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a  b  s  t  r  a  c  t

Fas/Fas  ligand  (FasL)  system  is the  most  critical  apoptotic  signaling  entity  in  the  extrinsic  apoptotic
pathway; hence  mutations  affecting  this  pathway  may  prevent  the  immune  system  from  the removal
of  newly-formed  tumor  cells,  and  thus  lead  to tumor  formation.  The  present  study  investigated  the
association  between  the  FasL  -844T/C  polymorphism  and  the  risk  of  hepatocellular  carcinoma  (HCC)  in a
cohort of Egyptian  patients  and  explored  the relationship  of  various  clinical  and  pathological  parameters
with  this  single  nucleotide  polymorphism  (SNP).

Blood  samples  were  withdrawn  from  hundred  HCC  patients  and 100  age-,  sex-  and  ethnically
matched  controls.  The  FasL  -844  T/C  (rs763110)  gene  polymorphism  was  typed  from  genomic  DNA  using
polymerase  chain  reaction  restriction  fragment  length  polymorphism  (PCR-RFLP)  assay.  Genotype  dis-
tributions  and allelic  frequencies  between  patients  and  control  subjects  showed  that  the  TT  homozygous
patients  were  two  times  more  likely  to  develop  HCC  (p =  0.011).  Also,  the  T allele  was  found  to  be a  sig-

nificant  risk  factor  for the  disease  (OR  1.970,  95% CI 1.250–3.105,  p  = 0.003).  No  association  was  detected
between  different  parameters  of  the  disease  and  the SNP.  For  the first  time,  our results  suggest  that  the
-844T/C polymorphism  in  the FasL  gene  confers  risk  to  HCC.  The  alarming  increase  in  the  incidence  of
HCC  in Egypt  encourages  further  studies  to document  our  results  in  a larger  sample,  and  recommends
more  genetic  studies  hoping  to define  a genomic  risk  prediction  specific  to this  cancer  in our population.

© 2016  European  Federation  of  Immunological  Societies.  Published  by  Elsevier  B.V.  All  rights  reserved.
. Introduction

Annually, more than 560,000 people are diagnosed with hep-
tocellular carcinoma (HCC) and approximately the same number
ies with it, demonstrating the gloomy outcome of this malignancy
1]. Worldwide, HCC is one of the most common cancers associated
ith poor prognosis [2].

Egypt had witnessed a remarkable increase in the incidence of
CC over the past decade, and studies show that there has been
lmost a doubling in the proportion of HCC among chronic liver
isease (CLD) patients from 4.0% to 7.2% over a decade [3] to rank
s the second and 6th most common cancer in Egyptian men  and

omen respectively [4].

The magnitude of the problem had made studies targeting every
spect of the disease a national call; hence a bulk of researches is
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running within this field. Single nucleotide polymorphisms (SNPs)
have been shown to play an important role in the genetic suscep-
tibility to cancer [5]. Of these SNPs, are the functional mutations in
the Fas and FasL genes, which have been proposed to be associated
with an increased risk of many types of malignancies [6,7].

Fas/Fas ligand (FasL) system is one of the key apoptotic
signaling pathways, Fas (TNFRSF6/CD95/APO-1) and Fas ligand
(TNFSF6/CD178) belong to the tumor necrosis factor superfamily
[8]. Fas is a cell-surface receptor involved in apoptotic signal trans-
mission in many cell types [9] and interacts with its natural ligand,
Fas ligand (FasL) which was  first described as a cytotoxic protein
that is only expressed in activated T cells. However, it is now known
to be present in many other cell types in various organs, such as the
eyes, brain, placenta and testicles [10].

The death signal cascade initiated by Fas/Fas ligand interaction
is important for T-cell homeostasis, cytotoxic T-cell activity, and

maintaining immune-privileged sites in the body [11].

Cancers exhibit two opposite effects of the FAS/FASL system.
Expression of FAS on tumor cells, may  assist FAS-triggered killing of
tumors by the infiltrating lymphocytes [12], on the other hand, the
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Table  1
Genotypic and allelic frequencies of the FasL-844 polymorphism between cases and controls and their associations with the risk of HCC.

Genotypes Cases (n = 100) Controls (n = 100) OR 95%CI P

T/T 60(60%) 42(42%) 2.071 1.178–3.639 *0.011
T/C  40(40%) 50(50%) – – –
CC  0 8(8%) – – –
T  160(80%) 134(67%) 1.970 1.250–3.105 *0.003
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* p < 0.05 is statistically significant.

xpression of FASL on tumor cells may  resist the antitumor immune
esponse, rendering the tumor an immuno-privileged site [13]. In
iew of these findings, we hypothesized that the polymorphisms
f these crucial genes of the apoptosis pathway may  influence the
usceptibility to cancer.

