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Abstract. Background: ACC can occasionally undergo dedifferentiation also referred to as high-grade transformation (ACC-
HGT). However, ACC-HGT can also undergo transformation to adenocarcinomas which are not poorly differentiated. ACC-HGT
is generally considered to be an aggressive variant of ACC, even more than solid ACC. This study was aimed to describe the
genetic changes of ACC-HGT in relation to clinico-pathological features and to compare results to solid ACC.

Methods: Genome-wide DNA copy number changes were analyzed by microarray CGH in ACC-HGT, 4 with transformation
into moderately differentiated adenocarcinoma (MDA) and two into poorly differentiated carcinoma (PDC), 5 solid ACC. In
addition, Ki-67 index and p53 immunopositivity was assessed.

Results: ACC-HGT carried fewer copy number changes compared to solid ACC. Two ACC-HGT cases harboured a breakpoint
at 6q23, near the cMYB oncogene. The complexity of the genomic profile concurred with the clinical course of the patient.
Among the ACC-HGT, p53 positivity significantly increased from the conventional to the transformed (both MDA and PDC)
component.

Conclusion: ACC-HGT may not necessarily reflect a more advanced stage of tumor progression, but rather a transformation to
another histological form in which the poorly differentiated forms (PDC) presents a genetic complexity similar to the solid ACC.
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1. Introduction

Adenoid cystic carcinoma is a slow-growing tumor
presenting a dual cellular composition, i.e., ductal (lu-
minal) and myoepithelial cell differentiation and three
major growth patterns: tubular, cribriform and solid
[6]. The solid growth pattern has been considered to be
an adverse prognosticator [5,21,31] and in a three-tired
system for grading ACC, tumors having more than
30% of the solid component are classified as grade III
or poorly differentiated. Grade I tumors are those with
tubular and cribriform areas but without solid com-
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ponents whereas grade II are pure or mixed cribri-
form with less than 30% of solid areas [31]. Grade III
ACC has been associated with increased disease mor-
tality and greater frequency of aneuploidy than grade I
or II tumors [8]. Furthermore, comparing low-grade
foci with high-grade ones within the same tumor re-
vealed a greater number of mutations at either the p53
or Rb genes in the latter [19].

ACC can occasionally undergo transformation into
poorly differentiated adenocarcinoma or undifferenti-
ated carcinoma. This phenomenon has been referred
to as dedifferentiation or high-grade transformation
(ACC-HGT) and there have been only 33 reported
cases so far [1,3,4,10,12,15–17,25,26]. This process
was first believed to occur in low-grade ACCs with-
out morphological recognizable changes, as an abrupt
transition, but recently cases have been described
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showing a gradual transformation of solid ACC into
high-grade adenocarcinoma [25,26].

ACC-HGT is generally considered to be an aggres-
sive variant of ACC, even more than solid ACC [26].
However, recently it has been claimed that high-grade
transformation of ACC may, in addition to poorly dif-
ferentiated carcinomas, also result in adenocarcinomas
with a moderate differentiation [1].

The pathogenesis of high-grade transformation of
ACC is poorly understood, partly because few studies
have been dedicated to this tumor type. Some molecu-
lar studies reported TP53 mutations, loss of heterozy-
gosity at the TP53 locus [3,17] and strong overexpres-
sion of p53 protein in high-grade components [3,4,17,
26], suggesting that p53 alterations may play a signifi-
cant role in the pathogenesis of high-grade transforma-
tion of ACC [3].

Genetic characterization of these lesions may give
more insight in this complex matter. This study was
aimed to compare the ACC-HGT and solid type ACC
using genome-wide high-resolution microarray CGH

analysis. In addition, the genetic changes were corre-
lated with clinical outcome.

