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Abstract

AIM: To investigate the changing pattern of p-catenin
expression and its prognostic value in advanced
colorectal cancer (CRC).

METHODS: Archival tumor samples were analyzed
for B-catenin using immunohistochemistry (IHC) in 95
patients with advanced CRC.

RESULTS: Membranous B-catenin expression was
found in the normal colorectal epithelium. Almost
100% of CRC cases showed membranous and
cytoplasmic expression, and 55 (58%) cases showed
nuclear expression. In univariate (Kaplan-Meier)
survival analysis, only the nuclear index (NI) was a
significant predictor of disease-free survival (DFS) (P =
0.023; n = 35), with a NI above the median associated
with longer DFS (34.2 mo) than those with a NI below
the median (15.5 mo) (P = 0.045, ANOVA). The other
indices were not significant predictors of DFS, and
none of the three tested indices (for membranous,
cytoplasmic, or nuclear expression) predicted disease-
specific survival (DSS). However, when dichotomized
as positive or negative nuclear expression, the former
was a significant predictor of more favorable DFS (P =
0.041) and DSS (P = 0.046).

CONCLUSION: Nuclear p-catenin expression provides
additional information in predicting patient outcome in
advanced CRC.
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INTRODUCTION

B-catenin is a 92-kDa multifunctional protein that, in
its membrane location, links the intracellular part of
the E-cadherin complex to actin cytoskeleton, which
is a critical step in morphogenesis and maintenance of
tissue integritym. Alternatively, through Wnt signaling-
mediated stabilization, B-catenin may act as a down-stream
transcriptional trans-activator of several target genesm.
Alterations in [-catenin protein expression levels and
genetic rearrangement located in -catenin exon 3 have
been shown to contribute to the malignant character of
various catcinomas and are likely to affect both intercellular
adhesion and signal transduction, which are believed to be
two independent functions of B-catenin proteinm.

The rare occurrence of mutations in f-catenin exon
3 has been previously documented in ulcerative colitis-
related neoplastic progression and in colorectal cancer
(CRC) as well”. Immunohohistochemical studies suggest
that the observed accumulation in f-catenin protein is
probably due to genomic alterations in B-catenin coding
regions, particularly in exon 3.

The impact of aberrations in (3-catenin expression on
the clinical outcome of CRC is controversial. Some studies
reported prognostic value for cytoplasmic rather than

I whereas others showed that nuclear

nuclear expression
accumulation of B-catenin may be an independent marker
of unfavorable prognosis™. The aim of this study was
to evaluate the possible role of B-catenin expression as a

predictor of clinical outcome in advanced CRC patients.
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MATERIALS AND METHODS
Study material

Ninety-five patients with advanced colorectal carcinoma
(CRC), enrolled consecutively from CRC patients
attending our clinic for therapeutic procedures during
the late 1990s, were included in our study. Of these
95 patients, 60 had metastases at diagnosis (Stage IV
disease), while the remaining 35 patients (with stage II
and Il disease at baseline) subsequently developed a
metastatic disease during the mean follow-up (FU) time
of 25.1 + 27.8 (SD) mo. All patients were treated at
the Department of Oncology and Radiotherapy, Turku
University Hospital, according to the protocols in routine
use for the treatment of CRC patients with stage I, III
or IV disease at that time. The 95 patients included in
the present study were enrolled into the study cohort
between October 1998 and August 2003. All patients
were prospectively followed-up until death or until their
last clinical visit (March 2007), with the median FU-
time of 27.6 (range 3-150) mo. The study was approved
by the TUH Ethics Committee and was conducted in
accordance with the Declaration of Helsinki. Samples
were collected with the endorsement of the National
Authority for Medico-legal Affairs.

