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ABSTRACT

Background: Chemokines seriously affecting immune responses to viral infections and allograft rejec-
tions. 

Objective: Therefore, the current study aims to evaluate the expression levels of CXCLs and CXCR3 in liver 
transplanted (LT) patients with hepatitis B (HBV), hepatitis C (HCV), HBV/HCV co-infection, and non-
infected ones.

Methods: The mRNA expression levels of studied genes were evaluated in LT patients with HBV (n=69), 
HCV (n=15), HBV/HCV co-infection (n=16), and non-infected (n=48) patients, compared to the control 
group (n=25). HBsAg and HBeAg were analyzed using ELISA methods. HBV-DNA and HCV-RNA were 
evaluated using simple PCR and nested RT-PCR protocols.

Results: The mRNA expression level of CXCL10 was significantly up-regulated in HBV-infected and non-
infected groups compared to controls (p≤ 0.05). The CXCL11 and CXCR3 mRNA expression levels were 
significantly increased in the patient groups compared with controls (p≤ 0.05). The expression levels of 
CXCL9 and CXCL10 were significantly correlated in the HBV group (r= 0.6, p≤ 0.05). The correlation be-
tween CXCL10 and CXCL11 was also significantly positive (r= 0.4, p≤ 0.05). Additionally, CXCL11 mRNA 
expression significantly associated with CXCR3 (r= 0.4, p≤ 0.05). 

Conclusion: The up-regulation of CXCL11, CXCL10, and CXCR3 in HBV and HCV-infected and non-infected 
liver transplant patients compared to the controls and the direct correlations between the expression 
levels of CXCLs and CXCR3 in HBV liver transplant patients put more emphasis on the critical function of 
these molecules in the HBV and HCV infections pathogenesis in post-liver transplantation. However, more 
investigations are needed. 
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INTRODUCTION

Innate and adaptive immune responses 
against viral infections can determine 
the outcome of virally infected patients 

by introducing specific antibody-producing 
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B cells and activating T cells [1]. Numer-
ous cytokines and chemokines participate in 
the immune system's antiviral response to 
hepatitis B virus (HBV) and hepatitis C virus 
(HCV) infections [2,3]. Within the non-ELR 
CXC chemokine subgroup, which has a unique 
amino acid sequence of glutamic acid-leucine-
arginine, CXCL9, CXCL10, and CXCL11 are 
included. These chemokines attach to a shared 
chemokine receptor, CXCR3, which is present 
on activated T cells, memory T cells, and NK 
cells [4]. The initiation of CXCR3 signaling 
has an essential role in the antiviral immune 
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response by promoting Th1 activation [5]. 

The CXCR3 gene is located at Xq13, and 
CXCL9, CXCR10, and CXCR11 are located 
at 4q21.1. The same promoter regulates their 
expression, but they are expressed indepen-
dently by different cell types and induced by 
different Toll-like receptor signaling or cyto-
kines, particularly interferons, during antivi-
ral immune response activation. Furthermore, 
these chemokines have different efficacy and 
characteristics when they bind to receptors. 
CXCR3 and its ligands are expressed at low 
levels [6,7]. It is worth mentioning that IFN-γ 
and IFN-α/β induce CXCL10 and CXCL11, 
but the secretion of CXCL9 is only induced 
by IFN-γ [2,8]. The induction of these chemo-
kines is up-regulated in different pathologic 
conditions, such as acute and chronic allograft 
rejection, viral infections, and autoimmune 
diseases [4,9]. Furthermore, activation and 
secretion of CXCL9, 10, and 11 are impaired 
in persistent chronic HBV (CHB) infection, 
which can be considered a molecular pattern 
for functional HBV cure. CXCL10 is highly 
involved in the antiviral immune response 
against acute and chronic HCV infections [8]. 

The CXCR3 ligands are candidate biomarkers 
for acute rejection after liver, kidney, lung, and 
heart transplantations [10]. 

CXCL10 can serve as a reliable molecular in-
dicator for the early identification of fibrosis 
[10] and LT patients harboring allograft dys-
function [11] in patients with HCV infection 
who have undergone LT.