2. Material and methods

2.1. Material

The present study included 11 paraffin-embedded
carcinoma samples of patients with ACC diagnosed
between 1996 and 2007: 6 cases ACC-HGT and
5 cases solid ACC. Five cases of ACC-HGT were ob-
tained from the archives of the Department of Pathol-
ogy of the University of Campinas, Brazil, 1 case
of ACC-HGT of the Department of Pathology of the
Hospital Universitario Central de Asturias, Spain and
5 cases of solid ACC of the Department of Pathology,
VU University Medical Center, The Netherlands. The
solid ACC have previously been described as part of
a larger series [32]. Hematoxylin–eosin (H&E) stained
slides from each tissue block were reviewed (Fig. 1)
to confirm the pathological diagnosis. The transformed

Fig. 1. ACC-HGT to a moderately differentiated adenocarcinoma, case C (A, B). ACC-HGT to poorly differentiated carcinoma, case F (C, D).
H&E original magnification 200× (A, B, C and D). (Colors are visible in the online version of the article; http://dx.doi.org/10.3233/ACP-CLO-
2010-0547.)
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component was identified according to the criteria de-
scribed by Seethala et al. [26] and all cases showed
the following features: proliferation of tumor cells with
at least a focal loss of myoepithelial cells surround-
ing tumor nests, nuclear size at least 2–3 times the
size of tubular/cribriform ACC nuclei, thickened ir-
regular nuclear membranes and prominent nucleoli in
a majority of cells. In addition (Table 1), based on
the degree of gland formation (differentiation), cellu-
lar pleomorphism and mitotic activity, the transformed
components were classified into: moderately differen-
tiated adenocarcinomas (MDA) when at least 2/3 ex-
hibited gland differentiation and poorly differentiated
carcinomas (PDC) those with scarce or absent gland
differentiation [34]. The conventional component was
classified in a three-tired system proposed by Szanto et
al. [31], which is widely used in the literature.

The ACC-HGT group consisted of 1 male and 5 fe-
male patients ranging from 44 to 65 years of age, with
a median of 56 years. Two tumors occurred in the sub-
mandibular gland, 2 in paranasal sinus and 1 in palate
and 1 in parotid gland. Four cases underwent transfor-
mation into MDA and two into PDC. The solid ACC
group comprised of 2 male and 3 female patients rang-
ing from 33 to 66 years of age, with a median of
52 years. Three tumors occurred in the parotid gland
and 1 in the submandibular gland. The exact origin of
case 2 could not be determined; it concerned a large
mass located in the oropharynx and nasopharynx. The
follow-up time was 7–144 months (mean 55 months)
for the ACC-HGT and 7–81 months (mean 43 months)
for the solid ACC. The clinical and pathologic data of
all cases are summarized in Table 1.

2.2. Microdissection and DNA extraction

Tumor tissue of 5 solid ACC and 6 ACC-HGT
was obtained from 10 paraffin sections of 10 µm. Re-
gions of interest (conventional and transformed areas)
of the tumors were carefully dissected manually, on
the basis of H&E-stained slides. Tumor DNA was ex-
tracted using Qiagen extraction kits (Qiagen GmbH,
Hilden, Germany) according to the manufacturer’s rec-
ommendations. Special care was taken to obtain high
quality DNA from the formaldehyde-fixed, paraffin-
embedded tissues. DNA extracted from archival ma-
terial can be partly degraded and cross-linked, the
extent of which depends on the pH of the formalde-
hyde and the time of the fixation before paraffin em-
bedding. To improve the quality of the isolated DNA,
we have applied an elaborate extraction protocol es-

pecially for paraffin tissues, which includes thorough
deparaffination with xylene, methanol washings to re-
move all traces of the xylene and 24-h incubation in
1 mol/l sodium thiocyanate to reduce cross-links. Sub-
sequently, the tissue pellet is dried and digested for
3 days in lysis buffer with high doses of proteinase K
(final concentration 2 µg/µl, freshly added twice a day).
Finally, the DNA was purified with Qiagen columns
(QIAamp DNA mini-kit Qiagen GmbH, Hilden, Ger-
many). With this protocol, most formaldehyde-fixed,
paraffin-embedded tissue samples yielded DNA of rel-
atively good quality, with A260/A280 values between
1.7 and 2.0 measured by Nanodrop (Thermo Scientific,
Wilmington, DE, USA) and lengths between 2000 and
20,000 bp. Before performing microarray CGH, we
performed an additional quality test using the ENZO
Bioscore Screening and Amplification kit (Enzo Life
Sciences, Lörrach, Germany). The assay consists of
an isothermal whole genome amplification reaction us-
ing 100 ng of DNA, followed by a purification by
QIAquick PCR Purification columns (Qiagen GmbH,
Hilden, Germany) and measurement of the DNA con-
centration by Nanodrop (Thermo Scientific, Wilming-
ton, DE, USA). Only those samples that gave a total
yield of 3.0 or more were used for microarray CGH
analysis.

