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This study characterizes the frequency of exon 3 CTNNB/ mutations and compares the expression of CTNNB/ transcript var-
iants and downstream targets MYC and WAFI (p21) across the neoplastic progression of esophageal squamous cell carcinomas
(ESCCs). Mutational analysis was performed on 56 tumors and corresponding germline DNA, using primers to exon 3 of
CTNNBI and SSCP DNA sequencing gels. Quantitative Real Time RT-PCR was performed on 45 foci representing the histolog-
ical spectrum from normal to invasive cancer, using specific primer sets for alternative splice variants that differ by the pres-
ence (16A) or absence (16B) of a 159-bp noncoding segment of exon 16 of CTNNB/, in conjunction with downstream targets
MYC and WAFI. Two unique mutations were identified, S37F in the SxxxS repeat region, and a germline polymorphism, T59A.
Thus, mutation of CTNNB/ exon 3 is a rare event in this population. RT-PCR analysis successfully confirmed the presence of
both B-catenin splice variants in histologically normal and preneoplastic squamous epithelium, and invasive tumors of the
esophagus, and identified a significant reduction in the 16A//6B ratio (P = 0.014) and an accompanying significant increase in
the MYC/WAF| expression ratio (P = 0.001) with progression from normal mucosa to dysplasia. This represents the first iden-
tification of two CTNNB/ transcripts in histologically “normal” esophageal squamous cells, squamous dysplasia, and invasive
ESCC. These results show an increase in the minor mRNA (/6B) isoform and changes in the expression of downstream
markers consistent with increased transcription during the histological progression from normal to squamous dys-
plasia.  Published 2005 Wiley-Liss, Inc.’

INTRODUCTION

B-Catenin (CTNNBI) is located in a chromoso-
mal region (3p) associated with both early and late
genetic events and appears to be overexpressed in
esophageal squamous cell carcinoma (ESCC) at
the protein level (Roth et al., 2001, 2002). Other
studies of esophageal cancer show overexpressed
CTNNBI1 competing for binding partners such as
APC (Kimura et al., 1999; Osterheld et al., 2002)
and, subsequently, excess C'I'NNB1 is stabilized
and available for nuclear translocation (Bienz and
Clevers, 2003). Despite the findings of generalized
CTNNB1 overexpression and genetic changes at
3p, it is still not clear whether alteration in expres-
sion of CTNNBI, downstream targets and/or

Genomic cloning shows the (CTNNBI locus to con-
sist of 16 exons stretching over a region of 23 kb
and carrying a splice variant (/6B) for a truncated
portion of the noncoding region of exon 16 (Nollet
et al., 1996). In a small set of human colon cancer
cell lines, both the wild type and variant have been
identified at similar levels by RT-PCR. However,
this variant has not been studied in the setting of
ESCC neoplasia, in which it may be biologically
significant given that 3’ untranslated regions
(UTRs) may possess translational control of regula-
tory elements that govern the spatial and temporal
expression of mRNA (Mendez and Richter, 2001;

*Correspondence to: Dr. Mark J. Roth, Nutritional Epidemiology

nuclear or cytoplasmic localization of C'TNNB1
are associated with the development of ESCC.
These potential associations are further compli-
cated by alternative splice forms associated with
CTNNBI, as initially described by Nollet et al.
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Hu et al., 2002; Kuersten and Goodwin, 2003; Kal-
nina et al., 2005).

As an adherins junction or zonula adherens pro-
tein, C'I'NNB1 is associated with cell signaling
through the APC or Wnt pathways, with complex
binding of E-cadherin, APC, TCF, AXIN, GSK3,
and a-catenin. Some of the functions of CTNNB1
include mediating adhesion between cells and sub-
sequently regulating normal cell growth and
behavior, including embryogenesis, wound heal-
ing, and tumor metastasis. The later is, in part,
related to the participation of CTNNBI1 in tran-
scription via interaction with the T=cell family (TCF)
of transcription factors. Stabilized C’T'NNB1 inter-
acts with T'CF and activates transcription of down-
stream target genes such as MY(C and WAF/
(He et al., 1998; Bieche et al., 1999). Degradation
of B-catenin requires a multi-protein complex that
includes APC and the serine/threonine kinase
GSK3. In tumors, this degradation can be blocked
by mutations typically involving exon 3 of the
CTNNBI gene (Behrens, 2000).

The goal of this study was to characterize the
frequency of exon 3 C7TNNBI mutations and to
compare the expression of CTNNB] transcript var-
iants and the expression of downstream targets
such as MYC and WAF across the neoplastic pro-
gression of ESCC from a high-risk region.

