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Background : -Catenin has dual functions: adhesive molucule and transcriptional activator.
Subcellular accumulation of -catenin and subsequent formation of -catenin-Tcf/Lef-1 com-
plexes, as well as c-myc and cyclin D1 genes which were recently defined as target genes of

-catenin- Tcf/Lef-1, has been shown to be important in the development of colorectal and
breast carcinomas. The author investigated the rate of subcellular accumulation of -catenin
and overexpression of c-myc and cyclin D1, and also investigated the association between
them in the pulmonary adenocarcinomas. Methods : Fifty-one surgically resected primary
adenocarcinomas of the lung, including 11 bronchioloalveolar carcinomas, were investigated
by immunohistochemical analysis with monoclonal antibodies specific for -catenin, c-myc
and cyclin D1. Clinico-pathological information were collected from the patient charts and sur-
gical pathology reports. Results : Accumulation of -catenin in the nucleus and/or cytoplasm
and overexpression of c-myc and cyclin D1 were observed to be 20%, 37%, 16%, respective-
ly. Ten cases showing accumulated patterns of -catenin revealed alternative overexpres-
sions of c-myc (7 cases) and cyclin D1 (3 cases). In nonmucinous tumors, 9 cases showing
overexpression of c-myc or cyclin D1 revealed accumulations of -catenin. The accumula-
tion of -catenin was not statistically related to clinico-pathological parameters. The associa-
tion between c-myc overexpression and histological subtype of tumors was observed. Con-
clusions : It is suggested that the accumulation of -catenin is closely associated with tumori-
genesis in a minor subset (20%) of peripheral adenocarcinomas of the lung. It is also suggest-
ed that transactivation of -catenin may closely be associated with the overexpression of c-
myc or cyclin D1 in the nonmucinous adenocarcinoma.
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Expression of  -Catenin, c-Myc, and Cyclin D1 in Pulmonary

Adenocarcinomas

-Catenin, 95-kDa protein, is a submembranous component
of adherens junctions linking the actin cytoskeleton to members
of the cadherin family of transmembrane cell-cell adhesion recep-
tors.1 In the absence of a Wnt signal, -catenin is phosphory-
lated by the serine/threonine kinase glycogen synthase kinase-
3 (GSK-3 ). This phosphorylation event occurs as a part of
a multiprotein complex which includes GSK-3 , adenomatous
polyposis coli (APC), axin, protein phosphatase 2A (PP2A) and

-catenin.2 The phosphorylation is followed by degradation of
-catenin through the ubiquitin-proteasome pathway.3

Recently, -catenin has been shown to function as a down-
stream transcriptional activator of the Wnt signaling pathway.
Deregulation of -catenin results in the accumulation of unp-
hosphorylated -catenin with subcellular localization, includ-
ing translocation into the nucleus, where it can form a complex
with transcriptional factors of the T cell transcription factor (Tcf)

or the lymphoid enhancing factor (Lef)-1 family and regulate
expression of the specific genes.4,5 Several mechanisms have been
reported to cause the deregulation of -catenin, which includes
the deletion of the APC gene, mutation of -catenin, and acti-
vation of the Wnt pathway.6

An elevated -catenin level in colon cancer and other types
of cancers is related to confer uncontrolled activation of gene
transcription by the -catenin-Tcf/Lef-1 complex that may con-
tribute to tumor progression.1,7 In colorectal cancers and breast
cancers, target genes of -catenin-Tcf/Lef-1 were recently repor-
ted, such as c-myc,8 cyclin D1,9,10 and the matrix metalloprote-
inase matrilysin.11

c-Myc is a proto-oncogene belonging to a family of genes im-
plicated in the control of normal cell proliferation and the ind-
uction of neoplasia as well as the induction of apoptosis, and is
amplified and overexpressed in some human cancers including
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the non-small cell carcinoma (NSCLC).12 In lung cancers, an
overexpression of c-myc transcript was noted in a subset of pul-
monary adenocarcinoma (39%), while only a minor portion of
NSCLC (6%) displayed simultaneous amplification of the c-myc
gene and an overexpression of c-myc transcript.12