The FasL gene maps on chromosome 1q23. The FasL -844T/C
olymorphism locates in the gene promoter. It has been shown
hat the FasL -844C allele and its flanking sequence constitute CAAT
ox that is the binding site for CAAT Enhancer Binding Protein Beta
C/EBPb), resulting in a significantly higher basal FasL expression,
han the T allele, and that increased expression of FasL induces the
poptotic activity of the Fas/FasL pathway [14].

Insight of the above mentioned, the present study was
onducted to 1-Investigate the association between -844 T/C
rs763110) polymorphism in FasL with hepatocellular carcinoma
n a cohort of Egyptian patients. 2- Explore whether FasL -844T/C
olymorphism is associated with the clinical and pathological
arameters of the disease.

. Subjects and methods

.1. Study subjects

The present study comprised hundred HCC patients (86 males
nd 14 females) (mean age 59.22 ± 8.0133) diagnosed according
o the guidelines formulated by the European Association for the
tudy of the Liver (EASL) for HCC diagnosis and management [15].

Patients were attending the outpatient clinic or the inpatient
ards of the department of Internal medicine, Faculty of Medicine,
airo University. One hundred, age (mean of 55.30 ± 8.313), sex
86 males and 14 females) and ethnically matched healthy vol-
nteers were included in the current study as a control group.
eripheral blood samples were obtained from all subjects after giv-
ng informed consent. The study was approved by the hospital’s
thical committee (according to the WMA  Declaration of Helsinki).

All patients in the study were subjected to full history taking,
areful clinical examination, laboratory investigations, abdominal
ltrasonography (US), triphasic helical computed tomography (CT)
nd/or dynamic magnetic resonance imaging (MRI).

.2. Methods

.2.1. Genotyping
Total genomic DNA of patients and healthy controls was

xtracted from about 2 mL  anticoagulated whole blood on EDTA
sing Qiagen extraction kit (catalog number 51104, USA).

The genotyping of FasL gene (rs763110) single nucleotide
olymorphism was performed by using a polymerase chain
eaction–restriction fragment length polymorphism (PCR-RFLP)
ssay. For quality control, genotyping was repeated for random
amples in each group to confirm our results.
DNA was amplified by PCR using 5′-CAGCTACTCGGAGGCCAAG-
′ (sense) and 5′-GCTCTGAGGGGAGAGACCAT-3′ (antisense)
rimers (spanning FasL region containing rs763110 site). (GenBank
ccession no: AF027385, Z96050).
– – –

PCR reactions were carried out in a 25-�L reaction mixture
containing 100 ng extracted DNA, 100 �m dNTPs, 20 pmol of each
Primer, 1.5 mM MgCl2, 1x PCR buffer with (NH4)2 SO4 and 2U
Taq DNA polymerase. The PCR reaction tubes were then placed in
the thermal cycler (GeneAmp PCR system 9700, Germany). The PCR
amplifications cycles were performed as follow: initial denatura-
tion at 95 ◦C for 2 min  followed by 35 cycles of denaturation at 95 ◦C
for 45 s, annealing at 62 ◦C for 1 min  and extension at 72 ◦C for 90 s.
A final extension step at 72 ◦C for 7 min  was  performed.

PCR products were then digested by 10 U BseMI,  using the condi-
tions recommended in the manufacturer’s instructions (Fermentas,
Lithuania) and DNA fragments were separated by electrophoresis
in 3% agarose gel stained with ethidium bromide.

The homozygous T/T allele (wild type) does not contain a recog-
nition site for the enzyme BseMI,  so the 401 bp amplificon remains
unaltered after incubation with BseMI.  As for the homozygous C/C
allele, it contains a recognition site for the FastDigest BseMI  restric-
tion enzyme, so the digestion product of the PCR amplificon having
C/C genotype, using BseMI,  yields two  DNA fragments 233 bp and
168 bp in length. In case of the heterozygous T/C allele, incuba-
tion of the PCR amplification product with BseMI yields three DNA
fragments 401 bp, 233 bp and 168 bp in length [16].

2.2.2. Statistical analysis
Data were statistically described in terms of mean ± standard

deviation (± SD), or frequencies (number of cases) and percent-
ages when appropriate. Comparison of numerical variables was
done using unpaired T test. For comparing categorical data, Chi
square (�2) test was performed. Exact test was  used instead when
the expected frequency is less than 5. All p values less than 0.05
were considered statistically significant. In addition, conformity to
the Hardy Weinberg law of genetic equilibrium was tested among
controls using the chi square test through the assessment of the dif-
ference between the frequencies of the observed and the expected
genotypes. Odds ratio (OR) and 95% confidence interval (CI) were
used for risk estimation. All statistical calculations were done using
computer programs SPSS (Statistical Package for the Social Science;
SPSS Inc., Chicago, IL, USA) version 15 for Microsoft Windows.

