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Tumor necrosis factor related apoptosis-inducing ligand (TRAIL) plays an important

role in many cancers including hepatocellular carcinoma (HCC). The aim of this study is

to investigate the association of theDR4polymorphismsC626G (Thr209Arg, rs20575)

and A683C (Glu228Ala, rs20576) with the occurrence of HCC in Egyptian patients

chronically infected with HCV. The study included 80 patients with HCV-related HCC

(group 1) and 80 patients with HCV-related liver cirrhosis (group 2) who are naïve to

treatment. Clinical and laboratory data were recorded. Genotyping of TRAIL receptor

DR4 polymorphism C626G rs20575 and A683C rs20576 SNPwas done by Real-Time

PCR using taqman probes technology. The mean age of HCC patients was 57.6 ± 8.4

years with 62 patients (77.5%) were males. While group 2 mean age was 49.5 ± 10.29

years with 50%weremales. The frequency distribution of rs20575 genotypes showed

a statistically significant difference between the two studied groups (P = 0.02), the

carriers of the C allele were 2.01 times more likely to develop HCC than the carriers of

the G allele (P = 0.003), while no significant difference in rs20576 genotypes

distribution was found between the studied groups (P = 0.680). On combining the

carriers of C allele of rs20575 and the carriers of A allele of rs20576, a significant

difference was detected (P > 0.001) with 2.85 higher risk of HCC development in

patientswho carried both genetic risk alleles simultaneously. The significant difference

in DR4 polymorphisms among HCC and cirrhotic patients suggests their role as

potential risk factors of HCC development.
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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) is a challenging tumor that usually

develops on top of chronic liver disease and liver cirrhosis.1 Generally,

it has a bad prognosis so that its incidence is nearly equal to its

mortality rate.2 The incidence of HCC differs considerably in different

geographical regions, with more than 80% of cases occurring in

resources-poor countries.3 HCC represents the second cause of

cancer-related mortality in the world.4 The burden of HCC has

increased in Egypt with doubling the incidence in the past 10 years,

certainly with aging.5 In addition, it showed a strong male predomi-

nance.6 HCC is a complex process with multiple etiologies and the

pathogenesis is not fully understood, thus requires urgent studies.7

There are multiple etiologic factors affecting HCC.8 The most

common and widely distributed causes are chronic hepatitis B virus and

hepatitis C virus (HCV) infection, and cirrhosiswhatever its cause.9HCV

is considered to be the secondmost common cause of HCC, accounting

for 25% of HCC cases.10 In fact, HCV infection is a serious global health

threat, as 3.5 million new HCV infected cases and 350 000 deaths from

HCV-related disease complications are reported annually.11Despite the
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decrease in the prevalence of HCV in developed countries, the

developing countries, including Egypt, still exhibit increasing prevalence

rates of HCV infection. It was reported in 2015 to be about 10-14% in

Egypt representing the highest prevalence worldwide.12

Tumor development is normally prevented by the immune system,

which eliminates transformed cells via induction of apoptosis by tumor

necrosis factor related apoptosis-inducing ligand (TRAIL).13 Binding of

TRAIL to its cognatedeath receptorsDR4andDR5triggersactivationof the

apoptotic cascade. TRAIL DR4 is a member of tumor necrosis factor (TNF)

receptors that link exogenous stimuli via trans-membrane surface receptors

to the intracellular signaling machinery that mediates and executes the

death signal. These pathways are one of the major extrinsic apoptotic

signaling pathways.14 Any defect in death receptor signaling can confer

resistance to apoptosis,15 which is believed to be a hallmark of cancer.16

Thus, singlenucleotidepolymorphisms (SNP) in thesedeath receptors seem

to play a crucial role in the pathogenesis of cancer and have beendescribed

in different human cancers. The aim of this study is to investigate the

association of the DR4 polymorphisms C626G (Thr209Arg, rs20575) and

A683C (Glu228Ala, rs20576) with the occurrence of hepatocellular

carcinoma in Egyptian patients with HCV-related liver cirrhosis.

