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Abstract

Background: Most patients with untreated chronic hepatitis C virus (HCV) infection develop hepatic fibrosis. Hepatic disease progression
is monitored with hematological markers (alanine aminotransferase [ALT], aspartate aminotransferase [AST], albumin and platelet [PLT]
count, AST/ALT ratio, AST/PLT ratio index [APRI], and fibrosis 4 score [FIB-4]) and FibroScan (manufactured in Echosens, France).
Objectives: The present study aimed to investigate the association between Duffy antigen/chemokines receptor (DARC) polymorphisms
and clinical parameters in the Han people with chronic hepatitis C infection in Dalian, China.

Methods: This cohort study was performed on 245 Han people with chronic HCV at Dalian infectious hospital during April-December
2015. The participants of the research were selected using the consecutive sampling method. The DARC genotyping was performed using
the TagMan probe method and transient elastography was measured by FibroScan.

Results: Based on the findings, DARC polymorphisms correlated with ALT concentrations (FY*A/FY*A vs. FY*A/FY*B, P=0.025).
However, the DARC polymorphism did not have an association with HCV RNA titers (FY*A/FY*A vs. FY*A/FY*B, P=0.241) or hepatic
fibrosis (FY*A/FY*A vs. FY*A/FY*B, P=0.325). Moreover, correlation analyses showed that APRI (P<0.001, rho=0.603) and FIB-4
(P<0.001, rho=0.698) were useful predictors of hepatic fibrosis in chronic HCV infection. Besides, HCV RNA titers (P=0.327) and hepatic
injury markers (P=0.814, 0.198, 0.767, and 0.171 for ALT, AST, ALB, and AST/ALT, respectively) were not useful for the estimation of the

fibrosis stage in patients with chronic hepatitis C.

Conclusion: The FY*A allele is a potentially valuable protective factor against hepatocyte damage in chronic HCV-infected patients.
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1. Background

Hepatitis C virus (HCV) is one of the main causes
of chronic liver disease. Most chronic HCV infected
individuals will develop complications, such as liver
fibrosis, cirrhosis, and end-stage liver disease (1).
Non-invasive methods, including some hematological
markers (alanine aminotransferase [ALT], aspartate
aminotransferase [AST], albumin [ALB], and platelet
[PLT] count), their derived markers (AST/ALT ratio,
fibrosis 4 score [FIB-4], and AST/PLT ratio index
[APRI]), and transient elastography (FibroScan) were
also used for monitoring fibrosis progression (2).

The Duffy antigen/chemokines receptor (DARC),
also known as Duffy blood group antigens (3) or
atypical chemokine receptor 1 (4), is a highly
promiscuous receptor that binds a large number of
chemokines (5,6). The DARC gene has two major
alleles in Asians, namely FY*4 and FY*B, which differ
by rs12075 polymorphism (at position chr1:159
205564 G>A) (7). Some studies have shown that the
DARC polymorphism has a critical role in Plasmodium
vivax malaria, human immunodeficiency virus, and
breast cancer (8-10).

Moreover, DARC has two main functions; one of
which is as a decoy receptor for a variety of CXC and

CC chemokines through internalization while the
other one is participation in the transportation of
chemokines across endothelial cells and their
presentation to leukocytes (11). The CXC and CC
chemokines are believed to contribute to liver
inflammation and damage during chronic HCV
infection (12,13). Therefore, DARC polymorphism
may play a crucial role in the prevention of liver
deterioration in chronic hepatitis C.

2. Objectives

The primary aim of this study was to investigate
the association between the DARC polymorphism and
clinical characteristics in the Han people with chronic
HCV infection in Dalian, China.

3. Methods

3.1. Subjects

This cohort study was performed on 245 Han
patients with chronic HCV-infected who referred to
Dalian infectious hospital (a Grade III Level A hospital
located in northern China) from April 2015 to
December 2015. The subjects were selected using the
consecutive sampling method. To avoid sampling

Copyright © 2020, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly

cited


http://ircmj.com/index.php/IRCMJ/article/view/146
http://ircmj.com/index.php/IRCMJ/article/view/146
http://creativecommons.org/licenses/by-nc/4.0/)

Shao LN et al.

error and bias, the inclusion criteria were 1) the
presence of HCV antibody and HCV RNA, 2) lack of
ascites, 3) lack of hepatitis B virus or alcohol-related
liver diseases, and 4) no significant heart, brain, lung,
and kidney complications. The collected data
included their age, gender, routine full blood count,
liver function tests, and serum HCV RNA titers. It
should be noted that the protocol was approved by
the Ethics Committee of Dalian Blood Center
(DBC00802007). Furthermore, informed consent was
obtained from all the participants. All the collected
data were anonymized to comply with the provisions
of personal data protection legislation.