2.3. Microarray CGH

Microarray CGH analysis was performed as de-
scribed previously by Buffart et al. [2]. Briefly, sam-
ple DNA and reference DNA (extracted and pooled
from blood of 18 different healthy female donors)
were differently labeled by using the Enzo Genomic
DNA Labeling kit according to the manufacturer’s in-
structions (Enzo Life Sciences, Lörrach, Germany).
Five hundred nanograms test and 500 ng pooled ref-
erence DNA were hybridized to a 180k oligonu-
cleotide array (SurePrint G3 Human CGH Microar-
ray Kit 4 × 180K, Agilent Technologies, Palo Alto,
CA, USA). Hybridization and washing took place in a
specialized hybridization chamber (Agilent Technolo-
gies). Images were acquired using a Microarray scan-
ner G2505B (Agilent Technologies, Amstelveen, The
Netherlands). Analysis and data extraction were quan-
tified using feature extraction software (version 9.1,
Agilent Technologies). Normalization of the calculated
ratios was done against the mode of the ratios of all
autosomes. Graphics were plotted using a moving av-
erage of log 2 ratios of 5 neighboring clones. Gains
and losses were defined as deviations of 0.2 or more
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Table 1

Clinicopathologic parameters

Case Age Sex Site T Treatment Local
recurrence

Distant
metastasis

Follow-up
(mo)

Time
disease

free (mo)

Outcome Histological
features

Glandular
differen-
tiation

CA TA

ACC with transformation

A 44 F Submandibular T2 SE + RT No No 18 18 NA T/C MDA Frequent

B 55 F Palate T4 SE + RT No No 140 132 NED S MDA Frequent

C 65 M Paranasal sinus T4 SE + RT No No 8 8 Dead S MDA Frequent

D 49 F Parotid T3 SE + RT No Liver 33 19 Alive S MDA Frequent

E 61 F Paranasal sinus T2 SE + RT Yes No 144 132 Alive S PDC Scarce

F 64 F Submandibular T2 SE + RT No Liver 7 5 DOD S PDC Scarce

Solid ACC

1 46 M Submandibular T1 SE No Liver, lung, 7 2 DOD S – –

bone

2 58 F Oropharynx/ NA SE + RT Yes No 64 46 DOD S – –

Nasopharynx

3 57 M Parotid NA SE + RT Yes Liver 10 10 Alive S – –

4 66 F Parotid T2 SE + RT Yes No 81 56 DOD S – –

5 33 F Parotid T2 SE + RT No No 51 51 Alive S – –

Notes: DOD – died of disease; F – female; M – male; MDA – moderately differentiated adenocarcinoma; Mo – months; NA – not available; NED – no evidence of disease; PDC – poorly
differentiated carcinomas; RT – radiotherapy; S – solid; SE – surgical excision; T – TNM classification; TA – transformed area; T/C – tubular/cribriform.
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from log 2 ratio = 0.0. High-level amplification was
considered when at least 2 neighboring clones reached
a log 2 ratio of 1.0 or higher. The locations of possible
copy number variations (rather than copy number al-
terations) were verified with the database of genomic
variants and mapped according the human genome
build NCBI 36 (http://projects.tcag.ca/variation/). The
microarray CGH analyses of the 5 solid ACC have
been performed as part of a previous study, using a
home-made microarray consisting of approximately
4500 BAC-PAC clones [32].

