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Abstract Desmoid tumors are benign neoplasms of the fibromatosis group. Data on their acquired chromosomal
changes are sparse and, therefore, we wanted to ascertain what genomic losses and gains these
tumors may have incurred. DNA was extracted from a total of 26 formalin-fixed, paraffin-embedded
desmoid tumors followed by comparative genomic hybridization (CGH) and interphase fluorescence
in situ hybridization (I-FISH) analyses. Ten of 12 informative tumors were normal by CGH; the two
abnormal ones had loss of chromosome 6 and loss of 6q and gain of chromosome 20, respectively.
I-FISH analyses with an o-satellite probe specific for chromosome 8 of 26 desmoids, including
one tumor that by karyotyping had +i(8)(q10), showed no evident abnormalities. An explanation
for the relatively high frequency of genomically normal tumors by CGH seen in this study may be
sought in the fact that as many as 10 of the 12 informative tumors were abdominal desmoids,
a subset of tumors also previously found to exhibit genomic changes only rarely. It is therefore
possible that abdominal desmoids might be non-neoplastic tumors or neoplastic tumors with genetic
changes too small to be discovered by CGH, whereas desmoid tumors from other locations exhibit
detectable genomic changes at a significantly higher frequency. © 2003 Elsevier Inc. All rights re-
served.

1. Introduction have been analyzed by comparative genomic hybridization
(CGH) [5]. Nearly 50% of the karyotyped desmoids have
shown clonal chromosomal abnormalities [5], with +8 as
the most frequent aberration [3], whereas gains of chromo-
some 20 and chromosome band 1g21 have been reported as
the most frequent aberrations found by CGH.

We wanted to expand the existing molecular cytogenetic

Desmoids are deep-seated, aggressive tumors belonging
to the fibromatosis group. They presumably arise from fas-
cial or musculoaponeurotic structures and are subclassified
as extra-abdominal, abdominal, and intra-abdominal [1].
Microscopically, the lesion is poorly circumscribed, with

cells and collagen fibers arranged in sweeping bundles infil-
trating the surrounding tissue, commonly striated muscles.
Wide local excision is the treatment of choice. The incidence
of desmoid tumors is two to four new cases per million per
year, representing ~0.03% of all neoplasms. They occur at
all ages, but mostly in young, parous women. Desmoids are
unusually common in patients with adenomatous polyposis
of the colon and rectum [2].

The genomic profile of desmoid tumors is not well known.
To our knowledge, only 121 cases have been karyotyped
[3], 50 of them in one large series [4], whereas 28 tumors
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knowledge on desmoid tumors. Because desmoid tumors are
so infrequent, the analyses almost exclusively had to be per-
formed on archival formalin-fixed and paraffin-embedded
(FFPE) tumor material. CGH was used as the main technique
because karyotyping is not possible on such nonviable cells.
In addition, we performed interphase fluorescence in situ
hybridization (I-FISH) with a chromosome 8—specific cen-
tromeric probe to compare findings in our series with the
main results obtained in previous studies of desmoid tumors.

2. Materials and methods
2.1. Samples and cytogenetic analysis

We obtained 26 FFPE desmoid tumors from the Depart-
ment of Pathology at the Norwegian Radium Hospital. The
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tumors had been diagnosed at that department during the last
20 years, sufficient archival material was available from
them, and the series therefore may be viewed as representa-
tive. The histologic diagnoses were reviewed and confirmed
by an experienced pathologist (B.B.), who also confirmed
that there was a predominance of tumor cells in each
section.

One desmoid tumor was surgically removed at the Norwe-
gian Radium Hospital while the studies on archival material
were in progress, and a sample from it was processed for
cytogenetic analysis. Fresh material was manually minced
and treated with collagenase, hyaluronidase, and neuramini-
dase until a suitable suspension of cells and cell clumps was
obtained. After 3 days of culturing in a medium consisting of
RPMI-1640, 13% fetal calf serum, and antibiotics, colchicine
was added for the last 4 hours of culturing and the short-
term culture was harvested according to standard protocols
[6]. The chromosomes in the dividing cells were then
G-banded and a karyotype was established in accordance
with International System for Human Cytogenetic Nomen-
clature (ISCN 1995) recommendations [7].