Cyclin D1 is a major regulator of the progression of cells into
the proliferative stage of the cell cycle. Cyclin D1 protooncogene
(CCND1) is localized on chromosome 11q13. It is overexpressed
in the breast, head-and-neck, esophageal, hepatocellular, urinary
bladder, and lung carcinomas as a consequence of gene amplifi-
cation or chromosomal rearrangements.13,14 In colonic adenocar-
cinomas and breast cancer, however, cyclin D1 is overexpressed
through the up-regulation of gene transcription by the activa-
tion of the -catenin-Tcf/Lef-1 pathway.9,10,15 Cyclin D1 over-
expression has been found in about 40-50% of primary pulmo-
nary adenocarcinomas, while CCND1 amplification was found
in only 18% of primary pulmonary adenocarcinomas.13,16,17

The oncogenic property of -catenin is a well-known char-
acteristic of colorectal cancer and breast cancer, but little is kn-
own about the association of subcellular localization of -cate-
nin and tumorigenesis of the pulmonary adenocarcinomas. Al-
though overexpression of c-myc and cyclin D1 has been noted
in pulmonary adenocarcinomas, the discrepancy between the
gene abnormalities of these oncogenes and the rate of overex-
pression has not been explained. Correlation between the sub-
cellular localization of -catenin and the overexpression of c-
myc and cyclin D has not been reported in pulmonary adeno-
carcinoma, in contrast to that of colorectal cancer and breast
cancer.

The aim of this study is to elucidate the possibility that trans-
activation of -catenin might be associated with the tumorige-
nesis of peripheral adenocarcinomas of the lung by investigating
1) the rate of subcellular localization of -catenin and overex-
pression of c-myc and cyclin D1 in these tumor tissues, and their
relationship with clinicopathological characteristics, 2) the cor-
relation between subcellular localization of -catenin and over-
expression of c-myc or cyclin D1 in the primary pulmonary ade-
nocarcinoma, using immunohistochemical (IHC) analysis.

MATERIALS AND METHODS

Materials

From the surgical pathology archival files of the Department
of Pathology at Kosin Medical College dated between 1991 to

1999, fifty-one peripheral adenocarcinomas of the lung, includ-
ing bronchioloalveolar adenocarcinomas (BACs), were selected.
Two pathologists reviewed HE slides to verify the diagnosis based
on World Health Organization (WHO) criteria,18 and to sub-
classify the tumors as mucinous BAC (type 1), non-mucinous
BAC (type 2), “conventional”peripheral pulmonary adenocar-
cinoma (PPA)  with BAC type 1-like foci (PPA1), and “conven-
tional”PPA with BAC type 2-like foci (PPA2) (Fig. 1). Each
patient’s age and sex, tumor stage, tumor size, and tumor loca-
tion were obtained by reviewing the patient charts and surgical
pathological reports. Postoperative pathological staging was
determined according to the guidelines of the American Joint
Committee on Cancer.19

Methods

Immunohistochemical staining

One paraffin block per each case was selected for immuno-
histochemical analysis. The blocks contained tumor areas, mea-
suring about 10×20 mm or more, and adjacent non-neoplastic
lung parenchyme and/or pleural tissue.

Immunohistochemical staining was performed using mono-
clonal mouse anti-(human Ig) antibodies directed against -
catenin (Zymed, San Francisco, U.S.A.), cyclin D1 (Santa Cruz
Biotechnology, Santa Cruz, U.S.A.), and c-myc (Santa Cruz Bio-
technology, Santa Cruz, U.S.A.). Dilutions were 1:30 for -
catenin and cyclin D1, and 1:40 for c-myc: 4 m sections of
routine formalin-fixed, paraffin-embedded tissues were mount-
ed on 2% 3-aminopropyletoxysilane-treated glass slides (Pro-
beOn Plus Microscope Slides, Fisher Scientific, Pittsburgh,
U.S.A.), air dried overnight in a 60℃ dry-oven, deparaffinized
twice in xylene for 3 min each, rehydrated in a descending
ethanol series (in 100% ethanol twice for 3 min each, and in
95% ethanol twice for 3 min each, and rinsed thoroughly in
distilled water for 10 min. The slides were placed in a plastic
jar filled with a 10 mM sodium citrate buffer at pH 6.0 and
then treated by being boiled in a microwave oven three times
for a total of 10 min. After gradual cooling to room temperature
and being rinsed thoroughly in distilled water for 10 min, the
slides were treated with 3% hydrogen peroxide in distilled
water for 6 min to block endogenous peroxidase activity and
washed with distilled water and placed in a Tris buffer (×10
Immunoassay buffer, Biomeda, Foster, U.S.A.) for 10 min.
After incubation in goat serum (LSAB Kit, DAKO, Carpinte-
ria, U.S.A.) for 20 min at room temperature, they were placed
in a monoclonal -catenin antibody for at room temperature
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for 100 min. After being wa-shed twice with a Tris buffer for
5 min, they were incubated in biotinylated goat anti-mouse/
rabbit Ig (LSAB Kit, DAKO, Car-pinteria, U.S.A.) for 35 min,
subsequently wa-shed twice with a Tris buffer for 5 min, incu-
bated in a solution of streptavidin-biotin complex (LSAB Kit,
DAKO, Carpinteria, U.S.A.) for 35 min at room temperature,
rewashed in the Tris buffer and placed in 3-amino-9-ethylcar-

