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Head and neck squamous cell carcinoma (HNSCC) remains a significant cause of morbidity and mortality. There has
been a great interest in finding specific genomic changes which contribute to HNSCC tumorigenesis, especially within
the chromosome 3p area, where high frequency of LOH (loss of heterozygosity) has been reported. However, tumor-
suppressor genes that may account for the frequent LOH remain to be identified. Recently, one systematic study of
genomic sequencing was performed on breast and colorectal cancers and 189 candidate cancer genes (CAN-genes)
were reported. Among those CAN-genes, 13 genes are located on chromosome 3p. To investigate whether any of the
13 CAN-genes on chromosome 3p is relevant to HNSCC tumorigenesis, we examined their mutational profiles in eight
HNSCC cell lines and 12 tumor-normal pairs of human HNSCC in this study. Three of the 13 CAN-genes, ALS2CL, EPHA3 and
CMYAT1, each was found to harbor a missense mutation (1/20, 5% for each of the three genes). The mutations appeared
hemizygous and SNP array analyses showed that these missense mutations are accompanied by LOH on the remaining
allele.

In summary, our data offer further support that ALS2CL, EPHA3 and CMYAT are bona-fide tumor-suppressor genes
and contribute to the tumorigenesis of HNSCC. Our data suggest that multiple tumor-suppressor genes are likely to be

involved in accounting for the high LOH on chromosome 3p in HNSCC.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the sixth
most common cancer, and is primarily caused by exposure to
tobacco products, alcohol or sometimes viral infection.! Surgical
resection of head and neck cancer is relatively restricted by its
anatomy. The head and neck area is a narrow space that con-
tains several vital structures, so resection margins are limited.
At times, the tumor may have already involved a vital structure
such as internal carotid artery, jugular vein, vagus nerve, eye or
brain. An additional concern is that severe cosmetic deformity
may result from wide surgical resection.?

Standard therapy for early stage cancer is surgical resection
with or without post-operative radiation therapy.’ Therapy for
advanced stage cancer is chemotherapy and/or radiation therapy
with or without surgical resection.? In advanced stage cancer, sur-
gery may sometimes be just palliative.
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Despite recent advances of surgical and non-surgical thera-
pies, clinical outcome of HNSCC is unpredictable. In this
respect, new targeted therapeutic methods for HNSCC based on
its genetics and molecular biology, are desirable.

A tumor-suppressor gene is often biallelically inactivated by
a small mutation on one allele, coupled with a large loss of het-
erozygosity (LOH) on the other allele. Therefore, a LOH profile
commonly shared by a cancer type often implies the presence
of a tumor-suppressor gene within the locus where LOH is fre-
quently observed. During HNSCC tumorigenesis, when normal
mucosa changes into hyperplasia, LOH of the 9p21 locus occurs
at the frequency of 50%.* The tumor-suppressor gene p16, which
regulates the cell cycle,” is located at chromosome 9p21 and may
account for the frequent LOH events on chromosome 9p. pI6
is biallelically inactivated in >80% of HNSCC.> As hyperpla-
sia progresses into dysplasia, LOH of chromosome 3p occurs
frequently at 64%.* Despite recent reports on the identification
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Table 1. Candidate cancer genes (CAN-genes) on chromosome 13p

Gene symbol Official full name Location
EPHA3 EPH receptor A3 3p11.2
FLNB Filamin B, beta (actin binding protein 3p14.3
278)
TGFBR2 Transforming growth factor, beta 3p22
receptor Il
TTLL3 Tubulin tyrosine ligase-like family, 3p25.3
member 3
DNASE1L3 Deoxyribonuclease I-like 3 3p21.1-p14.3
RNU3IP2 RNA, U3 small nuc[eolar interacting 3p211
protein 2
CNTN4 Contactin 4 3p26-p25
COL7A1 Collagen, type VI, alphal 3p21.1
CMYA1 Cardiomyopathy associated 1 3p22.2
CNTN6 Contactin 6 3p26-p25
ALS2CL ALS2 C-terminal like 3p21.3
Cell adhesion molecule with
CHLT homology to L1ICAM 3p26.1
ITGA9 Integrin, alpha9 3p21.3

of novel tumor-suppressor genes in the 3p locus of HNSCC,**
biallelic inactivation of these tumor-suppressor genes is not a
frequent event. This suggests that additional tumor-suppressor
genes remain to be identified and they may also contribute to the
frequent LOH observed at the 3p locus.

