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Adenoid cystic carcinoma (ACC) is a rare but distinctive tumor. Oligonucleotide array comparative genomic hybridization
has been applied for cataloging genomic copy number alterations (CNAs) in 17 frozen salivary or bronchial tumors. Only
four whole chromosome CNAs were found, and most cases had 2–4 segmental CNAs. No high level amplification was
observed. There were recurrent gains at 7p15.2, 17q21–25, and 22q11–13, and recurrent losses at 1p35, 6q22–25,
8q12–13, 9p21, 12q12–13, and 17p11–13. The minimal region of gain at 7p15.2 contained the HOXA cluster. The minimal
common regions of deletions contained the CDKN2A/CDKN2B, TP53, and LIMA1 tumor suppressor genes. The recurrent
deletion at 8q12.3–13.1 contained no straightforward tumor suppressor gene, but the MIRN124A2microRNA gene, whose
product regulates MMP2 and CDK6. Among unique CNAs, gains harbored CCND1, KIT/PDGFRA/KDR, MDM2, and JAK2. The
CNAs involving CCND1, MDM2, KIT, CDKN2A/2B, and TP53 were validated by FISH and/or multiplex ligation-dependent
probe amplification. Although most tumors overexpressed cyclin D1 compared with surrounding glands, the only case to
overexpress MDM2 had the corresponding CNA. In conclusion, our report suggests that ACC is characterized by a
relatively low level of structural complexity. Array CGH and immunohistochemical data implicate MDM2 as the oncogene
targeted at 12q15. The gain at 4q12 warrants further exploration as it contains a cluster of receptor kinase genes
(KIT/PDGFRA/KDR), whose products can be responsive to specific therapies.
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Adenoid cystic carcinoma (ACC) is a rare subtype of ade-
nocarcinoma occurring in major and minor salivary glands
of the upper aero-digestive tract.1 Other sites of origin in-
clude the tracheobronchial tree, lachrymal gland, breast, skin,
and vulva. ACC is an infiltrative tumor with a marked ten-
dency to invade nerves and adjacent bone. It consists of two
kinds of cells: ductal cells and myoepithelial cells.

Owing to its slow growth, ACC has a relatively indolent
but relentless course. When distant metastases occur, only
low response rates have been reported with multi-drug re-
gimens.2 Studies have reported contradictory results regard-
ing the usefulness of compounds targeting KIT.3,4 As a

general rule, responsiveness to KIT inhibitors correlates with
gene mutations, which are not found in ACC.5 Significant
efforts should be directed to improve the knowledge of
molecular genetic events in this malignancy to provide new
therapeutic targets.

There is wide agreement that recurrent genomic aberra-
tions contain genes that are important for tumor occurrence
or progression.6 To date, few studies of ACC using chro-
mosomal comparative genomic hybridization (CGH) have
revealed recurrent segmental losses at 6q23–qter, 12q12, and
13q21–q22 and recurrent segmental gains at 16p, 17q, and
22q13.7,8 Yet, the resolution of these techniques was limited,
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and loss-of-heterozygoty (LOH) studies have subsequently
been performed to map deletions at 6q and 12q.9,10 Con-
sistent with previous cytogenomic analyses, a recent study
using concurrent LOH and copy number analysis by SNP
genotyping arrays has concluded that ACCs are characterized
by limited number of chromosomal aberrations with the
most frequent area of deletion present on 9p.11

Array CGH has been developed to increase the spatial
resolution for the detection of chromosomal copy number
alterations (CNAs). Vékony et al12, published the results of a
study using BAC-based CGH array in a series of 18 paraffin-
embedded primary ACCs, showing very frequent copy
number gains at loci of growth factors and their receptors.
Here, we report the results of a study using high-resolution
oligonucleotide CGH array in frozen samples with the goal to
increase the knowledge of CNAs in ACC and establish a
catalog of candidate cancer genes residing in the altered re-
gions.