bazole (AEC, DAKO company, Carpinteria, U.S.A.) for 4 min,
counterstained with Mayer’s haematoxylin, washed in water,
cleared, dehydrated and mounted.

For cyclin D1, the incubation times were 40 min for the pri-
mary antibody and 15 min for the secondary antibody and the
linking agent.  For c-myc, incubation times were 50 min for the
primary antibody and 18 min for the secondary antibody and

Fig. 1. Representative histologic appearance of peripheral adenocarcinomas of the lung. Mucinous (A) and nonmucinous (B) bronchi-
oloalveolar carcinomas (BACs) show the typical alveolar pattern of tumor cell proliferation. Type 1 (PPA1) and type 2 (PPA2) of peripheral
pulmonary adenocarcinoma show acinar and papillary pattern or clusters of tumor cell proliferation with BAC type 1-like or BAC type 2-
like foci, respectively (C, D).

A B

C D
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the linking agent. Other steps were the same as those in -ca-
tenin immunostaining.

For each batch of IHC, positive and negative control specimens
were also incubated and reviewed along with the test slides. Non-
neoplastic pneumocytes or respiratory bronchiolar epithelium
were used as the internal control for -catenin, and sections
from two colonic adenocarcinomas showing positive immunos-
taining were used as the positive control for cyclin D1 and c-myc.
Negative controls were run without the primary antibody in
order to monitor background staining.

Interpretation of immunohistochemical staining

-Catenin expression was divided into two groups according
to their immunostaining patterns: 1) membranous pattern seen
in non-neoplastic pneumocytes or respiratory bronchiolar epithe-
lium, and 2) accumulated pattern showing nuclear and /or cyto-
plasmic staining with or without membranous staining.15,21

For c-myc and cyclin D1, nuclear immunostaining was exa-
mined. Staining intensity was graded as no staining (value 0),
weak staining (value 1), moderate staining (value 2), or strong
staining (value 3). No staining and weak staining were classified
as negative, and moderate staining and strong staining were clas-
sified as positive. Among cases positive in staining intensity, the
percentage of tumor cells with nuclear staining of cyclin D1 and
c-myc were graded as follows: 0, <10% of tu-mor cell nuclei
positive; 1+, 10-25%; 2+, 25-50%; 3+, >50%. Grade 0 was
classified as negative, and  grades more than 1+ were classificed
as positive. The cases showing more than 10% of nuclear immu-
nostaining were regarded as positive because of the low-level
nuclear expressions of cyclin D1 and c-myc that were observed
in the non-neoplastic tissues of some cases.

Statistical analysis

Statistical analysis was performed with the Statistical Pack-
age Service Solution software (SPSS for Windows Standard ver-
sion 10.0.7, SPSS Inc., Chicago, U.S.A.). Correlations between
the expression pattern of -catenin and overexpression of c-myc
or cyclin D1 were analysed using Fisher’s exact probability
test. Correlations between the expression pattern of -catenin or
overexpression of c-myc or cyclin D1 and clinicopathological
characteristics were analysed using the independent T-test (age
and size), Fisher’s exact probability test (sex), and the Pearson
chi-square test (stage and histology). P values less than 0.05
were considered to be significant.

RESULTS

Clinical and pathological characteristics

The ages of fifty-one patients ranged between 21 to 79 years
(median: 60 years), and the ages of males and females were 26
and 25, respectively.

The tumor size ranged from 1.0 to 9.0 cm (median: 4.0 cm),
and 3 cases involved tumors less than 3 cm, while 40 cases inv-
olved tumors equal to or more than 3 cm.

