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SUMMARY

Background: Hepatitis C virus (HCV) is a major risk fac-
tor for chronic hepatitis and hepatocellular carcinoma
(HCC). Nuclear factor kappa B (NF-kB) is a transcrip-
tion factor that functions in health and disease. Genetic
variants of the NF-xB gene can affect its function and
are associated with chronic inflammatory changes and
malignant transformation. This case-control study is
aimed to determine the possible association between
NF-kB genetic variants and different outcomes of HCV
infection among Egyptian patients.

Subjects and Methods: 295 subjects were recruited with
allocation of participants in the representative group
according to results of serological and molecular tests.
Patients in the case group (group A) were further divid-
ed into three subgroups; subgroup I, mild chronic HCV,
subgroup II, cirrhosis, and subgroup III, HCC sub-
groups (59 for each subgroup), group B included partic-
ipants who experienced spontaneous viral clearance
(n=59). All were compared to matched healthy control
subjects, Group C (n=59). All participants were geno-
typed for NF-kB polymorphisms, rs11820062 by

TagMan assay and rs28362491 by polymerase chain re-
action-restriction fragment length polymorphism
(PCR-RFLP).

Results: Risk analysis indicated that subjects carrying
the rs11820062 A genotype are more susceptible to HCV
infection (OR: 3.1; 95%, CI= 1.4-6.9). Subjects carrying
the rs28362491 insertion genotype are at more risk of
progression to cirrhosis when compared to healthy
-controls and patients with mild chronic HCV (OR:7.7;
95% CI=2.4-24.3 and OR:5.1, 95% CI= 1.7-15.7, respec-
tively) and also are at more risk of developing HCC
when compared to healthy controls (OR:2.6; 95% CI=
0.94-7.3).

Conclusion: Polymorphisms affecting NF-kB different
genes would modulate HCV infection susceptibility
and clinical disease progression among Egyptian pa-
tients.

Keywords: Nuclear factor kappa B, single nucleotide

polymorphism, HCV, susceptibility, cirrhosis, hepato-
cellular carcinoma.

B INTRODUCTION

epatitis C virus (HCV) belongs to the family

Flaviviridae genus Hepacivirus and HCV infec-
tion is a potentially growing burden. Globally, 71
million persons are living with chronic HCV infec-
tion. Some areas have high rates of infection. In low-
er-middle income countries, serological evidence of
past or present HCV infection is the highest [1].
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The national campaign for screening and treat-
ment of HCV in Egypt revealed a prevalence rate
of 4.6% for HCV anti-body positivity and 3.5% for
HCV viremia [2]. Egyptian population have al-
ways been an important research target regarding
HCYV due the higher prevalence of anti-HCV com-
pared to other industrialized countries, which is
most probably a result of schistosomiasis mass-
control campaigns using parenteral tartar emetic
conducted from the 1950s up until 1982 [3]. How-
ever, the current rate of new case development is
associated with different risk factors including
medical or surgical procedures, blood transfusion
or intravenous drug use [4].

Despite therapeutic advances achieved by direct
acting antivirals (DAAs), HCV remains an issue of
global interest probably due to the occurrence of
resistance-associated variants (RAVs) and the pos-
sibility of reinfection, particularly in high-risk
populations, and the persistence of unsafe injec-
tion practice in some regions [5, 6]. Furthermore,
the contribution of worsening factors such as pre-
existing inflammation, liver fibrosis, dysregula-
tion of immune response of the host to HCV, the
presence of epigenetic scar and genetic suscepti-
bility cannot be ignored [7].

The pathologic effect of HCV is mediated through
a complex interaction between the virus and the
host immune responses; this is mediated by differ-
ent activated transcription factors [8, 9].

Among the master transcription factors is the nu-
clear factor kappa B (NF-xB) which upon activa-
tion can trigger and control the transcription of
several inflammatory mediators and adhesion
molecules [10].

NF-«B is a family of five protein members; NF-
kB-1 (p50/p105), NF- kB-2 (P52/p100), RelA
(P65), RelB and cRel that all share a rel homology
region or domain (RHR) responsible for DNA
binding. Another domain, the activation domain,
is shared by RelA, RelB and cRel only and is re-
sponsible for transcriptional activation [11]. After
being activated, NF-kB members heterodimerize
to get to the nucleus and exhibit their functional
transcriptional activity [12]. Under resting condi-
tion, this heterodimerization is prevented by an
inhibitor of NF-xB (IkB), upon activation, an en-
zyme called IkB kinase (IKK) eliminates this in-
hibitory effect [13].

