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Abstract. B-catenin and its target gene products have been
thought to play pivotal roles in the progression of various
neoplasias. In the present study, we examined the expression
of B-catenin and regenerating gene (REG) Ia in salivary gland
tumors and investigated its relationship to their cell prolif-
erative ability. Nineteen patients with pleomorphic adenoma
(PA) and 17 patients with malignant salivary gland tumors,
including 7 adenoid cystic carcinomas, 7 mucoepidermoid
carcinomas and 3 polymorphous low-grade adenocarcinomas,
were enrolled. The specimens that had been surgically
resected from these patients were examined using immu-
nohistochemistry for PB-catenin, REG la and Ki67. The
relationships between clinicopathological features and
[-catenin or REG la expression were then analyzed. B-catenin
immunoreactivity was positive in 14 PAs (73.3%) and 14
malignant salivary gland tumors (82.4%). Four (28.6%) of the
14 B-catenin-positive PAs showed clear [3-catenin immunore-
activity at the plasma membrane (membrane type), while 10
(71.4%) showed diffuse immunoreactivity in the cytoplasm
and nucleus but not at the plasma membrane (non-membrane
type). Twelve (85.9%) of the 14 malignant salivary gland
tumors showed non-membrane-type [-catenin expression.
Six (31.6%) of the 19 PAs and 10 (58.8%) of the 17 malignant
salivary gland tumors were positive for REG la expression.
PAs with non-membrane-type f-catenin expression showed a
significantly higher Ki67 labeling index than PAs with nega-
tive or membrane-type expression. Additionally, PAs that
were REG la-positive showed a significantly higher Ki67
labeling index than those that were negative. Non-membrane-
type B-catenin expression was related to REG Ia positivity in
PA lesions. -catenin and its associated REG Ia protein may
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play a role as growth-promoting factors in the development of
salivary gland tumors.

Introduction

Salivary gland tumors present a wide spectrum of histological
and pathophysiological features (1,2). The most frequently
occurring salivary gland tumor is pleomorphic adenoma (PA),
which consists of epithelial and myoepithelial cell compo-
nents and is basically benign, but can progress to a malignant
neoplasm on rare occasions (2,3). On the other hand, among
malignant salivary gland tumors, adenoid cystic carcinoma
(ACC) and mucoepidermoid carcinoma (MEC) are the most
predominant (4), and their incidence is gradually increasing
(5). However, the pathophysiology of salivary gland tumors is
not well understood because of the variety of histopathological
phenotypes and the paucity of previous molecular studies.

[B-catenin, the abnormality of which is significantly asso-
ciated with the growth, invasion and metastasis of various
malignancies, very likely plays an important pathophysi-
ological role in salivary gland tumors (6-10). Interestingly,
a few immunohistochemical studies have revealed aberrant
expression of P-catenin in the cytoplasm and/or nuclei of
salivary gland tumor cells (7-10). Although the biological
significance of aberrant 3-catenin expression remains unclear,
the alteration of B-catenin and its target genes has been shown
to trigger the proliferation of salivary gland epithelial cells in
mouse models (11-13). Therefore, it is tempting to speculate
that aberrant B-catenin expression may be associated with cell
proliferation in salivary gland tumors.

The regenerating gene (REG) Ia protein, the human
homologue of rat Reg protein, which was originally isolated
from regenerating pancreatic islets (14), has been shown to
play roles, not only in normal tissue regeneration (15,16), but
also in the development of various malignancies (17-20). We
previously clarified that REG Ia protein is involved in the
regeneration of gastrointestinal epithelium (21) and also in the
development of its associated cancer by promoting cell growth
and/or anti-apoptosis (22-24). It was recently suggested that
an abnormality in [3-catenin may be associated with the over-
expression of REG family proteins in liver tumors (25,26).
On the other hand, it is noteworthy that REG Ia protein
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Table I. Relationship between clinicopathological features and f-catenin expression in patients with pleomorphic adenoma.