Key clinical data for these patients are shown in
Table 1. Of the 95 cases, 38 were women and 57 were
men. The mean age was 61.5 (range 24-78) years. The
majority (7 = 39) of the tumors were localized in the left
colon, followed in the order of frequency by the right
colon (n = 24), rectum (# = 24), and colon transversum
(n = 7). At the time of diagnosis, 15 patients were
Stage II, 20 were Stage Il and 60 patients were Stage
IV. Accordingly, the majority (# = 63, 66.3%) had T3
tumors, and almost half of the patients had lymph
node involvement at the time of diagnosis (7 = 40).
The patients were selected for the cohort on the basis
of both the diagnosis and treatment they received, and
each patient was assigned to one of two treatment arms:
(1) 20 were treated with irinotecan alone, and (2) 75
received a combination of irinotecan and 5-fluorouracil
(5-FU). The chemotherapy regimen the patients received
was included in a previous study investigating irinotecan
combined with bolus 5-fluorouracil and folinic acid”.

B-catenin immunostaining

Formalin-fixed, paraffin-embedded primary colorectal
tumor tissue was obtained from 95 patients. Sections
were cut serially at 5 pm for routine haematoxylin and
eosin staining and for immunohistochemical (IHC)
analysis. An experienced pathologist confirmed all
histological diagnoses. IHC analysis was done using an
automatic system (BenchMark XT, Ventana Medical
Systems, Inc. Tucson, Arizona, USA). This fully
automated processing of bar code labeled slides included
baking of the slides, solvent free deparaffinization,
antigen retrieval in a cell conditioning buffer CC2 (Mild:
36 min conditioning, and standard: 60 min conditioning),
and incubation with the monoclonal mouse B-catenin

antibody (clone CAT-5H10, isotype IgG1-kappa, Zymed

Variable No. or value %'
Patients 95
Male 57 60.0
Female 38 40.0
Age (yr)
Median (range) 60.7 (24-80)
Primary tumour status 95
T1 1 11
T2 6 6.3
T3 63 66.3
T4 17 17.9
Tx 8 8.5
Primary nodal status 95
NO 25 26.3
N+ 46 48.4
Nx 24 25.3
Metastases at diagnosis” 95
MO 85 36.8
M1 60 63.2
Histological grade 95
Gr I 12 126
Gr Il 62 65.3
Gr Il 18 19.0
NA 3 32
Stage 95
Stage II 15 15.8
Stage Il 20 21.0
Stage IV 60 63.2
Survival (mo)
From primary diagnosis Median 27.3 (3-150)
(range)
From metastasis Median (range) 21.4 (3-80)

'When applicable; *TNM classification; Ty: Unknown, Nx: Unknown, NA:
Not available.

Laboratories, San Franscisco, CA) at a dilution 1:200
(32 min, 37°C). The dilution of the primary antibody was
based on previous dilution experiments. UltraViewTM
Universal DAB (a biotin-free, Multimer-based detection
system for the specific and sensitive detection of mouse
IgG, mouse IgM, and rabbit IgG primary antibodies)
was used. UltraView DAB includes: ultraView Universal
HRP, ultraView Universal DAB Inhibitor, ultraView
Universal DAB Chromogen, ultraView Universal
DAB H,0,, and ultraView Universal DAB Copper.
Counterstaining with haematoxylin (2021) was done for
4 min, and post-counterstaining with a blueing reagent
(2037) was done for 4 min as well. After staining, the
sections were dehydrated in ethanol, cleared in xylene,
and covered with Mountex and cover slips.

Evaluation of 3-catenin staining

B-catenin staining was evaluated using regular light
microscopy by an observer who was blind to the clinical
data (AB). All membranous, cytoplasmic, and nuclear
staining were evaluated separately. For cell membrane
staining, four categories were used (+++, ++, +, -),
starting from equivalent to normal to entirely negative!.
The cytoplasmic staining was also graded into four
categories: (0) Negative, no detectable staining, (1)
Weak, but still detectable staining, (2) Moderate, clearly
positive but still weak, (3) Heavy staining, intense!'.
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Figure 1 Different immunohistochemical (IHC) staining patterns for B-catenin in colorectal carcinomas. A: In normal colonic epithelium, B-catenin is predominantly
expressed in the cell membrane; B: A medium-powered view of a colonic adenocarcinoma showing membranous and cytoplasmic expression of -catenin; C: This

case shows intense nuclear expression of 3-catenin.

