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Abstract

E-cadherin and its associated cytoplasmic protefrcdiding b-catenin, have been examined as paén-t
oncogenic markers due to the significant corretatietween tumour dedifferentiation and the invasaacity
of epithelial tumours. The purpose of this study waevaluate the expression of E-cadherin anddnicain
canine colorectal cancer using immunohistochematiy to examine the relationship between this ssme
and various clinicopathological variables. The egpion pat-tern of E-cadherin and b-catenin wassiigated in
44 colorectal canine carcinomas. In the intestinatosa of noncancerous areas, epithelial cells asnaded
equally strong membranous expression of E-cadlaednb-catenin localised to the cell-cell junctidReduced
expression of E-cadherin and b-catenin was denadedtm 75% and 81.8% of the colorectal carcinoases,
respectively. The down-regulation of both E-cadhand b-catenin was correlated with decreasedteiiffiation
and increased tumour grade. In addition, the espeof b-catenin was correlated with tumour sitgese
results suggest that dysfunction of the E-cadheatenin complex starts in the early stages of saganesis

and that the disruption of the tissue architecisirogressively associated with the invasion eftthmour.

1. Introduction

Worldwide, intestinal adenocarcinoma is a commadidsmmour in humans, and it is characterised
by a poor prognosis and reduced surviidtEntee and Brenneman, 1999; El-Bahrawy et aD120rhe

prognosis depends upon the potential invasive-pnéske tumour, which is measured by its ability to



invade the basement membrane. The molecular mesinanihrough which the tumour acquires this
invasive potential remain poorly understa@bndi et al., 2006)In domestic animals, including the dog
and cat, pathogenesis seems to be a multistageg®ooeginning as a benign lesion and progressing t
a carcinoma through invasion of the basement meme{raust et al., 2001)Furthermore, the loss of
intercellular adhesions and increased cell motdiggm to promote tumour cell invasi@@yama et al.,
1994). Importantly the epithelial cell tight junctions aratlherens junction complexes serve as a
paracellular barrier in polarised epithelial ceRdnormalities in the adhesion molecules that mgkéhese
junctions have been associated with aggressivegashol-ogical characteristics of malignant tumours
and have been extensively studied as major fadtorsancer progression and metastg¢dmo et al.,
2002; Salon et al., 2004A variety of human cancers exhibit dysregulationEetadherin and b-catenin
expression that can be correlated with a high grade advanced tumour stage. The cadherins are
transmembrane glycoproteins that mediate calciupeddent adhesion between c€ldangbam et al.,
1997; Alattia et al., 1999 hey play an important role in morpho-genesis dyembryonic development
and in maintaining integ-rity in developed tissu€sdherins are cell surface glycoproteins involired
homotypic C&*-dependent cell-cell adhesion. Three cadherinsNE-and P-cadherin, share a common
basic structure and mediate cell-cell binding imoanophilic and subclass-specific manner. E-cadhisrin
expressed in all epithelial cel(&langbam et al., 1997; Alattia et al., 1999; Jlkngt al., 2004).The
cytoplasmic domains of the cadherins are linkedbtocatenin, which con-nects them to the actin
cytoskeleton. Binding to catenins is crucial foc&dherin function, and loss of this interactionueask
cell-cell adhesion even when the binding activityhe extracellu-lar domains of the cadherins ramai
intact(Harrington and Syrigos, 2000; Masszi et al., 2004)

Intestinal carcinoma in dogs has a very poor pregndue to the high incidence of local recurrence,
lymph node metastasis, and peritoneal disseminafible present study was designed to assess the
relationship between E-cadherin or b-catenin exgires and the staging of intestinal

adenocarcinomas in dogs.

