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Abstract: The Duffy antigen receptor for chemokines (DARC) rs12075 polymorphism regulates
leukocyte trafficking and proinflammatory chemokine homeostasis. Hepatitis C virus (HCV)-mediated
liver fibrosis is associated with an uncontrolled inflammatory response. In this study, we evaluate the
association between the DARC rs12075 polymorphism and liver stiffness progression in HCV-infected
patients. We carried out a retrospective cohort study (repeated measures design) in 208 noncirrhotic
patients with chronic hepatitis C (CHC) who had at least two liver stiffness measurements (LSM)
with a separation of at least 12 months. We used generalized linear models to analyze the association
between DARC rs12075 polymorphism and outcome variables. During a follow-up of 46.6 months,
the percentage of patients with stages of fibrosis F0/F1 decreased (p < 0.001), while LSM values
and the percentage of patients with cirrhosis increased (p < 0.001). This pattern of changes was
maintained in each of the groups of patients analyzed according to their rs12075 genotypes (AA or
AG/GG). However, the variations in liver stiffness characteristics were lower in patients with the
rs12075 AG/GG genotype (AG/GG versus AA). Thereby, in the adjusted analysis, patients with the
rs12075 AG/GG genotype had a lower risk of an increased value of LSM2/LSM1 arithmetic mean
ratio (AMR = 0.83; p = 0.001) and of an increase in LSM ≥ 5 kPa (odds ratio (OR) = 0.28; p = 0.009).
Besides, patients with rs12075 AG/GG had a lower risk of cirrhosis progression (OR = 0.24; p = 0.009).
No significant associations were found for an increase in LSM ≥ 10 kPa. We found an association
between the DARC rs12075 single nucleotide polymorphism (SNP) and CHC progression. Specifically,
patients with the DARC rs12075 AG/GG genotype had a lower risk of liver fibrosis progression and
development of cirrhosis.
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1. Introduction

Chronic hepatitis C (CHC) is a clinically relevant human infectious disease with a significant impact
on the health system. The World Health Organization estimated that 71 million people are chronically
infected with hepatitis C virus (HCV) [1]. These individuals frequently develop serious hepatic
complications such as cirrhosis and hepatocellular carcinoma [2,3], even after successful treatment
with direct-acting antivirals (DAAs), particularly patients with advanced fibrosis and cirrhosis [4,5].
This evolution depends, among other factors, on the individual’s genetic background, as several single
nucleotide polymorphisms (SNPs) have been associated with liver disease progression [6,7].

Staging liver fibrosis is crucial for the management and prognosis of CHC patients [8], as early
detection of fibrosis allows the implementation of preventive strategies that have a positive impact on
the patient outcome [9,10]. Currently, the severity of liver fibrosis is mostly evaluated by noninvasive
elastography techniques, particularly the evaluation of liver stiffness measurement (LSM), which gives
us quantitative data about liver stiffness [11,12].

The development of advanced liver diseases is associated with an uncontrolled inflammation,
characterized by the expression of high levels of cytokines and chemokines and recruitment of various
leukocyte subsets into the liver [13,14]. In agreement with this, several studies have shown that
SNPs in chemokine and chemokine receptor genes affect inflammation and fibrosis outcome in HCV
infection [15,16]. Therefore, the analysis of the impact of individual SNPs on the development of liver
cirrhosis may provide information about CHC pathogenesis and may be essential for taking preventive
measures [10].