The nuclear staining index (NI) was also graded to into
four categoties (+++, ++, +, -): (0) Negative, only blue
staining seen, (1) Weak, blue staining clearly seen through
brown staining, (2) Moderate, blue scarcely seen through
brown staining, nuclei appear darker than the cytoplasm,
(3) Heavy staining, no blue seen through brown staining,
nuclei appear darker than the cytoplasm. Three staining
indexes were calculated: the membrane index (MI),
cytoplasmic index (CI), and nuclear index (NI). These
indices were calculated with both the intensity of
staining and the fraction of positively-stained cells taken
into account using the following formula:
I=0*f0+1*fl +2*f2+3%*f3

where I is the staining index and f0-f3 are the fractions
of the cells showing a defined level of staining intensity
(from 0 to 3). Theoretically, index scores could vary
between 0 and 3""?, The reproducibility of the evaluation
of the B-catenin staining indices was tested by employing
two observers (AE, AB), and the estimations showed
good correlation and reproducibility (Pearson’s r: MI, CI,
and NI, were 0.77, 0.91, and 0.90, respectively).

Statistical analysis

Statistical analyses were performed using SPSS™ (SPSS,
Inc., Chicago, USA) and STATA (Stata Corp., Texas,
USA) software packages (SPSS for Windows, version
14.0.1 and STATA/SE 9.2). Frequency tables were
analyzed using the Chi-square test, which included the
likelihood ratio (LR) or Fischer's exact test to assess the
significance of the correlation between the categorical
variables. Odds ratios and their 95% confidence
intervals (95% CI) were calculated where appropriate,
using the exact method. Differences in the means of
continuous variables were analyzed using non-parametric
tests (Mann-Whitney or Kruskal-Wallis) for 2- and
K-independent samples, respectively. ANOVA (analysis
of variance) was only used for deriving the mean values
(and their SD) for each individual category. Bivariate
correlation (Spearman tho) and scatterplots were used to
check the correlations between two continuous variables
(M1, CI »s DFS, DSS), controlled by linear regression
analysis (R and R?) for linearity. Univariate survival (life-
table) analysis for the outcome measure (DSS, DFS) was
based on Cox’s method (indices treated as continuous
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variables), and/or using Kaplan-Meier analysis (indices
with Median as cut-off). Multivariate survival analysis
was carried out using Cox’s proportional hazards model
in a backward stepwise manner with the log-likelihood
ratio (L-R) significance test, using the default values
for enter and exclusion criteria. The assumption of
proportional hazards was controlled by log-minus-log
(LML) survival plots. In all tests, the values P < 0.05
were regarded statistically.

RESULTS

[B-catenin expression patterns are illustrated in Figure 1.
The expression pattern of [-catenin was predominantly
membranous and weakly cytoplasmic in normal
colonic epithelium but the pattern was cytoplasmic,
membranous, or nuclear in the tumor tissue. Almost
100% of the cases showed membranous and cytoplasmic
B-catenin expression, with nuclear expression being
observed in 55 (58%) cases. The mean values of the
three B-catenin staining indices (MI, CI, and NI) were
1.14, 1.26, and 0.80, respectively, and the median values
were 1.20, 1.30, and 0.77, respectively.

We analyzed the three -catenin staining indices
in relation to all available clinical variables and tumor
characteristics in univariate analyses. Using the median
cut-off point, there was no correlation between -catenin
expression and most of the clinical variables (age, sex,
stage, and grade). However, B-catenin expression (CI
and NI) was borderline or significantly related (P = 0.06,
P = 0.04, respectively) to the localization of the primary
tumor, with expression being more intense in descending
colon and rectum carcinomas than in lesions of the
ascending and transverse colon.

There was also a marginal relation (P = 0.086)
between NI and response to treatment in that the
patients with a NI below the median had a response
rate (24/48, 50%) better than those with a NI above the
median (16/47, 34.0%). A direct relationship (P = 0.068)
was found between the MI and response to treatment
when the 75th percentile was used; patients with a MI
> 75% had a higher response rate (9/16; 56.3%) than
patients with a MI < 75% (31/79, 39.2%).