Therefore, the current study evaluated the 
mRNA expression level of the CXCR3 recep-
tor and its ligands (CXCL9, 10, and 11) in LT 
patients with HBV, HCV, and HBV/HCV co-
infections.

MATERIALS AND METHODS

Samples
Between 2014 and 2016, 148 liver transplant 
recipients admitted to the Transplant Unit of 
Namazi Hospital, affiliated with Shiraz Uni-

versity of Medical Science, Iran, were included 
in the study. Studied patients include HBV 
(n=69), HCV (n=15), HBV/HCV-infected 
(n=16), and non-infected (with stable trans-
plants; n=48) patients. The control group also 
consisted of 25 healthy individuals who didn't 
experience of any disease at the time of sam-
pling. Patients with co-infections with other 
viruses, such as polyomavirus BK, cytomega-
lovirus (CMV), and immunodeficiency virus 
(HIV), were excluded from the study. Poly-
omavirus BK and CMV detection were carried 
out by molecular assays [11,12]. 

Rejection episodes were defined as detect-
ing rejection signs in biopsy samples based 
on Banff criteria and laboratory data such 
as serum amylase and lipase levels [13]. All 
patients received immunosuppressive drugs, 
including tacrolimus, mycophenolate mofetil, 
and steroids. The demographic data were col-
lected from each studied patient. 

Detection of HCV Infection 
HCV infection was evaluated by the extraction 
of RNA from plasma. The cDNA synthesis 
and nested PCR were executed. RNA extrac-
tion was performed from the plasma sample 
using RNX-Plus (CinnaGen, Iran) based on 
manufacturer's instructions. The cDNA syn-
thesis step and reverse transcription were per-
formed using a mixture that included 4 µL of 
5x reverse transcriptase buffer (Fermentase, 
Lithuania), 1µL of random hexamer (Fer-
mentase, Lithuania), 0.5 µL of 40u/μL RNase 
inhibitor (Fermentase, Lithuania), 2.5 µL of 
10Mm dNTP mix (CinnaGen, Iran), 0.75 of 
200u/μL M-Mulv RT-Enzyme (Fermentase, 
Lithuania), 8.25 µL of DEPS-water, and 3µL 
of Extracted RNA. The thermocycling condi-
tion of cDNA synthesis was carried out by the 
initiation step at 25˚C/5 minutes, followed by 
the second step at 42˚C/60 minutes, and final-
ly at 72˚C/1 minute.

The nested PCR was performed using specific 
primers for HCV genomic RNA. The sequence 
of primers is shown in Table 1. The mixture 
for the first step of nested PCR consisted of 
2.5 µL of PCR buffer (10x) (CinnaGen, Iran), 
0.75 µL of MgCl2 (50mM) (CinnaGen, Iran), 
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Table 1: Sequences of primers, annealing temperature, and product length of primers.

Genes Sequences of primers
Product 
Length (bp)

Annealing 
Temperature 
(˚C)

HCV  
(Simple Step)

F: CCCCTGTGAGGAACTACTGTC
225 55

R: TGCACGGTCTACGAGACCTC

HCV  
(Nested Step)

F: CACGCAGAAAGCGTCTAGCCATG
225 64

R: TCGCAAGCACCCTATCAGGCAG

GAPDH
F: TTCGCCCACAGTCTGACTTC

156 57.5
R: AATGGTGCAGTCC TC AGAGC

CXCL9
F: TCCACGTGTTGAGATCATTGCT

148 57.5
R: CGATTTTGCTCCCCTCTGGT

CXCL10
F: GAGGACGCTGTCTTTGCATAGG

172 61.5
R: AGCCTTGCTTGCTTCGATTTGG

CXCL11
F: GGACTCATGACCACAGTCCA

119 62.5
R: CCAGTAGAGGCAGGGATGAT

CXCR3
F: GTGGTGTTCTTTTCCTCTTGG

112 60
R: ATAGTCCCTTGGTTGGTGCT

0.5 µL of dNTPs (10mM) (CinnaGen, Iran), 
0.25 µL of each forward and reverse primers 
(12.5 picomol/μL), 0.25 µl of Taq polymerase 
(5u/μL) (CinnaGen, Iran), 16 µl of DEPS-wa-
ter, and 2 µL of cDNA. The first step of nested 
PCR was performed at 95˚C /300 seconds, fol-
lowed by cycles at 94˚C/50 seconds, 55˚C/40 
seconds, and 72˚C/50 seconds. The final ex-
tension was 72˚C/180 seconds.  