MATERIALS AND METHODS
Cases
The 17 frozen samples used for array CGH were obtained
from Institut de Cancérologie Gustave-Roussy, Institut Mu-
tualiste Montsouris, Beaujon, Pitié-Salpêtrière, and Avicenne
hospitals, (France), but were treated, purified, quantified, and
labeled at Institut Gustave Roussy. The study complied with
French laws regarding patient information and consent.
There were 13 females and four males. The median age was
51 years (interquartile range 38–55). The primary sites were
major salivary glands in seven cases, including the parotid
gland (three cases), the submandibular gland (three cases),
and the sublingual gland (one case), or minor salivary glands
along the aerodigestive tract in eight cases. Two cases in-
volved the bronchial glands. The tumor samples were taken
from the primary tumor in 11 cases, a local recurrence in
three cases, or a metastatic site in three cases.

An additional cohort of patients with primary salivary
ACC, for which only paraffin-embedded samples were
available, had been treated at Pitié-Salpêtrière hospital from
1968–2002. The 21 samples were chosen to directly compare
the immunohistochemical expression of selected proteins in
the tumor cells and in surrounding salivary cells.

Array CGH
Samples at least 3� 3� 3mm in size were cut in a cryostat at
�201C after removing most of OCT. Beginning, middle and
end sections of each sample were stained with hematoxylin
and eosin to assess the proportions of tumor cells. The
average percentage of tumor cells was above 70% in each
case. Thirty 40 mm sections were placed in a tube and kept
frozen. The following procedures are detailed in the supple-
mentary material. The samples were homogenized, and
genomic DNA was extracted according to Quiagen protocols
with modifications. Restriction of DNA, quality control of
restricted DNA by microanalysis, pooling, and clean up, were

performed following Agilent instructions. The samples were
hybridized in single vs a standard DNA (male or female,
Promega) with oligo 44 k CGH Agilent micro arrays
(G4410B). The scanning and image analysis were performed
with Agilent technology using default settings. Raw data txt
files from the Agilent Feature Extraction software 8.5.1.1
were then imported for analysis into CGHAnalytics 3.3.1.
Aberrations were obtained with ADM1 algorithm and
filtering options of a minimum of five probes and abs (log 2
ratio) 40.3. Aberration segments were manually reviewed.
Those that were localized to regions with high-copy repetitive
or GC-rich DNA sequences including telomeric regions were
excluded.

Multiplex Ligation-Dependent Probe Amplification
The multiplex ligation-dependent probe amplification
(MLPA) method for relative quantification of nucleic acids
was performed according to manufacturer’s instructions
(MRC-Holland, Amsterdam, The Netherlands). The P006
MLPA probe mix included two probes for CCND1, two
probes for TP53, and one probe for CDKN2B, all labeled with
6-FAM fluorescent dye. The PCR products were analyzed
in duplicate and in two dilutions (1/1 and 1/20) using an
ABI-3730 DNA Analyser (Applied Biosystems). Preliminary
tests showed an excellent reproducibility with less than 5% in
the variation of peak area. After normalization, a difference
of 30% in peak area of the sample relative to the reference
DNA sample was required to call a deletion or a gain.

Fluorescent In Situ Hybridization
Tumor touch preps were prepared by imprinting slightly
thawed tissues onto glass slides and air-drying them. The
slides were fixed in methanol/acetic acid. For KIT and
CDKN2A/2B, FISH were performed with commercial probes
(Kreatec, Nl). For CCND1 and MDM2, BAC clones were
selected from Pieter De Jong libraries (http://www.chori.org/
bacpac/) according to their position on UCSC human
genome (http://www.genome.ucsc.edu/). Purified BAC DNA
was labeled by random priming in the presence of Alexa
488-dUTP (green) and Alexa 594-dUTP (red) (Abott). The
quality of the probes was verified by hybridization to meta-
phases spreads of normal peripheral lymphocytes.