1.1 | Patients and methods

This study was carried out from January 2014 till May 2016 on 160

Egyptian patients with HCV attending the endemic medicine depart-

ment, Kasr Alainy hospital, faculty of medicine, Cairo University. They

were divided into two groups: Group 1 included 80 HCV-related liver

cirrhosis patientswhodevelopedHCCandGroup2 included80patients

with HCV-related liver cirrhosis without HCC. HCC was diagnosed

according to the American association for the study of liver diseases

(AASLD) updated practice guidelines.17 Liver cirrhosis was confirmed

using ultrasonography (US) and patients of group 2 underwent regular

liver US screening to exclude the occurrence of hepatic nodules.

Exclusion criteria included: other types of malignancies and patients

with HBV co-infection or with other causes of liver cirrhosis.

The study was approved by the local research ethics committee of

clinical pathology department, faculty of medicine, Cairo University.

An informed written consent was taken from each participant. All

patients were subjected to full history taking, full clinical examination,

routine laboratory investigations (complete blood picture, prothrom-

bin time and concentration, liver function tests, alpha fetoprotein

(AFP), anti HCV antibodies). The patients were classified according to

the Modified Child-Pugh classification, which detects the severity of

liver disease. Genotyping of TRAIL receptor DR4 polymorphism

C626G rs20575 and A683C rs20576 SNPwas done by Real-Time PCR

(RT-PCR) using taqman probes technology.

1.2 | Sample collection

Ten millilitre of blood were collected and divided into: 3mL of blood in

plain sterile vacutainers. Sample was allowed to clot at room

temperature, and then centrifuged at 4000 rpm for 5min. After

centrifugation, serum was separated and freshly assayed for chemistry

investigations and biochemical characterization of HCV specific

antibody titers. Two millilitre of blood in a sterile EDTA vacutainer for

completebloodcount assay inaddition to2mlofblood ina sterile citrate

vacutainer. Sample was then centrifuged at 4000 rpm for 20min.

Plasma was separated and prothrombin time was assayed. Three

millilitre of blood in a sterile Ethylene diamine tetra-acetic acid (EDTA)

vacutainer for the SNPgenotyping technique.DNAextractionwasdone

using fresh samples, and then stored at −20°C till amplification.

1.3 | Isolation of genomic DNA and SNP genotyping

Double stranded nucleic acid (DNA) was extracted from EDTA

anticoagulated blood by means of QIAamp DNA blood Mini kit

(Qiagen, Hilden, Germany). Quantity of DNAwas assessed on the basis

of Qubit dsDNA BR assay kit 10 with the use of Qubit 2.0 flurometer

(Invitrogen Thermo Fisher, Waltham, MA). Genotyping of TRAIL

receptor DR4 polymorphisms was determined using RT-PCR allelic

discrimination assays that was designed using Taq-Man® SNP

Genotyping Assays on StepOne™ Real-Time PCR systems (Applied

Biosystems, Foster City, CA).

The probeswere labeled using the fluorescent dyesVIC andFAM. The

PCR reaction mixture for all genes included 12.5μL TaqMan Universal

Mastermix (2×) noamperaseUNG (AppliedBiosystems), 1.25μLof the20×

working stockofSNPgenotypingassay, 6.25μLDNase freewater and then

5μL of the extracted DNA so that the total PCR reaction volume is 25μL.

PCR amplification was performed under the following conditions;

incubation at 95°C for 10min followed by 50 cycles of denaturation at

92°Cfor15 s,annealingandextensionat60°Cfor1min.Afteramplification,

melting curve analysis was performed and the StepOne RT-PCR systems

automatically calculated the negative derivative of the change in

fluorescence and generated a melting curve for each sample.

1.4 | Statistical analysis

Data were statistically described in terms of mean ± standard deviation

(±SD),medianand (25-75thpercentile), or frequencies (numberofcases)

and percentages when appropriate. Odds ratio (OR) and the 95%

confidence intervals (95% CI) were calculated to the genotypes and

allelic frequency between cases and controls. Comparison of numerical

variables between the study groups was done using Student t test for

parametric data and Mann Whitney for the nonparametric data in

comparing 2 groups. For comparing categorical data, Chi square (χ2) test

was performed. Exact test was used instead when the expected

frequency is less than 5. P values less than 0.05 was considered

statistically significant. All statistical calculations were done using

computerprogramSPSS (StatisticalPackage for theSocial Science;SPSS

Inc., Chicago, IL) release 15 for Microsoft Windows (2006).

