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Definition of a Tumor Suppressor Gene Locus
on the Short Arm of Chromosome 3 in Squamous
Cell Carcinoma of the Head and Neck by Means

of Microsatellite Markers

Helena Rowley, MB, FRCSI; Andrew Jones, MD, FRCS; Demetrios Spandidos, DSc, MRCPath; John Field, BDS, PhD

Background: Tumor suppressor genes are important in
the development of head and neck cancer. Using micro-
satellite markers that map close to the region 3p24-pter,
we determined the frequency of allele loss close to this site
with a view to narrowing the search for a putative tumor
suppressor gene involved in the development of squa-
mous cell carcinoma of the head and neck, which may
facilitate future positional cloning techniques.

Design: Laboratory-based project with tumor and
normal specimens subjected to molecular genetic analy-
sis. Tumor—normal tissue DNA pairs were analyzed for
allelic imbalance and microsatellite instability on chro-
mosome 3p in the region 3p24-pter by the polymerase
chain reaction and microsatellite markers D35S1304,
D35656, D3S1252, D351293, THRB, and D351266.

SeHing: Molecular genetics and oncology research labo-

Patients: Paired tumor-normal DNA samples were
obtained from 46 patients with tumors of the head
and neck.

Main Outcome Measures: Detection of loss of het-
erozygosity and microsatellite instability on chromo-
some 3 in the region 3p24-p25.1.

Results: We found loss of heterozygosity with at least
one marker in 48% of informative cases and loss of het-
erozygosity or microsatellite instability in 57% of infor-
mative cases. The minimal region of loss was found in
the region bounded by D35656 and D351293.

Conclusion: A putative tumor suppressor gene in head
and neck cancer lies between D35656 and D351293 in
the 3p25.1 region.

ratory.
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UMORS OF the head and neck

are a heterogeneous group

and manifest a range of di-

verse clinical behaviors.!

Squamous cell carcinoma is
the sixth most common malignant neo-
plasm in the world and accounts for 5% of
malignant neoplasms in the Western
world.? Survival rates for these patients have
not improved in the past 20 years, and this
fact has stimulated interest in identifying
the genetic changes that lead to carcino-
genesis in the head and neck.

Human carcinogenesis is known to be
amultistep process, and these steps may in-
clude inactivation of tumor suppressor
genes (TSGs), thus allowing tumor cell pro-
liferation and unrestrained tumor growth >*
This has been well illustrated by the model
for colorectal malignant neoplasm, as de-
scribed by Fearon and Vogelstein.” Cyto-
genetic analyses and loss of heterozygos-
ity (LOH) studies in a range of malignant
neoplasms have been used to identify key
regions in the human genome that encode
TSGs, such as the p53 gene or the “de-

leted in colonic carcinoma” gene.®® Stud-
ies of LOH have also been used exten-
sively to identify regions on chromosomes
that may contain new TSGs.** Normally ev-
ery gene has two alleles, and these can be
represented as two bands on a gel. Allelic
imbalance detected as loss or marked re-
duction (>50%) of one of these allelic
bands is termed loss of heterozygosity.”
Analysis of LOH is analogous to cyto-
genetic analysis, with the advantage that the
resolution is greater if closely spaced mark-
ers are used.” A number of developments in
the field of molecular biology have lent
themselves to major improvements in the
precision of LOH analysis. For example, the
application of the polymerase chain reac-
tion (PCR) allows amplification of small
amounts of DNA at least 10 000-fold.® In ad-
dition, we now know that there are short

See Materials and Methods
on next page
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MATERIALS AND METHODS

SPECIMENS

Tumor specimens were collected from 46 patients with tu-
mors of the head and neck who attended the Royal Liver-
pool (England) University Hospital. These consisted of 16
hypopharyngeal tumors, 12 oral cavity tumors, eight laryn-
geal tumors, six oropharyngeal squamous cell carcinomas,
one skin squamous cell carcinoma, and three salivary tu-
mors. Normal tissue samples were also obtained from the
same patients for comparison. The tissue samples were fro-
zen in liquid nitrogen and stored at —70°C. Hematoxylin-
eosin staining of representative parts of the specimens dem-
onstrated the ratio of tumor vs normal tissue. The majority
of specimens used in this study contained more than 70%
tumor tissue, and all contained more than 50% tumor cells.

DNA EXTRACTION

Genomic DNA was extracted from tumor and normal speci-
mens by means of a DNA extraction kit (Nucleon 11, Scot-
lab, Coatbridge, Scotland) according to the manufactur-
er's instructions. The isolated genomic DNA samples were
stored at 4°C.

