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Abstract

Melanoma differentiation-associated protein 5 (MDA5) and retinoic acid-inducible gene 1 (RIG-1) as the
pattern recognition receptors play important roles in viral mRNA recognition. Chronic HBV-infected (CHB)
patients are unable to properly respond to hepatitis B virus (HBV). Therefore, the aim of the present study was
to evaluate the mRNA levels of MDA5 and RIG-1 in the peripheral blood immune cells of CHB patients in
comparison to healthy controls. In this cross-sectional study, the mRNA levels of MDA5 and RIG-1 were
examined in 60 CHB patients and 60 healthy controls using the real-time polymerase chain reaction (PCR)
technique. Our results showed that mRNA levels of MDA5 and RIG-1 were significantly decreased and
increased, respectively, in CHB patients when compared to healthy controls. Our results also revealed that
mRNA levels of MDA5 and RIG-1 were not altered among CHB patients with various states of e-antigen of
hepatitis B and HBV-DNA viral loads. According to the results presented here, it may be concluded that
downregulation of MDA5 may be a responsible mechanism from several reasons, which leads to HBV per-
sistence in CHB patients.

Introduction

Recent studies reported that hepatitis B virus (HBV)
infection has almost a low endemicity in Iran (2,4).

Chronic HBV-infected (CHB) patients exhibit a clinical form
of hepatitis B, in which HBV still remained in patients and
was not completely cleared from hepatocytes and serum and,
thus, presents low levels of symptomatic liver disorder (6).
Several researches have suggested that CHB could be re-
garded as one of the significant causes of cirrhosis and he-
patocarcinomas (12,13). The main mechanism(s) responsible
for CHB pathogenesis and other manifestations of HBV in-
fection have yet to be illuminated. Researchers have proposed
that environmental, genetics, epigenetics, and immunological
parameters of hosts are likely to be responsible for the dif-
ferences between patients who overcome the disease by viral
clearance and patients sustained in the CHB state (1,3,5).
The pattern recognition receptors (PRRs) are of innate im-
mune receptors in charge of the recognition of host-derived

‘‘damage-associated molecular patterns’’ or ‘‘pathogen-
associated molecular patterns’’ (PAMPs), which lead to in-
nate immune signaling to transcription from proinflammatory
profile molecules (14). Both melanoma differentiation-
associated protein 5 (MDA5) and retinoic acid-inducible gene
1 (RIG-1), as PRRs, are able to recognize viral dsRNA as
microbial PAMPs (7,9). The process of dsRNA identification
by MDA5 and RIG-1 triggers the activation of signaling
pathways by affecting central adapter proteins, virus-induced
signaling adaptor (VISA), and interferon promoter stimulator
1 (IPS-1) and these, in turn, lead to activation of the interferon
regulatory transcription factor 3 (IRF3) and nuclear factor-
kappaB (NF-kB), the two important known proinflammatory
transcription factors (16). Therefore, impaired expression of
these molecules may cause defected immune responses against
viruses, including HBV. Concerning the fact that the immune
system of CHB patients is unable to completely eradicate HBV
from hepatocytes (10), it might be proposed that these patients
are either suffering from immune deficiency or lacking some of

1Geriatric Care Research Center, Rafsanjan University of Medical Sciences, Rafsanjan, Iran.
2Immunology of Infectious Diseases Research Center, Rafsanjan University of Medical Sciences, Rafsanjan, Iran.
3Department of Psychiatry, Research Center of Addiction and Behavioral Sciences, Shahid Sadoughi University of Medical Sciences,

Yazd, Iran.
4Department of Immunology, Faculty of Medicine, Kerman University of Medical Sciences, Kerman, Iran.
5Rafsanjan Center of Iranian Blood Transfusion Organization, Rafsanjan, Iran.
6Khalil Abad Health Center, Mashhad University of Medical Sciences, Mashhad, Iran.

VIRAL IMMUNOLOGY
Volume 28, Number 9, 2015
ª Mary Ann Liebert, Inc.
Pp. 504–508
DOI: 10.1089/vim.2015.0056

504

FOR P
ERSONAL U

SE O
NLY

 

NOT IN
TENDED FOR D

IS
TRIB

UTIO
N 

OR R
EPRODUCTIO

N



the immune system parameters. Considering the fundamental
roles played by MDA5 and RIG-1 in viral dsRNA recognition
and induction of immune responses, it may be hypothesized
that any alteration in expression of these molecules is capable
to affect pathogenesis of CHB. Thus, taking in account, the
main aim of this study was to evaluate the expression levels of
MDA5 and RIG-1 by peripheral blood mononuclear cells
(PBMCs) of CHB patients in comparison to healthy controls.