The mixture for the second step of nested PCR 
comprised  2.5 µL of PCR buffer (10x) (Cinna-
Gen, Iran), 1.5 µL Mgcl2 (50mM) (CinnaGen, 
Iran), 0.5 µL dNTPs (10mM) (CinnaGen, Iran), 
0.5 µL each forward and reverse primers (12.5 
picomol/μL), 0.25 µL Taq polymerase (5u/μL) 
(CinnaGen, Iran), 18.5 µL DEPS-water, and 1 
µL PCR products maid in the first step PCR. 
The second step of nested PCR was initiated 
at 95˚C/280 seconds, followed by 35 cycles at 
94˚C/40 seconds, 64˚C/35 seconds, 72 ˚C/40 
seconds, and finally, 72˚C/180 seconds. 

CXCLs and CXCR3 Gene Expression 
To extract total RNA from PBMCs, RNX-
Plus (CinnaGen, Iran) was utilized. The ex-
tracted RNA's quality was assessed through 
agarose gel electrophoresis (1%). The purity 

and integrity of the extracted RNA were also 
evaluated at an optimal density of 260/280. 
The cDNA synthesis was carried out using 
the Takara kit (Dalian, Japan) based on manu-
facturer's instructions.

To measure the gene expression of CXCLs and 
CXCR3, the Step One Plus Real-time instru-
ment (ABI, Step One Plus, USA) was utilized. 
Real-time PCR was conducted using a SYBR 
Premix Ex Taq II kit (Takara, Japan). The 
GAPDH gene expression was used as a con-
trol. The reaction mixture consisted of 5 μL 
premix, 0.4 µL  forward and reverse primers 
(10 pM), 0.2 μL SYBR Green Dye (50x), 3 μL 
DEPS-water, and 1 μL cDNA. The forward 
and reverse primer sequences can be found 
in Table 1. Real-time PCR was conducted us-
ing an initiation step at 95˚C/10 minutes, fol-
lowed by 40 cycles at 95˚C/30 seconds; the re-
lated annealing temperatures for each primer 
pairs are specified (Table 1) as 20 seconds and 
72˚C/30 seconds

Ethical Considerations 
This study was approved by Research  
Ethics Committee (RECs) number: IR.SUMS.
REC.1395.S892 in Shiraz University of  
Medical Sciences. 
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Table 2: Demographic and laboratory data of liver transplant patients with HBV, HCV, HBV and HCV  
co-infected, and control group.

Liver Transplant patients
n=103 Control 

Group 
n=20HBV Group  

n= 69

HBV and HCV  
Co-infected Group  

n= 16

Non-infected Group  
n= 48

HCV Group  
n= 16

Age (mean±SD) 
(range)

38.54 ± 13  
(14-62)

45.58 ± 13  
(20-62)

33.66 ± 12.9  
(6-57)

44.73 ± 12.2 
(23-59)

38.8 ± 11.7  
22-72

Gender 
(n/%)

Fe-
male

14 (20.3) 13 (81.3) 19 (39.6) 5 (33.3) 6 (24)

Male 55 (79.7) 3 (18.7) 29 (60.4) 10 (66.7) 19 (76)

Blood 
Group

A 21 (30.4) 3 (18.8) 11 (22.9) 3 (20)

------
B 14 (20.2) ------ 10 (20.9) 1 (6.7)

AB 12 (17.3) 2 (12.5) 2 (4.2) ------

O 22 (31.9) 7 (43.8) 15 (31.3) 7 (46.7)

Statistical Analysis 
The gene expression fold change rate was 
measured by the Livak (2-ΔΔCt) method. Non-
parametric tests, such as Mann-Whitney U 
analysis, were used to compare the fold change 
of gene expression level between studied 
groups. The area under a receiver operating 
characteristic (ROC) curve of the expression 
of CXCLs and CXCR3 was analyzed between 
HBV-infected and non-infected groups. The 
possible association between the expression 
levels of studied genes was evaluated using 
Spearman correlation analysis in the infected 
and non-infected groups. GraphPad Prism 
6.01 (GraphPad Software, Inc., San Diego, 
CA, USA) was also used to prepare statistical 
figures. Finally, the level for statistical signifi-
cance was calculated as p≤ 0.05. 

