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The Wnt signaling pathway is essential for normal development and organogenesis. However, inappropriate
activation of Wnt signaling, which results in the nuclear translocation of b-catenin, is associated with the
development of various types of neoplasm. In this study, we investigated possible mutations in the genes for
components of this pathway, namely, CTNNB1 (the gene for b-catenin), AXIN1, and APC, in adenoid cystic
carcinoma, by PCR, analysis of single-strand conformational polymorphism, and sequencing. Among a total of
20 cases of adenoid cystic carcinoma, seven cases (35%) were associated with mutations in one or more of
these three components. A mutation in CTNNB1 was detected in one case. Five cases, including the case with a
mutation in CTNNB1, were associated with missense mutations in AXIN1. An aberration in the mutation cluster
region of APC was detected in two cases. Mutations trended to be detected more frequently in adenoid cystic
carcinoma with solid growth pattern than that with tubular and cribriform growth pattern. In the cases in which
we detected mutations, it is possible that the presence of the abnormal products of the mutated genes resulted
in the inappropriate activation of the Wnt signaling pathway to tumorigenesis and the growth of adenoid cystic
carcinoma.
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The Wnt proteins form a large family of secreted
signaling proteins, which have been found in
organisms from the nematode to mammals. They
have been implicated in the proliferation, morpho-
logy, motility, and fate of cells, in axis formation in
xenopus, and in organ development.1,2 To date, roles
for Wnt have been recognized in three distinct
pathways: the canonical b-catenin pathway; the
planar cell polarity pathway;3 and the Wnt Ca2þ

pathway.4

The canonical b-catenin pathway has been
investigated in greater detail than the other two
pathways and it includes the adenomatous poly-
posis coli protein (apc), axin1 (the product of the
AXIN1 gene), and b-catenin. When Wnt binds to a
receptor, which consists of the Frizzled protein and
LRP5/6,5 phosphorylation of the Disheveled protein
occurs and results in inactivation of glycogen
synthase kinase 3b (GSK3b). Since GSK3b phos-
phorylates b-catenin in the axin1–apc complex,6,7

inactivation of GSK3b leads to a reduction in the
extent of phosphorylation of b-catenin. Unpho-
sphorylated b-catenin becomes dissociated from
the axin1–apc complex and escapes degradation by
the proteasome after ubiquitination.8 When the
Frizzled protein is not activated by Wnt, b-catenin
in the axin1–apc complex is phosphorylated by
GSK3b, with subsequent degradation of b-catenin.
Thus, Wnt increases the stability of b-catenin, by
inactivating GSK3b, and, as a consequence, the
cytoplasmic level of b-catenin rises. Then b-catenin
in the cytoplasm is translocated to the nucleus,
where it binds to the TCF/LEF-1 protein and
enhances the transcriptional activity of the TCF/
LEF-1 family. In this way, acting as a transcription
factor, b-catenin stimulates the expression of various
genes, including the genes for cyclin D1 and the
c-Myc gene.9,10 Accordingly, the gene for b-catenin is
considered to be a type of oncogene. By contrast, apc
and axin1, which participate in the degradation of
b-catenin, appear to function, in this context, as
tumor suppressors.

Mutations in the genes for b-catenin, apc, and
axin1 have been identified in various neoplasms.
Mutations in CTNNB1, the gene for b-catenin, are
found in colon cancer, desmoid tumors, gastric
cancer, hepatocellular carcinoma, medulloblastoma,

Received 26 March 2004; revised and accepted 7 May 2004;
published online 11 June 2004

Correspondence: Dr T Daa, MD, PhD, Department of Pathology,
Faculty of Medicine, Oita University, Hasama-machi, Oita 879-
5593, Japan.
E-mail: daatom@med.oita-u.ac.jp

Modern Pathology (2004) 17, 1475–1482
& 2004 USCAP, Inc All rights reserved 0893-3952/04 $30.00

www.modernpathology.org



melanoma, ovarian cancer, pancreatic cancer, and
prostate cancer.2 Mutations in APC have frequently
been identified in colon cancer.11 Mutations in
AXIN1, the gene for axin1, have been found in
hepatocellular carcinoma12 and medulloblastoma.13

Thus, there is considerable evidence for
abnormalities in the Wnt signaling pathway in
tumorigenesis.

