
Abstract. The aims of this study were to investigate the
expression levels of ß-catenin, Pin1 and cyclin D1 in salivary
adenoid cystic carcinomas (SACC ) and to evaluate its clinical
importance, furthermore, to elucidate whether ß-catenin
expression was aberrant in SACC and whether Pin1 was
involved in aberrant ß-catenin and cyclin D1 expression. The
expression of Pin1, ß-catenin and cyclin D1 were examined in
the specimens of 65 patients with SACC by immuno-
histochemistry, protein and mRNA expressions were detected
by Western blotting and RT-PCR in four SACC cell lines.
Pin1 was overexpressed in 51 cases of SACC (78%), and
high levels of Pin1 expression correlated with cyclin D1
positive expression (p=0.02). Fourteen (22%) cases showed
positive immunoreactivity for ß-catenin protein in the
nuclear/cytoplasmic fraction in tumor tissues, which was
defined as cytoplasm/nucleus staining, among which quite
evident nuclear expression of ß-catenin was detected in six
cases (9%), while cyclin D1 positive expression was detected
in 41 cases of SACC (63%). Reduced membranous expression
of ß-catenin was detected in the cases with metastasis (11/14).
Theses results suggest that Pin1 and Wnt signalling pathway
are activated in SACC and may play a pivotal role in SACC
carcinogenesis and metastasis.

Introduction

Salivary adenoid cystic carcinoma (SACC) is a relatively
commonly seen salivary gland tumor with high invasive nature,
readily nerve and vascular involvement and high metastatic
rate through circulation. Clinically, it usually arises in middle-

aged or elderly patients, generally presenting as slow-growing
but highly malignant neoplasm with extremely poor long-term
prognosis and remarkable capacity for recurrence. Histo-
logically, it is classified into tubular, cribriform and solid types,
and the general consensus is that SACC with tubular or cribri-
form subtype have a better prognosis than those with solid sub-
type (1).

Wnts are powerful regulators of cell proliferation and
differentiation, and their signaling pathway involves proteins
that directly participate in both gene transcription and cell
adhesion (2). The central player is ß-catenin, which is a trans-
cription cofactor with T cell factor/lymphoid enhancer factor
(TCF/LEF) in the Wnt pathway (3). ß-catenin accumulation in
a complex with the transcription factor TCF/LEF can regulate
target gene expression, for example, cyclin D1, a critical cell-
cycle regulator that drives the cell cycle from the G1 to the
S phase (4). Cyclin D1 elevation in transformed cells may
result from a direct activation of cyclin D1 transcription by
the ß-catenin/LEF-1 complex.

As currently understood, ß-catenin is negatively regulated
by the tumor suppressor adenomatous polyposis coli (APC),
which shuttles nuclear ß-catenin to the cytoplasm and promotes
its degradation. In some tumors, notably colon cancer, ß-catenin
is activated by mutations in the genes encoding APC or ß-
catenin (5-9). However, ß-catenin is up-regulated in many other
cancers, such as breast cancer, where mutations are rarely
observed (10,11). Therefore, epigenetic factors might contri-
bute to ß-catenin activation. One such factor is the overexpres-
sion of Pin1, which is observed in many types of cancers such
as breast, prostate and hepatocellular carcinoma (12-15). Pin1,
a peptidyl-prolyl cis-trans isomerase (PPIase) that isomerizes
only phosphorylated serine/threonine residues preceding
proline peptide bonds in a defined subset of proteins, can
specifically bind to the pSer246-Pro motif of ß-catenin and
inhibit its binding to APC, resulting in the nuclear accumu-
lation and stabilization of ß-catenin. Pin1 can also bind to the
pSer63- and/or pser73-Pro motifs in c-Jun, increasing the ability
of c-Jun to activate the promoter of cyclin D1 (16). The aims of
this study were to investigate the expression levels of Pin1,
ß-catenin and cyclin D1 in SACC and to evaluate its clinical
importance, moreover, to elucidate whether ß-catenin expres-
sion was aberrant in SACC and whether Pin1 was involved in
aberrant ß-catenin and cyclin D1 overexpression. We found
that although membranous expressions of ß-catenin were found
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ubiquitously in the tumor cells in any subtype, nuclear
expression of ß-catenin in tumor cells was obvious in some
cases, which might be regarded as an indication for activated,
oncogenic, Wnt signaling and ß-catenin/TCF transcription in
SACC. On the other hand, reduced membranous expression
of ß-catenin was found in most of the patients with metastasis
and decreased membranous expression of ß-catenin
significantly correlated with nodal metastasis in SACC. In
additon, a high prevalence of Pin1 and cyclin D1 over-
expression was also detected in SACC and there was a
significant association between Pin1 and cyclin D1
expression.