PCR AND LOH ANALYSIS

Details of the microsatellite primers in the 3p24-pter region
were obtained from the Genome Database, The Johns
Hopkins University, Baltimore, Md; the location of these
markers is shown in Table 1. The microsatellite markers
D35656, THRB, and D351252 were obtained from Isogen
(Amsterdam, the Netherlands), while markers D3S1304,
D3S1293 and D3S1266 were Weissenbach markers ob-

tained from Research Genetics. The PCR reactions were per-
formed in a 25-pL reaction volume and contained 100 ng
of genomic DNA, 500-pmol/L deoxynucleoside-
triphosphate, 5 pmol each of forward and reverse primers,
0.2 U of Taq polymerase (Advanced Biotechnologies, Balti-
more, Md), and 5 pL of 10X buffer (670-mmol/L TRIS hy-
drochloride, pH 8.5; 166-mmol/L ammonium sulfate; 67-
mmol/L magnesium chloride; 1.7-mg/mL bovine serum
albumin; 100-pmol/L B-mercaptoethanol; 1% (wt/vol) Tri-
ton X-100). The reactions were denatured for 5 minutes at
95°C, and the DNA was subsequently amplified for 30 cycles
of 95°C for 30 seconds, the appropriate annealing tempera-
ture (usually 55°C) for 30 seconds, and 70°C (elongation step)
for 1 minute. A sample (10 pL) of the PCR product was then
subjected to electrophoresis on a 10% acrylamide gel ata con-
stant voltage of 250 V per hour for 2500 volt-hours. The acryl-
amide gels were then silver stained, and the DNA bands of
each tumor and normal sample pair were observed and com-
pared over a white-light box. Examples of heterozygosity and
LOH are shown in Figure 1 and Figure 2.

CLINICOPATHOLOGIC DATA

The LOH data for each microsatellite marker were analyzed
and possible associations with tumor site, TNM stage, nodal
status, tumor differentiation, history of smoking, history of
alcoholintake, clinical outcome, and survival were explored.

STATISTICAL ANALYSIS

Quantitative analysis of our data was carried out with the x?
test or Fisher's exact test where appropriate, as well as weighted
logistic regression analysis.'® Survival curves were calcu-
lated with the Kaplan-Meier product limit estimate method."’
Differences in survival times were analyzed by the log-rank
method.'® All analyses were carried out with SAS software."?

Table 1. Results of LOH in SCCHN in 3p24-pter Region*
Allele Loss/
Map Informative
Microsatellite Paosition on Cases, No.
Primers Chromosome (% LOH)
D3S1304 3p25-pter 2/23 (7)
D35656 3p25.1 12/38 (32)
D351293 3p24-p25 9/29 (31)
D3S1252 3p24.2-pter 4/28 (14)
THRB 3p24 2/11 (18)
D3S1266 3p24 0/36 (0)

*LOH indicates loss of heterozygosity; SCCHN, squamous cell
carcinoma of the head and neck.

repetitive DNA sequences scattered throughout the hu-
man genome, and these repetitive sequences are called mi-
crosatellites. Primer pairs that allow PCR amplification of
these microsatellites are now available as panels of chro-
mosome markers that effectively allow us to analyze spe-
cific areas of interest on any individual chromosome for
allelic imbalance. Loss of heterozygosity has been noted in
almost all known solid tumors.” Certain chromosomes have
been implicated in the malignant transformation process

of more than one tumor type. For example, LOH on chro-
mosome 3 has been noted frequently in a number of tu-
mor types, including lung cancer® and renal cell carci-
noma.'? Allele loss on chromosome 3 has also been
implicated in squamous cell carcinoma of the head and neck
(SCCHN) in a number of studies.!'"” In particular, fre-
quent LOH has been noted on the short arm of chromo-
some 3 (3p), indicating that tumor suppressor genes with
arole in the malignant transformation process of SCCHN
may be located on the 3p arm.'*"°

Latif et al'* suggested that the region 3p13-p25 may
be of particular importance in carcinogenesis, and a great
deal of interest has been focused on this chromosome as
aresult. Previous work from our group analyzed SCCHN
by means of a panel of microsatellite markers distrib-
uted throughout the long and short arms of chromo-
some 3.'"* The highest incidence of LOH was located to
3p24-p25, suggesting that this region might be the site
of a TSG involved in this disease."* The aim of this study
was therefore to define more precisely the area of LOH
in the region 3p24-p25 with the use of new markers that
map close to and within this region. The objective of this
study was to refine further the area of minimal loss to
the 3p24-p25 region, which may contain a putative TSG
in head and neck cancer.
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Figure 1. Example of heterozygosity. T indicates tumor; N, normal.