Two activation pathways are known for NF-xB
proteins. First, the canonical pathway is activated

through proinflammatory receptors, including Il-
1B, TNFa, lipopolysaccharide, and leads to for-
mation of the active heterodimers of NF-kB1 with
p65/RelA or with c-Rel. The non-canonical path-
way is activated through receptors of tumor ne-
crosis factor receptors (TNFRs), lymphotoxin-f§
(LTPR) and the BAFF (BAFFR), and leads to for-
mation of the active heterodimer of NF-xB2/p52
and its partner RelB. In either pathways the active
heterodimers translocate to the nucleus for fur-
ther downstream target gene transcription regu-
lation [14].

In normal cells, the activation of NF-kB is transient
and tightly controlled. So, it is considered as a
switcher or sensor for multicellular processes and
other interacting signaling pathways. In the case
of HCV infection, NF-kB is constitutively activat-
ed. The viral core protein activates NF-kB non-ca-
nonical pathway through activating TNFR1 death
domain, the viral non-structural protein 5A
(NS5A) induces reactive oxygen species leading to
activation of the canonical pathway through the
IxB [15, 16].

Correlation between NF-kB genetic polymor-
phisms and several inflammatory and malignant
disorders has been studied extensively [17]. Fur-
thermore, previous studies demonstrated that cer-
tain NF-xB genetic variants can be associated with
increased HCV-susceptibility and further may in-
fluence the progression and outcomes of HCV in-
fection [18-20]. However, scarce data are available
among Egyptian patients who are characterized
by different genetic and environmental back-
grounds in addition to prevalence of HCV geno-
type 4. Therefore, this study aimed to explore the
possible association between NF-xB genetic vari-
ants and different outcomes of HCV infection
among Egyptian patients.

B MATERIAL AND METHODS

This case-control study was conducted during the
period from September 2019 to March 2022 in De-
partments of Medical Microbiology and Tropical
Medicine of Zagazig University Hospitals, Egypt.
The study followed the principles of the Helsinki
Declaration and ethical approval was obtained
from the Institutional Review Board: IRB number
(ZU-IRB #5574 /10-9-2019). A written consent was
obtained from all participants. The study was con-
ducted according to the international guidelines of
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Strengthening the Reporting for Observational
Studies in Epidemiology [21].

Two hundred and thirty-six subjects were enrolled
to the case group. They were further divided into
groups A and B. Group A was further subdivided
into three sub-groups (group I; mild chronic HCV,
group II; cirrhotic patients, and group III; HCC
cases, each with 59 patients). Patients were allocat-
ed in any of the three subgroups depending on
their virological markers (serological and molecu-
lar markers) to confirm diagnosis of HCV infec-
tion, ultrasonographic (US) data and/or triphasic
computed tomography (triphasic CT) to confirm
diagnosis of cirrhosis (subgroup II) or HCC (sub-
group IlI), patients infected with HCV without de-
veloping cirrhosis or HCC were allocated in sub-
group I (mild chronic HCV). Group B included 59
subjects with spontaneous viral clearance who
were defined by their HCV seropositivity com-
bined with negativity to HCV RNA. Fifty-nine
healthy age and sex-matched controls were in-
cluded in the healthy control group (Group C).
Sample size was estimated depending on the as-
sumed prevalence of the studied polymorphisms
through previous studies, using Epi Info 6 with
test power of 80% and confidence interval of 95%.
The calculated sample size was 295 participants
[22]. Exclusion criteria included refusal, coinfec-
tion with hepatitis B virus (HBV) or human immu-
nodeficiency virus (HIV), diagnosis of any meta-
bolic, alcoholic, or autoimmune liver disease, and
treatment with antiviral medications before or
during the study period.

Peripheral blood samples (3 ml) were withdrawn
on EDTA coated vacutainers. Extraction of periph-
eral blood mononuclear cells (PBMC) genomic
DNA was performed according to the manufac-
turer’s recommendations using QIAamp DNA
Blood Mini Kit (Qiagen, Netherlands). DNA quan-
tification and purity assessment were checked for
by UV /Vis spectrophotometry method (A260/
A280 measurement). Extracted DNA was kept
sealed at -20°C for further genotyping analysis.