The Duffy antigen receptor for chemokines (DARC), also known as atypical chemokine receptor-1
or ACKR1, is a member of the chemokine decoy receptor (CDR) family, atypical chemokine binders
capable of internalizing their cognate chemokine ligands [17]. Therefore, the CDRs regulate the
action of primary proinflammatory cytokines and chemokines. The DARC belongs to the blood
group system [18] and it is a receptor for various proinflammatory chemokines such as interleukin
(IL)-8, monocyte chemoattractant protein-1 (MCP-1/CCL2), regulated on activation normal T-cell
expressed and secreted (RANTES/CCL5), eotaxin-1 (CCL11), and thymus- and activation-regulated
chemokine (TARC/CCL17) [19]. In addition to erythrocytes, DARC is expressed in other cell types,
including endothelial cells [20]. On the endothelium, DARC seems to be implicated in the transcytosis
of chemokines and presentation to blood leukocytes [21,22]. In contrast, in erythrocytes, DARC
was suggested to promote the capture of plasma chemokines and their intracellular storage [23–25],
avoiding the activation of leukocytes [21,22]. Because DARC rs12075 SNP (125A > G; Asp42Gly) is a
major determinant of circulating CCL2 levels [26] and CCL2 has been associated with liver fibrosis
progression [27], a relationship between rs12075 and liver cirrhosis is expected.

Our objective was to explore the association between the DARC rs12075 SNP and liver fibrosis
progression, evaluated by LSM, in patients infected with HCV.

2. Materials and Methods

2.1. Study Population

We performed a retrospective cohort study (repeated measures design) in 208 patients with
chronic hepatitis C from Hospital Virgen de la Salud (Toledo, Spain), recruited between 2008 and 2016.
This work was conducted following the 1975 Declaration of Helsinki. The Institutional Review Board
of the Instituto de Salud Carlos III (“Comités de Ética de la Investigación y Bienestar Animal”—4 April
2013) approved the study, and all patients signed the consent form.

The selection criteria were: (1) demonstrable plasma HCV RNA during the follow-up; (2) a DNA
sample; (3) a baseline LSM (LSM1) and other final LSM (LSM2) with a separation of at least 12 months
in medical history. The exclusion criteria in this study were: (1) baseline cirrhosis (F4; LSM1 ≥ 12.5 kPa);
(2) coinfection with human immunodeficiency virus or hepatitis B virus; (3) autoimmune liver disease.
Hepatitis C virus therapy could be administered before or after the baseline, but we only included
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nonresponder patients in this study (patients treated for HCV infection before starting the study).
When a patient started the HCV therapy after the first LSM (LSM1) and achieved a sustained virological
response (SVR), the follow-up was interrupted.

Figure 1 shows the flow diagram describing the inclusion and exclusion criteria of the study
participants. About 1500 patients infected with HCV were attended at the Hospital Virgen de la Salud
from May 2013 to May 2015. We had 608 blood samples available, but 92 patients’ samples were
discarded due to incomplete clinical data. A total of 516 DNA samples were genotyped, but 308 were
discarded for various reasons during the follow-up of the study: 77 patients did not have data of LSM,
50 patients were responders to HCV therapy before LSM1, 125 patients did not have data of LSM
(LSM2) at least 12 months after baseline LSM (LSM1), 37 patients were responders to HCV therapy
before 12 months of follow-up, and 19 patients had an LSM1 ≥ 12.5 kPa. A total of 208 patients fulfilled
all selection criteria.

Figure 1. Flow diagram describing the inclusion and exclusion criteria of study participants. HCV:
Hepatitis C virus; LSM: liver stiffness measurement; CEGEN: Spanish National Genotyping Center;
DARC: Duffy antigen receptor for chemokines.

2.2. Clinical Data

The information of each patient was collected from medical records, as described previously [28],
which included demographic, clinical, virological, and laboratory data. The clinic management of
patients during the follow-up was performed according to clinical guidelines [29,30].

