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Abstract

Context: The stimulator of interferon genes (STING) induces the activation of interferon regulatory factor 3 (IRF3) in response to intracel-
lular viral double-stranded (ds) DNA. The aim of this study was to evaluate MRNA levels of STING and its downstream transcription factor,
IRF3, in the isolated peripheral blood mononuclear cells (PBMCs) of patients with chronic HBV (CHB) infection.

Methods: This study was performed on 60 healthy controls and 60 CHB patients. The mRNA levels of STING and IRF3 were determined
using Real-Time polymerase chain reaction (PCR) techniques. The SPSS software version 18 was used to analyze raw data.

Results: The results revealed that mRNA levels of STING were significantly decreased in CHB patients in comparison to healthy controls
(P = 0.013). Our results also revealed that expression levels of IRF3 were not different between CHB patients and healthy controls (P =

0.828).

Conclusions: In the present study, we found that CHB patients were unable to express appropriate levels of STING. Thus, it may result
in impairment of HBV-DNA recognition and subsequently disruption of immune responses. These results suggest a plausible mechanism
which may partially define the fact that immune responses are impaired in CHB patients.
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Introduction

t has been documented that patients with chronic HBV (CBH)

I infection are unable to eradicate HBV in either hepatocytes or
sera completely.! The reason for the defective immune re-
sponse in CHB patients has yet to be clarified. It has been hypoth-
esized that immunological factors of hosts play crucial roles to
determine eradication or persistence of the virus.2* Pattern recog-
nition receptors (PRRs) play a critical role in induction of appro-
priate immune responses against microbes including viruses, to
stimulate several immune cell functions.® The stimulator of inter-
feron genes (STING) recognizes intracellular viral double-strand-
ed (ds) DNA which leads to activation of interferon regulatory
factor 3 (IRF3).° IRF3 transcripts from genes of inflammatory
cytokines including type I interferons (IFNs) which are the first
immune responses against viral infections.” Thus, downregulation
of these molecules may result in impaired immune responses
against viral infection. Based on the fact that CHB patients suffer
from attenuated immune responses which are unable to complete-
ly remove HBV from hepatocytes,® it appears that some parame-
ters of their immune systems is impaired in comparison to clear-
ance individuals. STING and IRF3 play a crucial role for recogni-
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tion and stimulation of immune responses against viral infection.
Therefore, it appears that these molecules may be involved in the
pathogenesis of CHB. Therefore, the main aim of this study was
to investigate the levels of MRNA of STING and its downstream
transcription factor, IRF3, in the peripheral blood mononuclear
cells (PBMCs) of patients with chronic HBV (CHB) infection.
Furthermore, it has been reported that depression and anxiety are
two important factors which can modulate immune responses;
hence, the other aim of this study was to examine the effects of
depression and anxiety on the expression of STING and IRF3.

Materials and Methods

Samples

In this cross-sectional study, 5 mL peripheral blood was obtained
from 60 healthy controls and 60 CHB patients and the sera were
separated and stored at -70°C. The including and excluding cri-
teria for the CHB patients and healthy controls were defined in
our previous study which was performed on the same population.?
The CHB patients were diagnosed according to the “Guideline for
Prevention and Treatment of Viral Hepatitis” by an expert internal
medicine specialist.® Depression and anxiety in the CHB patients
were examined by an expert psychologist based on responses to
the standard Beck questionnaire.’ This project was approved by
the ethical committee of the Kerman University of Medical Sci-
ences and written informed consent was signed by all participants
prior to sample collection.

Detection of HBV markers

HBsAg and hepatitis B e antigen (HBeAg) were examined us-
ing ELISA (Behring, Marburg, Germany) technique. HBV-DNA
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Table 1. Sequences of primers applied for STING and IRF3 analysis in Real-Time PCR.

e F 5'- CAGATTATCATCAACCCT-3

R 5'- AAATTCATCACTTTCTTCG-3'
STING F 5'- GAGAGCCACCAGAGCACA -3

R 5'- TAGATGGACAGCAGCAACAG -3
AT F 5-AATCCCATCACCATCTTCCA-3"

R 5-AAATGAGCCCCAGCCTTC-3"

was extracted from 200 pL of plasma using a commercial kit from
Cinnaclon Company, Tehran, Iran, according to the manufactur-
er’s guidelines. Quantification of HBV-DNA was also performed
using a commercial kit (Primer Design, UK) based on the manu-
facturer’s instructions.