HCV genotyping

HCV genotyping was performed to ensure agree-
ment of the studied genotypes with the expected
homogenous distribution of HCV genotype 4 in
Egypt as stated by epidemiological studies [23].
Genotyping was performed using the Murex HCV
Serotyping 1-6 Assay ELISA (Abbott, Wiesbaden,

Germany) to determine the type-specific antibod-
ies of various HCV genotypes and confirm the ep-
idemiological predominance of genotype 4.

NF-kB SNP studying

NF-kB SNPs were selected, based on the haplo-
type pattern, using Haploview software (version
4.2; Broad Institute, Cambridge, MA, USA) and
based on the linkage disequilibrium (LD) data
considering the potential regulatory effects of ad-
jacent sequences, 2000bp upstream and down-
stream of NF-kB gene transcription initiation sites.

RelA rs11820062 genotyping

The RelA rs11820062 single nucleotide polymor-
phism (SNP) was genotyped by TagMan real-time
PCR assay using the 5'nuclease assay for amplify-
ing and detecting specific SNP alleles in purified
genomic DNA samples. According to the manu-
facturer’s protocol the reaction mix was prepared
by adding 12.5 uL of 2X TagMan genotyping mas-
ter mix (Thermofisher, USA) and 1.25 uL of 20X
TagMan genotyping assay mix (Thermofisher,
USA) that contains TagMan major binding groove
(MGB) probes and sequence-specific forward and
reverse primers to amplify the polymorphic se-
quence of interest. Probe-G: FAM-TCCCTCAGT-
TTTC-MGB, Probe-A: HEX-TCCCTCAAT-
TTTC-MGB, forward primer sequence 5'CTT-
GACTCAGTTTCCCTCCACAC3’ and reverse
primer sequence 5’ GAGGGAAAACGGGGTAA-
GGAATC3’ [20].

PCR cycle started with an initial AmpliTaq gold
enzyme activation at 95°C for 10 min, followed by
40 cycles of denaturation at 95°C for 15 s and an-
nealing/extension at 60°C for 1 min. After PCR
amplification, endpoint plate read was performed
using the real-time PCR device (Applied Biosys-
tems, USA) where the fluorescence measurements
were used to determine which alleles are in each
sample. HEX dye fluorescence only indicated ho-
mozygosity to allele 1 (GG), FAM dye fluorescence
only indicated homozygosity to allele 2 (AA),
while mixed fluorescence indicated heterozygosi-
ty (GA) (Figure 1).

NF-xB1 rs28362491 genotyping

The NF-kB1 -94 Ins/Del ATTG (rs28362491) poly-
morphism was genotyped by “polymerase chain
reaction-restriction fragment length polymor-
phism” (PCR-RFLP). NF-«B1 region of 285 bp was
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amplified using the PCR primer sets NF-xB1 for-
ward: 5TGGGCACAAGTCGTTTATGA-3" and
reverse: 5'-CTGGAGCCGGTAGGGAAG-3’ [22].
PCR reactions were performed in a total volume of
50 pL consisting of, 10 pL extracted DNA, 25 uL
DreamTaq Green master mix (Thermofisher,
USA), 2.5 uL of each of the forward and reverse
primers (20 pmol/uL), and 10 uL of nuclease-free
water.

PCR products were then propagated through the
step of restriction digestion by Van91I (PfIMI) (10
U/pL) (Thermofisher, USA) according to the man-

ufacturer’s recommendations, and examined by
2% agarose gel electrophoresis.

For the different genotypes of rs28362491 poly-
morphism, the Ins genotype (Ins), which includes
an ATTG insertion, contains a specific PfIMI re-
striction site taking the form 5"...CCANNNN *NT-
GG...3" and as a result, PfIMI performed its restric-
tion digestion activity and yielded two fragments
giving DNA bands at 45 bp and 240 bp. Deletion
genotype (Del) includes only one ATTG and as a
result, remains undigested giving the full-sized
band of 285 bp (Figure 2).