Clinicopathological features No. of patients [-catenin expression P-value
Negative (n=5) Positive (n=14)
Gender NS
Male 8 3(37.5) 5(62.5)
Female 11 2 (18.2) 9 (81.8)
Age 44.2+3.5 44.0+9.8 44.3+3.6 NS
Tumor location NS
Palate 9 2(22.2) 7 (77.8)
Parotid 3 1(33.3) 2 (66.7)
Submandibular 3 1(33.3) 2 (66.7)
Oral mucosa 3 1(33.3) 2 (66.7)
Minor salivary gland 1 0 (0.0) 1 (100.0)
Stage NS
I 2 (28.6) 5 (71.4)
11 10 3 (30.0) 7 (70.0)
11T 2 0 (0.0) 2 (100.0)
Tumor size 33.2+9.6 24.6x4.7 36.2+13.0 NS

NS, not significant.

plays a role in the regeneration of minor salivary glands (27)
suggesting possible involvement of REG Ia protein in the
development of salivary gland tumors. Thus, in the present
study, we investigated the expression of REG Ia and -catenin
in salivary gland tumors, focusing on the possible linkage
of their expressional profiles and their relationship to tumor
proliferative ability.

Materials and methods

Patients, tissue samples and histology. Nineteen patients
with PAs (8 males, 11 females; mean age 44.2 years, range
14-70 years) and 17 patients with malignant salivary tumors
[7 males, 10 females; mean age 56.8 years, range 23-85 years;
7 ACCs, 7 MECs, 3 polymorphous low-grade adenocarci-
nomas (PLGAs)] who were diagnosed and treated at Dokkyo
University School of Medicine between 1994 and 2007 were
enrolled. Samples of salivary gland tissue were obtained by
surgery from patients with salivary gland tumors. Tissue
specimens were fixed in 10% neutral buffered formalin
and embedded in paraffin. Multiple H&E-stained sections
of each sample were examined histologically. This study
was conducted with the approval of the Dokkyo University
Surgical Pathology Committee, and informed consent was
obtained from all patients.

Immunohistochemistry. Immunohistochemical staining for
REG Ia, B-catenin and Ki67 was performed with a LSAB-2
kit (Dako, Marseille, France) as described previously (17).
In brief, 4-um sections were placed on slides, deparaffinized
and dehydrated. They were then placed in 0.01 mol/I citrate
buffer (pH 6.0) and treated by microwave heating (400 W,
95°C; MI-77; Azumaya, Tokyo, Japan) for 40 min to facilitate

antigen retrieval. This was followed by pretreatment with 0.3%
H,0, in methanol for 20 min at room temperature to quench
endogenous peroxidase activity. The sections were incubated
with 1% bovine serum albumin in phosphate-buffered saline
(PBS) for 30 min, and then with anti-REG Ia. (dilution 1:100),
anti-p-catenin (BD Transduction Laboratories, CA, USA;
dilution 1:500) and anti-Ki67 (Dako Japan, Kyoto, Japan;
dilution 1:50) for 1 h. Thereafter, the sections were incubated
with biotinylated secondary antibody for 15 min, washed with
PBS and treated with peroxidase-conjugated streptavidin for
20 min. Finally, the sections were incubated in 3,3'-diamin-
obenzidine tetrahydrochloride with 0.05% H,0, for 3 min and
then counterstained with Mayer's hematoxylin.

Evaluation of immunohistochemical staining. The immuno-
reactivity of REG Ia was observed in the cytoplasm of salivary
gland tumor cells. At least 500 tumor cells were observed in
five different visual fields for each tissue sample. A specimen
was considered positive for REG Ia protein when =10% of the
tumor cells were positively stained; otherwise, the specimens
were considered negative (28).

Similarly, a specimen was considered positive for
B-catenin when =10% of the tumor cells were positively
stained; otherwise, the specimens were considered negative
(9). Regarding the expression pattern of 3-catenin, some sali-
vary gland tumors showed clear [3-catenin immunoreactivity
at the plasma membrane and a weak signal in the cytoplasm
(membrane type), while others showed immunoreactivity in
the cytoplasm diffusely and in the nuclei clearly but not at the
plasma membrane (non-membrane type).

Ki67 was used as a marker for measures of cell prolifera-
tion (29). The immunoreactivity of Ki67 in tumor nuclei was
assessed as described above. The Ki67 labeling index was
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Table II. Clinicopathological features and expression of REG Ia and [3-catenin in patients with malignant salivary gland tumors.