Materials and methods

Patients and samples. Formalin-fixed paraffin-embedded
blocks from 65 cases of salivary gland adenoid cystic
carcinoma were retrieved from the file of the Department of
Oral Pathology, Peking University School of Stomatology
during 2000-2005. All specimens were obtained from either
incisional biopsies or surgical excision of the lesions. None

of the patients had received irradiation or chemotherapy before
surgery. The clinical and pathological characteristics of these
patients are summarized in Table I. The age range of the
patients was 24-72 years, and the mean age was 41.3 years.
Tumor stage and nodal metastasis stage were classified
according to the fifth edition of the TNM Classification of
the International Union Against Cancer (UICC). Histopatho-
logical diagnosis was made routinely at the Department of
Oral Pathology, Peking University School of Stomatology. In
addition, five tissues of normal salivary glands were also
studied as control.

Cell culture. Four human salivary gland adenoid cystic
carcinoma cell lines, SACC83, SACC-LM, ACC-2 and
ACC-M, were kindly provided by surgery laboratory of
Peking University School of Stomatology. The SACC83 and
ACC-2 cell lines were originally established from human
sublingual gland and palate gland adenoid cystic carcinoma
respectively, while ACC-M, SACC-LM are highly lung
metastatic salivary gland adenoid cystic carcinoma cell lines
selected from ACC-2 and SACC83, respectively. All the cell
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Table I. Correlations between Pin1, cyclin D1, ß-catenin levels and clinicopathological parameters of SACC.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

ß-catenin staining Cyclin D1 staining Pin1 staining
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. C/N (%)a M (%)b P-value (+) (%) (-) (%) P-value High (%) Low (%) P-value

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Total no. 65 14 (22) 51 (78) 41 (63) 24 (37) 51 (78) 14 (22)

Gender
Male 24 6 (25) 18 (75) 0.60 17 (71) 7 (29) 0.32 16 (67) 8 (33) 0.07
Female 41 8 (19) 33 (81) 24 (59) 17 (41) 35 (85) 6 (15)

Location
Parotid gland 19 6 (32) 13 (68) 9 (47) 10 (53) 11 (58) 8 (42)
Submandibular gland 11 4 (36) 7 (64) 8 (73) 3 (27) 10 (91) 1 (9)
Sublingual gland 18 1 (6) 17 (94) 7 (39) 11 (61) 15 (83) 3 (17)
Palatine gland 17 3 (18) 14 (91) 17 (100) 0 (0) 15 (88) 2 (12)

Types
Tubular-Cribriform 54 10 (19) 44 (81) 0.36 32 (59) 22 (41) 0.28 43 (80) 11 (20) 0.92
Solid type 11 4 (36) 7 (64) 9 (82) 2 (18) 8 (73) 3 (27)

Tumor stage
T1+T2 46 11 (24) 35 (76) 0.69 27 (59) 19 (41) 0.26 34 (74) 12 (26) 0.29
T3+T4 19 3 (16) 16 (84) 14 (74) 5 (26) 17 (89) 2 (11)

Nodal stage
N0 51 8 (16) 43 (84) 0.07 29 (57) 22 (43) 0.21 42 (82) 9 (18) 0.28
N1-3 14 6 (43) 8 (57) 12 (86) 2 (14) 9 (64) 5 (36)

Metastasis
M0 59 14 (24) 45 (76) 0.68 36 (61) 23 (39) 0.53 46 (78) 13 (22) 1.00
M1-3 6 0 (0) 6 (100) 5 (83) 1 (17) 5 (83) 1 (17)

Nerve invasion 49 14 (29) 35 (71) 40 (82) 9 (18) 39 (79) 10 (21)

Recurrence 24 6 (25) 18 (75) 17 (71) 7 (29) 19 (79) 5 (21)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aC/N, cytoplasmic and nuclear expression of ß-catenin; bM, membranous expression of ß-catenin.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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lines were cultured in RPMI-1640 medium containing 15%
fetal bovine serum and antibiotics (Hyclone, USA); growing at
37˚C in a 5% CO2-95% air environment.

