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Abstract

The chromosomal region 8p21 contains a number of putative tumor
suppressor genes and is a frequent site of translocations in head and neck
cancers. Recently, a novel tumor necrosis factor-related apoptosis-induc-

ing ligand (TRAIL) death receptor gene, KILLER/DR5, a member of the
tumor necrosis factor receptor family, was identified as a potential medi
ator in p5J-dependent apoptosis and mapped to 8p21 by fluorescence in

situ hybridization. We have determined the genomic structure of KILLER/
DR5 and performed sequence analysis of all 10 coding exons in 20 primary
head and neck cancers with allelic loss of chromosome 8p. To screen for
a subset of mutations localized to the functional cytoplasmic death do
main, we sequenced this region in an additional 40 primary head and neck
cancers. We found two alterations in this domain, including a 2-bp inser

tion at a minimal repeat site, introducing a premature stop codon and
resulting in a truncated protein. This KILLER/DR5 mutation was also
present in the germ line of the affected patient, and the tumor did not have
a p53 mutation by sequence analysis. Transfection studies in head and
neck squamous cell carcinoma and colon and ovarian carcinoma cell lines
revealed loss of growth-suppressive function associated with the tumor-

derived KILLER/DR5 truncation mutant. These observations provide the
first evidence for mutation of a TRAIL death receptor gene in a human
cancer, leading to loss of its apoptotic function.

Introduction

It has recently been estimated that there are over 400,000 new cases
of head and neck cancer worldwide each year (1). In 1996, 40,000
new cases were reported in the United States alone, resulting in over
12,000 deaths (2). Incidence rates for head and neck cancer are rising
worldwide, with a current 5-year survival rate of 40% (3). Despite
current advances in therapy, HNSCC4 remains difficult to treat, with

a relatively high recurrence rate of 30-35% in patients with early-
stage disease (stage I or II) and up to 50-60% in patients with locally

advanced disease (4). A contributing factor to the high rate of recur
rence is the large percentage (30-40%) of HNSCCs that are resistant

to radiotherapy (5).
The p53 tumor suppressor gene is the most commonly altered gene in

human cancer (6). It functions to mediate cell cycle arrest after exposure
to DNA-damaging agents by stimulating the expression of a cyclin-
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dependent kinase inhibitor, p21WAFI/CIP1,which leads to G, arrest.

Under conditions in which DNA damage is irreparable, p53 can induce
programmed cell death (apoptosis) by regulating the expression of bax,
insulin growth factor-binding protein #3, and less well-characterized
genes including Fas/APOl and p53-induced genes involved in the gen

eration of reactive oxygen species. Mutation of the p53 gene is present in
40-45% of primary HNSCCs (7) and may account in part for the high

percentage of head and neck tumors that are resistant to radiation therapy
(8).

Recently, a novel p5J-regulated growth-inhibitory apoptosis-

inducing gene, KILLER/DR5, was isolated through subtractive hybrid
ization screening of a library after doxorubicin treatment of chemo-
sensitive PA-1 human ovarian teratocarcinoma cells (9). It is a

member of the tumor necrosis factor receptor family with shared
homology to DR4, DR3, Fas/APOl, and TNFR1 as well as CARI and
was localized to human chromosome 8p21 through fluorescence in
situ hybridization.

Allelic loss on chromosome arm 8p has been noted in as many as
40-53% of HNSCCs (10, 11) and has been associated with poor

prognosis (12). By comparing patterns of allelic loss in supraglottic
laryngeal squamous cell carcinomas, Scholnick et al. (13) and Sun-

woo et al. (14) reported the inactivation of potentially three different
tumor suppressor genes on 8p. including the region 8p21. Fujiwara et
al. (15) have cloned one of these three putative tumor suppressor
genes, the platelet-derived growth factor receptor ÃŸ-liketumor sup

pressor (PRLTS) gene. However, mutations in PRLTS are infrequent
and are unable to account for the high frequency of allelic loss on 8p
observed in most cancers (16, 17), suggesting the inactivation of other
tumor suppressor genes in this region.