According to the latest textbook of Armed Forces
Institute of Pathology, adenoid cystic carcinoma is
the fifth most common carcinoma of the minor and
major salivary glands behind mucoepidermoid
carcinoma; adenocarcinoma, not otherwise speci-
fied; acinic cell adenocarcinoma; and polymor-
phous low-grade adenocarcinoma.14 Adenoid
cystic carcinoma is classified histologically into
tubular, cribriform, and solid types. The general
consensus is that adenoid cystic carcinoma with
tubular or cribriform growth patterns (low grade)
have a better prognosis than those with solid growth
patterns (high grade).14

To our knowledge, while several earlier investiga-
tions have focused on genetic and biological altera-
tions in adenoid cystic carcinoma, there is only one
report that mentions the altered expression of genes
in the Wnt signaling pathway.15 The goal of the
present study was to examine possible abnormal-
ities of CTNNB1, AXIN1, and APC genes in adenoid
cystic carcinoma of the salivary gland.

Materials and methods

Materials

In all, 20 paraffin-embedded blocks of adenoid
cystic carcinoma of the major and minor salivary
gland were retrieved from among archival speci-
mens at the Pathology Center of Oita University
Hospital. There were six tubular-type adenoid cystic
carcinomas, 10 cribriform-type adenoid cystic carci-
nomas, and four solid-type adenoid cystic carcino-
mas. When an adenoid cystic carcinoma appeared to
be a combination of two or three subtypes, it was
classified by reference to the dominant type. For
each case, representative blocks, including the
smallest amount of non-neoplastic tissue, were
selected.

Extraction of DNA

Genomic DNA was extracted with DEXPATt
(Takara, Tokyo, Japan) according to the manufac-
turer’s instructions. In brief, 10 mm sections were cut
from each block, transferred to sterilized test tubes
and incubated with approximately 250 ml of DEX-
PATt at 1001C for 10 min. After centrifugation, the
supernatant from each tube was collected and used
as the source of the template for amplification by the
polymerase chain reaction (PCR). Samples of DNA
from peripheral leukocytes of healthy volunteers
were used as controls.

PCR and Analysis of Single-Strand Conformational
Polymorphism (SSCP)

Primers for amplification by PCR were designed to
encompass exon 3 of CTNNB1, the mutation cluster
region of APC,16 and the entire coding exon of
AXIN1. The sequences of the various primers are
shown in Tables 1–3. Since each target of PCR could
not be amplified by a single PCR because of the
degraded state of the template DNA that had been
extracted from paraffin-embedded tissues, we used
several sets of primers to obtain amplified products
of the entire length of each targeted DNA. We
performed PCR in 25-ml reaction mixtures that
contained 2.5 ml of a solution of template DNA
solution, 1�PCR buffer (Applied Biosystems, Fos-
ter City, CA, USA), 1.5 mmol/l MgCl2, 0.25 mmol/l
dNTPs, 0.4 mmol/l primers, and 1 U Taq DNA
polymerase (AmpliTaq Gold; Applied Biosystems).
In total, 40 cycles of amplification were performed
in a thermal cycler (9600; Applied Biosystems). The
conditions for PCR were as follows: one cycle of
denaturation at 941C for 5 min, followed by 40 cycles
of denaturation at 941C for 30 s, annealing at 601C for
30 s, and extension at 721C for 30 s, with final
extension at 721C for 7 min.