2.3. DNA Genotyping

Two hundred microliters of peripheral blood were used to extract total DNA with QIAsymphony
DNA Mini Kit (Qiagen, Hilden, Germany). DNA genotyping was carried out at the CEGEN (Spanish
National Genotyping Center; http://www.cegen.org/) using Agena Bioscience’s MassARRAY platform

http://www.cegen.org/
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(San Diego, CA, USA) and the iPLEX® Gold assay design system. As described by Gabriel et al. [31],
the first assay consists of a locus-specific polymerase chain reaction (PCR) reaction, followed by single
base extension using mass-modified dideoxynucleotide terminators of an oligonucleotide primer
which anneals immediately upstream of the polymorphic site of interest. Using matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry, the distinct mass of the extended
primer identifies the SNP allele. The quality control was carried out as follows: (i) technical replicates
were performed by including duplicated samples on each plate; (ii) three positive Coriell controls
(NA10860, NA10861, NA11984) from the Human Genetic Cell Repository were analyzed to ensure
a technically correct process; (iii) a negative control was included to exclude DNA contamination;
(iv) genotyping call rate over 95% was used.

Other SNPs analyzed in this population have been previously reported regarding their association
with fibrosis progression: PNPLA3 rs738409 [32], MERTK rs4374383 [33], and IL7RA rs6897932 [28].

2.4. Liver Stiffness Measurement

The LSM was evaluated by transient elastography (FibroScan®, Echosens, Paris, France) with a
single machine and by a trained hepatologist as previously described by us [28]. Measurements were
expressed in kilopascals (kPa) and considered reliable when the interquartile range-to-median ratio
for at least ten successful measurements was lower than 0.30. Several cutoffs of LSM were used to
stratify patients: <7.1 kPa (F0/F1—absence of or mild fibrosis), 7.1–9.4 kPa (F2—significant fibrosis),
9.5–12.4 kPa (F3—advanced fibrosis), and ≥12.5 kPa (F4—cirrhosis) [34].

2.5. Outcome Variable

The study period ran between the date of the first LSM (LSM1) and the date of the last LSM
(LSM2), or the date of starting HCV therapy in responder patients who cleared HCV infection. The
primary outcome was the change in values of LSM during the follow-up. We evaluated the change
during the follow-up in LSM values as the ratio LSM2/LSM1 and the increase of LSM (∆LSM = LSM2
− LSM1) through a simple summary statistical approach for repeated measurements [35,36]. This
strategy condenses the repeated measurements to a single number per subject and provides valid
results that are easily understood. Furthermore, the LSM2/LSM1 ratio provides the advantage of
having no negative values, and thus a logarithmic transformation could normalize it. The ∆LSM was
used for evaluating clinically relevant changes in LSM values: 5 kPa (∆LSM ≥ 5 kPa), 7 kPa (∆LSM ≥ 7
kPa), and 10 kPa (∆LSM ≥ 10 kPa). The cirrhosis progression (F4; LSM ≥ 12.5 kPa) was measured as +1
(if F ≤ 3 (LSM < 12.5 kPa) changed to F4 (LSM ≥ 12.5 kPa)) or 0 (if F ≤ 3 did not change to F4).

2.6. Statistical Analysis

To compare independent groups, we used the Chi-squared test or Fisher’s exact test (categorical
variables) and Mann–Whitney U-test (continuous variables). To compare repeated measurements,
we used the Sign test (categorical variables) and the Wilcoxon signed-rank test (continuous variables).

We used generalized linear models (GLM) to analyze the genetic association between DARC
rs12075 SNP and outcome variables. Firstly, a GLM with a gamma distribution (log-link) was used for
analyzing continuous variables (LSM2/LSM1) and a GLM with a binomial distribution (logit-link) used
for analyzing dichotomous variables (∆LSM ≥ 5 kPa, ∆LSM ≥ 7 kPa, ∆LSM ≥ 10 kPa, and progression
to cirrhosis). These tests provide the differences between groups, the arithmetic mean ratio (AMR), and
the odds ratio (OR). The GLM tests were adjusted by the most relevant clinical and epidemiological
variables by using the stepwise algorithm (at each step, covariables with a p-value < 0.20 are considered
for entry). The covariables used were gender, age, time since HCV diagnosis, diabetes, high alcohol
intake, HCV genotype, injection drug use, baseline LSM, HCV antiviral therapy before baseline, HCV
antiviral therapy during the follow-up (patients who failed therapy), time of follow-up, and other
SNPs previously reported in this study population (PNPLA3 rs738409 [32], MERTK rs4374383 [33], and
IL7RA rs6897932 [28]).
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All statistical tests were performed with the Statistical Package for the Social Sciences (SPSS)
22.0 software (IBM Corp., Chicago, USA) and Stata 15.0 (StataCorp, Texas, USA). All p-values were
two-tailed, and statistical significance was defined as p < 0.05.