2.4. Immunohistochemistry

One paraffin block from each case was chosen for
the immunohistochemical study and the following an-
tibodies (DAKO, Carpenteria, CA, USA) were used:
Ki-67 (MIB1 – dilution 1:150), p53 (DO-7 – dilu-
tion 1:100) and alpha smooth muscle actin (α-SMA,
1A4 – dilution 1:200). The 5 µm sections were deparaf-
finized, hydrated and endogenous peroxidase activity
was quenched by immersion of the slides in 3% hydro-
gen peroxide. Antigen retrieval (AR) was performed
for Ki-67 and p53 by using Tris-EDTA (pH 9.0), heat-
ing 5 min in a pressure cooker. For α-SMA, AR was
not done. Staining was done at room temperature on an
automatic staining workstation (Autostainer; DAKO,
Carpenteria, CA, USA). Subsequently, for all anti-
bodies the sections were incubated with the primary
antibody, and afterwards with the Envision peroxi-
dase system (Envision Plus; DAKO, Carpenteria, CA,
USA) and with 3,3′-diaminobenzidine tetrahydrochlo-
ride (DAB) chromogen used as the substrate (DAKO).
Counterstaining with hematoxylin for 1 min was the
final step. After staining, the slides were dehydrated
through graded alcohols and mounted with a coverslip.
Negative controls were run by omitting primary anti-
bodies.

Immunostaining of alpha smooth muscle actin
(α-SMA) and p63, the latter as part of a previous study
[1], was done in all cases of ACC-HGT for detection
of myoepithelial cells contributing the selection of the
transformed area for DNA extraction. In Ki-67 and
p53-stained sections, three hotspot areas were chosen
for counting of positive cells at 40× magnification. To
quantify positive and negative cells, images were ob-
tained from three areas and analyzed with Imagelab
analysis software (version 2.4, Softium informática
LTDA-ME, São Paulo, Brazil). Ki-67 and p53 indexes
were calculated as the percentage of positive cells in
relation to all tumor cells in these three areas in each
sample.

2.5. Statistical analysis

Possible correlations between genetic and clinico-
pathological parameters were statistically analyzed by
SPSS 12.0 software for Windows (SPSS® Inc., IL,
USA), using the Fisher exact χ2 test and Student’s
t-test. Kaplan–Meier analysis was performed for es-
timation of survival, comparing distributions of sur-
vival through the logarithmic range test (log-rank test).
p-Values below 0.05 were considered significant.

3. Results

3.1. Clinical follow-up

All patients except the case 1 of solid ACC under-
went radiotherapy after resection. Chemotherapy was
not used in any case. During the follow-up period,
3 of 6 ACC-HGT and 4 of 5 solid ACC developed
either a recurrence or a metastasis. The overall sur-
vival (Fig. 3(a)) of the 6 ACC-HGT was more favor-
able than the 5 solid ACC (mean 58 versus 42 months)
and this was the same with regard to the disease-free
survival (mean 52 versus 33 months), although this did
not reach statistical significance (Fig. 3(b)).

3.2. Microarray CGH

Two of 6 ACC-HGT yielded a bad quality of DNA
and had to be excluded from microarray CGH analy-
sis (Table 2). Two ACC-HGT showed only one aber-
ration; gain of whole chromosome 16 in case B and
loss of 4q13.2–q22.3 in case D. Cases E and F har-
bored 6 and 11 changes, respectively. A detailed de-
scription of all copy number changes is given in Ta-
ble 3 and Fig. 5. Two aberrations were recurrent, loss
of 6q23.3–qter and gain of chromosome 8, both in
cases E and F. These two cases also shared two transi-
tion points (where a change in the copy number begins
or ends), which may indicate a translocation break-
point. One lies in chromosomal band 6q23.3 at point
135.7 Mbp, and the second recurrent breakpoint in
band 9p22.3 at point 14.1 Mbp (Fig. 4).

The genome-wide profiles of the ACC-HGT differed
much from the solid ACC, both in number of alter-
ations (Table 2) and in the specific chromosomes in-
volved in alterations (Fig. 5). The average number of
alterations in the 4 ACC-HGT was 4.7 (3 gains and
1.7 loss) whereas the solid ACC demonstrated on aver-
age 21.8 events (19 gains and 2.8 losses). The 5 solid
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Fig. 2. Expression of α-SMA in myoepithelial cells of conventional area (A) and transformed area (B) of ACC-HGT (case F). The transformed
component shows few positive myoepithelial cells (arrows) for α-SMA, demonstrating the loss of biphasic ductal-myoepithelial differentiation in
this area. Ki-67 (case C) and p53 (case A) expression in conventional areas (C, E) and in transformed component (D, F). Original magnification
400× (A, B, C and D). (Colors are visible in the online version of the article; http://dx.doi.org/10.3233/ACP-CLO-2010-0547.)