Immunohistochemistry. Formalin-fixed and paraffin-embedded
SACC specimens were cut into 5-μm thick sections, mounted
on poly-L-Lysine coated slides, deparaffinised in xylene and
rehydrated through a graded ethanol series. To quench endo-
genous peroxidase, sections were incubated with fresh 3%
H2O2 in methanol for 30 min at room temperature, and then
antigen retrieval was performed by microwave treatment for
20 min in 0.01 M citrate buffer (pH 6.0). After washing thrice
in PBS, sections were pre-incubated with goat serum for 30 min
at room temperature to prevent non-specific protein binding.
Sections were incubated overnight at 4˚C in a moist chamber
with primary antibodies: rabbit polyclonal anti-Pin1, purchased
from Oncogene Research Products (San Diego, CA, USA)
and diluted 1:100; mouse monoclonal anti-ß-catenin and anti-
cyclin D1, purchased from Zymed Laboratories Inc. (San
Francisco, USA) and diluted 1:200. Sections were biotinylated
with goat anti-mouse or goat anti-rabbit immunoglobin for
30 min at room temperature following washing thrice in PBS
again. Staining was performed with a strepavidin-biotin
peroxidase kit (Histotain-Bulk-SP kit, Zymed), and sites of
bound of antibody were visualized using liquid DAB +
substrate + chromogen system. Sections were lightly counter-
stained with Mayer's haematoxylin and mounted.

Evaluation of immunohistochemical results. The immuno-
reactivity of cyclin D1 protein staining was scored according
to the percentage of positively stained tumor cell nuclei.
According to previous studies, score was ranked as: negative,
tumor cells were stained <10%; positive, when over 10% of
tumor cells were positive. In this study, the staining pattern
of ß-catenin was scored according to previous studies. Score
was ranked as: 3, strong staining in a normal distribution; 2,
patchy or heterogeneous staining; 1, weak and fragmented
staining; 0, extremely weak or loss of staining. In addition, a
score of 4 was used to indicate accumulation in the nuclear/
cytoplasmic fraction in tumor tissues. Then, according to the
localization of ß-catenin staining, cytoplasm/nucleus staining
was defined as score 4, and membrane staining was defined
as score 0, 1, 2 and 3. The immunoreactivity of Pin1 was scored
according to the staining intensity in the nucleus of tumor
cells (1, weak; 2, moderate; 3, strong and intense staining in
the nuclear and/or cytoplasm) and percent distribution. In
normal salivary gland cells, the staining intensity in the nucleus
was weak and moderate. Therefore, high level of Pin1 staining
was defined as strong and intense (score 3) immunohisto-
chemical staining, and low level of Pin1 as weak (score 1) and
moderate (score 2) staining.

Western blot analysis. The four SACC cell lines were used to
detect the Pin1 and ß-catenin expression by immunoblotting.
Briefly, protein extraction were performed from lysates of
exponentially growing cell lines with Pro-PREP™ Protein
Extraction Kit (iNtRON Biotechnology), which contains five
kinds of protease inhibitors such as PMSF, EDTA, pepstatin A,
leupeptin and aprotinin. The protein concentration was deter-
mined with a BCA Protein Assay Kit (Pierce, USA). In all,

60 μg of protein from each cell line was resuspended in sodium
dodecyl sulphate (SDS) sample buffer (100 mM Tris-HCl,
pH 8.8; 0.01% bromophenol blue; 36% glycerol; 4% SDS)
containing 1 mM dithiothreitol, boiled for 5 min, and subjected
to 15% (w/v) SDS-PAGE and transferred onto nitrocellulose
membrane (Bio-Rad Laboratories, USA). Non-specific
reactivity was blocked by incubation overnight at 4˚C in 5%
non-fat dry milk in TBST (100 mM Tris-HCl, pH 7.5, 150 mM
NaCl, 0.05% Tween-20) for 2 h at room temperature. The
membrane was then incubated with primary antibody (rabbit
polyclonal anti-Pin1 or mouse monoclonal anti-ß-catenin,
diluted 1:100). The secondary antibody was used to detected
bound primary antibody. Reactive protein was detected by ECL
chemiluminescence system (Santa Cruz, USA) according to
the manufacturer's protocol. For reblotting, membranes were
stripped. Anti-ß-actin (Sigma, USA) antibody served as the
control.

