Actas Dermosifiliogr. 2008;99:199-206

ORIGINAL ARTICLES

Analysis of Cytogenetic Abnormalities in Squamous Cell
Carcinoma by Array Comparative Genomic Hybridization

R. Salgado,? A. Toll,* B. Espinet,? E. Gonzalez-Roca,c C. L. Barranco,? S. Serrano,? F. Solé,?
and R. M. Pujol®

aServicio de Anatomia Patoldgica, Laboratorio de Citogenética y Biologia Molecular and Servicio de Dermatologia, Hospital del Mar, Barcelona,

Spain

°Laboratorio de Microarrays, Departamento de Bioinformatica i Genomica, Centro de Regulacion Genémica (CRG), Barcelona, Spain

Abstract. Introduction. Few conventional cytogenetic studies of squamous cell carcinoma (SCC) have been
performed to date. The introduction of cytogenetic techniques such as comparative genomic hybridization
(CGH) has resolved some of the problems associated with conventional cytogenetics. The aim of this study
was to analyze the presence of genetic abnormalities in a series of patients with SCC using the technique
of array CGH.

Material and methods. The study included 8 patients (7 men and 1 woman; mean age, 75 years) diagnosed
with primary SCC. DNA was extracted from frozen tissue and analyzed by array CGH.

Results. All cases had genetic alterations, with gains more frequent than losses. The chromosomal regions
with gains, in descending order of frequency, were as follows: 5p15.2, 9q31.3-q33.2, 13q, 18q22, 1p21-
p22, 1q24-q25, 3p13, 4933-q34 (HMGB2, SAP30), 20p12.2 (JAGI), 21q21.1, and Xg21.33. The region
9p13.1-p13.3 was the only one to display recurrent loss. No correlation was observed between the presence
of gains or losses and the clinical and pathologic characteristics of the tumors.

Conclusions. This is the first study to use the technique of array CGH to analyze genetic alterations in SCC.
The finding of certain previously described aberrations (gain of 5p) suggests the existence of recurrent
abnormalities. Likewise, the observation of alterations in small regions of chromosome 1 highlights the
sensitivity of the technique to detect small changes. Application of the technique to a larger series of cases
will provide greater insight into the genetic abnormalities implicated in the process of tumorigenesis in
SCC.

Key words: array, comparative genomic hybridization, cytogenetics, cutaneous squamous cell carcinoma.

ESTUDIO DE LAS LESIONES CITOGENETICAS EN EL CARCINOMA ESCAMOSO CUTA-

NEO MEDIANTE LA TECNICA DE ARRAYS DE HIBRIDACION GENOMICA COMPARADA

Resumen. Introduccion. Los estudios de citogenética convencional realizados en el carcinoma escamoso cu-
tineo (CEC) son escasos. La introduccién de las técnicas de citogenética, como la de hibridacién genémica
comparada (HGC), solventan algunos de los inconvenientes planteados por las técnicas de citogenética con-
vencional. El objetivo de este estudio es analizar la presencia de alteraciones genéticas mediante la técnica

de array-HGC en una serie de CEC.

Material y métodos. Se estudiaron un total de 8 pacientes (7 varones/una mujer; edad media: 75 afios)
diagnosticados de CEC primario. Se realiz6 extraccién de ADN a partir de material congelado y se realizé

la técnica de array-HGC.
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Resultados. Todos los casos mostraron alteraciones genéticas, siendo mds frecuentes las ganancias que las
pérdidas. Las regiones cromosémicas en las que se observaron ganancias, en orden decreciente, fueron
5p15.2, 9931.3-g33.2, 13q, 18922, 1p21-p22, 1q24-q25, 3p13, 4q33-q34 (HMGB2, SAP30), 20p12.2
(JAG1), 21q21.1, Xq21.33. La region 9p13.1-p13.3 fue la Gnica que mostré una pérdida recurrente. No se
detect6 una correlacién entre la presencia de ganancias o pérdidas y las caracteristicas clinico-patoldgicas
de los tumores.