Ct-HEX(dR)

Ct-FAM(dR)

Figure 1 - Dual color scatter plot of RelA rs11820062 SNP:

Figure 2

Gel electrophoresis of PCR-
RFLP products demonstrating
different NF-xB1 -94 Ins/

Del ATTG genotypes of

the studied participants

Lane 1: 50-bp DNA Ladder;
lanes 2,7 and 9: ATTG Ins/

Ins homozygotes with one
restriction site in each allele
(two fragments 45bp, and
240bp); lanes 3,4,8,10 and 11:
ATTG heterozygotes Ins/Del
with one restriction site in
one allele (three fragments
285bp, 45bp, and 240bp); lanes
5 and 6: ATTG homozygotes
Del/Del with no restriction
sites (one band 285bp).
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Statistical analysis

Data were coded, validated and analyzed using
the IBM SPSS 23.0 for windows (SPSS Inc., Chica-
go, IL, USA) and NCSS 11 for windows (NCSS
LCC,, Kaysville, UT, USA). Mean + standard devi-
ation (SD) was used to represent quantitative data.
Frequency and percentage were used to represent
qualitative data. P value <0.05 was considered sig-
nificant, P value <0.001 was considered as highly
significant, and P value >0.05 was considered in-
significant.

B RESULTS

The mean ages of mild chronic HCV, cirrhotic,
HCC patients and spontaneous viral clearers
were, 50.6, 51, 52.1 and 49.3 years respectively.
Males represented 68.2%, while females represent-
ed 31.8% of the case group. Regarding the resi-
dence of the case group, 66.9% were from rural
area while 33.1% were from urban areas with no
significant difference with the controls (Table 1).
Laboratory investigations of the study groups in-
dicated a highly statistically significant difference
among them regarding the levels of serum alanine
aminotransferase (ALT), aspartate aminotrans-
ferase (AST), serum total bilirubin, international
normalized ratio (INR), serum albumin and serum
creatinine levels (P value <0.001 for all variables).
HCV viral load was detected among the three in-
fected subgroups where it showed non-significant
difference (Table 2).

The infected subgroups were compared regarding
their US data. A highly significant difference was
detected regarding liver and spleen sizes, presence
of ascites and presence of focal lesions (P value <
0.001 for all variables). Child-Pugh and Model of

Table 1 - Sociodemographic data of study groups.

Cases Controls P

N= 236 N=59
Age
Mean + SD 50.78 +9.8 5147 +18.5 0.3 #
Gender
Male 161 (68.2%) 43 (72.9 %) 054
Female 75 (31.8%) 16 (27.1%)
Residence
Rural 158 (66.9%) 39 (66.1%) OISES
Urban 78 (33.1%0 20 (33.9%)

Notes: SD = standard deviation, # = student t test, # = fisher exact test.

End-stage Liver disease (MELD) scores, as prog-
nostic systems, were calculated for cirrhotic and
HCC patients. The results demonstrated statistical-
ly significant differences among them (P values 0.03
and 0.04 respectively for both scores) (Table 3).

To study the association between RelA rs11820062
polymorphism and infection susceptibility, study
groups were compared regarding their RelA
rs11820062 genotypes, considering the GG geno-
type the wild genotype, AA the homozygous mu-
tant and GA the heterozygous mutant genotype.
There was a statistically significant difference re-
garding the differential distribution of both AA
and GA genotypes among the three main study
groups (P value < 0.001 and 0.002 respectively for
both genotypes). The genotype distribution in dis-
eased groups was in accordance with expected
values by Hardy-Weinberg equilibrium (P val-
ue=0.6). Risk association study revealed a higher
risk of infection susceptibility among carriers of
both genotypes when compared to healthy con-
trols (OR:3.1; 95% CI:1.4-6.9 and OR:2.8; 95% CI:
1.5-5.4 respectively for both genotypes). P values
remained significant after Bonferroni correction
for multiple comparisons (Table 4).

Fluorescent signals obtained from real-time PCR
wells. The horizontal axis represents the cycle
threshold (Ct) of FAM dye while the vertical axis
represents the Ct of HEX. HEX green signals indi-
cate GG genotype, FAM red signals indicate AA
genotype while mixed blue signals indicate hete-
rozygosity GA.