Recently, one systematic study was carried out, in which
more than thirteen thousands human protein-coding genes were
investigated for mutation and 189 cancer candidate genes (CAN-
genes) were identified in breast and colorectal cancer.” Among
those genes, 13 CAN-genes are located on the chromosome 3p
(Table 1). Nearly half of the 13 genes were also identified as
CAN-genes in an integrated genomic analysis of human pancre-

atic ductal adenocarcinoma;!'*

suggesting that many CAN-genes
are commonly shared among solid tumors, thus potentiating the
uses of candidate approaches on other tumor types based on these
prior systematic studies. To identify novel tumor suppressor genes
that may account for the high LOH frequency on chromosome
3p in HNSCC, we examined in this study the mutational profile

of those 13 CAN-genes using HNSCC cell lines and tissues.
Results

Mutational analyses of the 13 CAN-genes in HNSCC samples.
The 13 CAN-genes were investigated in the eight HNSCC cell
lines (Table 1). Because the goal of this study was to uncover
novel tumor-suppressor genes on chromosome 3p, we excluded
all heterozygous and silent alterations uncovered in the cell lines.
All the remaining alterations were hemizygous, caused amino
acid changes and were detected in the EPHA3, CMYAI and
ALS2CL genes (Table 2 and Fig. 1).

To verify if these alterations were somatic mutations and to
include human HNSCC samples, mutational analyses of EPHA3,
CMYAI and ALS2CL were performed on twelve normal-tumor
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pairs. LOH at the EPHA3, CMYAI and ALS2CL loci was
first determined in these samples using SN arrays (Fig. 2).
According to the SNP array analysis, LOH frequency at chro-
mosome 3p is 50% (6/12) in our sample set. LOH at the CMYAI
locus was observed in samples 10T, 133T, 156T and 76T (5/12 or
33%), at the ALS2CL locus in samples 10T, 62T and 76T (3/12
or 25%) and only 76T harbored LOH at the EPHA3 locus (1/12
or 8%). Direct genomic sequencing of these three genes was then
performed in the samples with LOH. No additional mutation
was identified.

Three presumed somatic mutations were identified in the
EPHA3, CMYAI and ALS2CL genes. Our mutational analysis
of the 13 CAN-genes in the eight head and neck cell lines and
12 human HNSCC samples identified three presumed somatic
mutations and ten polymorphisms as summarized in Table 2. We
divided all these alterations into three categories. The first group
consists of three presumed somatic mutations with LOH. The
mutations are ‘presumed’ somatic because they were identified in
cell lines and matching normal DNA samples are not available.
The mutations were hemizygous and LOH was determined by
SNP array analysis (Fig. 2). The mutations also do not match any
reported SNP in the NCBI SNP database. The mutations also
were not observed in any of the 12 normal samples examined in
this study. The second group includes polymorphisms that had
not been previously reported but were identified in at least one
of the 12 normal tissues. Six new polymorphisms were identified
in cell lines and tissue samples. The third group includes SNP
mutations that had been previously reported in the NCBI SNP
database.

Figure 1 depicts the three presumed somatic mutations. The
upper parts show wild-type sequences of EPHA3, CMYAI and
ALS2CL from non-matching normal samples and the lower parts
are the mutated sequences from the cell lines.

Discussion

We analyzed thirteen cancer related genes on chromosome 3p
using eight HNSCC cell lines. We selected those 13 cancer
related genes based on a study carried out by Sjoblom et al’? In
that study, more than 13 thousand human protein-coding genes
were analyzed in breast and colorectal cancer and 189 CAN-
genes were identified. Among those CAN-genes, 13 genes were
located on chromosome 3p. Nearly half of these 13 genes are
10 Sug_
gesting that many CAN-genes may be commonly shared among

also identified as CAN-genes in human pancreatic cancer,

solid tumors. The CAN-genes were recognized for harboring
bona fide somatic mutations, but were not further categorized
into oncogenes or tumor-suppressor genes by Sjoblom et al. prob-
ably because both homozygous and heterozygous mutations were
often found in each gene locus.” For example, both homozygous
and heterozygous mutations were observed at the KRAS and p53
gene loci. For the same reason, we decided to include all of the
13 CAN-genes on chromosome 3p in our search for tumor-sup-
pressor genes for HNSCC. We analyzed all encoding exons of the
13 CAN-genes using direct genomic PCR in eight HNSCC cell
lines and found three presumed somatic mutations in EPHA3,