3. Results

Genotype distributions of FasL gene (rs763110) single
nucleotide polymorphism in the case-control cohort of patients
with HCC are shown in Table 1. Genotype distribution of FasL-
844 T/C polymorphism in controls was in accordance with
Hardy–Weinberg equilibrium (p > 0.05).

The HCC patients were classified according to FasL genotypes
into 2 groups: T/T group which included 60 (60%) patients and T/C
group which included 40 (40%) patients. On the other side, the con-
trols were classified into 3 groups according to the FasL genotypes:
T/T group which comprised 42 (42%) subjects, T/C group which

comprised 50 (50%) subjects and C/C group which comprised 8 (8%)
subjects. These frequencies carry significant difference as regards
the susceptibility to HCC (p = 0.011), with the TT genotype showing
twofold higher in cases than controls.



86 R.H. Khalifa et al. / Immunology Letters 172 (2016) 84–88

Table  2
Comparison between FasL genotypes as regards to the clinical data of HCC patients.

Clinical Data T/T group (n = 60) T/C group (n = 40) p

Child Class A 30 (50%) 20 (50%) 1.000
B  24 (40%) 16 (40%)
C  6 (10%) 4 (10%)

Lymph Node Metastasis Yes 10 (16.7%) 8 (20%) 0.671
No  50 (83.3%) 32 (80%)

Distant Metastasis Yes 4 (6.7%) 4 (10%) 0.547
No  56 (93.3%

*p < 0.05 is statistically significant.

Table 3
Comparison between FasL genotypes as regards to the laboratory data of HCC
patients.

Laboratory Test T/T group (n = 60) T/C group (n = 40) p

ALT (U/L) 49.46 ± 17.86 46.80 ± 25.11 0.565
AST (U/L) 93.37 ± 53.31 78.85 ± 37.14 0.138

*
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Several other defects of apoptosis have been reported in HCC
AFP  (ng/ml) 2107.53 ± 6880.29 2681.69 ± 6023.77 0.669

p < 0.05 is statistically significant.

The allele frequencies of the FasL -844 T/C gene polymorphism
ere also investigated. The T allele of the FasL-844 gene polymor-
hism was found to be more frequent in patients than in controls
80% and 67%, p = 0.003, respectively), while the C allele was estab-
ished to be more frequent in controls than patients (33% and 20%,

 = 0.003, respectively).
The 2 groups were compared clinically regarding Child Pugh

lass, lymph node metastasis and distant metastasis. We  did not
nd any statistically significant differences between the 2 groups
s regards all these points of comparison (p > 0.05) (Table 2).

Alpha fetoprotein (AFP), alanine transaminase (ALT) and aspar-
ate transaminase (AST) are common clinical and pathological

arkers of HCC. Our study analyzed the levels of these pathological
arkers associated with FasL genotypic frequencies. No statisti-

ally significant differences were detected between the 2 groups
f HCC patients as regards the AST, ALT and the AFP (p = > 0.05)
Table 3).

. Discussion

Identifying the underlying genetic factors of many diseases
ould help our understanding of their pathogenesis and eventually
ead to better outcome of such diseases. Within this context, many
esearchers studied the role of FAS and FASL gene polymorphisms
n the risk to various cancers [17–19]. Of these polymorphisms,
ttention has been paid to the FasL -844T/C SNP, owing to its pro-
osed role on the FasL expression level and ultimately, the risk to
ancer [20].

The burden of HCC in Egypt had urged us to study the role
f such potential gene polymorphism in the susceptibility of the
isease in a cohort of our patients. The study was conducted on
atients submitted to Kasr-AL-aini hospital in Cairo, which is the
eference hospital for HCC in Egypt; hence the study was  a good
epresentative of the disease in our population.

Our results showed that the FasL gene -844 TT genotype was
ssociated with an increased risk for the development of HCC (OR
.071 with 95% CI 1.178–3.639, p < 0.011) compared with the TC and
C genotypes. In addition, the FasL-844 T haplotype appears to con-

er a significant risk for the disease (OR 1.970, 95% CI1.250–3.105,

 = 0.003).

Within this context, Jung et al. constructed a study to determine
hether FasL-844 T/C polymorphism is associated with clinical

utcome in chronic HBV infection in Korean subjects. However, in
) 36 (90%)

contrast to our findings, the study failed to find any association
between the SNP and the HBV clearance and development of HCC
[21].

The -844C and -844T have different roles in tumor development.
In conjunction with previous reports [22,23], our results suggest
that the TT genotype and the T allele of the FasL-844 gene poly-
morphism may  decrease the expression of FasL in cytotoxic cells
in cancer patients and thus increase the risk of the disease. On the
other side, Sung et al. conducted a study on lung tissues of patients
with Non-Small Cell Lung Cancer. Their results showed that the FasL
-844CC genotype had higher prevalence in those with advanced
tumors than in those with early tumors and also show more ten-
dency to tumor relapse. Accordingly they hypothesized that tumor
cells with FasL -844CC genotype might have higher FasL expression
and hence can counterattack the tumor-infiltrating T cells and thus
evade the immune response [24].