RESULTS

All LT patients were divided into four groups: 
HBV, HCV, HBV/HCV co-infected, and non-
infected. Demographic and laboratory data for 
LT and controls are shown in Table 2. In all 
four patient groups that were studied, blood 
group O was the most common (Table 2). 

The CXCLs and CXCR3 mRNA Expression 
Levels in Patient Groups and Controls 
A comparison was made between the mRNA 

expression levels of the analyzed genes in 
liver transplant patients and controls (Fig. 1). 
The expression level of CXCL9 had increased 
in HBV, HCV, and HBV/HCV co-infection 
groups, compared to both non-infected and 
control groups, but it was not statistically sig-
nificant (p> 0.05; Fig. 1A).

Compared to the controls, the mRNA ex-
pression level of CXCL10 was significantly 
increased in both the HBV-infected and non-
infected groups (p≤ 0.05); however, no signifi-
cant changes in CXCL10 mRNA expression 
were observed in both HCV and HBV/HCV 
co-infected groups compared to the controls 
(p> 0.05; Fig. 1B). 

Compared to the control group (p≤ 0.05), the 
expression level of CXCL11 was significantly 
elevated in all patient groups. Additionally, 
compared to the non-infected group, the ex-
pression level of CXCL11 mRNA was nota-
bly down-regulated in the HBV/HCV co-in-
fection and HCV groups (p≤ 0.05; Fig. 1C).  
Compared to the control group, the mRNA 
expression level of CXCR3 was significantly 
elevated in the HBV, HCV, and HBV/HCV co-
infected groups (p≤ 0.05; Fig. 1D). 

Roc curve analysis showed no significant AUC 
and specific cut-off values in all CXCLs and 
CXCR3 expression between the HBV-infected 
and non-infected groups (Table 3; Fig. 2). 
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Figure 1: The comparison of the mRNA expression levels of CXCLs and CXCR3 in different groups.  
Expression of CXCL9 (A), CXCL10 (B), CXCL11 (C), and CXCR3 (D) was compared between HBV, HCV, 
HBV and HCV co-infected, non-infected, and control groups by Mann-Whitney U analysis. All data showed at 
log scale. *: p≤0.05, Co-infected group: HBV and HCV co-infected group.

Correlation between Expression of CXCLs 
and CXCR3 in Different Groups
The correlation between expression levels of 
studied genes was measured using Spearman’s 
rho in all studied patient groups (Fig. 3). In the 
HBV group, the expression levels of CXCL9 
and CXCL10 were significantly correlated (r= 
0.6, p≤ 0.05) (Fig. 3A). Also, the correlation 
between CXCL10 and CXCL11 was signifi-
cantly positive (r= 0.4, p≤ 0.05) (Fig. 3B). Fur-
thermore, there was a significant correlation 
between the expression levels of CXCL11 and 
CXCR3 (r= 0.4, p≤ 0.05) (Fig. 3C). 

In non-infected patients, correlations between 
CXCL10 and CXCL11, as well as CXCL11 and 
CXCR3, were significant (r= 0.56, p≤ 0.05, 
and r= 0.3, p≤ 0.05, respectively) (Fig. 3D, 
3E).

The expression level of CXCR3 and its ligands 
did not significantly correlate in the HCV pa-
tient group, while a significant correlation 
was found between CXCR3 and CXCL11 ex-
pression levels in the HBV/HCV co-infection 
group (r= 0.5, p≤ 0.05) (Fig. 3F).

CXCLs in LTRs with Viral Hepatitis Infections
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Figure 2: ROC curve for CXCLs and CXCR3 in HBV and non-infected group. ROC curve analysis was used 
for the expression of CXCL9 (A), CXCL10 (B), CXCL11 (C) and CXCR3 (D) in HBV group, compared with 
non-infected ones. All data showed at log scale. Co-infected group: HBV and HCV co-infected group.