2.2. CGH analysis

2.2.1. DNA extraction

DNA was isolated as described previously by Kraggerud
et al. [8]. Briefly, the tissue was deparaffinized in xylene,
washed in alcohol, and digested in lysis buffer, proteinase K,
and RNase, followed by phenol-chloroform extraction and
ethanol precipitation. Several modifications of the protocol
were tried to optimize the yield of high-molecular weight
DNA (HMW-DNA), largely as described by Isola et al. [9].
For three of the samples, we tried prolonged proteinase K
digestion (3 days instead of 1) and extraction from sections
of different thickness.

2.2.2. Slide preparation

Metaphase slides were prepared as described by Karhu
et al. [10] but with small modifications. Briefly, dropping of
the slides was performed in a moist milieu with varying
temperature, on moist or dry slides (Menzel Glaeser Su-
perfrost Color slides, Braunschweig, Germany) with or with-
out postfixation. The slides were evaluated according to
the following criteria: adequate chromosomal length, black
color, minimal overlapping, minimal cytoplasm, and ade-
quate number of mitoses. Slides were stored at room temper-
ature 1-4 weeks before use.

2.2.3. CGH

CGH, first described by Kallionemi et al. [11,12], was
performed on 19 of the 26 tumors according to Kraggerud
et al. [8] with but minor modifications. Briefly, test and
reference DNA were differentially labeled with fluoro-
chrome-conjugated nucleotides (FITC-12-dCTP and -dUTP
for tumor DNA, and TexasRed-6-dCTP and -dUTP for refer-
ence DNA). Equal amounts (800 ng each) of tumor and

reference DNA, denatured at 70°C for 5 minutes, together
with 33 ng of human cot-DNA, were hybridized onto normal
metaphase spreads denatured for 3 minutes at 70°~73°C and
incubated at 37°C for 2-3 days. After washing the slides
were counterstained with an antifade solution consisting of
DAPI (4’,6-diamino-2-phenylindole) and Vectashields H-
1200 (Vectashield; Vector Laboratories, Burlingame, CA),
and examined with a fluorescence microscope (Zeiss Axi-
oplan, Oberkochen, Germany). Single-color images (FITC,
TexasRed, and DAPI) of metaphase spreads were sequen-
tially photographed with a Cohu 4900 CCD (12-bit gray
scale) camera, using Cytovision hardware and software.
Chromosomes were karyotyped on the basis of their inverted
DAPI banding. Fluorescence ratio profiles (green to red)
were calculated for individual chromosomes, data from 11
to 20 representative copies of each chromosome were com-
bined, and average ratio profiles with 95% confidence inter-
vals were calculated for each tumor. The centromeric and
pericentromeric heterochromatic regions were not evaluated.

All tumors except for one were analyzed at least twice,
and the profiles were evaluated independently by two
researchers (P.B. and FM.). If doubts persisted, the tumor
was analyzed a third time. Poor hybridizations, mostly re-
sulting from either suboptimal slide or DNA quality, were not
accepted. One knows from karyotyping studies that desmoid
tumors are mostly diploid, and we therefore chose thresholds
corresponding to loss or gain of one chromosome homologue
in 50% of the cells analyzed (i.e., 0.75 and 1.25, respec-
tively).

To reduce the problem with potentially false positive areas
[11-13], we used a modified CGH protocol with a mixture
of fluorochrome-dUTP and -dCTP during nick translation.
We also used a negative control in all experiments, and all
tumor changes were evaluated against this control. Finally,
the lovo cell line was used as a positive control in each
experiment.

The gains and losses were described in accordance with
the ISCN 1995 [7].

2.3. I-FISH

2.3.1. Samples and nucleus extraction

I-FISH was performed on a total of 26 desmoids, in-
cluding the 12 from the present Norwegian series in which
informative CGH results were obtained (see below) and 14
desmoids (Finnish series) with known CGH profiles [5]. The
latter 14 were selected from a series of 28 desmoids to
include tumors showing no aberrations by CGH (n = 4)
as well as tumors showing aberrations (n = 10). The most
frequent aberrations found in these 10 tumors were gains of
1q and chromosome 20 and loss of chromosome 6 [5].

