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Abstract Hepatocellular carcinoma (HCC) is the most com-
mon type of liver cancer, where the risk of its development is
always multifactorial. Human interleukin-6 (IL-6) is a pro-
inflammatory cytokine that plays a crucial role in the regula-
tion of immune response and defense against viral infection; it
was hypothesized that this cytokine may participate in the
process of liver damage. The aim of our study was to investi-
gate IL-6-572 C/G gene polymorphism in patients with HCC
as compared with healthy controls in an Egyptian population,

in order to see if there is a significant association between IL-6
gene polymorphism and susceptibility to HCC development.
A total of 165 subjects divided into 55 HCV, 60 HCC, and 50
healthy subjects were enrolled in the study for evaluation.
Genomic DNAwas extracted from the peripheral blood, and
genotyping was performed using RT-multiplex PCR (real-
time multiplex polymerase chain reaction) methodology.
G/C, G/G, and C/C frequencies in HCV patients were 16.4,
78.2, and 5.5%, respectively; furthermore, the frequencies
were 18.3, 75.0, and 6.7% in HCC patients, and 28.0, 62.0,
and 10.0% in the control group, respectively. The frequencies
of G and C alleles in HCV patients were 86.4 and 13.6% and
in HCC patients were 84.2 and 15.8% while in the control
group, the frequencies were 76.0 and 24.0%, respectively.
There was no significant difference between the studied
groups regarding G/C, G/G, and C/C frequencies or G and C
allele’s frequencies. IL-6-572 promoter gene polymorphism is
neither associated with HCV infection nor with development
of HCC. Further studies including bigger sample size are
suggested.
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Introduction

Hepatocellular carcinoma (HCC) is considered the fifth most
common cancer worldwide (Dhir et al. 2016); nowadays, it is
known to be the second global cause of cancer-related mortal-
ity. The tumor progression is fairly silent; hence, patients used
to suffer late symptoms and clinical signs (Kim et al. 2016).
Development of HCC is attributed to multiple factors such as
hepatitis B virus, hepatitis C virus, aflatoxin, alcoholism, and
smoking, yet it is most frequently seen in patients with hepatic
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cirrhosis (Zhu et al. 2007). To date, there is a mounting prev-
alence and a well-documented bond between HCC and vari-
ous chronic inflammatory factors exemplified in different cy-
tokines (Caglevic et al. 2016).

HBV and HCV are the chief offenders of HCC in Eastern
Mediterranean Region countries and the Middle East; hence,
their prevalence necessitated application of different strategies
to tackle them accordingly. A systemic review done by
Alavian and Haghbin (2016) showed that HCV-related HCC
are very common in North African nations. In Egypt, hepatitis
C is acknowledged as the most endemic viral infection with
the uppermost prevalence rate in the world embracing a major
health problem in the country (Elgharably et al. 2017). In
2008, 15% of the Egyptian population were categorized as
seropositive, 10% were chronically infected, in addition to
90% infected with genotype 4. Lately, the seropositivity of
HCV infection has dropped to 6.3% amid the studied
Egyptian population which in turn has led to an approximate
30% decline in its prevalence between 2008 and 2015 (El-
Akel et al. 2017). Currently, the government is working on
monitoring the blood product processing in addition to tailor-
ing more stringent laws regarding compensated donors espe-
cially injection drug users.

Different cytokines play key roles in the regulation of im-
mune response and defense against viruses; a study by Lu
et al. (2014) has revealed that the amount of cytokine produc-
tion in various diseases is related to polymorphisms affecting
the cytokine genes.

IL-6 is a multifunctional cytokine that is recently known to
be an important constituent of cancer-associated cytokine
complex which ultimately results in both a systemic immune
stimulation together with cancer-induced immune suppression
that eventually protects the cancer cells (Lippitz and Harris,
2016). Recently, IL-6 has been intensively studied, as in-
creased levels of IL-6 have been detected in HCC patients’
serum (Lippitz and Harris, 2016).