ACC showed many recurrent events, of which the most
striking were gains at 9q33–q34, 11q13, 11q25, 12q13,
16p13, 16q24, 19 and 22 and loss at 14q. Only few of
the recurrent aberrations in solid ACC were also seen
in the ACC-HGT (Fig. 5).

3.3. Immunohistochemistry

All ACC-HGT showed at least focal loss or ab-
sence of α-SMA and p63 [1] immunoreactivity for

myoepithelial cells at the periphery of tumor nests
in the transformed component, demonstrating the loss
of biphasic ductal-myoepithelial differentiation in this
area (Fig. 2).

The Ki-67 index showed a trend for higher expres-
sion in the transformed component (both MDA and
PDC) compared to the conventional areas (mean 19.6
versus 34.2, p = 0.093) (Fig. 2 and Table 2). Among
the ACC-HGT group, a correlation was found between
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(a) (b)

Fig. 3. (a) Kaplan–Meier curve showing the overall survival of 6 cases ACC-HGT versus 5 cases solid ACC. (b) Kaplan–Meier curve showing
the disease-free survival of 6 cases ACC-HGT versus 5 cases solid ACC.

Table 2

Summary of microarray CGH and Ki-67 index

Cases CNA Ki-67 p53

Total Gains Losses CA TA CA TA

ACC with transformation

A – – – 13.7 12.5 42.5 63.1

B 1 1 0 8.5 20.8 34.0 63.5

C – – – 29.0 32.0 39.6 62.5

D 1 0 1 27.9 33.6 34.3 64.5

MDA mean 1.0 1.0 1.0 19.8 24.7 37.6 63.4

E 6 4 2 25.5 59.9 50.2 67.7

F 11 7 4 13.0 46.7 33.1 56.3

PDC mean 8.5 5.5 3.0 19.3 53.3 41.7 62.0

Total mean 4.7 3.1 1.7 19.6 34.2 38.9 62.9

Solid ACC

1 34 31 3 45.0 – 75.0 –

2 25 23 2 5.0 – 65.0 –

3 27 24 3 35.0 – 80.0 –

4 16 11 5 60.0 – 15.0 –

5 7 6 1 20.0 – 85.0 –

Total mean 21.8 19 2.8 33.0 – 64.0 –

Notes: CNA – copy number alterations detected by microarray CGH;
CA – conventional area; TA – transformed area.

the degree of differentiation (Table 1) of the trans-
formed component and the Ki-67 index. The prolifera-
tion index was significantly lower in the MDA than in
the PDC group (mean 24.7 versus 53.3, p = 0.028).
A comparison of the transformed component of ACC-
HGT with solid ACC, showed no significant difference
in Ki-67 index (mean 34.2 versus 33.0, respectively;
p = 0.917). When comparing the solid ACC to MDA
and PDC group separately, no significant differences
were found in Ki-67 index (mean solid 33.0 versus
MDA 24.7 and PDC 53.3; p = 0.502 and p = 0.270).
PDC did show a trend for a higher index but unfortu-
nately there were only two cases in the series.

Neither did we find a significant difference between
the solid conventional area of ACC-HGT (cases B–
F, regardless of the degree of differentiation MDA
or PDC) and the solid ACC (mean 20.7 versus 33.0;
p = 0.276).

In all cases, both components of ACC-HGT showed
positive p53 staining (Fig. 2 and Table 2). The p53
expression was significantly higher in the transformed
component (both MDA and PDC) than in the con-
ventional area (mean 62.9 versus 38.9, p = 0.000),
for group. No significant difference was found be-
tween the groups MDA and PDC (mean 63.4 ver-
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Table 3

Detailed description of all gains and losses in 4 transformed ACC

Case Alteration Chromosomal Begin End Size Candidate

genes*band (kbp) (kbp) (kbp)

