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Nuclear translocation of beta-catenin in colorectal
cancer
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Summary Post-translational stabilization of beta-catenin through mutation of the adenomatous polyposis coli (APC) gene has been
proposed as an early step in colorectal carcinogenesis. Beta-catenin may translocate from the cytoplasm to the nucleus, where it might serve
as a transcriptional factor to stimulate tumour formation. We investigated intracellular localization of beta-catenin in sporadic colorectal
adenomas and cancers as well as familial adenomatous polyposis (FAP). Nuclear over-expression of beta-catenin was observed in 35%
(7/20) of intramucosal cancers and 42% (23/55) of invasive cancers but was not seen in any adenomas from sporadic or FAP cases.
Cytoplasmic beta-catenin in adenomas was significantly higher than that of normal mucosa in both sporadic and FAP cases. The cytoplasmic
intensity index of cancers was significantly higher than that of sporadic adenomas, but the index was not correlated with nuclear expression
in cancers. These findings suggest that nuclear translocation of beta-catenin is involved in development of intramucosal cancer rather than
adenoma, independent of APC mutations. Cytoplasmic accumulation of beta-catenin may occur in adenomas, but it remains to be determined
whether this is a cause or a consequence of colorectal cancer. © 2000 Cancer Research Campaign
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The adenoma-carcinoma sequence of colorectal tumorigenes{j§aATERIALS AND METHODS
requires accumulation of genetic alterations. Inactivation of the

adenomatous polyposis coli (APC) suppressor gene is the fir§pecimen preparation

event in this sequence, which results in colorectal adenoma forma- . . .
tion (Vogelstein et al, 1988). Recently, it has been reported th esions ( = 85) were res_ected (_endoscopl_carhy=(53) or surgr-
APC mutations are associated with an accumulation of intraceﬁally (n= 22) from 75 patients with sporadic colorectal adenomas

lular beta-catenin protein, which leads to loss of control of norma‘?lnd cancers. Tubular adenomas £9), intramucosal cancers .
12) and invasive cancens £ 44) were evaluated. We also studied

beta-catenin signalling (Munemitsu et al, 1995). Thus, beta: bular ad 63) int | 8)and i
catenin may promote colorectal adenoma formation resulting frorﬂil ular adenomas & 63), Intramucosa cancens¥ 8) and inva-
the APC mutation. The beta-catenin protein is involved in two> Ve ca_ncersr(= 11) obtalned_surglcally from 12 patients with .
major functions: cell adhesion and mediation of the Wingless/WnF’_A;E' St'x of theThlZ 7';AP patients hadmellc_ieg;matogs ptollyp05|s
signal transduction pathway (Behrens et al, 1996; Barth et af 10Ut cancer. ihe 7> cancers were w =(62), moderately-

1997). Signal transduction of beta-catenin involves post-transl n = .11) and pch.orI)(;-fjlffleor;n]Elated?(: 2) d adel? o&::rglpomas.ﬁ.
tional stabilization and its passage into the nucleus, where it inte§pe0|mens were fixed in o formaline and embedaded in paraffin.

acts with transcription factors of the T-cell factor or lymphoid Serial sections were prepared for haematoxylin and eosin (H&E)

enhancer factor (LEF) family to activate target genes regulatinét"’"mng and immunostaining.
cell proliferation and apoptosis (Korinek et al, 1997; Morin et al,
1997). Therefore, the specific localization of beta-catenin maymmunohistochemisty

influence its oncogenic activity. Beta-catenin has been reported in S .
'I{Ee streptavidin-biotin immunoperoxidase method was employed

the nuclei and cytoplasm of adenomas and cancers from patier} ; aini f bet teni tein. D ffinized and
with familial adenomatous polyposis (FAP) but not in sporadic or Immunostaining of beta-catenin protein. Leparaflinized anc
hydrated sections were heated in a microwave oven in

cancers (Inomata et al, 1996). Another study showed nucle g L . . :
localization with increased expression in most sporadic adenom 01 mol I sodium gltrate bu_ff(_er (pH 6.'5) _fo_r seven 3-min pycleg.
ndogenous peroxidase activity was inhibited by incubation with

