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Abstract
Most human cancers are characterized by genetic instabilities. Chromosomal aberrations include
segments of allelic imbalance identifiable by loss of heterozygosity (LOH) at polymorphic loci,
which may be used to implicate regions harboring tumor suppressor genes. Here we performed whole
genome LOH profiling on over 40 human head and neck squamous cell carcinoma (HNSCC) cell
lines. Several frequent LOH regions have been identified on chromosomal arms 3p, 4p, 4q, 5q, 8p,
9p, 10p, 11q, and 17p. A genomic region of ∼7 Mb located at 8p22-p21.3 exhibits the most frequent
LOH (87.9%), which suggested that this region harbors important tumor suppressor gene(s).
Mitochondrial tumor suppressor gene 1 (MTUS1) is a recently identified candidate tumor suppressor
gene that resides in this region. Consistent down-regulation in expression was observed in HNSCC
for MTUS1 as measured by real-time quantitative RT-PCR. Sequence analysis of MTUS1 gene in
HNSCC revealed several important sequence variants in the exon regions of this gene. Thus, our
results suggested that MTUS1 is one of the candidate tumor suppressor gene(s) reside in 8p22-p21.3
for HNSCC. The identification of these candidate genes will facilitate the understanding of
tumorigenesis of HNSCC. Further studies are needed to functionally evaluate those candidate genes.
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Introduction:
Squamous cell carcinoma (SCC) of the head and neck is one of the most common cancers. In
the United States there are over 31,000 new cases of head and neck / oral squamous cell
carcinoma (HNSCC) each year [1]. It will cause over 8,000 deaths, killing roughly 1 person
per hour. Worldwide the problem is much worse, with over 270,000 new cases being diagnosed
each year [2]. In some parts of the world, including Melanesia, France and the Indian
subcontinent, HNSCC is a major health problem [3]. The overall 5-year survival rates for
HNSCC have remained at approximately 50%, considerably lower than cervical cancer,
Hodgkin's disease, cancer of the brain, liver, testes, kidney, or skin cancer (malignant
melanoma) [2]. Tobacco, alcohol, viral infections as well as genetic polymorphisms on genes
that metabolize carcinogens are common risk factors for HNSCC [4,5]. Several chromosome
regions have been identified to be frequently altered in HNSCC, including 3p, 4q, 5q21−22,
8p21−23, 9p21−22, 11q13, 11q23, 13q, 14q, 17p, 18q and 22q [6]. However, significant
improvement of functional mapping is needed to move the HNSCC diagnosis, treatment and
research forward.

Most human cancers are characterized by genetic instabilities [7]. Chromosomal aberrations
include segments of allelic imbalance identifiable by loss of heterozygosity (LOH) at
polymorphic loci, and may be used to implicate regions harboring tumor suppressor genes
[8-10]. LOH patterns can be generated through allelotyping using polymorphic microsatellite
markers. However, due to the limited number of available microsatellite markers, the tedious
and labor intensive procedure, and the requirement of large amount of DNA, only a modest
number of microsatellite makers can be screened. The recent advances in high-density single
nucleotide polymorphic allele (SNP) array platform provide unique opportunity to generate
LOH profile with high resolution. Our previous studies demonstrated the feasibility of using
the Affymetrix 10K SNP Mapping Array for genome-wide LOH profiling [11-13].

In this study, using SNP array-based LOH profiling on a large panel of HNSCC cell lines, we
narrowed the frequent LOH region at 8p to an approximately 7 Mb region located at 8p22-
p21.3. Mitochondrial tumor suppressor gene 1 (MTUS1) is one of the candidate genes that
reside in this genomic region, which was initially identified as a potential tumor suppressor
gene in pancreatic cancer [14]. Our recent study suggested that the reduction of MTUS1
expression may be associated with advanced oral tongue SCC [15]. The reduced expression
of MTUS1 has also been observed in colon cancer, ovarian cancer and pancreatic cancer [14,
16,17]. In this study, our expressional and sequence analyses on MTUS1 gene provide
additional evidences to support that MTUS1 may be a tumor suppressor for HNSCC.

