using the cancer:normal ratio (4) or using cancer
alone (B) or using normal esophageal mucosa alone
(C). Branch length, similarity of distances of sam-
ples as judged by their expression patterns. Red or
black, major clusters. R, relapsed; S, surviving
without relapse; E, early esophageal cancer (T,); 4,
advanced esophageal cancer (T, and T;).

same patient, suggesting that profiling gene expression ratios may
provide more informative findings from a huge number of variables
with a small number of samples, and reduce the effects of individu-
ality. Comparisons of gene expression profiling between cancerous
tissue and paired normal counterparts have been reported in previous
studies (5, 6). However, they did not use the ratio of paired expression
for analysis but merely used comparison. As shown in Fig. 2C, the
gene expression profiles in normal esophageal tissue were not homo-
geneous, thus adjustment using normal counterparts is obligatory to
produce an accurate comparison among patients. Differences in gene
expression profiles may arise not only from the nature of cancer cell
biology but also from individuality as well as from organ-specificity.
Paired samples from the same patients share the same genomic DNA
and same exposure of esophageal mucosa to hazardous environments
such as heavy alcohol drinking and smoking in the same duration and
amounts, thus the differences in gene expression ratios most likely
originate from the biological nature of the esophageal carcinoma,
canceling out individuality. Heterogeneity among individuals was
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Fig. 4. Kaplan-Meier estimates of relapse-free survival among patients with squamous
cell carcinoma of the esophagus days after operation by clusters calculated with gene
expression ratios of cancer and normal tissues (4), by clinical stages (I, II, III; B), by
presence of regional lymph node metastasis (Ng, N; C), and by invasion levels of primary
tumor according to TNM classification (early, advanced; D).
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high in both normal and cancer gene expression profiles as shown in
Fig. 1. By matching original esophageal tissue, organ-specific RNA
expression patterns could also be deleted. Therefore, the ratio of
cancer:normal expression is thought to predict clinical outcome quite
efficiently.

Dhanasekaran et al. (7) examined over 700 prostate-cancer samples
using a microarray to determine hepsin and pim-1 proteins as clinical
prognostic markers. Bigger sample sizes enable us to stratify patients
with known prognostic factors; however, the use of numerous arrays
raises problems from an economical point of view. When a study
population is narrowed depending on an etiologically identical group,
sample size can be dramatically reduced. Hedenfalk et al. (8) targeted
hereditary breast cancer with mutation at either BRCAI (n = 7) or
BRCA2 (n = 7) and demonstrated different gene expression profiles
for the two groups. When investigators tried to abstract the truth from
a large dataset obtained from gene expression profiles, they contrived
new statistical approaches in addition to hierarchical clustering.
Nielsen et al. (9) succeeded in molecular classification of soft-tissue
tumors by singular value decomposition using 41 samples. For mo-
lecular classification of small round blue-cell tumors (SRBCTs), Khan
et al. (10) applied artificial neural networks using 63 samples (23
biopsies and 40 different cell lines). Supervised machine learning has
been used for analysis of gene expression profiling in diffuse large
B-cell lymphoma and other kinds of carcinomas (11-13). Others
applied epidemiological strategy in combination with hierarchical
analysis (14, 15). However, to apply gene expression profiling for
general clinical use, the predictability of the clinical outcome has to be
superior to existing clinical prognostic factors. The present study has
proven the efficiency of gene expression profiling for clinical oncol-
ogy, as Zhang et al. (16) demonstrated with colon cancer using
recursive partitioning for the analysis of gene expression profiles.

Many sorts of cell cycle-related genes were highly expressed in our
cancerous tissue compared with our normal tissue, which is suspected
to be a parallel phenomenon of cell proliferation or a consequence of
the tumorigenic process rather than an etiological finding of esopha-
geal carcinoma. Similar phenomena have also been reported in the
gene expression profiling of other carcinomas (17, 18). In contrast,
profiling gene expression ratios discriminated prognosis of patients
efficiently, as described above. These profiles showed different hier-
archical clustering from data sets of cancer tissue alone. The enhanced
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Fig. 5. Profiling gene cxpressmn ratios of paired cancerous and normal tissues from the same patlents The typical profiles of genes expresscd higher in cluster I, in which no relapse
cases were observed, are shown in 4. The typical profiles of gene expressed higher in cluster II, in which all five cases relapsed, are shown in B, C, D).

expression of mucin-related proteins in the better prognostic group advanced chemoresistant breast cancer in a Phase II study (26).
(cluster I) may reflect the existence of normal function as esophageal ~Up-regulation of ku70/80 may also prevent DNA damage and apo-
mucosa. Viral oncoproteins related to EBV and HPV E6-Ap were ptosis induced by chemoradiotherapy, as reported previously (27).
detected in the poor prognostic group (cluster 1T). No previous reports ~ The higher expression of MTA1 in the poor prognostic group (cluster
have demonstrated expression of the EBV gene in esophageal squa-  1II) in the present study is consistent with a previous report that an
mous cancer cells, even in a high-prevalence area in China (19). On  esophageal cancer overexpressing MTA1 showed significantly higher
the contrary, the high frequency of occurrence of HPV in esophageal  frequencies of adventitial invasion and lymph node metastasis (28).
squamous cell carcinoma implicated HPV as one of the possible In conclusion, gene expression profiling using the ratio of paired
etiological factors in this disease (20). However, its prevalence cancer and normal tissue samples from the same patient may more
seemed to be lower than first reported, or else the contribution of HPV  efficiently predict the clinical outcome of esophageal squamous cell
to the etiology of esophageal cancer differs among geographic areas, cancer and delineate molecules that affect the prognosis of the pa-
being low in European countries and high in Asian counties (21, 22).  tients,

Kihara et al. (23) applied microarray analysis to 20 esophageal
cancer tissue samples to detect a 52-gene set that predicted sensitivity
against chemotherapy. In our study, a variety of genes related to REFERENCES
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