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Abstract

AIM: To examine the association of beta-catenin
with the clinicopathologic features and prognosis of
esophageal squamous cell carcinoma (ESCC).

METHODS: Beta-catenin mRNA expression level in 40
ESCC patients (28 males and 12 females, age range
38-82 years, median 60 years) was analyzed by real-
time PCR. Beta-catenin mRNA expression levels in tumor
cells were categorized as weaker (level 1) or equal to
or stronger (level 2) than those in endothelial cells. We
examined the correlation between the beta-catenin
expression and the clinicopathological factors and
prognosis of ESCC patients.

RESULTS: Level 2 beta-catenin expression was found in
29 patients. ESCC with level 2 expression had a higher
rate of lymphnode metastasis (0.0776 + 0.0369 vs
0.3413 £ 0.1803, P < 0.001) and deeper tumor invasion
(0.0751 + 0.0356 vs 0.3667 + 0.1928, P < 0.001), and
a poorer survival rate (P = 0.0024) than ESCC with level
1 expression.

CONCLUSION: Beta-catenin expression in ESCC is of
great importance.
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INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) shows a
poor prognosis because of the occurrence of systemic
metastasis, mainly via lymphatic vessels!'". Detection of
ESCC at its eatly stage is possible by X-ray and endoscopic
examinations®, but there might be occult micrometastases
at the time of surgery even in such cases™". In this
respect, an assessment of metastatic potential is important
to establish appropriate therapeutic modalities for ESCC.
Previous studies have shown the prognostic significance
of several clinicopathologic factors for ESCC, such as
tumor size, age at diagnosis, and primary site!'"'?. Among
them, depth of cancer invasion in the esophageal wall
and lymph node metastasis are the main factors for ESCC
recurrence®®!'!, and these two factors as well as distant
metastasis have been included in the pathological tumor-
node-metastasis (pTNM) staging for ESCC!'3. However,
the prognosis of ESCC, even in cases of early-stage
disease (pT1), is heterogencous, and a strategy to establish
appropriate therapeutic modalities for each patient has yet
to be formulated.

Several biological indices for predicting the prognosis
of ESCC, a number of indices, such as aberrant expression
or mutation of the tumor suppressor p53, adhesion
molecule Ecadherin, and cell-cycle-related molecules such
as p27, have been proposed™*!". However, the utility of
these factors for predicting the prognosis of ESCC is
controversial"l.

Recently, beta catenin and elements of the Wnt
signaling pathway have been found to play an important
role in the pathogenesis of human cancers including
ESCC. In the present study, we analyzed beta-catenin
mRNA expression level in 40 patients with ESCC and
evaluated its correlation with the clinicopathologic features
and survival of these patients.

MATERIALS AND METHODS

Patients

In the present study, 40 patients underwent surgery for
ESCC at the Nanjing First Hospital Affiliated to Nanjing
Medical University from July 1999 to February 2000
were selected. There were 28 males and 12 females (age
range 38-82 years, median 60 years). An endoscopic
examination of esophageal lesions was performed, and
a histologic diagnosis of ESCC was made based on
biopsy specimens obtained before surgery. Preoperative
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Gene name  Prime Temp (C) bp

Beta-actin F5' CCTGTACGCCAACACAGTGC 3! 60 211
R5' ATACTCCTGCTTGCTGATCC 3'

Beta-catenin F5' AAAATGGCAGTGCGTTTAG 3' 60 144

R5' TTTGAAGGCAGTCTGTCGTA 3'