In this study, we characterized the novel gene KILLER/DR5 by
defining all 10 exon-intron boundaries and generating a detailed

physical map of the coding region. We sequenced all 10 exons in 20
primary HNSCCs with associated 8p loss as well as the functional
cytoplasmic COOH-terminal death domain in another 40 head and

neck primary cancer tissues to screen for mutational mechanisms of
inactivation of KILLER/DR5. Although mutations were rare, we iden
tified a germ-line insertion mutation that resulted in a loss-of-function

phenotype.

Materials and Methods

Tissue and DNA Extraction. Tissue was obtained from archival paraffin-

embedded blocks from the Johns Hopkins Department of Surgical Pathology
or from freshly frozen tissue obtained with consent from Johns Hopkins
Hospital patients. Freshly frozen tissue was dissected on a cryostat into
approximately 12-/j.m sections and then placed in 1% SDS/proteinase K (0.5
mg/ml) at 58Â°Cfor 24 h. Paraffin-embedded tissue was sectioned into 14-fj.m

sections. The samples were placed in xylene overnight to remove the paraffin,
pelleted in 70% ethanol. and incubated in SDS/proteinase K at 58Â°Cfor 72 h.

DNA was obtained through phenol-chloroform extraction and ethanol precip-
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Isolation of RNA and cDNA Synthesis. RNA was extracted from HNSCC
cell lines and lung cancer cell lines using TRIzol (Life Technologies, Inc.).
cDNA synthesis from the respective tumor cell lines was accomplished using
the Superscript protocol from the manufacturer (Life Technologies, Inc.).

Microsatellite Analysis. DNA from paired tumor and normal head and
neck samples was analyzed for LOH by amplification of dinucleotide repeat-

containing sequences using PCR and the conditions described previously (13).

For informative cases, allelic loss was scored if the intensity of the signal from
one alÃelewas reduced >30% in the tumor DNA when compared with that in
the normal DNA on visual inspection by two independent observers (D. S. and

S. I. P.).
Microsatellite markers analyzed in the region of chromosome 8p included

D8S258. D8S261, D8S264, D8S265, D8S351, and D8S560. Primer sequences
for these markers are available from Research Genetics (Huntsville, AL) or the
Genome Database (Johns Hopkins University, Baltimore, MD).

Intron-Exon Boundaries and Genomic Sequencing. Exon-intron bound

aries were defined by direct sequencing of three PI clones containing the gene
(Genome Systems). Template DNA was purified using Qiagen Plasmid Maxi-

prep (Santa Ciarita. CA). Primers within the open reading frame were synthe
sized, and sequence reactions were carried out using the AmpliCycle Sequenc
ing Kit (Perkin-Elmer Corp.) following the manufacturer's instructions. The

primers were 5' end-labeled with T4 polynucleotide kinase. The reactions were

carried out in 96-well plates in a Hybaid OmniGene thermal cycler for 40
cycles of 95Â°Cfor 60 s, 58Â°Cfor 60 s, and 72Â°Cfor 60 s. Finally, 3 /*! of

sequencing loading buffer were added to each sample, and the samples were
heated to 90Â°Cfor 3 min before loading onto 6% denaturing sequencing gels

(Genomyx).
Of the 60 primary head and neck carcinoma tissues characterized for 8p loss

by microsatellite analysis, all exons in 20 primary tumors were sequenced.
PCR reactions were carried out in a 50-/J.I reaction in 1X buffer [67 mM
Tris-HCl (pH 8.4), 16.6 mM (NH4)2SO4, 6.7 mM MgCU, 10 mM ÃŸ-mercapto-

ethanol, 6.7 /J.M EDTA, and 1% DMSO], 0.2 mM each deoxynucleotide
triphosphate, 2 /j.1 of DMSO, 300 ng/^il each primer, 2.5 units of Taq DNA
polymerase, and 50 ng of genomic DNA. The mixture was placed in a Hybaid
OmniGene thermal cycler at 95Â°Cfor 30 s followed by 35 cycles of 95Â°Cfor
40 s, 58Â°Cfor 60 s, and 72Â°Cfor 60 s. The annealing temperatures ranged from
55Â°Cto 58Â°C.The primer sequences used for amplification of the KILLER/
DR5 gene were as follows: exon 1 ampF, 5'-GCAATCTCTGCGCCCA-