Seven patients were in stage 1A, 13 in stage 1B, 2 in stage
2A, 6 in stage 2B, 13 in stage 3A, and 10 in stage 3B.

Histologically, 51 pulmonary adenocarcinomas consisted of 3
mucinous BACs, 8 nonmucinous BACs, 5 PPA1, and 35 PPA2.

Expression pattern of -catenin and its relationship
with clinicopathological characteristics

In normal bronchiolar and bronchial epithelium and pneu-
mocytes, -catenin was expressed in membranous patterns (Fig.
2A). Accumulated patterns of -catenin expression were noted
in 10 cases (20%), consisting of 2 nonmucinous BACs, 1 PPA1,
and 7 PPA2 (Fig. 2C, D). In all three of the mucinous BACs,
accumulated patterns of -catenin expression were not detect-
ed. Forty-one cases (80%)  showed membranous patterns of -
catenin expression, consisting of 3 mucinous BACs, 6 nonmu-
cinous BACs, 4 PPA1 and 28 PPA2 (Fig. 2B). There was no sig-
nificant relationship between accumulated patterns of -catenin
and the sex and age distribution, the tumor size, pathological
stage, and histological subtype of tumors (Table 1). Significant
differences in the frequency of accumulated patterns of -catenin
between the BACs and PPAs was not seen.

Overexpression of c-myc and its relationships with
clinicopathological characteristics

In most normal bronchiolar and bronchial epithelium and
pneumocytes, positive immunostaining of c-myc was not seen.
Positive nuclear staining for c-myc was observed in 19 cases
(37%), including of 2 mucinous BACs, 2 nonmucinous BACs,
and 4 PPA1, and 11 PPA2 (Fig. 3). The c-Myc expression rate
of mucinous tumors (mucinous BAC and PPA1) was 75% and
significantly higher than that (30%) of nonmucinous tumors
(nonmucinous BACs and PPA2) (p<0.05). Positive nuclear sta-
ining was not statistically related to the sex and age distributi-
on, the tumor size, and the pathological stage, including tumor



stage and nodal stage (Table 1).

Overexpression of cyclin D1 and its relationships
with clinicopathological characteristics

In most normal bronchiolar and bronchial epithelium and
pneumocytes, positive immunostaining of cyclin D1 was not
seen. The overexpression of cyclin D1 was observed in 8 nonmu-

cinous tumors (15%), including 2 nonmucinous BACs, and 6
PPA2 (Fig. 4). No nuclear staining for cyclin D1 was detected
in 43 cases. In all of the eight mucinous tumors, tumors over-
expression of cyclin D1 was not seen in contrast to overexpres-
sion of c-myc in mucinous tumors. Overexpression of cyclin D1
was not statistically related to the sex and age distribution, the
tumor size, pathological stage, and histological subtype of tumors
(Table 1).
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Fig. 2. Immunohistochemical findings of -catenin: membranous pattern in normal bronchiolar epithelium (A), and membranous pattern
(B), nuclear immunostain (C), cytoplasmic and nuclear immunostaining (D), and negative control (E) in tumor cells.

BA C

D E



Correlation between expression pattern of -catenin
and overexpression of c-myc or cyclin D1

Of the 10 cases showing accumulated patterns of -catenin
expression, 7 cases (70%) were positive for c-myc nuclear stain-
ing (Table 2). In the cases showing membranous patterns of -
catenin expression, the frequency of negative reactions for c-myc

was 71%. The frequency showing accumulated patterns of -
catenin expression was significantly correlated with c-myc over-
expression (p<0.05).

Three (30%) of ten cases displaying accumulated patterns of
-catenin expression showed overexpressions of cyclin D1 (Table

2). But seven cases displaying accumulated patterns of -catenin
expression and negative nuclear staining for cyclin D1 were pos-
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Fig. 3. Immunohistochemical findings of c-myc: tumor cells shows strong positive nuclear immunostaining (A) and negative control (B) for
c-myc.

Fig. 4. Immunohistochemical findings of cyclin D1: tumor cells shows strong positive nuclear immunostaining (A) and negative control (B)
for cyclin D1.

A B

A B



itive for c-myc nuclear staining. Cases displaying accumulated
patterns of -catenin showed alternatively positive nuclear stain-
ing for c-myc or cyclin D1.