Immunohistochemistry
Standard immunohistochemistry protocols were used to
detect cyclin D1 (pre-diluted mab P2D11F11, Ventana,
Tucson, AZ, USA ), MDM2 (mab IF2, Zymed, San Francisco,
CA, USA), and VEGF (rabbit polyclonal antibody A-20,
Santa Cruz Biotechnology, Santa Cruz, CA, USA). For cyclin
D1, after epitope retrieval in 10mM, pH 7.3 citrate buffer for
20min, all steps were performed in a Ventana automated
stainer. For MDM2, after epitope retrieval for 30min, the
primary antibody was incubated overnight at 41C at 1:25,
then revealed using the Histostain kit (Zymed) For VEGFA,
after epitope retrieval for 30min, the primay antibody was
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incubated at room temperature at 1:200 for 1 h, then revealed
using the ABC Elite kit (Vector, Burlingame, CA, USA). DAB
was used as a substrate.

Statistical Analysis
The Fischer’s exact test was used to compare primary tumors
vs recurrences or metastases according to whether they had a
unique or multiple large segmental losses as well as to
compare expression of cyclin D1 in tumor and salivary gland
cells.

RESULTS
Cytogenomic Analysis
The results of our analysis for each case are provided in Table
1. The profile of gains and losses for the study population is
displayed in Figure 1. The number of CNAs varied from 17
(case 3) to one (cases 9 and 16) with most cases being 2–4
(Figure 1, Table 1). Only four whole chromosome CNAs,
linked to mitotic non-disjunction, were found. This com-
pares to the 66 segmental CNAs, linked to structural chro-
mosomal rearrangements, which were observed. Losses were
much more frequent than gains in the large segmental CNAs
(410Mb), while they were in the same proportions in
smaller segmental CNAs (o10Mb) (Po0.01). Among the
three tumors with more than a unique large segmental CNA
loss, one was a local recurrence (case 1), and two were a
metastasis (cases 5 and 3) compared to 11 primary tumors
and three recurrences or metastases among cases having no
or a unique large segmental CNA loss (P¼ 0.03). Case 3 had
the highest number of segmental CNAs and complex struc-
tural rearrangements on 4q, 11q and 15.

Recurrent CNAs
Segmental CNAs individually spanning at least 10 probes
were compared across samples to identify overlapping groups
of positive- or negative-value CNAs (CNA clusters). This step
identified 12 CNA clusters that were defined by at least two
positive- or negative-value overlapping CNAs. The number
of overlapping CNAs per cluster ranged from two to four.

The 12 clusters were localized on chromosomes 1p, 6q, 7p,
8q, 9p, 12q, 17p, 17q, and 22q. Two distinct clusters that were
separated by at least 1Mb were present on 1p, 6q, and 12q,
whereas the chromosomes 7p, 8q, 9p, 17p, and 22q harbored
only 1 cluster each. On 17q, there were actually six distinct
regions of overlapping positive-value CNAs, which were
considered together as a single complex cluster extending
from 17q21.32 to 17q25.3.

The boundaries of segmental CNAs in each cluster were
used in an effort to identify the minimal regions of overlap or
minimal common regions (MCRs). Eleven clusters included
only 1 MCR. In the highly complex cluster on 17q, 2 MCRs
could be identified, while there was no clear pattern of re-
currence in other 17q regions. The data for the 13 MCRs are
shown in Table 2. There were 4 MCR of gains and 9 MCR of
losses, which were localized to chromosomes 7p, 17q, 22q,

and to chromosomes 1p, 6q, 8q, 9p, 12q, 17p, respectively.
The median MCR size was 1365 kb (range 90–5447 kb). The
maximum ratio ranged from 1.31 to 2.04 for gains, while the
minimum ratio ranged from 0.52 to 0.61 for losses.

Putative Oncogenes or Tumor Suppressor Genes
Present within MCRs
Genes were localized to MCRs using the UCSC Genome
Browser (HG 17, build 35). Among MCR genes, coding genes
that have been associated with cancer were identified using
the list of genes possibly implicated in cancer in the Atlas of
Genetics and Cytogenetics in Oncology and Haematology.13

As shown in Table 2, the LIMA1, CDKN2A/CDKN2B, and
TP53 cancer-associated genes were present within MCRs of
losses. Interestingly, although the MCR at 9p21 also involved
the MTAP and TUSC1 putative tumor suppressor genes, an
additional eight probes loss (41 kb) targeted exactly the
CDNK2A/CDKN2B locus. The MCR at 7p15.2 contained the
HOXA cluster.