CAAAA-3': exon 1 ampR, 5'-TCTCTCCCTGCCCTCTCCA-3'; exon 2
ampF, 5'-CACTAAAGGATGTTTGAGAGG-3'; exon 2 ampR, 5'-ACA-
GACTGGAAGCTCATGGA-3'; exon 3 ampF, 5'-ACTGCCAGCTTCTGG-
GAA-3'; exon 3 ampR, 5'-TCACCCCGCATTCCACCTTT-3'; exon 4 ampF,
5'-CTGAGTTGAGCTGAGTAGCA-3'; exon 4 ampR, 5'-CTTGGGTCTTT-

TGGGGTTCCAT-3'; exon 5 ampF, 5'-AGCACAGGGACCCACTGCTGA-
3'; exon 5 ampR, S'-AGCACCTACCTGAGCAGATG-S'; exon 6 ampF,
5'-TCGGTGATTGTACACCCTGG-3'; exon 6 ampR, 5'-AGGCGTTTCT-
GTCTGTGGG-3'; exon 7 ampF, 5'-CAGCCTTGGTCAGAGCAGAA-3';

exon 7 ampR, 5'-AGGTTCTGCTGTCCCAGG-3': exon 8 ampF, 5'-TGTG-
GACTCCTGAGTCGGC-3'; exon 8 ampR, 5'-TTCAGGTTCCATTTC-
CCCTG-3': exon 9 ampF, 5'-ACGTGCTGCAGGTCTCAG-3'; exon 9 ampR.
S'-GGTCTATAGCACAGGACCCA-S'; exon 10 ampF, 5'-TTGGGTTCT-
GGGCCTGATG-3'; and exon 10 ampR, 5'-CGCGGATCGTTAGGACATG-
GCAGAGTCTGC-3'.

The PCR products were visualized in 1.0% agarose gels stained with
ethidium bromide. The purified PCR products were then sequenced using the
AmpliCycle Sequencing Kit as described above. The primer sequences used
for sequencing were as follows: exon 1 seqR, 5'-TGCCCTCTCCAG-
GCGCCA-3'; exon 2 seqF, 5'-TGCCTGGGCTCAAGAGAATG-3'; exon 3
seqF, 5'-AGCTTCTGGGAACCCTGT-3'; exon 4 seqR, 5'-TCCATGGAGC-
TACTGGGA-3'; exon 5 seqR, 5'-CTTCCACAGTAAAGACTTGC-3'; exon
6 seqF, 5'-TACACCCTGGAGTGCCATCGAA-3'; exon 7 seqF, 5'-TCAGG-
GTGTCTCTGAGTTGT-3'; exon 8 seqR, 5'-CCAGGAGAGCTAAGGCAC-
T-3'; exon 9 seqR, 5'-TTCCAGCATGGAATACTCTG-3'; and exon 10 seqF,
5 ' -ATCCTCTGCCCTTTCTG AGTC-3 '.

Sequence analysis of an additional 40 head and neck primary cancer tissues
with known p53 status was carried out for the functional cytoplasmic COOH-
terminal death domain. The reactions were carried out using primers 5'-
TGACTTTGCAGACTTGGTGCC-3' and 5'-CGCGGATCGTTAGGACAT-

GGCAGAGTCTGC-3', resulting in a 311-bp PCR product. The p53 gene was

sequenced in these tumors as described previously (8).
The cytoplasmic death domain was also analyzed in 4 HNSCC cell lines and

10 lung cancer cell lines. Reverse transcription-PCR reactions for the cell lines
were carried out using primers 5'-TGACTTTGCAGACTTGGTGCC-3'
and 5'-CGCGGATCGTTAGGACATGGCAGAGTCTGC-3', resulting in a

1.24-kb product. The PCR conditions used for both reactions were as described

above. The PCR products were visualized in 1.0% agarose gels stained with
ethidium bromide. The cytoplasmic death domain was sequenced using the
AmpliCycle Sequencing Kit as described above.

