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Abstract We report on an adenoid cystic carcinoma 
(ACC) with a clonal deletion of 17p as the only karyo- 
typic abnormality. Using different chromosome 17-de- 
rived probes we showed by FISH that the deletion en- 
compassed the p53 tumour suppressor gene. Immunohis- 
tochemical analysis revealed overexpression of p53 pro- 
tein in a subpopulation of cells, suggesting a mutation in 
the remaining p53 allele in these cells. Our findings pro- 
vide novel information about possible progressional 
pathways in ACC, and demonstrate the value of combin- 
ing conventional cytogenetic analysis with molecular cy- 
togenetic and immunohistochemical methods. This ap- 
proach is particularly useful in cases with minor cytoge- 
netic abnormalities at the border of visibility. 
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Introduction 

Adenoid cystic carcinoma (ACC) occurs primarily in the 
major and minor salivary glands. It is the fourth most 
common type of malignant salivary gland tumour [11] 
and occurs most often in adults during the fifth to sev- 
enth decades of life. It is a highly malignant neoplasm, 
with an often protracted clinical course. Late recurrences 
and metastases are common. The present report concerns 
the cytogenetic and molecular cytogenetic observations 
in an extremely slow-growing case of ACC originating 
from a minor salivary gland in the buccal mucosa. Cyto- 
genetically, the tumour showed a 17p deletion as the sole 
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anomaly. Using FISH and immunohistochemistry this 
anomaly was shown to involve the p53 gene. 

Case report 

A 43-year-old woman had been aware of a very slow-growing 
swelling in her fight cheek for approximately 10 years. Clinical 
examination revealed a well-demarcated, firm, non-tender tumour, 
which was thought to be a pleomorphic adenoma. A complete lo- 
cal excision was performed. The specimen consisted of an unen- 
capsulated, multinodular tumour measuring 0.5x0.5x0.5 cm, with 
solid, grey-white cut surfaces. Histological examination revealed a 
very highly differentiated ACC of the glandular type (Figs. la, b). 
An unusual feature was the lack of infiltrative growth. 

The patient received postoperative X-ray treatment of local 
lymph nodes, and after 1 year there were no signs of local recur- 
rence or metastases. 

Materials and methods 

Fresh tumour tissue was minced into small pieces and digested in 
a collagenase solution (1000 U collagenase/ml) for 30 rain at 
room temperature. After washing twice in culture medium, the tu- 
mour cell suspension was seeded in 25 cm 2 flasks in Eagle's MEM 
supplemented with 10% fetal calf serum, 1% 200 mM Dgluta- 
mine, 200 units of penicillin/ml, and 50 gg of streptomycin/ml. 
Chromosome preparations were made from exponentially growing 
primary cultures. Cells were harvested after Colcemid exposure 
followed by hypotonic treatment and fixation in methanol:acetic 
acid. Slides were subsequently G-banded and analysed according 
to the recommendations of the ISCN [7]. 

FISH was performed on unbanded metaphase chromosomes 
using a human chromosome 17-specific painting probe (coatasome 
17; Oncor, Gaithersburg, Md.), a p53 cosmid probe (consisting of 
three p.artially overlapping cosmid clones covering 60-80 kb of 
genomlc DNA; Oncor) and the alpha-satellite probe D17Z1 (On- 
cor). All probes were labelled with digoxigenin. The conditions 
for hybridization mad post-hybridization washes were as recom- 
mended by the manufacturer. Immunohistochemical detection of 
the probes were performed using fluorescein isothiocyanate 
(FITC)-conjugated sheep anti-digoxigenin. Chromosomes were 
counterstained with propidium iodide. Slides were examined in a 
Zeiss Axiophot epifluorescenee microscope using the appropriate 
filter combinations: Fluorescence signals were digitalized, en- 
hanced and analysed using the ProbeMaster FISH image analysis 
system (Perceptive Scientific Instruments, Houston, Tex.). Colour 
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Fig. la  Well-demarcated nodules of adenoid cystic carcinoma 
with no signs of infiltrative growth. H&E, x25. b A tubular and 
cribriform growth pattern. H&E, x 100 

prints were produced using a Kodak XL 7700 monochrome con- 
tinuous printer. 

Immunohistochemistry was performed on 4-gm sections from 
the formalin-fixed, paraffin-embedded tumour using the Dako 
TechMate 500 immunostainer (Dakopatts, Glostrup, Denmark). 
The p53-specific monoclonal antibody DO-7 (Dakopatts) recog- 
nizes an epitope in the N-terminus of the human p53 protein corre- 
sponding to amino acid residues 35-45. Incubations with the pri- 
mary antibody (1:500 dilution) were performed for 25 rain at room 

temperature. Visualization of antibody binding was performed us- 
ing the Dako ChemMate detection kit (Dakopatts). Sections were 
counterstained with haematoxylin. As a positive control, paraffin 
sections from a mucoepidermoid carcinoma with known p53 mu- 
tation and p53 immunoreactivity (unpublished data) was used. 

