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Abstract
To gain a better understanding of genetic changes in squamous cell
carcinomas of the head and neck we used comparative genomic hybrid
izatlon for the analysis of 13 primary tumors. Copy number increases
were most frequently observed on chromosomes 3q (10 cases) and Sp (8
cases) and less frequently on lq (4 cases), 2 (1 case), 7 (2 cases), 8q (2
cases), 9 (1 case), lOp (2 cases), 13q (2 cases), 14q (1 case), 16 (1 case), 17

(2 cases), 2Op (2 cases), 21q (1 case) and 22q (1 case). Copy number
decreases occurred most frequently at 3p (5 cases), Sq (4 cases), 19p (6
cases), and 19q (5 cases). Copy number

decreases

also were observed

on

ip (2 cases), 2q (2 cases), 4p (2 cases), 4q (2 cases), 7q (2 cases), 8p (1 case),
lOq (1 case), lip (2 cases), llq (3 cases), 13q (3 cases), 14q (1 case), l6p (1
case), l7p (3 cases), 17q (1 case), lSq (1 case), and 22 (2 cases). Eight sites
exhibiting significant sequence amplification were mapped to 3q26â€”qter

(3 cases), 11q13 (2 cases), 12p (2 cases), 2q33â€”36
(1 case), 7q21â€”22
(1 case),
7q33â€”'qter(1 case), 9p (1 case), and 13q32-'qter (1 case). Our data
suggest that the regions 3q26â€”'qter and 5p may harbor

oncogenes impor

tent for initiationor progressionof squamouscell carcinomasof the head
and neck.In addition,comparativegenomichybridizationdefinesa sub
group of tumors with 11q13 involvement,
(CCNDJ)kycin Dl gene.

the location

of the PRA.D1/

demonstrated a relative overrepresentation at 11q13, the region that
harbors the PRADI/(CCNDI)/cyclin Dl gene.
Materials

and Methods

Tumor Samples.

Clinical and histological data on the primary tumors from

13 different patients are summarized in Table 1. All tumor samples were frozen
within

30 mm after operation.

Samples

were verified

for the percentage

minimum of 50% tumor cells were present. DNA was extracted from 20jun
tissue sections by proteinase K digestion and phenol-chloroform extraction
according to standard protocols. The diagnosis of HNSCC was established in

every case on hematoxylin and eosin-stained sections. Staging followed Inter
national Union Against Cancer criteria.
CGH and Digital Image Analysis. CGH, image acquisition,and image
processing were done as described previously (7â€”9).
Briefly, 200â€”500ng of
biotinylated tumor DNA were mixed with the same amount of normal male

reference DNA, labeled with digoxigenin, and hybridized to normal metaphase
spreads (46,XY) in the presence of5O @g
ofCotl-DNA and 20 g@g
of sonicated
salmon DNA. Hybridization was allowed to proceed for 2â€”3days. Wash
conditions and probe detection were carried out as described (7â€”9).

Gray level images were taken separately for each fluorochrome using an
epifluorescence

Introduction
HNSCC2 occur in more than 50,000 new cases annually (1) yet
little is known about genetic changes in this disease. Cytogenetic
analysis identified only a limited number of clonal structural abnor
malities with loss of segments from chromosomes 3p, 7q, 8p, and 1lq
and gain of genetic material of chromosomes lq, 3q, 8q, and 15q (for
recent papers see Refs. 2 and 3). Allelotyping indicated losses in
chromosomes 3, 4, and 8 and chromosome segments 6p, 9p, 1lq, 13q,
14q, l7p, and 19q (4, 5). To further define the genetic changes in
squamous cell carcinomas of the head and neck we used CGH (6, 7).
In CGH, differentially labeled tumor and normal DNAS are mixed in
equimolar amounts and hybridized simultaneously to normal met
aphase chromosomes. Regions within the tumor DNA that are over
represented or underrepresented in the probe mixture can be identified
by an increased or decreased color ratio of the two fluorochromes
used to detect hybridized DNA sequences on the reference chromo
somes. Consensus deletion regions were identified for chromosomes
3p, 5q, and 19, whereas frequently occurring overrepresentations were
observed for 3q and 5p. Several DNA segments revealed a high level
of amplification. Three high level amplifications were mapped to
3q26â€”*qter. These findings may narrow down the region on 3q
important for tumor initiation or progression in HNSCC. Four tumors

microscope (Zeiss Axioskop) equipped with a cooled charged

coupled device camera (Photometrics, Tucson, AZ). Chromosomes were iden
tified using the fluorescence banding pattern obtained by 4,6-diamidino-2phenylindole dihydrochloride staining. Fluorescein (FITC) and rhodamine
(TRITC) fluorescence

were specific for the tumor and the control genome,

respectively.