2 | RESULT

The current study comprised 160 patients divided into two groups:

Group 1 included 80 patients with established diagnosis of HCC on top
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of HCV. Their mean age was 57.6 ± 8.4 years with 62 patients (77.5%)

were males. Group 2 included 80 patients with liver cirrhosis

secondary to HCV mono-infection; their mean age was 49.5 ± 10.29

yearswith 40 patients (50%)weremales. A significant difference in age

and sex distribution could be detected between the two groups,

P < 0.001 and 0.001, respectively.

The clinical and laboratory dataof the patients are shown inTable 1.

InTRAILDR4 rs20575, theCCgenotypewaspresent in35cases (43.8%)

of group 1 patients and 22 cases (27.5%) of group (2) patients. The CG

was present in 36 cases (45%) and 37 cases (46.3%) of group (1) and (2),

respectively, while the GG was present in nine cases (11.3%) and

21cases (26.2%) in group (1) and (2), respectively, with a statistically

significant difference between the two studied groups (P = 0.020). On

combining the CC and CG genotypes versus GG genotype in rs20575, a

significant difference was found between the two groups (P = 0.025),

showing that carriers of CC and CG genotypes are 2.8 times more likely

to develop HCC than the GG genotype carriers (Table 2).

TRAIL DR4 polymorphism rs20576 AA genotype was present in

58 cases (72.5%) in both groups, the AC genotype was present in 20

cases (25%) and 18 cases (22.5%) group (1) and (2), respectively, while

the CC genotype was present in 2 cases (2.5%) and 4cases (5%) in

group (1) and (2), respectively, with no statistical significant difference

in genotypes distribution between the two studied groups (P = 0.680).

On combining (AA, AC) genotypes versus CC genotype, no statistically

significant difference was found between the two groups (P = 0.681)

(Table 2). In rs20575, it was found that 106 (66.3%) were C allele and

54 (33.8%) were G allele within group (1) and 79 (49.4%) were C allele

and 81 (50.6%) were G allele within group (2) showing a statistically

significant difference between the two studied groups (P = 0.003). The

carries of the C allele are 2.01 times more likely to develop HCC than

carriers of the G allele (Table 3).

As for rs20576, it was found that 136 (85%) were A allele and 24

(15%) were C allele within group (1) and 133 (83.1%) were A allele and

27 (16.9%) were C allele within group (2) showing no significant

difference between the two studied groups (P = 0.760) (Table 3). On

combining the carriers of the C allele of rs20575 and the carriers of the

A allele of rs20576 against all other haplotypes, a significant difference

was detected (P > 0.001) with 2.85 times higher risk for HCC

development than the other haplotypes (Table 3).

When we applied the Hardy Weinberg equilibrium,18 the χ2 of

C626G and A638C are 2.61 and 1.58, respectively, which is less than

3.84. Thus, both genotype frequencies in HCC andHCV patients are in

Hardy Weinberg equilibrium.

The number of subjects who have AFP level ≤20 ng/mL was 11

(13.8%) and 58 (72.5%) in group (1) and (2), respectively, while with

AFP level< 20 ng/mL was 69 (86.2%) and 22 (27.5%) in group (1) and

(2), respectively. Group (1) showed higher number of subjects with

AFP <20 ng/mL and group (2) showed higher number of subjects with

TABLE 1 Clinical and laboratory data of the two studied groups

Variables
HCV (+) cirrhosis (+)
with HCC

HCV (+) cirrhosis (+)
without HCC P value

Age 57.6 ± 8.4 49.5 ± 10.29 <0.001

Sex

Male (n = 102) 62 (77.5%) 40 (50%) <0.001

Female (n = 58) 18 (22.5 %) 40 (50%)

Hb (g/dL)a 11.5 ± 2.05 10.92 ± 1.73 0.082

WBC's (×1000mm3)b 6.9 (4.35-9.35) 7.4 (5.15-11.47) 0.031

Platelet (×1000mm3)b 140 (89.2-170) 135 (98-207) 0.042

INRa 1.301 ± 0.271 1.3530 ± 0.594 0.484

ALT (U/L)b 59.0 (34-77.7) 52.5 (26.25-179.5) 0.008

AST (U/L)b 82.0 (56.2-178) 77 (40-204) 0.239

Albumin (g/dL)a 3.08 ± 0.56 3.27 ± 0.634 0.051

Total bilirubin (mg/dL)b 1.6 (1.125-2.35) 1.650 (1.1-3.45) 0.007

Direct bilirubin (mg/dL)b 0.6 (0.32-0.6) 0.5 (0.3-1.37) 0.008

Alpha-fetoprotein (ng/mL)b 311.35 (98.6-591.1) 11.6 (4.8-21) 0.014

Child-Pugh class

Class A (n = 67) 37 (46.3%) 30 (37.5%) 0.280

Class B (n = 66) 33 (41.2%) 33 (41.3%)