In univariate (Kaplan-Meier) survival analysis
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Figure 2 Disease-specific survival predicted by the nuclear index (NI) of
colorectal tumors. The stippled line: nuclear expression positive. The continuous
line: nuclear expression negative. The Kaplan-Meier, log rank test; P = 0.046.
One patient died of another cause and was excluded from analyses.

(calculable for 35 patients with stage II or Il disease)
with the median as the cut-off, only the NI was a
significant predictor of more favorable disease-free
survival (DFS) (P = 0.023). The patients with a NI above
the median had longer DFS (34.2 mo) than those with
a NI below the median (15.5 mo) (P = 0.045, ANOVA).
The other indices were not significant predictors of
DES, and none of the three indices predicted disease-
specific survival (DSS) in univariate analysis (Cox or
Kaplan-Meier).

When the patients were stratified into two groups:
nuclear expression positive (# = 55) and nuclear
expression negative (# = 39), the former was a significant
predictor of more favorable DSS (P = 0.046) (Figure 2)
and DFS (P = 0.041) (Figure 3).

When f3-catenin expression was analyzed jointly
with E-cadherin expression'’
of disease outcome, the combined (E-cadherin and
B-catenin) cytoplasmic index did not provide any
significant prognostic information.

We also reproduced the grading used by Ougolkov
et a/m, resulting in 6/46 cases with nuclear expression
at the invasive front, 20/46 cases with a diffuse nuclear
pattern, and 20/46 tumors with a mixed pattern. When
correlated with the treatment response and disease
outcome, this grading system did not produce any results
with predictive or prognostic value.

as a potential predictor

DISCUSSION

As compared with the sub-cellular distribution of
[B-catenin in normal colonic mucosa, neoplastic cells
demonstrated a distinct shift from a membranous locali-
zation to a more widespread distribution (membranous,
cytoplasmic, and nuclear) in cancer lesions. This is in line

1.0 f-catenin nuclear index

04

Cumulative survival

Negative: n = 13
00 "9

0 20 40 60 80 100 120 140
Disease-free survival (mo)

Figure 3 Disease-free survival predicted by the nuclear index (NI) of colorectal
tumors. The stippled line: nuclear expression positive. The continuous line:
nuclear expression negative. The Kaplan-Meier, log rank test; P = 0.041.

with previous reports describing f-catenin expression
in cancer cells with this type of altered patternll4’]5J. For
example, Wong ez a/'” observed no nuclear B-catenin
accumulation in normal tissues, whereas it was present
in 8% of polyps, 92% of adenomas, and 100% of
carcinomas. In the present series, nuclear expression
or accumulation was observed in 48% of the cancer
samples, which is in line with several other reports”™"’.
Interestingly, in 13% of the cases with nuclear expre-
ssion, B-catenin was expressed by the tumour cells at the
invasion fronts, a figure very similar to the 9% reported
by Ougolkov ez al”.

We did not find significant correlations between the
three B-catenin expression patterns (MI, CI, and NI) and
most of the clinical variables recorded (age, sex, grade,
and stage), except for tumor localization. Accordingly,
[B-catenin expression, both CI and NI, was more intense
in carcinomas of the descending colon and rectum
as compared with lesions localized in the ascending
and transverse colon. Similar observations have been
reported by previous studies!**"
evidence to suggest that molecular mechanisms and
molecular phenotypes differ in carcinomas arising in
the proximal and distal segments of the large bowel".
The involvement of different molecular pathways in
colorectal carcinogenesis is exemplified by the fact that
cancers of “mutator” phenotypes preferentially occur in
the proximal (right side) colon, whereas the adenoma-

carcinoma sequence phenotype is characteristic of
[22,23]