Additionally, acute rejection was observed in 
only eight individuals in the HBV-infected 
group and four patients in the non-infected 
group. None of the liver transplant patients in 
the HCV and HBV/HCV co-infection groups 
showed acute rejection. The expression levels 
of CXCLs and CXCR3 were compared be-
tween the HBV and non-infected groups with 
acute rejection. In the non-infected group, the 
expression level of CXCL9 was not signifi-
cantly higher compared to the HBV-infected 
group that experienced acute rejection.

DISCUSSION

Cytokines and chemokines mediate the activa-
tion and maintenance of immune responses in 
various pathological processes such as infec-
tions and injuries [14]. These immune mol-
ecules could stimulate different immune cell 
subsets, such as T cells, B cells, neutrophils, 
and monocytes, to activate antiviral responses 
to viral infections such as hepatitis [15,16]. 
CXCR3 receptor and its ligands (CXCL9, 10, 
and 11) contribute to inflammation and im-
mune response during infections [4]. 
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Table 3: .ROC Curve analysis of CXCLs and CXCR3 expression in HBV and non-infected groups.

Gene Expression AUC/95%CI P-value Cut-off Value Sensitivity/95%CI Specificity/95%CI

CXCL9 0.5447 > 0.5 > 0.96 35.29  
19.7 - 53.5

88.89  
65.3 - 98.6

CXCL10 0.5805 > 0.5 ≤ 1.29 86.21  
68.3 - 96.1

40.00  
16.3 - 67.7

CXCL11 0.53 > 0.5 > 2.84 26.53  
14.9 - 41.1

93.48  
82.1 - 98.6

CXCR3 0.5170 > 0.5 > 0.99 16.00  
7.2 - 29.1

97.83  
88.5 - 99.9

CXCL9-11 signaling plays a significant role in 
liver transplantation [17] and has been identi-
fied as an antifibrotic pathway members in 
liver fibrosis in vivo and in vitro [18]. The 
CXCL9-11 ligands are angiostatic, and it was 
detected that in vivo use of CXCL9 can pre-
vent fibrosis and inhibit neoangiogenesis. The 
CXCL9-11/CXCR3 axis has different path-
ways for regulating each of the three ligands, 
but all pathways are induced through IFN-γ. 
Principally, CXCR3 expresses on CD4+ Th1 
cells, CD8+ cytotoxic lymphocytes, and the 
immune cells of innate immunity such as den-
dritic cells, NK, and NKT cells. The protect-
ing or damaging function of the CXCL9-11/
CXCR3 axis during LT still needs more in-
vestigations [17]. In LT patients, the CXCL9-
11/CXCR3 axis plays a crucial role in the re-
cruitment of effector T cells, which can lead to 
acute allograft rejection. When CXCR3 is not 
present, the amount of Tregs located in the 
spleen and lymph nodes increases, suggest-
inghat they are incapable of migrating to the 
liver [17]. 

The CXCR3 and its ligands were designed 
to evaluate the mRNA expression level in LT 
patients with HBV, HCV, and HBV/HCV co-
infection compared to non-virally infected LT 
patients and healthy controls [19]. The results 
showed that the mRNA expression levels of 
CXCR3, CXCL10, and CXCL11 were signifi-
cantly up-regulated in the HBV group com-
pared to the control ones. Studies have veri-
fied that there is a connection between acute 
and chronic HBV infections with CXCR3 and 
its ligands. To illustrate, immunohistochemis-

try has revealed that the level of CXCR3 and 
CXCL10 expression had progressively risen 
in CHB patients with varying degrees of liver 
inflammation and fibrosis when compared to 
individuals without the condition. They also 
found a positive correlation between CXCR3 
and CXCL10 and the inflammation and fibro-
sis grade in CHB patients, suggesting the po-
tential role of CXCR3 and CXCL10 in CHB 
clinical complications [20]. Furthermore, the 
expression level of CXCL9, 10, 11, and IL-10 
was up-regulated in CHB compared to healthy 
controls and asymptomatic HBV-infected pa-
tients [21]. 

