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Abstract

Background: One possible mechanism utilized by hepatitis C virus (HCV) to escape from the host’s innate immune
surveillance is modification of its pathogen-associated molecular patterns (PAMPs) by altering or hiding its RNA
which interfering with toll-like receptors (TLRs) signaling and ultimately hindering the production of
proinflammatory cytokines, chemokines, and interferons (IFNs). This study aimed to examine the expression levels of
TLR3, TLR7, and IFN-α to investigate the correlated expression pattern among them in chronic HCV patients.
Patients included in this study were categorized into two different groups, non-treated chronic HCV patients and
treated chronic HCV patients, in addition to healthy volunteers as a control group. The blood samples were
assessed for HCVAb, HCVRNA, HCV genotypes, and different biochemical analyses. The mRNA levels of TLR3, TLR7,
and IFN-α in peripheral blood of chronic HCV patients were quantitatively measured in comparison to healthy
controls.

Results: The expression levels of TLR3, TLR7, and IFN-α were significantly downregulated in non-treated chronic
HCV patients compared to both treated HCV patients and control subjects. On the other hand, treated HCV patients
showed non-significant downregulation of the same three sensing receptors (TLR3, TLR7, and IFN-α) compared to
control group. Obviously, the expression levels of IFN-α were positively correlated with the levels of both TLR3 and
TLR7.

Conclusion: The exhausted innate immunity against HCV may correlate to HCV downregulation of TLR3 and TLR7
expression on innate immune cells with a subsequent decrease in INF-α production and the possibility of targeting
these receptors to enhance the immune response and clear the infection needs further studies.
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Background
HCV is an enveloped, positive-sense single-stranded
RNA virus (ssRNA). It is a member of the Hepacivirus
genus within the family Flaviviridae [1]. HCV is grouped
into seven major genotypes that display at least 30%
variation in nucleotide sequence. This genetic variation

is responsible for resistance to antiviral drugs and helps
in escaping of the immune system [2]. The most com-
mon genotype of HCV in Egypt is genotype 4 with sub-
type (4a), representing at least 85% of all HCV cases in
Egypt [3].
The infection with HCV occurs in two phases, acute

infection phase that occurs within the first 6 months of
the infection and if untreated then HCV will progress to
persistent infection [4]. Acute infection control depends
on host- and viral-related factors, the former includes an
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early induction of innate and adaptive immunity. Such
responses, however, are insufficient to clear the virus in
most cases, typically leads to chronic infection which
can be attributed to the virus’s escape nature to prevent
the host immune response and to resist the IFN antiviral
therapy [5].
On HCV, the sensing of the specific ligand by the in-

nate immune receptor triggers a variety of intracellular
down streaming signaling cascades that finally acquire
the infected and neighboring cells an antiviral
immunization state [6]. This antiviral innate immunity
depends on different pattern recognition receptors
(PRRs) which recognize microbial PAMPs that induce
innate immunity following infection [7]. TLRs are a fam-
ily of membrane-bound PRRs acting as a vital regulator
of both innate and adaptive immune response to a wide
variety of microbial PAMPs, e.g., lipids, lipoproteins,
proteins, nucleic acids, and glycans [8]. To date, 11 kinds
of human TLRs have been described [9]. Among them,
TLR3, TLR7, and TLR8 are associated with recognition
of viral RNA. TLR3 is expressed on dendritic cells (DCs)
[10] and activated by double-stranded (dsRNA) that is
produced during HCV replication [11]. While TLR7
(expressed by plasmacytoid DCs and B cells) and TLR8
(expressed on monocytes) are recognize HCV ssRNA
[12]. Induction of TLR3 by dsRNA can stimulate type I
IFN and proinflammatory cytokine production upon ac-
tivation mediated by interferon regulatory factor 3
(IRF3) and nuclear factor NF-kappa-B (NFkB) based on
the adaptor protein TIR-domain-containing adapter-
inducing interferon-β (TRIF) [13]. On the other hand,
induction of TLR7 by HCV ssRNA stimulate type I IFN
production upon activation mediated by IRF-7 based on
the adaptor protein myeloid differentiation primary re-
sponse 88 (MyD88) [14].
As one of the immune evading strategies that may lead

to viral persistence, HCV can interfere with TLR3 and
TLR7 signaling either by blocking their downstream cas-
cades or by interfering with transcription factors itself.
Consequently, the downstream mechanism for induction
of IFN and proinflammatory cytokines is avoided [15].
For more investigations, the main goal of the present

study was therefore to assess the expression of mRNA
levels for TLR3 and TLR7 and correlate their expression
with the IFN-α production in chronic HCV patients.