The over- and underrepresented DNA segments were determined by calcu
lating FITC:TRITC average ratio profiles (Figs. 2 and 3). Average FITC:
TRITC ratio images were calculated from at least 10 metaphases

as well as DNA from cell lines with known numerical aberrations. The central
line in the profiles represents the modal fluorescence ratio value measured for

all reference metaphase spreads. The left and the right lines correspond to the
theoretical ratio value for a monosomy or trisomy, respectively, in 50% of the
cell population (9). DNA gains and losses of the individual tumors, summa
rized in Fig. 1, were determined
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2 The

abbreviations

used

are:

HNSCC,

head

and

neck

squamous

cell

carcinoma;

and have

fixed thresholds which were tested by control experiments using normal DNA

from these ratio profiles.

patientsHistologicalCaseAge
Table 1 Clinical and histological data onrimary

twnors of 13

SiteTNM'@StagegradeI69
(yr) Sex
PharynxT3N@,Mx31243
M

TongueT3N2Mx42380
M
PharynxT2N2Mx41478
M
NeckTxN2Mx42563 M

EpiglottisT2N2Mx42665
F

@

of

tumor cells present in the tissue used for DNA extraction and in all cases a

CGH,

TongueTxN2M142772
M

PharynxlesophagusT3NxMx33885
M
LipT2N1Mx32980 F
TongueT2N1Mx311069
M

LarynxT3NxMx32ii60
F
PharynxT4NxMx421275
M
PharynxT3N2Mx421366
M
TonsilT4N2Mx42a M
â€˜@â€˜@M,

tumor-nodes-metastases classification.

comparative genomic hybridization; TRI'FC, tetramethylrhodamine isothiocyanate.
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The most frequently observed chromosomal aberrations involved
chromosome 3. Overrepresentation of the long arm of chromosome 3
was observed in 10 tumors (Fig. 2a). Three of these 10 tumors had a
high level amplification ranging from 3q26â€”+qter(Figs. 2.b and 3).
Five tumors demonstrated an underrepresentation of 3p; 4 of these 5
tumors also exhibited a gain of 3q DNA segments (Fig. 2.b). Genetic

ReSUlts

To determine DNA copy number changes in HNSCC we used DNA
extracted from 13 frozen tissue sections. A schematic summary of all
copy number changes observed in each tumor using CGH is shown in
Fig. 1.
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Fig. 1. Summary of all gains and losses found

with CGH in HNSCC. Vertical lines on the right
side of a chromosome, gain of genetic material;
vertical lines on the left side losses; thick lines, high

I

level amplifications. Case numbers are provided on
the top of each line.
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3 was accompanied by a gain of the whole long arm in three cases.
This CGH pattern suggests the formation of an isochromosome
i(3@q10) in a subset of HNSCCs, an aberration also seen by karyotype
analysis (2, 3). However, karyotyping suggests that complex rear
rangements are more likely to lead to loss of segments from chromo
some arm 3p and gain of genetic material of 3q, respectively (2, 3).
Three cases demonstrated a high level amplification of the region
3q26â€”Ã·qter,with 3q26.3â€”*qter being the smallest common highly
amplified region. This suggests that the telomeric region of 3q may
contain one or more genes important for tumor initiation and/or
progression.

itt d!{ttl'

@

It is also of interest

that 2 of the 3 well differentiated

tumors lack the 3q alterations found in 10 of 13 cases. No candidate
oncogenes are known in this region. The possible involvement of
known zinc fmger genes mapped to 3q26.3â€”qter, such as LAZ3 (17)
or BCL-6 (18), must be elucidated by molecular genetics methods.
Chromosome 5 showed a reverse pattern of DNA change relative to
chromosome 3 in four cases, i.e., a gain of 5p occurring simulta
neously with a loss of 5q, suggestive of an i(5)(plO) formation. In
particular the gain of Sp, observed in 8 of 13 cases, is a nonrandom
change in HNSCC. This is a new finding as involvement of chromo
some 5 has been observed infrequently in karyotype analysis and thus
has not been considered as a nonrandom change before (2, 3).
Gain of oncogenes on 3q and Sp may be pivotal for tumor forma
tion. In addition, loss of 3p and Sq might be necessary events in the
multistep genesis of HNSCC. Both chromosome arms harbor at least
one tumor suppressor gene, the VHL gene on 3p25â€”p26(19) and the
FAP gene on 5q21 (20).
Our data also suggest an important role for the region 11q13 in a
subset of HNSCC tumors. The candidate oncogene in this region is
PR.AD-1 (CCNDJ), which encodes cyclin Dl. Previous studies have

