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Adenoid cystic carcinoma, a relatively uncommon tumor of salivary glands, is characterized by a prolonged
clinical course and a fatal outcome. The molecular events underlying their progression are unknown. In this
study, we examined the methylation status of E-cadherin gene and its protein expression in 23 cases of adenoid
cystic carcinoma and correlated the results with the clinicopathologic factors to determine its role in these
tumors. We also analyzed the effect of 5-azacytidine on the re-expression in a methylated cell line of adenoid
cystic carcinoma for this gene. In our study, E-cadherin immunoreactivity, although heterogeneous, showed a
progressive reduction with high histological grade and in metastatic and recurrent lesions. Promoter
methylation was detected in 16 of 23 cases (70%), but there was no correlation with the histological grade or
patient prognosis. Microdissection of immuno-negative cells in heterogeneous tumors showed positive
methlyation. In the cell line from salivary adenoid cystic carcinoma with methylated E-cadherin, 5-azacytidine
restored the E-cadherin expression. Our results indicate that: (1) E-cadherin gene promoter is frequently
methylated in adenoid cystic carcinoma, leading to reduced E-cadherin expression, (2) variable E-cadherin
expression might result from the intratumoral heterogeneity, and (3) increased extent of methylated areas may
be associated with progression and advancement of the disease.
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Adenoid cystic carcinoma is a relatively uncommon
salivary gland tumor characterized by indolent and
ultimately fatal course.1–3 Local and distant meta-
stases are common features of this entity, regardless
of the histological features or the status of surgical
margins.4,5 Alterations of cell adhesion molecules or
production of excessive matrix protein have been
proposed as factors associated with the aggressive
behavior in adenoid cystic carcinoma.6,7 However,
the underlying events for the aggressive nature and
protracted course of this tumor are poorly under-
stood.

E-cadherin (E-cad), a family of calcium-dependent
cell adhesion molecules, possesses intercellular
attachment, cell polarity, and morphogenesis func-
tions through the formation of complexes with

a- and b-catenin and plakoglobin at the transmem-
brane domain.8 Abnormal E-cad expressions, in-
cluding cytoplasmic translocation, heterogeneous,
and/or absence of expression have been reported in
aggressive carcinomas of the esophagus, stomach,
and breast.9,10 Mutation of the E-cad gene and loss of
heterozygosity (LOH) of this gene have also been
detected in cell lines of gastric11–15 and breast
carcinomas.16 Previous studies of this gene in
adenoid cystic carcinoma have reported a reduced
expression of E-cad protein in high grade and
aggressive tumors.17 The factors leading to the
reduction of expression in adenoid cystic carcinoma,
however, remain unknown.

Methylation has recently been shown to be an
important mechanism in the transcriptional inacti-
vation of certain tumor suppressor genes.18–20 We
previously reported that promoter methylation of
p16 gene, a cell cycle regulator of G1/S boundary,
occurs in 20% of adenoid cystic carcinomas and
induces the reduction of its protein expression21

Furthermore, methylation of the promoter CpG
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island of E-cad has been found to accompany
abnormal expression of immunoreactive E-cad in
gastric, liver, thyroid, breast, and prostate carcino-
mas.22–26 These lines of evidence led us to hypothe-
size that altered E-cad expression by CpG island
methylation may underlie the aggressive behavior of
adenoid cystic carcinoma during its protracted
course.

In the present study, we therefore investigated the
methylation status of the E-cad gene and its protein
expression in cases with adenoid cystic carcinoma.
Laser capture microdissection methods (LCM) were
applied to correlate methylation to gene expression
in heterogeneous tumors. We further analyzed
whether demethylation by 5-azacytidine affects the
E-cad expression in cultured cells derived from
salivary gland adenoid cystic carcinoma.

