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Abstract

[3-Catenin exerts multiple functions in several neoplasms, playing a major role in cell signaling and tumor progression. This study
analyzed possible CTNNBI mutations in salivary gland pleomorphic adenomas (PAs) and adenoid cystic carcinomas (ACCs),
and determined possible differences in 3-catenin immunoexpression in relation to these mutations, as well as histopathological
aspects of these tumors. Twenty-four PAs (15 cell-rich and 9 cell-poor tumors) and 24 ACCs (10 tubular, 8 cribriform, and 6 solid
tumors) were selected for the analysis of (3-catenin distribution and cellular localization. Furthermore, (3-catenin expression was
evaluated using the H-score scoring system. Mutations in CTNNBI exon 3 were investigated by the single-strand conformational
polymorphism test. Diffuse (3-catenin expression was more frequently observed in ACCs compared to PAs (P =0.008). No
significant difference in 3-catenin cellular localization was observed between these tumors (P =0.098). Comparisons between
PA and ACC cases revealed a higher median H-score in the latter (P = 0.036). Cell-rich PAs exhibited a trend for higher H-score
than cell-poor tumors (P =0.060), whereas lower H-scores were observed in cribriform ACCs when compared to tubular and
solid ACCs (P =0.042). Mutations in CTNNBI were observed in 6 PAs and 7 ACCs, with no significant difference in H-scores
for (3-catenin according to mutation status (P =0.135). 3-Catenin is important in the pathogenesis of salivary gland PAs and
ACCs. In addition, CTNNBI exon 3 mutations do not seem to significantly influence (3-catenin cytoplasmic/membranous
expression or nuclear translocation in these tumors.
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Introduction

Salivary gland tumors are a special group among head and neck
neoplasms, due to their relatively rare occurrence and high var-
iation in histological subtypes [1, 2]. Pleomorphic adenomas
(PAs) are the most frequent benign salivary neoplasm, while
adenoid cystic carcinomas (ACCs) account for the second most
common salivary gland malignancy [3]. Although these lesions
are considered neoplasms that display different biological be-
havior, they present similar origin and cell components [4].
Malignant transformation and tumor progression are close-
ly related to the adhesive properties of the cells. In this way, (3-
catenin is particularly interesting, because it functions both as
a component of the cadherin—[3-catenin adhesion complex and
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as a signaling molecule [5—7]. 3-Catenin is a key protein of
the Armadillo family that is encoded by the CTNNBI gene in
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the Wnt signaling pathway [8, 9]. In the cell membrane, it
plays a main physiological role in the maintenance of cell—cell
adhesion, while cytoplasmic {3-catenin is essential for signal
transduction from the membrane to the nucleus, and its over-
accumulation, secondary to its lack of degradation, is essential
for it to function as a transcription factor [5, 6]. Furthermore,
investigations indicate that high membrane {3-catenin expres-
sions are linked to better outcomes in salivary gland neo-
plasms [6, 10].

Mutations of the 3-catenin gene have been reported in
various types of malignancies, such as hepatocellular car-
cinomas [11] and lymphomas [12]. In these cases, exon 3
of the CTNNBI gene has been investigated, since this is a
crucial regulatory site that results in cytoplasmic 3-catenin
accumulation [11-13]. Thus, further delineation of this
molecular alteration in salivary gland neoplasms is of great
interest.

Based on this background and given the scarcity of studies
evaluating mutations of the CTNNBI gene in salivary gland
neoplasms, this study aimed to investigate possible mutations
in CTNNBI exon 3 in PAs and ACCs and determine possible
differences in (3-catenin immunoexpression in relation to
these mutations, as well as investigate histopathological as-
pects of these neoplasms.

Material and methods

After approval by the Institutional Ethics Committee on
Research Involving Humans (Protocol 081/2005), tissue
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samples from 24 PAs and 24 ACCs were randomly select-
ed from the archives of the Department of Oral Pathology,
Federal University of Rio Grande do Norte (UFRN), and
from the archives of the Department of Pathology and
Legal Medicine, Federal University of Ceara (UFC). PAs
were divided into two categories according to the amount
and cellular composition of the stroma: cell-rich tumors
(predominance of epithelial cells) (Fig. la—b) and cell-
poor tumors (predominance of myxoid and chondroid
areas) (Fig. 1c) [14]. ACCs were classified into the fol-
lowing histological subtypes: cribriform (pure cribriform
tumors or mixed with <30% of solid areas) (Fig. 1d),
tubular (tumors with both tubular and cribriform areas
without solid components) (Fig. 1e), and solid (predomi-
nantly solid pattern) (Fig. 1f) [15]. The cases were not
matched for age, gender, or type of salivary gland (major
or minor).