Figure 2. Example of loss of heterozygosity. T indicates tumor; N, normal,
arrow, absence of an allelic band.
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Figure 3. Karyogram of chromosome 3p showing location of markers in the 3p24-pter region. Pattern of loss of heterozygosity in tumor samples indicates
the region of minimal loss. Black squares indicate loss of heterozygosity; gray squares, heterozygous, white squares, homozygous; H, hypopharynx; M,

mouth; L, larynx; and O, oropharynx.

We analyzed 46 head and neck tumor specimens, includ-
ing 43 SCCHN samples and three salivary tumor specimens,
for LOH on chromosome 3 in the region 3p24-pter by means
of six microsatellite markers that map close to this locus.
The results are tabulated in Table 1. Twenty-one (48%) of
44 informative cases exhibited LOH with at least one marker.
In addition, microsatellite instability (designated S) occurred
in seven tumors with the use of these markers. Overall, 24
(57%) of 44 informative cases showed either LOH or mi-
crosatellite instability with one of these markers.

For further analysis of SCCHN specimens, we ex-
cluded the salivary tumors as we believed the behavior of

these warranted separate analysis. Overall analysis of LOH
in SCCHN specimens excluding salivary tumors showed
LOH in 20 (48%) of 42 informative cases and LOH or mi-
crosatellite instability in 23 (54%) of 42 informative cases
with at least one of these markers. The highest incidence
of LOH in SCCHN was obtained with D35656, with LOH
in 12 (32%) of 38 informative cases. The minimal region
of loss is shown in Figure 3. This shows a karyogram of
the short arm of chromosome 3 and the location of the
markers analyzed in the 3p24-pter region together with
some of the more informative tumors. Results on several
tumors shown in Figure 3 indicate that the minimal re-
gion of loss is the region bounded by D35656 and D351293.
This localized the minimal region of loss to the 3p24-
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Table 2. Clinicopathologic Data and LOH* Results in 3p24-pter Region for Each Tumor Site
TNM Stage Histologic Findings
Positive ] LOH With 3p24-pter
Site Stage No. Nodes, No. Classification No. Markers, No. (%)
Hypopharynx (n=16) 2 1 13 Well differentiated 1 10/16 (63)
3 5 Moderately differentiated 12
4 10 Poorly differentiated 3
Mouth (n=12) 1 2 4 Well differentiated 2 5/12 (42)
2 1 Moderately differentiated 8
4 9 Poorly differentiated 1
No data 1
Larynx (n=8) 1 1 2 Moderately differentiated 0 3/8 (37)
3 5 Poorly differentiated 7
4 2 1
Oropharynx (n=6) 2 1 3 Moderately differentiated 2 1/6 (16)
3 1 Poorly differentiated 2
4 3 No data 2
No data 1
Salivary (n=3) s aa .. 2 Well differentiated 1 1/3 (33)
Moderately differentiated 1
No data 1
Skin (n=1) N . 1 Moderately differentiated 1 n
*Loss of heterozygosity.
. mors, and all showed LOH localized to the 3p24-p25.1
Table 3. Association Between Loss of Heterozygosity region, with tumors 192 and 224 offering strong evi-
Us:ing DsEGSGHE'"td Histologic Findings, T Status, dence of localized LOH at 3p25.1 in particular. There was
ane Smating Ty a significant association between LOH with D35656 and
No. of Specimens poor histologic differentiation (Fisher’s exact test, P=.02)
r (Table 3). Interestingly, all informative T1 tumors stud-
Loss of ied showed LOH with the use of D3S656, although the
Helprorygous Heterozygasity small numbers prevent any conclusions being drawn
Histologic findings™ (Table 3). We investigated whether there was a relation-
Vol gifleaudtel Z : ship between LOH with these markers and a history of
Moderately differentiated 18 4 . . .
Poorly differentiated 1 4 smoking and drinking. Loss of heterozygosity at the
T statust ) ) D35656 locus was significantly more common in non-
T 0 4 smokers than smokers (P=.005) (Table 3). We found no
2 4 1 relationship between history of drinking and LOH with
13 9 2 these markers. Multivariate analysis showed no addi-
W 8 2 tional information, and we found no significant associa-
Smoking historyt ; ; o5 ; ..
Heavy (>20/d) 9 1 tion with any ch.er cllnlcopgthologlc factors. Similarly,
Moderate (<20/d) 4 0 we found no significant relationship between LOH with
Nonsmoker 2 5 these markers and patient survival.
Stopped smoking 3 1