Conclusiones. Este estudio es el primero descrito en el que se utiliza la técnica de array-HGC con el fin de
analizar las alteraciones genéticas del CEC. El hallazgo de algunas aberraciones ya descritas (ganancia de
5p) muestra la posibilidad de que existan lesiones recurrentes. Asimismo, la observacién de pequefias regiones
alteradas (cromosoma 1) demuestra la sensibilidad de esta técnica en la deteccion de alteraciones de pequefio
tamafio. Su aplicacion en una serie amplia de casos podrd proporcionar un mayor conocimiento de las

alteraciones genéticas implicadas en el proceso de tumorogénesis del CEC.

Palabras clave: array, hibridacién genémica comparada, citogenética, carcinoma escamoso cutineo.

Introduction

Cutaneous squamous cell carcinoma (SCC) represents
approximately 20% of all malignant skin cancers. Its
incidence is increasing and some studies situate it at between
40 and 200 cases per 100 000 individuals per year.

SCC is usually observed in elderly individuals. It has
been suggested that 14% of men and 8% to 9% of women
will develop SCC over the course of their lifetime. It has
the potential for distant metastasis, with an overall mortality
estimated at 2500 cases per year in the United States of
America. Its etiology is multifactorial and is affected by
both environmental and host-related factors.

Among the most important extrinsic or environmental
factors is chronic sun exposure (UV radiation). Other factors
less frequently implicated in the development of SCC
include exposure to ionizing radiation (x-rays), arsenic,
hydrocarbons, tobacco (SCC of the lip), chronic
inflammation (burn scars, chronic ulcers, chronic fistulas,
etc), and some viral infections (human papillomavirus).
Age, skin phototype, immune status, and the presence of
constitutive genetic abnormalities are also relevant factors.
Individuals who undergo chronic immunosuppressant
therapy (organ recipients) have a greater risk (3 to 4 times
greater than the general population) of developing SCC.

Genetic Lesions and Cutaneous Squamous
Cell Carcinoma

The development and metastasis of SCC is a complex
process that includes transformation, proliferation,
neovascularization, and invasion. Despite the unquestionable
advances that have taken place in recent years in terms of
our understanding of the pathogenic mechanisms involved,

the genetic lesions responsible for SCC are still unknown.
The identification of genetic abnormalities in specific regions
of the genome in these tumors may facilitate future
identification of the genes (oncogenes and tumor suppressor
genes) involved in the pathogenesis of the disease.

It has been demonstrated that 25% to 80% of SCC are
associated with aneuploid lesions,! with little variation in
the degree of aneuploidy (unlike in the precursor lesions),
suggesting a clonal origin. Various experimental and
epidemiologic findings have revealed a direct correlation
between the development of SCC and exposure to UV
radiation.?* UV radiation leads to characteristic point
mutations and small deletions in the DNA. Exposure of
cultured keratinocytes to low doses of UV-A and UV-B led
to the appearance of micronuclei, cytoplasmic inclusions
of a nuclear nature that correspond to genetic material that
was not correctly incorporated in the daughter cells during
cell division.’ This phenomenon is responsible for the
appearance of chromosomal aberrations derived from
chromosome breakage, errors occurring during DNA
replication and cell division, or as a result of exposure to
genotoxic agents. These findings support a pathogenic role
for UV radiation in the initiation and promotion of neoplastic
transformation, as well as in increased genomic instability®
and the loss of heterozygosity,” both in SCC and in its
precursor lesions.

Various approaches involving cytogenetic techniques of
differing complexity have been used to identify the genetic
alterations that are characteristic of SCC.

Conventional Cytogenetics

Conventional cytogenetics is a frequently used tool in the
identification of genetic alterations in hematologic
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malignancies,® in which metaphase chromosomes can be
easily obtained. In hematology, this technique is very useful
for the detection of recurrent chromosomal aberrations,
which affect both the diagnosis and the prognosis and course
of many such malignancies. The difficulties associated with
obtaining metaphase chromosomes from tumor cells’ in
cultured SCC explain why few cytogenetic studies of
cutaneous tumors have been performed.

Casalone et al'® analyzed 3 patients with SCC using
conventional cytogenetics in direct preparations (24 hours)
and short-term cultures (10 to 28 days). Direct preparations
showed gains of chromosomes 6, 8, 9, 11, 16, and 21, and
loss of chromosomes 1 and 14, while these abnormalities
were not observed in short-term cultures. However, Jin et al!
identified numerous cytogenetic abnormalities in short-
term cultures of neoplastic cells, the most frequent being
loss of chromosomes 2, 4, 8p, 9, 11, 13, 14, 18, 21, X, and
Y, and gain of chromosomes 1q, 7, and 8q.