Methods
Patient recruitment procedures
Patients included in our study were categorized into two
different groups: non-treated chronic HCV patients (n =
20) and treated HCV patients (n = 10), in addition to
healthy volunteers (n = 10) as a control group. For
chronic hepatitis C (CHC) patients, the diagnosis of
CHC was confirmed by the detection of HCV RNA

using real-time PCR (RT-PCR). Different biochemical
markers including ALT, AST, WBCs, HB, and PLT were
detected and measured using a routine laboratory
method. CHC patients who concurrent with HBV, HDV,
or HIV infection, or any immunological disorders were
excluded. The treated HCV group was once-weekly
injected for 12-18 weeks with interferon-ribavirin (INF-
Rib) combination therapy and the patients were re-
cruited within 6months after completion of treatment
based on sustained virological response (SVR). For con-
trols, participants were negative to HBV, HCV, and HIV
and free from any liver diseases. Control and CHC sub-
jects were age/sex-matched.
All participants were consented to use their samples

and clinical data (CHC patients) for this study. Informed
written consent was obtained from each patient included
in the study. The study protocol was approved by the
ethics committee of the National Liver Institute, and the
research was conducted in accordance with the princi-
ples of the Declaration of Helsinki.
Peripheral blood was collected from HCV patients and

healthy donors under sterile and aseptic conditions ac-
cording to infection control ethics. Peripheral blood
mononuclear cells (PBMCs) were collected in PAXgene™
blood RNA tube (PreAnalytix GmbH, Switzerland)
which contains an exclusive reagent that stabilizes and
inhibits degradation of intracellular RNA molecules by
RNases and minimizes induction of gene expression.

Total RNA extraction and cDNA synthesis
The PAXgene RNA purification kit (Qiagen GmbH,
Germany) was used for total RNA extraction and mRNA
purified with on-column, DNase set (Qiagen). According
to the manufacturer’s guidelines, the quantity and purity
of propagated RNA were evaluated by measuring ab-
sorbance at 260 nm and the ratio A260/A280 in a UV
spectrophotometer (Nanodrop Inc., Wilmington, DE,
USA). Extracted RNA that has an A 260/280 value ≥ 2.0
is considered relatively free of protein and considered
valid for RT-qPCR.
For TLRs, mRNA quantification by RT-qPCR, “two-

step” RT-qPCR method was used. Firstly, 500 ng of total
RNA per sample was transcribed into cDNA using the
high-capacity cDNA reverse transcription kit (Applied
Biosystems, USA, and Insert P/N 4375222 REV B) with
random primers for transcription of RNA into cDNA
using reverse transcriptase. Then, 2 μl aliquot of the
resulting cDNA was used as a template source for ampli-
fication RT-qPCR reactions.

Real-time PCR
RT-qPCR amplification for TLR3, TLR7, and INF-α
genes were carried out by Quantistudio 6 flex machine
(Applied Biosystems) and achieved by using Maxima
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SYBR Green qPCR Master Mix kit after addition of
primers and template according to manufacturer’s
guidelines. Also, a stable glyceraldehyde 3 phosphate de-
hydrogenase (GAPDH) used as reference gene. For
TLR3, the forward primer was TGGTTGGGCC
ACCTAGAAGTA and reverse primer: TCTCCATTCC
TGGCCTGTG. For TLR7, the forward primer was
TTTACCTGGATGGAAACCAGCTA and the reverse
primer was TCAAGGCTGAGAAGCT GTAAGCTA.
Regarding IFNα, the forward primer was TGCTTTAC
TGATGGTCCTGGT and reverse primer was TCATGT
CTGTCCATCAGACAG. The GAPDH-forward primer
was ATGGCTATGATGGAGGTCCAG and GAPDH-re-
verse primer was TTGTCCTGCATCTGCTTCAGC
[10].
After amplification, melting-curve analysis was per-

formed and PCR reaction specificity confirmed without
appearance for contamination or primer-dimer. For the
expression analysis of the three target genes (TLR3,
TLR, and INF-α) in tested samples and calibrator using
a GAPDH reference gene as the normalizer, comparative
(Livak) 2–ΔΔCT quantification method was chosen to cal-
culate changes in gene expression where the genes of
interest in non-treated group was compared to the same
genes in the control group after normalizing the expres-
sion to the expression of a stable reference gene in both
control and tested samples. The results were expressed
as a relative fold up- or downregulation between a test
and control.