Several regions included gene encoding microRNAs. The
loss extending 2193 kb at 8q12.3–13.1, which was noted in
three cases, involved the MIRN124A2 microRNA gene.

Putative Oncogenes or Tumor Suppressor Genes
Present within Unique CNAs
Several unique CNAs were sufficiently narrow (16–79 probes)
to point to possibly relevant genes. These events include
gain of JAK2, high level gain of CCND1, MDM2, and KIT
(Table 1).

Validation of Aberrations with MPLA
The deletions involving TP53 at 17p13.2. and CDKN2B at
9p21 were confirmed by a reduction of more than 30% of
peak areas in cases 8 and 10 and in cases 1 and 10, respec-
tively. An increase more than 30% in relative peak area for
both the CCND1 and the adjacent FGF3 probes at 11q13
confirmed the gain in case 3.

Validation of Aberrations with FISH
FISH validated the gains in regions involving KIT/PDGFRA/
KDR, MMD2, and CCND1 as well as the loss in the region
involving CDKN2A/CDKN2B.

Immunohistochemistry
Cyclin D1 was diffusely expressed within tumor nuclei in case
3—a metastatic deposit to the liver—that had a CCND1 gain
(Figure 2). Tissue from the primary site in the palate was not
available for comparison. In an independent series of 21
ACCs with paraffin-embedded samples with paired sur-
rounding salivary glands, cyclin D1 was expressed in every
sample in 30–100% tumor cells, while none of the salivary
glands expressed the protein (Po0.001).

Case 7 that harbored a gain involving MDM2 exhibited
strong MDM2 nuclear expression, which was not seen in the
adjacent glands in the cavum (Figures 2 and 3). Nuclear
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Table 1 Chromosomal number abnormalities

Case Gender Age (years) Primary site Sample+ Loss Gain

1 F 79 Cheek LR �8q11.2q13.1o51.52–67.584(MIRN124A2),

�8q24.1qtero119.95–141.594,

�9p22.3p21.2o14.38–26.314(CDKN2A), �9p21.2p13.2o28.50–37.024

2 F 38 Parotid gland PT �6q22.3o121.8–125.024(PKIB,HSF2,SERINC1), �12q21.3q22o87.32–89.814 +7p15.2o26.91–27.054 (HOXA)

3 F 33 Palate Liver M �4q12o58.6–71.54, �4q13.3q22o76.3–81.24,

�6q24.1q26o139.1–161.74,

�9q22.31qtero92.4–136.34, �11pterp15.4o0.1–7.44,

�11q12.1q13.1o56.9–65.44,

�11q13.5qtero72.9–1344,

�15q13.1q14o24.5–334,

�15q15.2q21.2o40.5–49.54

+1p36.3o1.05–6.694, +4q12o53.32–

57.814x[1.9](KIT), +4q13.3o71.65–76.24,

+4q22.2q22.3o91.6–93.94 +7p15.2o26.91–

27.054 (HOXA), +11q13.2q13.4o66.9–

72.84x[2.9](CCND1,FGF19,FGF4,FGF3,CTTN),

+15q11.2q12o22.4–24.4 4, +15q14o36.2–

40.164, +18q12o33–354

4 M 64 Parotid gland LR �1p36.1p35.1o26.4–32.74(FGR,SERINC2,LCK),

�1p33p31.1o48.4–76.814, �8q12.3q13.1o65.3–67.54(MIRN124A2),

�8q23.3q24.11o117–1184

5 M 54 Submandibular gland Lung M �6q13q22.3o71–128.24,

�9p21.3p21.2o20.8–27.3 4(CDKN2A),

�12q12q15o37.05–68.274, �14q23.3q24.3o64.26–75.414(FOS)