Genomic Map of the Human K1LLER/DR5 Coding Region. We deter
mined intron sizes using the following strategy: the introns were amplified
from a PI clone using primers based on the published cDNA sequence (9) and
the exon-intron boundary sequences presented in this study. The primers used

for the PCR reactions of the individual introns are as follows (the forward
primer is listed first): intron 1, KINlF/5'-GTGAGTCCCCGCCGCGGTCC-3'
and KEX2R/5'-TGGGTGATCAGAGCAGACTC-3'; intron 2, GSW2/5'-
GTCGCCGCGGTCCTGCTG-3' and WE5EC/5'-GAATCACACCTGGTGC-
GGCGC-3'; intron 3, KIN3F/5'-GTACAGAACAGTATGGACCC-3' and
WE4EC/5'-TCAGGAGAATCTTCTTCCCGG-3'; intron 4, GSW8/5'-CCGG-

GAAGAAGATTCTCCTGA-3' and KIN4R/5'-CTGGGTACACACACGG-
AGGG-3'; intron 5, KIN5F/5'-GTACAAAGCACAGTGGGGAA-3' and
KIN5R/5'-CTGAGAGAGAACAGGGAGAG-3'; intron 6, GSW9/5'-GTCA-
CAGTTGCAGCCGTAGTC-3' and R6-Racel/5'-GCTTCTGTCCACACG-
CTCAGGGTCC-3'; intron 7, KIN7F/5'-GTGAGTTGATTrCTCCAGGA-3'
and R6-Race3/5'-CTGGGTGGGCTGCAAGATACTCACG-3'; intron 8,
GSW9/5'-GTCACAGTTGCAGCCGTAGTC-3' and Killerl/5'-GGAACCA-
GCAGCCTCCTCCTCTGAGACC-3'; and intron 9, R6F3/5'-CTGCTG-
GAACCGGCAGAAGC-3' and Killer2/5'-GGCCCAACTTCCTCATGAGC-
GGCTCC-3'. The PCR program was set as follows: denaturation at 95Â°Cfor

45 s ; 25-30 cycles of denaturation at 95Â°Cfor 45 s, annealing at 57Â°Cto 60Â°C
(depending on the primer pair) for 30-45 s, extension at 72Â°Cfor 2 min 40 s

to 8 min (depending on whether Taq or Pfu polymerase was used); and a final
extension at 72Â°Cfor 8 min. The PCR reaction products were electrophoresed

on a 1% agarose gel, and the sizes of the bands were determined.
Part of the derivation of the genomic structure of the K1LLER/DR5 gene was

obtained through Southern blotting. In particular, two Pi/I fragments hybrid
izing to the probes (A or B) shown in Fig. 1 were subcloned into pBluescript
and analyzed by Southern blotting.5 These clones were also found to include

the depicted exons and introns within each fragment and to exclude the
intervening genomic DNA by PCR.

Cell Lines and Transfection Conditions. The human colon carcinoma
cell line SW480, the human ovarian carcinoma cell line SKOV3, and the
human head and neck cancer cell line Detroit 562 were obtained from the
American Type Culture Collection (Rockville, MD). Cells were transfected
using pCEP4 vector (Invitrogen), pCEP4-KÃŒLLER/DR5-v/t, or pCEP4-
KILLER/DR5-mut, as described previously (9). In experiments involving co-

transfection of pCMV-/3-gal and the pCEP4 expression vectors, a 1:1 ratio of

plasmid DNA was used. In the case of Detroit 562 cells, the use of the
Lipofectin reagent for transfection resulted in a transfection efficiency rou
tinely in the range of 1-3% (data not shown). After several unsuccessful

attempts at hygromycin selection, we suspected that the Detroit 562 cells might
require high cell density to grow and/or might require contact or conditioned
media to survive at low density, which occurs under drug selection conditions.
We therefore evaluated cell death using a commonly used assay with cotrans-
fection of the )3-gal marker gene as described in "Colony Formation Assays."