DNA extraction

Genomic DNA was extracted from formalin-fixed paraffin-
embedded tissue blocks by preparing six 10-pm-thick sec-
tions collected in sterile microtubes. The paraffin was re-
moved by incubation in xylene and the specimens were sub-
sequently rehydrated in ethanol. DNA was extracted with a
proteinase K and Chelex-100 resin solution (BioRad
Laboratories, Hercules, CA, USA). The integrity of the ex-
tracted DNA was tested by electrophoresis, followed by

Fig. 1 Motphologlcal aspects of PA and ACC. Classical PA showing
duct-like structures composed of ductal and myoepithelial cells (a).
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Cell-rich (b) and cell-poor (¢) PAs. Cribriform (d), tubular (e), and solid
(f) ACCs (H/E, scale bar 100 um (a-¢) and 200 pm (f)
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amplification of the methylenetetrahydrofolate reductase gene
through a polymerase chain reaction (PCR).

Analysis of the CTNNB1 gene

To detect mutations in the CTNNBI gene, the single-strand
conformational polymorphism (SSCP) test was performed,
under the premise that abnormal electrophoretic migration re-
sults from genetic mutation, as demonstrated previously [16].
Exon 3 of the CTNNB1 gene was amplified by PCR using the
following primers: sense 5'-GCTGATTTGATGGA
GTTGGA-3' and anti-sense 5'-GGCCACAGCCAATC
AGCA-3'. Each PCR reaction for a total of 25 pL final vol-
ume consisted of 0.2 mmol L™" of four deoxynucleotide tri-
phosphates, 1.5 mmol L' MgCl,, 0.4 umol L™ of each prim-
er, and 0.5 units of Tag DNA polymerase (Invitrogen®,
Carlsbad, CA, USA). Amplification consisted of 40 denatur-
ation cycles at 95 °C for 60 s, annealing at 56 °C for 60 s, and
extension at 72 °C for 60 s, followed by a final extension cycle
at 72 °C for 5 min. For the SSCP analysis, 5 or 6 uL of the
PCR product was mixed with an equal volume of stop solution
(95% of formamide, 20 mmol L' EDTA, and 0.05% of Xy-
lene cyanol and bromophenol blue), heated at 95 °C for 5 min
and immediately placed on ice and loaded onto a 12.5% ac-
rylamide gel (GenePhor™, Amersham Biosciences, Uppsala,
Sweden). Electrophoresis was performed using an
Electrophoresis GenePhor Unit (GE Healthcare Bio-Sciences
AB, Uppsala, Sweden) at4 °C for 3 h. The band patterns were
then visualized by a DNA Silver Staining Kit (Amersham
Pharmacia Biotech, Buckinghamshire, UK).

Immunohistochemistry

Immunohistochemistry was performed by the EnVision
peroxidase procedure (Dako, Carpinteria, CA, USA).
Briefly, dewaxed and rehydrated tumor sections (3-pm-
thick) were subjected to antigen retrieval in a steamer with
citrate buffer, pH 6.0. Endogenous peroxidase was blocked
by incubation in 3% hydrogen peroxide. After treatment
with normal serum, the sections were incubated for 18 h
with the primary anti-3-catenin antibody diluted at a 1:150
ratio (clone 14, BD Biosciences Pharmingen, San Jose,
CA, USA). The reaction was developed with diaminoben-
zidine (Liquid DAB+, Dako, Carpinteria, CA, USA) as the
chromogen, and the sections were counterstained with
Mayer’s hematoxylin. Healthy salivary glands and oral ep-
ithelial lining included in the specimens were used as pos-
itive controls. As negative controls, the specimens were
treated as described above, with replacement of the prima-
ry antibody with bovine serum albumin in phosphate-
buffered saline solution.

Immunostaining evaluation

Under light microscopy, [3-catenin immunoexpression was
evaluated in terms of pattern of distribution, according to the
following scores: 0 =no staining, 1 = focal staining, and 2 =
diffuse staining. Immunoexpression was also analyzed in
terms of cellular localization (membrane, cytoplasm, nucleus).
Analysis of [3-catenin expression according to pattern of dis-
tribution and cellular localization was performed
irrespectively of the intensity of staining.