6 F 51 Main bronchus PT �3pterp12.3o0.3–76.844,

�15q21.3q22.2o55.81–58.874

7 F 46 Main bronchus PT �4p15.3o13.15–15.334(RAB28a) +12q15 o67.47–68.274x[2.4](MDM2),

+16x[1.3], +22x[1.4]

8 F 52 Sublingual gland PT �8q12.3q13.1o63.2–67.584(MIRN124A2),

�17pterp11.2o0.4–18.84

+17q21.31qtero41.4–76.64

9 F 36 Soft palate PT +22

10 F 49 Ethmoido-nasal region LR �9p21o21.95–21.994(CDKN2A)b,

�13q12.3q31.1o17.6–91.984,

�21

11 M 55 Submandibular gland PT �6q24.1q25.2o139.7–157.54 +7p15.2oHOXA cluster4b,

+7p13o43.99–44.194

12 F 71 Submandibular gland PT �17p13.1p11.1o6.2–22.14 +17pterp13.2o0.4–6.184,

+17q11.1qtero22.7–78.54

13 F 54 Tongue Lung M �4q26q34.3o116.12–181.334,

�6q25.2q25.3o154.91–155.84

+9q34.13qtero134.5–137.84
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MDM2 expression was not seen in any other tumor, in-
cluding the 21 independent paraffin-embedded samples.
None of the surrounding bronchial or salivary glands ex-
pressed MDM2 within nuclei; light or moderate cytoplasmic
MDM2 staining could occasionally be observed. Moderate or
strong expression of VEGFA was noted within the cytoplasm
of 20–100% of tumor cells in every tumor sample. In salivary
glands strong expression was seen in serous acinar cells and
some duct cells. Mucous cells were consistently negative.

DISCUSSION
A genome-wide analysis of 17 frozen samples of ACC has
been performed using long oligonucleotide CGH 44k array.
Previous chromosomal CGH studies have revealed recurrent
segmental losses at 6q23-qter, 12q12, and 13q21–q22 and
recurrent segmental gains at 16p, 17q, and 22q13.7,8 The
comparison with our results show that the majority of the
most frequent losses or gains that were previously reported
by chromosomal CGH are listed in this study in a limited
cohort, but often delineated with a better precision. Notably,
we report MCRs of deletions on 6q and on 12q, which
overlap with previously identified regions of common allelic
losses that were mapped by LOH studies, an observation that
further supports the validity of our methodology.9,10 Using
oligonucleotide CGH array, at least five probes are required
for a reliable call for loss or gain.14,15 In this study, we made a
definite call only using at least 10 probes. Moreover, aber-
rations were subjected to manual review. An important as-
pect of our analysis is that we chose to discard recurrent calls
in regions characterized by GC-rich and high-copy repetitive
sequences. As in chromosomal CGH, less specific hy-
bridization to arrays can occur in GC-rich regions, probably
in relationship with not perfectly effective blocking by Cot-1
DNA even when the quality of genomic DNA preparations is
carefully controlled.16,17 To validate our results, we used FISH
and MLPA for six selected aberrations. We were able to va-
lidate five of the six aberrations assayed, including those
containing CCND1, MDM2, KIT, CDKN2A/2B, and TP53.
However, we could not validate one recurrent low amplitude
gain, which is not shown in this paper. Therefore, although
our approach was conservative, caution should be advised for
the regions that we did not validate with secondary techni-
ques.

Every case reported here had CNAs with an average
number of three. Large chromosomal band size segmental
CNAs were significantly more frequently losses than gains, to
the contrary of small segmental CNAs. No high level am-
plification was observed. Whole CNAs were observed on
small chromosomes, that is, chr16, chr21 and chr22 in two
cases. Those results are in accordance with most previous
reports, which claim that ACC does not have very extensive
chromosomal aberrations, and they suggest that global
genomic instability is not a mechanism.7,8,11 A potential
technical problem could have been the dilution of tumor cell
DNA into non tumor cell DNA. However, the percentage ofT
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tumor cells was above 70% in each of our samples. Con-
sistent with the accumulation of genetic events as tumors
progress toward more advanced stages, the only tumor that
had a relatively high number of genomic aberrations was a
metastatic lesion, and recurrent or metastatic lesions had
significantly more large segmental losses than primary tu-
mors.