RNA extraction, reverse transcription and quantitative real-time PCR

Total RNA was purified from whole blood using RNX extraction
kit (Cinnaclon, Iran). The quality of extracted RNA was identified
with measuring absorption at 260/280 nm by spectrophotometer.
c¢DNA was synthesized from purified RNA using a commercial
cDNA synthesis Kit (Parstous, Tehran, Iran) containing oligo (dT)
primers. The reverse transcription process and Real-time PCR
condition are described elsewhere,* except for the applied prim-
ers (Table 1). Real-Time PCR was performed and the b-Actin was
used as housekeeping gene to normalize the amplification signals
of target genes. The relative expressions of target genes were de-
termined using the 2-°°¢t formula.

Data analysis and statistical methods

In order to analyze the raw data, parametric statistical analyses
were performed using t-test with the SPSS software version 18. P
value less than 0.05 was considered as significant.

Results

Detection of HBV markers
The results revealed that all patients carried HBsAg, while 16
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out of 60 patients (26.6%) were HBeAg positive. Our results
demonstrated that HBV-DNA was detectable in all patients. Ac-
cordingly, HBV-DNA copy numbers/mL in 28, 14 and 18 of the
patients were less than 20,000, between 20,000 and 100,000 and
greater than 100,000, respectively.

Expression levels of target genes

Compared to healthy controls, mRNA levels of STING were
4.7-fold decreased in the PBMCs of CHB patients (Figure 1).
There was a significant difference between CHB and healthy con-
trols (P = 0.013). The results also showed that relative expression
levels of IRF3 were 0.77 + 0.34 in CHB patients and 0.90 £ 0.44
in healthy controls. The statistical analysis demonstrated that the
difference between groups regarding expression levels of IRF3
was not significant (P = 0.828). There were no significant differ-
ence between expression levels of STING (P = 0.478) and IRF3
(P =0.406) of HBeAg positive and negative CHB patients (Fig-
ure 2). The results revealed that MRNA levels of STING in CHB
patients with HBV-DNA viral loads less than 20,000, between
20,000 and 100,000, and higher than 100,000 copy numbers/mL
were 0.019 £ 0.14, 0.09 £ 0.03 and 0.29 + 0.18, respectively (Fig-
ure 3), the differences of which were not significant (P = 0.751).
The results showed that expressions of IRF3 were not also differ-
ent among CHB patients with various HBV-DNA copy numbers
(P = 0.561) (Figure 3). The statistical analysis demonstrated that
mRNA levels of STING were significantly increased (P = 0.005)
in CHB patients with moderate depression in comparison to CHB
patients with no and mild depression (Figure 4). The statistical
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Figure 1. Expression levels of STING and IRF3 (P = 0.828) in CHB patients in comparison to healthy controls. The figure reveals that mMRNA levels of
STING (P = 0.013) were significantly decreased, whilelRF3 (P = 0.828) were not different in CHB patients in comparison to healthy controls.
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Figure 2. Expression levels of STING and IRF3 in HBeAg positive and negative CHB patients. The results showed that the mRNA levels of STING (P =
0.478) and IRF3 (P = 0.406) were not significantly different in HBeAg positive compared to HBeAg negative CHB patients.
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Figure 3. mRNA levels of STING and IRF3 in CHB patients with various HBV-DNA copy numbers/mL. The figure reveals that expression levels of STING
(P =0.751) and IRF3 (P = 0.561) were not different between patients carrying various HBV-DNA copy numbers/mL.
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Figure 4. Expression levels of STING and IRF3 in CHB patients without depression, mild depression and moderate depression. The figure shows that