2. Materials and methods
2.1. Tissue selection and pathological examination

Paraffin-embedded canine intestinal adenocarcinofmas= 44) from the Veterinary Pathology
Diagnostic Service of Padua and Turin Universityravancluded in this study. These specimens were
obtained from surgical biopsies. In addition, asifpee con-trols, normal intestinal samples wer&aoted
from five dogs, aged 10-48 months, which had beethanised due to neurological problems. The

tumours were classified based on haematoxylin aginestained sections following the diagnostic



criteria of the World Health Organization classifion of tumours in domestic animals. The human
grading system was used to classify the inva-sisermd the tumour: T1 (invading the submucosa), T2
(invading the muscularis propria), T3 (extendingdra the muscularis propria), or T4 (invading theef
surface of adjacent organs).

2.2.  Immunohistochemistry

An immunohistochemical panel was performed to assbanges in the intestinal epithelial cells. The
following canine anti-gen-specific antibodies weised: mouse anti-E-cadherin (clone 36, Transduction
Laboratories, Lexington, USA) and mouse anti-b-cetdclone 14, Transduction Laboratories). For the
immuno-staining, paraffin-embedded intestinal sewi (4 Im) were de-waxed and rehydrated, and
antigen retrieval was performed using microwaveosxpe for 3 min at 600 W (three times) in a citrate
buffer (pH 6.0). When the temperature of the bufeached room temperature, the slides were rinsed i
phosphate-buffered saline (PBS) and incubated 3%tthydrogen peroxide @g&,) in methanol for 15 min
to block endogenous peroxidase activity. The slisesre rinsed in PBS and blocked in PBS
supplemented with 10% bovine serum albumin (BSAn®i-Aldrich, St. Louis, MO, USA) for 20 min.
The sections were then incubated with the primatibady diluted in 10% BSA in PBS for 60 min. The
anti-E-cadherin and anti-b-catenin antibodies wesed at a concen-tration of 3.6 Ig/ml. After two
washings with PBS, the sections were incubated thighsecondary antibody provided in a commercial
kit (Real EnVision Peroxidase Detection System, ®dkr 30 min and then washed twice with PBS. The
reaction was then developed using the DAB solugimvided in the kit. The slides were washed in tap

water and counterstained with haematoxylin and PAS.

2.3. Evaluation of immunohistochemistry

To assess E-cadherin and b-catenin expressionpnagemntitative evaluation of the immunostained
sections was performed according to previously igshd methodéKwak et al., 2007)Normal intestinal
epithelial cells present in normal tissues or agljadto the lesions were used as internal stainomgrols.
The normal intestinal epithelial expression of EHrarin and b-catenin seen in the control tissue was
defined as exclusively membranous. The percenthgermur cells with normal membranous expression
of E-cadherin and b-catenin in each section wassaesl, and the specimens were scored using adnesit
grading system: (0) no staining, (1) 1-20%, (2)5204, (3) 50-80% and (4) >80%. For the scoring ef th
b-catenin expression, the expression was furthedisided into either cytoplasmic or nuclear locatien.
b-Cate-nin expression in tumour cells was consitlarelear positive (+) when more than 10% of tHisce
demonstrated nuclear staining. b-Catenin expressasconsidered cytoplasmic positive (+) when more

than 10% of the tumour cells demonstrated cytoplastaining. For each case examined, the analysis



was performed by counting ten fields (200 x). Temsquantitative evaluation was carried out using a
electronic image analysis system (Adobe Photosh8B)CThe images were digitalised using a video
camera connected to a single microscope and a dempquipped with a frame grabber (Neotech Ltd.,
Eastleigh Hampshire, UK).

2.4. Statistical analysis

Statistical analyses were performed using GraphHR&tht software (GraphPad Software, San Diego, CA,
USA). The correlation be-tween the expression afafherin or b-catenin and the clinicopathological
parameters was evaluated using the chi-squaredrtésther's exact test. To analyse the age digtab,

an unpaired t-test was used. A p value less th@ Was considered statistically significant.

3. Results
3.1.  Clinicopathological characteristics

Based on the histological subtype, the adenocamtéiso were divided as follows: 27 acinar
adenocarcinomas, characterised by variable sizimdrastructures arising from crypts that repladee t
intestinal mucosa; 13 papillary adenocarcinomaaratterised by papillary projections lined by npl#i
layers of anaplastic columnar cells with littleostra; four mucinous adenocarcinomas, mucin-producing
tumours with an acinopapillary pattern; and onenadguamous carcinoma, characterised by squamous
differenti-ation. Of the 44 cases, eight were gthde T2, 18 were graded as T3, and 18 were graxd€d.a
The mean age of the animals was 8.4 + 2.6 yearssthlistically significant correlations between the
histological type of tumours, the grade and the sizthe tumours, and the gender of the animalewer

observed.