For the analysis of single-strand conformational
polymorphism (SSCP), products of PCR were dena-
tured by heating in a solution of 50% formamide
and 10 mM EDTA that contained bromophenol
blue and xylene cyanol and separated by electro-
phoresis on a 12.5% polyacrylamide gel using a
genophoret system (Amersham Pharmacia, Upsalla,
Sweden). Bands of DNA were visualized by silver
staining with a genophoret silver-staining kit plus

Table 1 Sequences of primers for amplification of CTNNB1

Primer Sequence Size of product (bp)

Exon 3-1 Forward AAAGTAACATTTCCAATCTACTAATG 162
Reverse GTGTGGTAGTGGCACCAGAA

Exon 3-2 Forward AAGCGGCTGTTAGTCACTGG 137
Reverse AAAATCCCTGTTCCCACTCA

Exon 3-3 Forward GCCACTACCACAGCTCCTTC 178
Reverse TCAAAACTGCATTCTGACTTTCA
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Table 2 Sequences of primers for amplification of the mutation cluster region of APC

Primer Sequence Size of product
(bp)

APC1 Forward CCAATATGTTTTTCAAGATGTAGTTCA 211
Reverse GCAGTCTGCTGGATTTGGTT

APC2 Forward AGCAGTGTCACAGCACCCTA 237
Reverse CTGGCAATCGAACGACTCTC

APC3 Forward GCTCAGACACCCAAAATGCC 243
Reverse AGCTGTTTGAGGAGGTGGTG

APC4 Forward AGATAGCCCTGGACAAACCA 248
Reverse TCAGGCTGGATGAACAAGAA

APC5 Forward CTGCAGTTCAGAGGGTCCAG 205
Reverse GGCTGCTCTGATTCTGTTTCA

APC6 Forward GAGCCTCGATGAGCCATTTA 238
Reverse TGATGACTTTGTTGGCATGG

APC7 Forward GGACCTATTAGATGATTCAGATGATG 230
Reverse TATCATCCCCCGGTGTAAAA

Table 3 Sequences of primers for the amplification of AXIN1

Primer Sequence Size of Product
(bp)