The nucleus extraction method used for the two series
was nearly identical, the main differences being that for
tumors of the Finnish series, a shaking water bath was not
used and the nuclei were spread manually. The procedures
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were modified from Hedley and Liehr [14,15]. Briefly, two
to four 50-um tissue sections were deparaffinized by two
changes of xylene and washed twice in absolute alcohol
before rehydration. The preparations were then washed in
phosphate-buffered saline (PBS) twice, prewarmed protease
(Sigma Protease XXIV, 0.5 mg/mL; Sigma, St. Louis, MO)
in PBS was added, and the preparations were incubated in
a shaking water bath (1 hour, 37°C). The resulting cellular
suspensions were then pipetted vigorously to release nuclei,
filtrated through a 60-pm nylon mesh, followed by centrifu-
gation and washing in PBS twice. Finally, the nuclear sus-
pension was spread on poly-L-lysine—coated slides using a
Cytospin3 centrifuge (Thermo Shandon, Pittsburgh, PA).
The slides were left at room temperature for one night before
freezing at —70°C or —20°C.

2.3.2. Pretreatment of slides

The slides were kept at room temperature from the day
before the start of hybridization and pretreated as described
by Knuutila et al. [16] but with minor modifications. Briefly,
three changes of xylene were used to remove remaining
paraffin, and then two changes of absolute alcohol were made
to remove the xylene. The preparations were subsequently
boiled for 15 minutes in a microwave oven and then cooled
for 20 minutes at room temperature; both procedures took
place with the slides immersed in sodium citrate. Finally,
the slides were washed three times in PBS and dehydrated
in alcohol.

2.3.3. Hybridization and analysis

A directly FITC-labeled o-satellite DNA probe for chro-
mosome 8 and appropriate hybridization and counterstaining
solutions were supplied by Cytocell (Banbury, UK). We used
a protocol modified from Persons et al. [17]: briefly, the
dehydrated slides were denatured in 70% formamide at 73°C
for 5 minutes, dehydrated again, and dried. The o-satellite
probe for chromosome 8 was directly FITC labeled and was
denatured at 73°C for 5 minutes before application onto
the slide. After 3 days of incubation at 37°C, the slides
were washed three times: 10 minutes in 50% formamide,
10 minutes in 2x standard saline citrate (SSC), and 5 minutes
in 2x SSC/0.1% NP-40. Air-drying then was carried out
before application of 10 uL. DAPI in antifade solution and
sealing with a coverslip. Two-hundred successive whole
and single nuclei were examined with a Zeiss fluorescence
microscope, and the images were captured by a Cohu
camera.

The specificity of the probe was validated with FISH
experiments on slides with metaphases and interphase nuclei
from a karyotypically normal individual.

3. Results
3.1. DNA extraction

Prolonged proteinase K digestion did not give any in-
crease in HMW-DNA yield. The use of many thin sections
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Fig. 1. Representative karyotype from case 7: 47,XX,+i(8)(q10).
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(20 5-um sections) as compared with few thick sections (five
20-um sections) slightly increased the yield of HMW-DNA
(data not shown). From 7 of the 26 tumors, no HMW-DNA at
all could be obtained, and these tumors were excluded from
the study. The remaining 19 tumors gave DNA concentra-
tions of 55—-172 pg/mL, all partially degraded but with some
HMW-DNA as well, and were thus submitted to CGH
analysis.

3.2. Karyotyping

The following karyotype was found in the one desmoid
subjected to culturing and cytogenetic analysis: 47, XX, +1(8)
(q10)[3]/46,XX[11] (Fig. 1).

3.3. CGH

Of the 19 tumors from which at least some HMW-DNA
was available, 12 gave satisfactory hybridization by CGH,
and the findings are shown in Table 1. No gains or losses of
genomic material were seen in 10 of the tumors, whereas
the remaining two (cases 9 and 10, Table 1) showed loss of the
entire chromosome 6 and loss of chromosome arm 6q and
gain of chromosome 20, respectively (Fig. 2).

3.4. I-FISH

The I-FISH data are summarized in Table 2. Of 200
counted nuclei, 167-194 had two signals, 2-20 nuclei had

Table 1
Clinical data and CGH findings on 26 desmoid tumors

three signals, and the remaining mostly showed one signal
for the centromere of chromosome 8. The control slide had
196 nuclei with two signals and four nuclei with one signal.
There were no differences between the Finnish and the
Norwegian samples. Fig. 3 visualizes interphase nuclei with
one, two, and three signals for the centromeric chromo-
some 8 probe.