HCV genotype
The HCV genotype 2.0 (Inno-LiPA) assay was used for
determination of the genotype of HCV. The assay was
depending on genotype-specific oligonucleotides at 5′
UTR position that was immobilized on a nitrocellulose
strip. The HCV 5′ UTR core region was amplified by
PCR, and the oligonucleotides were annealed with a
biotin-labeled 5′ UTR amplicon. The labeled amplicon
could pair and be mounted on a strip. After washing, the
hybridized products were traced using alkaline phos-
phatase labeled streptavidin, and BCIP/NBT chromogen
was used as a substrate according to the manufacturer’s
guidelines. The genotype bands were interpreted using
the chart supplied by the manufacturer.

Statistical analysis
Data was analyzed using SPSS v.25 and Sigmaplot v.12.5.
Independent sample t test was applied for pairwise com-
parisons among the groups within each marker. Data
representation was done using Excel 365. Grubbs’s test
(extreme studentized deviate test) was performed to de-
termine whether values in each group is a significant
outlier at alpha = 0.05. At each group, no more than one
of the values is furthest from the rest, but not detected

as a single significant outlier (p > 0.05). Pearson correl-
ation was calculated among different markers within
each group, and SigmaPlot 12.5 was used to produce
correlation graphs.

Results
Descriptive analysis for patients’ age
Patients’ age presented by a box plot constructed in the
SigmaPlot® 12.5 software. In the presented study, the age
was roughly symmetric around the median of non-
treated chronic HCV patients (35 years) with a minimum
and maximum range of 21 to 64 years and treated HCV
patients (35 years) with a minimum and maximum range
of 26 to 57 year (Fig. 1).

Virological findings
All non-treated chronic HCV patients included in our
study were seropositive for anti-HCV antibody and posi-
tive for HCV RNA which was detected by RT-PCR. De-
pending upon the viral load, non-treated chronic HCV
patients were classified into four categories: 1/20 (5%)
was very low, 8/20 (40%) was low, 10/20 (50%) was
intermediate, and 1/20 (5%) was high virus titers (Fig. 2).
For HCV genotyping, our results showed that all sam-
ples were HCV genotype 4 subtype 4a except one sam-
ple was HCV genotype 4 subtype 4c.

Gene expression of TLR3, TLR7, and IFN-α in study groups
In the present study, we have used quantitative RT-PCR
to evaluate the expression of PAMP receptors related
with the recognition of viral RNA in blood samples. The
mRNA relative expression values for IFN-α, TLR3, and
TLR7 were detected. GAPDH was chosen as a reference

Fig. 1 The descriptive statistics for the age of both non-treated
chronic HCV patients (21 to 64 years range with median 35 years)
and treated HCV patients (ranging from 26 to 57 years with median
35 years) represented by a box plot constructed in the SigmaPlot®
12.5 software
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gene that represents a baseline for the expression of
given target genes.
Our results showed that the expression levels of TLR3,

TLR7, and IFN-α were significantly lower (p < 0.001) in
non-treated chronic patients when compared with the
control group (Fig. 3). On the other hand, the expression
levels of TLR3, TLR7, and IFN-α were non-significant in
the treated HCV group when compared with control
subjects (Fig. 3). Our results also showed the expression
levels of TLR3, TLR7, and IFN-α were significantly lower
(p < 0.001) in non-treated chronic patients when com-
pared with the treated HCV group (Fig. 3).

Correlation analysis among TLR3, TLR7, and IFN-α genes
expression
In the presented study, the bivariate analysis showed a
positive correlation between the expression levels of
TLR3 and IFN-α in non-treated chronic HCV patients (r

= 0.295; slope = 0.173; p = 0.206) (Fig. 4a), treated HCV
group (r = 0.295; slope = 0.433; p = 0.441) (Fig. 4b), and
control group (r = 0.470; slope = 0.306; p = 0.170) (Fig.
4c).
On the other hand, the bivariate analysis showed a

positive correlation between the expression levels of
TLR7 and IFN-α in non-treated chronic HCV patients (r
= 0.267; slope = 0.367; p = 0.254) (Fig. 5a), treated HCV
group (r = 0.219; slope = 0.193; p = 0.572) (Fig. 5b), and
control group (r = 0.570; slope = 0.575; p = 0.086) (Fig.
5c).
Regarding the correlation between the expression

levels of TLR3 and TLR7, the bivariate analysis showed a
highly significantly positive correlation between the ex-
pression levels of TLR3 and TLR7 in non-treated
chronic HCV patients (r = 0.567; slope = 0.236; p =
0.009) (Fig. 6a), and in control group (r = 0.974; slope =
0.629; p = 0.001) (Fig. 6c). Finally, the bivariate analysis
showed a positive correlation between the expression
levels of TLR3 and TLR7 in the treated HCV group (r =
0.381; slope = 0.643; p = 0.312) (Fig. 6b).