Volume 10 Issue 7



Table 2. Alterations with LOH identified among the 13 CAN-genes and ch

Gene Nucleotide A
change
EPHA3 c.946 A>G
Presumed §omatlc CMYAT C.5573G > A
mutation
ALS2CL c.1830G>A
EPHA3 Cc.2995T>C
CMYA1 c.5323T7>C
Polymorphisms not CMYA1 C.1258A>G
previously reported CMYAT c.3115A>C
CMYA1 c.5044C>T
ALS2CL c.197G>C
EPHA3 C.2966 G > A
Polymorphisms CHL1 €.320C>T
previously reported in
the SNP database FLNB €.3634G>A
FLNB c.4576 G> A

romosome 3p°

Identified in

mino acid change Cell line™ Tissue™ normalt
p. R241G A253 None No
p. M1784l CAL27 None No
p. G589D SCC4 None No
p. W924R SCC25 76T 76N
p. L1701P None 76T 76N
p. Q346R SCC25 10T 10N

p. H965P Detroit562 8T, 10T 8N, 10N
p. A1608V A253 oT 9N
p. E45Q SCC25 76T 76N
p. R914H SCC25 None Yes
p. L17F SCC25 None Yes
p. D1157N SCC25 None Yes
p. V1471M SCC25 None Yes

“Alterations that are heterozygous or silent were excluded from this list. “An alternation was identified in a cell line, a tumor sample or both as listed.
fIf an alternation is identified in a tumor specimen from a patient, the matching normal tissue from the same patient was used to determine if the

alternation is somatic. All 12 normal tissues samples were examined and t

he SNP database was checked when an alteration was identified in a cell line.
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cell lines. Three hemizygous alterations were discovered in ALS2CL, EPHA3

Figure 1. Presumed somatic mutations in ALS2CL, EPHA3 and CMYAT. Direct genomic sequencing was performed on 20 human HNSCC samples and

they were accompanied by LOH and not detected in the non-matching normal tissues or the existing NCBI SNP database.

and CMYAT. These alterations are presumed somatic mutations because

ALS2CL and CMYAI gene. The three cell lines had LOH at the
corresponding position where the mutated gene is located. The
mutations were presumed somatic because they were not observed
in any of the 12 normal samples examined in this study and do
not match any reported SNP in the NCBI SNP database. Due to
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the lack of matching normals for the three cancer cell lines, the
mutations being germline polymorphisms is improbable but can-
not be ruled out completely. However, it’s important to keep in
mind that CAN-genes had been chosen after a vigorous process
of eliminating germline polymorphisms prior to our study and by
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Figure 2. LOH determined by SNP analysis in the human HNSCC samples and cell lines. SNP analysis was performed using Affymetrix 10K SNP arrays
and dChip software. Blue color represents areas with LOH, yellow color indicates areas with allelic retention, while white and gray colors mean ‘not

definition represent a subset of somatic mutations that contribute
to neoplastic process.” Since we excluded all silent mutations and
heterozygous mutations, these three mutations were hemizygous,
caused amino acid changes, and were accompanied by LOH.
With these criteria, these three mutated genes are deemed novel
tumor-suppressor genes in HNSCC. The ALS2CL and CMYAI
genes are located on chromosome 3p21-22.2 and EPHA3 gene is
located on chromosome 3p11.2. All these loci have been thought
to harbor tumor-suppressor genes by other research groups.®!

EPHA3 (Ephrin receptor A3) is a member of the Ephrin
receptor family, which is one of the largest subgroups of receptor
tyrosine kinases.'? The tyrosine kinase pathway is essential for cell
growth control. Eph receptors are thought to be involved in the
development of the mammalian nervous and vascular system and
have been shown to be important in the processes of cell adhe-
sion and angiogenesis. Cheng et al. reported that soluble forms
of ephrin A receptors (EPHA2 and EPHA3) inhibited tumor
angiogenesis and tumor progression in a VEGF-dependent fash-
ion.”® Several mutations in EPHA3 have been reported in lung,
colorectal, breast cancer and pancreatic cancer,'®? but none has
been reported in head and neck cancer.

ALS2CL (ALS2 carboxy-terminal like) is a homologue of
ALS2.Y The ALS2 gene was initially identified as a causative gene
for a number of juvenile recessive motor neuron diseases. ALS2
activates the small GTPase Rab5, an endocytic vesicle traffick-
ing regulator. ALS2CL exhibits stronger Rab5—binding prop-
erties than ALS2. Co-expression of ALS2CL and Rab5 results
in a unique tabulation phenotype of endosome compartments."
Thus, ALS2CL and ALS2 play overlapping but distinctive roles
on the Rab5-mediated membrane dynamics in the cell, tempting
one to speculate that ALS2CL modulates the ALS2-mediated
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molecular and cellular function. The potential role of ALS2CL
in tumorigenesis was not realized until it was identified as a
CAN-gene by Sjoblom et al.” This study is the first report of the
ALS2CL gene mutation in head and neck tumorigenesis.