3. Results

3.1. Characteristics of the Study Population

Table 1 describes the baseline characteristics of 208 patients infected by HCV without cirrhosis
(LSM < 12.5 kPa). About 50% of the patients were men, the average age was 47 years old, less than
15% reported a high alcohol intake, and 10% were former injectable drug users. Regarding virological
aspects, about 85% were infected with HCV genotype 1 and 22% had previously failed the HCV
antiviral therapy (22 IFN-α, 1 IFN-α/RBV, 22 peg-IFN-α/RBV, and 2 DAAs + peg-IFN-α/RBV). Of these
208 patients, 88 had the rs12075 AA genotype, 92 had the rs12075 AG genotype, and 28 had the rs12075
GG genotype. No significant differences between the groups were found when patients were stratified
by the rs12075 genotype. Moreover, the time intervals between the two selected LSM values (LSM1
and LSM2) were similar between the patients stratified by the rs12075 genotype (50.6 months (29.1;
64.2) in the AA genotype, 45.9 months (29.3; 60.5) in the AG genotype, and 38.4 months (26.8; 54.9) in
the GG genotype; p = 0.400).

Table 1. Clinical and epidemiological characteristics of hepatitis C virus (HCV)-infected patients
at baseline.

DARC rs12075 Polymorphism

Characteristic All Patients AA AG GG p-Value

No. 208 88 92 28
Male 112 (53.8%) 44 (50%) 56 (60.9%) 12 (4.9%) 0.156

Age (years) 47.1(41.5; 57.6) 49.2 (40.7; 56.1) 46.5 (42.8; 55.2) 48.8 (42.4; 59.6) 0.830
Time of HCV infection (years) 8.2 (3.2; 13.2) 9.3 (3.4; 13.6) 8.05 (3.6; 12.9) 4.22 (1.1; 11.0) 0.694

High alcohol intake 28 (13.5%) 11 (12.5%) 14 (15.2%) 3 (10.7%) 0.781
Prior injection drug use 21 (10.1%) 9 (10.2%) 11 (12%) 1 (3.6%) 0.517
HCV genotype (n = 204)

1 174 (85.3%) 75 (88.2%) 78 (84.8%) 21 (77.8%) 0.402
3 14 (6.9%) 6 (7.1%) 5 (5.4%) 3 (11.1%) 0.588
4 15 (7.4%) 4 (4.7%) 8 (8.7%) 3 (11.1%) 0.432
5 1 (0.5%) 0 (0%) 1 (1.1%) - -

Prior failed HCV therapy 47 (22.6%) 20 (22.7%) 22 (23.9%) 5 (17.9%) 0.798
IFN-α 22 (10.6%) 10 (11.4%) 9 (9.8%) 3 (10.7%) 0.942

IFN-α/RBV 1 (0.5%) - 1 (1.1%) - -
peg-IFN-α/RBV 22 (10.6%) 10 (11.4%) 10 (10.9%) 2 (7.1%) 0.812

DAAs + peg-IFN-α/RBV 2 (1%) - 2 (2.2%) - -
Baseline LSM (kPa) 6.1 (5.2; 7.7) 6.1 (5.3; 7.2) 6.1 (5.3; 8.7) 5.6 (4.9; 7.4) 0.280

F0–F1 (<7.1 kPa) 149 (71.6%) 66 (75%) 62 (67.4%) 21 (75.0%) 0.481
F2 (7.1–9.4 kPa) 38 (18.3%) 16 (18.2%) 19 (20.7%) 3 (10.7%) 0.432