In addition to numerical chromosomal changes (gains
and losses), other authors have observed structural
rearrangements in the centromeric regions of
chromosomes 1, 8, and 9, including the formation of
isochromosomes—i(1p), i(1q), i(8q), i(9p), and i(9q)—
and deletions and translocations involving the entire
chromosomal arm.'?13

Fluorescent In Situ Hybridization

The technique of fluorescent in situ hybridization (FISH)
allows detection and localization of specific DNA sequences
in chromosome, cell, or tissue preparations. This method
is based on the hybridization of a fluorescently labeled
specific DNA sequence (probe) to the DNA of the sample.

Few studies have used interphase FISH in SCC, probably
due to the technical problems associated with sample
processing (presence of keratin, adipose tissue, etc). A case
has been described in which this technology revealed the
presence of trisomy 7 in SCC.* In another study, a 3p21
deletion was identified in 67% of cases and a surprising
gain of 17p13 (7P53) was observed in 27% of cases of SCC
studied.”

Comparative Genomic Hybridization

Comparative genomic hybridization (CGH) is a molecular
cytogenetic technique based on 2-color FISH that allows
analysis of overall losses and gains of genomic material in
a single hybridization step without the need to obtain
dividing cells.?

It involves competitive hybridization between tumor
DNA (test) and normal DNA (reference) on normal
metaphase chromosomes in the presence of an excess of

human Cotl DNA. The tumor cell DNA from the
chromosomal regions with increased copy numbers (gains
and amplifications) binds the metaphase chromosomes
proportionally more than DNA from healthy cells, while
the DNA from regions that are present at lower copy
numbers (losses) will bind proportionally less to normal
chromosomes. Prior to hybridization, the DNA from
the tumor and the healthy tissue are labeled with different
fluorochromes (eg, the tumor DNA in green and the
normal DNA in red), allowing subsequent identification
by fluorescence microscopy. Digital analysis of the
captured images of metaphase chromosomes allows
quantification of the proportion of green and red
fluorescence in each chromosome, such that gains of
genomic material would lead to an increase in green
fluorescence in that area, and loss of genomic material
would lead to a reduction in green fluorescence, thereby
leading to a relative increase in red fluorescence.
Subsequent karyotyping is performed by staining of the
chromosomes with DAPI (4’-6-diamidino-2-
phenylindole).

This technique has been very useful in the cytogenetic
characterization of solid tumors, which do not allow easy
preparation of metaphase chromosomes for conventional
karyotyping and multicolor FISH on chromosome
preparations. Studies of SCC by CGH have allowed
detection of genomic gains on chromosome arms 3q, 17q,
4p, 14q, Xq, 5p, 99, 8q, 17p, and 20q, and losses on 9p,
3p, 13q, 17p, 11p, 8q, and 18p."”

Array Comparative Genomic Hybridization

In recent years, the technique of array CGH has been
developed.!®!” The principle of the technique is the
same as for conventional CGH but involves the use of
genetic sequences spotted on glass slides (genomic
sequences derived from P1 artificial chromosomes
[PAC], bacterial artificial chromosomes [BAC], etc)
instead of conventional chromosome spreads. The arrays
are cohybridized with DNA from the sample and with
control markers labeled with 2 different fluorochromes
(generally Cy3 and Cy5), and the results are analyzed
using specific software. This technique allows a higher
resolution to be obtained (1 megabase pair [Mb]
compared with a resolution of 10 Mb obtained with
conventional CGH). In addition, the technique is much
more sensitive than conventional CGH, since it allows
the regions containing gains and losses to be defined
more accurately.