Case Histology Age Gender T stage REG Ia expression [-catenin expression
1 ACC 65 M T4 + Non-membrane
2 ACC 72 F T2 + Non-membrane
3 ACC 70 M T1 + Non-membrane
4 ACC 25 M T1 + Membrane
5 ACC 23 F T2 - Non-membrane
6 ACC 75 M T1 - Non-membrane
7 ACC 67 F T2 - -

8 MEC 59 M T2 + Non-membrane
9 MEC 27 F T2 + Non-membrane

10 MEC 47 F T2 + Non-membrane

11 MEC 57 F T2 + Non-membrane

12 MEC 68 F T2 + Non-membrane

13 MEC 26 F T2 - Non-membrane

14 MEC 85 M T1 - Membrane

15 PLGA 72 F T2 + Non-membrane

16 PLGA 65 M T2 - -

17 PLGA 63 F T1 - -

ACC, adenoid cystic carcinoma; MEC, mucoepidermoid carcinoma; PLGA, polymorphous low-grade adenocarcinoma; M, male; F, female.
REG Ia expression: -, negative; +, positive. 3-catenin expression: -, negative.

calculated as the percentage of positive cell nuclei in each B-catenin REG la.
sample. ikis S e ST Y
vy -#‘a“ e . {
. =$:-ém“’§%’
Statistical analysis. Chi-square analyses were performed ATy ;,#ES’ 5y “

to investigate the relationship between various clinico-
pathological parameters, and the Fisher's exact test was also
used, as necessary. Ki67 labeling index, age and tumor size
were expressed as the mean + SEM, and the significance of
differences between two groups was assessed using the Mann-
Whitney U-test. Differences at P<0.05 were considered to be
significant.

Results

Clinicopathological features of salivary gland tumors. The
results of the clinicopathological analyses of PAs and malig-
nant salivary gland tumors are summarized in Tables I and II,
respectively.

Nineteen PAs were obtained from 19 patients (8 males
and 11 females) with a mean age of 44.2 years. The lesions
were located in the palate (n=9; 47.3%), parotid (n=3; 15.8%),
submandibular (n=3; 15.8%), oral mucosa (n=3; 15.8%) and

Figure 1. Immunostaining of f-catenin and REG la in PA (A and B), ACC
(C and D), MEC (E and F) and PLGA (G and H). (A) Left panel shows mem-
brane-type B-catenin expression. Immunoreactivity for -catenin is detected
at the plasma membrane of tumor cells clearly and in the cytoplasm weakly.
Right panel shows non-membrane-type expression. The immunoreactivity is
detected in the cytoplasm of tumor cells diffusely and in the nuclei clearly.
(B) Immunoreactivity for REG la protein is detected in the cytoplasm of PA
cells. (C, E and G) Non-membrane-type (3-catenin expression in ACC, MEC
and PLGA, respectively. (D, F and H) Expression of REG la protein in ACC,
MEC and PLGA, respectively. Scale bars, 100 pzm.
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Table III. Relationship between clinicopathological features and [3-catenin expression pattern in patients with pleomorphic adenoma.

[-catenin expression pattern

Clinicopathological features

Non-membrane (n=10)

Membrane (n=4) P-value

Gender
Male 3
Female 7

Age 44.1+5.1
Tumor location
Palate
Parotid
Submandibular
Oral mucosa

Minor salivary gland

—_ = = = N

Stage
I
I
I 0

19.6+3.1

W

Tumor size

NS

44.8+1.6 NS
NS

O = m =

0.030

\S )

2

77.8+40.9 0.037

NS, not significant.

minor salivary gland (n=1; 5.3%). The size of the tumors
ranged from 9 to 200 mm, with a mean of 33.2 mm (Table I).

Among the malignant salivary gland tumors, 7 ACCs,
7 MECs and 3 PLGAs were analyzed as presented in
Table II.

Relationship  between clinicopathological features and
p-catenin expression in salivary gland tumors. Representative
immunostaining patterns of -catenin in salivary gland tumors
are shown in Fig. 1. Among the PAs, 14 (73.3%) of the 19
lesions were positive for f-catenin expression. None of the
parameters examined, including gender, age, tumor location,
stage or tumor size, had a significant relationship to [3-catenin
positivity. Among the malignant salivary gland tumors, 6
(85.7%) of the 7 ACCs, all (100%) 7 MECs and 1 (33.3%) of
the 3 PLGAs were positive for 3-catenin expression (Table II).