4. Discussion

Because of several potential methodological pitfalls,
mostly due to suboptimal DNA quality in cells obtained from
FFPE material, we tried several modifications of both the
DNA extraction and CGH protocols. In our hands, prolonged
proteinase K digestion did not affect the HMW-DNA yield, but
the use of thin sections instead of thick sections gave some
more HMW-DNA, as reported previously [9]. The differences
observed might be explained by different handling of the
samples during the fixation process as well as variability
among tissue types. Regarding the fixation process, it has
been proposed that prolonged time in formalin adversely
affects the yield of HMW-DNA [9] and that buffered forma-
lin causes less DNA damage than unbuffered formalin [18].
The samples of the Norwegian series were routinely treated
with buffered formalin, but we have no knowledge about
the time individual samples spent in formalin. It was there-
fore not possible to assess more precisely the influence of

Case no./sex/patient age (yr) Tumor site/size (cm)

CGH findings

1/F/44 Abdominal/7
2/F/27 Abdominal/4
3/F/62 Abdominal/2
4/F/29 Abdominal/5
5/F/25 Abdominal
6/F/62 Abdominal/4
7/F/31 Abdominal
8/M/66 Abdominal/10
9/F/30 Abdominal/6
10/M/73 Abdominal/3
11/F/77 Shoulder/5
12/F Not known
XP961006" Abdominal
K935587* Abdominal
833-80* Abdominal
XP952257* Abdominal
XP952832% Shoulder
XP923064* Groin
XP916509* Thigh
XP915156* Mesenterium
XP943355% Shoulder
XP942732% Thoracic wall
XP920371* Mesenterium
XP950647* Trunk
XP903953* Buttock
XP942374% Upper arm

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

rev ish dim(6)

rev ish enh(20),dim(6q)

Normal

Normal

Normal

Normal

Normal

rev ish enh(9p12~p13,20), dim(6cen~q24)

Normal

rev ish enh(1q21,9p12)

rev ish enh(1q21~q23,20)

rev ish enh(1q21,20),dim(6)

rev ish enh(1q21~q23,20)

rev ish enh(1q21~q25,9p13~q21,20),dim(5q21~q22)
rev ish enh(1q21~q23,20), dim(5q15~q23)

rev ish enh(1q21~q22,9p12~q21.2,20)

rev ish enh(1q21~q23,7p11.2~q11.2,9p12~p13,20),dim(4q,5q21~q22,6cen~q24)
rev ish enh(1q21,9p12~q12.2,20),dim(13q21~qter)

Abbreviations: CGH, comparative genomic hybridization; F, female; M, male.

* Reported by Larramendy et al. [5].
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Fig. 2. Representative pairs of chromosomes and corresponding CGH profiles for chromosome 6 from case 9 (A), and chromosomes 6 (B), and 20 (C),
from case 10. The black line represents no net gain or loss of tumor material, whereas the lines to the left (red) and to the right (green) represent 0.25
increments of losses and gains, respectively. The pink line represents the average ratio along the chromosome, the brown lines correspond to the confidence
interval for the mean, and »n is the number of chromosomes used to calculate the mean.

these parameters, beyond the fact that they might explain
why we did not succeed in extracting DNA and achieve
informative hybridizations from all tumors. In addition, des-
moids are not particularly cell-rich tumors, something that
might account for a low DNA yield.

A difference in the amount of background and the
number of damaged nuclei by I-FISH was seen between
the Norwegian and Finnish series. The former had less such
problems, which may be explained by the fact that the Nor-
wegian samples were spread by cytocentrifugation, whereas
the Finnish samples were spread and treated more intensively
manually; the latter procedure probably represents a harsher
treatment of the cells. This did not represent any problem
for the analysis, however, because cut nuclei were excluded.