Previous studies had shown that the FasL-844T/C gene polymor-
phism is a risk factor for many cancers as lung cancer [7], cervical
cancer [25], bladder cancer [26], pancreatic cancer [19], and breast
cancer [27]. Our results are in agreement with previous findings
by Ter-Minassian et al., who  reported that subjects under the age
60 years with the FasL TT genotype had higher risk for non-small
cell lung cancer [22], also Lei et al. found that the -844 TT carriers
had significant increased risk of the prevalence of second primary
cancer after head and neck squamous cell carcinoma [23]. How-
ever, Sun et al. results stand in contrast. They reported a lower risk
for developing esophageal squamous-cell carcinoma in individuals
with FasL -844 TT genotypes [6]. In accordance with that, a meta-
analysis conducted by Zhang et al. showed that the T allele has a
possible protective effect on cancer risk while the C allele is a can-
cer susceptibility marker, this association between the SNP and the
cancer risk was  obvious among Asians [28].

This significant difference on the role of -844T/C in cancer devel-
opment may  be attributed to many factors. In part the different
ethnicity definitely plays a role. This is evidenced in a study done
by Hashemi et al. in a cohort of Iranian patients with breast cancer
using the tetra-ARMS-PCR method. However the results came con-
tradictory to those of our study cohorts, as authors reported that
the rs763110 T haplotypes are associated with decreased risk of
breast cancer in their ethnic group [29].

The discrepancies in results could also be allocated to several
environmental and other factors that influence the studied popu-
lation as for example, the genetic background of different patients.
Moreover, it is noteworthy that there are several ways of immune
evasion that could be adopted by different types of tumors, other
than those related to apoptosis, as reduction in the MHC-I expres-
sion, impaired antigen presentation, mutations of the antigen,
heterogeneous expression of multiple antigens and the expression
of immunosuppressive factors by the tumors [30].
which could also explain the heterogenous results compared to
other types of tumors. Of these are mutations in the p53 tumor
suppressor gene, misregulation of the transforming growth factor-
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eta (TGF-�) family of cytokines, imbalance in members of Bcl-2
amily with overexpression of the anti-apoptotic proteins; Bcl-XL,

cl-1 and down regulation of pro-apoptotic members of the fam-
ly, such as Bax or Bcl-XS. In addition, over activation of survival
ignals in HCC cells is also described [31].

It is important to bear in mind the relative or absolute suppres-
ion of the apoptotic process displayed by the hepatoma cells that
ay  cooperate with the FasL defect associated with -844T. This

s verified in a study carried out by Liu et al. to delineate causes
ehind persistence of hepatitis B virus (HBV) in hepatocytes and
ence progression to cirrhosis and ultimately to HCC. Their report
emonstrated that hepatitis B viral core protein (HBc) may  prevent
epatocytes from Fas-induced apoptosis by dual effects; on one side

t represses the proapoptotic p53-dependent Fas-mediated apopto-
is of hepatocytes by suppression of both mFas and FasL expression
t the transcriptional level, whereas on the other side it increases
he antiapoptotics Fas expression by facilitation of Fas alterna-
ive splicing [32]. Another study examined liver samples obtained
rom patients with: chronic hepatitis (CH), cirrhosis and HCC. They
eported that the Fas/FasL system expression and apoptosis are up
egulated in chronically-damaged liver tissues, reaching a peak in
atients with cirrhosis; however the onset of cancer is not associ-
ted with a further increase, but rather with a shut-down of this
ystem, supporting the idea that HCC cells are able to adjust the
mmune response in favor of their survival [33].

In addition, other defects of cell-mediated cytotoxicity are
escribed in association with tumor development. Indeed, loss of
poptosis signaling through Fas (CD95) as a consequence of dereg-
lation of the expression of the Bcl-2 family proteins or inhibitor
f apoptosis proteins has been reported to support tumor survival
34]. Also, a study done by Brennan et al. showed that mutations
n the pore forming protein; perforin (PRF) are associated with
ncreased frequency of cancers, arguing strongly in favor of a critical
ole for PRF in the immune surveillance of cancer [35].

In this study, the relations of the gene polymorphisms with clini-
al and pathological parameters of the disease were detected. There
ere no significant differences between the gene polymorphism

nd age, gender, lymph node metastasis, distant metastasis, and
hild classification.

In conclusion, to the best of our knowledge, this is the first
tudy implicating the FasL gene −844T/C polymorphism in the sus-
eptibility to HCC. This step forward might aid to design targeted
herapies in the future in people bearing this risk gene.
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