Materials and Methods

Subjects

An equal number of patients and controls (60 in each
group) were recruited in this cross-sectioned study. Peripheral
blood samples were collected from healthy controls and CHB
patients from Rafsanjan city (south-east of Iran) in 5.5-mL
tubes either anticoagulant coated or without an anticoagulant.
CHB patients who had detectable measures of HIV and HCV
antibodies as well as patients with infections caused by other
types of viruses, such as Epstein–Barr virus, hepatitis A, C, D,
E viruses, and cytomegalovirus, were all excluded from the
study. The CHB was diagnosed with regard to the ‘‘Guide of
Prevention and Treatment in Viral Hepatitis’’ by an expert
internal medicine specialist. In summary, CHB patients had
normal serum levels of alanine aminotransferase (ALT), as-
partate aminotransferase (AST), alkaline phosphatase (ALP),
direct bilirubin (DB), and total bilirubin (TB). All patients
were hepatitis B surface antigen (HBsAg) positive for a pe-
riod of more than 6 months. They were recruited to the study
according to the evaluation of their previous clinical and
experimental records. Control subjects were recalled with the
same sex and age status. All patients with the following cri-
teria were also excluded from the study: patients receiving
therapy with immunosuppressive and interferon or antiviral
medications before the biopsy, coexistence of CHB with other
liver diseases, breastfeeding or pregnancy, cirrhosis, Wilson
disease, having a history of liver transplantation, and/or ex-
hibiting evidences for hepatocellular carcinomas (HCC). The
samples collected with anticoagulant were instantly used for

RNA extraction. The samples collected without an antico-
agulant were also centrifuged at 3,500 rpm for 4 min, and the
sera were collected and stored at -20�C for further liver en-
zymes and HBV-DNA assessments. The Ethics Committee of
the Rafsanjan University of Medical Sciences has approved
the protocol of this study, and a written informed consent was
separately obtained from each patient or healthy control be-
fore sample collection.

Measurement of serological HBV markers

All of the samples were screened for the e-antigen of
hepatitis B (HBeAg) and HBsAg using ELISA (enzyme-
linked immunosorbent assay) (Behring, Marburg, Germany)
according to the manufacturer’s guidelines.

HBV-DNA extraction and real-time PCR condition

Viral DNA extraction and HBV-DNA quantification were
performed using commercial kits from Cinnaclon (Tehran,
Iran) and Design Primer (London, United Kingdom) com-
panies according to the manufacturer’s guidelines.

RNA extraction, reverse transcription,
and quantitative real-time PCR

Methodology of total RNA purification, cDNA synthesize,
and real-time polymerase chain reaction (PCR) protocol was
described in our previous study (5). In real-time PCR, the b-
actin (as housekeeping gene) was used for normalization of
amplification signals of target genes. Sequences of the prim-
ers, which were used in this study, are presented in Table 1.

Liver function tests

To examine the serum levels of ALT, AST, ALP, DB, and
TB, commercial kits from MAN Company (Tehran, Iran)
were used.

Data analyses and statistical methods

The analyses were performed using t test and one-way
analysis of variance under SPSS software version 18. A p-
value less than 0.05 was considered significant.

Results

Detection of HBsAg, HBeAg, and HBV-DNA
copy numbers

According to the fact that the CHB patients who evalu-
ated in this study were the same as our previous study (14),
hence, the results regarding the statuses of HBsAg, HBeAg,
and HBV-DNA copy numbers/mL have been reported in our
previous study. In brief, all of the studied patients were
HBsAg positive, and only 16 (26.7%) of them were HBeAg
positive. HBV-DNA was found in all patients, and 28, 14,

Table 1. Primer Sequences Used for Evaluation

of mRNA Levels of MDA5 and RIG-1
by Real-Time Polymerase Chain Reaction

MDA5 F GCAGAGGTGAAGGAGCAGA
R AAACGATGGAGAGGGCAAG

RIG-1 F CACACCAAGAGCCCAAAC
R TGACCCGATAGCAACAGC

Beta-actin F GGCACCCAGCACAATGAAG
R CCGATCCACACGGAGTACTTG

MDA5, melanoma differentiation-associated protein 5; RIG-1,
retinoic acid-inducible gene 1; F, forward; R, reverse.

Table 2. Mean Logarithm Serum Levels of ALT, AST, and ALP, and Serum Levels

of Direct and Total Bilirubin in CHB Patients

ALT ALP AST Total bilirubin Direct bilirubin

CHB patients 1.37 – 0.23 2.3 – 0.26 0.18 – 0.039 1.03 – 0.22 0.16 – 0.036

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHB, chronic HBV-infected; HBV,
hepatitis B virus.
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and 18 patients were carrying <20,000, 20,000–100,000, and
>100,000 HBV copy number/mL, respectively.