3.2. DARC genotyping

The DARC genotyping was performed by TagMan
probe method using the Applied Biosystems 7300
detection system (manufactured in CA, USA), (14).
The PCR mixtures contained 10 pL 2 x TagqMan
Universal PCR Master Mix (Applied Biosystems), 0.2
uL (20 pM) of each probe (FAM-AGACTATGG
TGCCAAC-MGB for FY*A and VIC-AGACTATGA
TGCCAACC-MGB for FY*B), 0.9 pL (20 uM) of each
primer (F: 5'- TGTGAATGATTCCTTCCCAGATG-3’ and
R: 5’- CACTGGTGAGGATGAAGAAGGG-3’), 1 pL DNA,
and 6.8 pL distilled water.

3.3. FibroScan measurements

Transient elastography was measured by
FibroScan (manufactured in Echosens, France). More
than 10 detections with a success rate of more than
60% and a quartile range of less than 30% of the
median elasticity were considered effective. The
values related to METAVIR fibrosis stages were
classified into mild (F1-F2<9.6 kPa) and advanced
fibrosis (F3-F4=29.6 kPa).

3.4. Statistical analysis
The FIB-4 and APRI were determined by the

following equations: FIB-4=(agexAST [U/L])/(PLT
[109/L]xVALT [U/L]); APRI=(AST [U/L]/upper limit
of normal)/(PLT [109/L]x100). The data with normal
distribution were presented as mean values and the
measurements of patients with different DARC
genotypes were compared using the student’s t-test.
The rest of the data were presented as median
(interquartile range) and compared using the Mann-
Whitney U test.

Moreover, correlations among the routine
hematological indices (e.g., liver function tests), the
FibroScan measurements, and the HCV RNA titers
were analyzed using the Spearman correlation test. It
should be mentioned that a p-value of less than 0.05
was considered statistically significant and all the
statistical analyses were performed in SPSS software
(version 21.0).

4. Results

4.1. DARC polymorphism

Based on the findings, wild type homozygous
genotype FY*A/FY*A was most predominant (n=211,
86.1%), while heterozygous genotype FY*A/FY*B
was the least common (n=34, 13.9%). Moreover,
genotype FY*B/FY*B was absent in these patients.
The distribution of the observed genotypes was in
agreement with the Hardy-Weinberg equilibrium
(P=0.24).

4.2. Relationship of DARC polymorphism with
Fibroscan measurement results and serum biochemical

Regarding the demographic characteristics and
routine blood and liver function test results of the
wild type homozygous and heterozygous genotype
patients (Table 1), there was no significant difference
between the genotypes except for ALT (P=0.025) and
the AST/ALT ratio (P=0.004). The log-transformed
HCV RNA titers seen in the wild type homozygous

Table 1. Demographic characteristics, and routine blood and liver function test results of chronic HCV-infected patients

. DARC genotyping

HCV patients FY*A/FY*A FY*A/FY*B P
n 245 211 34
Age 53.7413.7 54.6£13.8 48.2+11.8
Gender (M/F) 128/117 109/103 19/14
RBC (1012/L) 45206 45206 44%0.8 0.438
HGB (g/L) 137.9+18.7 138.1£18.0 136.8+23.1 0.757
WBC (109/L) 43 (3.5~5.4) 4.3 (3.5~5.5) 42 (3.3~5.3) 0.298
Neutrophil (10°/L) 2.20 (1.66~3.08) 2.19 (1.71~3.16) 2.20 (1.45~2.65) 0.204
Lymphocyte (10°/L) 1.67 (1.35~2.21) 1.67 (1.38~2.21) 1.73 (1.09~2.21) 0.566
Monocyte (10°/L) 0.19 (0.14~0.25) 0.19 (0.14~0.25) 0.15 (0.12~0.23) 0.056
Eosinophil (10°/L) 0.07 (0.04~0.11) 0.07 (0.04~0.12) 0.07 (0.03~0.09) 0.403
Basophil (10°/L) 0.01 (0~0.01) 0.01 (0~0.01) 0.01 (0~0.01) 0397
Platelet (109/L) 156.7464.0 156.5£65.6 158.0£53.1 0.900
ALT (U/L) 123.5 (85.0~163.3) 119.0 (82.7~155.9) 135.4 (110.7~195.9) 0.025
AST (U/L) 79.8 (55.7~109.5) 79.8 (55.4~108.3) 80.5 (56.2~112.8) 0.771
ALB (g/L) 43.845.2 43.7£5.0 44.0£6.1 0.728
AST/ALT 0.66 (0.53~0.85) 0.67 (0.54~0.86) 0.58 (0.42~0.69) 0.004
APRI 1.31 (0.84~2.31) 1.27 (0.84~2.29) 1.47 (0.86~2.44) 0.770
FIB-4 2.67 (1.62~4.32) 2.71 (1.63~4.74) 253 (1.15~3.38) 0.146