At 24 h (data not shown) after the transfection of Detroit 562 cells, there was
an identical number of blue cells under all transfection conditions (Fig. 3),
which is consistent with the interpretation that the subsequent decrease in blue
cell number after the transfection of wild-type KILLER/DR5 is due to apop-
tosis, as documented previously by the terminal deoxynucleotidyl transferase-

mediated nick end labeling assay (9).
Head and Neck Cancer-derived KILLER/DR5 Truncation Mutant

Expression Vector. The mutant K1LLER/DR5 cDNA was amplified as fol
lows: 5'-CCCAAGCTTCCGCCATGGAACAACGGGGAC-3' and 5'-CGC-

GGATCCTTATCAGCATCGTGTGTACAAGGTGTCCCTGTGGCCCGC-3'

' N. Ã–zÃ¶renand W. S. El-Deiry, unpublished observations.

3514

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/16/3513/2467196/cr0580163513.pdf by guest on 19 M

ay 2023



KILLER/DR5 MUTATION IN HEAD AND NECK CANCER

Extracellular domain ~1
TAACCCCC CCCCC CCC

t t IM
0.1 0.07 5.1 0.03 0.
e4 e5e6 e7

Pst l

Fig. l. Physical map of the coding region of the human KILLER/DR5gene. Exons are shown as Mack boxes; the number of the exon (e) together with its size (in kb) are indicated
above the boxes. The introns are shown as cÂ¡earboxes, and their respective sizes (in kb) are written within. The double-headed arrows below represent the products of PCR reactions,
shown together with their respective sizes. The translation initiation codon is depicted with a beni arrow, and the translation stop codon is depicted with a blunted arrow. The genomic
positions of the signal sequence (SS), the transmembrane domain (TM), and the death domain (DD) are indicated above the bar. The positions and the number of the extracellular Cys
residues (O are drawn above the bar. The gray boxes represent the position of clones obtained through subcloning P\-K1LLER/DR5Pst\ digestion fragments (hybridizing to probes
A and B on Southern blots, shown above the boxes) into pBluescript.

were used as primers; pCEP4-KlLLER/DR5-wt was used as a template: PCR
conditions were 35 cycles of 95Â°Cfor 45 s. 65Â°Cfor 1 min, and ITC for 3 min
and 1 cycle of 72Â°Cfor 5 min. After restriction by HindUi and BamHI, this PCR

product was subcloned into the mammalian expression vector pCEP4 (Invitrogen).
The entire sequence of the cloned K1LLER/DR5 mutant was verified.

Colony Formation Assays. At 24 h after transfection. hygromycin B (250
ju,g/ml, final concentration) was added to the medium and maintained for 2
weeks. Colonies were stained with Coomassie Blue as described previously
(9). For the death assay in the human head and neck cancer cell line Detroit
562, cells were transfected as described above. Cells were split into a 6-well
plate at 24 h in the absence of hygromycin selection and stained with 5-bromo-
4-chloro-3-indolyl-ÃŸ-D-galactopyranoside 2 days later to assess the number of

remaining blue cells as well as to observe morphological characteristics of

apoptosis.