The expression levels of CXCL9 and 10 cor-
related in HBV-infected patients, suggesting 
their simultaneous contribution to the antivi-
ral response against HBV infection. A corre-
lation between CXCL10 and 11 and CXCL11 
and CXCR3 levels was observed in both LT 
patient groups, with and without HBV infec-
tion. These results indicated that CXCL10, 11, 
and CXCR3 levels are critical in LT patients 
with and without HBV infection. These results 
were confirmed in earlier reports in which 
the expression levels of CXCR3 and CXCL10 
positively correlated in CHB patients [17]. A 
positive correlation between CXCL9, 10, and 
11 was also reported in acutely HBV-infected 
patients, suggesting their importance during 
anti-HBV responses in LT patients [8]. 

In acute and chronic HBV infections, a direct 
relationship was noted between the serum 
presence of CXCL9, 10, and 11 and the levels 
of alanine aminotransferase (ALT), which 
shows that these molecules are involved in  

CXCLs in LTRs with Viral Hepatitis Infections
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Figure 3: The correlation between CXCL9 and CXCL10 (A), CXCL10 and CXCL11 (B), CXCL11 and CXCR3 
(C) in HBV group, and between CXCL10 and CXCL11 (D) in non-infected group, and between CXCL11 and 
CXCR3 (E) in HCV group, and between CXCR3 and CXCL11 (F) in HBV and HCV co-infected group was  
determined by Spearman rank analysis. All data showed at log scale.

liver inflammation. A study showed that levels 
of CXCL9, 10, 11, and 13 and IL-21 were over-
expressed when the ALT was at its highest 
level and decreased during the reduction of 
HBV-DNA load in acute HBV infection [8]. 
Moreover, the correlation between the serum 
level of these chemokines and ALT was re-
ported in HCV-infected patients [21]. 

Acute rejection remains a serious issue after 
liver transplantation, and up-regulation of 
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CXCR3 and its ligands (CXCL9, 10, and 11) 
have been detected to be associated with Th1 
cell trafficking into the allograft in the cel-
lular immune response during acute rejec-
tion [22–24]. An increase in the serum level 
of CXCL9, 10, and 11 in early liver dysfunc-
tion after transplantation [24] suggests they 
are noninvasive biomarkers for rejection after 
transplantation [25]. Another study found 
that CXCL9 was up-regulated on the first day 
post-liver transplant and could be used as a 
noninvasive biomarker for rejection [26]. 
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In contrast, in the current study, a signifi-
cant association was not observed between 
the CXCR3 mRNA expression level and its 
ligands in LT patients with rejection episodes 
and HBV infection, compared to non-infected 
patients who experienced rejection. This dif-
ference might be related to the small popula-
tion group. 

The effective role of CXCLs in HCV infec-
tion was reported earlier [27]. Therefore, in 
the present research, the CXCL11 mRNA ex-
pression level in the HCV and HBV/HCV co-
infection groups significantly increased com-
pared to the controls. The increased plasma 
level of CXCL10 is detected as a hallmark for 
detecting liver fibrosis progression in patients 
suffering from chronic HCV infection [28]. 
The association of both CXCL10 and CXCL11 
was reported with mix-HCV and cryoglobuli-
nemia [29]. Pro-apoptotic effects of CXCL10 
in hepatocytes were established during HCV 
infection [30]. Also, the association between 
CXCL9 and advanced inflammation in HCV 
infection was also observed [28]. Serum lev-
els of CXCL10, 11, and 12 were considered to 
be allied with liver cirrhosis in chronic HCV-
infected patients, which can be defined as new 
biomarkers for liver inflammation and fibrosis 
[29].

CXCL9, 10, and 11 were found to be associat-
ed with both the mRNA and protein levels in 
the course of polyomavirus BK infection post-
kidney transplantation (KT). These results 
presented that CXCL9 mRNA and serum lev-
els up-regulated in KT patients during active 
polyomavirus BK infection. Also, the mRNA 
level of CXCL11 and serum level of CXCL10 
were evaluated during polyomavirus BK infec-
tion, suggesting this infection might induce 
inflammation via inflammatory chemokines, 
leading to an increased risk of rejection after 
transplantation [31,32]. This research suf-
fered from some restrictions, including an 
inadequate sample size and limitations in pa-
tients' follow-up post-transplantation.