Materials and methods

Tissue Samples of Surgical Cases and Cell Culture

In all, 26 lesions from 23 patients with the diagnosis
of adenoid cystic carcinoma (23 primary, two
recurrent, and one metastatic tumors) were retrieved
from the Department of Pathology, Hirosaki Uni-
versity and associated hospitals comprised the

materials of this study. Immunohistochemical stain-
ing of E-cad protein and DNA extraction for the
methylation analysis of the E-cad promoter region
were performed on sections from selected paraffin
blocks (Table 1). Locations of the primary tumors
were: submandibular gland in five cases, parotid
gland in four, nasal cavity in three, pharynx in three,
palate in two, maxillary sinus in two, lip, tongue,
larynx, and external auditory canal, one case at each
site, respectively. Two of the recurrent tumors were
at the same site as the original tumor and one was
from a metastatic lesion in the cranium (Table 1).
The clinical and pathological data on the patients
were obtained from medical records and surgical
pathology reports. All tumors had at least some foci
with a cribriform pattern having a variable mixture
of tubular and solid areas. In each tumor, we
determined the predominant histological pattern
and histological grade of malignancy according to
the criteria of Szanto et al:27 Grade 1, tumor with
tubular and cribriform pattern but without solid
component; Grade 2, tumor with a pure cribriform
pattern or mixed with less than 30% of solid areas;
and Grade 3, tumor with more than 30% of solid
areas. Control specimens were obtained from cases
of pleomorphic adenoma and Warthin’s tumor as
well as normal salivary glands.

Table 1 Clinical summaries of examined cases with adenoid cystic carcinoma and results of E-cadherin expression and its promoter
methylation

Case no. Age/sex Location Primary
treatment

Histologic
grading

Percentage of
E-cadherin

expression (%)

E-cadherin
promoter

hypermethylation

Follow-up

1 48/M Pa Ope+chemo 1 87 — NED, 198 mos
2 73/F MP Ope+chemo 3 41 — DOD, 57 mos
3a 77/F Pa Ope 2 8 — DOD, 204 mos
3b 84/F Pa 2 0 —
4a 68/M MP Ope+chemo 2 22 — DOD 101 mos
4b 76/M MP 2 2 Methylation
5 34/F PG Ope+chemo 1 42 Methylation DOD, 139 mos
6 71/F PG Ope 2 10 Methylation NED, 65 mos
7 84/F SG Ope 2 35 — DOD, 37 mos
8 76/F NC Ope+chemo 2 8 Methylation DOD, 162 mos
9 49/F Li Ope+RT 3 2 Methylation DOD, 66 mos
10 69/F SG Ope+chemo+RT 1 7 Methylation DOD, 69 mos
11 53/M La Ope 2 23 Methylation NED, 100 mos
12 70/F MS Chemo+RT 3 0 Methylation DOD, 6 mos
13 48/F SG Ope 2 4 Methylation NA
14 67/M EAC Ope 2 71 Methylation NED, 42 mos
15 70/F To NA 2 36 Methylation NA
16 56/F PG Ope+RT 1 0 Methylation AWD, 108 mos
17 72/M SG Ope+RT 3 0 Methylation DOD, 9 mos
18 67/M NC Ope+RT 3 0 Methylation DOD, 24 mos
19 74/F MS Ope 2 0 Methylation DOD, 56 mos
20 58/M NC Ope+chemo 2 3 DOD, 43 mos
21 68/F MP Ope+RT 1 43 Methylation NED, 15 mos
22 70/M PG Ope 1 74 Methylation AWD, 17 mos
23a 56/F SG Ope 1 80 — DOD, 141 mos
23b 65/F CB 3 8 Methylation

a¼primary case within two specimens from same patient; b¼ or metastasis within two specimens from same patient; P¼palate;
MP¼mesopharynx; PG¼Parotid gland; SG¼ submandibular gland; NC¼nasal cavity; Li¼ lip; La¼Larynx; MS¼maxillay sinus; EAC¼ extra
auditory canal; To¼ tongue; CB¼ cranial bone; DOD¼dead of disease; AWD¼ alive with disease; NED¼no evidence of disease; ope¼operation;
chemo¼ chemotherapy; RT¼radiation therapy; NA¼not available; mos¼months.
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For the in vitro experiments, the ACC3 cell line,
originally derived from a patient of adenoid cystic
carcinoma arising from the parotid gland, was
used.28 Cultured tumor cells were maintained in
RPMI-1640 medium (Gibco BRL, Rockville, MD,
USA) supplemented with 10% fetal bovine serum
(Gibco BRL), 1% L-glutamine, 50 mg/ml strep-
tomycin, and 50 IU/ml penicillin, and incubated
at 371C under a humidified atmosphere containing
5% CO2.