In this study, we describe the analysis of 8 primary SCC
by array CGH in an attempt to identify new genes or
chromosomal regions implicated in the development and
progression of this cutaneous tumor.
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Table 1. Clinicopathologic Characteristics of the Patients

No. Age, Sex  Diagnosis Site Photoexposed Morphologic Actinic Diameter, Depth,
y Area Pattern Keratosis cm mm

1 78 M SCC Hand Yes Multinodular No 1.8 4

2 73 M SCC Scalp Yes Multinodular No 2.0 4

3 68 M SCC Leg No Similar to NA 0.7 2
keratoacanthoma

4 97 M SCC Jaw Yes Multinodular Yes 3.0 3

5 79 F SCC Cheek Yes Multinodular No 0.8 1.5

6 61 M SCC Leg No Similar to NA 8.0 2
keratoacanthoma

7 74 M SCC Temple Yes Multinodular No 1.0 2

8 75 M SCC Parietal Yes Multinodular No 1.0 2.5

Abbreviations: NA, not available; M, male; SCC, squamous cell carcinoma; F, female.

Materials and Methods

Material
Patients

Eight patients with a diagnosis of primary SCC were
included in the study. The group comprised 7 men and a
woman aged between 61 and 97 years (mean, 75 years).
The clinicopathologic characteristics of the lesions are
shown in Table 1.

The lesions were located in photoexposed areas in 6 patients
and in photoprotected skin (legs) in 2. The mean diameter
of the tumors measured at the widest point was 2.2 cm.

Table 2. Results of Array Comparative Genomic Hybridization

In terms of morphology, 6 lesions displayed a multinodular
histologic pattern, and the remainder displayed crateriform
(keratoacanthoma-like) morphologic characteristics. Six
lesions had changes that were compatible with actinic keratosis
in the epidermis adjacent to the tumor. The mean depth of
the tumor by histology was 3.14 mm. None of the tumors
displayed perineural, vascular, or skin adnexal invasion.

Samples for Analysis

A sample of the tumor taken from each patient was
embedded in optimum cutting temperature (OCT)

No. Diagnosis Sex Gains Total Gains
1 scc M 6p24.1-p25.3, 7p21, 20p12.2, 21g11.2, 21921 4
2 Scc M 5p15-p12, 9921-934.3 2
3 Scc M 1p36-024, 3p22, 3p13a, 8p23.3, 8q13.3, 9p24-9q34.3, 14q11.2, 11
17024-g25.3, 20p12.3-p13, Xq13.1
4 ScC M 1p21.3-p22.3, 3p12-p13, 4p14.1, 4g33.q34, 5p15.2, 5033.3, 24
6q12, 7p21, 7g31.1, 8p23.1, 9p31.3-33.2, 12921.32, 13913,
13021.1-g21.3, 13933.q34, 18022, 21921.1¢, Xp22.33-p22.2, Xp11.3,
Xq13.1-q13.3, Xg21.1-q21.33
5 SCC F 1021-925, 1942.1, 3q13-g29, 18q11.2-922, 20p12.2-p13 5
6 SCC M 0
7 scec M 13q13.1-q14.3, 13¢21.3-022, 13931.2-932.2, 13g33.934 4
8 SCC M 2022-923, 4p15.1, 4933-934, 5p15.2, 6012, 6g12-q13, 17

7921.1-931.1, 13913, 13921.1-g21.3, 13933-934,

15q12c-q13.3b, 15921

.1,15921.2, 18922, Xq13.1-q13.3,

Xq21.1-q21.32, Xg21.33, Xq23.28

Abbreviations: M, male; SCC, squamous cell carcinoma; F, female.
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compound (Tissue Tek OCT, Sakura, Zoeterwoede, The
Netherlands) to be stored in the tissue bank. Histologic
sections were obtained from the tumors and stained with
hematoxylin-eosin to confirm the presence of at least 70%
tumor cells, which is essential for array CGH.

Methods
DNA Extraction

For extraction of genomic DNA, 10 to 14 sections (14 um)
were obtained and stored in a 1.5 mL sterile tube. Extraction
was performed using the QiaAmp DNA Tissue Kit (Qiagen,
GmbH, Hilden, Germany) according to the manufacturer’s
protocol. If samples were contaminated with RNA or
protein, purification was performed using the traditional
method of DNA precipitation with phenol-chloroform-
isoamyl alcohol (Sigma-Aldrich, St Louis, Missouri, USA).
DNA was quantified by spectrophotometry (Nanodrop,
Wilmington, Delaware, USA). A minimum of 50 ng in
50 pL was established in order to obtain the amount
necessary for the analysis.