B Gain 16pter–qter 0 88,669 88,669 Many

D Deletion 04q13.2–q22.3 67,364 98,431 31,067 Many

E Deletion 06q23.3–qter 135,698 170,753 35,055 AHI1

12q13.11 47,175 52,417 5242 Many

Gain 08pter–qter 0 146,272 146,272 Many

09pter–p22.3 0 14,402 14,402 NFIB

10q26.13 123,228 123,254 26 FGFR2

11q21 95,558 95,715 157 MAML2

F Deletion 06q23.3–qter 135,698 170,753 35,055 AHI1

09pter–p22.3 0 14,119 14,119 NFIB

09p22.3–p22.2 14,119 18,476 4357 Many

09p21.3–p13.1 21,574 38,514 16,940 Many

Gain 07pter–qter 0 158,821 158,821 Many

08pter–qter 0 146,272 146,272 Many

06pter–q23.3 0 135,698 135,698 AHI1

10q11.21–q11.22 45,492 47,944 2452 PTPN20A

18pter–qter 0 76,116 76,116 Many

19pter–qter 0 63,789 63,789 Many

20pter–qter 0 62,432 62,432 Many

Note: * Candidate genes were only given when the gain or loss, or the breakpoint of a gain or loss, concerned one unique gene.

sus 62.0, p = 0.713). Similar expression of p53
without significant differences was observed between
ACC-HGT and solid ACC (mean 62.9 versus 64.0,
p = 0.929) and also between MDA or PDC group and
solid ACC (mean 63.4 (MDA) and 62.0 (PDC) ver-
sus 64.0; p = 0.968 and p = 0.929, respectively).
The solid conventional areas (cases B–F) of the ACC-
HGT group showed a trend towards lower p53 expres-
sion compared to the solid ACC group (mean 38.2 ver-
sus 64.0; p = 0.085).

3.4. Clinicopathologic–genetic correlations

The 2 cases of ACC-HGT with transformation into
MDA (cases B and D) showed the lowest number of
copy number abnormalities and one of the patients
was a long-term survivor, who did not develop recur-
rence or metastasis. Conversely, the solid ACC group
and ACC-HGT with transformation into PDC carried
the highest number of abnormalities and had the worst
clinical course; 3 out of 5 patients with solid type of
ACC and one out of two with PDC died of disease (Ta-
bles 1 and 2).

4. Discussion

An important point of interest with ACC-HGT lies
in their proposed poor prognosis, which is suggested to
be comparable to or even worse than solid ACC. The
median survival of the largest reported series of ACC-
HGT, in which all cases were poorly differentiated car-
cinomas, was estimated at 12 months [26], while in
solid ACC this is approximately 36–48 months [31].
In addition to recurrence and distant metastasis, a high
propensity for lymph node metastasis has been ob-
served, which would indicate a role for neck dissec-
tion in these patients [26]. However, ACC-HGT may
encompass a wide spectrum of tumors in morphologi-
cal appearance and probably in biological behavior as
well [1].

To date, genetic studies on ACC-HGT have al-
most exclusively been restricted to protein expres-
sion studies with immunohistochemistry [1,3,4,12,15,
17,25,26]. Here, we applied a high-resolution microar-
ray CGH analysis in an attempt to uncover genes in-
volved in high-grade transformation of ACC, supple-
mented by immunohistochemical analysis of Ki-67
and p53 and clinico-pathological data. In addition, we
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Fig. 4. The left panel shows the microarray CGH profile of chromosome 6 of cases E and F, both carrying a telomeric deletion that begins at the
same 6q23.3 breakpoint, marked by an arrow. The right panel shows the microarray CGH profile of chromosome 9 of cases E, carrying a gain
and of case F carrying three distinct regions with copy number loss. The arrows mark the common 9p22.3 breakpoint.

contrasted our data to an existing set of microarray
CGH data on solid ACC [32].

An interesting finding in our study was the correla-
tion between the number of chromosomal aberrations
and the degree of gland differentiation of the trans-
formed component in the ACC-HGT group. The two
MDA had relatively simple genomic profiles carrying
one single abnormality, whereas the two PDC showed
a higher number of alterations. Solid ACC exhibited
even higher numbers of chromosomal aberrations.

ACC with many chromosomal aberrations have
been reported to be more aggressive and associated
with less favorable outcome than those with few alter-
ations [32]. Also in our series of ACC-HGT the com-
plexity of the genomic profile grossly concurred with
the clinical course of the patient: case F with trans-
formation into PDC showed the worst clinical course
and the highest number of chromosomal abnormali-
ties. This patient developed lymph node and distant
metastasis and died of disease 7 months after diagno-
sis. In contrast, case B (a MDA with a single chromo-
somal aberration) was a long-term survivor and did not
present metastasis or local recurrence. However, owing
to our small number of cases, this association between
degree of gland differentiation of the transformed com-
ponent, amount of chromosomal aberrations and clini-

cal outcome needs further confirmation in a larger se-
ries.