RT-PCR. Briefly, total-RNAs from SACC83, ACC-2, ACC-M
and SACC-LM cells were extracted from the cell monolayers
using TRIzol (NEN Life Science Products, Gaithersburg, MD),
according to the manufacturer's recommendations. RT-PCR
was performed with Takara RNA PCR kit (AMV) Ver.3.0
(Takara). For the detection of Pin1, cyclin D1 and GAPDH
mRNA, PCR primers were designed as follows, Pin1: Pin1-F,
5'-GGGAAGATGGCGGACGAGGAGAAGCTG-3'; Pin1-R,
5'-CCCTCACTCAGTGCGGAGGATGATGTG-3'. Cyclin D1:
cyclin D1-F, 5'-TCGGTGTCCTACTTCAAATGTGTG-3';
cyclin D1-R, 5'-ATGGAGGGCGGATTGGAAATGA-3'.
GAPDH: GAPDH-F, 5'-CACCATCTTCCAGGAGCGAG-3';
GAPDH-R, 5'-TTGCCCACAGCCTTGGCAG-3'. Amplifi-
cation was performed as follows; touch-down PCR (TD-
PCR) was performed for the Pin1. Thermal cycling was done
using the following program for TD-PCR cycles: an initial
denaturation at 95˚C for 4 min was followed by 5 cycles of
TD-PCR denaturation at 94˚C for 30 sec, annealing from 64
to 48˚C (change of -2˚C per cycle) for 30 sec, and extension
at 72˚C for 30 sec, then finally 10 min at 72˚C after the last
cycle. The expected amplified products for Pin1, cyclin D1
and GAPDH were 501, 485, 435 bp, respectively. The
products of RT-PCR were analyzed by 1% agarose gel
electrophoresis.

Statistical analysis. The relationship between expressions of
ß-catenin, Pin1 and cyclin D1 and various clinical parameters
were determined by the ¯2 test. All statistical analysis were
per-formed with SPSS 11.5 software. P-value <0.05 was
regarded as statistically significant.

Results

Immunohistochemical characterization of Pin1, cyclin D1
and ß-catenin. The Pin1 polyclonal antibody showed distinct
cellular staining in paraffin embedded sections of SACC
clinical biopsies. In tumor cells positive for Pin1 staining, the
majority of cases exhibited both nuclear and cytoplasmic
accumulation of the protein at high levels. All of the normal
acinar cells were negative or weak stained for Pin1, while weak
to moderate Pin1 staining was also detectable in the dilatant
duct near the tumor cells. In contrast, tumor cells were strongly
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positive for the Pin1 staining, while surrounding normal
connective tissue, blood vessels and stromal cells were stained
negatively or only very weakly with anti-Pin1 antibody
(Fig. 1A). In the Pin1 immunohistochemistry 3 patients
(5%) had weak staining (score 1), 11 (17%) had moderate
staining (score 2), 51 (78%) had strong and intense staining
(score 3). As described above, the 51 strongly and intensely
staining samples (78%) were defined as high levels of Pin1.
The immunoreactivity of cyclin D1 protein staining was
scored according to the percentage of positively stained
tumor cell nuclei. According to previous studies, score was
ranked as; negative, tumor cells were stained <10%; positive,
when over 10% of tumor cells were positive (Fig. 1B).
Positive immunoreactivity of cyclin D1 was observed in tumor
cell nucleus of 41 specimens (63%). Fifty-one cases (78%) of
SACC were ranked as ß-catenin membrane staining, which
had the localization of ß-catenin primarily in the membrane
(Fig. 1C). Only 14 (22%) cases showed positive immuno-
reactivity for ß-catenin protein in the nuclear/cytoplasmic
fraction in tumor tissues, and were defined as cytoplasm/
nucleus staining, among which quite evident nuclear
expression of ß-catenin was detected in 6 cases (9%) (Fig. 1D).
In addition, most of the SACC cases with metastasis (11/14)
showed reduced membranous expression of ß-catenin, three
cases of which also showed cytoplasm/nucleus staining of
ß-catenin in the meantime and were subsequently defined as
ß-catenin nuclear/cytoplasmic staining (scored as 4). On the
contrary, 15 patients without metastasis showed decreased
expression of membranous ß-catenin (15/51).