Results 

There was successful outgrowth from two cultures, har- 
vested after growth periods of 8 and 10 days, respective- 
ly. A total of  42 metaphases were examined,  34 of which 

Fig. 2a Karyotype of a cell 
showing a minor 17p deletion 
(arrow) as the only deviation. 
b, e Partial karyotypes showing 
b two normal chromosomes 17 
from one cell, and e short arm 
deletion of one chromosome 17 
homologue in two cells (ar- 
rows) 



Fig. 3 Deletion mapping of the 
p53 gene by FISH. Metaphases 
were co-hybridized with a 
chromosome 17-specific alpha- 
satellite probe and a p53 cos- 
mid probe. Note the presence 
of p53-specific hybridization 
signals on both chromatids of 
the short arm of one chromo- 
some 17 (arrow) and the ab- 
sence of signal from the other 
homologue (arrowhead). Chro- 
mosomes are counterstained in 
red with propidium iodide 
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had a perfectly normal, diploid karyotype and 1, a nor- 
mal but doubled complement. The remaining 7 meta- 
phases showed as the only deviation a small deletion of 
the short arm of one chromosome 17, i.e. del(17)(pl3) 
(Fig. 2). Analysis of 15 metaphases from lymphocyte 
cultures from the patient revealed no difference between 
the p-arms of the two chromosomes 17. 

Since the suggestive 17p deletion was at the border of 
visibility, we used FISH to characterize this rearrange- 
ment further. Hybridization with a chromosome 17-spe- 
cific painting probe showed that there was no visible 
translocation of 17p material to any other chromosome 
in any of the 25 metaphases analysed. Since the p53 
gene maps to the region of 17p suspected to be deleted, 
we also co-hybridized a p53-specific cosmid probe and 
an alpha satellite probe for chromosome 17 to determine 
whether the deletion included the p53 gene. Analysis of 
25 hybridized metaphases showed that in 20% of the 
cells (5/25) one p53 allele was lost (Fig. 3). In the re- 
maining cells both copies of the p53 gene were retained. 

Immunohistochemical analysis revealed p53 immuno- 
reactivity in about 10-20% of the tumour cells. Focally, 
up to 50% of the cells were positive. The staining was 
strictly nuclear. Omission of the primary antibody from 
the incubations abolished the immunoreaction. 

Discussion 

In this communication we report on an ACC with a 17p 
deletion as the sole karyotypic anomaly. Using different 
chromosome 17-derived probes we demonstrated by 
FISH that the deletion encompassed the p53 tumour sup- 
pressor gene. p53 (also known as TP53), which encodes 
a nuclear phosphoprotein involved in the regulation of 
gene expression, cell cycle progression and apoptosis, is 
the most commonly mutated gene in human cancer [2, 5, 
12]. Numerous studies have shown that p53 mutations 
are often accompained by loss of the remaining wild- 
type allele. Immunohistochemical analysis of the present 
tumour revealed that 10-20% of the tumour cells stained 
positive for p53 protein. The fact that one p53 allele was 
lost in about 20% of the cells and that a similar fraction 
of cells showed accumulation of p53 protein indicates 
functional inactivation of p53 in a subpopulation of tu- 
mour cells. However whether the remaining p53 allele is 
mutated or not is not known. 

These observations are in agreement with recent stud- 
ies of the p53 expression and mutation patterns in a se- 
ries of 300 benign and malignant salivary gland tumours, 
including 50 cases of ACC (A. Nordkvist et al., unpub- 
lished data). About 15% of the ACCs overexpressed 
(>10% immunoreactive cells) the p53 protein. Deletion 
and mutation analyses in two cases revealed loss of het- 
erozygosity in one case, and loss of one allele and muta- 
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tion of the other allele in one case. These data together 
with the present observations indicate that p53 is mutat- 
ed and/or deleted in a subset of ACC. 

The clinical and histopathological findings in the 
present case, together with the cytogenetic and molecular 
observations suggest that one or more submicroscopic 
mutations resulted in the actual development of this tu- 
mour and that the p53 alterations were late events in the 
evolutionary chain. From this reasoning it follows that 
mutational changes at sites other than 17p13 are respon- 
sible for the development of the tumour. The other chro- 
mosome regions found to be preferentially affected in 
ACC (see below) are areas to be screened first for these 
critical initiating mutational changes [9]. 

Among the 29 previously published cases of ACC 
(references in [3, 4, 6, 8]), clonal changes were observed 
in 23 tumours. The following chromosome regions were 
preferentially affected: 6q13-24 (14 cases), 9p13-23 (8 
cases), 17p12-13 (3 cases), Xp11.4-22 (3 cases) and 
10p12-13 (2 cases). Of these deviations, those involving 
6q, 9p and 17p included cases in which the rearrange- 
ments were obviously primary abnormalities. The most 
frequent and specific primary abnormality observed so 
far in ACC is a t(6;9)(q21-24;p13-23) [8]. This translo- 
cation is also diagnostic for ACC. The three previously 
reported ACCs with 17p involvement all had transloca- 
tions with breakpoints in 17p12-13. One case showed, in 
addition to other clonal and non-clonal abnormalities, 
two separate clones with t(5;17)(q22;p13) and 
t(3;17)(p24;p13) respectively [10], and another showed a 
t(9;17)(p13;p13) as the sole anomaly [1]. The third case 
had a more complex karyotype with two related clones 
showing a t(17; 18)(p12;ql 1.2) as the common aberration 

• [8]. The present case thus represents the first ACC with a 
deletion involving 17p. Apart from providing novel in- 
formation about possible progressional pathways in ACC 
this study clearly demonstrates the value of combining 
conventional cytogenetic analysis with molecular cytoge- 
netic and immunohistochemical methods. This approach 
is particularly useful in cases with minor cytogenetic ab- 
normalities at the border of visibility, and in cases where 

only a subpopulation of the tumour cells carry the rear- 
rangement of interest. 
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