MATERIALS AND METHODS

Patients and Samples

All cases and samples were obtained from sub-
jects residing in regions of north central China
where rates (>100/100,000 year) of ESCC are
extraordinarily high. This study was approved by
the Institutional Review Boards of the collaborat-
ing institutions, Shanxi Cancer Hospital and Insti-
tute, Taiyuan, Shanxi; the Cancer Institute of the
Chinese Academy of Medical Sciences (CICAMS),
Beijing; and the US National Cancer Institute,
Bethesda, MD.

Mutation Analysis

Patients presenting to the Shanxi Cancer Hospi-
tal in Taiyuan, Shanxi, PR China, who were diag-
nosed with ESCC and considered candidates for
curative surgical resection, were identified and
recruited to participate in this study. Ten milliliters
of venous blood and a portion of tumor fixed in
ethanol were obtained from 56 patients and ana-
lyzed for CTNNRBI exon 3 mutations using SSCP.
Genomic and somatic DNA were extracted and

purified from venous blood and tumor tissue,
respectively, using methods previously described
(Hu et al., 2001). Briefly, tumor cells were micro-
dissected under light microscopic visualization,
and mutations in exon 3 of CTNNB1 were screened
by PCR-SSCP using primers (5-CTAATGCTA-
ATACTGTTTCGT-3 and 5'-TACTCTTACCAG-
CTACTTGTTCTT-3) producing a 228-bp PCR
product, after adjusting the annealing temperature
to 53°C. The DNA was subsequently sequenced
and all mutations were confirmed by repeating the
procedures outlined earlier.

Real Time RT-PCR Analysis

Resection specimens from six patients were fully
submitted in histology cassettes and stored at
—70°C until Real Time RT-PCR analysis of
CTNNBI1, MYC, and WAF . Serial 5-um frozen sec-
tions were cut from each histology cassette and
representative foci of normal (N = 11), low grade
dysplasia (LGD, N = 11), high grade dysplasia
(HGD, N = 8), carcinoma in situ (N = 4), and inva-
sive squamous cell carcinoma (N = 11) from the six
fully submitted esophageal resections were chosen
based on histological review by a pathologist (MR)
of corresponding H&E-stained slides, using ac-
cepted histological criteria (Dawsey et al., 1994).
RNA was isolated from these laser capture micro-
dissected tissue foci using a standard "Irizol extrac-
tion protocol in the presence of yeast carrier tRNA.
Approximately 25% of the resultant RNA was used
from each laser capture microdissection sample for
the synthesis of cDNA. Using the Thermoscript
RT-PCR Synthesis System (Invitrogen, Carlsbad,
CA), oligo d'T and random hexamer primers were
used to synthesize cDNA following the manufac-
turer’s protocol. Primers specific for the 76A and /6B
isotypes of CTNNBI, MYC, WAF1 (p21), GAPDH,
18s rRNA, and B-actin (Table 1) were used to
amplify specific products either with SYBR green
(50 cycles Real Time RT-PCR) or without SYBR
green (35 cycles conventional gel-based RT-PCR).
Unless specified, all reaction conditions were con-
ducted in Platinum Supermix (Invitrogen) using
standard PCR conditions, including a reannealing
temperature of 55°C. For standardizing Real Time
PCR product concentrations, purified inserts of the
appropriate products were used in serial dilutions
and then plotted on a log-scale to calculate starting
quantity (threshold starting cycle). All samples
were normalized to housekeeping controls (f3-
actin) prior to calculating the levels of gene expres-
sion.
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TABLE I. Specific Primers for Real Time RT-PCR Analysis

Gene Forward primer (5 to 3')

Reverse primer (5 to 3')

CTNNBI complete cDNA

CTNNBI [ 6A isotype (exons | 1-16)
CTNNBI [6B isotype (exons | 1-16)
MYC (exons 2 and 3)

WAFI (exons | and 2)

18s rRNA

AGC CAC AAG ATT ACA AGA AAC
GTT ATC AAG AGG ACT AAA TAC CA
GTT ATC AAG AGG ACT AAATAC CA
GCC CCT GGT GCT CCA TGA

ACA GCA GAG GAA GAC CAT GTG
TCAAGAACGAAAGTCGGAGG

B-Actin CCA CAC TGT GCC CAT CTA CG

AGG CTA GGG TTT GCT AAA TTC

GAC AAT ACAGCT AAATGATGAT
GTA TTG TTA CTC CTA AAG GAT GA
ACC CTC TTG GCA GCA GGA TA

GGG CTT CCT CTT GGA GAA GAT
GGACATCTAAGGGCATCACA

CAG CGGAACCGC TCATTGCCAATGG

Statistical Analysis

Gene expression values were transformed using
natural log. Because of small numbers, LGD and
HGD were analyzed together as DYS, and CIS and
invasive squamous cell carcinoma were analyzed
together as CA. The percent change in expression
from normal to DYS and CA was estimated using lin-
ear mixed models including a random intercept for
participant. Grade was described with two indicator
variables that were treated as fixed effects. Because
of the range of samples per specimen additional mod-
els with a fixed effect for the number of samples per
specimen were examined to test for effect modifica-
tion between the number of samples and histology
(results not shown). All tests of statistical significance
were two-sided. Statistical analyses were performed
using S-PLUS (S-PLUS version 6.1 for Windows;
Insightful Corporation, Seattle, WA, 2002).