Association of Pin1, cyclin D1 and ß-catenin with clinico-
pathological parameters. The relationships among Pin1,

cyclin D1 and ß-catenin proteins in SACC were determined
by statistical analysis. The correlation between the clinico-
pathologic characteristics of patients with SACC and the
expression of Pin1, cyclin D1 and ß-catenin in their tumors is
summarised in Table I. There was no correlation between
expression of Pin1 and ß-catenin, but Pin1 expression signi-
ficantly correlated with cyclin D1 expression level (p=0.02).
Although there were no correlations between status of Pin1,
ß-catenin, cyclin D1 and clinicopathological characteristics
such as patients' gender, tumor stage, types and location, signi-
ficant differences were found between reduced membranous
expression of ß-catenin and nodal metastasis in SACC (p<0.01),
which suggested that decreased membranous expression of ß-
catenin associated with nodal metastasis of SACC. The results
are shown in Tables II and III.

Expression of Pin1 and ß-catenin at the protein level in
cultured cells. We then examined the protein expression of
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Figure 1. (A), Immunohistochemical staining of Pin1 in adenoid cystic carcinoma (original magnification x150). (B), Immunohistochemical staining of cyclin D1
in adenoid cystic carcinoma. Positive staining was granular, which localized in the nucleus (original mangification x300). (C), Immunohistochemical staining
showed ubiquitous membranous expression of ß-catenin in adenoid cystic carcinoma (original magnification x300). (D), Immunohistochemical staining showed
evident nuclear expression of ß-catenin in adenoid cystic carcinoma (original magnification x300).

Table II. Relationship between Pin1 and cyclin D1 protein
expression in SACC.
–––––––––––––––––––––––––––––––––––––––––––––––––
Cyclin D1 Pin1 staining
staining ––––––––––––––––––––––––––––––––––––––

High level Low level Total P-value
(%) (%)

–––––––––––––––––––––––––––––––––––––––––––––––––
Positive 36 (55) 5 (8) 41 (63) 0.02
Negative 15 (23) 9 (14) 24 (37)
Total 51 (78) 14 (22) 65 (100)
–––––––––––––––––––––––––––––––––––––––––––––––––
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Pin1 and ß-catenin in four SACC cell lines by Western blot
analysis. The results showed that the four SACC cell lines
expressed Pin1 at high levels, confirming the immuno-
histochemical results by also revealing overexpression of
Pin1 in SACC tumor cells (Fig. 2A). Expression of ß-catenin
was obviously decreased in ACC-2 and ACC-M cell lines
compared with its expression in SACC83 and SACC-LM cell
lines, but there were no significant differences between the
two highly lung metastatic salivary gland adenoid cystic
carcinoma cell lines (ACC-M and SACC-LM) and their
respectively homologous cell lines (ACC-2 and SACC83)
(Fig. 2B).

Expression of PIN1 and cyclin D1 at the mRNA level in
cultured cells. To examine the expression pattern of Pin1 in
SACC cells, we analyzed the mRNA expression of Pin1 and
cyclin D1 by RT-PCR analysis in four SACC cell lines. The
results showed that levels of mRNA expression were equivalent
to levels of Pin1 and cyclin D1 protein expression in the four
cell lines (Fig. 3).

Discussion

Salivary adenoid cystic carcinoma is a slow-growing tumor
but highly malignant neoplasm with extremely poor long-term
prognosis and often late local recurrences after surgical
resection, even following radiotherapy. Daa et al reported
that mutations in components of the Wnt signaling pathway,
such as the CTNNB1, APC and AXIN1 genes, were quite
common in salivary adenoid cystic carcinoma, suggesting that
abnormalities in the Wnt signaling pathway might play a role
in the tumorigenesis and growth of salivary adenoid cystic
carcinoma (17).