F3 (9.5–12.4 kPa) 21 (10.1%) 6 (6.8%) 11 (12.0%) 4 (14.3%) 0.315

Statistics: Values expressed as absolute numbers (%) or median (25th percentile; 75th percentile). p-values were
estimated with the nonparametric Mann–Whitney U-test for continuous variables or Chi-squared test for categorical
variables. HCV, hepatitis C virus; LSM, liver stiffness measurement; kPa, kilopascal; DAAs, direct-acting antivirals;
peg-IFN-α/RBV, peg-interferon-alpha/ribavirin; DARC, Duffy antigen/chemokine receptor; F0–F1, absence of or
mild fibrosis; F2, significant fibrosis; F3, advanced fibrosis.

3.2. Characteristics of the DARC rs12075 SNP

The allelic and genotypic frequencies of the rs12075 SNP are shown in Table 2. The rs12075 SNP
displayed <5% of missing values, had a minimum allele frequency of >30%, and was in Hardy–Weinberg
equilibrium (p = 0.718). Furthermore, no significant differences were found in allelic and genotypic
frequencies between HCV-infected patients and healthy subjects (an Iberian population in Spain (IBS))
from the 1000 Genomes Project Phase 3 (www.ensembl.org)).

www.ensembl.org


Biomolecules 2019, 9, 143 6 of 11

Table 2. Summary of Hardy–Weinberg equilibrium test and allelic and genotypic frequencies for
DARC rs12075 polymorphism in HCV-infected patients compared to an Iberian population (data from
1000 Genomes Project) (www.ensembl.org).

HCV Cohort IBS Group p-Value

No. 208 107
Alleles A 64.4% 70.1% 0.312

G 35.6% 29.9%
Genotype AA 42.3% 49.5% 0.160

AG 44.2% 41.1%
GG 13.5% 9.3%

HWE
(p-value) 0.718 0.856

Statistics: p-values were calculated by Chi-squared test. HWE, Hardy–Weinberg equilibrium; IBS, Iberian population
in Spain.

3.3. DARC rs12075 SNP and Fibrosis Progression

The genetic association was evaluated according to additive, recessive, and dominant inheritance
models, but we selected the dominant model because it was the one that best fitted our data.

Figure 2 shows the LSM values stratified by rs12075 genotype (dominant model). We did not
find any significant differences in LSM values between AA and AA/AG genotypes when we analyzed
baseline (LSM1) and the end of follow-up (LSM2) as two independent cross-sectional studies.

Figure 2. Summary of LSM values stratified by DARC rs12075 genotype (dominant model). P-values
were calculated by Mann–Whitney test. LSM, liver stiffness measure; LSM1, baseline LSM; LSM2,
final LSM.

Table 3 shows the evolution of liver stiffness characteristics in HCV-infected patients during
the follow-up. Overall, during a follow-up of 46.6 months, the percentage of patients with F0/F1
decreased (p < 0.001) and LSM values and the percentage of patients with cirrhosis increased (p < 0.001).
This pattern of changes was maintained in all groups of patients analyzed according to their rs12075
genotype (AA and AG/GG). However, the variations in liver stiffness characteristics were lower in
patients with the rs12075 AG/GG genotype (AG/GG versus AA) (Table 4). Thereby, in the adjusted
analysis, patients with the rs12075 AG/GG genotype had a lower risk of having increased values of
LSM2/LSM1 ratio (AMR = 0.83; p = 0.001) and of showing an increase in LSM ≥ 5 kPa (OR = 0.28;
p = 0.009). Besides, patients with rs12075 AG/GG had a lower risk of cirrhosis progression (OR = 0.24;
p = 0.009). No significant values were found for an increase in LSM ≥ 10 kPa (Table 4).

www.ensembl.org
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Table 3. Summary of clinical characteristics related to liver fibrosis in patients infected with HCV
during the follow-up.