The NF-kB1 -94 Ins/Del ATTG (rs28362491) geno-
types were investigated in relation to the clinical
progression of HCV infection and related liver dis-
eases among the different study groups. The dele-
tion genotype (Del) is considered the reference
wild genotype, the Ins is the homozygous mutant,
and the insertion/deletion (Ins/Del) is the hete-
rozygous mutant. A statistically significant differ-
ence in genotypes distribution was detected
among the three case subgroups, and the sponta-
neous viral clearance as with the healthy controls
(P value <0.001). The genotype distribution in dis-
eased groups was in accordance with expected
values by Hardy-Weinberg equilibrium (P value
0.7). Subjects carrying the Ins allele were at a high-
er risk of developing cirrhosis when compared to
healthy controls and mild chronic HCV patients
(OR: 13.8; 95% CI:4.1-47.3 and OR: 6.9; 95% CI:
2.16-22.3 respectively for both groups), and also
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Table 2 - Laboratory investigations of the study groups.

Group A
Group I Group II Group III Group B Group C KW P
N=59 N=59 N=59 N=59 N=59 Test
Serum ALT (U/L)
Median 110 124.3 64.3 18.97 24.8 159.2 <0.001*
Range 6—300 40 -85 42 -101 7-35 9-40
Serum AST (U/L)
Median 102 82 80 15 20 185.5 <0.001*
Range 4-291 45-131 56 — 136 5-31 8-35
Serum Bilirubin ((mg/dL)
Median 1.2 22 2.9 1 1 202.3 <0.001*
Range 09-15 09-54 1.1-25 09-1.2 09-12
INR
Median 1 1.6 1.8 1 1 106.1 <0.001*
Range 0.8-1.2 09-4.1 09-5 0.8-1.1 0.8-1.1
Serum Albumin (g/dL)
Mean+SD 3.95+0.31 2.7+0.55 2.4+0.51 4.13+0.27 3.97+0.27 242 .14 <0.001*
Serum Creatinine (mg/dL)
Median 1 0.81 0.95 1 1 80.4 <0.001*
Range 07-14 0.8-4.1 07-4.2 0.7-1.3 0.7-1.3
Viral load
IU/mL 3.99x10 3.89x10 4.13x106
Mean+SD +3.09x10° | +3.07x10° +3.1x106 NA NA 0.197 0.9

Notes: * = significance, KW = Kruskal Wallis, ALT = Alanine transferase, AST = Aspartyl transferase, INR = International Normalized Ratio, # = F

test (ANOVA)

Reference serum levels: ALT: 4-36 U/L, AST: 0-35 U/L, Bilirubin: 0.1-1.2 mg/dL, INR: 1.1 or below, Albumin: 3.4-5.4 g/dL, Creatinine: 0.6-1.2 mg/dL,

Viral load: undetectable < 12 IU/mL, low viral load: < 8x105 IU/mL, high viral load: > 8x105 IU/mL.

Table 3 - Ultrasonographic and clinical data of infected subgroups.

Group I Group 11 Group 111
N=59 N=59 N=59
Liver
Normal size 16 (27.1%) 8 (13.6%) 19 (32.2%)
Enlarged 43 (72.9%) 21 (35.6%) 30 (50.8%) <0.001*
Shrunken 0 (0.0%) 30 (50.8%) 10 (16.9%)
Spleen
Normal size 39 (66.1%) 5 (8.5%) 6 (10.2%) <0.001*
Enlarged 20 (33.9%) 54 (91.5%) 53 (89.8%)
Ascites
No 56 (94.9%) 3(5.1%) 7 (11.9%)
Mild 3(5.1%) 26 44.1%) 18 (30.5%) <0.001*
Moderate 0 17 (28.8%) 20 (33.9%)
Severe 0 13 (22%) 14 (23.7%)
Focal lesions 0 (0.0%) 0 (0.0%) 59 (100%) <0.001®
CHILD score
Mean + SD NA 9.79 +2.9 10.95 +2.9
MELD score
Median NA 15 20
Range 6 —40 7-40

Notes: # = Chi square test, ® = t test, © = Mann-Whitney test, MELD = Model of End-stage Liver Disease, SD = standard deviation.
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Table 4 - Differential rs11820062 genotype distribution among study groups and association with infection sus-
ceptibility.

Group A Group B Group C Group A+B vs
Genotype N=177 N=59 N=59 pA Group C P#
N (%) N (%) N (%) OR (95% CI)
GG 38 (21.5%) 21 (35.6%) 29 (49.2%) 1 1 1
GA 86 (48.6%) 28 (47.5%) 20 (33.9%) 0.002* 2.8 (1.5-5.4) 0.002*
AA 53 (29.9%) 10 (16.9%) 10 (16.9%) <0.001* 3.1(1.4-6.9) 0.006*

Notes: OR = Odds Ratio, CI = confidence interval, » = Chi-square test of significance, # = P value for the difference between case groups (A+B) versus
controls (C). Adjusted P value after Bonferroni correction for multiple comparisons: 0.016.