RESULTS

We find exon 3 of CTNNBI to be infrequently
mutated in ESCC tumors (2 of 56 (4%) ESSC
cases) and have identified a single somatic TCT=
T'T'T change (S37F), resulting in a serine-to-phe-
nylalanine substitution in the SxxxS repeat region,
and a germline polymorphism ACC-GCC change
('T59A) resulting in an threonine-to-alanine substi-
tution (Fig. 1). This finding of a low frequency of
mutations is consistent with that observed by
others in ESCC (de Castro et al., 2000; Ninomiya
et al., 2000) and histologically similar squamous
cell cancers of the head and neck (Gonzalez et al.,
1998). The absence of a corresponding somatic
mutation in case 152 (Fig. 1) is also consistent with
the LLOH of 3p seen in prencoplastic lesions and
invasive tumors and suggests that random (i.e.,
nonselective) chromosomal loss may frequently
involve the CT'NNBI1 locus (Roth et al., 2001). In
this high-risk population, mutation of exon 3 does
not seem to be responsible for the increase in pro-
tein expression identified in the majority of these
esophageal tumors. Consequently, six fully blocked
frozen esophagectomy specimens, with an average
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Figure 1. SSCP mutation analysis of exon 3 of CTNNBI was per-
formed on 10 ml of venous blood (B) and matched tumor (t). A single
germline polymorphism ACC-GCC change (T59A) resulting in a threo-
nine-to-alanine substitution (Case 152, band 3) and a somatic TCT-TTT
change (S37F), resulting in a serine-to-phenylalanine substitution in the
SxxxS repeat region (case 391, arrowhead) were identified.

of 7 (range, 3-15) foci per specimen representing
the histological spectrum of neoplastic progression
from normal to invasive squamous cell carcinoma
were selected for RT-PCR analysis. From these
resections, a total of 11 foci of histologically normal
(Nml) epithelium were found in 4 esophagecto-
mies, 11 foci of low grade dysplasia (LGD) were
found in 6 esophagectomies, 8 foci of high grade
dysplasia (HGD) were found in 4 esophagecto-
mies, 4 foci of carcinoma in situ (CIS) were found
in 2 esophagectomies, and 11 foci of invasive can-
cer were found in 5 esophagectomies. Because of
the small number of foci and the fact that CIS was
adjacent, that is, in the same section, to the inva-
sive cancer, the expression results from LGD and
HGD were combined into a DYS category and
those from CIS and invasive SCC were combined
into a Cancer (CA) category. RT-PCR analysis
identified CTNNBI splice variants, /6A and 16B
(Fig. 2), and successfully amplified RT-PCR prod-
ucts for MYC and WAF1 in every histological cate-
gory. Mean expression values for all normal, dys-
plasia, and cancer foci are shown in Table 2.
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Figure 2. Gel electrophoretic RT-
PCR results with primers extending
from exon || to 16A, exon |1 to 16B,
and exon I3 to exon 16 inclusive.
[Color figure can be viewed in the
online issue, which is available at www.
interscience.wiley.com.]

TABLE 2. Geometric Mean of mRNA Expression for Participants With Normal Histology and % Change (A) of
Expression from Normal to Dysplasia and Cancer®

Normal, mean Dysplasia, A® Cancer, A®
CTNNBI [6A 2.2 X 1078 (0.6-8.0)° —69 (91 to 9.4) —22 (=79 to 197)
CTNNBI 6B 1.7 X 107 (0.4-6.9) 162 (—32t0 913) 94 (—55 to 735)
16A + 16B 3.4 X 1078 (1.2-94) —51 (—81 to 29) —17 (=70 to 135)
16A/16B 13.1 (2.5-68) —88¢ (—97 to —40) —61 (—93 to 108)
MYC 8.5 X 1077 (4.6-16) 78 (—9.3 to 248) 45 (—29 to 196)
WAFI 9.6 X 1077 (5.1-18.0) —52¢(~74to0 —11) 34 (—31to 161)
MYC/WAFI 0.008 (0.003-0.02) 2839 (84 to0 701) 31 (—42to 194)

*Six participants with a total of 43 observations for 16A + 16B and |6A/16B, 44 observations for |6A,16B, WAFI, and MYC/WAFI ratio; and 45 obser-

vations for MYC.