. There is increasing

carcinomas in the distal (left side) colon and rectum
Corresponding differences have also been shown in
association with other potential prognosticators[24].
Interestingly, a marginally significant relation was
observed between the NI and MI and response to
treatment. Accordingly, the patients who did not respond
to treatment had a NI above the median, whereas patients

www.wjgnet.com
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who had a high MI responded better to treatment. The
significance of these observations remains to be elucidated
in a larger study. There is an obvious need to identify
novel molecular targets for cancer therapeutics, and in
this respect, the recent data showing that suppression
of B-catenin can inhibit the neoplastic growth of APC-
mutant colorectal cancer are of interest”,

The correlation between B-catenin expression
pattern and clinical outcome is a controversial subject.
Some studies reported that cytoplasmic rather than
nuclear accumulation of fB-catenin is significantly
related to metastasis-free survival in CRC. The same
was reported regarding the potential prognostic value
of nuclear expression. There ate studies reporting that
positive nuclear expression at the invasive front of the
tumor predicts shorter survival”™'”, However, other
workers failed to find any correlation between nuclear
expression and survival in CRC'""*. In contrast, our data
show that nuclear expression is a significant predictor of
more favorable DSS and DFS (Figures 2 and 3). We also
analyzed our samples using the same system as originally
described by Ougolkov ez a/”. In our study, however,
this special grading system did not confirm the original
observation that nuclear expression at the invasive front
of the tumor predicts a shorter survival,

There are multiple explanations for the inconsistent
and, in part, discrepant results reported in different
studies'®”"""* Such potential confounding factors
might include the size of tissue samples, intrinsic
tumor heterogeneity, lack of standardization in the
evaluation of positive and negative results, and different
immunohistochemical staining and grading methods with
varying degree of sensitivity. In addition, our patients
represent advanced CRC, with the majority of patients
having stage IV disease, as compared with the Ougolkov
study, where the majority of patients had stage II CRC.
Also, the type of treatment may have played a role in the
detected relationships.

Cell-cell adhesion molecules are believed to participate
in the processes of invasion, migration and metastasis” .
In this regard, the E-cadherin and B-catenin complex
plays a critical role in cell-cell adhesion. E-cadherin is a
member of the cadherin family that mediates calcium-
dependent adhesion to ensure the maintenance of a
normal phenotype of epithelial cells*". B-catenin
binds directly to the cytoplasmic domain of E-cadherin
and to the actin microfilament network of the cellular
cytoskeleton. This binding is essential for stable cell-cell
adhesion®"!

It can be reasoned that altered expression of
B-catenin (i.e., the shift from membranous to cytoplas-
mic and nuclear sites) might compromise the integrity
of the E-cadherin/B-catenin complex and result
in weaker cell-cell adhesion in cancer cells. Thus, it
seems feasible to assess whether altered co-expression
patterns of these two markers is of any predictive
value in CRC. For that purpose, we combined both the
membranous and cytoplasmic E-cadherin expression
with membranous and cytoplasmic -catenin expression
to compare normal (MI/MI) and abnormal (CI/CI)
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co-expression, respectively, of these two markers as
previously analysed in CRC". To our disappointment,
however, neither the membranous nor the cytoplasmic
E-cadherin/ B-catenin index (analyzed in two different
modes) provided any useful information as to DFS
or DSS. Thus, no added value can be obtained with
analyzing E-cadherin expression together with [3-catenin
expression as compared to the analysis of the latter alone
(Figures 2 and 3).

Taken together, the present results confirm that
B-catenin expression is markedly altered in the vast
majority of colorectal cancers. This shift from normal
membranous expression to the cytoplasmic (Cl) and
nuclear (NI) patterns seems to bear some association
with the localization of the primary tumour, being
most pronounced in lesions of the descending colon
and rectum. Although the association of CI and NI to
treatment response remains unclear, NI seems to provide
some prognostic value in predicting more favourable
DFS and also DSS, when dichotomized as NI+ /NI-
expression. Many of the issues still remain unanswered,
however, and additional clinical and experimental studies
are needed to fully clucidate the role of B-catenin in
colorectal carcinogenesis and its potential usefulness as
an independent predictor of disease outcome.
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