Two recurrent chromosomal changes were found:
deletion at 6q23.3–qter and gain of whole chromo-
some 8, both in the two cases of PDC. Both aberra-
tions have been found previously by cytogenetic and
LOH analyses in salivary gland tumors [11,14,18,22,
30] and in ACC [7,23,24,29]. Rao and collaborators
[23] reported that gain of chromosome 8 was signifi-
cantly associated with ACC solid type. In our series, in
the ACC-HGT with PDC, the conventional component
was of the solid type. Therefore, we believe that this
chromosomal aberration in PDC areas is residual of the
parent ACC. In our solid ACC group four cases out of
5 also showed gains of chromosome 8 reinforcing its
association with this subtype of ACC.

In the two PDC cases, especially interesting were
breaks found at the 6q and 9p regions, because they
both occurred at exactly the same localization, which
could indicate unbalanced chromosomal transloca-
tions. Both 6q23 and 9p22 have previously been found
involved in translocations in salivary gland tumors
[9,11,14,18,22,30] and in ACC [7,23,24,29]. Inter-
estingly, recurrent translocations between 6q23 and
9p13–23 have been identified before in ACC [11,30]
and very recently, Persson et al. [20] identified the
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Fig. 5. Overview of all copy number alterations of 4 ACC-HGT (cases B, D, E and F) and 5 solid ACC (cases 1–5). To the right of the pictogram
of each chromosome, a scale is placed expressing the number of megabasepairs (Mpb) counting from pter to qter. Copy number losses are
presented as bars left to the Mbp-scale and copy number gains to the right.

genes MYB at 6q23 and NFIB at 9p22 being the fusion
partners of this translocation, leading to chimeric tran-
scripts predominantly consisting of MYB and overex-
pression of MYB protein [20]. In our two cases, the
two breaks at 9p22 were located within NFIB in one,
and just 100 kb centromeric to NFIB in the other case.
At 6q23.3–qter the two breakpoints were identical, ly-
ing within the gene AHI1, which is a close neighbour
telomeric of cMYB. Hence it remains unclear if our re-
sults confirm the findings of Persson et al. [20]. Over-
expression of the oncogene AHI-1 has been implicated
in the tumorigenesis of cutaneous T-cell lymphoma
[13] and chronic myeloid leukemia [35]. However, we
found no studies on a role for AHI-1 in solid tumors.

Although TP53 mutations and/or loss of heterozy-
gosity at the TP53 locus have been suggested to play
a role in the pathogenesis of high-grade transforma-
tion of ACC [3,4], in the current series none of the
cases of ACC with transformation showed chromoso-

mal aberration at 17p13, the locus of TP53. However,
positive immunostaining is indicative of mutations in
TP53 [27] and all cases in the current series showed
positive p53 protein immunoexpression, increasing in
the transformed component, suggesting a pivotal role
of TP53 in the transformation of ACC.

Finally, our findings do not lend support to the hy-
pothesis that ACC-HGT as a single group or sepa-
rately (MDA and PDC) is more aggressive than solid
ACC [26]. Due to the low number of cases, we can-
not conclude whether PDC are more aggressive than
MDA. Our data do suggest that the clinical course
in ACC-HGT is dependent of the amount of chromo-
somal abnormalities, in which the poorly differenti-
ated forms (PDC) presents a genetic complexity sim-
ilar to the solid ACC. Although our series of cases is
too small for strong conclusions, we do believe our
data are valid, because we found agreement between
the genetic, morphology, proliferation index and clin-
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ical data. Perhaps ACC-HGT does not necessarily re-
flect a more advanced stage of tumor progression, but
rather a transformation to another histological form,
which encompasses a wide spectrum of carcinomas
in terms of aggressiveness [1]. Therefore, the term
‘high-grade transformation’ may not be adequate for
cases of ACC with transformation into MDA. In ad-
dition, we propose that for prognostication of ACC-
HGT, histopathological classification may be supple-
mented by genomic profiling by microarray CGH copy
number analysis or other genome-wide analysis tech-
niques.
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