(Valizadeh et al, 1997). To determine if intracellular localization of 3% hvd o . hanol for 20 min. After blocki
beta-catenin might be involved in carcinogenesis, we investigatett> "’ yarogen peroxidase |n.met a:)no or <9 min. AAer blocking
beta-catenin localization in sporadic colorectal adenomas an@qy.nonspecm'c reactions W'th 1.0/° normallrabblt. serum, the
cancers and in patients with FAP., sections were mcubategl with anti-beta-catenin antlbc_)dy (2:250,
Transduction Labs, Lexington, KY, USA) for 1 h. Sections were
then incubated with biotinylated rabbit anti-mouse immunoglob-

ulin for 30 min followed by exposure to streptavidin—peroxidase
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Revised 2 November 1999 30 min. Colour was then developed with diaminobenzidine solu-
Accepted 20 December 1999 tion. Sections were then lightly counterstained with haematoxylin
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Evaluation of beta-catenin immunostaining

Nuclear staining of positive cells was defined as intense brow
colour in the nucleus. The pattern of nuclear immunostaining we
classed as follows (Figure 1): negative or scattered group, no
very few scattered positive cells without any clusters; focal groug
positive cells clustered in focal areas; diffuse, over-expresse
group, positive cells distributed diffusely, homogeneously ol
heterogeneously.

For evaluation of immunostaining intensity in the cytoplasm
microscopic images of immunostained sections were measured i
optical density using an image analysis system (SP-500, Olympt
Tokyo, Japan). In each section, the areas selected were equival
to a 100x total magnification lens field. Cytoplasmic intensity of
tumours (T) was analysed by randomly processing 100 tumol
cells per section at a magnification of 400As an internal control
for each section, normal cytoplasmic intensity (N) was measured
100 normal mucosa cells near the mucosal surface; immun
reactivity of mucosal cells increases gradually from the base of tt
crypts to the luminal surface (Inomata et al, 1996). We defined tt
cytoplasmic intensity index as follows: {N)/mean N of each
group.

Staining intensity of the cell membrane was compared witl
normal mucosa cells as an internal positive control; these we
divided into two groups. Tumour cells found to be homogeneousl
positive were described as a preserved type, while cases with we
staining were described as a reduced type.

We correlated subcellular immunoreactivity with histopatho-
logical findings, size of adenoma and invasion of cancer. Th

Figure 1 Three patterns of nuclear immunostaining of beta-catenin. (A) Negative/scattered group, few (or no) nuclear-positive cells scattered without clusters;
bar = 100 um. (B) Focal group, nuclear-positive cells clustered in focal areas; bar = 100 um. (C) Diffuse, over-expressed group, nuclear-positive cells distributed

diffusely, homogeneously or heterogeneously; bar = 50 pm
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Table 1 Relationship between nuclear expression of beta-catenin and the
histopathology of colorectal adenomas and cancers

Histopathology Negative/scattered Focal Diffuse

Sporadic adenoma

<5mm 13 (100)? 0 (0) 0(0)
= >5mm 14 (88) 2 (13) 0(0)
Sporadic cancer
5 Intramucosal 5 (42) 3(25) 4(33)
. Invasive 24 (55) 3(7) 17 (39)
FAP adenoma
<5mm 43 (100) 0 (0) 0(0)
=25mm 20 (100) 0(0) 0(0)
A FAP cancer
R . ’ e Intramucosal 1(13) 4 (50) 3(38)
Figure 2 Immunohistochemical staining of beta-catenin in a tubular Invasive 3(27) 2 (18) 6 (55)

adenoma (1 mm) from a patient with familial adenomatous polyposis. Cell
membrane immunostaining is preserved without expression in the nucleus;
bar =100 pm aNumbers in parentheses are percentages. Negative/scattered, no or few
scattered positive cells; Focal, positive cells clustered in focal areas; Diffuse,
positive cells distributed diffusely. FAP, familial adenomatous polyposis.
cytoplasmic intensity of the adenoma or cancer was compared

normal mucosa using a pairédest. The cytoplasmic intensity
index was compared using the nonparametric Mann—WHitrtet
and the Kruskal-Wallis test. The association of nuclear expression

with cell membrane expression was examined by yhdest. DISCUSSION
Probability values smaller than 0.05 were considered statisticall
significant.