Table 5 - Differential rs28362491 genotype distribution among study groups and association with clinical progress
of HCV-related liver disease.

Group A
Genotuve Group 1 Group 11 Group 111 Group B Group C
o N=59 N=59 N=59 N=59 N=59 P

N (%) N (%) N (%) N (%) N (%)
Del 20 (33.9%) 5 (8.4%) 10 (16.9%) 13 (22.0%) 24 (37.3%)
Ins\Del 24 (40.7%) 28 (47.4%) 28 (47.4%) 34 (57.6%) 26 (44.1%) <0.001*
Ins 15 (25.4%) 26 (44.2%) 21 (35.7%) 12 (20.3%) 9 (18.6%)

OR (95%) CI

Group Il vs 1 Group Ill vs 1 Group Il vs C Group Ill vs C
Del 1 1 1 1
Ins\Del 4.7 (1.5-14.3)* 2.3 (0.9-4.9) 5.17 (1.7-15.5)* 2.58 (1-6.4)
Ins 6.9 (2.16-22.3)* 2.8 (1.02-7.7) 13.8 (4.1-47.3)* 5.6 (1.9-16.4)*

Notes: * = significance, OR = Odds ratio, CI = confidence interval, Del = deletion, Ins; insertion, vs; versus.
Adjusted P value after Bonferroni correction for multiple comparisons: 0.005.

were at a higher risk of developing HCV related
HCC when compared to healthy controls (OR: 5.6;
95% CI:1.9-16.4). Subjects carrying the Ins/Del
genotype were at a higher risk of progressing to
cirrhosis when compared to healthy controls and
mild chronic HCV patients too (OR: 5.17; 95%
CIL:1.7-15.5 and OR: 4.7; 96% CI:1.5-14.3 respective-
ly for both groups). P values remained significant
after Bonferroni correction for multiple compari-
sons (Table 5).

B DISCUSSION

Chronic HCV related complications represent the
fourth common cancer in Egypt [24]. The effect of
sustained virologic response (SVR) achieved by
DAAs on the incidence of HCC is still a matter of
debate [25, 26]. Elucidating the mechanisms un-
derlying susceptibility to HCV infection and its
different outcomes could be of great importance to
control HCV infection.

In this study there was no statistically significant
difference between cases and controls regarding
age. However, the exact patients age at the time of
HCV acquisition which really matters in deter-
mining different outcomes was undetermined ow-
ing to the retrospective nature of the study and the
nature of initial infection which passes asympto-
matic in most cases [27-29].

Regarding the gender distribution among the case
group, higher male ratio (68.2%) was recorded.
This gender ratio complies with difference in host
factors of susceptibility to HCV infection and was
in accordance with other studies [30]. However,
higher female ratios were reported by other stud-
ies [31,32]. Difference regarding residence among
groups was non-significant and was in agreement
with several studies that were conducted inside
and outside Egypt [33, 34].

Laboratory data obtained by the current study
represent the hallmarks of chronic liver disease
and decompensation of different liver functions.
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Patients with mild chronic disease, cirrhosis and
HCC had mild elevation of aminotransferases
with AST being more elevated in cases of liver cir-
rhosis and HCC [35-38]. Another hallmark of end
stage liver disease is the moderate hyperbiliru-
binemia caused by liver cell failure [36]. Marked
hyperbilirubinemia can occur in some HCC cases
due to obstruction by the tumor mass itself or due
to pressure by lymph nodes in porta hepatis [37]
which was detected in some HCC cases of the cur-
rent study. In the current study, insignificant dif-
ferences in HCV viral load among the three infect-
ed groups were detected. The relation between
HCYV viral load and the progression of liver pa-
thology is controversial. While some studies re-
ported no obvious relation [39, 40] which is con-
sistent with the current findings, other studies re-
ported viral load as a predictive factor for liver
pathology progression [41, 42].