The low level of structural complexity and the resolution
of the oligonucleotide CGH array may facilitate the identi-
fication of regions that may be of functional importance. An
interesting gain at 12q15 involves MDM2. A previous study
has previously reported an amplicon of 6.8Mbps at 12q14.3–
q21.1,12 containing many genes. Here, the gain that was va-
lidated by FISH as a double minute type amplification ex-
tended only along 800 kB. Furthermore, we showed that the
case with the 12q15 gain was the only one to express MDM2
within tumor nuclei and that none of the salivary or bron-
chial glands expressed the protein within nuclei. Together,
our data strongly support that MDM2 is the targeted onco-
gene. CDKN2A and CDKN2B are the prime suspects in the
loss at 9p21 in two cases. An additional 8-probes loss in-
volved exactly CDKN2A and CDKN2B, further suggesting
that the locus is the target of the deletion. Several studies have
reported deletion or methylation of CDKN2A in ACC.18,19 In
addition to genetic changes, epigenetic modifications have an
important impact on gene expression and the phenotypes of
cancer cells. CDKN2A/CDKNB also encodes p14ARF, a
member of the MDM2/TP53 pathway. Interestingly, TP53
was present in a recurrent loss, and the losses of CDKN2A/
CDKNB, the losses of TP53, and the gain of MDM2 were
mutually exclusive aberrations, suggesting that the pathway is
involved in ACC.

Another interesting aberration is the gain at 4q12. Freier
et al,8 using classic CGH has previously reported a gain at
4q12–q13 in one case, but our study is the first to have
narrowed the gain to a region that contains the cluster of the
transmembrane receptor kinase genes KIT, PDGFRA, and
KDR. Inhibitors of KIT are used in the treatment of advanced
ACC,2–4 although no KIT mutation has been found so far.5

KIT is consistently expressed by luminal cells in ACCs.5 Be-
fore the removal of the liver deposit that was analyzed by
array CGH, the patient had not been treated with KIT in-
hibitors, a chronology that indicates that the 4q12 gain was
not secondary to such treatment. The KIT oncoprotein in-
teracts with PDGFRA, whose gene is localized in the vicinity.
The region also harbors KDR, which encodes the receptor for
VEGF. Serous cells in normal salivary glands constitutively
express high levels of VEGF,20 a fact that we confirmed by
means of immunohistochemistry. Moreover, we showed that
most tumors expressed high VEGF levels. The target gene in
the 4q12 region remains to be determined.

CCND1 was gained in one case, in which cyclin D1
was diffusely expressed. As reported by Frierson et al, CCND1
is one of the highest ranked overexpressed genes in
ACC compared with normal salivary gland.21 We confirmed
that ACC expressed cyclin D1 by means of immuno-
histochemistry in an independent series, while the sur-
rounding glands did not (Po0.001). Unlike MDM2, cyclin
D1 expression within tumor nuclei is not restricted to cases
with a gain in the corresponding locus, a fact indicating
that several mechanisms are responsible for cyclin D1 over-
expression.

The MCR at 12q12–q13.13 overlaps with one of the major
consensus region of allele loss reported by Rutherford et al,9

though the boundaries of the changes were not coincident.
Several cancer genes reside in the loss, including the
LIMA1 putative tumor suppressor gene.22 The ANP32D and
LETMD1 genes, also present within the consensus region
of loss, are oncogenic. DUSP6, another candidate tumor
suppressor gene within the LOH consensus deletion loci, is
located outside the array CGH defined MCRs on 12q that is
reported here.