Yn this study, nuclear over-expression of beta-catenin was observec
in 35% (7/20) of intramucosal cancers and 42% (23/55) of
invasive cancers but was not observed in adenomas from either
sporadic or FAP cases. The frequency of invasive cancers with
nuclear over-expression was higher than the 20% (32/154) value
of a previous report (Ginther et al, 1998). We observed that most
Nuclear immunoreactivity and the histopathology of colorectalcancers which were accompanied by adenomas showed nuclea
tumours are presented in Table 1. Diffuse positivity was nobver-expression of beta-catenin in the cancer area, but this was no
detected in any adenomas from sporadic or FAP (Figure 2) caseseen in the adenoma component. Although we did not examine
There was no correlation between nuclear expression and hista6PC mutation, inherited mutations of APC cause FAP, and
logical differentiation of cancers. The nuclear positivity of 30 acquired APC mutations are present in approximately 80% of
tumours in which cancerous and adenomatous areas were aporadic colorectal adenomas and cancers (Miyoshi et al, 1992;
existing is shown in Table 2. Nine cancers with simultaneougen et al, 1994). Thus, our findings suggest that nuclear transloca-
adenomas showed diffuse immunostaining in cancer areation of beta-catenin is involved in the initiation of intramucosal
However, eight of the nine tumours did not show diffuse nucleacancers rather than adenomas, independent of APC mutations. Th
staining in adenoma components (Figure 3). discrepancy with a previous study (Valizadeh et al, 1997) which
showed intense nuclear staining in adenomas may be explained by
different evaluations of immunostaining. Valizadeh et al (1997)
did not examine the frequency or distribution of nuclear-positive
Cytoplasmic staining intensity was significanty< 0.001) higher  cells. We distinguished the over-expressed staining pattern with
in adenomas (112215.7, meart s.d.) and cancers (116:21.8.8) positive cells distributed diffusely and frequently from the pattern
than in normal mucosa (96% 12.3), in both sporadic and FAP of a few scattered positive cells or clustered positive cells in focal
cases. The cytoplasmic staining intensity index and histopathologyreas. We consider the over-expressed pattern significant for
are presented in Figure 4. The cytoplasmic intensity index ofumour formation. Another possible explanation for this discrep-
invasive cancers was significantly higher than that of adenomas #ncy is different histological criteria for intramucosal cancers
both sporadic and FAP cases. There was no correlation betweesarsus adenomas with severe to moderate dysplasia (Schlempe
cytoplasmic intensity index and nuclear positivity in either sporadicet al, 1998). Our results do not agree with the findings of Inomata
or FAP cancers. et al (1996), who found that beta-catenin was localized predomi-
nantly to the nucleus of adenomas in FAP patients. Although they
used a different fixation method, this discrepancy cannot be
explained by specimen fixation in light of our results in cancers
All adenomas from both sporadic and FAP cases showed th&ccompanied by adenomas. Inomata et al (1996) did not describe
preserved type of cell membrane immunostaining. The reducetthe number or size of the adenomas showing nuclear accumula-
type was significantlyR < 0.02) associated with nuclear expres- tion. We did not find over-expressed staining in any lesions of 43
sion in cancers from both sporadic and FAP cases (Table 3). TheFdP adenomas which were smaller than 5 mm (Figure 2). We
was no correlation between cell membrane immunostaininguggest that nuclear accumulation may not be observed in early-
pattern and cytoplasmic intensity index. stage adenomas in FAP patients.

RESULTS

Nuclear expression of beta-catenin

Cytoplasmic expression of beta-catenin

Cell membrane expression of beta-catenin
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Table 2 Nuclear expression of beta-catenin in colorectal cancers
accompanied by adenomas

Table 3 Relationship between cell membrane and nuclear expression of
beta-catenin in colorectal cancers

Adenoma area

Nuclear expression

Cancer area Negative/scattered Focal Diffuse Cell membrane expression Negative/scattered Focal Diffuse
Negative/scattered 13 (100)2 0 (0) 0 (0) Preserved 27 (61)2 6 (14) 11 (25)
Focal 4 (50) 4 (50) 0 (0) Reduced 6 (19) 6 (19) 19 (61)
Diffuse 7 (78) 1(11) 1(11)

aNumbers in parentheses are percentages. Negative/scattered, no or few

aNumbers in parentheses are percentages. Negative/scattered, no or few
scattered positive cells; Focal, positive cells clustered in focal areas; Diffuse,

positive cells distributed diffusely. Cell membrane expression was
significantly associated with nuclear expression (P < 0.02 by x? test).

scattered positive cells; Focal, positive cells clustered in focal areas; Diffuse,
positive cells distributed diffusely.