Class C (n = 27) 10 (12.5%) 17 (21.2%)

AFP ng/mL ≤ 20 ng/mL (n = 69) 11 (13.8%) 58 (72.5%) <0.001

AFP ng/mL < 20 ng/mL (n = 91) 69 (86.2%) 22 (27.5%)

Bold values indicate the significant P values.
aData presented by mean ± SD.
bData presented by median (25-75th percentile).
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AFP ≤ 20 ng/mL, with significant difference in the two studied groups

(P < 0.001) (Table 1). No significant association was found between

AFP cutoff level and rs20575 genotypes in group (1) (P = 0.427), or on

combining CC, CG genotypes versus GG genotype in rs20575,

(P = 0.347). While a significant association was found between AFP

cutoff level and rs20576 genotypes in group (1) (P = 0.001) and on

combining the AA, AC genotypes rs20576 versus CC genotypes,

(P = 0.017) (Table 4). A multivariate regression analysis was performed

and the independent risk factors for HCV-related HCC were AFP and

the DR4 polymorphism RS20575 (Table 5).

3 | DISCUSSION

The observation that certain types of cancer express death receptors

on their cell surfaces triggered the increased interest in exploring the

potential of receptor ligation as a novel anti-cancer modality, and since

the expression is somewhat restricted to cancer cells, the therapeutic

implications are very promising.19 One of such death receptors ligands

belonging to the tumor necrosis receptor (TNF) super family is the

TRAIL. It has been detected as a tumor selective molecule that

transmits death signal via ligation to its receptors (TRAIL-R1 and

TRAIL-R2 or death receptors 4 and 5; DR4 and DR5). Interestingly,

TRAIL-induced apoptosis through extrinsic as well as intrinsic death

pathways, is subjected to regulation both at the cell surface receptor

level as well as downstream at the postmitochondrial level.20

Substitution of an Arginine for Threonine in rs20575 polymor-

phism, and glutamate by Alanine in rs20576 polymorphism led to

structural changes within the region of TRAIL DR4 complex formation.

These polymorphisms may result in insufficient interaction with TRAIL

and obstructed induction of caspase-8 dependent apoptosis, causing

tumor development.21

The present study was performed on 80 HCC cases associated

with HCV infection and in 80 subjects with HCV related liver cirrhosis,

in order to verify the impact of these gene variants with the risk of

tumor development. In the present study, HCC patients were older

TABLE 2 Frequency distribution and risk estimate of C626G rs20575 and A683C rs20576 genotypes in the two studied groups

HCV (+) cirrhosis (+)
with HCC

HCV (+) cirrhosis (+)
without HCC OR (95% CI) P value

rs20575

CC (n = 57) 35 (43.7%) 22 (27.5%) 0.020

CG (n = 63) 36 (45%) 37 (46.3%)

GG (n = 30) 9 (11.3%) 21 (26.2%)

(CC+CG)a 71 (88.8%) 59 (73.8%) 2.80 (1.196-6.595) 0.025

rs20576

AA (n = 116) 58 (72.5%) 58 (72.5%) 0.680

AC (n = 38) 20 (25%) 18 (22.5%)

CC (n = 6) 2 (2.5%) 4 (5%)

AA+ACb 78 (97.5%) 76 (95%) 0.487 (0.087-2.7) 0.681

Bold values indicate the significant P values.
aCompared versus GG.
bCompared versus CC.