Earlier, desmoid tumors were not considered to be true
neoplasms. For example, MacKenzie [19] characterized
the disease as a fibroblastic proliferation showing none
of the features of an inflammatory response and no features of
unequivocal neoplasia. Karlsson et al. [20] described the
first abnormal karyotype in an extraabdominal desmoid
tumor, and later karyotypic and clonality studies have pro-
vided evidence of the neoplastic nature of these lesions
[21-26]. As a result, desmoids are now defined as benign
neoplastic tumors, albeit with a potential for infiltrative
growth and local recurrence causing both considerable
morbidity and mortality [2,27]. The identification of genetic
alterations with a potential pathogenetic impact therefore
seemed to be of considerable interest.

Our present series includes 10 tumors from the abdominal
wall, 1 fromthe scapularregion, and 1 whose site of origin was
unknown. In an earlier study by Larramendy et al. [5], only
one of eight tumors of the abdominal wall had recognizable
gains or losses of genomic material by CGH, whereas 11 of
18 desmoids from other sites had aberrations. The observed
incidence of abnormalities in this series thus largely corres-
ponds to that found by Larramendy et al. [5], in as much
as only 2 of 10 abdominal tumors had aberrations, with the
2 tumors from other or unknown sites having normal CGH
profiles. It seems, therefore, that a systematic, albeit quantita-
tive pathogenetic difference may exist between extraabdomi-
nal desmoids on the one hand and abdominal desmoids on
the other, with the former group of tumors more often arising
as a result of recognizable genomic alterations, whereas the
latter mostly are karyotypically normal and may represent
pseudoneoplasms. In such a scheme, one could think that the
two aberrant tumors in this series (cases 9 and 10) with an
abdominal location have the same underlying pathogenetic
alterations as extraabdominal desmoids. On the other hand,
if abdominal desmoids are also genuine neoplasms caused by
the acquisition of genomic aberrations, then these genetic
changes are so small that CGH is unable to detect them. If
this scenario corresponds better with reality, more detailed
molecular genetic methods are necessary to find the aberra-
tions, with one possibility being array CGH [28].

We did not observe any copy number changes at
1g21~q22 in any of the tumors examined, in contrast to

Fig. 3. (A-C) Interphase nuclei from case XP903953 visualizing 1, 2, and 3 signals from the centromeric chromosome 8 probe.
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Table 2
Chromosome 8 I-FISH data on 26 desmoid tumors
Signals
Case no. 2 3 <2 or >3
1 181 14 5
2 181 13 6
3 173 15 12
4 194 2 4
5 182 7 11
6 184 11 5
7 186 6 8
8 185 5 10
9 188 5 7
10 170 17 13
11 187 4 9
12 192 4 4
XP961006 167 18 15
K935587 183 14 3
833-80 189 8 3
XP952257 186 9 5
XP952832 168 20 12
XP923064 190 5 5
XP916509 175 13 12
XP915156 186 8 6
XP943355 183 13 4
XP942732 180 13 7
XP920371 184 6 10
XP950647 178 11 11
XP903953 186 9 5
XP942374 183 9 8

Abbreviation: 1-FISH, interphase fluorescence in situ hybridization.

what was seen in the Finnish series [5], again especially
among the extraabdominal tumors. Since we analyzed
mostly abdominal desmoids, the absence of this change in
the present series is again consistent with the hypothesis
that different patogenetic mechanisms may be operative in
desmoids of abdominal and extraabdominal types.
Another intriguing apparent discrepancy in genetic stud-
ies of desmoids is the involvement of chromosome 8. A re-
latively high frequency of +8 is seen in karyotypic studies
in which this gain has also been associated with a tendency
for recurrence [29], whereas no involvement of this chromo-
some is seen by CGH [5]. Tumor 7 from the present series
(Table 1) had a +i(8q) as a clonal change by karyotyping (i.e.,
gain of two copies of the long arm of chromosome 8) but
it nevertheless had a normal CGH profile, and in the I-FISH
study, 186 of 200 nuclei with two signals for the chromosome
8—specific probe were seen, whereas six had three signals.
The criterion we used for accepting trisomy 8 in a sample
was more than 10% of the nuclei showing three separate
hybridization signals [26]. The percentage of nuclei with
trisomy 8 by I-FISH in the individual samples examined
by us ranged from 1 to 10%, with the average being 5%.
Although none of the 26 tumors on which we performed
I-FISH analysis exceeded this limit, and consequently were
considered to be disomic for chromosome 8, some of the
samples had values approaching 10%, and we cannot ex-
clude the possibility that minor clones with +8 existed in
these tumors. All these findings are consistent with the expla-

nation that in most or maybe even all desmoid tumors with
one extra copy of chromosome 8 by karyotyping, the extra
chromosome is present only in a small clone of abnormal
cells. Indeed, the +i(8q) of case 7 was seen in only 3 of
the 14 metaphases examined.