Methods and Materials:
The SNP array assay was performed as described previously [11-13]. In brief, the genomic
DNAs were isolated from cultured cell lines using the Qiagen genomic DNA isolation kit (see
Supplement Table 1 for the descriptions on the cell lines). The labeling, hybridization, washing,
and staining of the 10K SNP mapping array was performed according to the standard Single
Primer GeneChip Mapping Assay protocol (Affymetrix). The SNP genotype calls were
generated using the Affymetrix GeneChip DNA Analysis Software (GDAS). The LOH maps
for these cells were generated using the novel informatics platform, dChipSNP [18,19]. Briefly,
a Hidden Markov Model is employed to infer LOH status from SNP calls of each sample and
a LOH LOD (Logarithm of the odds) score is computed [20] to evaluate the likelihood that a
particular locus harbors a cancer-related gene. Hierarchical clustering based on LOH calls in
the specific regions with LOD score exceeding particular threshold was carried out as described
previously [21].
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To evaluate the expressional changes of MTUS1 genes at mRNA level, the quantitative reverse
transcription-polymerase chain reaction (qRT-PCR) was performed as described previously
[15] on 10 HNSCC cell lines and normal oral keratinocyte (NHOK), as well as 10 paired normal
and oral tongue cancer tissues samples (see Supplement Table 2 for the descriptions of the oral
tongue cancer tissues). The RNA from cell lines was isolated using Qiagen RNeasy kit. For
RNA from frozen tissue samples, the cancer tissues containing more than 80% tumor cells
based on haematoxylin and eosin (H&E) staining and pathological examination were identified
and selectively microdissected. The pathologically normal boarders were identified for
isolating normal matching RNA. The total RNA was then isolated using RNeasy Mini kit
(Qiagen). The RNA was converted to first strand cDNA using MuLV reverse transcriptase
(Applied Biosystems) and the quantitative PCR was performed using iQ SYBR Green
Supermix (Bio-Rad) in a BIO-RAD iCycler iQ real-time PCR detection system. The primer
sets specific for MTUS1 (Forward: 5’-tatctctgctcacgcttcca-3’, Reverse: 5’-
cagcagggaacaacacaaga-3’) were used. All reactions were performed in triplicate. The melting
curve analyses were performed to ensure the specificity of the qRT-PCR reactions. The data
analysis was performed using the 2-delta delta Ct method described previously [22], where beta-
actin was used as reference gene.

Sequence analyses were performed for all 17 exons of MTUS1 gene using the primer sets
established by Di Benedetto et. al. [23]. The PCR reactions were performed, and the PCR
products were purified using QIAquick PCR Purification kit (Qiagen) and sequenced using a
PRISM 3100 Genetic Analyzer (Applied Biosystems) from both directions using the PCR
primers. The sequencing results were compared with the homo sapiens chromosome 8
reference sequence (Genebank NC_000008, version 9) and the sequence variants were then
identified.

Results and Discussion:
SNP array based LOH profiling was performed as described in the Methods and Materials
section on 41 HNSCC cell lines. As references, LOH profiles were also obtained for 2
immortalized normal oral keratinocyte, 1 normal oral keratinocyte primary culture (NHOK)
and 1 immortalized skin keratinocyte (HaCaT). While minimum allelic imbalance was
observed for the normal keratinocytes, several frequent LOH regions were identified for
HNSCC cases (Table 1). Chromosome arms 3p, 4p, 4q, 5q, 8p, 9p, 10p, 11q, 17p exhibit the
frequent LOH, which is in agreement with various previous finds [6,11,24]. The complete LOH
profile for chromosome 8 was shown in Figure 1, where a region of approximately 7 Mb at
8p22−8p21.3 exhibits the most frequent allelic imbalance. This genomic area is a gene-rich
region, which contains 55 known genes (Figure 2, and see supplement Table 3 for a complete
gene list of this region). Among those genes, there are several known candidate tumor
suppressor genes and cancer related genes, including MTUS1, pericentriolar material-1
(PCM1), leucine zipper putative tumor suppressor-1 (LZTS1), deleted in breast cancer 1
(DBC-1), Rho-related BTB domain-containing protein 2 (RHOBTB2), early growth response
3 (EGR3), tumor necrosis factor receptor superfamily member 10A (TNFRSF10A), and
member 10B (TNFRSF10B). The MTUS1 gene is a newly identified candidate tumor
suppressor gene [14] and the protein product of this gene has been shown to interact with
angiotensin II AT2 receptor, and inhibit growth-factor-induced extracellular-regulated kinase
(ERK) activation and cell proliferation [25,26]. The protein product of PCM1 gene is a
centrosomal protein that exhibits a distinct cell cycle-dependent association with the
centrosome complex [27], and has been showed to form fusion protein with RET protooncogene
in papillary thyroid carcinoma [28], and with JAK2 in leukemia [29]. The protein product of
LZTS1 contains a leucine zipper region with similarity to the DNA-binding domain of the
cAMP-responsive activating transcription factor-5, and may involve in cell cycle regulation at
late S-G2/M stage [30]. The DBC-1 and RHOBTB2 (also known as DBC-2) genes were shown

Ye et al. Page 3

Cancer Genet Cytogenet. Author manuscript; available in PMC 2008 July 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



to be homozygously deleted in breast cancer [31]. EGR3 is a critical transcriptional factor for
induction of Fas ligand (FasL) expression [32], and has been shown to be silenced by
hypermethylation in adult T-cell leukemia [33]. TNFRSF10A (also known as Death Receptor
4) and TNFRSF10B (also know as Death Receptor 5) are death domain-containing receptors
that trigger apoptosis by inducing the oligomerization of intracellular death domains [34].