Exon 1-1 Forward TCATTGTTCCTTGACGCAGA 170
Reverse TCCCGGAGCAGAAACTGTAG

Exon 1-2 Forward TGAGGAGGGAGAACTGGTGT 187
Reverse CAGTGACTCAGCCCACTTCA

Exon 1-3 Forward GATCTGGACCTGGGGTATGA 215
Reverse TTCTCCTCGTTCGAGTCACA

Exon 1-4 Forward CGACTTGCTGGACTTCTGGT 184
Reverse CATGATGCAGCCCTTTATGA

Exon 1-5 Forward CGAGAGCCATCTACCGAAAG 225
Reverse CCGAGCCTGTCCTCGTATATT

Exon 1-6 Forward CAGGCCACTATGGAGGAAAA 196
Reverse CATCCATGTCCTGGTCACAC

Exon 2 Forward TCACTAACATGCCCTGCTTG 208
Reverse GTCCGTGAGGGACTGGGTAT

Exon 3 Forward CTGAGTTAACGGCTGCCTCT 150
Reverse ACCGCAAAGCCGGTACTTA

Exon 4 Forward GTGCCTCACAGTCCTGTCC 218
Reverse CAAGAAAACAGCACGACACC

Exon 5-1 Forward AGCTGGTGCTGAGAGGTGAT 194
Reverse CTCTCAGGGTTCTCCTCGTG

Exon 5-2 Forward CTGTGTGGACATGGGCTGTC 213
Reverse CCTCACTTGGGTAGTGCTT

Exon 5-3 Forward CACGAGGAGAACCCTGAGAG 230
Reverse ACGTGGTGGTGGACGTGT

Exon 5-4 Forward AAGCACGTACCCAAGTCAGG 196
Reverse CTGAGTAGCCTCGGGACCTT

Exon 5-5 Forward ACGTCCACCACAGCACAG 245
Reverse GAGGAGGTTCTGGCCTTCTG

Exon 6-1 Forward AGCCTTACAGATGCCAGGAG 218
Reverse TCCACTGCATGATTTTCTGG

Exon 6-2 Forward GTGCCAGGTGCCTCGGAGGATG 143
Reverse CAAAGCAGGCCCCACGAGGCT

Exon 7-1 Forward GATGAGTGTAGCCCCACCAG 198
Reverse GGGGTCTTGGATGAAGAGGT

Exon 7-2 Forward ACCCTTGTCCCTTGAGCAC 246
Reverse CAGGAGTGGTGCTGTGGTAA

Exon 8 Forward GGCACAGCCACCTTTGAC 161
Reverse ACCCTCAGGACGCACGTA

Exon 9 Forward GTACCACCGCTGCATCTCTT 212
Reverse CCAGCCCTCACACTCACC

Exon 10 Forward CTCACTGCCCTCCTCACCT 173
Reverse CCAGCCCACCAGCCTATC
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(Amersham Pharmacia) according to the manufac-
turer’s instructions.

DNA Sequencing

We determined the sequences of products of PCR
and of plasmid vectors that included the products
of PCR.

Purified products of PCR were subjected to direct
sequencing with the forward and reverse primers
specific for each product of PCR and BigDyet
Terminator Cycle Sequencing Ready Reaction Mix
(Applied Biosystems). Purified products of PCR
were ligated into the pCR vector and introduced
into Escherichia coli with a TA cloning kit (Invitro-
gen, Carlsbad, CA, USA). Plasmid DNA isolated
from colonies of Escherichia coli was sequenced
with M13 reverse primer or the T7 universal primer
and the BigDyet Terminator Cycle Sequencing
Ready Reaction Mix (Applied Biosystems). All
sequencing was performed by an ABI PRISM 310
Genetic Analyzer (Applied Biosystems).

SSCP and these mutation analyses were repeated
to eliminate PCR artifacts.

Immunohistochemical Staining

The antibody specific for b-catenin was purchased
from Novocastra Laboratories Ltd (Newcastle, UK).
Paraffin-embedded specimens of adenoid cystic
carcinoma were cut at a thickness of 4 mm, depar-
affinized in xylene, rehydrated, and autoclaved for
10 min in 10 mM citrate buffer, pH 6.0. Endogenous
peroxidase activity was blocked using 0.3% hydro-
gen peroxide for 5 min. Sections were treated with
the primary antibody at a 1:100 dilution for 60 min
at room temperature. Products of immunoreactions
were detected with EnVisionþ /HRP (Dako, Glostrup,
Denmark).

Results

Representative results of SSCP analysis and the
corresponding sequencing data are shown in Figure
1. The mutations that we detected and the results of
immunohistochemical staining are summarized in
Table 4. The base positions and codon numbers in
the CTNNB1, AXIN1, and APC genes were deter-
mined from the NCBI database of Reference
Sequences (RefSeq accession numbers NM 001904,
NM 003502, and NM 000038, respectively). The first
in-frame ATG triplet of each sequence is determined
as codon 1, and position of the corresponding A
residue is defined as position 1.

One case (case 16) included a mutation in
CTNNB1, and this mutation caused residue Ile 35
to be replaced by Thr.

A mutation in APC was found in two cases (cases
14 and 18). One case included a point mutation that

changed Arg 1399 to Cys. The other case revealed a
deletion at base positions 4393 and 4394, which
resulted in a change in the reading frame.

We detected seven missense mutations in AXIN1
in five cases (cases 6, 15, 16, 18, and 20), and two of

Figure 1 Examples of results of the analysis of single-strand
conformational polymorphism and corresponding nucleotide
sequencing (a), (b), and (c) show representative results for
CTNNB1, APC, and AXIN1, respectively. Arrows of the side of
electrophoregrams indicate polymorphism. T, tumor; N, normal
control.
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these cases each included two mutations. The
amino-acid substitutions were Gly 433 to Glu, Pro
661 to Leu, Glu 842 to Lys, Ser 828 to Gly, Phe 824 to
Leu, Glu 842 to Gly, and Ser 828 to Tyr. The two
cases with two mutations had substitutions of Glu
842 to Lys plus Ser 828 to Gly (case 16) and Glu 842
to Gly plus Ser 828 to Tyr (case 20). A previously
reported single-nucleotide polymorphism was also
detected in three cases (data not shown).