Wnt signaling pathway is not only crucial to embryonic
development but also pivotal in tumorigenesis. By stimu-
lating the transcriptional activities of DNA-binding proteins
in the TCF/LEF-1 family, the Wnt signaling cascade is able to
control cell behavior (18,19). The target genes of Wnt signaling
include genes for proteins that drive the cell cycle and growth
factors such as cyclin D1 and c-Myc (20). Since ß-catenin
stimulates cell proliferation by stimulating the transcriptional
activity of members of the TCF/LEF-1 family, inappropriately
accumulated ß-catenin acts similar to the product of an onco-
gene (21). In our study, we detected strong cytoplasmic
expression of ß-catenin in 14 cases of SACC (21%), among
which quite evident nuclear expression of ß-catenin was
detected in 6 cases (9%) by immunohistochemistry. However,
our negative immunohistochemical results do not eliminate the
possibility of nuclear localization of ß-catenin because weak
nuclear staining was difficult to evaluate, as noted above.
Unlike the results found by Frierson et al that there was no
nuclear immunoreactivity specific for ß-catenin in adenoid
cystic carcinomas, the results of our immunohistochemical
staining showed that nuclear expression of ß-catenin was
evident in some cases (22). This nuclear expression of ß-catenin
can be regarded as an indication for activated, oncogenic,
Wnt signalling and ß-catenin/TCF transcription. Previous
studies suggest activated Wnt signalling in tumors is caused
by increased levels of ß-catenin, which can be the result of
mutations in APC, ß-catenin, AXIN1, AXIN2 or ß-TrCP
(23-29). Activated Wnt signaling can also be the result of
activation of the canonical Wnt pathway by secreted Wnts or
by expression of the Wnt receptors Frizzled proteins and lipo-
protein receptor-related proteins 5 and 6 (LRP-5/6) (30-32).
We intend to analyze the mutations of CTNNB1, APC,
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Table III. Relationship between ß-catenin status and nodal
metastasis in SACC.
–––––––––––––––––––––––––––––––––––––––––––––––––

ß-catenin staining
––––––––––––––––––––––––––––––––––––––––
M1 (%)a M2 (%)b Total P-value

–––––––––––––––––––––––––––––––––––––––––––––––––
N0 15 (23) 36 (55) 51 (78) <0.01

N1-3 11 (17) 3 (5) 14 (22)

Total 26 (40) 39 (60) 65 (100)
–––––––––––––––––––––––––––––––––––––––––––––––––
aM1, weak or even loss of membranous expression of ß-catenin; bM2,
evident and strong membranous expression of ß-catenin.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. (A), Western blot analysis of Pin1 expression in SACC83, SACC-
LM (LM), ACC-M and ACC-2 cell lines. The same membrane was stripped
and reprobed with anti-actin antibody as a control. (B), Western blot analysis
of ß-catenin expression in SACC83, SACC-LM (LM), ACC-M and ACC-2
cell lines. The same membrane was stripped and reprobed with anti-actin
antibody as a control.

