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Abstract 

Background The proper function of Pattern Recognition Receptors (PRRs) as a part of the host immune system can 
eliminate numerous pathogens from the body. However, some viruses can manipulate PRRs to escape the innate 
immune system. As there is controversy in the activation of PRRs in patients infected with HCV, we decided to evalu-
ate the gene expression changes of PRRs in HCV cases compared to the healthy control.

Methods In this study, the relative expression of Toll-like receptor 7, RIG-I, and MAD-5 in peripheral mononuclear 
blood cells of twenty HCV patients and twenty healthy controls of the same gender and age were analyzed by quanti-
tative Real-time PCR.

Results Our results showed that the expression of RIG-I and MAD-5 significantly increased in HCV-infected samples 
compared to the controls (P value:0.01; P value:0.05), while the expression of TLR7 was similar between the case 
and the control group (P value:0.1).

Conclusion It seems in suppressing HCV, RIG-I and MAD-5 receptors are likely to be more activated than TRL7 
in HCV patients. The lack of TLR7 gene expression might reflect the defect of the host in the stimulation of the innate 
immune system through the TLR7 pathway.
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Introduction
The Hepatitis C virus (HCV) is considered as one of the 
major causes of hepatitis, liver cirrhosis and hepatocel-
lular carcinoma [1]. Although the innate immune system 

has an important role in clearing HCV from the body, 
nearly 40% of individuals are not able to spontaneously 
resolve the infection [2]. Despite many efforts, the reason 
for the persistence of HCV in some people has not been 
fully understood. Among Pattern Recognition Receptors 
(PRRs), Toll-like receptors(TLRs) (such as TLR3,8 and 
7) and Retinoic acid-inducible gene I (RIG-I)-like recep-
tors (RLRs) including RIG-I and MAD-5 recognize the 
virus genetic material (ss RNA or ds RNA) in the initial 
phase of infection and lead to stimulation of INFs (Inter-
ferons) signaling pathway [3, 4]. INFs elevate the expres-
sion of interferon-stimulated genes (ISGs) and their 
products block every step of viral replication by apply-
ing a variety of mechanisms [5]. To exemplify, The OAS 
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(oligoadenylate synthetase) proteins are one of the ISG 
products that are produced in HCV-infected cells. As a 
matter of fact, the OAS activates latent cellular RNase L, 
which efficiently degrades viral genomes in HCV-infected 
cells [6, 7]. Therefore, the failure in function of innate 
receptors can cause an inappropriate viral response. In 
several clinical studies, the expression level of a variety of 
PRRs in HCV positive patients have been evaluated [8–
10]. Among findings obtained from different studies, sig-
nificant differences are observed. To exemplify, the study 
by Dolganiuc and Dehghan et al. suggested an increase in 
mRNA expression levels of TLRs during HCV infection 
[8, 9], while Atencia and Motavaf et al. showed that TLR3 
and TLR7 mRNA levels are significantly downregulated 
in patients with HCV infection compared to healthy con-
trols [10, 11]. Recent scientific evidence proposes some 
HCV proteins suppress the TLR-dependent signaling 
pathway through alteration of TLRs expression levels [12, 
13]. It seems that HCV targets TLR-mediated signals to 
modulate the host immune system in order to persist in 
the host [11, 14]. However, some other studies believe 
the lack of spontaneous clearance of HCV in patients 
depends on host genetics factors [15].

Recently, TLR agonists have been introduced as one 
of the potential agents for treating infections [16]. For 
instance, Isatoribine, an agonist of TLR7, showed a sig-
nificant effective in reducing the viral load in the blood 
of hepatitis patients [17]. In another study, TLR agonists 
was proposed as a viable strategy for preventing respira-
tory viral diseases [18].

Although, those chemical molecules might be a prom-
ising approach for treating some viral infections, in 
regard HCV infection, prescription of PRRs stimulators 
might be ineffective because in some HCV patients, the 
expression of some PRRs are suppressed. As mentioned 
above, a significant discrepancy was found in expressing 
of PRRs genes among HCV patients. Therfore, to deter-
mine the ability of the host immune system to fight off 
HCV infection, we decided to examine TLR7, RIG-I, and 
MAD-5 expression on peripheral blood mononuclear 
cells (PBMCs) in HCV-infected patients who did not 
receive any therapy compared to normal controls. The 
results of this study can show us a better understanding 
of the TLR response during HCV infection which can 
be beneficial for the development of new therapeutic 
approaches against HCV infection.