Highly significant US differences were detected
among the three infected subgroups of the current
study. This could be due to different progression
level in liver disease among the infected sub-
groups [42, 43]. The Child-Pugh and MELD scor-
ing systems help to categorize cirrhotic patients
into different survival/mortality categories [44],
with a broader range of prognostic stratification of
cirrhotic patients by including serum creatinine in
the scoring parameters of MELD score. This makes
the significant difference between cirrhotic and
HCC groups of the current study regarding both
scoring systems justifiable due to higher mean of
bilirubin level among HCC patients caused by the
possible obstructive nature of HCC.

Several host genetic polymorphisms have been
reported to contribute to HCV susceptibility and
infection outcomes [45]. NF-kB and its genetic var-
iants have been studied as candidate contributors
in the pathogenesis of many inflammatory and
malignant disorders [17, 46, 47].

In the current study, the SNP affecting intron 1 of
RelA gene (rs11820062) was studied to investigate
its association with HCV susceptibility. As this SNP
is located at a regulatory element’s region, it can
therefore affect RelA gene expression process, NF-
kB pathway activation and accordingly the suscep-
tibility to HCV infection [18]. The differential distri-
bution of both AA mutant and GA heterozygous
mutant genotypes showed a statistically significant
difference among the study group. Moreover, sub-
jects carrying both genotypes were more suscepti-

ble to HCV. This is in agreement with previous
studies [20,48]. However, other studies reported a
nonsignificant association between (rs11820062)
and HCV susceptibility. In one of these studies,
HCYV infected cases exclusively belonged to geno-
type 1 and were further subdivided into subtypes
la and 1b where HCV 1a core protein inhibits NF-
kB, while HCV 1b core protein activates it. The final
statistical analysis was performed on mixed sub-
types. Therefore, the confounding effect of HCV
subtype could not be excluded [49].

In the current study, the association between an-
other SNP (rs28362491) and the progression of liv-
er disease was also studied. Subjects carrying the
Ins genotype had higher risk for developing cir-
rhosis when compared to healthy controls and to
patients with mild chronic HCV disease, and also
were at a higher risk of developing HCV related
HCC when compared to healthy controls. Subjects
carrying the Ins/Del genotype were at a higher
risk of progressing to cirrhosis when compared to
healthy controls and mild chronic HCV patients
too. These results were consistent with other stud-
ies on HCV clinical progression [22], and on liver
pathology in obese patients [50]. With HCV-relat-
ed HCC, the Ins allele was reported to increase the
levels of NF-xB expression favoring more sensiti-
zation of hepatocytes to carcinogenic stimuli and
was further detected in a significantly higher ratio
of HCC patients than healthy subjects with an in-
creased risk of HCC development (Adjusted OR
2.23, 95% CI 1.32-3.77) [51] which supported the
current finding. In a different study, a significant
association was reported between the Del geno-
type and HCC development [52]. Interactions
from non-genetic risk factors such as epigenetic
factors [53] may account for this difference. The in-
teractions of NF-kB signaling pathway with other
crucial pathways including PI3K/AKT, MAPK,
JAK-STAT, TGF-f, Wnt, Notch, Hedgehog, and
TLR signaling may be targeted as potential future
therapeutic interventions [54].

Potential clinical applications: The two genetic
variants may serve as prognostic biomarkers for
monitoring therapeutic efficacy of HCV infection.
In addition, the interactions of NF-kB signaling
pathway with other crucial pathways including
PI3K/AKT, MAPK, JAK-STAT, TGF-, Wnt, Notch,
Hedgehog, and TLR signaling may be targeted as
potential future therapeutic interventions [54].
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Limitations: This study had some limitations.
First, the small sample size included. Second, as
all included infected subjects are Egyptians where
the same HCV genotype is prevalent, the compar-
ison between different HCV genotypes was not
possible. Another limitation is the existence of a
potential inevitable selection bias that was re-
duced by adjusting corrections.

B CONCLUSIONS

Polymorphisms affecting NF-xB different genes
can modulate HCV infection susceptibility and
clinical disease progression among Egyptian pa-
tients. The rs11820062 located in RelA gene intron
1 has an association with HCV susceptibility and
the rs28362491 located in the promoter region of
NF-«xB1 gene has an association with progress to
advanced liver disease (cirrhosis and HCC). So it
may be applied in prediction, prevention and fu-
ture treatment strategies after confirmation by
large randomized controlled studies.
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