Acknowledgments

We thank Kristin Andersen, Lisbeth Haugom, and Nadja
Urban for expert technical assistance. This work was sup-
ported by The Norwegian Cancer Society.

References

[1] Weiss SW, Goldblum JR. Enzinger and Weiss’s soft tissue tumors.

St. Louis: Mosby; 2001.

Shields CJ, Winter DC, Kirwan WO, Redmond HP. Desmoid tumours.

Eur J Surg Oncol 2001;27:701-6.

[3] Mitelman F, Johansson B, Mertens F, editors. Mitelman database of
chromosome aberrations in cancer. Available at: http://www.cgap.
nci.nih.gov/Chromosomes/Mitelman2002. Accessed June 16, 2003.

[4] De Wever 1, Dal Cin P, Fletcher CDM, Mandahl N, Mertens F, Mitel-
man F, Rosai J, Rydholm A, Sciot R, Tallini G, Van den Berghe H,
Vanni R, Willen H. Cytogenetic, clinical, and morphologic correlations
in 78 cases of fibromatosis: a report from the CHAMP study group.
Chromosomes and morphology. Mod Pathol 2000;13:1080-5.

[5] Larramendy ML, Virolainen M, Tukiainen E, Elomaa I, Knuutila S.
Chromosome band 1q21 is recurrently gained in desmoid tumors.
Genes Chromosomes Cancer 1998;23:183-6.

[6] Mandahl N. Methods in solid tumors cytogenetics. In: Rooney DE,
Czepulkowski BH, editors. Human cytogenetics - a practical approach,
vol. II, Malignancy and acquired abnormalities. 1992;155-87.

[7] ISCN. An international system for human cytogenetic nomenclature.
In: Mitelman F, editor. Basel: S. Karger, 1995.

[8] Kraggerud SM, SzymanskaJ, Abeler VM, Kaern J, Eknaes M, Heim S,
Teixeira MR, Trope CG, Peltomiki P, Lothe RA. DNA copy number
changes in malignant ovarian germ cell tumors. Cancer Res 2000;
60:3025-30.

[9] Isola J, DeVries S, Chu L, Ghazvini S, Waldman F. Analysis of
changes in DNA sequence copy number by comparative genomic
hybridization in archival paraffin-embedded tumor samples. Am J
Pathol 1994;145:1301-8.

[10] Karhu R, Kahkonen M, Kuukasjarvi T, Pennanen S, Tirkkonen M,
Kallioniemi O. Quality control of CGH: impact of metaphase chromo-
somes and the dynamic range of hybridization. Cytometry 1997;28:
198-205.

[11] Kallioniemi A, Kallioniemi OP, Sudar D, Rutovitz D, Gray JW,
Waldman F, Pinkel D. Comparative genomic hybridization for molec-
ular cytogenetic analysis of solid tumors. Science 1992;258:818-21.

[12] Kallioniemi OP, Kallioniemi A, Piper J, Isola J, Waldman FM, Gray
JW, Pinkel D. Optimizing comparative genomic hybridization for
analysis of DNA sequence copy number changes in solid tumors.
Genes Chromosomes Cancer 1994;10:231-43.

[13] el Rifai W, Larramendy ML, Bjorkqvist AM, Hemmer S, Knuutila
S. Optimization of comparative genomic hybridization using fluoro-
chrome conjugated to dCTP and dUTP nucleotides. Lab Invest 1997;
77:699-700.

[14] Hedley DW, Friedlander ML, Taylor IW, Rugg CA, Musgrove EA.
Method for analysis of cellular DNA content of paraffin-embedded
pathological material using flow cytometry. J Histochem Cytochem
1983;31:1333-5.

[15] Liehr T, Grehl H, Rautenstrauss B. FISH analysis of interphase nuclei
extracted from paraffin-embedded tissue. Trends Genet 1995;11:377-8.