3.2. Immunohistochemical results

In normal intestinal mucosa, the expression of &heain and b-catenin was located uniformly at
intercellular borders, and no cytoplasmic or nucieamunoreactivity was observed in normal epithelia
(Figs. 1a an@a).

The expression of E-cadherin in the membrane wesspved in 11 tumour lesions. Four of these (36.4%)
were from male dogs, and seven (63.3%) were framake doggTable1). E-cadherin expression in the
membrane was reduced in the remaining tumours ¥95.08 (54.5%) of these were from male dogs, and
15 (45.4%) were from female dogBig. 1b-d) (Table 1). No statistically significant correlations were
evident either between the E-cadherin expressioel End the gender of the animals or between the hi
tological types of tumours and the expression afaBherin. However, the tumour grade could be

correlated with the expression of E-cadherin (p.&L] with a greater loss of E-cadherin expressmon



grade 4 tumouréTablel). E-cadherin immunoreactivity could also be dateel with age (p < 0.01 ), with

a higher mean age associated with reduced expne@sable 1). The relationship between the number of
cases and the E-cadherin expression scores is shovable 4.

b-Catenin expression in the tumour lesions wasatietieon the cellular membrane, in the cytoplasmd, an
in the nucleus. The expression of b-catenin imtleenbrane was preserved in eight tumours (18.2%@: fi
of these (62.5%) were from male dogs, and thre&{8ywere from female dog$able 2).In 81.8% of the
tumours (36 cases), b-catenin expression in thelmame was reduced: 17 cases (47.2%) were from male
dogs, and 19 (52.8%) were from female d¢fables 2 and 3)No statistically significant correlation
between b-catenin expression and the gender oanimals or the histological types of tumours was
observed, but a correlation between the membrapeeszion of b-catenin and the tumour grade was
evident (p<0.05). As seen ihable 2,a greater reduction in the membrane expressiona#ténin is
evident in the tumours with a higher grade. In casit to the expression of E-cadherin, membrane
b-catenin immunoreactivity did not correlate witjeaThe number of cases associated with the dsifier-
membrane expression scores is reportetaible 4.

In 6.8% of tumours, cytoplasmic expression of kenat was observed, and in 20.5% of the colorectal
carcinomas, nuclear staining was appatérg. 2b-d).No statistically significant correlation betweereth
nuclear and cytoplasmic expression of b-catenin @wedtumour grade or the histological type was
evident.

The expression of E-cadherin was not significantyrelated with tumour size; however, the reduced
expression of b-catenin was statistically assodigpe< 0.01 ) with increased tumour size (>2 cregfsg.
3a,b).



Fig. 1. Expression of E-cadherin. (a) A photomicapip taken under low-power magnification demonssrat
membranous localisation in normal epithelia. Ttss lof E-cadherin expression in epithelial tumolls @e T2

(b), T3 (c), and T4 (d) tumours.

Fig. 2. Expression of b-catenin. (a) A photomiceqr taken under low-power magnification demondrate
membranous localisation in non-neoplastic epith@pThe loss of b-catenin expression in a T3rtolo
carcinoma. (c) Cytoplasmic and nuclear localisatiostattered neoplastic cells. (d) The complets &F

expression in a T4 carcinoma.