Patients and methods
Patients
A case–control study was conducted on two groups 
of HCV patients and healthy people. In patient group, 
twenty new cases of patients with HCV infection were 
included. To avoid any interfering variables, people 

with any viral infection, autoimmune diseases and alco-
holic liver disease were excluded. Anti-HCV antibody 
was detected by enzyme-linked immunosorbent assay 
(ELISA) in serum of all patients. Moreover, the real time 
PCR method was applied by the reverse transcription-
polymerase chain reaction (RT-PCR) kit (Roche Applied 
Sciences, RAS, Mannheim, Germany) to confirm the 
presence of HCV RNA in the blood. To exclude patients 
with fibrosis, a gastroenterologist was examined all 
patients. For healthy subjects, twenty people who were 
age and sex matched with patients, were selected as con-
trols. The Ethics Committee of Kerman University of 
Medical Sciences, Kerman, Iran approved this study with 
the code IR.KMU.REC.1398.181. All subjects agreed to 
participate in the study by signing a written informed 
consent.

Real time PCR
RNA extraction and reverse transcription
To isolate PBMCs, five ml venous blood samples were 
collected in tubes containing EDTA and immediately 
the PBMCs were separated by centrifugation on a Ficoll 
gradient (FicoLEX, France). Subsequently, total cellu-
lar RNA was extracted using Trizol reagent (YTzol Pure 
RNA, Iran).The quantity and purity of RNA were deter-
mined by measuring the absorbance at 260  nm and the 
A260/A280 ratio in a UV spectrophotometer (Nanodrop 
Inc, Wilmington, DE USA). The same amount of RNA 
from the samples was used to perform reverse transcrip-
tion using the QuantiTect Reverse Transcription Kit 
(QIAGEN, Germany) according to the manufacturer’s 
recommendations.

Real‑time polymerase chain reaction
The primers for TLR7, RIG-I, MAD-5 and HPRT genes 
were designed and validated in Primer BLAST, Beacon 
Designer and Primer Quest™ Tool respectively (Table1). 
The real-time PCR was performed using the Real Q-PCR 
Master Mix kit (Amplicon III, Denmark) according 
to the kit protocol. Briefly, 1  μL of cDNA was used for 
each PCR with 0.5  uM of forward and reverse primers 
in a total volume of 10 μL. All amplifications were done 

Table1 Primer sequence

Gene Forward Reverse

HPRT TAG CCC TCT GTG TGC TCA AG ATT ACT TTT ATG TCC CCT GTT GAC 

TLR7 TCA AGA AAG TTG ATG CTA 
TTGGG 

CTA GCC CCA AGG AGT TTG GAA 

RIG-I CGT AAG AGT GAT AGA GGA 
ATGCC 

GGC TTG GGA TGT GGT CTA CTC 

MAD5 AGG AGT CAA AGC CCA CCA TC TGT TCA TTC TGT GTC ATG GGTT 
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in QIAGEN’s real-time PCR cycler. The thermal cycling 
conditions comprised of 10 min at 95 °C, followed by 45 
cycles at 95 °C for 15 s, 58 °C for 30 s, and 72 °C for 15 s. 
To control for specificity of the amplification products, 
after 45 cycles a melting curve was generated in the range 
of 55  °C to 95  °C. Hypoxanthine Guanine Phosphoribo-
syl transferase (HPRT)was used as a housekeeping gene 
for normalization of the amount of mRNA expression of 
the target gene. In the following, the comparative ∆∆Ct 
method was used to measure the relative expression of 
each gene as mentioned below. At first, all samples were 
normalized with calculation of ∆Ct = (ct,target gene)–(ct, 
housekeeping gene). Then, the difference between the 
mean value of ∆Ct of patients group from the mean value 
of ∆Ct of healthy group was calculated as ∆∆Ct. Even-
tually, fold increase in the expression of specific mRNA 
in HCV patients compared to normal control was calcu-
lated as  2−(∆∆Ct).

Statistical analyses
Continuous variables (age and ALT) are presented as 
mean (± SD) and viral load as mean ± Standard Error of 
the mean (SEM). The paired sample t-test was used for 
comparison of cycle threshold mean between patients 
and the control groups. The probability value of 0.05 or 
less (P ≤ 0.05) was set to know the significance level.

Results
40 subjects (20 HCV cases and 20 healthy people) were 
included in this study. There were thirteen men and seven 
women in each group with an average age of 44.95 years. 
The more information of subjects was shown in Table 2. 
As Fig.  1 shows, the expressions of RIG-I and MAD-5 
mRNA increased more than nearby five-fold, compared 
with the healthy controls. The increase of of both RIG-I 
(P < 0.01) and MAD-5 (P < 0.05) mRNA expressions 
were significantly different compared with the controls. 
Although it appears that the amount of TLR7 mRNA 
increased in patients, no statistically significant changes 
were observed between case and healthy groups (P 
value:0.1).