We examined possible correlations between muta-
tions and histological type. Mutations were found in
one of six cases of tubular type, in three of 10 cases
of the cribriform type, and in three of four cases of
the solid type.

Figure 2 shows the results of immunostain for
b-catenin in adenoid cystic carcinoma with specific
growth pattern. Membranous expression of b-catenin
was detected in the tumor cells in any type of
growth pattern. Strong immunoreactions specific for
b-catenin were detected in the nuclei of tumor cells
in two cases (cases 16 and 18) that were associated
with mutations identified in this study (Figure 3).
One case was associated with mutations in both
CTNNB1 and AXIN1 (case 16) and the other was
associated with a mutation in APC (case 18). In all
cases, we observed positive staining of cell mem-
branes (Figure 2). Thus, the evaluation of very weak
nuclear staining was difficult. We identified cases
without evidence of strong immune reactions in the
nuclei as immunonegative.

Discussion

Adenoid cystic carcinoma is a generally slow-
growing, but highly malignant neoplasm with a
remarkable capacity for recurrence. Several investi-

gations have found evidence of genetic and biologi-
cal alterations in adenoid cystic carcinoma. Shintani
et al17 demonstrated a high frequency of expression
of c-erbB2 in adenoid cystic carcinoma. Papadaki
et al18 reported that mutations in the tumor-
suppressor gene TP53 are not important in early
events in the development of adenoid cystic carci-
noma but they involved at later stages of tumor
progression and they are, thus, important in recur-
rence of adenoid cystic carcinoma. By contrast,
Kiyoshima et al19 found infrequent mutations in
TP53 in adenoid cystic carcinoma. It appears,
therefore, mutation of TP53 does not necessarily
play a critical role in the tumorigenesis of adenoid
cystic carcinoma. Mutations in K-ras have been
found in only a minority of cases of adenoid cystic
carcinoma.20 The frequent expression of the c-kit
protein has been noted in adenoid cystic carcinoma,
but no mutations have been found in the c-kit gene
in adenoid cystic carcinoma.21,22

A relationship seems to exist between tumorigen-
esis and aberrations in the Wnt signaling pathway.
Wnt signaling is crucial to embryonic development
in a wide variety of organisms. By stimulating the
transcriptional activities of DNA-binding proteins in
the TCF/LEF-1 family, the Wnt signaling cascade is
able to control cell behavior. The target genes of Wnt
signaling include genes for proteins that drive the
cell cycle and growth factors, for example, cyclin-
D1, c-Myc, and vascular endothelial growth factor.
Since b-catenin stimulates cell proliferation by
stimulating the transcriptional activity of members
of the TCF/LEF-1 family, inappropriately accumu-
lated b-catenin acts similar to the product of an
oncogene. By contrast, apc and axin1, which are
required for the degradation of b-catenin, function
as tumor suppressors.23 Mutations in CTNNB1, APC,

Table 4 Results of mutational analysis

Case Subtype Nuclear staining of b-catenin CTNNB1 (mutation) APC (mutation) AXIN1 (mutation)

1 T (�) N N N
2 T (�) N N N
3 T (�) N N N
4 T (�) N N N
5 T (�) N N N
6 T (�) N N Pro661Leu
7 C (�) N N N
8 C (�) N N N
9 C (�) N N N

10 C (�) N N N
11 C (�) N N N
12 C (�) N N N
13 C (�) N N N
14 C (�) N Arg1399Cys N
15 C (�) N N Gly433Glu
16 C (+) Ile35Thr N Glu842Lys, Ser828Gly
17 S (�) N N N
18 S (+) N 4393-4394del N
19 S (�) N N Phe824Lys
20 S (�) N N Glu842Gly, Ser828Tyr