Array CGH

The DNA samples from the 8 patients selected were
hybridized individually on a microarray, consisting of a
glass slide spotted with 2621 BAC clones with a mean
resolution of 1 Mb (Spectral Chip 2600, Spectral Genomics,
Houston, Texas, USA). All clones were spotted on the
microarray in duplicate and their position was provided by
the manufacturer. Hybridization was performed with 2 pg

samples of genomic tumor and control DNA (Promega,
Madison, Wisconsin, USA), which were separately labeled
with deoxycytidine triphosphates (dCTPs) carrying the
fluorochromes Cy5 (Cy5-dCTP, Amersham Biosciences,
Little Chalfont, Buckinghamshire, UK) and Cy3 (Cy3-
dCTP, Amersham Biosciences) using the Bioprime
Genomic Random Labeling Kit (Invitrogen, Carlsbad,
California, USA). Both sets of labeled DNA probes (both
direct labeling—tumor DNA-Cy5 and control DNA-
Cy3—and dye-swap—tumor DNA-Cy3 and control
DNA-Cy5) were mixed, coprecipitated with isopropanol,
washed, and resuspended in hybridization solution (Spectral
Genomics, Houston, Texas, USA). The DNA mixture was
denatured at 72°C for 10 minutes, prehybridized at 37°C
for 30 minutes, and hybridized with the microarrays for a
minimum of 16 hours at 37°C, according to the
manufacturer’s instructions. Following hybridization, the
microarrays were washed with 50% formamide in 2X salt-
sodium citrate (SSC), 2X SSC containing Nonidet P-40,
and 0.2X SSC.

Images and signal intensity were obtained with a
G2565BA scanner (Agilent Technologies, Santa Clara,
California, USA) using GenePix 6.0 image software (Axon
Instruments, Union City, California, USA). Raw data were
filtered and normalized using BacAnal, a local web server
allowing access to the Limma statistical package
(Bioconductor).

The threshold to consider values as statistically significant
for gains or losses was independently established for each
patient and the final reference values were established based
on the mean = 2 SD of the proportions of all of the BAC
spots.

Losses Total Losses Abnormal Chromosomes Abnormal Regions

14921, 19913.43 3 6 7
0 2 2
0 8 11

3922, 4p16.1-p16.3, 5q14, 7q11.23, 10p14, 10922.2-22.3, 9 17 31

17p13.3, 19913.2, 19q13.43b-43¢c

3p26-p11, 4p15.3, 8p23.3, 9923, 10022.2, 10g25.3, 10926.11-926.3 7 8 12

2p16.1, 2p11.2-p12, 6p24.1-p25.3, 6016, 12024.2,9p13.1-p13.3 6 3 5
0 1 4

1p34.1-p35, 4p16.1-p16.3 (SC), 5923.2a, 9p13.1-13.3, 17p13.3-p13,

19p13.11, 19913.1-q13.2, 20q11.21-g23, 20q13.33 9 14 27

Actas Dermosifiliogr. 2008;99:199-206
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Table 3. Analysis of the Mean Number of Aberrations in
Relation to the Clinicopathologic Characteristics

Mean Mean Mean
Gains Losses Total
Alterations
Histologic Pattern
Multinodular (n = 6) 9 45 14
Similar to
keratoacanthoma 615, 3 8
(n=2)
Depth
>3mm(n = 3) 10 4 14
<3mm(n = 5) 7.4 4.4 11.6
Diameter
>1cm(n = 6) 8.5 4.5 12.8
<1lcm(n = 2) 8 83 11.5
Site
Photoexposed 9 4.5 14
(n = 6)
Photoprotected B85, 3 8
(n=2)
Results

All of the tumors included in the study were primary
cutaneous SCC, 6 located on sunlight-exposed skin and
2 in areas not exposed to sunlight. The tumors varied both

Table 4. Most Common Alterations

Gains Losses
5p15.2 (3/8) 9p13.1-p13.3 (2/8)
9q13.3-933.2 (2/8)
13q (3/8)
18022 (2/8)

1p21-p22 (2/8)

1924-925 (2/8)

3p13 (2/8)

4933-q34 (HMGB2, SAP30) (2/8)
20p12.2 (JAGT) (3/8)

21021.1 (2/8)

Xq21.33 (2/8)

in size and depth of the lesion, as well as in histologic
pattern.

Array CGH revealed that genomic gains and losses
occurred in all of the hybridized samples, although they
did not affect all patients equally (Table 2).