Correlation between TLR3, TLR7, IFN-α, and biochemical
parameters
The correlation among TLR3, TLR7, IFN-α, and all bio-
chemical parameters findings (ALT, AST, WBCs, HB,
PLT) in the non-treated chronic HCV patients were
non-significant (NS). Regards to HCV RNA viral load
the correlation was significant p < 0.001, p = 0.004, p <
0.001 for TLR3, TLR7, and IFN-α, respectively (Table 1).

Discussion
The host’s ability to respond to invasive pathogens de-
pends on the activation of the innate immune system

Fig. 2 The patient’s classification according to RT-PCR values and
virus titers. Very low ≤ 10,000; low 10,000:100,000; intermediate
100,000:1,000,000; High ≥ 1,000,000

Fig. 3 The comparison of TLR3, TLR7, and IFN-α expression level in non-treated chronic HCV patients, treated HCV patients, and control subjects.
Capital letters represent the significance among the groups. Error bars represent standard error (SE)
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that coordinates adaptive immune responses to remove
pathogens [16]. About HCV, one of the strategies used
detects the presence of the virus by hepatocytes and in-
nate immune cells is the triggering activation of TLR3,
7, 8, and 9 which are specific in HCV nucleic acids rec-
ognition. TLR3 bonded by dsRNA while TLR7/8 is rec-
ognizing ssRNA [17].
Upon engagement, these receptors initiating a cascade

of events that results in transcription factor activation
and induction of IFN-I and inflammatory cytokines lead-
ing to antiviral state acquisition [18]. It has been sug-
gested that HCV uses several strategies to efficiently
evade the IFN-I response through interfering with PRRs
signaling cascade intermediate either by blocking TLR3-
mediated pathway by using serine protease NS3/4A to
cleave the key adaptor of TLR3 [19], TRIF [20], or by in-
duction of miR-21 that has been reported to suppress

the TLR7-mediated pathway upon suppression of
MyD88 and IRAK1 expression [2, 12, 21–23].
However, most of these reports have been developed

on in vitro transfected cell cultures or animal experi-
mental systems. Here, the objective of the presented
study was to evaluate TLR3 and TLR7 expression in pa-
tients chronically infected with hepatitis C virus infec-
tion and its association with IFN-α production. Our
results indicated that the expression levels of TLR3,
TLR7, and IFN-α were significantly downregulated in
non-treated chronic HCV patients compared to both
treated HCV patients and control subjects. On the other
hand, treated HCV patients showed non-significant
downregulation of the same three sensing receptors
(TLR3, TLR7, and IFN-α) compared to the control
group. The expression levels of IFN-α were positively
correlated with the levels of both TLR3 and TLR7.

Fig. 4 a The correlation between expression levels of TLR3 and IFN-α in non-treated chronic HCV patients. b The correlation between expression
levels of TLR3 and IFN-α in treated HCV group. c The correlation between expression levels of TLR3 and IFN-α in the control group
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Moreover, this downregulation in chronic HCV infec-
tion, could be one of the mechanisms used by HCV to
interfere with an early innate immune response through
impairment of the IFNs mediated antiviral mechanisms
that may therefore lead to impaired T cell activation, in
agreements with previous studies that have reported in
mice showing lacking MyD88 as a result of TLR7 signal
disturbance [24] that is responsible for the persistent
replication and eventually promote disease progression
and establishment, a chronic infection in 70–80% of in-
fected patients [19, 25].
Several studies have examined the nature of the rela-

tionship between HCV infection and the gene expression
rate of TLR 3, 7, 8, and 9. Our findings were consistent
with other studies reported that the expression levels of
TLR3 and TLR7 were downregulated in patients with
chronic HCV infection when compared with healthy

subjects [26, 27]. Another study showed the decrease of
TLR3 expression in the presence of HCV infection via
NS4B-induced downregulating TRIF protein level also
supported our findings [28]. Previous study examined a
potential association between single-nucleotide polymor-
phisms (SNPs) in the TLR3, TLR9 genes, and HCV in-
fection among Egyptian patients and showed its
downregulation [29]. The presented study was also in
agreement with reports that showed the expression
levels TLR7 were significantly lowered in patients with
chronic HCV and HCC compared to patients who nat-
urally cleared their infection and controls [30].
However, our findings are contrary with another study

that found HCV infection could lead to increased ex-
pression level of TLR7 mRNA in peripheral blood cells
of HCV-infected samples [31]. However, this inconsist-
ency can be due to the difference in patient’s selection,