TABLE 3 Frequency distribution and risk estimate of rs20575 and rs20576 alleles and the carriers of C allele rs20575 and A alleles rs20576
against other haplotypes in the two studied groups

HCV (+) cirrhosis (+)
with HCC

HCV (+) cirrhosis (+)
without HCC OR (95%CI) P value

rs20575 2.013 (1.282-3.160) 0.003

C allele (n = 185) 106 (66.3%) 79 (49.4%)

G allele (n = 135) 54 (33.8%) 81 (50.6%)

rs20576 0.869 (0.477-1.583) 0.760

A allele (n = 269) 136 (85%) 133 (83.1%)

C allele (n = 51) 24 (15%) 27 (16.9%)

The haplotype Group (1) N = (80) Group (2) N = (80) OR (95%CI) P value

Carriers of C allele rs20575 and

A allele rs20576

138 (86.2%) 110 (68.8%) 2.85 (1.6-5.0) P > 0.001

Other haplotypes 22 (13.8%) 50 (31.2%)

Bold values indicate the significant P values.
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than cirrhotic patients that was in agreement with other studies22–25

and showed 3.4 folds increase in male incidence in agreement

with.26,26,6 It was attributed to highermales exposure to risk factors for

example, HBV, HCV, alcohol consumption, smoke cigarettes, and have

increased iron stores in addition to the possible effect of androgens.27

In rs20575, it was found that 106 (66.3%) were C allele and 54

(33.8%) were G allele within group (1) while 79 (49.4%) were C allele

and 81 (50.6%) were G allele within group (2) with a significant

difference (P = 0.003).The carries of the C allele are 2.01 times more

likely to develop HCC than carriers of the G allele.

In rs20576, it was found that 136 (85%) were A allele and 24 (15%)

wereCallelewithingroup (1)while133 (83.1%)wereAalleleand27 (16.9%)

were C allele within group (2) showing no significant difference (P=0.760).

By combining the carriers of the C allele of rs20575 and the

carriers of the A allele of rs20576 against all other haplotypes, a

significant difference was detected (P > 0.001) with 2.85 times higher

risk of HCC development than other haplotypes.

A previous study,28 which was the only study done (up to our

knowledge), investigating the role of TRAIL DR4 polymorphisms in

HCC patients. A total number of 393 German patients with chronic

hepatitis C virus were enrolled, including 159 patients with HCV-

associated HCC and 234 HCV patients without HCC. All subjects in

this study were of Caucasian descent. It was revealed that the CC

genotype of rs20575 was present in (25.2%) and (24.2%) in groups (1)

and (2), respectively, the CG genotype was present in (54.7%) and

(46.4%) in groups (1) and (2), respectively, and the GG genotype was

present in (29.6%) and (20.1%) in groups (1) and (2), respectively.When

the frequency of TRAIL DR4 polymorphism rs20576 was investigated,

the AA genotype was present in (75.8 %) and (59.4%) of groups (1) and

(2), respectively, the AC genotype was higher in group (2) and (36.3%)

when compared with group (1) (21.9%), while the CC genotype was

present in (3.1%) and (4.3%) in group (1) and (2), respectively.

Similarly, study by Korner et al showed an increased prevalence of

carriers with 626C allele that reached a statistically significant

difference (P = 0.034) and the carriers of the C allele were 1.67 times

more likely to develop HCC than the GG genotype. On combining the

carriers of 626Callele and AA683 genotype against all other

combinations, a statistically significant difference was found between

HCC and HCV groups, with risk 1.9 more likely to develop HCC than

the other combinations.

In contrast to our results, Korner et al showed an increased

prevalence of 683A allele carriers that reached a statistically significant

difference between HCC and HCV patients (P = 0.002) and carriers of

theA allelewere 1.82 timesmore likely to developHCC than carriers of

the G allele. It is worth mentioning that all their patients had HCV

genotype 1 while genotype 4 (HCV-G4) is responsible for more than

90%of the infections in Egypt, with the remaining due toHCV-G1.29,30

Because of the importance of DR4 gene polymorphisms in cancer

development, the C626G and A683G polymorphisms were investi-

gated in different types of cancer.31 There was an increased risk of

DR4C626G polymorphism in bladder cancer patients, another study32

that studied the genotype of 521 breast cancer cases and 1100 control

subjects, found an almost fourfold increased susceptibility attributable

to the carriage of C626G and A683C haplotype but not C626G

alone.33 It was reported that DR4 haplotypes are an independent

susceptibility factor for gallbladder carcinoma.