2

—



P. Brandal et al. / Cancer Genetics and Cytogenetics 146 (2003) 1-7 7

[16] Knuutila S, Nylund SJ, Wessman M, Larramendy ML. Analysis of
genotype and phenotype on the same interphase or mitotic cell. A
manual of MAC (morphology antibody chromosomes) methodology.
Cancer Genet Cytogenet 1994;72:1-15.

[17] Persons DL, Hartmann LC, Herath JF, Borell TJ, Cliby WA, Keeney GL,
Jenkins RB. Interphase molecular cytogenetic analysis of epithelial
ovarian carcinomas. Am J Pathol 1993;142:733-41.

[18] Kgsel S, Grasbon-Frodl EM, Arima K, Chimelli L, Hahn M,
Hashizume Y, Hulette C, Ikeda K, Jacobsen PF, Jones M, Kobayashi
M, Love S, Mizutani T, Rosemberg S, Sasaki A, Smith TW, Taka-
hashi H, Vortmeyer AO, Graeber MB. Inter-laboratory comparison
of DNA preservation in archival paraffin-embedded human brain tissue
from participating centres on four continents. Neurogenetics
2001;3:163-70.

[19] MacKenzie DH. The differential diagnosis of fibroblastic disorders.
Oxford: Blackwell Scienific Publications, 1970.

[20] Karlsson I, Mandahl N, Heim S, Rydholm A, Willen H, Mitelman F.
Complex chromosome rearrangements in an extraabdominal desmoid
tumor. Cancer Genet Cytogenet 1988;34:241-5.

[21] Li M, Cordon-Cardo C, Gerald WL, Rosai J. Desmoid fibromatosis
is a clonal process. Hum Pathol 1996;27:939-43.

[22] Qi H, Dal Cin P, Hernandez JM, Garcia JL, Sciot R, Fletcher C,
Van Eyken P, De Wever I, Van den Berghe H. Trisomies 8 and 20
in desmoid tumors. Cancer Genet Cytogenet 1996;92:147-9.

[23] Bridge JA, Sreekantaiah C, Mouron B, Neff JR, Sandberg AA, Wolman
SR. Clonal chromosomal abnormalities in desmoid tumors. Implica-
tions for histopathogenesis. Cancer 1992;69:430-6.

[24] Mertens F, Willen H, Rydholm A, Brosjo O, Carlen B, Mitelman F,
Mandahl N. Trisomy 20 is a primary chromosome aberration in des-
moid tumors. Int J Cancer 1995;63:527-9.

[25] Dal Cin P, Sciot R, Aly MS, Delabie J, Stas M, De WI, Van Damme B,
Van den Berghe H. Some desmoid tumors are characterized by trisomy
8. Genes Chromosomes Cancer 1994;10:131-5.

[26] Bridge JA, Swarts SJ, Buresh C, Nelson M, Degenhardt JM, Spanier S,
Maale G, Meloni A, Lynch JC, Neff JR. Trisomies 8 and 20 characterize
a subgroup of benign fibrous lesions arising in both soft tissue and
bone. Am J Pathol 1999;154:729-33.

[27] Goldblum J, Fletcher JA. Desmoid-type fibromatoses. In: Fletcher
CD, Unni KK, Mertens F, editors. Pathology and genetics. Tumours
of soft tissue and bone. 2002;83—4.

[28] Solinas-Toldo S, Lampel S, Stilgenbauer S, Nickolenko J, Benner A,
Dohner H, Cremer T, Lichter P. Matrix-based comparative genomic
hybridization: biochips to screen for genomic imbalances. Genes
Chromosomes Cancer 1997;20:399-407.

[29] Fletcher JA, Naeem R, Xiao S, Corson JM. Chromosome aberrations
in desmoid tumors. Trisomy 8 may be a predictor of recurrence.
Cancer Genet Cytogenet 1995;79:139-43.



	Molecular cytogenetic characterization of desmoid tumors
	Introduction
	Materials and methods
	Samples and cytogenetic analysis
	CGH analysis
	DNA extraction
	Slide preparation
	CGH

	I-FISH
	Samples and nucleus extraction
	Pretreatment of slides
	Hybridization and analysis


	Results
	DNA extraction
	Karyotyping
	CGH
	I-FISH

	Discussion
	Acknowledgments
	References