diagnostic examinations, including esophagography,
computed tomography, and ultrasound, were performed
for clinical staging. All patients underwent curative
surgery for ESCC. The types of surgery used were
subtotal esophagectomy with lymphnode resection in 32
patients, partial esophagectomy in 8 patients. The resected
esophagus was examined macroscopically to determine
the location and size of the tumor. Tumors were located
in the cervical esophagus in 2, the upper third of the
thorax in 8, the middle third of the thoraxin in 22, the
lower third of the thorax in 8 patients, respectively. The
size of the main tumor ranged from 10 to 90 mm (median,
44 mm). Samples obtained from the esophageal lesions
were fixed in 10% formalin and processed routinely for
paraffin embedding. The number of specimens prepared
for histologic examination per case ranged from 6 to
46. Four-um thick histologic sections were stained
with hematoxylin and eosin using immunoperoxidase
procedures (the avidin-biotin complex method). Tumor
stages were defined based on the pTNM classification"?.
After surgery, all patients underwent laboratory test such
as routine peripheral blood cell counts and measurement
of serum squamous cell carcinoma antigen levels every 1-6
mo, and chest roentgenography, ultrasonography of the
liver, computerized tomographic scan of the thorax and
abdomen, and endoscopic examination of the remaining
esophagus at 6-12 mo intervals. The follow-up time for
survivors ranged from 8 to 62 mo (median 40.0 mo).

RNA extraction and real time-PCR analysis

Real time-PCR was performed on paraffin-embedded
sections from 40 ESCC patients. Briefly, total RNA was
extracted by Recover AlI™. Total nucleic acid was isolated
(Ambion), 10 pg of DNase I-treated total RNA was used
for reverse transcription with Superscript [II(Invitrogen,
Carlsbad, CA). An aliquot representing 100 ng of input
RNA was amplified by quantitative real-time PCR using
the TagMan PCR reagent kit and assay-on-demand gene
expression products (FAM/Sybr, Foster City, CA). RNA
extracted from a noncancerous lesion in one patient was
used as a standard. After reverse transcription, standard
cDNA was serially diluted to obtain five standard solutions
for use in PCR to generate the reference curve. The
primary design was shown in Table 1.The relative amount
of ¢cDNA in each sample is measured by interpolation
using the standard curve (Figure 1), and then the relative
ratio of beta-catenin to beta-actin expression was
calculated for each ESCC sample.

Statistical analysis
Statistical analyses were performed with SPSS 11.5 software
for windows. Cotrelation between the expression levels
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Figure 1 Solution curve of beta-catenin gone PCR products (A and standard
curve of beta-catenin gone PCR products (B).

of beta-catenin determined by reverse transcription-PCR
was evaluated by one-way ANOVA test. Chi-square test
and Fisher's exact probability test were used to analyze
the correlation between beta-catenin expression and the
clinicopathologic features of ESCC. The Kaplan-Meier
method was used to calculate survival rates, and differences in
survival curves were evaluated with the log-rank test. P < 0.05
was considered statistically significant.

RESULTS

Histologic findings

Histologically, 10 were well-differentiated, 16 moderately-
differentiated, and 14 poortly-differentiated squamous cell
carcinomas. Tumor cells invaded the mucosa or submucosa
(pT1) in 6, muscularis propria or subadventitia (pT2) in
22, adventitia (pT3) in 10, and adjacent organs (pT4) in 2
patients, respectively.

Patient outcome

The 5-year survival rate was 37.3%. Seventeen patients
showed tumor recurrence, which was found in local sites
of 8, in lymph nodes of 5, in liver of 2, and in other
organs of 2 patients, respectively. Fifteen patients died.

Beta-catenin expression in ESCC

We used the beta-catenin mRNA expression level in
endothelial cells as the standard to divide all samples
into two groups. Beta-catenin mRNA expression level in
tumor cells was categorized as weaker (level 1) or equal
to or stronger (level 2) than that in endothelial cells. The
relative ratios of beta-catenin to beta-actin expression
in cases with level 1 and 2 expression were 0.6 + 0.2
and 1.9 = 1.4 (P < 0.05). The correlation between beta-
catenin expression and clinical factors is shown in Figure
2. Compared with patients with ESCC level 1, higher rates
of lymph node metastasis were found in 10 of 19 patients
(54.4%) and 13 of 17 patients (75.0%), and deep invasion
(pT3 and pT4) in 8 of 19 patients (38.5%) and 10 of 17
patients (61.5%) with ESCC level 2. Patients with level 2
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Figure 2 A: ESCC patients at stages I1I- IV(A) showing higher mRNA expression
level of beta-catenin than ESCC patients at stages I-1(B). Y: observed lymph

node metastasis, N: no lymph node metastasis. ESCC patients with lymph node
metastasis had higher mRNA expression level of beta-catenin than ESCC patients
with no lymph node metastasis.