Regarding the expression pattern of -catenin, 4 (28.6%) of
the 14 (-catenin-positive PAs showed clear 3-catenin immu-
noreactivity at the plasma membrane (membrane type), while
10 (71.4%) showed diffuse immunoreactivity in the cytoplasm
and nucleus, but not at the plasma membrane (non-membrane
type) (Table I1T). PAs showing a non-membrane-type [3-catenin
immunostaining pattern were significantly early-stage and
small in size compared to the PAs showing membrane-type
immunostaining (Table III). However, a non-membrane-type
[(-catenin immunostaining pattern was frequently observed
in 12 (85.7%) of the 14 malignant salivary gland tumors
(Table II).

Relationship between clinicopathological features and
REG Ia expression in salivary gland tumors. REG la protein
immunoreactivity was detected in the cytoplasm of tumor
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Figure 2. Relationship between the Ki67 labeling index and p-catenin
expression (A), B-catenin expression pattern (B) or REG Ia expression (C) in
salivary gland tumors. All results are expressed as the mean + SEM. "P<0.05,
“P<0.005 vs. negative group; ¥P<0.05 vs. membrane group.

Ki67-labeling index (%)
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Table IV. Relationship between clinicopathological features and REG Ia expression in patients with pleomorphic adenoma.

Clinicopathological features REG Ia expression P-value
Negative (n=13) Positive (n=6)
Gender NS
Male 5(62.5) 3(37.5)
Female 8 (72.7) 3(27.3)
Age 45.5+4.3 41.3+6.6 NS
Tumor location NS
Palate 5 (55.6) 4 (44.4)
Parotid 2 (66.7) 1 (33.3)
Submandibular 3 (100.0) 0 (0.0
Oral mucosa 3 (100.0) 0 (0.0)
Minor salivary gland 0 (0.0) 1 (100.0)
Stage NS
I 4 (57.1) 3(42.9)
1I 7 (70.0) 3 (30.0)
I 2 (100.0) 0 (0.0
Tumor size 40.0+13.7 18.3+3.1 NS
NS, not significant.
Table V. Correlation between REG Ia and the B-catenin expression pattern in patients with pleomorphic adenoma.
Clinicopathological features [-catenin-negative (n=>5) [-catenin-positive (n=14)
Membrane Non-membrane Total
REG Ia expression
Negative 5(38.5) 4 4 8 (61.5)
Positive 0 (0.0 0 6? 6 (100.0)

2Pleomorphic adenomas showing non-membrane-type [3-catenin expression were significantly positive for REG Ia expression (P=0.040).

cells. As shown in Fig. 2, REG Ia immunoreactivity was
detected in salivary gland tumors of various types and stages.

Six (31.6%) of the 19 PAs were positive for REG la protein.
Gender, age, tumor location, stage or tumor size did not have
any significant relationship to REG la protein expression in
PAs (Table IV).

Among the malignant salivary gland tumors, REG la
protein expression was positive in 4 (57.1%) of the 7 ACCs,
5 (71.4%) of the 7 MECs and 1 (33.3%) of the 3 PLGAs
(Table II). REG Ia positivity tended to be higher in malignant
salivary gland tumors than in PAs (31.6 vs. 58.8%, P=0.099).

Relationship between Ki67 labeling index and p-catenin
or REG la expression in salivary gland tumors. We next
examined the relationship between cell proliferative ability
and p-catenin or REG Ia expression in salivary gland
tumors. PAs that were positive for $-catenin showed a higher
Ki67 labeling index than those that were negative (P=0.069,
Fig. 2A). In addition, PAs with non-membrane-type [3-catenin

expression showed a significantly higher Ki67 labeling
index than PAs with negative or membrane-type expression
(Fig. 2B). Furthermore, PAs that were positive for REG la
showed a significantly higher Ki67 labeling index than those
that were negative (Fig. 2C). Similar findings were obtained
in malignant salivary gland tumors, although the data are
preliminary due to the small number of samples examined.