JHj::H
h@H

Fig. 2. Average ratio profiles of the most frequently involved chromosomes. For details

see legend to Fig. 3. a, ratio profile of chromosome 3 (tumor 7) calculated from 13
chromosomes (n = 13) displaying an overrepresentation of 3q; b, ratio profile of chro
mosome 3 (tumor 12; n = 12) demonstrating loss of 3p and gain of 3q. The region

3q26â€”.qtershows a high level amplification (compare right shift in b with right shift in
a); c, chromosome 5 ratio profile (tumor 7; n = 14) with 5p gain; d, chromosome 5 ratio

profile (tumor ii; n = 15) displaying Sp gain and Sq loss; e andf, tumor 3 (n = 10) and
tumor 5 (n = I 1), respectively, demonstrating 11g23 amplifications; g and h, tumor 11
(n = 14) and tumor 12 (n = 13) showing loss of chromosome 11 material but balanced ratio

values for the region 11q13.

imbalances on chromosome 5 were seen in 8 tumors. These were an
overrepresentation of Sp in 4 cases (Fig. 2c) or a combination of Sp
gain and Sq loss (Figs. 2d and 3) observed in 4 cases. Loss of
chromosome 19 material was seen in 6 tumors.
Chromosome 11 revealed interesting findings in 4 tumors. Two
tumors showed high level amplifications spanning chromosome bands
11q13â€”1
1q22 (Fig. 2e) and 11q13, respectively (Fig. 2f). Two other
tumors demonstrated balanced ratio values for the region 11q13 but
loss of the rest of chromosome 11 material (Figs. 2, g and h; Fig. 3).
High level amplifications observed less frequently were mapped to
2q33â€”q36 (1 case) 7q21â€”22(1 case), 7q33â€”qter (1 case), l2p (2
cases), and 13q32â€”sqter(1 case).
Other less frequently occurring copy number increases were ob
served on the following chromosome: lq (4 cases); 2p (2 cases); 2q (1
case); 6p (1 case); 7 (2 cases); 7q (2 cases); 8q (2 cases); 9 (1 case);
lop (2 cases); 13q (2 cases); 14q (1 case); 16 (1 case); l7p (2 cases);
17q (1 case); 20p (2 cases); 21q (1 case); 22q (1 case). Copy number
decreases were mapped to the following locations: ip (2 cases); 2q (2
cases); 4p (2 cases); 4q (2 cases); 7q (2 cases); 8p (2 cases); 9p
(2 cases); lOq (1 case); 13q (3 cases); 14q (1 case); 16q (1 case);
Yip (3 cases); 17q (1 case); 18q (1 case); 22q (2 cases), Y (2 cases).
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The CGH technique, first reported in 1992 (6), has already become
a powerful tool in tumor cytogenetics and has been used to identify a
Fig. 3. Average ratio profile of tumor 12. Ratio profiles along the individual chromo
variety of novel and nonrandomly occurring changes in tumor ge
somes are shown on the right side of each chromosome. Left, middle, and right vertical
nomes (10â€”16). In this study we applied CGH to the analysis of lanes, lower, middle, and upper thresholds of the normal range. Due to the suppression
with Coti DNA fraction the heterochromatic blocks (in particular the centromenc or
HNSCC, where cytogenetic changes are not well characterized.
paracentromeric regions of chromosomes 1, 9, 16, and the p arms of all acroccntric
The most frequently observed findings were copy number changes
chromosomes) yield unreliable ratio values and are excluded from evaluation. For details
see text and Ref. 9.
on chromosomes 3 and 5. Loss of the entire short arm of chromosome
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chromosome gains and losses by comparative genomic in situ hybridization. Hum.

shown that amplifications in this region and ofthis gene correlate with
aggressive growth and high proliferation and probably occur as a late
event in tumorigenesis (21, 22).