*Poor vs well and moderately differentiated, Fisher's exact test, P=.02.

tT1 and T2 vs T3 and T4, Fisher's exact test, P=.08; T1 vs T2, T3, and
T4, Fisher's exact test, P=.005.

tNonsmoker vs smoker, Fisher's exact test, two tailed, P=.005.

p25.1 region. Tumors 192 and 224 showed well localized
loss with D3S656. D3S656 is located at 3p25.1 and is ap-
proximately 3 cM from D3S1252 and approximately 10 cM
from D3S1293. This indicates that the region showing LOH
in these tumors is well localized to the 3p24-p25.1 region,
with evidence in some tumors pointing to 3p25.1.

When the LOH results were analyzed in conjunc-
tion with the clinicopathologic data, LOH was noted most
commonly in hypopharyngeal tumors, with 63% of hy-
popharyngeal carcinomas showing LOH with one of the
markers used in the study (Table 2). Indeed, the first
nine tumors shown in Figure 3 are hypopharyngeal tu-

| COMMENT ey

Allelic imbalance on the short arm of chromosome 3 (3p)
has been implicated in the pathogenesis of several tu-
mor types, including renal and lung tumors.3!® Specific
interest has focused on a number of specific regions on
this chromosome, usually within the region 3pl4-
p26.%° The region 3p25-p26 is the site of the von Hippel—-
Lindau TSG, which is commonly deleted in von Hippel-
Lindau-associated tumors.?! We were particularly
interested in investigating loss of genetic material on the
short arm of chromosome 3 close to the region 3p24-
p25, as frequent LOH in this region had been noted in
previous studies on SCCHN.'*!” This suggests the pres-
ence of a putative TSG in this region with a role in the
development of SCCHN."** The region 3p24-p25 is large,
containing many hundreds of genes, and not well enough
defined to allow positional cloning techniques to iden-
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tify the target gene involved in SCCHN. The aim of this
study was to refine this region further and so more pre-
cisely localize the region of minimal loss. Of the 46 tu-
mors analyzed in the present study, 21 (45%) showed
LOH with one of the markers used. This study confirms
previous reports that allele loss on the short arm of chro-
mosome 3 is a frequent event in SCCHN. It also con-
firms reports indicating that the region 3p24-p25 may
harbor a putative TSG. Our results with D35656, D351252,
and D3S1293 in particular offer evidence of a putative
TSG in the 3p24-p25.1 region. Several of our results sug-
gest that such a TSG located in this region may be lo-
cated close to the location 3p25.1, as a number of tu-
mors showed minimal loss in this region and the highest
incidence of LOH occurred with the marker D3S656,
which specifically maps this locus. This is important for
future mapping studies, as it more precisely pinpoints
the region concerned, thus making future mapping
projects more practical by focusing closer to the site of
any putative TSG.

Microsatellite instability (instability of simple re-
peated sequences) indicates genomic instability, the ex-
act significance of which is poorly understood at the pres-
ent time. Microsatellite instability has been noted in several
tumor types, including colorectal tumors and, more re-
cently, head and neck tumors.?*? In our laboratory, we
have noted microsatellite instability for at least two mark-
ers in approximately 28% of head and neck tumors.”
Seven of the tumors in this study showed evidence of miro-
satellite instability (the tumors usually showing gain of
an allelic band).

Interestingly, LOH was noted more commonly in hy-
popharyngeal carcinoma than in any of the other tu-
mors studied. Loss of heterozygosity with at least one
marker occurred in 63% of the hypopharyngeal tumors
analyzed, and most of the tumors that showed highly lo-
calized LOH were hypopharyngeal tumors.

Loss of heterozygosity with D35656 was also noted
in all the T1 tumors analyzed; however, the numbers are
small, preventing us from drawing any general conclu-
sions. The LOH with D35656 was also noted more com-
monly in poorly differentiated tumors than well or mod-
erately differentiated tumors (P=.02), suggesting a
significant association with poor histologic diagnosis.

In this study, we found that LOH with D35656 oc-
curred more commonly in nonsmokers than in smokers
but found no significant relationship between LOH and
alcohol intake.

In summary, we have identified frequent allelic im-
balance on the short arm of chromosome 3 in SCCHN
and a region of minimal loss bounded by the markers
D3S656 and D3S1293. Our findings suggest that a pu-
tative TSG in head and neck cancer lies between these
two markers in the 3p25.1 region. This is a relatively small
region, and we suggest that future mapping and posi-
tional cloning studies focus attention close to this site.
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