Since our recent study suggested that the reduction of MTUS1 expression may be associated
with advanced oral tongue SCC [15], we further investigated expressional changes of this gene
in HNSCC. The qRT-PCR analyses were performed on 10 HNSCC cell lines and normal oral
keratinocytes (NHOK), as well as 10 paired normal and tongue cancer tissue samples. As
illustrated in Figure 3A, 9 out of 10 HNSCC cell lines examined exhibit reduced expression
of MTUS1 gene compare to NHOK. Similarly, for the paired tongue cancer and matching
normal tissue samples, 7 out of 10 cancer cases samples exhibit reduced expression of
MTUS1 gene compare to their corresponding normal controls (Figure 3B). The MTUS1 was
initially identified as a candidate tumor suppressor gene in pancreatic cancer [14]. The mature
protein product of this gene was suggested to localize to mitochondria [14]. The ectopic
expression of MTUS1 gene products has been shown to inhibit the cell proliferation [14,26].
The reduced expression of MTUS1 has been observed in colon cancer, ovarian cancer and
pancreatic cancer [14,16,17]. These results, together with our study suggested that MTUS1 is
a potential tumor suppressor gene for HNSCC and is a promising candidate for further
functional analysis.

Recent structural analysis of the MTUS1 gene revealed that this gene comprises 17 coding
exons [35]. The previous mutation analyses on this gene in liver cancer revealed that this gene
is prone to various point mutations and small deletions which lead to the silencing of
MTUS1 gene [23]. To evaluate the involvement of mutation / nucleotide substitutions of
MTUS1 gene in HNSCC, we carried out sequencing analyses for all 17 exons of the MTUS1
gene on 10 HNSCC cell lines, 183, 1483, FaDu, HEP2, SCC4, SCC9, SCC15, UM1, UM2,
UMSCC22B. As shown in Figure 4, 13 single nucleotide sequence variants were observed in
exon 1, 2, 8, 9, 11, and 17. Among those nucleotide sequence variants, 4 of them lead to amino
acid substitutions, including varA (Cys-Arg), varB (Thr-Ser), varE (Lys-Thr), and varL (Leu-
Val) (Figure 5). Four of those sequence variants detected here in HNSCC have been reported
in liver cancer recently, including varA, varC, varE, varH [23]. These results, together with
previously detected sequence variants in 2 additional oral SCC cell lines (Var5, Var12, Var13,
which lead to amino acid substitutions of Gln-Arg, Lys-Thr, Glu-Gln, respectively) [23],
suggested that mutation is a common mechanism of silencing the MTUS1 gene in HNSCC.
Alternatively, some of these detected sequence variants may represent the germline
polymorphisms in the MTUS1 gene. While our sequencing analyses were focused on the exon
regions of the gene, it is possible that additional sequence variants may exist in other regions
of this gene (e.g., intron, promoter) that may affect the functions of this gene. Additional
sequence analyses will be needed to fully explore the extent of the mutational effects on this
gene.