In conclusion, CXCR3 and two of its ligands 
(CXCL10 and 11) are up-regulated in LT pa-
tients, especially in HBV and HCV-infected 

ones. Also, finding direct correlations between 
the expression levels of CXCLs/CXCR3 and 
HBV infection in LT patients reveals their 
possible regulatory role in the pathogenesis 
of viral hepatitis agents in LT patients. These 
findings suggest that these chemokines should 
be studied further for their potential impor-
tance as prognostic and diagnostic markers in 
liver transplant complications.

CONFLICTS OF INTEREST: None to be 
declare.

FINANCIAL SUPPORT: The authors thank 
Shiraz University of Medical Sciences for 
their support (Grant No: 9757)

REFERENCES
1.	 Bertoletti A, Ferrari C. Adaptive immunity in HBV 

infection. J Hepatol. 2016;64:S71-S83.
2.	 Willemse SB, Jansen L, De Niet A, et al. Intrahepat-

ic IP-10 mRNA and plasma IP-10 levels as response 
marker for HBeAg-positive chronic hepatitis B 
patients treated with peginterferon and adefovir.  
Antiviral Res 2016;131:148-55. 

3.	 Ghanbari R, Ravanshad M, Hosseini SY, et al. Geno-
typing and Infection Rate of GBV-C among Iranian 
HCV- Infected Patients. Hepat Mon 2010;10:80-7.

4.	 Müller M, Carter S, Hofer MJ, Campbell IL. The 
chemokine receptor CXCR3 and its ligands CXCL9, 
CXCL10 and CXCL11 in neuroimmunity--a tale of 
conflict and conundrum. Neuropathol Appl Neuro-
biol 2010;36:368-87. 

5.	 Thapa M, Welner RS, Pelayo R, Carr DJJ. CXCL9 and 
CXCL10 expression are critical for control of genital 
herpes simplex virus type 2 infection through mo-
bilization of HSV-specific CTL and NK cells to the 
nervous system. J Immunol 2008;180:1098-106.

6.	 Billottet C, Quemener C, Bikfalvi A. CXCR3, a dou-
ble-edged sword in tumor progression and angio-
genesis. Biochim Biophys Acta 2013;1836:287-95. 

7.	 Van Raemdonck K, Van den Steen PE, Liekens S, et 
al. CXCR3 ligands in disease and therapy. Cytokine 
Growth Factor Rev 2015;26:311-27.

8.	 Yoshio S, Mano Y, Doi H, et al. Cytokine and che-
mokine signatures associated with hepatitis B sur-
face antigen loss in hepatitis B patients. JCI Insight 
2018;3:e122268.

9.	 Wang J, Nikrad MP, Phang T, et al. Innate immune 
response to influenza A virus in differentiated hu-
man alveolar type II cells. Am J Respir Cell Mol Biol 
2011;45:582-91. 



18 Int J Org Transplant Med 2024; Vol. 15 (1)    www.ijotm.com 

10.	 Capece T, Kim M. The Role of Lymphatic Niches in T 
Cell Differentiation. Mol Cells 2016;39:515-23. 

11.	 Yaghobi R, Behzad-Behbahani A, Sabahi F, et al. 
Comparative analysis of a double primer PCR assay 
with plasma, leukocytes and antigenemia for diag-
nosis of active human cytomegalovirus infection in 
bone marrow transplant patients. Bone Marrow 
Transplant 2005;35:595-9. 

12.	 Pakfetrat M, Yaghobi R, Salmanpoor Z, et al. Fre-
quency of Polyomavirus BK Infection in Kidney 
Transplant Patients Suspected to Nephropathy. Int 
J Organ Transplant Med 2015;6:77-84.

13.	 Spivey TL, Uccellini L, Ascierto ML, et al. Gene ex-
pression profiling in acute allograft rejection: chal-
lenging the immunologic constant of rejection hy-
pothesis. J Transl Med 2011;9:174. 