IL-6 gene is located on the short arm of chromosome num-
ber 7, and it consists of five exons and four introns (Zhang
et al. 2014). Polymorphisms in IL-6 promoter region were
shown to be implicated in the pathogenesis of several
immune-mediated diseases such as ankylosing spondylitis,
psoriatic arthritis, Behcet’s disease, inflammatory bowel dis-
ease, and allergy. It was also proved to be involved in many
cardiovascular, neuromuscular, and infectious diseases
(Argiles et al. 2006).

Although the relation between IL-6 and HCC development
is still unclear yet several studies have revealed that HCC
progression is solely dependent on the extend of liver inflam-
mation, hence, the balance between pro-inflammatory and
anti-inflammatory cytokines is the key ingredient for control-
ling the disease progression; this means that IL-6 gene poly-
morphism could result in disturbance in this balance and de-
velopment of the disease (Sghaier et al. 2017).

Despite various independent studies, the relation between
IL-6 and cancer development is still in its infantile stage since
there has not been a comprehensive cross-reference and/or
systematic analysis made for solid establishment of an onco-
logical concept for its role (Lippitz and Harris, 2016).

In this study, we needed to explore the correlation between
IL-6 (rs 1800796) polymorphism and HCC susceptibility
using real-time PCR (RT-PCR) by adopting a case-control
design for implementation of proper detection of significant
difference between the studied groups.

Subjects and methods

Study population and demographic information

Our study was conducted in the Tropical Medicine department
at Theodor Bilharz Research Institute (TBRI) where 165 sub-
jects were enrolled and divided into three groups; group A
involved 55 patients diagnosed with HCV while group B con-
stituted 60 patients with established diagnosis of HCC on top
of chronic hepatitis C infection. Lastly, group C involved 50
healthy age- and sex-matched individuals who served as a
control group. HCV patients were diagnosed by assessing
HCV Ig G antibodies using enzyme-linked immunosorbent
assay (ELISA) as well as detection of HCV RNA by RT-
PCR; moreover, diagnosis of HCC occurrence was confirmed
by CT scan and MRI radiological techniques. Exclusion
criteria were made to eliminate those with HBV comorbidity,
schistosomiasis, alcohol consumption, or antiviral therapy
from the study. An informed consent was obtained from pa-
tients who participated in the study. Moreover, the procedures
used were approved by TBRI ethics committee according to
Helsinki Declaration.

Group A “HCV patients” was subdivided into 26 (46.7%)
males and 29 (53.3%) females, and their age ranged from 34
to 67 years (mean ± SD = 44.3 ± 13.9). In group B “HCC
patients,” there were 42 (70%) males versus 18 (30%) females
wi th age ranged f rom 48 to 60 year s (mean ±
SD = 46.8 ± 15.9). Furthermore, group C included 40 (80%)
males and 10 (20%) females with their age ranged from 32 to
57 years (mean ± SD = 46.7 ± 13.3).

Genomic DNA extraction

Genomic DNA was obtained using the QIAamp DNA Mini
Kit (Qiagen; catalog no.: 51104). Five-milliliter peripheral
venous whole blood was collected in a sterile vacuum tube
containing EDTA for genomic DNA extraction by means of
standard protocol using proteinase K. Lysis of red blood cells
was done three times using lysis buffer. Afterwards, sodium
dodecyl sulfate (SDS) 10% and 10 μl proteinase K in the
presence of guanidine HCL were added to treat the remaining
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white cells for a short incubation time (10 min at 56 °C) in
order to inactivate all nucleases. Cellular nucleic acids then
bind to a special glass fibers pre-packed in high pure purifica-
tion filter tube, and a series of “wash and spin” steps were
executed using 500 μl buffer AW1 and 500 μl buffer AW2
for getting rid of PCR impurities. Finally, elution buffer
(200 μl buffer AE) was added, and incubation was done for
1 min at 15–25 °C to release the nucleic acid from the glass
fiber.