4. Discussion

Cadherins are transmembrane proteins with an exittdar domain located in the N-terminal part oé th
molecule and an intracellular domain that is linkedctin filaments via a- and b-cateiiiattia et al.,
1999; Conacci-Sorrell et al., 2003he interactions between cadherins and cytoskebetdeins that are
mediated through catenins confer stability on tled-cell adher-ens junction. During development,
E-cadherin is involved in the control of the epltAemesenchymal conversion in embryogene-sis;
however, during life, it has been implicated in hgdbgical processes including organ fibrosis and
neoplasia(Masszi et al., 2004)Different studiesin vitro andin vivo have shown that alterations in
E-cadherin and b-catenin expression are assocwatadan invasive tumour phenotygklorton et al.,
1993; Richmond et al., 1997; Schandl et al., 20D@greased cell adhesion, in-creased cell mot#ity]

the secretion of proteolytic enzymes by tumourselte all factors that are considered to be highly
indicative of tumour invasion. In particular, thew expression of catenins has been associated with
increased dedifferentiation, invasion, and metasiascarcinomaglakayama et al., 1996; Elangbam et
al., 1997; Harrington and Syrigos, 2000; Masszalet2004),and various studies have demonstrated
that the down-regulation of b-catenin is signifidgrcorrelated with malignant transformati@elorin,
1999; Aust et al.,, 2001)Canine intestinal carcinomas have a very poor pegn Adenomas are
infrequently diagnosed as they result in few chisigns. Surgical resection of adenocarcinomathef
small and large intestine is common. The reportedian survival time is 10 months, with 1- and 2+yea

survival rates of 40.5% and 33.1%, demonstratirgatgressive behaviour of this neoplasia.

In this study, 75.0% of colorectal adenocarcinom@sonstrated reduced expression of E-cadherin, and
81.8% exhibited reduced expression of b-catenine Téduction in the membrane expression of
E-cadherin and b-catenin was greatest in tumoutk wansmural invasion (p < 0.005) compared to
tumours with invasion that was limited to the sulmmsa and muscular layer. In a previous study in the
dog, the expression of cadherins and catenins wiysewaluated based on staining intensity, andata d
correlating modification of the staining sites wihered tumour invasiveness were presefiiécEntee
and Brenneman, 1999)n the current study, both cytoplasmic staining8#) and nuclear staining
(20.5%) for b-catenin were observed, although misically significant associations with the ctal
data were found. Recent studies have reportediticatenin interacts directly with the cytoplasmic
domain of E-cadherin, thereby medi-ating the intdoa with the actin filament network, and that the
nuclear translocation of b-catenin disrupts thernaction between E-cadherin and a-catéBiyama et al.,
1994; Hao et al., 1997; Wong et al., 2004)normal epithelial cells, b-catenin is regulabgdthe upstream
regulators in the Wnt signalling cascadetsu and McCormick, 1999utations in the b-cateni®PC,

and AXIN1 genes, or other genes in the Wnt pathway, canteachnslocation of b-catenin into the

nucleus. Although b-catenin signalling appeagdady an important role in colorectal carcinoges)dke



contribution of the nuclear translocation of b-o@teto tumour progression is not known. A recentgthas
suggested that the nuclear translocation of b-raterght be involved in the devel-opment of intratosal and
invasive colon cancer, but not adeno-ifvéleng et al., 2003}-However, in dogs, this mechanism is still uncléar.
our work, tumours from nine dogs demonstrated andbecatenin localisation. Even though these datanat
statisti-cally correlated with the clinical dathey should be taken into consideration for progoastidies with
follow-up and future studies examining benign naspt lesions. The decreased expression of the
cadherin-catenin complex in this experiment is ocothant with results obtained in previous studiesn@ring
human cancers, suggesting that the dysfunctidmedEtcadherin-catenin complex in dogs occurs bt giaige of
carcinogenesis and that it is correlated with tlog@ssion of the tumoyPark et al., 2007)t has been shown
that the variations in the behaviour of malignamaurs are related to their degree of dif-fereptiaias defined
using morphologic criteria and the size of the tursoln dogs, poorly differentiated intestinal @aoenas, which
invade and metastasize most rapidly, are assoeiatie@ poor prognosiKitagawa et al., 1999).