Immunohistochemistry

Immunohistochemical staining for E-cad was per-
formed on 10% formalin-fixed deparaffinized sec-
tions using the streptavidin–biotin method. Antigen
retrieval using microwave irradiation in 0.01mol/l
citrate buffer (pH 6.0) was used and the sections
were immersed in methanol with 0.3% hydrogen
peroxide for 30min and treated with 10% normal
rabbit serum for 30min for inhibition of endogenous
peroxidase activity. The slides were first incubated
with anti-human E-cadherin monoclonal antibody
(HECD-1, 1:500 dilution; Takara Shuzo, Ohtsu,
Japan) overnight at 41C. They were then incubated
at room temperature for 30min each with secondary
biotinylated anti-mouse immunoglobulin antibody
and peroxidase-conjugated streptavidin (Histofine
SAB kit, Nichirei, Tokyo, Japan). Reaction products
were detected with 3,30-diaminobenzidine tetra-
hydrochloride. The nuclei were counterstained with
hematoxylin. Sections of pleomorphic adenoma and
Warthin’s tumor were used as positive controls.
Negative controls were obtained by staining proto-
cols omitting the first antibody, or by using
nonimmune mouse sera in place of the first anti-
body.

Cells with clear intercellular and contiguous
membranous stainings were scored as positive cells
for E-cad expression. The number of positive cells in
1000 tumor cells within 4–6 microscopic fields at
� 200 magnification was counted. Staining results
were classified into four grades depending on the
percentage of E-cad-positive cells negative (no
positive cells), low (o15% positive tumor cells),
moderate (15–50% positive tumor cells), and diffuse
(450% positive tumor cells). Two independent
pathologists conducted quantitation of positive
cells, and the interobserver concordance was more
than 90%.

DNA Extraction

From paraffin-embedded tumor tissues, genomic
DNA was extracted from five to 10 serial sections
of 10mm thickness after deparaffinization, based on
standardized methods.29 All samples were tested for
the presence of b-globin DNA by the polymerase
chain reaction (PCR) to determine the sample
quality before they were analyzed. Similarly, geno-

mic DNA from ACC3 cells was extracted by standard
proteinase K and phenol/chloroform extraction
procedures.

Methylation-Specific PCR (MSP)

DNA methylation patterns in the E-cad promoter
region were determined by MSP. Methylation
of the E-cad promoter gene at the site of the CpG
island was examined by MSP using the CpGenomet
DNA Modification Kit (Intergen, Purchase, NY,
USA). Extracted DNA samples were bisulfite mod-
ified, following the manufacturer’s instructions.
Bisulfite-modified DNAs were then PCR-amplified
using primer pairs of E-cad-U and E-cad-M, as
follows:

E-cad-U¼ forward
(50-TAATTTTAGGTTAGAGGGTTATTGT-30) and
reverse
(50-CACAACCAATCAACAACACA-30);
E-cad-M¼ forward
(50-TTAGGTTAGAGGGTTATCGCGT-30) and
reverse
(50-TAACTAAAAATTCACCTACCGAC-30).

The construct of the primers contained six
sites (116 bp) of CG promoter at genomic position
of �205 for E-cad-M and five sites (97 bp) at genomic
position of �201 for E-cad–U, respectively.30

The PCR assay was performed in a final volume of
25 ml containing template DNA, 1�PCR buffer
(10mM Tris-HCl [pH 8.3], 50mM KCl, 1.5mM
MgCl2), 0.2mM of each dNTP, 500nM of each
primer, and 1U of AmpliTaq gold (Perkin-Elmer,
Roche Molecular Systems, Branchburg, NJ, USA).
Hot start PCR was used for this assay. PCR
was performed at 951C for 12min, followed by
35 cycles at 951C for 1min, 531C for 1min, and
721C for 2min, with a final 7min extension at 721C.
The PCR products were electrophoresed on 2%
polyacrylamide gels. Gels were stained with ethi-
dium bromide and visualized by ultraviolet illumi-
nation.