HCV: hepatitis C virus; DARC: Duffy antigen/chemokines receptor; RBC: red blood count; HGB: hemoglobin; WBC: white blood count; ALT:
alanine aminotransferase; AST: aspartate aminotransferase; ALB: albumin; APRI: AST to platelet ratio index; FIB-4: Fibrosis 4 score
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Table 2. Serum HCV RNA titers of chronic HCV infected patients

DARC genotyping

Log (RNA copies/mL) HCV patients FY*A/FY*A FY*A/FY*B P
Total 6.93 (6.03~7.56) 6.95 (6.13~7.56) 6.35 (5.48~7.54) 0.241
<6 4.92 (4.51~5.56) 4.87 (4.49~5.52) 5.45 (4.79~5.80) 0.122
>6 7.25 (6.69~7.75) 7.24 (6.68~7.75) 7.54 (7.04~7.69) 0.331
HCV: hepatitis C virus; DARC: Duffy antigen/chemokines receptor
Table 3. Results of FibroScan measurements of chronic HCV infected patients

. . DARC genotyping
FibroScan HCV patients FY*A/FY*A FY*A/FY*B P
Total 8.9 (6.1~13.9) 8.9 (6.2~14.0) 8.3 (5.1~10.5) 0.325
F1, F2 6.3 (5.0~7.8) 6.3 (5.2~7.8) 5.1 (5.0~7.7) 0.531
F3,F4 14.3 (11.4~24.5) 14.9 (11.5~27.5) 11.5(10.1~17.3) 0.242

HCV: hepatitis C virus; DARC: Duffy antigen/ chemokines receptor

and heterozygous genotype patient groups were also
measured and compared (Table 2); however, there
was no significant difference between them.

Moreover, no significant difference was observed
between the genotype groups when they were
further subdivided into the log (RNA copies/mL) < 6
and log (RNA copies/mL) > 6. Finally, the results of
FibroScan measurements of HCV-infected patients
were recorded and summarized in Table 3. There was
no significant difference between the wild type
homozygous and heterozygous genotype groups in
terms of combined FibroScan measurements.
Furthermore, no significant difference was found
between the subgroups with mild and advanced
fibrosis in this regard.

4.3. Correlation analyses

Results of the correlations between the liver
function biomarkers, the liver fibrosis indices, and
the HCV RNA titers were analyzed (Figure 1). The
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Figure 1. Results of the Spearman's rank correlations among
the clinical characteristics. The upper and lower triangles
represent the p- and rho values. ALT: alanine aminotransferase;
AST: aspartate aminotransferase; ALB: albumin; APRI: AST to
platelet ratio index; FIB-4: Fibrosis 4 score
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collected data indicated that APRI and FIB-4 were
correlated positively with FibroScan measurements;
however, this was not the case with AST/ALT.
FibroScan measurements, HCV RNA titers, and liver
function biomarkers (ALT, AST, and ALB) did not
correlate significantly with each other.

5. Discussion

According to the World Health Organization,
approximately 71 million individuals are chronically
infected with HCV globally. In different regions of
China, the prevalence of chronic HCV infection ranges
from 0.43% to 3.2% (14). Therefore, it is necessary to
study the mechanism of HCV to reduce the risk of
disease progression.

In this study, the associations of DARC
polymorphism with Fibroscan measurement results
and serum biochemical were analyzed and it was
found that ALT concentrations and the AST/ALT ratio
differed significantly between patients with the wild
type homozygous and heterozygous genotypes of
DARC.

The ALT is a cytosolic liver enzyme that leaks
into the circulation during hepatocyte necrosis.
Therefore, ALT activity is commonly measured to
assess liver disease severity and, in theory, provides
a good marker of liver injury. Moreover, ALT
variation is also attributed to immunogenetic
factors (15) with the heritability of ALT fluctuations
ranging from 35-61% (16).