Ten genes coding for microRNAs were located to regions
of recurrent gain or loss, a finding consistent with the fact
that this class of small, regulatory RNA genes frequently
resides in cancer-associated genomic regions.23 Evidence is
accumulating that microRNas contribute to tumorigenesis,
which indicates that aberrations should be examined for the
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Figure 1 Profile of gains and losses after exclusion of repetitive DNA sequences in 17 frozen adenoid cystic carcinomas using high-resolution

oligonucleotide CGH array. Shown are log 2 ratios for each chromosome.
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Table 2 Minimal common regions of overlapping positive or negative value copy number alterations

Locationa Widtha Band1 Band2 Casesb Ratioc Cancer-associated coding genesd microRNAs

chr1:31 200–32 688 1487 1p35.2 1p35.1 4, 14 0.58 BAI2 FABP3 HDAC1 LCK RBBP4 PTP4A2 EIF3S2 PUM1 KHDRBS1 IQCC MARCKSL1

TXLNA SERINC2

chr1:50 618–52 179 1561 1p32.3 1p32.3 4, 14 0.55 CDKN2C EPS15 NRD1 RAB3B FAF1 RNF11

chr6:121 809–125 021 3212 6q22.31 6q22.31 2, 5 0.59 FABP7 GJA1 HSF2 PKIB SMPDL3A SERINC1 TCBA1

chr6:154 919–155 868 949 6q25.2 6q25.3 3, 11, 13,

15

0.53 CNKSR3, TIAM2

chr7:26 967–27 057 90 7p15.2 7p15.2 2, 3, 14, * 1.38 HOXA7 HOXA9 HOXA10 HOXA11 HOXA13 MIRN196b

chr8:65 349–67 543 2 193 8q12.3 8q13.1 1, 4, 8 0.55 CRH CYP7B1 TRIM55 DNAJC5B ADHFE1 MIRN124A2

chr9:20 864–26 312 5447 9p21.3 9p21.2 1, 5, * 0.55 CDKN2A CDKN2B IFNA1 IFNA13 IFNA17 IFNB1 MTAP TUSC1 MIRN31

chr12:43 743–50 676 6 932 12q12 12q13.13 5, 14, 16 0.61 ACVR1B ACVRL1 ADCY6 ARF3 ATF1 CCNT1 COL2A1 LALBA PFKM PRKAG1 SMARCD1

TEGT VDR WNT1 WNT10B TUBA1A MLL2 DDX23 TUBA1B RAPGEF3 FAIM2 ANP32D

LETMD1 RND1 RACGAP1 SENP1 PLEKHA9 LIMA1 HDAC7A RHEBL1 AMIGO2

chr12:51 798–52 404 606 12q13.13 12q13.13 5, 14, 16 0.61 AMHR2 ITGB7 PCBP2 PFDN5 RARG SP1 TARBP2 MAP3K12 ESPL1 CSAD PRR13

chr17:6277–18 845 1 154 17p13.2 17p11.2 8, 12 0.61 ALOX12 CD68 CLDN7 EIF4A1 EIF5A FGF11 POLR2A SLC2A4 TNK1 TNFSF13 TNFSF12

CLEC10A GABARAP AIPL1 YBX2 PITPNM3 TXNL5 KCTD11 BCL6B ALOX15B ATP1B2

CHD3 EFNB3 GUCY2D MYH10 PER1 RCVRN RPL26 SHBG TP53 AURKB NTN1 FXR2

ARHGEF15 JMJD3 HES7 WDR16 MYH10 RCVRN RPL26 AURKB NTN1 ARHGEF15

WDR16 SCO1 MAP2K4 GAS7 ELAC2 ADORA2B COX10 MEIS3P1 PMP22 UBB COPS3

PIGL NCOR1 TNFRSF13B TRPV2 RASD1 FLCN LLGL1 SHMT1 SREBF1 TOP3A PEMT

GRAP ALKBH5

MIRN195,

MIRN497,

MIRN324,

MIRN33b

chr17:44 158–45 402 1244 17q21.32 17q21.33 8, 12 1.34 GIP GNGT2 NGFR PHB HOXB13 IGF2BP1 MYST2 ABI3 MIRN196a-1

chr17:76 626–76 861 235 17q25.3 17q25.3 8, 12, 13 1.58 AATK MIRN657,

MIRN338

chr22:15 902–18 179 2277 22q11.1 22q13.2 7, 9 1.47 SEPT5 BCL2L13 BID CDC45L CLTCL1 GNB1L MRPL40 PRODH TBX1 UFD1L

a
Location and width in kb.
b
*Additional case(s) less than 10 probes.

c
Maximum (gain) or minimum (loss) ratio.
d
Atlas of Genetics and Cytogenetics in Oncology and Haematology.