PCR products from four cases were sequenced
with an Automated DNA Sequencer ABI PRISM 310
Genetic Analyzer (PE Applied Biosystems, Tokyo,
Japan).

Laser Capture Microdissection (LCM) Analysis

To examine whether there is a topographic differ-
ence between protein expression and methylation
status, LCM (PixCell 100 apparatus, Arcturus En-
gineering Inc., Mountain View, CA, USA) was used
to obtain DNA from deparaffinized immunostained
sections of E-cad-positive or negative areas. Only
cases positive for methylation by MSP were used
(cases 5, 13, 15, 22, and 23b).
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In vitro Effects of 5-Azacytidine on ACC3 Cells

ACC3 cell line was cultured for 7 days in the
presence of the demethylating agent, 5-azacytidine
(5AC), and analyzed for the expression of the E-cad
gene. Protein and mRNA expressions were also
compared with those from untreated cultured
cells. ACC3 cells were seeded at a concentration
of 1� 105 cells in a 60mm plastic dish in
medium containing 10 mM 5AC (Sigma, St Louis,
MO, USA). The medium was replaced every 2 days
by fresh medium. As controls, ACC3 cells were
incubated for 7 days with medium without
5AC. The experiments were repeated three times
and, in each experiment, at least three dishes
were prepared for both 5AC-treated and untreated
groups.

The methylation status of the extracted DNA was
examined by MSP as described above. Immuno-
staining was applied to the cultured cells on the
coverslip fixed with acetone. Staining proce-
dures were the same as the method applied to the
tissue sections. The expression of E-cad mRNA
was further evaluated by reverse transcriptase PCR
(RT-PCR).

RT–PCR

Total RNA was extracted from cultured ACC cells
with or without 5AC treatment by Trizol reagent
(Gibco BRL) following the manufacturer’s pro-
tocol. Normal gastric mucosal tissue was used for
comparison. cDNA was prepared by RT of 1mg of
total RNA using SUPERSCRIPTt first-strand synth-
esis system (Gibco BRL). PCR was performed in a
total volume of 50 ml containing 1�PCR buffer
(10mM Tris-HCl [pH 8.3], 50mM KCl, 1.5mM
MgCl2), 0.2mM of each dNTP, 200nM of each
primer, 1U of AmpliTaq gold (Roche Molecular
Systems, Branchburg, NJ, USA). The primers used
for E-cad were:

forward
(50-GACCAAGTGACCACCTTAGA-30) and
reverse
(50-GCAGGAATTTGCAATCCTGCT-30), and
for GAPDH were forward
(50-CTGCACCACCAACTGCTTAG-30) and
reverse
(50-AGGTCCACCACTGACACGTT-30)

as previously described.31 The amplification condi-
tion was 941C for 10min followed by 40 cycles at
941C for 1min, 601C for 1min, and 721C for 1min,
with a final 7min extension at 721C. The PCR
products were electrophoresed on 4–20% gradient
polyacrylamide gels. Gels were stained with ethi-
dium bromide and visualized by ultraviolet illumi-
nation.

Statistical Analysis

All statistical evaluations were performed using Stat
View 5.0 software (SAS Institute, Cary, CA, USA).
The association between histological grade, immuno-
histochemical expression, and methylation status
was assessed by Fisher’s exact test and regression
analysis. Multivariate analysis was performed using
the Cox proportional hazard model to evaluate the
relationship between overall survival and clinico-
pathologic factors. Survival curves were plotted by
the Kaplan–Meier method to assess the correlations
between each factor and overall survival. Differences
in survival curves were estimated by the log-rank
test. P-values less than 0.05 were considered
significant.

Results

E-cad Expression in Surgical Cases of Adenoid Cystic
Carcinoma

Diffuse membranous staining of E-cad was detected
in the ductal epithelial cell components of normal
salivary glands. The expression of E-cad in adenoid
cystic carcinoma was variable within and between
cases. In a tubular growth pattern, E-cad immuno-
reactivity was homogenously located at the cell
surface (Figure 1a). In cribriform and solid growth
areas, a strong positive expression was noted in
some but negative in others within the same tumors,
whereas positive reactions were variable in areas
with cribriform growth pattern, structurally consis-
tent with histological Grade 2 (Figure 1b). In areas
with a solid growth pattern, histologically consis-
tent with Grade 3, the immunohistochemical reac-
tion was mostly negative (Figure 1c). A completely
negative reaction was found in six cases (24%).
In particular, in the recurrent and metastatic
lesions, expression of E-cad was negative or low,
compared with the reactions in the original tumor
(Figure 2a, b). The histological grade was weakly
correlated with E-cad expression (r2¼ 0.264,
Po0.01) (Figure 3).