In addition, 1000 neoplastic cells were counted in a series
of fields randomly chosen in PA and ACC specimens at x 400
magnification. Immunostaining intensity was scored as fol-
lows: 0 (no staining), 1+ (weak), 2+ (moderate), and 3+
(strong). Using an adaptation of a previously detailed method
[17], an H-score was calculated as the sum of the percentages
of cells that stained at each intensity multiplied by the weight-
ed intensity of the staining: H-score = (i + 1)m, where i =1, 2,
and 3 and 7 ranges from 0 to 100%.

Statistical analyses

The results were submitted to statistical analyses using the
Statistical Package for the Social Sciences (version 17.0;
SPSS Inc., Chicago, IL, USA). Fisher’s exact test and
Pearson’s chi-square test were applied for the analysis of f3-
catenin distribution patterns. The distribution of the H-score
data was evaluated by the Kolmogorov—Smirnov test, which
indicated the absence of a normal distribution. Thus, the me-
dian H-scores were compared between PAs and ACCs by the
non-parametric Mann—Whitney test. Comparison of H-scores
between the histological ACC and PA subtypes was per-
formed by the non-parametric Kruskal-Wallis test and non-
parametric Mann—Whitney test, respectively. The non-
parametric Mann—Whitney test was used to analyze H-
scores according to the presence or absence of CTNNBI gene
mutations. The level of significance was set at 5% for all tests
(P<0.05).

Results

[3-Catenin was expressed in 22 PA cases (91.6%), with a focal
pattern in most cases (59.1%). Cytoplasmic immunoreactivity
was observed in all 22 cases, whereas membrane staining was
observed in only 10 cases (Fig. 2a—b) (45.5%). Nuclear pos-
itivity for (3-catenin was observed in only 1 case (4.5%) of PA.
Areas of squamous differentiation revealed strong 3-catenin
immunoexpression, while myoepithelial cells trapped in tu-
mor stroma were mostly negative for this protein.

All ACC cases were positive for 3-catenin, with the pre-
dominance of the diffuse pattern (79.1%). Cytoplasmic
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Fig.2 Cytoplasmic and membranous expression of 3-catenin in cell-rich
(a) and cell-poor (b) PAs (EnVision, scale bar 100 pm)

expression was detected in all cases, whereas membrane im-
munostaining was observed in 11 tumors (45.8%) (Fig. 3a—c).
Only 6 cases (25.0%) of ACC exhibited nuclear (3-catenin
expression.

Statistical analyses indicated significant differences in the
[3-catenin distribution pattern between PAs and ACCs, with a
higher frequency of the diffuse pattern in the latter (P =
0.008). However, no significant difference in 3-catenin cellu-
lar localization was observed between these tumors (P =
0.098).

The median H-score for (3-catenin was 87.6 (range 0.0—
203.3) in PA and 138.8 (range 59.9-226.7) in ACC, with a
statistically significant difference between groups (P =0.002)
(Table 1). Cell-rich PAs (median 111.4, range 9.0-203.3) ex-
hibited a trend for higher (3-catenin H-scores when compared
to cell-poor PAs (median 59.0, range 0.0-111.6) (P =10.060)
(Table 1). A statistically significant lower H-score was ob-
served in cribriform ACCs (median 89.4, range 58.9—190.8)
when compared to tubular (median 150.5, range 126.6-226.7)
and solid (median 145.0, range 92.9-198.3) ACCs (P=
0.042) (Table 1).

Mutations in CTNNBI exon 3 were observed in 13 cases
(27.1%) (6 PAs and 7 ACCs) (Table 2). Of these, only 2
showed nuclear positivity for 3-catenin, both ACCs. The me-
dian H-score was of 90.7 (range 23.1-167.0) in tumors
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Fig. 3 Immunoexpression of 3-catenin in cribriform (a) and tubular (b)
ACCs. High membranous and cytoplasmic immunoexpression of f3-
catenin in a solid ACC (c¢) (EnVision, scale bar 100 pm)

presenting the CTNNBI gene mutation and 129.60 (range:
0.0-226.7) in tumors without the CTNNBI gene mutation.
No statistically significant differences were found between
these median H-scores regarding the mutation status of the
CTNNBI gene (P=0.135).