Death receptor 4 polymorphisms have been associated with cancer

risk, but because the findings have been inconsistent, a three meta-

analysis studies have been performed to estimate the relationship in

details. A meta-analysis34 which was performed on 2874 cases with

different cancer types and 3220 controls describing C626G genotypes,

while forA683Ggenotypes, 1939 cases and2536controlswere enrolled,

all subjects in the studywere of Caucasian ethnicity. In harmonywith our

results, it revealed that DR4 C626G polymorphism is associated with

TABLE 4 Frequency distribution of rs20575 genotypes with alpha
fetoprotein cutoff level in group (1)

AFP (≤20 ng/mL) AFP (>20 ng/mL) P value

rs20575 genotype

CC (n = 35) 5 (45.5%) 30 (43.5%)

CG (n = 36) 6 (54.5%) 30 (43.5%) 0.427

GG (n = 9) − 9 (13.0%) 0.347a

rs20576 genotype

AA (n = 58) 6 (54.5%) 52 (75.4%)

AC (n = 20) 3 (27.3%) 17 (24.6%) 0.001

CC (n = 2) 2 (18.2%) − 0.017b

Bold values indicate the significant P values.
aCC+CG versus GG.
bAA+AC versus CC.

TABLE 5 A multivariate regression analysis for the independent risk factors for HCV-related HCC

95% CI for EXP (B)

B S.E. Wald df P-value Exp (B) Lower Upper

White blood cells −0.252 0.144 3.045 1 0.081 0.777 0.586 1.032

Total bilirubin −4.169 1.400 8.868 1 0.003 0.015 0.001 0.240

Direct bilirubin 3.769 1.582 5.680 1 0.017 43.356 1.953 962.472

AFP 0.089 0.026 11.640 1 0.001 1.094 1.039 1.151

RS20575 1.851 0.654 8.001 1 0.005 6.366 1.765 22.954

Constant −1.889 1.666 1.286 1 0.257 0.151

Bold values indicate the significant P values.
B, regression coefficient; SE, standard error of the coefficient; CI, confidence interval.
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increased cancer susceptibility, while they found that DR4 polymorphism

A683C is associated with cancer, especially the AC and CC variants.

In contrast, the meta-analysis performed by Chen and colleagues35

found that TRAIL DR4 C626G polymorphism is marginally associated

with cancer susceptibility, while in A683C the C allele is associated with

increased risk for cancer. Anothermeta-analysis36 revealed that C626G

polymorphism is not associated with different types of cancer. The null

associations implicated in thesemeta-analysis studiesmay be attributed

to the small sample size and performing the study on patients with

different ethnicities, so we cannot rule out the possibility that DR4

polymorphisms have an impact on cancer development. This highlights

the importance of a sufficient sample size and epigenetic studies, in

detecting the true polymorphism-cancer associations.

In the present study, No significant association could be detected

between thedifferent genotypesof rs20575andAFP,orwhencombining

CC+CG genotypes versus GG genotype in group (1). A significant

association was found between the different genotypes of rs20576 and

AFP cutoff level. Also on combining the AA and AC genotypes rs20576

versus CC genotypes, a statistically significant association could be

detected with AFP, but this significance may be attributed to the small

number of subjects with CC genotype (n = 2).

In harmony with our study, the one conducted by Ahmad et al.

(2012)36 who compared HCC patients with cirrhotic and chronic active

hepatitis patients and found a significant difference in AFP level in the

HCC group compared to the control group (P value≤ 0.04). Similarly, a

study done byOmar and El Behiry, 201537 in Egypt revealed a significant

difference inAFP levelbetweenHCCandHCVgroups (P = 0.001)with the

mean level of 264.5579 ± 0.7 and 25.012 ± 0.6, respectively.

Arrieta and colleagues reported that AFP levels <20 ng/mL are

considered normal. High AFP levels have been found in 60-70% of

patientswithHCCwhich are usually <100 ng/mL; in addition, there are

other causes of increased AFP levels, such as cirrhosis. Elevated AFP

was detected in 10-33% of patients with chronic liver disease without

HCC representing a risk factor for HCC development, thus suggesting

that increasedAFP production in these patientsmight reflect abnormal

or altered liver cell regeneration.38,39

In conclusion, this study highlighted the role of TRAIL DR 4

polymorphisms in Egyptian patients with HCV-related liver cirrhosis as

a risk factor for development of HCC.
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