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Abstract Death receptor 4 (DR4) gene is a candidate tumor
supressor gene that has a role in apoptotic pathway. It was
reported in literature that polymorphisms in DR4 gene lead
to susceptibility to many cancers. In accordance with this
information, we aimed to investigate the association be-
tween G422A, C626G, A683C and A1322G polymor-
phisms in DR4 gene and lung cancer. We selected 60
patients with lung cancer (LC) and 30 healthy, sex and age
matched volunteers randomly. Four polymorhisms, G422A,
C626G, A683C and A1322G, in DR4 gene were analyzed
with Polymerase Change Reaction (PCR) – Restriction
Fragment Lenght Polymorphism (RFLP) and Amplifi-
cation Refractory Mutation System (ARMS) techniques
in both groups. Our results showed that there are no statis-
tically significances between the patients and controls in
terms of the G422A, C626G, A683C and A1322G poly-
morphisms in DR4 gene (p>0,05). Our findings showed no
role of DR4 gene polymorhisms in susceptibility to LC and
provide a plausible explanation for DR4 genetic heteroge-
neity in LC susceptibility.
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Introduction

Apoptosis or porgrammed cell-death is an important physi-
ological process of the organism. Apoptosis occurs in two
ways: Cytochrome C-mediated pathway and via death re-
ceptors (DR) (Fas, TNFR1, DR3, DR4, DR5, CAR1). Death
receptors are transmembrane proteins that contain cytoplas-
mic death-domain. This death domain characterizes them as
apoptotic “death-receptors” and is pivotal for the transduc-
tion of the apoptotic signal [1].

Death Receptor 4, DR4, located on chromosome 8p21,
was the first DR for APO2L/TRAIL to be identified [2]. The
DR4 type I membrane protein contains 486 amino acids,
composed of two extracellular cysteine-rich pseudorepeats.
Two receptor loops, the 50- and 90-s loops, mediate most of
the ligand receptor interactions. One loop consists of mostly
a hydrophobic motif that is conserved in ligand receptor
complexes throughout the TNF superfamily, and the other
loop is unique for each individual complex and appears to
be used to control receptor selectivity and cross-reactivity
[2]. The principle elements of the DR4 ligand-binding do-
main are encoded by exons 3 and 4 [3].

The DR4 gene is highly polymorphic, but the most
extensively studied polymorphism is the C to G substitution
at position 626 (C626G) in the ectodomain region of DR4.
In addition, another three DR4 polymorphisms included
G422A, A683C, and A1322G are also extensively studied
[1–5]. DR4 mutations have been described in different hu-
man cancers, such as lung, head and neck cancer, non-
Hodgkin’s lymphoma, osteosarcoma and breast cancer [1,
3, 6, 7]. Furthermore, many researchers have studied the role
of the DR4 gene polymorphisms in the aetiology of cancers
of various organs, including lung, bladder, ovary, colon,
stomach, breast, head and neck, prostate, and lymph tissue
[3–5, 8–12]. Some cancer types were in association with the
DR4 gene polymorphisms, but some were not. In the present
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study, we aimed to evaluate the association between com-
mon genetic variants in DR4 gene and risk of LC in Turkey.

Materials and Methods

Study Population

The study involved 60 Turkish patients with LC referred
from Department of Chest Diseases, School of Medicine,
Çukurova University, Adana-Turkey. Also it was granted
ethical approval by the local health committee and permis-
sion from all patients were taken. The patient group
consisted of 55 males and 5 females, and their ages ranged
from 33 to 77 years with a mean age of 57,97±9,45 years.
Tobacco consumption of these patients ranged from 10 to 80
packs × year and the average tobacco consumption was
40,18±25,91 packs x year. It was also recorded that six
patients had never used tobacco. All patients didn’t receive
chemotherapy or radiotherapy before the present analysis.
The control group involved 30 healthy people (one female
and 29 male). Their ages ranged from 37 to 71 years with a
mean age of 53,37±10,39 years. All of them smoke and the
average tobacco consumption was 36,13±19,22 packs x
year. There is no statistically difference for tobacco con-
sumptions between the two groups (p>0,05). For eliminat-
ing the cigarette factor, we selected the control group from
heavy cigarette users. We also recorded their familial history
of cancer. In 21 patients (35 %), familial history of cancers
such as lung, breast, stomach, colon, hepatocelluler carci-
nomas and lymphoma are present. We attended to choice
control group without familial history.

Death Receptor 4 (DR4) Genotyping

A 3-ml sample of blood was taken from all patients and
controls for genotyping DR4 gene polymorphisms including
G422A, C626G, A683C and A1322G. Genomic DNA was
isolated from 0.2 ml of whole blood using QIAMP-DNA
isolation kit (Qiagen). Primers for G422A, C626G, A683C
regions selected from literatures [1, 3] and for A1322G, they

were dizayned using gene runner programme. The primers
used and the product sizes were shown in Table 1.