Promoter Methylation of the E-cad Gene

Methylation of E-cad promoter was detected in 16 of
23 (70%) of the cases (Figure 4) (Table 1). Five of
seven cases (71%) of Grade 1 tumors, seven of 11
Grade 2 (64%), and four of five (80%) Grade 3
tumors were positive for methylation, showing no
correlation between the incidence of methylation
and histological grading (Table 2). However, two
cases in which the original tumors were negative for
methylation were positive in the recurrent or
metastatic lesions (Cases 4 and 23). The latter was
originally unmethylated (E-cad expression 80%),
and then became methylated in the high-grade
tumor at metastatic site (E-cad expression 8%). In
all, 10 of 16 (63%) methylation-positive cases were
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negative or showed low immunoreactivity for E-cad
expression (o15% of positive tumor cells), and in
contrast, two of seven unmethylated cases were
negative or low for E-cad expression (Table 2).

Pleomorphic adenomas and Warthin’s tumors
were negative. E-cad-U and E-cad-M amplification
products from cases 11 and 19 were sequenced to
confirm the presence of methylation. Conversion

Figure 1 Expression of immunoreactive E-cadherin in adenoid
cystic carcinoma. (a) Diffuse membranous staining was apparent
in most tumor cells with tubular growth pattern, consistent with
histological Grade 1. (b) In areas of cribriform pattern, consistent
with histological Grade 2, expression of E-cadherin was less
apparent showing scattered positive cells with membranous or
cytoplasmic reactions. (c) There was hardly any positive reaction
in solid areas of the tumor, showing invasive growth into the
stroma, when histological grade was assigned to Grade 3.

Figure 2 Temporal changes of E-cadherin expression with
advancement of disease in adenoid cystic carcinoma (Case 23).
The original tumor consisted mostly of tubular growth, showing
strong expression of E-cadherin (a), while the growth pattern
became solid lacking apparent expression of E-cadherin in the
metastatic site of the bone (b).

Figure 3 Relationship between histological grade and E-cadherin
positivity in adenoid cystic carcinoma. With increasing histo-
logical grade, there is reduced expression of E-cadherin.

Figure 4 Analysis by methylation-specific polymerase chain
reaction on E-cadherin promoter in cases of adenoid cystic
carcinoma. All cases presented (cases 8, 10, 16, and 23 b), except
for case 23a which showed methylated genes. Normal salivary
gland and benign salivary tumors (pleomorphic adenoma and
Warthin tumor) were all negative for methylation.
U¼unmethylated DNA, M¼methylated DNA.
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from C to T at the CpG site was demonstrated in the
sequence of E-cad-U products by bisulfite treatment
(Figure 5). There was no alteration in the E-cad-M
sequence.

Survival Analysis

Within the follow-up period, 14 of 21 (67%) patients
died of cancer recurrence and distant metastasis.
The Cox hazard model using six variables (Table 3)
revealed that the histological grade was an indepen-
dent factor that affected the prognosis at the time of
initial diagnosis. Similarly, univariate analysis de-
monstrated that histologically high-grade tumors
(Grade 3) showed a significantly shorter survival
than other low-grade tumors (Grade 1 and 2) (Figure
6a). On the other hand, other factors such as age,
sex, location, E-cad protein expression, or methyla-
tion status of E-cad gene did not have a significant
influence on the prognosis (Figure 6b).

Microdissection Analysis

The high E-cad expression areas were negative for
methylation in all five cases examined, while E-cad

Table 2 Relationship between E-cadherin expression and its promoter methylation in 23 cases with primary adenoid cystic carcinoma

Results of MSP Total number of cases Expression of E-cadherin

Negative Low Moderate Diffuse

0% 0–15% 15–50% 50%o

Methylation (�) n¼7 0(0%) 2(28%) 3(43%) 2(28%)
Methylation (+) n¼ 16 5(31%) 5(31%) 4(25%) 2(13%)

MSP¼methylation-specific polymerase chain reaction.