Table 3 shows the characteristics of the lesions studied
in relation to the different clinicopathologic characteristics.

The gains most often observed affected the clones mapped
to 5p15.2 (Figure), 9931.3-933.2, 13q, 18922, 1p21-p22,
1q24-q25, 3p13, 4933-q34 (HMGB2, SAP30), 20p12.2
(JAGI), 21q21.1, and Xq21.33. The 9p13.1-p13.3 region
was the only one to display recurrent loss (Table 4).
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Discussion

Few conventional cytogenetics studies have been
performed with solid tumors, probably as a consequence
of technical difficulties in obtaining dividing cells. The
introduction of CGH techniques, which allow detection
of variation in copy number over the entire genome in a
single experiment, has resolved some of the difficulties
presented by conventional cytogenetics techniques.!®
CGH requires only small quantities of DNA and detects
gains and losses of genetic material without the need for
cultured cells. Loss or gain of fragments of genetic material
can imply critical functional changes in genes involved
in a variety of physiologic processes associated with cell
proliferation and differentiation. Therefore, the analysis
of genetic alterations can yield valuable information on
the genes involved in both the onset and progression of
a tumor.

Analysis of mutations in the tumor suppressor gene 7P53
(17p13) revealed a high rate of mutations induced by UV
radiation, both in actinic keratosis (30%-53%) and SCC
(58%-69%).2° Other chromosomal loci (3p, 9p, 9q, 13q,
and 17q) have also been observed to have genomic losses
with similar frequencies in actinic keratosis and SCC.2!

Numerical chromosomal aberrations have also been
detected in chromosomes 1, 11, 8, 9, 5, 3, and 7 and
isochromosomes 1q, 8q, 5p, 1p, 9p, and 9q in SCC. Analysis
of SCC by interphase FISH revealed a common deletion
at 3p21 in 67% of cases and a surprising gain at 17p13
(7'P53) in 27% of cases." Using CGH techniques, Ashton
et al'” detected genomic gains on chromosome arms 3q,
17q, 4p, 14q, Xq, 5p, 99, 8q, 17p, and 20q, and losses on
9p, 3p, 13q, 17p, 11p, 8q, and 18p. In that study, they also
observed a significant loss of 18q in SCC but not in actinic
keratosis.

Studies of SCC cell lines using complementary DNA
microarrays revealed an increase in the expression of genes
regulated by nuclear factor kB (NF-kB).?? Activation of
NF-kB has been found to be associated with an increase
in the aggressive and metastatic potential of SCC.23
Inactivation of genes in the CDKN2A locus, located in
chromosome region 9p21, either by allelic loss or mutation
(induced by UV light), can have a marked effect in aggressive
forms of SCC through inactivation of p16 and p14 proteins.?*

At some particular sites (SCC of the penis), gains have
occasionally been observed at 8q24, 16p11-12, 20q11, 13,
22q, 19q13, and 5p15, and deletions at 13q21-22, 4q21-
32, and the X chromosome.?

The development of array CGH has led to an increase
in the resolution of the analysis compared with conventional
CGH. Another advantage of the technique is the rapid
mapping within the complexity of the genome, thus
facilitating the search for candidate genes with potential
pathogenic roles.

In our study, undertaken in a small series of patients with
SCC, we found that all cases had twice as many gains as
losses. Due to the small number of cases analyzed, it was
not possible to establish an unequivocal relationship between
histologic subtype and depth of the lesion and an increased
or decreased number of genetic alterations. Likewise, patients
with lesions larger than 1 cm did not have a greater number
of genetic alterations than those with lesions smaller than
1 cm.

The observation of previously described genetic alterations
(gain of 5p) indicates that there may be recurrent lesions
that could be informative. In addition, detection of small
cytogenetic changes such as those involving chromosome 1,
which were not observed previously using conventional
CGH, highlights the capacity of the technique to detect
small changes.

This study represents a preliminary appraisal of the use
of array CGH in the cytogenetic characterization of SCC.
Detailed analysis of each of the lesions described, both in
the patients studied and in new cases, should help to identify
the underlying genetic lesions responsible and the genes
involved in the development of SCC, as well as helping to
provide a better understanding of the pathogenic
mechanisms involved.
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