For detecting DR4 gene polymorphisms, PCR-RFLP tech-
nique was used for G422A, C626G, A683C polymorphisms
and PCR-ARMS for A1322G. Because of the method for
A1322G, two different reverse primers were dizayned: one
stops with cytosine and the other with thymine.

PCR-RFLP Methods for G422A, C626G and A683C
Polymorphisms

PCR conditions for G422A, C626G, and A683C polymor-
phisms were 94 °C for 5 min, followed by 94 °C for 30s,
62 °C for 30s (for A683C, annealing temperature is 58 °C),
and 72 °C for 30s (35 cycles). The PCR mixture (25 μl)
included 1XPCR Buffer, 1.25 mM MgCl2, 0.2 mM dNTPs,
5pmol primers, 50 ng DNA, and 2U Taq Polimerase
(Fermantas). The PCR products were electrophoresed in 10 %
polyacrilamid gels in 1XTBE and visualized with
ethidiumbromide. The product sizes were 230 bp for G422A,
220 bp for C626G, and 201 bp for A683C. The amplified DNA
fragments include G422A and A683C were incubated with 5U
of the restriction enzymes FokI and TaqI, respectively at 65 °C
for an overnight, and for detect C626G polymorphism, the
product were incubated with 5U of the restriction enzyme
DraIII at 37 °C for an overnight. Restriction digests were
evaluated using 10 % polyacrilamid gels in 1XTBE, and
visualised by ethidium bromide staining. To determine the size
of the banding patterns, pUC18/HaeIII marker were loaded
together with the digested samples and then compared with it.

PCR-ARMS Method for A1322C Polymorphism

PCR conditions for A1322C polymorphism were 95 °C for
10 min, followed by 95 °C for 1 min, 56 °C for 1 min, and
72 °C for 1 min (34 cycles). The PCR mixture (50 μl)
included 1XPCR Buffer, 2 mM MgCl2, 0.2 mM dNTPs,
5pmol primers, 50 ng DNA, and 2U Taq Polimerase
(Fermantas). Two different tubes were prepared for this
purpose. Forward primer was added to the two tubes, but
the reverse primers (ended with C and T) added separately.

Table 1 Primers and the prod-
uct sizes of the G422A, C626G,
A683C and A1322G regions

Regions Primers Product sizes (bp)

Exon 3 (G422A) Forward primer: 5′-atcctctgggaactctgtgg-3′ 230 bp
Reverse primer: 5′-taccactcccacctcactgc-3′

Exon 4 (C626G) Forward primer: 5′- aaggtcaagggacacgtcagg-3′ 220 bp
Reverse primer: 5′- gcttctgtgggttctttgagg-3′

Exon 5 (A683C) Forward primer: 5′- atcccacctggccagctttcca-3′ 201 bp
Reverse primer: 5′- agacaggagtctcgggctgct-3′

Exon 10 (A1322G) Forward primer: 5′- ctctgatgctgttctttgac-3′ 254 bp
Reverse primer (C): 5′- gaggtcctgaatcttctcac-3′

Reverse primer (T): 5′- gaggtcctgaatcttctcat- 3′
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Also for this study, internal control [CYP19 (Cytochrome
P450, subfamily XIX) gene; the second exon included the 39th

codon; forward primer: 5′-atctgtactgtacagcacc-3′, reverse
primer: 5′-ctccaagtcctcatttgct-3′] was used. Two primers were
dizayned and added to the tubes. The PCR products were
254 bp for A1322C and 427 bp for internal control. The PCR
products were electrophoresed in 10 % polyacrilamid
gels in 1XTBE and visualized with ethidiumbromide. Then,

compared with pUC18/HaeIII marker loaded together with
PCR products.

Results

Our study included 60 confirmed Turkish LC patients, of
whom 91,6 % were men and 8,4 % were women, and 30

Fig. 1 RFLP analysis of exon3, exon 4, and exon5 of DR4 and
analysis of exon10 of DR4 with ARMS technique: a Analysis of exon
3 with Fok1 restriction enzyme. The polymorphism at position 422
reveal a new restriction site for Fok1 restriction enzyme. The Fok1
restriction enzyme does not cut wild type samples and shows a single
band (230 bp). When the G–>A transition occurs at 422 position of
exon3, two bands (160 bp and 70 bp) are seen after gel-electrophoresis
of digested samples, b Analysis of exon4 with DraIII restriction en-
zyme. The polymorphism at position 626 (C–>G) eliminates a