expression levels of STING were significantly increased in moderately depressed CHB patients (P = 0.005), while, IRF3 expressions were not different
(P = 0.926) among patients with various stages of depression.
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Figure 5. Expression levels of STING and IRF3 in CHB patients with no, mild, moderate and sever anxiety. The figure shows that mMRNA levels of STING
(P =0.152) and IRF3 (P = 0.823) were not differ among patients.
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analysis also demonstrated that expression levels of STING were
not different among CHB patients with various stages of anxiety
(P =0.152) (Figure 5). Our results also showed that mMRNA levels
of IRF3 were not significantly different among CHB patients with
various stages of depression (P = 0.926) and anxiety (P = 0.823)
(Figures 4 and 5).

Discussion

Our results revealed that the mRNA levels of STING were sig-
nificantly decreased in the PBMCs from CHB patients compared
to healthy controls. It has been reported that STING plays a key
role as an intracellular microbial DNA sensor. In the present study,
we found that CHB patients may be unable to promote expression
of several inflammatory factors which are required for clearance
of the HBV in a STING-dependent manner. These results suggest
that the STING pathway may be defective in CHB patients. Thus,
STING impaired expression may be considered as an important
mechanism that can explain how HBV infection is persistent in
CHB patients. In the present study, for the first time, we showed
the expression levels of STING molecule in PBMCs from CHB
patients, however, other studies have reported expression levels
of other PRRs in CHB patients.*? It has been reported that expres-
sion levels of toll like receptor 9 (TLR9), as another PRR which
recognizes microbial dsDNA, were decreased in CHB patients.
The results presented clearly demonstrated that CHB patients
were unable to express suitable rates of PRRs which recognize
microbial dsDNA, such as STING and TLR9 and deficiency of
reorganization HBV-DNA by immune cells of CHB patients may
lead to sustention of infection in the CHB patients. Additionally,
we found that there is not a significant difference between the
levels of expression of IRF3 in CHB patients and healthy con-
trol groups. This observation suggests that down-regulation of
STING in CHB patients may lead to impairment of activation
(phosphorylation) of IRF3 but its expression is normal. Recently,
we reported that compared to the healthy control subjects, the ex-
pression of NF-kB, another pro-inflammatory transcription factor,
was stable in CHB patients.! On the other hand, mRNA levels
of IRF7 were significantly decreased in the patients.? Therefore,
HBYV infection targets expressions of IRF7 and activation of IRF3
and NF-kB in CHB patients. Jiang and colleagues (2010) demon-
strated that HBx antigen suppresses IRF3 phosphorylation.*? It has
been reported that HBV polymerase suppresses phosphorylation,
dimerization and nuclear translocation of IRF3.2* In agreement
with the aforementioned and our previous studies, we found that
STING pathway may play an important role in the HBV recog-
nition and subsequently activation immune response which are
disrupted in CHB patients. Interestingly, we found that various
HBV-DNA copy numbers did not alter the expression levels of
STING and IRF3 in CHB patients. Thus, our hypothesis is con-
firmed because higher HBV-DNA copy numbers need more ex-
pression of dsDNA sensors like STING molecule. Additionally,
our results showed that the expression levels of STING molecule
were increased in parallel with accelerating of depression (Figure
4). 1t has been reported that depression induces inflammation’;
so, increased expression of STING in the PBMCs isolated from
moderately depressed CHB patients (Figure 4) may be related to
higher degree of depression. We also found that various stages of
anxiety did not alter the expression of the STING and IRF3 mol-
ecules in CHB patients; thus, we suggest that anxiety is unable to
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alter the expression of the STING and IRF3 molecules. There is
no significant difference between the expression of STING and
IRF3 in HBeAg positive and negative CHB patients (P = 0.478
and P = 0.406, respectively). This result suggests that HBeAg also
is unable to affect the expression of STING and IRF3.

In conclusion, in the present study, we found that expression lev-
els of STING were impaired in CHB patients. The results suggest
that future therapy could focus on up-regulation of STING to im-
prove HBV-DNA recognition leading to activation of the immune
system and facilitating the eradication of HBV in CHB patients.