Discussion

The pathophysiology and behavior of salivary gland neo-
plasms are still not completely understood, due to the variety
of histopathological phenotypes and the paucity of previous
molecular studies [10, 18, 19]. The CTNNBI gene codifies [3-
catenin, which plays an essential role in the Wnt/3-catenin
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Table1 Median H-scores for (3-catenin expression and their differences according to tumor type, histological subtypes, and CTNNB! gene mutation
Groups n Median 0>5—075 Mean of ranks P
Type of tumor
Pleomorphic adenoma 24 87.6 42.7-123.4 18.1 0.002
Adenoid cystic carcinoma 24 138.8 101.3-160.2 30.8
Pleomorphic adenoma subtype
Cell-rich 15 111.4 53.4-139.1 14.6 0.060
Cell-poor 9 59.0 4.0-106.0 9.0
Adenoid cystic carcinoma subtype
Cribriform 8 89.4 63.5-141.2 7.3 0.042
Tubular 10 150.5 132.6-169.5 153
Solid 6 145.0 127.3-1654 14.6
CTNNBI gene mutation
Present 13 90.70 55.5-130.5 19.5 0.135
Absent 35 129.60 75.8-153.8 26.3

signaling pathway and is intricately involved in the pathogen-
esis of several types of cancer. However, its role in benign and
malignant salivary gland neoplasms has not yet been
completely elucidated [7, 10, 20]. In the present study, we
sought to investigate mutations in CTNNBI exon 3 in PAs
and ACCs and determine possible differences in the
immunoexpression of 3-catenin in relation to these mutations,
as well as assess some morphological aspects of these salivary
gland neoplasms.

In our study, cytoplasmic expression of [3-catenin was de-
tected in all positive cases of PA and ACC, whereas membrane
immunostaining was found in less than 46% of these tumors.
The predominance of non-membranous expression of [3-
catenin in salivary gland PAs and ACCs has been reported in
previous studies [19, 21]. In our sample, ACCs exhibited higher
H-scores for 3-catenin (P =0.002) and a higher percentage of
cases with nuclear positivity for this protein (25 versus 4.5%)
when compared to PAs. Together, these findings highlight the
importance of 3-catenin in the pathogenesis of salivary gland
PAs and ACCs. In addition, it could be suggested that

Table 2 Distribution status of CTNNBI mutation according to tumor
type and histological subtypes

Tumors CTNNBI gene mutation Total
Absent Present
n (%) n (%) n (%)
Pleomorphic adenoma
Cell-rich 11 (73.3) 4 (26.7) 15 (100.0)
Cell-poor 7 (77.8) 2(222) 9 (100.0)
Adenoid cystic carcinoma
Cribriform 5(62.5) 3(37.5) 8 (100.0)
Tubular 6 (60.0) 4 (40.0) 10 (100.0)
Solid 6 (100.0) 0 (0.0) 6 (100.0)

differences in the biological behavior of these tumors may not
be related to reduced membranous expression of [3-catenin, but
in part to differences in the cytoplasmic accumulation and sub-
sequent nuclear translocation of this protein.

It is generally accepted that (3-catenin exerts distinct func-
tions, depending on its subcellular localization [5, 6, 10]. In
this context, membrane-bound (3-catenin mediates cell—cell
adhesion, whereas elevation of the cytoplasmic and nuclear
pool of this protein is associated with oncogenic functions [5,
6]. In malignant salivary gland neoplasms, it has been reported
that reduced and cytoplasmic localization of 3-catenin could
indicate lack of differentiation, invasive potential, and aggres-
sive behavior [21, 22]. Coherently, high membranous expres-
sion of 3-catenin has been associated with better overall sur-
vival for patients with minor salivary gland carcinomas, in-
cluding ACCs [10]. Nevertheless, Furuse et al. [23] suggest
that simple loss of (3-catenin expression is not necessarily
implicated in the malignant transformation of salivary gland
neoplasms. According to these authors, PAs and ACCs do not
exhibit a consistent change in the pattern of (3-catenin
immunoexpression, which could reflect different patterns of
tumorigenesis in these salivary gland tumors [23].

Despite relatively intense investigation, the biological signif-
icance of aberrant expression of (3-catenin and/or loss of its
membranous expression in salivary gland tumors is not fully
understood [19]. In the present study, solid ACCs, which are
considered the most invasive histological subtype, exhibited a
high H-score for 3-catenin. These findings are similar to those
reported by Wang et al. [20] and may indicate a possible role of
this protein in the aggressive clinical behavior of ACCs. On the
other hand, the varying expression of 3-catenin in PAs could be
related to their remarkable histomorphological heterogeneity
[21]. As observed in the present study, cell-rich PAs showed a
trend for higher {3-catenin H-scores when compared to cell-poor
PAs. In line with these findings, Fonseca et al. [24] reported that
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alterations in 3-catenin localization in salivary PAs occur main-
ly in non-epithelial cell types. Thus, the expression of [3-
catenin in PAs may be related to cellular composition
(epithelial cells versus myoepithelial cells), as well as to
the degree of differentiation of myoepithelial cells.