IL-6 genotyping

IL-6 C/G gene polymorphism (rs 1800796) was detected
using Taq Man SNP genotyping assay. This assay consists
of a single, ready to use tube that contain two sequences—
specific primers for amplifying the polymorphism of interest
together with two allele-specific Taq Man minor groove bind-
er (MGB) probes for detecting the alleles for the specific poly-
morphism of interest. Each probe has a reporter dye; VIC dye
is linked to the 5′ end of allele C probe while FAM dye is
linked to the 5′ end of allele G probe. Each PCR reaction
contained 2.5 μl of diluted DNA (5 ng/μl), 12.5 μl of ×2
TaqMan Universal PCR Master Mix, 1.25 μl of ×20
TaqMan SNP Genotyping Assay Mix, and 8.75 μl of distilled
water (DW). This PCR reaction was carried out in a thermal
cycler using ABI 7500, with the following programs shown in
Table 1.

Finally, a threshold is set at 0.1 for analysis, using ABI
Prism “genetic analyzer.” This comprises quantitation of the
amplified PCR product (DNA fragments) as well as determin-
ing the size of the fragments by comparing them to fragments
contained in a size standard.

Statistical analysis

The data was analyzed using Microsoft Excel 2010 and sta-
tistical program for social science (SPSS version 22.0) for
windows (SPSS IBM., Chicago, IL). Continuous normally
distributed variables were represented as mean ± SD with
95% confidence interval, in addition to using the alleles and
genotype frequencies and percentage for categorical and non-
parametric variables; p value of less than 0.05 was considered
statistically significant. The Student’s t test was performed to

compare the means of normally distributed variables between
groups. ANOVA followed by Tukey-Kramer as a post hoc test
in multigroups and χ2 test or Fisher’s exact test were used to
determine the distribution of categorical variables between
groups.

Results

The results obtained in this study showed that there was a
difference in allele frequencies between patients with HCV
and control group (p = 0.1). Moreover, there was a difference
between allele frequencies between HCC and control group
(p = 0.3), though these differences were insignificant. G allele
was remarkably “yet insignificantly” frequent among HCV
and HCC patients (86.4 and 84.2%, respectively) compared
to the healthy individuals (76.0%); on the other hand, C allele
frequency was similar amid all the studied groups. In addition,
the G/G genotype was more frequent among HCV patients
(78.2%) and HCC patients (75.0%) in comparison with the
control subjects (62.0%) while the frequency of C/C genotype
was low among HCV patients (5.5%), HCC patients (6.7%),
and controls (10.0%). Data are presented in Table 2 and Fig. 1.

Discussion

Being the leading cause of HCC, HCV-induced HCC could
now be established through many genomic studies that reveal
direct as well as indirect mechanisms serving in the interaction
between the immune and the metabolic systems; this was done
via identifying polymorphisms as regards immune, metabolic,
and growth-signaling systems which may increase the risk of
HCC development (Goossens et al., 2015).

The pathogenesis of HCV-induced HCC is a multistep pro-
cess that typically develops within 20 to 40 years; these steps
could be summarized in creation of chronic HCV infection
coupled with hepatic inflammation, advanced liver fibrosis,
induction of neoplastic clones together with permanent somat-
ic genetic/epigenetic mutation, and ultimately formation of
carcinogenic tissue microenvironment with progression of
these neoplastic clones (Hoshida et al. 2014).

A number of studies have been recently interested in
assessing the relationship between various interleukin gene
polymorphisms and occurrence of HCV-induced HCC devel-
opment (Zhou et al. 2017; Shi et al. 2016; Chen et al. 2016;
and Zhu et al. 2016). The aim of our study was to validate the
association of IL-6 gene polymorphism with HCV infection
and HCC incidence. This was done through assessing 55
HCV patients and 60HCC patients against 50 healthy controls
using RT-PCR.