restriction site for the DraIII enzyme. Wild type (CC) samples are cut
into two fragments (164 bp and 56 bp), whereas the C–>G transition at
position 626 bloks the cutting (220 bp), c Analysis of exon5 with TaqI
restriction enzyme. The polymorphism at 683 position of exon5 elim-
inates a restriction site for TaqI restriction enzyme. Wild type samples
are cut into two fragments, 110 bp and 91 bp, whereas poymorphic
region blocks the cutting and yields only a band 201 bp, d Analysis of
exon10 with PCR-ARMS technique using internal control
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healthy individuals, of whom 96,6 % were men and 3,4 %
were women. There were no differences between study
groups according to age and gender. DR4 gene polymor-
phisms, G422A, C626G, A683C and A1322G, were ana-
lyzed and compared between the study groups.

In the G422A polymorphism, the G to A transversion re-
sults in an amino acid change of a histidine for an arginine and
creates a new and unique FokI restriction site and therefore
yields a 160 bp and a 70 bp fragment upon incubation with
FokI (Fig. 1a). The homozygous G/G variant in the G422A
locus was detected in 15 (25 %) patients and in 10 (33,3 %)
control subjects in our study. The heterozygous G/A and
homozygous A/A variants were found in 34 (56,7 %) and 11
(18,3 %) patients and, 12 (40 %) and 8 (26,7 %) control
subjects, respectively (Table 2). In direct comparision, the
GG, GA and AA alleles were almost equally distributed in
patients and controls (p=0,324; Fig. 1a).

In the C626G polymorphism, there was a C to G
transversion and results in an amino acid change of an arginine
to threonine. The C to G transversion eliminates a unique
DraIII restriction site. Incubation with DraIII restriction endo-
nuclease, the CC variant shows two bands, 164 bp and 56 bp,
and the GG variant shows one unique band with the size of
220 bp (Fig. 1b). In our patient group, C/C, C/G and G/G
variants detected in 12 (20 %), 34 (56,7 %), and 14 (23,3 %)
cases, respectively. In the controls, the homozygous C/C,
heterozygous C/G, and homozygous G/G variants found in

10 (33,3 %), 12 (40%), and 8 (26,7 %), respectively (Table 2).
It was found that there were no significant association be-
tween the two groups (p=0,271).

The A683C polymorphism occurs in the exon 5 of the
DR4 gene. The transversion of the A to C eliminates a
unique TaqI restriction site. Incubation with TaqI endonu-
clease, A/A variant shows two bants, 110 bp and 91 bp,
whereas C/C variant shows a 201 bp unique bant. In our
study population, the A/A variant was seen in 41 (68,3 %)
patients and 21 (70 %) controls, and the A/C variant in 19
(31,7 %) patients and 7 (23,3 %) controls. The C/C variant
didn’t seen in the patient group, whereas 2 control individ-
uals has it (Table 2, Fig. 1c). When the two groups com-
pared for the A683C polymorphism, no association was
observed significantly (p=0,086).

For the A1322G polymophism, we used the PCR-ARMS
technique in 60 patients and 30 controls. Most of the pa-
tients and controls [53 (88,3 %) patients and 24 (80 %)
controls] showed AA genotype, and the others AG [6
(10 %) patients, 3 (10 %) controls] and GG [1 (1,7 %)
patient and 3 (10 %) controls)] genotypes (Table 2,
Fig. 1d). When these results evaluated statistically, no asso-
ciation was found (p=0,230).

Discussion

DR4 (TRAIL-R1), a member of the tumor necrosis factor
receptor superfamily, is a cell surface receptor that triggers
the apoptotic machinery upon binding to its ligand tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL).
TRAIL is a potent inducer of apoptosis in malignant but not
in normal cells. It binds to the proapoptotic death receptor
DR4 and DR5, also to decoy receptors DcR1 and DcR2 for
the survival of cells [4].

DR4 was the first identified death receptor for TRAIL. It
is a type I membrane protein and contains 486 amino acids.
The principle elements of the DR4 ligand-binding domain
are encoded by exon 3 and 4 of the gene [3, 13]. DR4 gene
has highly polymorphic regions. The most extensively stud-
ied polymorphism is C626G, the C to G substitution at
position 626 in the ectodomain region of DR4. In addition,
another DR4 polymorphisms, studied most frequent, are
G422A, A683C and A1322G. The G422A polymorhism
occurs in the ectodomain region of DR4, whereas A683C
in extracellular cycteine-rich domain and A1322G in the
death domain of DR4 [14]. Recently, many studies on
DR4 gene polymorphisms were performed on different can-
cer types, included bladder, lymph tissue, ovary, colon,
stomach, breast, lung, head and neck, prostate cancers, and
osteosarcoma tumor [1–5, 10–12, 15]. It is therefore possi-
ble that point mutations in DR4 might be found in lung
cancer.