®Estimates of percent change are from linear mixed models, including participant as a random effect and grade as a fixed effect treated as two indicator

variables.
“Values in parentheses indicates 95% Cl.

dCompared to normal tissue, the percent change of mRNA expression in dysplasia is significantly different for WAFI (P = 0.026) and the 16A/16B

(P = 0.014) and MYC/WAF (P = 0.001) ratios.

The geometric mean RNA expression of each
CTNNB1 product varies with histological severity
between Nml, DYS, and CA (Table 2). As can be
seen in the normal tissue, splice variant /6A was
about ten times as abundant as /6B. The mean
value for /6A was lower in DYS than in Nml, but
higher in CA than in DYS. The mean value for
16B was higher in DYS than in Nml, but lower in
CA than in DYS. In addition, compared to histolog-
ically normal epithelium, total CTNNB1 (16A +
16B) mRNA expression in DYS was 51% lower.
The reduction in total CTNNB1 between Nml and
DYS resulted from a nearly 70% decrease of the
more abundant splice variant /6A and a 162%
increase of the less abundant variant 76B. Conse-
quently, there was a significant reduction in the

16A/16B mRNA expression ratio (P = 0.014)
between Nml and DYS. Downstream markers
MYC and WAF1 also varied across the spectrum of
histological lesions, with changes in MYC values
paralleling those in 768 and WAF values changing
parallel to 76A. Quantification of downstream
markers of transcription showed over a 78% higher
MYC mRNA expression in DYS than in Nml epi-
thelium, where as WAF/ was 52% lower in DYS
than in Nml (P = 0.026). As a consequence of
these differences in directionality, the MYC/WAF1
expression ratio was also reduced (P = 0.001).

DISCUSSION

"T'his analysis represents the first identification of
two CTNNBI transcripts, differing by the presence
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(16A) or absence (/6B) of a 159-bp noncoding seg-
ment of exon 16, in histologically normal esopha-
geal epithelium, squamous dysplasia, and invasive
ESCC. In contrast to prior immunohistochemical
analysis, which showed an increase in protein, we
found a reduction in the total CTNNBI mRNA
expression in dysplastic epithelium. The current
results also show that the ratio for the CTNNBI
splice variants is significantly reduced with histo-
logical progression from normal to dysplastic epi-
thelium. In the context of the protein findings and
in the absence of exon 3 mutations, these results
suggest that there may be preferential processing
and an increase in the minor mRNA /6B isoform
with progression from a normal histology to DYS.
Although this study was not designed to determine
the mechanism behind such a change, possible
explanations include an increase in transcription
efficiency, mRNA stability, or a decrease in nuclear
export of the 76B isoform. Such mechanisms are
consistent with studies showing that 3’ UTRs can
contain several regulatory elements governing the
spatial and temporal expression of mRNA (Cok
and Morrison, 2001; Hurlstone and Clevers, 2002;
Kuersten and Goodwin, 2003; Kalnina et al., 2005).

The mean CTNNBI mRNA expression altera-
tions are accompanied by increased mean MYC and
decreased mean WAF7 mRNA expression that syn-
ergistically favor an increase in cell transcription
(Bitzer et al., 2003). This is consistent with the fact
that MYC and WAF represent TCF target genes
and are part of a potential malignant transformation
cascade involving CTNNB1 in the gastrointestinal
tract (Hurlstone and Clevers, 2002; van de Weter-
ing et al., 2002). This is also consistent with the
finding that the CINNB1/TCF-4 complex con-
trols proliferation versus differentiation in healthy
and malignant intestinal epithelial cells by affect-
ing MYC and WAFI activity, which control G1
arrest and differentiation (van de Wetering et al.,
2002). These genes also seem to be involved in the
neoplastic progression of esophageal tumors as well
as sites outside of the gastrointestinal tract (Wang
et al., 1998; Sarbia et al., 1999; Polakis, 2000; Tsele-
pis et al., 2003).

We cannot yet explain why the changes in
CTNNBI1, MYC, and WAFI expression with pro-
gression from DYS to CA trend toward the levels
found in histologically normal epithelium. How-
ever, this pattern suggests that these genes may
play a more significant role in the earlier stages of
neoplastic progression, from normal to DYS. These
findings are limited by the large variation of
expression between the foci with the same histol-

ogy. A larger sample size may help to reduce this
variability.

A better understanding of these disease-specific
changes will help in the development of more
effective early detection and disease prevention
strategies. Additional studies should be directed at
localizing C'T'NNB1 protein and the message for
its alternate splice forms to further elucidate possi-
ble mechanisms associated with the neoplastic pro-
gression of ESCC.
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