Our results, together with previous findings suggested that MTUS1 is one of the functional
tumor suppressor genes in several cancer types. The precise tumor suppressor function of
MTUS1 at molecular level is not clearly defined yet. It has been demonstrated that the protein
product of MTUS1 gene interacts with angiotensin II AT2 receptor in eukaryotic cells and
inhibits growth-factor-induced extracellular-regulated kinase (ERK) activation and cell
proliferation [25,26]. Several splicing variants have been observed, each showing different
tissue distribution. Comparison of amino acid sequences from different species revealed high
conservation of this gene [35], suggesting that protein product of MTUS1 gene may play
important roles in cellular homeostasis. Further study will be needed to fully characterize the
molecular mechanisms utilized by MTUS1 as a functional tumor suppressor in HNSCC.
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Figure 1.
SNP array based LOH profiles of chromosome 8 in HNSCC
The genomic DNA from each cell lines was assayed using Affymetrix 10K SNP mapping array.
The LOH regions were detected and demarcated using dChipSNP as described [18]. Each
column represents one cell line, and each row represents a SNP marker. Color code: Blue =
LOH; Yellow = retained; Gray = uninformative; White = no call. The relative genomic location
was indicated by the cytoband map on the left. The blue curve in the shaded gray box on the
right denotes LOD (Logarithm of the odds) score representing the excessive sharing of LOH.
The red arrow head designates the most frequent LOH region at chromosome 8p.
Loss of heterozygosity (LOH) map: single-nucleotide polymorphism (SNP) array-based LOH
profiles of chromosome 8 in head and neck squamous cell carcinoma (HNSCC). The genomic
DNA from each cell lines was assayed using an Affymetrix 10K SNP mapping array. The LOH
regions were detected and demarcated using dChipSNP informatics software, as previously
described [18]. Each column represents one cell line, and each row presents a SNP marker,
with colours as follows: blue, LOH; yellow, retained; gray, uninformative; white, no call. The
relative genomic location is indicated by the cytoband map (left). In the shaded gray box
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(right), the blue curve denotes the logarithm of the odds score (LOD score) representing the
excessive sharing of LOH. The red arrowhead designates the most frequent LOH region at
chromosome 8p.
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Figure 2.
Genes located in the frequent LOH region at 8p22−21.3
The frequent LOH region at 8p22−21.3 was displayed using UCSC Genome Browser. Genes
located in this genomic region and their corresponding mRNAs were plotted.
Genes located in the frequent LOH region at 8p21.3∼p22, as displayed using the UCSC
Genome Browser (http://www.genome.ucsc.edu). Genes located in this genomic region and
their corresponding mRNAs were plotted.
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Figure 3.
The mRNA level of MTUS1 in HNSCC.
The qRT-PCR for MTUS1 was performed as described in Methods and Materials. The data
analysis was carried out using the 2-delta delta Ct method described previously [22], where beta-
actin was used as reference gene. A) The mRNA levels of MTUS1 were evaluated on 10
HNSCC cell lines and normal oral keratinocytes (NHOK). B) The mRNA levels of MTUS1
were evaluated on 10 pairs of tongue SCC cases and matching normal tissue samples.
The mRNA level of MTSU1 in HNSCC. Quantitative reverse transcriptase–polymerase chain
reaction for MTUS1 was performed as described in Methods and Materials. Data analysis was
performed using the 2–ΔΔCt method as described previously [22], with the β-actin gene
ACTB used as the reference. (A) The mRNA levels of MTUS1 were evaluated on 10 HNSCC
cell lines and normal oral keratinocytes (NHOK). (B) The mRNA levels of MTUS1 were
evaluated on 10 pairs of oral tongue squamous cell carcinoma cases (OSCC) and matching
normal tissue samples.
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Figure 4.
Exonic sequence variations of MTUS1 gene in HNSCC.
The schematic representation of the genomic organization of MTUS1 gene located on the minus
strand of chromosome 8p22 was presented. The genomic locations of the detected nucleotide
sequence variants for MTUS1 gene in HNSCC were indicated. The nucleotide sequence
variants that lead to amino acid changes were identified with bold font. The * indicates the
nucleotide sequence variants were identified previously [23].
Exonic sequence variations of MTUS1 gene in HNSCC: a schematic representation of the
genomic organization of MTUS1 gene located on the minus strand of chromosome 8p22. The
genomic locations of the detected nucleotide sequence variants for MTUS1 gene in HNSCC
are indicated. Boldface type identifies the nucleotide sequence variants that lead to amino acid
changes. An asterisk marks the nucleotide sequence variants identified previously [23].
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Figure 5.
Sequence analyses of the MTUS1 gene in HNSCC.
Sequence analyses of MTUS1 gene were performed on 10 HNSCC cell lines as described. A
total of 13 single nucleotide sequence variants were observed in exon 1, 2, 8, 9, 11, and 17.
The representative sequence chromatograms for nucleotide sequence variants varA (Cys-Arg),
varB (Thr-Ser), varE (Lys-Thr), and varL (Leu-Val) were presented. The arrows designate
nucleotide variants.
Sequence analyses of the MTUS1 gene were performed on HNSCC cell lines as described. A
total of 13 single-nucleotide sequence variants were observed, in exons 1, 2, 8, 9, 11, and 17.
Shown here are representative sequence chromatograms for nucleotide sequence variants varA
(Cys-Arg), varB (Thr-Ser), varE (Lys-Thr), and varL (Leu-Val). Arrows indicate nucleotide
variants.
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Table 1
Frequent LOH regions identified by 10K SNP array assay on HNSCC

Chromosome arm Frequency (%)

3p 63.4
4p 51.2
4q 58.5
5q 58.5
8p 87.8
9p 75.6
10p 58.5
11q 68.3
17p 58.5

Cancer Genet Cytogenet. Author manuscript; available in PMC 2008 July 15.