Figure 5 Direct sequencing of the amplified products with E-cad-
M (a) and E-cad-U (b) primers in case 19. Base of cytosine (c) in
the unmethylated DNA was all converted to thymidine (T) after
bisulfide treatment, whereas C in methylated DNA remained as C,
indicating the presence of methylation at the CpG sites.

Table 3 Cox proportional hazards model for factors associated
with survival of the patients with adenoid cystic carcinoma

Hazard
ratio

95%
Confidence
interval

P-value

Age (o60y.o./460y.o.) 3.087 0.756–12.60 0.1163
Sex (male/female) 0.373 0.071–1.951 0.2425
Location (major/minor) 3.431 0.680–17.31 0.1354
Histological grade (Grade 1,2/3) 0.047 0.006–0.361 0.0033
E-cad expression (o20%/420%) 0.879 0.149–5.181 0.8869
E-cad methylation (+/�) 1.453 0.201–10.51 0.7115

Figure 6 The relationships between overall survival rate and
histologic grade or E-cadherin expression in patients with
adenoid cystic carcinoma. (a) Overall survival of the patients
with Grade 3 tumors was significantly shorter than that of other
grades of tumor. (b) The expression of E-cadherin does not
significantly influence the overall survival of the patients.
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negative expression areas were positive for methyla-
tion (Figure 7).

Methylation and Expressions of E-cad mRNA and
Protein in Cultured ACC3 Cell Line

Both unmethylated and methylated bands were
detected by MSP on the genomic DNA extracted
from ACC3 cell line in the absence of 5AC (Figure
8a). No methylated band was noted in the 5AC-
treated cell line (Figure 8b). Immunohistochemical
examination showed clear expression of E-cad
proteins in cultured ACC cells treated with 5AC.
E-cad mRNA expression was equivocal in untreated
ACC3 cells, whereas treated cells exhibited clear
expression of E-cad mRNA (Figure 8c).

Discussion

Our study firstly investigated the relationship of
methylation of the E-cad gene promoter and its
protein expression in adenoid cystic carcinoma. We
observed an association between methylation of this
gene and the reduced E-cad expression. In situ LCM
analysis revealed that areas with high expression
were negative for methlyation, whereas E-cad-
negative areas were positive for methylation in all
the five cases examined. The results of in vitro
experiments confirmed that the demethylation sta-
tus correlated with the expression of E-cad proteins
and mRNA transcripts. Interestingly, two cases with
recurrent and metastatic lesions, where the original
tumors showed a high expression of E-cad without
methylation progressed to show methylated genes
with a marked reduction of protein expression,
indicating an association of methylated status with
tumor progression. These findings are in keeping
with those of previous studies showing low protein
expression in high-grade tumors (Grade 3).17 This

further supports the recent proposal that epigenetic
changes of the E-cad gene may be a major cause of
invasion and metastasis of breast cancer.32 It is of
note, however, from our survival analysis that only
histological grade at the time of diagnosis predicted
the patient prognosis but the correlation between
E-cad expression and histological grade was only
marginal (r2¼ 0.264, Po0.01). There was no sig-
nificant correlation between overall methylation
status and E-cad expression or prognosis, indicating
that the methylation status per se as an all-or-
nothing basis does not directly confer the histologi-

Figure 7 Site-specific changes of E-cadherin expression and
methylation status in adenoid cystic carcinoma. With the laser
capture microdissection method, E-cadherin positive and nega-
tive areas were separately examined for the presence of methyla-
tion. Tissues that were strongly positive for E-cadherin expression
(a) before dissection; ((b) after dissection) were negative for
methylation in case 23a, whereas areas of negative for E-cadherin
expression (c) before dissection; ((d) after dissection) were
positive for methylation.