Correlation between expression pattern of -catenin
and overexpression of c-myc or cyclin D1 according
to histological subtype

In PPAs, 6 of 8 cases (75%) of accumulated patterns of -
catenin expression showed overexpressions of c-myc, and only 9
of 32 cases (28%) of membranous patterns of -catenin expre-
ssion showed overexpressions of c-myc (Table 2). The frequency
of accumulated patterns of -catenin expression in PPAs was
significantly correlated with c-myc overexpression (p<0.05).

In BACs, 1 case (50%) of accumulated pattern and 3 cases
(33%) of membranous pattern of -catenin expression showed
c-myc overexpression.

In nonmucinous tumors, 6 of 9 cases (67%) of accumulated
patterns of -catenin expression showed overexpressions of c-
myc, and 7 of 34 cases (21%) of membranous patterns of -
catenin expression showed overexpressions of c-myc. The rate
of accumulated patterns of -catenin expression in nonmuci-
nous tumors was significantly correlated with c-myc overexpres-
sion (p<0.05). Although statistical significance was not noted,
there was one case of a mucinous tumor showing accumulated
patterns of -catenin expression, and it showed an overexpres-
sion of c-myc and negative staining for cyclin D1 (Table 3).

Three of nine nonmucinous tumors (33%) of accumulated pat-
terns of -catenin expression showed overexpressions of cyclin
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BAC: bronchioloalveolar carcinomas, PPA: Conventional peripheral
pulmonary adenocarcinoma, *: 2=6.000, p<0.05.

-catenin No. of cases
c-myc (+) Cyclin D1 (+)

(n=19) (n=8)

BACs (n=11)
Accumulated 2 1/2 1/2
Membranous 9 3/9 1/9

PPAs (n=40)
Accumulated 8 6/8* 2/8
Membranous 32 9/32* 4/32

Table 2. Correlation between expression pattern of -catenin
and overexpression of c-myc or cyclin D1 according to histo-
logic subtypes (I)

*: 2=7.163, p<0.05.

-catenin No. of cases
c-myc (+) Cyclin D1 (+)

(n=19) (n=8)

Mucinous Tumors (n=8)
Accumulated 1 1/1 0/1
Membranous 7 5/7 0/7

Nonmucinous Tumors (n=43)
Accumulated 9 6/9* 3/9  
Membranous 34 7/34* 5/34

Table 3. Correlation between expression pattern of -catenin
and overexpression of c-myc or cyclin D1 in histological sub-
type (II)

Clinicopathological
features

No. of cases

-catenin expression c-myc Cyclin D1

Accumulated 
pattern(n=10)

Membranous 
pattern(n=41)

Positive (n=19) Negative (n=32) Positive (n=8) Negative (n=43)

Sex
Male 25 5 20 9 16 4 21
Female 26 5 21 10 16 4 22

Age (years)
≤55 15 3 12 5 10 2 13
55< 36 7 29 14 22 6 30

Tumor size (cm)
≤3 17 5 12 8 9 4 13
3< 34 5 29 11 23 4 30

Stage
I 20 6 14 8 12 4 16
II, IIIA, IIIB 31 4 27 11 20 4 27

Histological subtype
Mucinous BAC 3 0 3 2 1 0 3
Nonmucinous BAC 8 2 6 2 6 2 6
PPA1 5 1 4 4 1 0 5
PPA2 35 7 28 11 24 6 29

Table 1. Relationship of expression pattern of -catenin, c-myc, and cyclin D1 with clinicopathological characteristics 

BAC: bronchioloalveolar carcinoma, PPA1: conventional peripheral pulmonary adenocarcinoma (PPA) with BAC type 1-like foci, PPA2: conventional
PPA with BAC type 2-like foci.



D1, and 5 of 34 nonmucinous tumors (15%) of membranous
patterns of -catenin expression showed overexpressions of cyclin
D1 with no statistical significance.