Results

Genomic Structure of the Human KILLER/DR5Gene. We have
determined the genomic organization of KILLER/DR5 by direct
sequencing of three overlapping PI clones. The nucleotide se
quences flanking the exon-intron boundaries were confirmed by
the sequencing of each individual exon and the surrounding se
quences after PCR amplification of the primary HNSCC. The
coding sequence of KILLER/DR5 is composed of 10 exons inter
rupted by 9 introns. The genomic structure is depicted in Fig. 1.
Exons range in size from 31-312 bp. In accordance with consensus

splice sites, all of the introns begin with the dinucleotide GT and
end with AG, except for a variant donor site with a GA dinucle
otide present at the 5' splice site in intron 2. The exon-intron

boundaries and the size of each exon are described in Table 1.
Identification of a KILLER/DR5Mutation in Primary Head and

Neck Cancer. LOHstudiesof a varietyof humantumorssuggest that
there are several tumor suppressor genes on chromosomal arm 8p,
including those for head and neck cancers (13, 14). To date, only one
candidate tumor suppressor gene, PRLTS, has been cloned to chro
mosome 8p (15). However, mutations in PRLTS are infrequent and
are unable to account for the frequency of allelic loss on 8p observed
in cancers (16, 17), suggesting a role for other tumor suppressor genes
localized to 8p in the progression to tumorigenesis.

KILLER/DR5 has been mapped to 8p21 and has been proposed to
be a mediator in p5J-dependent apoptosis (9). Therefore, we investi
gated the role of KILLER/DR5in head and neck cancer as a putative
tumor suppressor gene. We performed sequence analysis of all 10
exons in 20 primary HNSCCs with associated 8p loss. No somatic
mutations in exonic regions or aberrations of splice sites were de
tected in these 20 tumors. To determine whether there was a strong
selection for mutations in the functional cytoplasmic COOH-terminal
death domain (exon 10), sequence analysis of this exon was carried
out in an additional 40 head and neck primary cancer tissues. We
report two alterations found in this domain. One mutation encoded a

Table 1 Exon-tnlron boundaries of KILLER/DR5

The position of the first and last exon base as well as each exon length in base pairs is given. The numbering of the nucleotides is according to the cDNA sequence reported previously
(9). Each exon sequence is flanked with its respective intronic sequences. In accordance with the GT/AG consensus splice site, all of the introns begin with the dinucleotide GT and
end with AG except for a variant donor site with a GA dinucleotide present at the 5' splice site in intron 2.

Exon12345678910IntronTCCCTGCTTTCTCCCCACAGGATTTTCTCTCCCCTCCCAGACCTTATGCTCTGTAGTCAGCCCTCCGTGTGTGTACCCAGCTCTCCCTGTTCTCTCTCAGGGAGACTGCTTCTTTTTTAGTTCCCAATGTCTTTTTCCAGTTCCCCACTATGTGTTACAGTCTGTGGCTTTCTCCACCAGExon

5'-nt

position11452513654775516626938499225'-endsequenceATGGAACAACGGGTCTCAGCTGAGGACACCATATCTGTGAAGTGGAGCGTGTCCCAGAGGGCATCATCATAGGTGGTGGTGGGGAGCTCACAACGAGAACCGGCAGAACTCTGAGACAGTExonsize(bp)1441061141127411131156733123'-endsequenceGTCCTGCTGTTGTGTGTCCACCTGGGTGTGATTCAGGTGCCGCACAGGACAAAGAATCAGGCATCTGCTCAGCGTGTGGACAGAGAGCATCTGCTGATCCCACTGAGATCTGCCATGTCCExon
3'-nt

position1442503644765506616928489211233IntronGTGAGTCCCCGCCGCGGTCCGACACCCCTGTTTCGTCCCTGTACAGAACAGTATGGACCCGTGAGACAGGAGCCGGGGGCGTACAAAGCACAGTGGGGAAGTAGGTGCTGGCTGAGGGCGGTGAGTTGATTTCTCCAGGAGTGAGTGGGGGACAGATCATGTAAGTGATTTTTACTACCT
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Fig. 2. The sequencing gel shows a frameshift mutation in the
COOH-lcrminal death domain of KILLER/DRS in primary head and neck
cancer. The autoradiograph of a sequencing gel demonstrating a two-

nuclcotide insertion (arrow) at a minimal repeat site (ACAC) at residue
1065 of KILLER/DRS in a primary head and neck cancer is shown in
Lane 2. The wild-type K1LLER/DR5 sequence is shown in four other
fresh tumors (Lanes I and 3-5). The frameshift mutation was confirmed
hy reamplification and resequencing across the exon-intron boundary.

