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Chromosomal gains and losses indicate oncogene and tumor suppressor
gene candidates in salivary gland tumors
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The incidence of salivary gland tumor in Poland is growing in the last two decades. Simultaneously a progress in
understanding the genetic mechanisms of formation of this tumor was achieved by detecting several genes like PLAGI
involved in its pathogenesis. In this study we perform a whole genome, CGH analysis with the aim to identify recurrent,
chromosomal copy number changes possibly indicating novel tumor suppressor gene or oncogene loci.

29 salivary tumor samples: Cystadenolymphoma-warthin (15) and adenoma polymorphum (14) located in the parotid
(27) and submandibular gland (2) were collected and CGH was performed. The established copy number profiles were
compared in order to asses the smallest common region of gains and losses. The delineated regions were further analyzed
with the UCSC Genome Browser on Human Mar. 2006 Assembly to asses their gene content.

Altogether, salivary gland tumors presented a different aberration pattern than these reported for head and neck squamous
cell carcinoma (HNSCC) but no significant differences were observed between Warthin and adenoma polymorphum tamors.
Moreover, several potential tumor suppressor genes and oncogenes were identified in the smallest, common altered regions.
We show a frequent deletion of the harakiri gene (12q24.2) in 12/29 tumors and 7P53 gene (17p13.1) in 11/29 tumors as
potential tumor suppressors in salivary gland cancers. Besides, we detected a frequent amplification of the 13q22.1-22.2
region in 13/29 cases harboring the KLF5 and KLFI2 genes. KLF5 regulates the expression of survivin, an oncogene widely
expressed in the majority of human cancers. The observed alterations may indicate important genetic events in the formation
of salivary gland tumors. Especially the amplification in 13q may be a mechanism contributing to the expression of survivin

and tumor progression.
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Pleomorphic adenoma and cystadenolymphoma (Warthin) are
the most common benign neoplasms of the salivary gland with
the typical localization in the parotid or submandibular gland [1,
2]. The incidence of salivary gland tumors in Poland is 0.8 for
men and 0.7 for women per 100 000 persons [3]. In the years
1985-1995 in the Clinic of Otolaryngology and Laryngological
Oncology at the K. Marcinkowski Medical University in Poznan
7-16 patients/year were treated on salivary gland tumors. In the
years 2002-2004 already 70-74 patients/year were treated that
indicates a 6 fold increase in the incidence rate observed in our
clinic during a time span of 20 years. A study embracing north-
ern Poland shows a rapid increase of benign parotid gland tumors

* Corresponding author

incidence from 25-30 cases/year in the years 1991-1996 to 50-60
cases/year in 1998-2000 [4]. This observation is further supported
by the general tendency noticed in Poland. The incidence of tu-
mors of large salivary glands in 1994 was 0.3 for males and 0.1
for females per 100 000. However, the incidence in 2000 was
already 0.7 for males and 0.4 for females per 100 000. Notewor-
thy, the overall cancer incidence in Poland dropped from 428.7 /
100 000 in 1994 to 416 / 100 000 in 2000 [5, 6]. Although the
increase in salivary gland tumor incidence in Poland may be par-
tially caused by the growing consciousness on cancer threat or
on better diagnostic procedures other studies point towards full
mouth dental X-rays, occupational exposure to radioactive ma-
terial or nickel compounds as possible risk factors [7].

In the last two decades a progress in understanding genetic
mechanisms of salivary gland tumor formation was achieved.
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Table 1. Characteristics of salivary gland tumor patients F-female; M-Male; L-left; R-right

n name age/sex localization histiology
parotid submandubular  tumor diameter at surgery

1 P1 54/F L Scm pleomorphic adenoma
2 P2 56/F L 3cm pleomorphic adenoma
3 P3 27/F R 2.5cm pleomorphic adenoma
4 P4 32/F R 3cm pleomorphic adenoma
5 P19A 70/F L 3cm Wartihn