Numerous studies support this idea; for instance,
Larrieta-Carrasco et al. (17) investigated 288 single-
nucleotide polymorphisms (SNPs) in genome-wide
association studies and found that several SNPs of
certain genes were significantly associated with
elevated ALT levels in Mexican adults with an admixed
ancestry. Moreover, Viitasalo et al. (15) showed that
children carrying the T allele of the MBOAT7?7
polymorphism had higher plasma ALT than the non-
carriers. In addition, a meta-analysis indicated that the
PNPLA3 rs738409 polymorphism can have a
differentiated influence on the ALT level (16).

The present study is the first one to identify the
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association between the DARC rs12075 and ALT
concentrations in chronic HCV infected patients. The
mechanism is unclear; nevertheless, we considered
that the circulating levels of proinflammatory
chemokines can be regulated by DARC polymorphism
which also contributes to liver inflammation and
damage during chronic HCV infection. FY*A allele is
a potentially valuable protective factor against
hepatocyte damage-induced ALT leakage in chronic
HCV infected patients. This provides new evidence to
DARC which would be helpful for future risk
assessment and personalized treatment of chronic
HCV infection.

Besides ALT and AST/ALT, no other indices were
found to be associated with DARC polymorphism.
APRI and FIB-4 indices are based on routinely
available clinical laboratory parameters and have
significant accuracy in the diagnosis of liver fibrosis
(18,19). Moreover, the FibroScan has been shown to
accurately predict histological fibrosis and its
guidelines recommend its use for the determination
of the fibrosis stage in HCV positive patients (20-22).

These negative associations of DARC rs12075
polymorphism with APRI, FIB-4, and FibroScan
results suggest that genetic factors that determine
the circulating levels of chemokines and ALT are not
necessarily risk factors for the progression of liver
fibrosis in chronic HCV-infected patients. This result
is concordant with those of previous research that
used non-invasive serum liver-related markers (23)
and liver biopsy (24).

However, the findings of a study conducted by
Jiménez-Sousa et al. (25) were inconsistent. In their
retrospective cohort study (based on a repeated
measures design) performed on 208 chronic HCV-
infected patients, rs12075 was correlated with the
liver fibrosis progression in HCV-infected patients.
Therefore, further research with larger sample sizes
in various populations is required. The Rs2814778, a
specific SNP at the DARC gene promoter, results in a
DARC-null phenotype and has been found to be a
predictor of low counts of leukocyte and neutrophil
(26,27). However, in this study, it was found that
DARC polymorphism (rs12075) was not significantly
associated with white blood counts in HCV positive
patients and it is suggested that these two SNPs have
different biological functions.

In the correlation analyses, FibroScan was
correlated positively with APRI (rho=0.603,
P=1.379x10-¢) and FIB-4 (rho=0.698, P=4.522x10-9).
Based on the results of the present research, APRI
and FIB-4 are useful liver fibrosis parameters in
chronic HCV infection which is consistent with those
of other studies (28,29).

The findings are conflicting regarding the merit of
using AST/ALT as a fibrosis marker since the
study results range from showing no value to
demonstrating that this ratio can be a good predictor
of liver fibrosis (30). According to the results of this

study, FibroScan measurements did not significantly
correlate with AST/ALT, indicating that this ratio is
not a good and discriminative index for estimating
fibrosis extent in chronic HCV infection as previously
demonstrated by others (30,31). Al-Khurri et al. in
their study concluded that serum HCV RNA level does
not determine the development of liver damage and
fibrosis (32). This is in line with the results of this
study and suggests that HCV RNA titers and liver
injury markers are not effective in the diagnosis of
the degree of liver fibrosis in chronic HCV positive
patients.

6. Conclusion

Based on the results, it can be concluded that in
the Han population of Dalian, DARC polymorphism
can affect ALT concentrations and that the FY*A allele
may be a valuable protective factor against
hepatocyte damage and associated ALT leakage in
chronic HCV-infected patients. However, DARC
polymorphism had no significant associations with
HCV RNA titers or liver fibrosis in chronic HCV-
infected patients.

Moreover, according to the correlation analyses,
APRI and FIB-4, unlike AST/ALT, were useful
parameters of liver fibrosis in chronic hepatitis C. The
HCV RNA titers and liver injury markers were not
useful in the estimation of the fibrosis stage in
chronic hepatitis C patients. Nevertheless, the
statistic population of this study was relatively small,
therefore, it is recommended to conduct further
research with larger sample sizes in various
populations.
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