Serum levels of liver enzymes

Present results identified that all patients had normal
serum levels of AST, ALT, ALP, DB, and TB (Table 2).

Expression levels of target genes

Our results showed that expression of MDA5 in the
PBMCs of CHB patients was 1/46-fold decreased in com-
parison to healthy controls (Fig. 1). Statistical analysis of
findings demonstrated that the difference between groups
regarding expression of MDA5 was significant ( p = 0.047)
(Fig. 1). These results also revealed that mRNA levels of
RIG-1 in the PBMCs of CHB patients were -0/96 – 0/22 in
CHB patients and -2/17 – 0/15 in healthy controls, where
the difference was significant ( p < 0.001) (Fig. 1). Our result
also demonstrated that the expression levels of MDA5 were
-1/4 – 0.17 and -1/2 – 0.27 in HBeAg-negative and HBeAg-
positive CHB patients, respectively (Fig. 2). Statistical
analysis of data showed that the difference was not signifi-

cant ( p = 0.652). The current result also revealed that ex-
pression levels of RIG-1 did not differ in HBeAg-negative
and HBeAg-positive CHB patients ( p = 0.369) (Fig. 2).
Moreover, our results displayed that expression levels of
MDA5 ( p = 0.588) and RIG-1 ( p = 0.99) did not differ be-
tween CHB patients with various HBV-DNA copy numbers
(Fig. 3).

Discussion

Our results demonstrated that the expression levels of
MDA5 were significantly decreased in CHB patients when
compared to healthy controls. Concerning the fact that
MDA5 plays important roles in viral PAMPs recognition
(7,9), decreased expression of this molecule may result in
impaired HBV recognition and consequently disrupted im-
mune responses in CHB patients. These results also revealed
that the mRNA levels of RIG-1 were significantly increased
in CHB patients in comparison to healthy controls. There-
fore, according to these results, it appears that CHB patients
are unable to express MDA5, but not RIG-1, hence, HBV
will be persistent in these patients. In a study, Lu and Liao
reported that HBV replication in Huh7 cells and livers of

FIG. 1. Expression levels of MDA5 and RIG-1 in CHB patients in comparison to healthy controls. The figure demon-
strated that expression levels of MDA5, but not RIG-1, were significantly decreased in CHB patients in comparison to
healthy controls. CHB, chronic HBV-infected; HBV, hepatitis B virus; MDA5, melanoma differentiation-associated protein
5; RIG-1, retinoic acid-inducible gene 1.

FIG. 2. Relative expression of MDA5 and RIG-1 in HBeAg-positive and HBeAg-negative CHB patients. The results
reveal that the mRNA levels of MDA5 and RIG-1 were not altered among HBeAg-positive and HBeAg-negative CHB
patients. HBeAg, e-antigen of hepatitis B.
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mice hydrodynamically injected with the HBV replicative
plasmid leads to increased expression of MDA5, but not
RIG-I (11). The researchers also have cotransfected Huh7
cells with the RIG-I or MDA5 expression plasmid and
demonstrated that MDA5, but not RIG-I, at a similar protein
level, significantly suppressed HBV replication (11). Fur-
thermore, it has been documented that HBV replication was
increased as a result of knocking down of MDA5, but not
RIG-I (11). Therefore, according to Lu and Liao, as well as
our own findings, it seems that CHB patients fail to express
adequate levels of MDA5 to recognize HBV-RNAs and
further expression of proinflammatory cytokines. In addi-
tion, it is likely that HBV targets MDA5 and its associated
signaling molecules to escape from innate immune re-
sponses. For instance, Wang et al. indicated that hepatitis B
x (HBx) protein interacts with VISA, the adaptor protein for
MDA5 signaling, and disrupts its association with upstream
and downstream molecules (16). Wei et al. also showed that
HBx interacted with VISA and increased the degradation of
this molecule through ubiquitination at Lys(136) (17). An-
other study demonstrated that increased expression of IPS-1
suppresses the replication of hepatitis B in HepG2 or Huh7
Liver originated cells (8). Consistent with our results,
Mozer-Lisewska et al. reported that expression levels of
RIG-1 have not changed in the HBV-infected hepatocytes
(15). Overall, based on aforementioned studies and our own
study, it may possibly be concluded that MDA5, but not
RIG-1, plays crucial roles in recognition of HBV and ac-
tivation of appropriate immune responses. Therefore, it
appears that further studies on MDA5 and its signaling
molecules can improve our knowledge regarding the re-
sponsible mechanisms involved in impaired immune re-
sponses against HBV in CHB patients. Our results also
showed that expression levels of MDA5 and RIG-1 were not
significantly changed in HBeAg-positive in comparison to
HBeAg-negative CHB patients (Fig. 2). Accordingly,
HBeAg is associated with several complications of hepatitis
B, including cirrhosis and HCC, hence, it seems that MDA5
may play a role in the pathogenesis of hepatitis B. Ad-
ditionally, our results revealed that mRNA levels of MDA5
and RIG-1 were not altered in CHB patients with various
HBV-DNA copy numbers (Fig. 3). Thus, it could be sug-
gested that HBV replication is not associated with expres-
sion levels of MDA5 and RIG-1.