Correlation between f3-catenin and REG la expression in
salivary gland tumors. REG la-positive PAs tended to be
positive for f-catenin (Table V; P=0.078), and PAs with
non-membrane-type [-catenin expression were significantly
positive for REG Ia. (Table V).

Discussion
Human salivary gland tumors are a histologically heteroge-

neous group, and their progression is thought to be a multi-step
process that results in the acquisition of cell proliferative



442

ability (1,2). In the present study, we showed that -catenin
expression was associated with the cell proliferative ability of
PA lesions. Additionally, we observed aberrant expression of
[-catenin in the cytoplasm and/or nuclei of cells in various
salivary gland tumors, compatible with previous reports (7-10).
Recently, a variety of tumor cells has been reported to show
aberrant expression and/or loss of membranous [-catenin
expression (30), although its biological significance is not fully
clear. Notably, in this study we found that PAs with aberrant
[-catenin expression had a higher proliferative potential than
those with membrane-type f3-catenin expression, suggesting
that aberrant 3-catenin expression may reflect the acquisition
of tumor growth ability. In this regard, it appears reasonable
that the frequency of aberrant [3-catenin expression was higher
in malignant salivary gland tumors than in PAs. At present
we are unable to explain the precise intracellular mechanism
responsible for the translocation of (3-catenin; however, accu-
mulating evidence suggests that translocated [3-catenin acts
as a transcriptional factor for oncogenic or growth-associated
genes in the cells of several cancer types (31). Therefore, it
is tempting to speculate that aberrant [3-catenin expression
may be associated with the overexpression of such genes in
salivary gland tumors as well.

Additionally, in the present study we showed that REG la
was overexpressed in a considerable number of PAs and other
malignant salivary gland tumors. Similarly, recent studies
have reported that REG Ia is overexpressed, not only in
gastroenterological cancers (17,18,23), but also in lung cancer
(19) and seminoma (20), suggesting that REG Ia protein plays
a role in the pathogenesis of various malignancies. In fact, we
and others previously clarified that REG Ia protein functions
as a cell growth and/or anti-apoptotic factor by activating
the MAKP or Akt pathway in gastric or colon cancer cells
(23,24,32). In this context, we examined the relationship
between REG Ia expression and cell proliferative ability in
salivary gland tumors and found that PAs expressing REG Ia
showed a significantly higher cell proliferation index than
those that were negative, and moreover that the rate of REG Ia
positivity was apparently higher in malignant salivary gland
tumors. Thus, as in other tumors, REG Ia protein may act as a
growth factor in the pathogenesis of salivary gland tumors.

We also investigated the relationships among clinico-
pathological features and the expression of REG Ia and
[B-catenin in PAs. We initially expected that PAs with non-
membrane-type 3-catenin expression would be at a later stage
and larger in size, since such PAs showed higher proliferation
ability; however, the data we obtained suggested the contrary.
Similarly, REG la-positive PAs tended to be early-stage
tumors that were small in size. At present, we have no satis-
factory explanation for these findings since the number of
tumor samples examined, especially those at a late stage, was
small. However, it is evident that both (3-catenin and REG la
play roles from the early phase of progression of PA lesions.
On the other hand, it is noteworthy that REG Ia-positive PAs
showed a significantly higher incidence of non-membrane-
type [-catenin expression. Cavard et al recently suggested
that the REG Ia gene is a downstream target of Wnt/f3-catenin
signaling in hepatocellular carcinoma cells (25). This may
support the positive relationship between aberrant f§-catenin
expression and REG Ia positivity in PA lesions.

HAKATA et al: REG Ia AND -CATENIN IN SALIVARY GLAND TUMORS

In summary, we observed that immunoreactivity for
[-catenin was detectable, not only in the plasma membrane,
but also in the cytoplasm or nucleus of cells in various sali-
vary gland tumors. In addition, REG Ia protein was expressed
in a considerable number of PAs and other malignant salivary
gland tumors. Furthermore, we showed that both B-catenin
and REG Ia are significantly associated with the proliferative
ability of PA lesions and that aberrant 3-catenin expression
was related to REG Ia positivity in such lesions. Taken
together, our findings suggest that -catenin and its candidate
target REG Io may act as growth-promoting factors in the
development of salivary gland tumors.
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