2-bp insertion at a minimal repeat site at residue 1065 (Fig. 2), which

introduced a premature stop codon and resulted in a truncated protein.
Sequence analysis of normal tissue from the patient showed that the
truncating mutation was also present in the germ line of the affected
patient, and that the tumor did not have a p53 mutation (data not shown).

A second variant was a single T-to-C point mutation at residue

1109 that resulted in an amino acid change from Val to Ala. This
mutation was not present in the germ line; however, sequence analysis
of p53 in this tumor revealed a point mutation of T to C in codon 242,
resulting in a change from Arg to Cys.

Loss of Function of the Head and Neck Tumor-derived

K1LLERJDR5 Truncation Mutant. We previously showed that
transfection of wild-type KÃŒLLER/DR5into SW480 human colon

cancer cells led to complete suppression of colony formation through
the induction of apoptosis (9). To determine whether the human head
and neck cancer-derived KILLER/DR5 truncation mutant resulted in

the loss of function, we transfected the mutant cDNA into human
colon and ovarian cancer cell lines and found a significant impairment
in its ability to suppress colony formation. In wild-type KILLER/DR5-

transfected cells, there was no observed colony survival. However,
there was >50% colony growth in both SW480 and SKOV3 cells
transfected with tumor-derived mutant KILLER/DR5 (Fig 3, a and b).

We suspect that this mutant may retain partial function, because its
overexpression in a background of cells containing endogenous wild-

type KILLER/DR5 could further reduce the percentage of colony
survival.

We investigated the effect of the KILLER/DR5 truncation mutant in
a mutant p53-expressing head and neck cancer cell line, Detroit 562,

and found similar deficiencies in growth suppression and apoptosis.
Cells were first cotransfected with a ÃŸ-gal-expressing plasmid and
either mutant KILLER/DR5, wild-type KILLER/DRS, or a control

vector. Cells were then examined on day 3 for induced apoptosis by
evaluating the ÃŸ-gal-expressing cells. Fig. 3c shows that cells trans

fected with wild-type KILLER/DRS contained very few round blue

cells, suggestive of poorly dividing/dying cells, as compared with
either vector-transfected or tumor-derived KILLER/DRS mutant-trans-

fected cells, which had expanding colonies (blue cell aggregates) and
no evidence of apoptosis.

Discussion

Cancer involves the progressive loss of control of normal cellular
homeostasis. Many studies provide strong evidence that carcinogen-

esis in HNSCC is a multistep process involving a cascade of genetic
alterations that finally progress to cancer. Inactivation of tumor sup
pressor genes such as p53 has been implicated as a key event in
genetic progression models for head and neck cancer. Identifying the
targets of p53 dysfunction is critical to our understanding of tumori-

genesis.
KILLER/DRS is novel cell death receptor gene whose expression is

induced by DNA-damaging agents in a /?5J-dependent manner.
KILLER/DRS has also been shown to be inducible by wild-type p53,

and its expression leads to the apoptotic death of cancer cells (9). In
this study, we have reported two mutations in the death domain of
KILLER/DRS. There was allelic loss at 8p only in the tumor with the
missense mutation, which also contained a p53 mutation (data not
shown). The tumor with the truncation did not have LOH because: (a)
on the sequencing gels, the ratio of wild-type:mutant sequence was

1:1: (b) there was no LOH at flanking markers by microsatellite
analysis; and (c) there was clear LOH at other markers on other
chromosomes (data not shown).