IL-6 is a pro-inflammatory cytokine proved to be the key
player in initiation of immune response via secretion of acute

Table 1 PCR amplification run

Pre-read run Amplification (RQ-PCR program) Post-read run

1 cycle Temperature (°C) 1 cycle Cycles 1 cycle

60 °C 1 min 95 10 min X1 60 °C 1 min

95 15 s X40

60 60 °C
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phase reactants and proliferation of lymphocytes (Dondeti
et al. 2016); however, more studies are required for establish-
ing the link of IL-6 between inflammation response and liver
carcinogenesis (Hsia et al. 2007), since IL-6 was implicated in
apoptosis inhibition as well as initiation of metastasis (Prieto,
2008). Moreover, many studies have found an association
between IL-6 and liver fibrosis and cirrhosis (Dondeti et al.
2016).

IL-6 gene is located on chromosome 7p21 with a length of
5 kbp; it has five exons with four introns interposing them
(Kishimoto, 2005). To date, many researches were directed
towards studying the following genetic IL-6 polymorphisms
that lie in its promoter region (-597G/A, -373A/T, -174G/C,
and -572G/C). These studied SNPs are characterized by strong
linkage disequilibrium; thus, they retain a significant impact
on IL-6 transcription, and therefore, the amount of the cyto-
kine produced (Tang et al. 2014).

In our study, we found no significant difference in the fre-
quency of G/C, G/C, and C/C between HCV patients, HCC
patients, and the control group. There was a higher frequency
of G allele among HCV and HCC patients (86.4 and 84.2%,
respectively) in comparison to the healthy individuals
(76.0%), yet this finding was insignificant. These findings
can conclude that IL-6-572 G>C polymorphism could not be
intensely associated with HCC susceptibility.

Moreover, Cussigh et al. (2011) has confirmed that there is
no link between IL-6-572 promoter gene polymorphism and
HCC occurrence; in addition, it emphasized the role of -174

and -597 gene polymorphisms as two unfavorable haplotypes
serving in accelerating the disease progression.

Another study by Bei et al. (2014) was done to investigate
the effect of six SNPs of different cytokines (IL-2, IFN-γ, IL-
1β, IL-6, and IL-10) on HCC development; it demonstrated
that none of these SNPs were recognized to cause an influence
on HCC development when evaluated individually; however,
the combined effect of these six SNPs on HCC risk was sig-
nificantly pronounced.

Furthermore, a meta-analysis has been executed by Liu
et al. (2014) on IL-6 gene polymorphism and risk of HCC
development, showing that most of the relevant studies con-
cluded that IL-6-174 G/C, but not -572 G/C polymorphism
could lead to HCC predisposition.

Nonetheless, a current study by Sghaier et al. (2017) vali-
dated that IL-6-572 G/G genotype was more frequent in HCV
patients compared to HCC patients, which was contradicting
with our results that showed no difference between HCVand
HCC patients.

On the contrary, some studies have concluded a potential
role of IL-6-572 G/C genotype polymorphism in development
and pathogenesis of HBV (Saxena et al. 2014; Chang et al.
2015).

In conclusion, IL-6-572 promoter gene polymorphism
might not be a useful determinant in predicting the outcome
of HCV infection or HCC susceptibility. This influences the
ultimate role of HCV in solely creating a carcinogenic hepatic
microenvironment without an added genetic cytokine
polymorphism.
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Table 2 Frequency of IL-6 allele and genotype among all the study groups

IL-6 polymorphism Groups Total p value

Control N = 50 (%) HCV N = 55 (%) HCC N = 60 (%) Control and HCV Control and HCC HCVand HCC

IL6 alleles Hetero G/C 14 (28.0) 9 (16.4) 11 (18.3) 34 0.1 0.3 0.9
Homo G/G 31 (62.0) 43 (78.2) 45 (75.0) 119

Homo C/C 5 (10.0) 3 (5.5) 4 (6.7) 12

Total G allele 76 (76.0) 95 (86.4) 101 (84.2) 272
C allele 24 (24.0) 15 (13.6) 19 (15.8) 58
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Fig. 1 Frequency of IL6 allele and genotype among the studied group
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