DISCUSSION

Oncogenic transactivation of -catenin has been studied main-
ly in association with APC mutation in the colorectal carcino-
ma.  Mutational inactivation of the APC gene has been found
in almost 80% of colorectal carcinomas, resulting in an accumu-
lation of unphosphorylated -catenin in the nucleus and/or cyto-
plasm of the tumor cells, and subcellular staining on the immu-
nohistochemistry in tumor cells. In a subset of the colorectal can-
cers lacking APC mutations, mutations in the putative GSK-
3 phosphorylation sites of -catenin can result in subcellular
localization of -catenin.20 An accumulated pattern of -
catenin expression has also been described in other cancers and
cancer cell lines, including the ovarian carcinoma, endometrial
carcinoma, prostatic adenocarcinoma, hepatocellular carcinoma,
melanoma cell lines, and medulloblastoma, mainly due to sim-
ilar mutations in -catenin exon 3 affecting its N-terminal phos-
phorylation sites or in the APC gene.21-23

Among 76 endometrial adenocarcinomas, 38% of the cases
showed accumulated patterns of -catenin expression, and 34%
showed mutations in exon 3 of the -catenin gene.21 In 17% of
metastatic malignant melanomas, accumulated patterns of -
catenin expression were seen, but exon 3 mutation was not found
in any surgical cases.23 Mutations in -catenin exon 3 and/or sub-
cellular accumulation of -catenin in NSCLC were not report-
ed. In our current study, accumulated patterns of -catenin ex-
pression were found in 20% of 51 peripheral adenocarcinomas
of the lung, but none of the normal or non-neoplastic epithelial
lesions showed accumulations of -catenin in the nucleus and/
or cytoplasm. Subcellular accumulations of -catenin in tumor
cells have been shown in colorectal carcinomas,24 breast carci-
nomas,15 endometrial adenocarcinomas,21 and in malignant mela-
nomas.23 The frequency of subcellular accumulations of -ca-
tenin in our present study was similar with that of the malignant
melanoma.

In our study, of the 10 cases of pulmonary adenocarcinomas
with accumulated patterns of -catenin expression, 5 cases
showed nuclear and cytoplasmic staining of -catenin, 3 of
which also showed only areas of nuclear staining of -catenin.
These findings are consistent with Herter’s description of intr-
acellular distribution of -catenin in the colorectal carcinma.24

Takayama et al.25 described that some human esophageal, gastric,
and colonic cancers with reduced membranous expressions of

-catenin showed obscure or diffuse cytoplasmic staining. In
our study, of the 10 case showing subcellular localization of -
catenin, the remaining 5 cases showed diffuse strong cytoplas-
mic staining, which is consistent with Takayama’s description.
Abrupt transitions were also noted between tumor cells show-
ing nuclear and cytoplasmic staining of -catenin and tumor
cells with membranous staining of -catenin, and coexistence
of glands lined by tumor cells showing nuclear and cytoplasmic
staining of -catenin and by tumor cells showing membranous
staining of -catenin is also noted. Within these areas, tumor
cells with subcellular accumulations of -catenin often seem
to proliferate clonally. The different immunoreactivity could be
explained by the genetic heterogeneity of the cells within one
tumor. It can be assumed that tumor cells differ in the number
and kind of accumulated mutations.24 These features suggest
that the accumulation of -catenin is associated with tumori-
genesis in a minor subset of peripheral adenocarcinomas of the
lung.

In the atypical adenomatous hyperplasia of the lung consid-
ered to be a precancerous lesion of the pulmonary adenocarci-
noma, nuclear and/or cytoplasmic accumulation of -catenin
has not been reported. It was reported that membranous pat-
terns of -catenin were well preserved in the majority of the
bronchioloalveolar carcinomas,26 but in this study, two cases of
BAC, nonmucinous type, showed disorganized and cytoplasmic
staining for -catenin.

The oncogenic property of -catenin was expressed through
the target genes of -catenin-Tcf/Lef-1, such as c-myc,8 cyclin
D1,9,10 and matrix metalloproteinase matrilysin,11 which con-
tained Tcf/Lef-1 binding sequences in their promotor.8-10

c-myc is overexpressed through gene amplification in some
human cancers including NSCLC.12 A minor portion (6%) of
NSCLC showed amplification of the c-myc gene and overexpres-
sions of the c-myc transcript, but a subset of pulmonary adeno-
carcinomas (39%) exhibited overexpressions of the c-myc tran-
script,12 which indicates a significant discrepancy between the
rate of c-myc overexpression and the rate of c-myc gene amplifi-
cation. In our study, positive nuclear staining for c-myc was seen
in 37% of the cases, a figure similar with those of the previous
studies.12 Also noted was a significant association between accu-
mulated patterns of -catenin expression and overexpressions
of c-myc oncoprotein (p<0.05). Although the colerectal carci-
nomas show overexpressions of c-myc at the RNA and protein
levels, unlike some other cancers where the c-myc gene is rear-
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ranged or amplified, genetic alterations of c-myc are rare in col-
orectal carcinomas. It was well documented that the transacti-
vation of -catenin induced c-myc overexpression in the col-
orectal carcinoma.8 The findings of our current study and Hu et
al.’s study suggest that c-myc overexpression may be associated
with mechanisms other than gene amplification, such as the up-
regulation of gene transcription by the activation of -catenin-
Tcf/Lef-1 pathway in peripheral pulmonary adenocarcinomas.