>

P =0.0009

2 P=0.04
y 30} { |

20

10

Cytoplasmic intensity index (%)

Figure 3  Immunohistochemical staining of beta-catenin in a sporadic cancer 0
accompanied by an adenoma (15 mm). There is diffuse nuclear staining in the

cancer (C), but few positive cells in the adenoma (A); bar = 50 um

Invasive
cancer

Intramucosal
cancer

Adenoma
(=5 mm)

Adenoma
(<5 mm)

P<0.03

P<0.05
30 | |

To investigate the cause of nuclear translocation of beta-caten
we performed polymerase chain reaction (PCR)-single-strar
conformational polymorphism (SSCP) and DNA sequence
analysis for a mutation in exon 3 of the beta-catenin gen
(CTNNBL1), using 18 specimens of cancers with nuclear ovel
expression. It has been reported that mutations of CTNNBL1 c
increase free cytoplasmic beta-catenin (Morin et al, 1997). In onl
one of the 18 specimens, however, was a beta-catenin gene mt
tion found (serine site, data not shown). This result is compatibl
with previous reports that mutations in CTNNB1 are uncommol
in colorectal cancers (Kitaeva et al, 1997; Gunther et al, 199
Iwao et al, 1998; Miiller et al, 1998; Samowitz et al, 1999)
Recently, in contrast to the Wnt signal transduction pathway,
activated integrin-linked kinase (ILK) has been shown to inducFigure 4  The relationship between cytoplasmic intensity index of beta-
translocation of beta-catenin from the plasma_membrane E2ien" 2 he hitopeiiologyof coloect scenomas nd carcers from
the nucleus, as well as induce the formation of the LEF-1/betiand bars represent the mean and standard deviation. For statistical analysis,
catenin complex without an increase in the free pool of cytosolithe Mann-Whitney and Kruskal-Wallis tests were used
beta-catenin (Novak et al, 1998). This evidence agrees with our
finding that nuclear positivity is significantly associated with the
reduced type of cell membrane staining in cancers. Further investiarget genes (Korinek et al 1997; Morin et al, 1997). Therefore, it
gations are needed to reveal the mechanisms underlying nucldgardikely that cytoplasmic accumulation of beta-catenin starts at the
translocation of beta-catenin. adenoma stage, but it is unknown whether cytoplasmic accumula-

Cytoplasmic staining intensity was significantly higher in tion is a cause or a result of the progression from adenoma to
adenomas than in normal mucosa, irrespective of adenoma sizeancer.

Although cytoplasmic beta-catenin was frequently expressed at Inactivation of APC has been proposed as an initial step in
high levels in invasive cancers, it was not correlated with nucleasdenoma formation. Our findings in adenomas of FAP patients
expression of beta-catenin. Stabilized beta-catenin should passggest that APC inactivation is not sufficient to promote beta-
into the nucleus to interact with transcription factors and activateatenin nuclear accumulation. It has been reported that the APC

20}

10f

Cytoplasmic intensity index (%)

Intramucosal
cancer

Invasive
cancer

Adenoma
(=5 mm)

Adenoma
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gene regulates the cytoskeleton and promotes cell migratiofen J, Powell SM, Papadopoulos N, Smith KJ, Hamilton SR, Vogelstein B and

(Néthke et al, 1996). Loss of these APC functions might be Kinzler KW (1994) Molecular determinants of dysplasia in colorectal lesions.
involved in adenoma formation. P53 mutations are known to occ Cancer Resa: 5523-5526
Invo . . . L{{itaeva MN, Grogan L, Williams JP, Dimond E, Nakahara K, Hausner P, DeNobile
at an early stage of carcinoma development (Vogelstein et al, jw, soballe PW and Kirsch IR (1997) Mutationginatenin are uncommon in
1988), similar to nuclear localization of beta-catenin. However, we  colorectal cancer occurring in occasional replication error-positive tumors.
did not observe any correlation with p53 expression (data not Cancer Re§7: 4478-4481

Korinek V, Barker N, Morin PJ, van Wichen D, de Weger R, Kinzler KW, Vogelstein
shown). R - o .

. . - B and Clevers H (1997) Constitutive transcriptional activation Bycatenin-
In summary, we investigated the status Of_ beta-catenin n the ¢t complex in APG-/— colon carcinomaScience275 17841787

development of colorectal tumours. We confirmed that localizamiyoshi Y, Nagase H, Ando H, Horii A, Ichii S, Nakatsuru S, Aoki T, Miki Y, Mori
tion of beta-catenin, especially translocation to the nucleus, may T and Nakamura Y (1992) Somatic mutations of the APC gene in colorectal

be associated with progression through the adenoma-—carcinoma tumors: mutation cluster region in the APC gdriem Mol Genet.: 229-233
sequence Morin PJ, Sparks AB, Korinek V, Barker N, Clevers H, Vogelstein B and Kinzler

KW (1997) Activation ofB-catenin-Tcf signaling in colon cancer by mutations
in B-catenin or APCScience75 1787-1790
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