Transfection studies of the nonsense death domain-truncating mu
tation in cancer cell lines show a loss of growth inhibition, a pheno-

type characteristic of many cancer cells. It is of particular relevance
that the tumor-derived KILLER/DRS was found to have a loss of

function not only in human colon and ovarian cancer cells but also in
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Fig. 3. Loss of function of a human K1LLER/DR5 head and neck tumor-derived truncation mutant. The endogenous mutant p53-expressing human colon cancer cell line SW480
(A) and ovarian carcinoma cell line SKOV3 (ÃŸ)were transfected as indicated with pCEP4 vector. pCEP4-KILLER/DR5 wt. and pCEP4-KILLEK/DR5 mut (head and neck tumor-derived
mulant) as described in "Materials and Methods." Beginning I day after transfection. the cells were incubated in the presence of hygromycin B for 2 weeks. The surviving transfectants

were then stained with Coomassie Blue, and colonies containing more than 50 cells were counted and normalized to pCEP4 vector-transfected cells ( 100%). The mutant p53-expressing
human head and neck cancer cell line Detroit 562 (O was cotransfected by pCMV-ÃŸ-galand either pCEP4 vector, Â¿CEP4-KILLER/DRS wt. or pCEP4-KILLER/DR5 mut. as indicated.
Cells were incubated in the absence of hygromycin selection and stained with 5-bromo-4-chloro-3-indolyl-ÃŸ-i>-galactopyranoside on day 3 after transfection. Few round apoptotic blue
cells are shown in wild-type KlLLER/DR5-transfccted cells (right panel}, as compared with the dividing, more numerous, healthy nonapoptotic cells transfected by either vector or the
tumor-derived KILLER/DRS truncation mutant (left and muidle panels, respectively).

a head and neck squamous cancer cell line. Interestingly, the tumor
containing the truncated KILLER/DR5 mutant did not carry a mutant
p53 gene as assessed by sequence analysis. These results are consist
ent with the idea that the germ-line mutation in KILLER/DR5 may

have predisposed this patient to develop head and neck cancer due to
a deficiency of a downstream target of p53 that is involved in DNA
damage-inducible apoptotic signaling. It is not clear whether the
tumor-derived KILLER/DR5 mutants could function as dominant in

hibitors of TRAIL receptor signaling.
Inherited genetic changes play a role in cancer susceptibility. This

genetic contribution is multifactorial, ranging from the variability of
enzymes important in the metabolism of toxic compounds to that of

the enzymes important in DNA repair (e.g., MSH2/MLH) and other
bona fide familial cancer genes. There is increasing evidence that the
interaction between environmental carcinogens and genetic predispo
sition present in germ-line cells drives the number of mutational

events in a cell, leading to the progression of cancer. Interestingly, this
truncating mutation was present in the germ line of a 40-year-old

patient whose father was also affected with lung cancer at age 50
years. A complete family history of cancer and tissue samples from
other family members were not available to perform additional stud
ies. It remains unclear whether inactivation of KILLER/DR5 led to
cancer susceptibility in this family. Thus, the role of KILLER/DR5 in
germ-line susceptibility remains to be further investigated.
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We investigated one mechanism of somatic gene inactivation, gene
mutation. However, other mechanisms of tumor suppressor gene
inactivation have been described. Although allelic loss of chromo
some 9p21 is common in many human cancers, the frequency of
associated pl6 tumor suppressor gene mutations is very low (18). A
major pathway of p 16 inactivation in primary neoplasms was found to
result from de novo methylation of the 5' CpG island, resulting in a

transcriptional block of pl6 (19). KILLER/DR5 displays an enriched
5' CpG island, raising the possibility of altered DNA methylation as

an alternative pathway of gene inactivation. As additional studies
investigate the role of KILLER/DR5 in p5J-dependent apoptosis as

well as epigenetic mechanisms of inactivation, its contribution to the
genetic progression of head and neck cancer will be further elucidated.

Finally, it is noteworthy that several members of the family of
TRAIL receptor genes have been localized to human chromosome
8p21 (20). These death receptors are potent inducers of apoptosis and
represent excellent candidate tumor suppressors that should be further
evaluated for alterations in human cancers.
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