6 P19B 70/F R 3 cm Warthin

7 P48A 53/M L 4 cm Warthin

8 P48B 54/M R 3cm Warthin

9 P11A 47/F L 3cm Warthin

10 P11B 47/F R 3cm Warthin

11 P12 54/F R 6cm pleomorphic adenoma
12 P13 67/F R 3cm Warthin

13 P14 M L 2cm Warthin

14 P16 M R 4cm pleomorphic adenoma
15 P19 61/M L 2cm Warthin

16 P20 41/M L 1.6cm Warthin

17 P21 64/M L 4.5cm Warthin

18 P22 75/F R 2cm pleomorphic adenoma
19 P24 67/M L 2cm pleomorphic adenoma
20 P25 75/F R 3cm Warthin

21 P26 63/M L 3cm Warthin

22 P27 54/F L 25cm pleomorphic adenoma
23 P28 S51/F L 4.5cm pleomorphic adenoma
24 P29 50/M L 2.5cm pleomorphic adenoma
25 P30 70/M R 2cm Warthin

26 P31 48/'M L 4cm pleomorphic adenoma
27 P32 59/F R Scm pleomorphic adenoma
28 P33 57/M R 2cm Warthin

29 P34 53/F L 4cm pleomorphic adenoma

Several chromosomal regions have been reported to be recur-
rently altered in salivary gland tumors and candidate genes
have been proposed. The tumor suppressor genes (TSG)
PLAGI (8q12) and PLAGLI (6q23-25) were shown to be re-
arranged in pleomorphic adenomas. Moreover, it was
suggested that HMGIC (12q15) a transcription regulation fac-
tor frequently deleted in lipomas may be involved in the
pathogenesis of salivary gland tumors [8, 9, 10]. Kish et al.
suggested promoter methylation as a putative deactivation
mechanism of RB/ (13q14) [11]. Besides, the significance of
TP53 alterations has been also shown [12].

In this study we present a whole genome analysis of 29
salivary gland tumors towards recurring chromosomal gains
and losses using the CGH technique. A comparison of copy
number changes between Warthin tumor and pleomorphic
adenoma are presented. Finally, several recurrently altered
regions were analyzed and target TSG and oncogene candi-
dates considered.

Materials and Methods

29 fresh frozen (P1-P4, P12-P14, P16) or paraffin embed-
ded (P19A, P19B, P48A, P48B, P11A, P11B, P19-P22,

P24-P34) tumor samples were collected from the Clinic of
Otolaryngology and Laryngological Oncology at the K.
Marcinkowski Medical University in Poznani / Poland. The
cohort included 14 pleomorphic adenoma tumors, 15 Warthin
tumors (Tab. 1).

Standard phenol/chloroform DNA extraction method was
used and CGH was performed as described elsewhere [13].
Briefly, tumor DNA and normal male or female reference
DNA were labeled by nick translation with Fluorescein-12-
dUTP (Roche Diagnostics GmbH Mannheim, Germany) or
Biotin-16-dUTP (Roche Diagnostics GmbH Mannheim, Ger-
many) and visualized by Fluorescein-Avidin D and
Biotynylated-Anti-Avidin D antibodies (Vector laboratories
Inc. Burlingamo, CA 94010) and Tetramethyl-rhodamine-
5-dUTP (Roche Diagnostics GmbH Mannheim, Germany),
respectively. A mixture of both DNAs and COT Human DNA
(Roche Diagnostics GmbH Mannheim, Germany) was hy-
bridized onto CGH Target Slides — Normal Methaphase
(Vysis Inc. Dovners Grove IL 60515 USA) for 48 hours. The
slides were counterstained with 4°,6-diamidino-2-
phenylindole (DAPI) and mounted with Vectashield
antifading buffer (Vector Laboratories, Burlingame, CA).
Hybridized slides were analyzed using an Olympus fluores-
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Fig. 1. Chromosomal aberrations found in 29 CGH analyzed salivary gland tumors

a. Bars on the left side of chromosomes represent losses; on the right side represent gains. Bars interrupted by regions indicating no aberrations were joined
to the best of our knowledge. Aberration in adenoma polymorphum tumors are marked with black bars; aberration in Warthin tumors are marked with red
bars; b. smallest, common, amplified region on chromosome 13; ¢. smallest, common, deleted region on chromosome 12; d. smallest, common, deleted

region on chromosome 17.
Note: The X chromosome was analyzed only in 15 cases.

cence microscope assisted by a computerized ISIS digital
image analysis system (MetaSystems Hard & Software,
Altlussheim, Germany) and copy number profiles were ob-
tained. The copy number profiles of analyzed cases were
printed onto one ideogram and the smallest, common re-
gions of gain or loss were assessed manually to the best of
our knowledge. In this way identyfied recurrent regions of
gains and losses were analyzed for the presence of potential
tumor suppressor genes and oncogenes using the UCSC
Genome Browser on Human Mar. 2006 Assembly.