The overall overexpression of c-myc was higher in mucinous
tumors than in nonmucinous tumors, but significant coexpres-
sion rates of -catenin and c-myc were noted in non-mucinous
tumors. This feature suggests that the tumorigenesis of the pu-
lmonary non-mucinous tumor may be associated with the down-
stream activation of c-myc through subcellular accumulation of

-catenin. In contrast, the mucinous tumor of the lung may
be associated with c-myc activation, independent of subcellular
accumulations of -catenin.

Cyclin D1 is a major regulator of the progression of cells into
the proliferative stage of the cell cycle, and its proto-oncogene
is localized on chromosome 11q13. Cyclin D1 is overexpressed
as a consequence of gene amplification or chromosomal rearrange-
ments in malignant tumors.13,14 The role of cyclin D1 in tumori-
genesis has been strengthened by in vitro studies demonstrating
its oncogenic potential.27 Although the cyclin D1 gene (CCND1)
is not amplified in the human colon cancer, cyclin D1 overex-
pression has been found in about 30% of human adenocarcino-
mas and in the adenomatous polyps of the colon.28 In human
breast cancers, CCND1 amplification was found in 15-20% of
breast cancer cases, whereas cyclin D1 overexpression has been
found in about 50% of human breast cancer cases. Therefore, it
has been found that other mechanisms, such as the up-regula-
tion of gene transcription by activation of the -catenin-Tcf/
Lef-1 pathway, are associated with cyclin D1 overexpression.9,10,15

Cyclin D1 overexpression has been found in about 40-50% of
primary NSCLC and in 40-60% of primary pulmonary adeno-
carcinomas, including BACs,13,16 and in 32% of BACs.29 In our
study, the overexpression of cyclin D1 was seen in 18% of the
cases. Yang et al. reported that the frequency of cyclin D1 over-
expression was 9% in pulmonary adenocarcinomas, a figure com-
parable to that of our present study. Although the frequency of
cyclin D1 overexpression in our present study was lower than
those of previous reports,13,16 it was higher 9% than that of a
korean report.17

The discrepancy between the frequency of cyclin D1 overex-
pression (40-60%) and the frequency of cyclin D1 gene ampli-
fication (18%) in the pulmonary adenocarcinoma has been not-

ed in previous reports.13,16 Although the accumulation of -ca-
tenin was not statistically significant with cyclin D1 overexpres-
sion in our present study, 1 BAC and 2 PPAs of the non-muci-
nous type showed both accumulations of -catenin and over-
expressions of cyclin D1, suggesting that the association between
the transactivation of -catenin and the overexpression of cyclin
D1 cannot be excluded to explain the discrepancy between the
rate of cyclin D1 overexpression and the rate of cyclin D1 gene
amplification in the pulmonary adenocarcinoma.

Although subcellular localization of -catenin was regarded
as a strong independent prognostic factor in breast carcinomas,15

the subcellular accumulation of -catenin was not statistically
related to various clinicopathological parameters such as sex and
age distribution, size of the tumor, pathologic stage and histo-
logical subtype of tumors in our present study and reports of
colorectal, gastric, and endometrial carcinomas.21,30

The overexpression of c-myc or cyclin D1 was not statistically
related to the various clinicopathological parameters described
above, such as sex and age distribution, size of the tumor, patho-
logic stage. Our figure was similar with those of the previous
studies.13,17

In conclusion, it is suggested that the accumulation of -ca-
tenin is closely associated with tumorigenesis in a minor subset
(20%) of peripheral adenocarcinomas of the lung. It is also sug-
gested that the transactivation of -catenin might be closely
associated with overexpressions of c-myc or cyclin D1 in the non-
mucinous adenocarcinoma.
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