Genet., 90: 590â€”610, 1993.
8. Speicher, M. R., du Manoir, S., SchrOck, H., Holtgreve-Grez,

CGH data are only suggestive for the involvement of particular
genes in tumorigenesis.
can be tested by Southern

e.g., to determine

correlation

will have to emerge

from studies

9. du Manoir, S., SChrOCk,E., Bentz, M., Speicher, M. R., Joos, S., Ried, T., Lichter, P.,
and Cremer, T. Quantitative analysis of comparative genomic hybridization. Cytom
etry, 19: 27â€”41,1994.

10. Kallioniemi, A., Kallioniemi, 0. P., Piper, J., Tanner, M., Stokke, T., (len, L, Smith,
H. S., Pinkel, D., Gray, J. W., and Waldman, F. M. Detection and mapping of
amplified DNA sequences in breast cancer by comparative genomic hybridization.

Proc. Natl. Aced. Sci. USA, 91: 2156â€”2160,1994.
11. Pied, T., Petersen, I., Holtgreve-Grez, H., Speicher, M. R., SchrÃ¶ck,E., du Manoir,
S., and Cremer, T. Mapping of multiple DNA gains and losses in primary small cell
lung carcinomas by comparative genomic hybridization. Cancer Res., 54: 1801â€”1806,
1994.
12. Speicher, M. R., Preacher, G., du Manoir, S., Jauch, A., Horsthemke, B., Bornfeld,

N., Becher, R., and Cremer, T. Chromosomal gains and losses in uveal melanomas

involving

detected by comparative genomic hybridization.

a larger number of patients.
CGH data from previous studies with breast cancer (10), small cell
lung cancer (1 1, 15), uveal melanoma (12, 13), gliomas (14), and
chromophobe renal cell carcinomas (16) showed a distinct CGH
pattern for each tumor entity. In contrast, HNSCC show some inter
esting similarities to small cell lung cancer in terms of the most
frequently occurring changes, i.e., 3p loss, 3q gain, 5p gain, 5q loss.
The significance of these findings is at this point unclear. Any
possible relatedness between HNSCC and small cell lung cancer
revealed by genetic alterations is worthy of further study.

after

universal DNA-amplification. Hum. Mol. Genet., 2: 1907â€”1914,
1993.

the

possible role of PRAD-1/CCNDJ/cyclin Dl in HNSCC. The identifi
cation ofthe chromosomal position of commonly deleted or amplified
loci should also streamline cloning efforts considerably. Future work
will be focused on the characterization of probes within such loci and
identification of genetic changes specific for the anatomic site of the
tumor. While correlation of genetic changes with histological grading,
metastatic potential, etc., could contribute significantly to our under
standing of tumors with a more aggressive clinical course, any mean
ingful clinical

fixed, paraffin embedded solid tumors by comparative genomic hybridization

However, candidate genes revealed by CGH
blot or PCR analysis,

H., Schoell, B.,

Lengauer, C., Cremer, T., and Ried, T. Molecular cytogenetic analysis of formalin

Cancer Res., 54: 3817â€”3823,

1994.
13. Gordon, K. B., Thompson, C. T., Char, D. H., O'Brien, J. M., Kroll, S., Ghazvini, 5.,

and Gray,J. W. Comparativegenomichybridizationin the detectionof DNAcopy
number abnormalities in uveal melanoma. Cancer Rca., 54: 4764â€”4768, 1994.
14. SchrOck, E., Thel, G., Lozanova, T., du Manoir, S., Meffert, M. C., Jauch, A.,

Speicher, M. R., Nurnberg, P., Vogel, S., Jtnisch, W., Donis-Keller, H., Rim, T.,
Witkowski, R., and Cremer, T. Comparative genomic hybridization of human ma
lignant gliomas reveals multiple amplification sites and non-random chromosomal
gains and losses. Am. I. Pathol., 144: 1203â€”1218,1994.
15. Levin, N. A., Brzoska, P., Gupta, N., Minna, J. D., Gray, J. W., and Christman, M. F.
Identification of frequent novel genetic alterations in small cell lung carcinoma.
Cancer Rca., 54: 5086-5091, 1994.
16. Spcicher, M. R., Schoell, B., du Manoir, S., SChrOCk,E., Ried, T., Cremer, T., StOrkel,

S.,Kovacs,A.,andKovacs,G. Specificlossof chromosomes1,2, 6, 10,13,17,and
21 in chromophobe renal cell carcinomas revealed by comparative genomic hybridi
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