Results

A nonrandom distribution of chromosomal aberrations
among 29 analyzed tumor samples was found with several
recurrent gains and losses (Tab. 1, Fig. 1). Most frequent losses
were localized to 22q13 (21/29); 16q12 (17/29); 12q24.2 (12/
29) and gains localized to 4q (19/29) and 13q22.1-22.2 (13/

29). All found, recurrent chromosomal aberrations and genes
potentially implicated in carcinogenesis located in these re-
gions are presented in Table 2.

A comparison of the distribution of found copy number
changes in the two histopathological groups — pleomorphic
adenoma and Warthin tumor — was performed. No signifi-
cant changes in frequency or in the distribution of
chromosomal aberrations were identified (Fig. 1). The small-
est, common aberrant region could be precisely delineated
for the 11q13.3 and 12q24.2 deletions and 13q22.1-22.2 am-
plifications. Moreover, the frequency of T7P53 (17p13.1)
deletion distribution in the studied samples was analyzed
(Tab. 3).

In order to test the reliability of CGH we performed
a normal female DNA to normal male DNA hybridization.
In this experiment we identified the following aberrations:
the expected gain of chromosome X as a positive control
and besides, loss of 1p33-pter, loss of the centromeric re-
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Table 2. Most frequent, recurrent chromosomal aberrations and putative target genes found in 29 CGH analyzed salivary gland tumors

Deletions Amplifications

Chr cases/29 (%) Genes possibly implicated in cancer Chr cases/29 (%)  Genes possibly implicated in cancer
11q13.3 8 (28%) CCNAI, LHFP 4q 19 (66%) ?
12q24.2 12 (41%) Hrk, SUDS3 S5pl4.1 7 (24%) CDHY

15q25 6 (21%) ? 5q 8 (28%) ?

16p12 17 (59%) ? 6q 8 (28%) ?
16q24.1 11 (38%) ? 13q22.1-22.2 13 (45%) KLF5, KLF12
17p13.1 11 (38%) TP53
22q13 21 (72%) ?

Table 3. Distribution of aberrations in 17p13.1 in analyzed cases sorted
according to the increase of tumor diameter.

Sample del 17p13.1 Tumor diameter at surgery
P20 Yes 1,6
P14 No 2
P19 No 2
P22 Yes 2
P24 No 2
P30 Yes 2
P33 No 2

P3 No 2,5
P29 No 2,5
P2 No 3
P4 No 3
P11A No 3
P11B No 3
P13 No 3
P19A No 3
P19B No 3
P25 Yes 3
P26 No 3
P48B No 3
P16 Yes 4
P31 Yes 4
P34 No 4
P48A Yes 4
P21 Yes 4,5
P28 No 4,5
P1 Yes 5
P32 No 5
P12 No 6
P27 Yes 25

gion of chromosome 1 and 16, gain of the centromeric re-
gion of chromosome 9, loss of 19p13.1-q13.3. All these
regions were not scored in the results for reasons specified
elsewhere [14]. Surprisingly, we identified also a loss in
20q11.2-q12 thus this region was excluded from further
analysis.

Discussion

In the cohort of 29 analyzed samples a repetitive pattern
of chromosomal gains and losses was found which was dif-

ferent than that described for head and neck squamous cell
carcinoma [15, 16]. Thus, salivary gland tumors should be
treated as a distinctive entity in head and neck tumors. Within
the cohort of analyzed salivary gland tumors no significant
differences were found between Warthin tumors (15) and pleo-
morphic adenoma tumors (14) suggesting similar aberrations
patterns in both (Fig. 1).

Unfortunately, not all repetitive aberrations allowed
a precise narrowing of the target chromosomal band. Repeti-
tive amplification were identified in chromosomes 4, 5 and 6
and deletions in 16, and 22 but the smallest common region
could not be identified in these instances. Some of these in-
cluding 6q were reported previously by other groups as
frequently altered in salivary gland tumors [17].

The smallest, common regions of gains and losses were
analyzed for putative genes involved in tumor pathogenesis
(Tab. 2). Among these a deletion of 11q13.3 was observed.
Interestingly, an amplification of this locus is a hallmark of
HNSCC [18, 19]. The deletion of this region stresses the
differences between the diverse groups of head and neck
cancers.