ESCC showed higher frequencies of local recurrence and
distant metastasis than those with level 1 ESCC (P < 0.01).
Patients with level 1 ESCC had better 5-year survival rates
than those with level 2 ESCC (P < 0.001).

Prognostic significance of beta-catenin expression in
PTNM classification

The prognostic significance of beta-catenin expression was
further analyzed according to the pTNM classification!".
A significant difference was found in survival between
patients with level 1 and 2 expressions at the early stage of
the disease (pT1, P < 0.01). Lymph node metastasis was
found in 4 (20.0%) of 20 level 1 patients and in 8 (72.2%)
of 11 level 2 patients (P < 0.01). At the advanced stage
(pT2-pT4), we observed a significant difference in survival
between patients with level 1 and 2 expressions (P < 0.05).
The survival curve is shown in Figure 3.

DISCUSSION

The conventional TNM staging system for ESCC provides
useful information for the prediction of tumor recurrence
and patient survival®®'l. Recent advances in therapeutic
modalities for ESCC, however, have led to new problems
to be solved. For example, recently introduced reduction
surgeries, such as endoscopic mucosal resection and
transhiatal esophagectomy, enable tumor excision without
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Figure 3 At the advanced stage (pT2-pT4), a significant difference in survival
between patients at advanced stage with level 1 and 2 expression.

a severe influence on the patient's general condition™.

However, lymph node metastasis, observed at relatively
high frequencies even in early ESCC, becomes a risk
factor when these techniques are used. In contrast, the
introduction of adjuvant chemoradiotherapy has improved
the prognosis of patients with ESCC, particularly
those with high potential for lymph node metastasis!".
Under these circumstances, preoperative assessment
of lymph node metastasis and metastatic potential of
ESCC is essential for therapeutic decision-making. The
characteristics of patients, such as gender, age, primary
site, and 5-year survival rate, in the present series are
similar to those in previous reports from China and other
Asian countries where ESCC is common1%1521 ESCC
in Western countries, where it is relatively uncommon,
shares the above-mentioned characteristics except that
tumors are rather frequent in the lower esophagus.
Beta-catenin is involved in the ubiquitin/proteasome-
dependent protein degradation pathway, which plays an
essential role in controlling the levels of various cellular
proteins and therefore regulates basic cellular processes
such as cell cycle progression, signal transduction, and cell
transformation!”,

We examined beta-catenin expression at the mRNA level
by reverse transcription-PCR. Among the clinicopathologic
factors examined, we observed a significant correlation
between beta-catenin expression and depth of invasion
and lymph node metastasis, indicating that beta-catenin
expression is closely related to the growth and invasiveness
of ESCC. The uni- and multivariate analyses indicate
that the beta-catenin expression level is an independent
prognostic factor for ESCC recurrence and patient
survival. The 5-year survival rates of patients with beta-
catenin level 1 and 2 expressions were 86.3% and 31.2%
at stage pT1 and 43.2% and 22.4% at stages pT2 to pT4,
respectively. The combination of pTNM classification and
beta-catenin expression level in tumor cells is useful for
predicting the prognosis of patients with ESCC. Grouping
the cases with ESCC based on the present system could
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be a good guide for choosing the modalities of adjuvant
therapy. In early ESCC patients with beta-catenin level 1
expression, a favorable outcome could be expected. Since
lymph node metastasis was observed in only 20% of
these patients, reduction surgeries might be considered,
particulatly for those in a poor general condition or with
small tumors. In contrast, patients with level 2 ESCC and
advanced stage disease might have a dismal prognosis, and
the introduction of intensive adjuvant therapies for these
patients might be justified.

In conclusion, beta-catenin mRNA expression level is
a new prognostic marker for ESCC. The stratification of
ESCC patients based on the disease stage and beta-catenin
expression level is valuable for predicting tumor recurrence
and prognosis. This system might provide a novel way to
explore effective treatment modalities for ESCC.
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