Interestingly, nuclear staining for [3-catenin was found in 1
PA of the present sample, similarly to the results reported by
Chandrashekar et al. [21] and Genelhu et al. [25]. In contrast,
Hakata et al. [19] verified a high percentage (71.4%) of salivary
gland PAs with nuclear expression of 3-catenin. These authors
also observed higher Ki-67 labeling indexes in PAs with non-
membranous expression of (3-catenin when compared to PAs
with negative or membranous expression of this protein. Taken
together, these findings suggest an oncogenic function for the
Wnt/[3-catenin signaling pathway in a subset of salivary gland
PAs, which could be relevant in the behavior of some tumors
regarding recurrence and malignant transformation [25].

Nevertheless, it should be emphasized that the Wnt/(3-
catenin signaling pathway can promote inversely correlated
processes, such as cell proliferation and differentiation.
Therefore, it has been demonstrated that the [3-catenin tran-
scriptional complex has the ability to choose and transactivate
specific gene sets depending on the context [5, 26]. These
observations highlight the need for further investigations, with
larger sample sizes and clinical data, to better establish the
biological significance and the clinical importance of f3-
catenin in salivary gland PAs and ACCs.

Most of the mutations in the CTNNBI gene in neoplasms
occur in exon 3, so this was the chosen molecular alteration in
the present study [12, 18, 27]. Point mutations in this exon
stabilize the protein and make it insensitive to degradation by
the APC multiprotein complex [6, 28]. This results in the
accumulation of (3-catenin and activation of target gene ex-
pression, upregulating the transcriptional activity of CCNDI,
C-MYC, and C-JUN, among other genes [28].

Some studies have investigated the presence of mutations in
the CTNNBI gene in salivary gland tumors [18, 29-32]. Daa
et al. [18] demonstrated that 35% of 20 cases of ACC exhibited
mutations in, at least, one of the three following genes:
CTNNBI1, AXINI, or APC. In the present study, mutations in
CTNNBI exon 3 were observed in 13 cases (27.1%) (6 PAs and
7 ACCs), with a trend for lower [3-catenin expression in tumors
presenting mutations. Furthermore, these mutations did not re-
sult in aberrant {3-catenin nuclear translocation in PAs and
ACCs. Similarly, Kawahara et al. [33] found no statistically
significant association between CTNNBI exon 3 mutations
and nuclear [3-catenin expression in basal cell adenomas of
salivary glands. Together, these findings suggest that differences
in 3-catenin expression between salivary gland ACCs and PAs
may not be related to the mutation status of CTNNB! exon 3.

Emerging data suggest that CTNNB/ mutations are rela-
tively frequent in basal cell adenomas of salivary glands,
where 33.3 to 80% of cases harbor exon 3 mutations, but
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not in ACCs [30-32]. Some studies also highlight that nuclear
expression of (3-catenin is characteristic of basal cell adeno-
mas, suggesting that it could be a useful marker in the differ-
ential diagnosis between these lesions and other salivary gland
basaloid tumors, including ACCs [30, 32]. Nonetheless, in
agreement with our results, nuclear expression of [3-catenin
in salivary gland ACCs has been observed in other investiga-
tions, with variable percentages of positivity [20, 22, 34].

Considering these contradictory findings, analysis of MYB-
NFIB fusion, which has been regarded as a key oncogenic event
of ACCs [35, 36], could help in the differential diagnosis be-
tween these tumors and basal cell adenomas. This fusion leads
to elevated expression levels of MYB, which can be demon-
strated by immunohistochemistry [35, 36]. Despite being rela-
tively frequent, MYB immunoexpression and MYB-NFIB trans-
location have not been observed in all cases of ACC [35].
Furthermore, some authors argue that MYB expression may
not help separate basal cell adenomas from ACCs [37]. Taken
together, these findings highlight the importance of association
of ancillary tests to establish the definitive diagnosis in difficult
cases, such as minimally sized histologic biopsies.

In conclusion, 3-catenin is important in the pathogenesis of
salivary gland PAs and ACCs. The highly invasive behavior
of ACCs could be partially related to high (3-catenin expres-
sions. In addition, CTNNBI exon 3 mutations do not seem to
significantly influence 3-catenin cytoplasmic/membranous
expression or nuclear translocation in salivary gland PAs and
ACC:s. Further studies are suggested to evaluate the relation-
ship between {3-catenin expression and clinical parameters in
a larger sample universe of PAs and ACCs.
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