Acknowledgment

This project was supported by a grant from the Kerman Univer-
sity of Medical Sciences.

References

1. Sajadi SM, Mirzaei V, Hassanshahi G, Khorramdelazad H, Daredor
HY, Hosseini SM, et al. Decreased expressions of toll-like receptor 9
and its signaling molecules in chronic hepatitis B virus-infected pa-
tients. Arch Pathol Lab Med. 2013; 137: 1674 — 1679.

2. Momeni M, Zainodini N, Bidaki R, Hassanshahi G, Daneshvar H,
Khaleghinia M, et al. Decreased expression of toll like receptor signal-
ing molecules in chronic HBV infected patients. Hum Immun. 2013;
137: 1674 - 1679.

3. Ahmadabadi BN, Hassanshahi G, Arababadi MK, Leanza C, Kennedy
D. The IL-10 promoter polymorphism at position -592 is correlated
with susceptibility to occult HBV infection. Inflammation. 2012; 35:
818 - 821.

4. Ahmadabadi BN, Hassanshahi G, Khoramdelazad H, Mirzaei V, Sa-
jadi SM, Hajghani M, et al. Downregulation of CCR5 expression on
the peripheral blood CD8+ T cells of southeastern Iranian patients
with chronic hepatitis B infection. Inflammation. 2013; 36: 136 — 140.

5. Cavlar T, Deimling T, Ablasser A, Hopfner K-P, Hornung V. Species-
specific detection of the antiviral small-molecule compound CMA by
STING. EMBO J. 2013; 32: 1440 — 1450.

6. Gao P, Ascano M, Zillinger T, Wang W, Dai P, Serganov AA, et al.
Structure-Function Analysis of STING Activation by ¢ [G (2, 5') pA
(3, 5") p] and Targeting by Antiviral DMXAA. Cell. 2013; 154: 748
- 762.

7. Moore TC, Petro TM. IRF3 and ERK MAP-kinases control nitric ox-
ide production from macrophages in response to poly-I:C. FEBS Lett.
2013; 587: 3014 — 3020.

8. Assar A, Arababadi MK, Mohit M, Ahmadabadi BN, Pumpens P,
Khorramdelazad H, et al. T helper and B cell escape mutations within
the HBc gene in patients with asymptomatic HBV infection: a study
from the South-Eastern region of Iran. Clin Lab. 2012; 58: 53 — 60.

9. Liu HG, Chen WW, Fan ZP, Yang HY, Shi M, Zhang Z, et al. The
high prevalence of the 127 mutant HBcAg18-27 epitope in Chinese
HBV-infected patients and its cross-reactivity with the \V27 prototype
epitope. Clin Immunol. 2007; 125: 337 — 345.

10. Beck AT, Beck RW. Screening depressed patients in family practice. A
rapid technic. Postgrad Med. 1972; 52: 81 — 85.

11. Ayoobi F, Hassanshahi G, Zainodini N, Khorramdelazad H, Arababa-
di MK, Kennedy D. Reduced expression of TRIF in chronic HBV
infected Iranian patients. Clin Res Hepatol Gastroenterol. 2013; 37:
491 - 495.

12. Jiang J, Tang H. Mechanism of inhibiting type | interferon induction
by hepatitis B virus X protein. Protein cell. 2010; 1: 1106 — 1117.

13. Yu S, Chen J, Wu M, Chen H, Kato N, Yuan Z. Hepatitis B virus
polymerase inhibits RIG-1- and Toll-like receptor 3-mediated beta
interferon induction in human hepatocytes through interference with
interferon regulatory factor 3 activation and dampening of the interac-
tion between TBK1/IKKepsilon and DDX3. J Gen Virol. 2010; 91(Pt
8): 2080 — 2090.

14. Vaccarino V, Johnson BD, Sheps DS, Reis SE, Kelsey SF, Bittner V,
et al. Depression, inflammation, and incident cardiovascular disease in
women with suspected coronary ischemia: the National Heart, Lung,
and Blood Institute—sponsored WISE study. J Am Coll Cardiol. 2007;
50: 2044 — 2050.