A precise delineation of the smallest amplified region was
possible for chromosome 13. The amp13q22.1-22.2 was iden-
tified in 45% of analyzed cases indicating the potential
importance of this aberration in the formation of salivary
gland cancers. This regions harbors among others the KLF5
and KLFI2 transcription factors as putative target genes of
the amplification. It has been shown recently that KLF5
a gene widely expressed in acute lymphoblastic leukemia
(ALL), interacts with TP53 gene and regulates the expres-
sion of survivin. Furthermore, survivin that is reported to be
expressed in almost all human cancers, inhibits apoptosis
and plays a function in regulation of mitosis [20, 21]. Miyachi
et al. showed that the expression of survivin is increased in
gastric cancer tissues especially in patients displaying lymph
node metastasis [22]. Recently, Qi et al. found a significant
difference of survivin expression between benign and ma-
lignant tumors [23]. Summing up, survivin may be an
important oncogene playing a role especially in late events
of carcinogenesis like benign — malignant transition or
metastasing and the 13q22.1-22.2 gain may be a late cyto-
genetics event. The identification of these aberrations in
benign tumors in this study may be an important prognostic
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marker but observations on patients survival is necessary to
clear this. Finally, the recurrent amplification of the KLF5
gene found in this study may present a mechanism explain-
ing the up-regulation of survivin in salivary gland tumors.

Besides, we delineated a deletion in 12q24.2 harboring
the harakiri (Hrk) apoptosis activator gene as potential de-
letion target and potential TSG in salivary gland tumors
[24].

In the CGH profiles a recurrent deletion of the 17p13.1 re-
gion harboring the 7P53 gene was found. Interestingly, we
observed that 17p13.1 loss was predominant in tumors of big-
ger diameter measured at the time of surgery. Loss was
identified in 6/10 tumors of diameter >4cm but only in 4/19
tumors <4cm of diameter (Tab. 3). Our data harmonize with
the findings of Yamamoto et al. who showed a 7P53 LOH in
57% of pleomorphic adenomas and 86% of carcinomas of
pleomorphic adenomas [12]. These results show the relevance
of TP53 losses in the formation and progression of salivary
gland tumors.

The increase of salivary gland tumors incidence in Po-
land creates a need for extensive studies to understand the
genetic background of this disease. This study provides
a group of candidate genes for TSG and oncogenes in sali-
vary gland tumors. We suggest the importance of the KLF5
gene in the maintenance of survivin oncogene expression.
Besides, two TSGs were delineated, the Hrk gene of poten-
tial involvement in salivary gland tumors and the 7P53 gene
that was found to be frequently deleted especially in tumors
of bigger diameter. These findings, may possibly aid the
diagnosis, prognosis and potentially therapy of patients with
salivary gland tumors.

M.G. is areceiver of a PhD fellowship of the President of the
Polish Academy of Sciences.

References

[1] CWALINA P, SKOREK A, NAROZNY W et al. Pleomor-
phic adenoma of minor salivary glands. Otolaryngol Pol 2002;
56:737-40.

[2] MARIONI G, MARINO F, STRAMARE R et al. Benign
metastasizing pleomorphic adenoma of the parotid gland:
a clinicopathologic puzzle. Head Neck 2003; 25:1071-6.

[3] LEVI F, LUCCHINI F, NEGRI E et al. Trends in cancer
mortality in the European Union and accession countries,
1980-2000. Ann Oncol 2004; 15:1425-31.

[4] PRZEWOZNY T, STANKIEWICZ C. Neoplasms of the
parotid gland in northern Poland, 1991-2000: an epidemi-
ologic study. Eur Arch Otorhinolaryngol 2004; 261:
369-75.

[5S]  ZATONSKI W, TYCZYNSKI J. Cancer in Poland in 1994.
Warsaw: The Maria Sktodowska — Curie Memorial Cancer
Center Department of Epidemiology and Cancer Prevention.
Polish National Cancer Registry, 1997.

[6] DIDKOWSKA J, WOJCIECHOWSKA U, TARKOWSKI
W et al. Cancer in Poland in 2000. Warsaw: The Maria

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

Sktodowska — Curie Memorial Cancer Center Department of
Epidemiology and Cancer Prevention. Polish National Can-
cer Registry 2003.