T, tubular type; C, cribriform type; S, solid type; N, no mutation.
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and AXIN1 have been reported in various types of
tumor. However, aberrations in these three genes in
adenoid cystic carcinoma have not been explored to
date. In this study, we investigated mutations in
CTNNB1, AXIN1, and APC in adenoid cystic
carcinoma and found that 35% of adenoid cystic

carcinomas had mutations in at least one of these
three genes. Since the position of the Ile35Thr
substitution in b-catenin, detected in case 16, is
within the site of phosphorylation by GSK-3b,23

such mutated b-catenin might escape phosphoryla-
tion and subsequent degradation. The mutation

Figure 2 Adenoid cystic carcinoma with specific growth pattern and corresponding immunostain for b-catenin. The results of
immunostain reveal membranous expression of b-catenin in tumor cells. (a, b) tubular pattern, (c, d) cribriform pattern, (e, f) solid
pattern. (a), (c) and (e) Hematoxylin and eosin staining, (b), (d) and (f) corresponding immunostain for b-catenin.
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cluster region of APC is responsible for binding to
b-catenin.2 In two cases with missense and a frame-
shift mutation in APC (cases 14 and 18), degradation
of b-catenin might be impaired. Axin1 binds to apc,
GSK-3b, and b-catenin and functions as a regulator
of the degradation of b-catenin.6 We detected the
mutations in the central region and the carboxyl-
terminal region of axin1 (cases 6, 15, 16, 19, and 20).
Substitutions of amino acids in these regions might
disturb the binding of axin1 to other components of
the Wnt signaling pathway, resulting in the escape
of b-catenin from degradation. Thus, in adenoid
cystic carcinomas with aberrations in these compo-
nents, b-catenin is likely to accumulate and to
function inappropriately as an activator of transcrip-
tion factors.

We detected the nuclear expression of b-catenin
immunohistochemically in two cases (cases 16 and
18). There were mutations in both CTNNB1 and
AXIN1 in case 16 and a mutation in APC in case 18.
Cases with mutations in AXIN1 only did not show
any evidence of strong nuclear expression of
b-catenin. However, our negative immunohisto-
chemical results do not eliminate the possibility of
nuclear localization of b-catenin because weak
nuclear staining was difficult to evaluate, as noted
above. Frierson et al15 found no nuclear immuno-
reactivity specific for b-catenin in adenoid cystic
carcinomas, but the results of our immunohisto-
chemical staining are not inconsistent with theirs.
Frierson et al15 also reported strong expression of
Frizzled-7, which encodes a receptor for Wnt
proteins that might suppress the function of apc
and, therefore, promote b-catenin signaling. In this
study, we did not examine the expression of
Frizzled-7 but it is likely that disturbances in several
members of the Wnt signaling pathway play roles in
carcinogenesis in some adenoid cystic carcinomas.

There appeared to be some correlation between
histological subtype and the presence of mutations

since mutations were observed in one of six tubular-
type adenoid cystic carcinomas, three of 10 cribri-
form-type adenoid cystic carcinomas, and three of
four solid-type adenoid cystic carcinomas. Muta-
tions were detected more frequently in high-grade
(solid) adenoid cystic carcinoma than in low-grade
(tubular and cribriform) adenoid cystic carcinoma.
However, the number of samples was small and
there was no statistically significant difference
between high- and low-grade adenoid cystic carci-
noma (P¼ 0.065; w2-test).

In conclusion, it appears that mutations in the
CTNNB1, APC, and AXIN1 genes, which are related
to the Wnt signaling pathway, are quite common in
adenoid cystic carcinoma. Our results suggest that
abnormalities in the Wnt signaling pathway might
play a role in the tumorigenesis and growth of
adenoid cystic carcinoma.
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