In summary, the present study shows that concontitann-regulation of E-cadherin and b-catenin esgpom
occurs in malignant neoplastic lesions of the emtal tract in dogs and that this expression isifsgntly
associated with the tumour grade and tumour ineasss. These findings suggest that dysfunctiormeof t
E-cadherin-catenin complex starts at an early stdgearcino-genesis and that the disruption of ttksue
architecture is pro-gressively associated withrtliasion of the tumour. Blocking E-cadherin dowgedation in
tumours is a goal of gene therapy, and dogs magsept a potentially important animal model in \uhic
investigate new therapeutic approaches. Dogs naigbt represent an interesting model to study octialre

carcinoma due the similar clinical behaviour oftilnm@our compared to humans.



Tablel

Relationship between clinicopathological parameters expression of E-cadherin.

Number of  Number of
cases with  cases with
preserved reduced E-
E-cadherin  cadherin
expression’  expression”

Genider
Male 4(364%) 18 (54.6%)
Female 7 (63.6%) 15 (45.4%)
Histological type of tumour
Acinar 7 (63.6%) 20 (60.6%)
Papillary 3(27.3%) 9 (27.3%)
Mucinous 1(9.1%) 3 (9.1%)
Adeonosquamous 0 1(3.0%)
Tumour size
<2cm 8(72.7%) 16 (48.5%)
=2cm 3(27.3%) 17 (51.5%)
Turnour grade™™”
T2 8(72.7%) O
T3 3(27.3%) 15 (45.5%)
T4 0 18 (54.5%)

“Preserved” indicates more than 50% staining, while “reduced” indicates from 0% to
50% staining.

" Percentage of cases with preserved E-cadherin expression.

** Percentage of cases with reduced E-cadherin expression.

o p<ool.

Table?2

Relationship between clinicopathological parametars expression of b-catenin.

Number of  Number of
cases with  cases with
preserved reduced -
B-catenin catenin
expression’  expression’

Gender
Male 5 (62.5%) 17 (47.2%)
Female 3(37.5%) 19 (52.8%)
Histolagical type of tumour
Acinar 4 (50.0%) 23 (639%)
Papillary 4 (50.0%) 8(222%)
Mucinous 0 4{11.1%)
Adeonosquamous 0 1({2.8%)
Tumour size
<2cm 7 (87.5%) 17 (472%)
>2cm 1(12.5%) 19 (52.8%)

Tumour grade™™
i) 4(500%)  4(111%)
b 1(125%) 17 (472%)
T4 3(37.5%) 15 (41.7%)

“Preserved” indicates more than 50% staining, while “reduced” indicates from 0% to
50% staining.

° Percentage of cases with preserved fi-catenin expression.

™" Percentage of cases with reduced p-catenin expression.

 p<0.05.



Table3

The expression and localisation of E-cadherin aicdtienin.

Localisation Expression Mumber of cases
E-Cadherin

Membrane Preserved 11 (25.0%)

Membrane Reduced 33 (75.5%)
fi-Carenin

Membrane Preserved B{18 2%)

Membrane Reduced 36 (B1.B)

Cytoplasmic (1) 3 (6.B%)

Cytoplasmic o) 41 (93.2%)

Muc lear (1) 9 {20.5%)

Muclear oy 35 (79.5%)

{0}, no staining; (1), 1-20% staining; {2}, 20-50% staining: (3 ), 50-80% staining and

(4}, >B0O% staining.

“Preserved” indicates more than 0% staining, while “reduced” indicates from 07 to

5% staining.

Table4

The membrane expression of E-cadherin and b-catsures.

Scores of Number of cases with Number of cases with
membrange membrane E-cadherin membrane f-catenin
expression EXpression EXPression

(o) 5(11.4%) 10 (22.7%)

(1 16 (36.4%) 18 (40.9%)

(2) 12 (27.3%) B (1B.2%)

(3) 0 (20.4%) B (1B.2%)

(4) 2 (4.5%) 0 (0.0%)

(0}, no staining; (1), 1-20% staining; {2}, 20-50% staining; (3 ), 30-80% staining and

(4}, =B0X staining.



Fig. 3. (a) Retained membrane expression of E-cadimeepithelial tumour cells in a T3 tumour. (Wyuclear
and cytoplasmic expression of b-catenin in a T8wamea T3.
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