14.	 Fallahi P, Ferri C, Ferrari SM, et al. Cytokines 
and HCV-Related Disorders. Clin Dev Immunol 
2012;2012:468107.

15.	 He D, Li M, Guo S, et al. Expression Pattern of 
Serum Cytokines in Hepatitis B Virus Infected Pa-
tients with Persistently Normal Alanine Amino-
transferase Levels. J Clin Immunol 2013;33:1240-9.

16.	 Zhang Y, Cobleigh MA, Lian JQ, et al. A proinflam-
matory role for interleukin-22 in the immune 
response to hepatitis B virus. Gastroenterology 
2011;141:1897-906. 

17.	 Saiman Y, Friedman SL. The role of chemokines in 
acute liver injury. Front Physiol 2012;3:213. 

18.	 Wasmuth HE, Lammert F, Zaldivar MM, et al. An-
tifibrotic Effects of CXCL9 and Its Receptor CXCR3 
in Livers of Mice and Humans. Gastroenterology 
2009;137:309-19.

19.	 Reynders N, Abboud D, Baragli A, et al. The Distinct 
Roles of CXCR3 Variants and Their Ligands in the 
Tumor Microenvironment. Cells 2019;8:613.

20.	 Haghbin M, Rostami-Nejad M, Forouzesh F,  
et al. The role of CXCR3 and its ligands CXCL10 
and CXCL11 in the pathogenesis of celiac disease.  
Medicine 2019;98:e15949. 

21.	 Lian JQ, Yang XF, Zhao RR, et al. Expression Profiles 
of Circulating Cytokines, Chemokines and Immune 
Cells in Patients With Hepatitis B Virus Infection. 
Hepat Mon 2014;14:e18892. 

22.	 Karimi MH, Motazedian M, Abedi F, et al. Asso-
ciation of genetic variation in co-stimulatory mol-
ecule genes with outcome of liver transplant in 
Iranian patients. Gene 2012;504:127-32. 

23.	 Romagnani P, Crescioli C. CXCL10: a candidate 
biomarker in transplantation. Clin Chim Acta 
2012;413:1364-73. 

24.	 Kim N, Yoon YI, Yoo HJ, et al. Combined Detection 
of Serum IL-10, IL-17, and CXCL10 Predicts Acute 
Rejection Following Adult Liver Transplantation. 
Mol Cells 2016;39:639-44. 

25.	 Friedman BH, Wolf JH, Wang L, et al. Serum 
cytokine profiles associated with early allograft 
dysfunction in patients undergoing liver transplan-

tation. Liver Transpl 2012;18:166-76.
26.	 Raschzok N, Reutzel-Selke A, Schmuck RB, et al. 

CD44 and CXCL9 serum protein levels predict the 
risk of clinically significant allograft rejection after 
liver transplantation. Liver Transpl 2015;21:1195-
207.

27.	 Fahey S, Dempsey E, Long A. The role of chemo-
kines in acute and chronic hepatitis C infection. 
Cell Mol Immunol 2014;11:25-40.

28.	 Zeremski M, Dimova R, Brown Q, et al. Peripheral 
CXCR3-associated chemokines as biomarkers of fi-
brosis in chronic hepatitis C virus infection. J Infect 
Dis 2009;200:1774-80. 

29.	 Chalin A, Lefevre B, Devisme C, et al. Circulating 
levels of CXCL11 and CXCL12 are biomarkers of 
cirrhosis in patients with chronic hepatitis C infec-
tion. Cytokine 2019;117:72-8. 

30.	 Sahin H, Borkham-Kamphorst E, do O NT, et al. 
Proapoptotic effects of the chemokine, CXCL 10 
are mediated by the noncognate receptor TLR4 in 
hepatocytes. Hepatology 2013;57:797-805.

31.	 Kariminik A, Dabiri S, Yaghobi R. Polyomavirus BK 
Induces Inflammation via Up-regulation of CXCL10 
at Translation Levels in Renal Transplant Patients 
with Nephropathy. Inflammation 2016;39:1514-9. 

32.	 Kariminik A, Yaghobi R, Dabiri S. Association of BK 
Virus Infection with CXCL11 Gene Expression and 
Protein Levels in Kidney Transplant Patients. Exp 
Clin Transplant 2018;16:50-4. 

S. Zomorrodi, A. Afshari, et al