Discussion
The activation of Host immune system against viral 
pathogens are initiated by the recognition of patho-
gen-associated molecular patterns (PAMPs) with PRRs 
[19, 20]. However, the expression pattern of receptors 
is different in viral infections, which depends on vari-
ous elements including the type of virus specious, viral 
strategies of immune evasion and the stage of disease 
[13, 21, 22]. In the present study, RLRs including RIG-I 
and MAD-5 receptors were highly expressed in HCV 
positive patients while no significant changes were 
observed in the expression of TLR7 compared with 
the healthy ones. In consistent with our results, several 
studies have suggested that RIG-I and MAD-5 recep-
tors would be stimulated by some conserved sequences 
of virus genome as a PAMP molecule, which in the fol-
lowing, the signaling pathways of gene expression of 
antiviral compounds and many cytokines, such as type I 
interferon would be launched to combat HCV infection 
[23, 24]. In contrast, in some studies, the suppression of 
RIG-I gene was observed in HCV positive patients [25]. 
The reason of this discrepancy might return to the stage 
of disease. To explain more, Erika et  al. showed the 
expression of RIG-I gene was downregulated in HCV 
chronic patients [26]. It seems in chronic phase, NS3/
NS4 serine protease of HCV directly suppresses RIG-I 
pathway [26, 27]. However, in initial phase of the infec-
tion, the interaction of RIG-I with HCV components 
strongly increase the production of type 1 INF [24]. As 

Table2 Basic Demographic and viral features of the patients and 
healthy controls

Group genders HCV patients Healthy controls

Male 13 13

Female 7 7

Age mean ± SD 44.8 ± 5.7 45.1 ± 5.8

ALT/UL mean ± SD 67 ± 6.1 27 ± 1.9

Viral load copies/ml 182*103

Fig. 1 The expressions of RIG-I and MAD-5 in patients 
were significantly increased compared to those of controls 
while the increase of TLR7 expression was not statistically meaningful
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all patients included in our study were also new cases of 
HCV infection, there is a possibility that the activation 
of RLRs receptors can boost innate immune system in 
initial stage of HCV infection. According to the impor-
tant role of RIG-I-like receptors in the host defense to 
numerous viral pathogens in preliminary stage of infec-
tion [24], the identification and synthesis of specific 
conserved sequences of HCV virus genome that are 
agonist of RLRs receptors might hopefully be applied as 
a vaccine adjuvant or an potential treatment option to 
evoke interferon signaling against HCV infection.

TLR7 has also known as one of the critical PRRs in rec-
ognition of single stranded RNA viruses and stimulation 
of immune system in producing INF[28]. In many stud-
ies, the RNA level of TLR7 was upregulated in PBMCs 
in HCV-infected patients compared to controls [8, 9]. 
However, the data presented in our study indicated no 
significant increase in TLR7 mRNA expression in HCV-
infected samples. This controversy may demonstrate that 
an HCV-infected host is unable to respond to invading 
pathogens via the TLR7 signaling pathway. Because the 
genetic variation of TLR7 varies among people, some evi-
dence reported that TLRs gene polymorphisms may have 
beneficial or deleterious effects on HBV and HCV infec-
tions and that some SNPs may influence disease progres-
sion or prognosis [29, 30]. In fact, the type of dominant 
polymorphism of TLR7 affects the disease state by alter-
ing gene expression or protein synthesis [31]; however, 
the mechanism of action is not clearly understood.

Furthermore, in some studies the expression of TLR7 
gene were declined in HCV patients. For instance, 
Atencia et  al. showed that the gene expression of TLR7 
decreases in cirrhosis patients [11]. In another study, 
the decrease of TLR7 expression in HCV patients with 
hepatocarcinoma was observed [14]. Motavaf et  al. also 
reported a significant link between the suppression of 
TLR7 and developing of HCV chronic infection [10]. All 
mentioned studies can show the lack or decline of TLR7 
expression has an important role in establishing a chronic 
infection that ultimately ends in cirrhosis and hepatocel-
lular carcinoma. These findings can introduce the TLR7 
expression as a prognostic biomarker about a likely can-
cer outcome among HCV positive patients.

Recently, a few experimental studies have recom-
mended that synthetic TLRs activators can induce potent 
antiviral activity against HCV [17]. However, due to the 
lack of TLR expression in some people, the TLR activator 
may be ineffective as an immune stimulant in them.

To conclude it seems in primary phase of HCV infec-
tion, RIG-I like receptors are intensely stimulated more 
than TLR7 in HCV patients. The lack of TLR7 gene 
expression might reflect the defect of host in stimula-
tion of innate immune system through TLR7 pathway. 

However, the reason of this disability should be more 
investigated.
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