HORN-ROSS PL, LIUNG BM, MORROW M et al. Envi-
ronmental factors and the risk of salivary gland cancer.
Epidemiology 1997; 8: 414-9.

RUTHERFORD S, HAMPTON GM, FRIERSON HF et al.
Mapping of candidate tumor suppressor genes on chromosome
12 in adenoid cystic carcinoma. Lab Invest 2005; 85: 1076-85.
ASP J, PERSSON F, KOST-ALIMOVA M et al. CHCHD7-
PLAGI1 and TCEA1-PLAGI gene fusions resulting from
cryptic, intrachromosomal 8q rearrangements in pleomorphic
salivary gland adenomas. Genes Chromosomes Cancer 2006;
45: 820-8.

KASAMATSU A, ENDO Y, UZAWA K et al. Identification
of candidate genes associated with salivary adenoid cystic
carcinomas using combined comparative genomic hybridiza-
tion and oligonucleotide microarray analyses. Int J Biochem
Cell Biol 2005; 37: 1869-80.

KISHI M, NAKAMURA M, NISHIMINE M et al. Genetic
and epigenetic alteration profiles for multiple genes in sali-
vary gland carcinomas. Oral Oncol 2005; 41:161-9.
YAMAMOTO Y, KISHIMOTO Y, WISTUBA 1II et al.
DNA analysis at pS3 locus in carcinomas arising from ple-
omorphic adenomas of salivary glands: comparison of
molecular study and pS3 immunostaining. Pathol Int 1998;
48: 265-72.

KUJAWSKI M, SARLOMO-RIKALA M, GABRIEL A et
al. Recurrent DNA copy number losses associated with me-
tastasis of larynx carcinoma. Genes Chromosomes Cancer
1999; 16: 253-257.

SOLINAS-TOLDO S, WALLRAPP C, MULLER-PILL-
ASCH F et al. Mapping of chromosomal imbalances in
pancreatic carcinoma by comparative genomic hybridization.
Cancer Res 1996; 56: 3803-7.

GOLLIN SM. Chromosomal alterations in squamous cell car-
cinomas of the head and neck: window to the biology of
disease. Head Neck 2001; 23: 238-53.

KUJAWSKI M, RYDZANICZ M, SARLOMO-RIKALA M et
al. Chromosome alterations reflect clonal evolution in squamous
cell carcinoma of the larynx. Med Sci Monit 2002; 8: 279-82.
MORIO T, MORIMITSU Y, HISAOKA M et al. DNA copy
number changes in carcinoma in pleomorphic adenoma of
the salivary gland: a comparative genomic hybridization study.
Pathol Int 2002; 52: 501-7.

JARMUZ M, GRENMAN R, GOLUSINSKI et al. Aber-
rations of 11q13 in laryngeal squamous cell lines and their
prognostic significance. Cancer Genet Cytogenet 2005;
160: 82-8.

HUANG X, GODFREY TE, GOODING WE et al. Compre-
hensive genome and transcriptome analysis of the 11q13
amplicon in human oral cancer and synteny to the 7F5 ampl-
icon in murine oral carcinoma. Genes Chromosomes Cancer
2006; 45: 1058-69.

AMBROSINI G, ADIDA C, ALTIERI DC. A novel anti-ap-
optosis gene, survivin, expressed in cancer and lymphoma.
Nat Med 1997; 3: 917-21.



60

M. GIEFING, M. WIERZBICKA, M. RYDZANICZ, R. CEGLA et al.

(21]

[22]

(23]

ZHU N, GU L, FINDLEY HW et al. KLF5 Interacts with
p53 in regulating survivin expression in acute lymphoblastic
leukemia. J Biol Chem 2006; 281: 14711-8.

MIYACHI K, SASAKI K, ONODERA S et al. Correlation
between survivin mRNA expression and lymph node me-
tastasis in gastric cancer. Gastric Cancer 2003; 6: 217-24.
QI H, WANG KM, LIANG YQ et al. Expression and clinic
pathological significance of survivin mRNA and protein in

[24]

salivary gland tumors. Shanghai Kou Qiang Yi Xue 2007;
16: 18-23.

INOHARA N, DING L, CHEN S et al. Harakiri, a novel reg-
ulator of cell death, encodes a protein that activates apoptosis
and interacts selectively with survival-promoting proteins Bcl-
2 and Bcl-X(L). EMBO J 1997; 16: 1686—-1694.