Figure 8 Promoter methylation of E-cadherin gene and its protein
expression in cultured ACC3 cells and effects of 5-azacytidine
(5AC). Immunohistochemistry demonstrated clear cytoplasmic
expression of E-cadherin in 5AC-treated cells (a), while the
reactions were completely negative in untreated cells (b).
Untreated ACC3 cells showed methylated band of E-cadherin
promoter gene in the extracted genomic DNA ((b) inset), whereas
there was no methylated band in 5AC-treated cells ((a) inset). The
mRNA expression of E-cadherin was also induced after treatment
with 5AC in ACC cells by RT–PCR (c).
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cal grade or predict the prognosis. The extent of
methylated areas within a single tumor may rather
be relevant to the histological grade or patient
prognosis. In addition, we noted reduced expression
without methylation in a few of our cases. This may
suggest that mechanisms other than methylation are
likely to be involved in impaired E-cad expression.
Otherwise, restricted use of formalin-fixed paraffin
materials as a source of DNA may also lead to false-
negative results due to possible marked DNA
fragmentations.

Methylation was highly found in cases with
different histological grades of adenoid cystic
carcinoma (Grade 1: 71%, Grade 2: 64%, and Grade
3: 80%). A high incidence of methylation of the
E-cad promoter gene has also been detected in
various types of carcinomas.22,24,32–34 Moreover,
methylated CpG islands of the E-cad gene were
found to be frequent in non-neoplastic bladder
mucosa contiguous to cancer lesions.35 However,
methylation detections from paraffin sections by
MSP should carefully be interpreted in the context
of intratumoral heterogeneity and field effect. We
observed a discrepancy between immunoexpres-
sions and the methylation status in some of these
tumors. Similar findings have been reported in
breast cancer, where a striking heterogeneity in
methylation between tumors, even in the carefully
microdissected in situ, was observed.26 Intratumoral
E-cad expression heterogeneity was also noted in
other carcinomas.9 In the current study, methylation
of E-cad gene was frequent even in low-grade
tumors (Grade 1). MSP is a remarkably sensitive
method that can detect 0.1% methylated cells in a
specimen,30 implicating the possibility that low-
grade tumors mostly consisted of E-cad protein
positive cells with only a very minor proportion of
methylated cells. This assumption may be sup-
ported by our findings from in situ LCM analysis,
which demonstrated the association between the
protein expression and the methylation status in the
heterogeneous components within a single tumor.

Our MSP analysis of the ACC3 cell line showed
that E-cad gene in the genomic DNA extracted from
this cell line was highly methylated and this can be
inhibited after 5AC-treatment. In addition, the effect
of 5AC-treatment clearly reflected the expression of
E-cad proteins and mRNA transcripts. These find-
ings are consistent with previous reports demon-
strating the direct association of methylation status
to the expressions of E-cad as well as estrogen
receptor in cultured cells of esophagus, stomach and
breast cancers.18,20 The reactivation of tumor sup-
pressor genes by demethylating agents, however,
was occasionally incomplete in cell lines of breast
cancer and prostate,25 suggesting that other mechan-
isms may also be involved in the expression changes
of E-cad.

Cellular migration penetrating surrounding matrix
proteins is the first step in the invasive process. In
this setting, production and degradation of matrix

proteins directly control the behavior of tumor cells
under the influence of tumor cell–stroma interac-
tions.36,37 Adenoid cystic carcinoma cells produce
much matrix proteins as well as proteolytic en-
zymes, which permit the extension of tumor cells
into the stroma, diminishing the intercellular ad-
hesive role.38 In vitro, ACC3 cell line also produces
basement membrane molecules, including type IV
collagen, laminin, heparan sulfate proteoglycan, and
fibronectin.6,28 It has been shown that E-cad methy-
lation density of CpG sites increases when tumor
cells are cultured on coated basement membrane
molecules.26 Excessive production of extracellular
molecules in adenoid cystic carcinoma might thus
be associated with a high incidence of E-cad gene
methylation. These conditions may as a conse-
quence result in the perturbed expression of E-cad
allowing the detachment of tumor cells. This
consideration appears to agree with our findings
that E-cad methylation was increased with the
advancement of the disease and further associated
with the reduction of its protein expression in two of
our cases (Cases 4 and 26). Further exploration of
tumor–stroma interaction will be needed to clarify
the precise mechanisms of methylation in the
advanced stage, and such approaches will be
valuable for the future inhibition of the progression
of this intractable disease.
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