The bold values indicate genes of special interest.
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presence of potentially cancer-associated microRNA genes.
The deletion at 8q12.3, where no straightforward tumor
suppressor gene has been located, harbors the MIRN124A2
gene, which regulates MMP2, which is involved in invasion

and metastasis, and the oncogene CDK6.24 Two regions
of gains at clusters of HOX genes, several of which are
oncogenic, contain MRIN196 genes that participate in the
post-transcriptional regulation of HOX messages.25

Figure 2 Immunoperoxydase staining for cyclin D1, MDM2, and VEGFA. (a and b) Cyclin D1: diffuse reactivity within tumor nuclei in case 3 (a); diffuse

reactivity in tumor nuclei on the right side and lack or reactivity in the adjacent salivary gland on the left side in one paraffin-embedded case (case 18) (b).

(c and d) MDM2: strong reactivity in scattered nuclei (arrows) in case 7 (c); moderate cytoplasmic staining, but lack of nuclear reactivity in the adjacent

epithelial structures in the cavum in the same case (d). (e and f) VEGFA: diffuse cytoplasmic reactivity in case 7 (e); another field of the same case showing

on the left side minor salivary glands with negative mucous cells and positive serous cells (arrow) (f).
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While we were in the final phase of writing this paper,
Vékony et al12, published the results of a study using BAC-
based CGH 4.2 k array in a series of 18 paraffin-embedded
primary ACCs, showing very frequent (B60–80%) copy
number gains at loci of growth factors and their receptors.12

Here, we analyzed 17 samples, but the number of aberrations,
particularly gains, in our report is clearly lower than that
found by Vékony. Choosing to use conservative criteria with
a deliberate bias against high-copy repetitive or GC-rich
sequences, it is likely that we underestimated the number of
aberrations. Reviewing our primary data we noticed, albeit at
a far lower frequency, abnormalities consistent with 15 of the
21 gains that were reported by Vekony et al12. Strikingly, 12 of
these 15 gains are localized to telomeres (1p36.33, 4p16.3,
8q24.3, 9q34.3, 11p15.5, 13q34, 16p13.3, 16q24.3, 17p13.3,
19p13.3, 20q13.33, and 22q13.33), and were discarded in
our study as telomere-associated sequences are markedly
GC-rich. While telomeric regions may contain important
cancer genes, our opinion is that further evidence is required
to establish the occurrence of widespread gains at telomeric
sites in ACC.

In conclusion, although the present study is only a first-
pass screening approach, the results presented here suggest
that it provides an efficient entry point to catalog genomic
CNAs in ACC. We were able to find most regions of recurrent
gains and loss previously reported. Together with expression
data, our results strongly implicate MDM2. The gain at 4q12
warrants further exploration as it contains a cluster of
receptor kinase genes, whose products can be responsive to
specific therapies. Further efforts to identify the target genes
will probably involve systematic screens to produce ortho-
gonal data sets (mutational, epigenetic, expression and loss of
function phenotypes).
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Figure 3 Validation of aCGH results using FISH on touch imprint of frozen tumors. (a) Case 3. Four copies of KIT gene were noted on the nuclei

(white arrows). (b) Case 1. A single CDKN2A/2B locus (red signal) was observed while the control FISH probe (9q21) in green was normal. The nuclei

with deletion are indicated with arrows. (c) Case 3. The BAC clone RP11-195M19 (red) in the region of CCND1 gene was present in three copies on

tumor nuclei. (d) Case 7. The BAC RP11-159C11 (red) and RP11-1143G9 (green) were chosen at the locus and near MDM2 gene respectively. Some

nuclei showed a typical amplification pattern seen with double minute amplification.
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