Figure 3. (A), RT-PCR analysis of Pin1 mRNA expression in SACC83,
SACC-LM (LM), ACC-M and ACC-2 cell lines; GAPDH as a control. (B),
RT-PCR analysis of cyclin D1 mRNA expression in SACC83, SACC-LM
(LM), ACC-M and ACC-2 cell lines; GAPDH as a control.
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AXIN1 and LRP6 genes in our SACC samples and cell lines
to predict the mechanism of aberrant ß-catenin nuclear
expression. In addition, we found reduced membranous
expression of ß-catenin in most of the patients with metastasis
(11/14, 79%), three cases of which showed ß-catenin
cytoplasm/ nucleus staining in the meantime and were
subsequently defined as ß-catenin nuclear/cytoplasmic
staining (scored as 4). On the contrary, only 15 (29%) of the
51 cases of SACC without metastasis showed decreased
membranous expres-sion of ß-catenin. There was a significant
correlation between reduced membranous expression of ß-
catenin and nodal metastasis in SACC (p<0.01). To our
knowledge, in addition to its function in the Wnt signaling
pathway, ß-catenin also binds tightly to the cytoplasmic
domain of type I cadherins and plays an essential role in the
structural organization and function of cadherins by linking
cadherins through ·-catenin to the actin cytoskeleton in cell-
cell adhesion. So, the reduced membranous expression of ß-
catenin might affect its function in cell-cell adhesion, and
subsequently result in metastasis of tumor cells. Our result of
Western blotting showed ß-catenin expression increased
evidently in SACC83 and SACC-LM cell lines comparing
with its expression in ACC-2 and ACC-M cell lines,
indicating activated Wnt signaling in SACC83 and SACC-
LM cell lines. The exact reason was unclear as the causes for
increased levels of ß-catenin were complex. Since ACC-2
and ACC-M cell lines express ß-catenin at very low level, in
future work we can tranduce ß-catenin complementary DNA
(cDNA) into these two cell lines to study the roles of ß-
catenin in carcinogenesis of SACC. No significant difference
was found in ß-catenin expression between the two highly
lung metastatic salivary gland adenoid cystic carcinoma cell
lines (ACC-M and SACC-LM) and their respectively
homologous cell lines (ACC-2 and SACC83). Considering
that we detected ß-catenin expression in the whole-cell extrat
not membrane fraction and our result of immuno-
histochemical staining showed that ß-catenin cytoplasmic/
nuclearic expression increased in the tumor cells in some
cases, we then extracted cytoplasm/nuclei fraction from the
whole-cell of SACC cell lines and examined ß-catenin protein
expression in them. The result showed that cytoplasmic/
nuclearic expression of ß-catenin was significantly higher in
SACC cell lines than in SACC-LM, which in turn indicated
membranous expression of ß-catenin reduced in the highly
metastatic SACC cell lines (data not shown).

Pin1 is a peptidyl-prolyl cis-trans isomerase (PPIase) that
isomerizes only phosphorylated serine/threonine residues
preceding proline peptide bonds in a defined subset of proteins,
thereby affecting their functions. Recent studies indicate that
phosphorylation-specific prolyl isomerizaton is a novel post-
phosphorylation regulatory mechanism inducing con-
formational changes following phosphorylation to control
protein function, and this new regulatory mechanism is pivotal
in regulating cellular functions, offering new insights into the
pathogenesis and treatment of cancer (33-34). Pin1 specifically
binds to the pSer246-Pro motif of ß-catenin and inhibits its
binding to APC, resulting in the nuclear accumulation and
stabilization of ß-catenin (35). It has been shown that Pin1
is strikingly overexpressed in breast cancer, hepatocellular
carcinoma and oral squamous cell carcinoma, and that its over-

expression leads to the up-regulation of cyclin D1 and trans-
formation of breast epithelial cells and hepatocytes (36,37).
Importantly, Pin1 positively regulates the function of cyclin
D1 at the transcriptional level and through post-translational
stabilization. Indeed, in the mouse, Pin1 knockout reduces
cyclin D1 levels and results in phenotypes resembling those
of cyclin D1-null mice (38). Furthermore, inhibition of Pin1
suppresses the Neu- and Ras-induced transformed pheno-
types, which can be fully rescued by overexpression of a
constitutively active cyclin D1 mutant that is refractory to the
Pin1 inhibition (39). These results indicate that Pin1 may be
an important factor in regulating cyclin D1 expression in
carcinogenesis. In this study, we found Pin1 was strikingly
overexpressed in that majority of 51 SACC cases (78%)
exhibiting both nuclear and cytoplasmic accumulation of the
protein at high levels, while all of the normal acinar cells
were negative stained for Pin1. Furthermore, high Pin1 levels
significantly correlated with cycinD1 overexpression (p=0.02).
Western blotting confirmed the immunohistochemical results
by also revealing overexpression of Pin1 in SACC tumor cells,
and levels of mRNA expression were equivalent to levels of
Pin1 and cyclin D1 protein expression in all four SACC cell
lines.

In conclusion, our results showed that Pin1 was over-
expressed in SACC, and high levels of Pin1 expression cor-
related with cyclin D1 expression; moreover, we detected
cytoplasmic accumulation and evident nuclear expressions of
ß-catenin in some tumor cells, as well as significantly reduced
membranous expression of ß-catenin was found in most of
the metastatic SACC, which suggest that Pin1 and Wnt
signalling pathways are activated in SACC and may play a
pivotal role in carcinogenesis and metastasis of SACC.
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