Table 2 The distribution of DR4 gene polymorphisms in patients and
controls

Cases % Controls %

G422A

GG 15 25 10 33,3

GA 34 56,7 12 40

AA 11 18,3 8 26,7

χ2 test P=0,324

C626G

CC 12 20 10 33,3

CG 34 56,7 12 40

GG 14 23,3 8 26,7

χ2 test P=0,271

A683C

AA 41 68,3 21 70

AC 19 31,7 7 23,3

CC 0 – 2 6,7

χ2 test P=0,086

A1322G

AA 53 88,3 24 80

AG 6 10 3 10

GG 1 1,7 3 10

χ2 test P=0,230
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We identified missense alterations in the DR4
ectodomain, extracellular cycteine-rich domain and death
domain. The C626G polymorphism is the most extensively
studied polymorphism in the literatures. In our study, the
wild type (CC) was seen in 20 % of patients and 33,3 % of
controls, whereas the CG and GG allelles seen in 56,7 %
patients and 40 % controls, and 23,3 % patients and 26,7 %
controls, respectively. The differences in both groups for
C626G polymorphisms were not significant (p=0,271).
Fisher et al [3]. showed that two alterations (G422C and
C626G) in ectodomain of DR4 occur an increased frequen-
cy in LC, HNSCC, and gastric adenocarsinoma samples. In
another study with bladder cancer, no differences in geno-
type or haplotype distribution for C626G polymorphism in
DR4 gene were found between patients with bladder cancer
and controls in Spain [4]. Furthermore, Hazra et al [2].
showed an increased risk of C to G transition in 626 position
of exon 4 of DR4 gene in bladder cancer. In Ovarian cancer,
alteration of the DR4 gene including C626G do not lead to
clinically relevant ovarian cancer predispositon [5]. Frank et
al [10]. reported that the heterozygous carriers of DR4 626C
>G showed a significant association with a decreased colo-
rectal cancer risk. A meta-analysis by Chen et al [14].
indicated that the C626G polymorphism in DR4 gene is
associated with cancer susceptibility.

The other missense alterations in the DR4 ectodomain is
G422A transition. Like C626G, G422A is also the TRAIL
binding region on DR4 receptor. Perhaps, this one or two
alteration in 422 and 626 positions of exon 4 of DR4 gene
may alter the TRAIL binding site on DR4 receptor and result
in deficient apoptotic signaling.We are found this transition in
56,7 % heterozygous and 18,3 % homozygous in the patients,
40 % heterozygous and 26,7 % homozygous in the control
group. Statistical analysis showed no differences in the two
groups (p=0,324). It was reported by Fisher et al [3]. that the
G422A polymorphism was found more frequently in some
primary tumors, including LC and head and neck cancer.
Moreover, Horak et al [5]. demonstrated no association be-
tween G422A polymorphism and ovarian cancer.

The A683C polymorphism is extensively studied, but to a
lesser extent than the C626G polymorphism. The A683C
polymorphism are located in the extracellular cycteine-rich
domain of DR4. An evidence-based meta-analysis by Chen et
al [14]. showed an association between an increased cancer
risk and A683C polymorphism in different genetic models.
Especially the AC and CC variants were associated with
increased risk of all types of cancer. In our study, the AC
variant was seen in 19 (31,7 %) patients and 7 (23,3 %)
controls, whereas the CC variant seen in only 2 controls (p=
0,086). The CC variant may be the protective variant in our
study population.

The A1322G polymorphism is located in the death do-
main of DR4. This domain is responsible from the

transmission of the apoptotic signal to the TRADD
(TNFR-associated death domain) and induct the apoptosis.
Chen et al [14]. reported that the AG and GG variant
genotypes in 1322 position of exon 10 of DR4 were asso-
ciated with marginally and statistically significant increased
risk of all types of cancer. In our study, most of our patients
and controls (88,3 % and 80 % respectively) were AA in
1322 position. Only 7 patients and 6 controls had AG and
GG variants at this position (p=0,230). In a study with
ovarian cancer, the AA variant was seen most frequently
like our study, and the did not find statistically significant
[5]. Martinez-Ferrandis et al [4]. were also found no asso-
ciation between A1322G polymorphism and breast cancer
in Spanish women, whereas the DR4 death domain A1322G
polymorphism was significantly more frequent in Mantle
Cell Lymphoma and chronic lymphocytic leukemia patients
than in a sex and age-adjusted healthy population [15].

To summarize, our investigation on DR4 gen polymor-
phisms, including G422A, C626G, A683C and A1322G,
showed no statistically significances between patients with
LC and controls. Most of genes, had a role on apoptotic
pathway, must be researched and the study population must
be kept great.
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