Fig. 5 a The correlation between expression levels of TLR7 and IFN-α in non-treated chronic HCV patients. b The correlation between expression
levels of TLR7 and IFN-α in treated HCV group. c The correlation between expression levels of TLR7 and IFN-α in the control group
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Fig. 6 a The correlation between expression levels of TLR3 and TLR7 in non-treated chronic HCV patients. b The correlation between expression
levels of TLR3 and TLR7 in treated HCV group. c The correlation between expression levels of TLR3 and TLR7 in the control group

Table 1 The correlation among TLR3, TLR7, IFN-α, and laboratory and biochemical parameter findings in the chronic HCV patient

ALT (IU/ML) AST (IU/ML) HCV PCR WBCs (mg/dl) HB (mg/dl) PLT (mg/dl)

TLR3 r 0.0367 0.0438 0.609 0.169 0.169 0.02

p value 0.85 0.821 0.001 0.387 0.38 0.909

NS NS S* NS NS NS

TLR7 r 0.045 0.0809 0.377 0.201 0.0582 0.2

p value 0.817 0.676 0.004 0.296 0.764 0.298

NS NS S* NS NS NS

IFN-α r 0.0025 0.103 0.595 0.195 0.26 0.0521

p value 0.99 0.595 0.001 0.31 0.173 0.788

NS NS S* NS NS NS

NS non-significant, S* significant

Suef et al. Egyptian Journal of Medical Human Genetics           (2021) 22:13 Page 7 of 9



methodological approaches, clinical stage, the genetic
background of the population, and HCV genotypes. In
agreement with other previous studies, the correlation
among TLR3, TLR7, IFN-α, and all biochemical parame-
ters findings (ALT, AST, WBCs, HB, PLT) in the non-
treated chronic HCV patients were non-significant [12].
We and other studies confirmed that the expression
levels of TLR3 and TLR7 were strongly correlated with
the expression level of IFN-α [27].
As a key component of innate immunity, the IFN sys-

tem forms are the first line of defense against several
pathogens to remove incoming infection and direct a
subsequent adaptive response. From this standpoint,
HCV infection leads to reduction in expression of TLRs
(TLR3 and TLR7) on innate immune cells and hepato-
cytes with subsequent disruption of the process of IFN-α
production which may be considered as an evolving
strategy that allows the virus to exploit the immune sys-
tem of its host and ensure survival and replication. So,
the presented were designed to highlight a deeper un-
derstanding of the anti-immune mechanisms of the
HCV that targets TLR signaling pathways, especially in a
chronic stage, where HCV key protein players and regu-
lators can be identified as useful targets. Also, the weak-
nesses of the host defenses can be detected and HCV
immune response is more accurately controlled. Accord-
ingly, several TLR ligands have been studied as a syn-
thetic activator of certain TLRs. For instance, application
of the TLR7 agonist ANA773 isatoribine has been
shown to markedly enhance viral clearance by the im-
mune system, as monitored by dose-dependent dynam-
ics of immunological biomarkers [24]. In addition,
synthetic dsRNA (poly I:C) TLR3 antagonists, such as
dsRNA mimic polyinosinic: polycytidylic acid (poly I:C)
induced stimulation and reactivation of DCs that could
induce the immune responses against HCV infection
[32].

Conclusions
We revealed that the expression levels of TLR3, TLR7,
and IFN-α were significantly downregulated in non-
treated chronic HCV patients compared to both treated
HCV patients and control subjects. Also, the expression
levels of IFN-α were positively correlated with the levels
of both TLR3 and TLR7. These findings are an import-
ant issue for future research to detect the possible role
of TLRs as a predictor of response to antiviral therapy
are needed. Also, the possibility of targeting these recep-
tors to enhance the immune response either nonspecific
responses or HCV-specific immunity to viral proteins in
patients with other stages of disease needs further stud-
ies. It is important to bear in mind that even this study
was conducted on only twenty non-treated chronic HCV
patients and ten treated HCV patients, but further

research and studies are hence needed to evaluate the ef-
fects on a larger number of cases will need to be under-
taken. The studying of the crucial role of signal
transduction via TLR3 and TLR7 in the proper activa-
tion of DCs and T cell priming specific to HCV is also
needed to develop a full picture of successful immune
response against HCV.
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