Finally, due to the current results, it may be concluded
that decreased expression levels of MDA5, independent to
HBV replication, confirmed the important roles played by
the molecule and can be considered as a key candidate for
recognition of HBV and activation of immune responses in
CHB patients.
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9. Hägele H, Allam R, Pawar RD, and Anders H-J. Double-
stranded RNA activates type I interferon secretion in glo-
merular endothelial cells via retinoic acid-inducible gene
(RIG)-1. Nephrol Dial Transplant 2009;24:3312–3318.

10. Karimi-Googheri M, and Arababadi MK. TLR3 plays sig-
nificant roles against hepatitis B virus. Mol Biol Rep
2014;41:3279–3286.

11. Lu H-L, and Liao F. Melanoma differentiation–associated
gene 5 senses hepatitis B virus and activates innate immune
signaling to suppress virus replication. J Immunol 2013;
191:3264–3276.

12. Mendy ME, Welzel, Lesi OA, et al. Hepatitis B viral load
and risk for liver cirrhosis and hepatocellular carcinoma in
The Gambia, West Africa. J Viral Hepat 2010;17:115–122.

13. Michielsen P, and Ho E. Viral hepatitis B and hepatocel-
lular carcinoma. Acta Gastroenterol Belg 2011;74:4–8.

14. Momeni M, Zainodini N, Bidaki R, et al. Decreased ex-
pression of toll like receptor signaling molecules in chronic
HBV infected patients. Hum Immunol 2014;75:15–19.

15. Mozer-Lisewska I, Kowala-Piaskowska A, Mania A, et al.
Expression of pattern recognition receptors in liver biopsy
specimens of children chronically infected with HBV and
HCV. Folia Histochem Cytobiol 2011;49:410–416.

16. Wang X, Li Y, Mao A, et al. Hepatitis B virus X protein
suppresses virus-triggered IRF3 activation and IFN-beta
induction by disrupting the VISA-associated complex. Cell
Mol Immunol 2010;7:341–348.

17. Wei C, Ni C, Song T, et al. The hepatitis B virus X protein
disrupts innate immunity by downregulating mitochondrial
antiviral signaling protein. J Immunol 2010;185:1158–
1168.

Address correspondence to:
Dr. Mohammad Kazemi Arababadi

Immunology of Infectious Diseases Research Center
Rafsanjan University of Medical Sciences

Rafsanjan 7711681861
Iran

E-mail: dr.kazemi@rums.ac.ir

508 EBRAHIM ET AL.

FOR P
ERSONAL U

SE O
NLY

 

NOT IN
TENDED FOR D

IS
TRIB

UTIO
N 

OR R
EPRODUCTIO

N

http://online.liebertpub.com/action/showLinks?pmid=20711230&crossref=10.1038%2Fcmi.2010.36
http://online.liebertpub.com/action/showLinks?pmid=20711230&crossref=10.1038%2Fcmi.2010.36
http://online.liebertpub.com/action/showLinks?pmid=21563647
http://online.liebertpub.com/action/showLinks?pmid=18971270&crossref=10.1128%2FJVI.02008-08
http://online.liebertpub.com/action/showLinks?pmid=20554965&crossref=10.4049%2Fjimmunol.0903874
http://online.liebertpub.com/action/showLinks?pmid=24120739&crossref=10.1016%2Fj.humimm.2013.09.015
http://online.liebertpub.com/action/showLinks?pmid=23926323&crossref=10.4049%2Fjimmunol.1300512
http://online.liebertpub.com/action/showLinks?pmid=19608629&crossref=10.1093%2Fndt%2Fgfp339
http://online.liebertpub.com/action/showLinks?pmid=22038219&crossref=10.5603%2FFHC.2011.0058
http://online.liebertpub.com/action/showLinks?pmid=19874478&crossref=10.1111%2Fj.1365-2893.2009.01168.x
http://online.liebertpub.com/action/showLinks?pmid=24477590&crossref=10.1007%2Fs11033-014-3190-x