CMYAI (cardiomyopathy associated 1, also known as xin
actin-binding repeat containing 1) gene encodes Xin, a protein of
1,843 amino acid.” Xin plays an important role in the molecular
mechanism involved in developmental and adaptive remodeling
of the actin cytoskeleton during cardiac morphogenesis and sar-
comere assembly.'? Recently, CMYAI has been reported to be a
CAN-gene in pancreatic cancer in addition to breast and colorec-
tal cancers.”!

Recent development of cancer genetics has furthered our
understanding in the relationship of genetic alterations and tum-
origenesis. Owing to these efforts, numerous oncogenes and
tumor-suppressor genes have been identified. For example, APC
in colorectal cancer, BRCAI in breast and ovarian cancer, p53 in
colorectal, pancreatic, brain and liver cancer, SMAD4 in colorec-
tal and pancreatic cancer.'® Some of these genetic alterations have
become useful as diagnostic markers, prognostic markers or thera-
peutic targets. Compiling the cancer genetic profile of HNSCC
remains a top priority for understanding and treating the disease.

HNSCC arise in a condensed narrow space, so in contrast
to other cancers, the resection margin is often limited at sur-
gery. Organ preservation poses additional challenge for head and
neck cancer surgeons. For example, while a total laryngectomy
for early stage laryngeal cancer can lower the recurrence rate of
cancer, it would take away the patient’s speech capability and a
partial surgical resection for advanced stage cancer increases the
chance of recurrence and may lead to a poor outcome. In addition,
HNSCC does not respond well to chemo-radiation therapies.
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Therefore new targeted therapies will have a significant impact
on patient care. New prognostic markers for HNSCC based on
molecular biology may become helpful in guiding the extent of
resection and choice of non-surgical treatment. The translational
values of the EPHA3, ALS2CL and CMYAI genes remain to be
further investigated.

Although we did not uncover one single tumor-suppressor gene
whose biallelic inactivation may account for the frequent LOH
observed on chromosome 3p, our data supports the hypothesis
that multiple tcumor-suppressor genes are targeted for inactivation
on chromosome 3p and collectively contribute to the frequent
loss.®® In this study, we found three presumed somatic mutations
in head and neck cancer cell lines. The EPHA3, ALS2CL and
CMYAI genes had been previously identified as CAN-genes,’ two
of the three genes were subsequently identified as CAN-genes for
pancreatic cancer,'® and our study offers further validations in
their roles as tumor-suppressor genes.

Materials and Methods

Tissue samples and cell lines. Eight HNSCC cell lines (RPMI
2650, A-253, SW579, Detroit 562, FADU, CAL 27, SCC-4
and SCC-25) were purchased from the American Type Culture
Collection (Rockville, MD). The cell lines were maintained as
recommended by the American Type Culture Collection.

Twelve frozen primary tumor samples and their corre-
sponding matching normal muscle specimens from HNSCC
patients were obtained from the Tumor Bank of the Herbert
Irving Comprehensive Cancer Center and Department of
Otolaryngology/Head and Neck Surgery of the Columbia
University Medical Center. Acquisition of the tissue specimens
was approved by the Institutional Review Board of Columbia
University Medical Center and done in accordance with Health
Insurance Portability and Accountability Act regulations. Fresh-
frozen tumor samples were dissected to ensure that the specimen
contained at least 75% cancer cells.

PCR amplification and PCR product direct sequencing.
Genomic DNAs were extracted from the cell lines and the fro-
zen tissue samples using DNeasy tissue kit (Qiagen, Valencia,
CA). The procedures were done according to the manufacturer’s
instructions.

All exons and exon-intron boundaries of the 13 genes (Table 1)

were analyzed by direct PCR amplification and sequencing of
genomic DNA. Genomic DNAs (40 ng per sample) were ampli-
fied with primers covering the entire coding region and exon-
intron boundaries. DNA sequencing service was performed by
GENEWIZ (www.genewiz.com). All samples found to have
a genetic alteration were subsequently sequenced in the reverse
direction to confirm the mutation using the reverse PCR primers.
The mutation was then further verified by sequencing of a second
PCR product derived independently from the original template.
In this study, we excluded silent and heterozygous mutations
because we aimed to identify novel tumor suppressor gene.

Single nucleotide polymorphism array analysis. The
Affymetrix 10K SNP array was used, according to the meth-
ods described by the manufacturer. We analyzed genomic DNA
from12 tumor-normal paired tissues from HNSCC patients and
six head and neck cancer cell lines. Affymetrix genotyping soft-
ware (Affymetrix GeneChip 5.0) was used to examine the SNP
hybridization patterns and to make SNP calls of all loci in each of
the tumor samples and their corresponding matched controls.”
The resulting data were analyzed with the dChip software pack-
age, which is freely available at www.dchip.org."”
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