All Patients rs12075 AA Genotype rs12075 AG/GG Genotype

Characteristic Baseline End p-Value Baseline End p -Value Baseline End p -Value

Follow-up
(months) 46.6 (28.7; 61.5) 50.6 (29.1; 64.2) 43.8 (28.2; 60.2)

LSM (kPa) 6.1 (5.2; 7.7) 6.8 (5.5; 9.4) <0.001 6.1 (5.3; 7.2) 7.1 (5.8; 10.1) <0.001 6.1 (5.1; 8.5) 6.8 (5.3; 8.8) <0.001
F0–F1 (<7.1 kPa) 149 (71.6%) 110 (52.9%) <0.001 66 (75%) 44 (50%) <0.001 83 (69.2%) 66 (55%) 0.004
F2 (7.1–9.4 kPa) 38 (18.3%) 47 (22.6%) 0.382 16 (18.2%) 21 (23.9%) 0.584 22 (18.3%) 26 (21.7%) 0.607
F3 (9.5–12.4 kPa) 21 (10.1%) 25 (12%) 0.055 6 (6.8%) 8 (9.1%) 0.077 15 (12.5%) 17 (14.2%) 0.361

F4 (≥12.5 kPa) 0 (0%) 26 (12.5%) <0.001 0 (0%) 15 (17%) <0.001 0 (0%) 11 (9.2%) 0.001

Statistics: Values expressed as absolute numbers (%) or median (25th percentile; 75th percentile). p-values were
estimated with the nonparametric Wilcoxon test for continuous variables or Sign test for categorical variables. LSM,
liver stiffness measurement; kPa, kilopascal; peg-IFN-α/RBV, peg-interferon-alpha/ribavirin;

Table 4. Relationship between DARC rs12075 polymorphism and liver fibrosis progression in
HCV-infected patients (longitudinal study).

DARC rs12075 Genotypes Unadjusted Adjusted

Outcome AA AG/GG Exp(B) (95% CI) p Value a Exp(B) (95% CI) p Value b

LSM2/LSM1 1.26 (0.98; 1.51) 1.10 (0.94; 1.31) 0.79 (0.71; 0.87) <0.001 0.83 (0.75; 0.93) 0.001
∆LSM ≥ 5 kPa 16 (18.2%) 9 (7.5%) 0.36 (1.53; 0.87) 0.023 0.28 (0.10; 0.73) 0.009
∆LSM ≥ 7 kPa 10 (11.4%) 4 (3.3%) 0.27 (0.08; 0.88) 0.031 0.31 (0.07; 1.27) 0.104
∆LSM ≥ 10 kPa 7 (8%) 4 (3.3%) 0.39 (0.11; 1.41) 0.153 0.47 (0.11; 2.06) 0.322

Progression to F4 15 (17%) 11 (9.2%) 0.49 (0.21; 1.13) 0.094 0.24 (0.08; 0.70) 0.009

Statistics: a, p-values were calculated by univariate regression; b, p-values were calculated by multivariate regression
adjusted by the most important clinical and epidemiological characteristics (see Section 2.6). Statistically significant
differences are shown in bold. Exp(B), exponentiation of the B coefficient, which was an arithmetic mean ratio
(AMR) for continuous variables and an odds ratio (OR) for categorical variables; 95% CI, 95% of confidence interval;
F4, cirrhosis; DARC, Duffy antigen/chemokine receptor.

4. Discussion

The finding of genetic markers that predict the evolution of liver fibrosis in HCV-infected patients
would be very valuable to initiate preventive measures aimed at avoiding liver deterioration. In this
retrospective study, noncirrhotic patients with chronic hepatitis C infection were evaluated for liver
stiffness twice with an interval of at least 12 months. Although the percentage of patients with cirrhosis
increased in the analyzed DARC rs12075 genotypes (AG/GG versus AA) during the study, the variations
in liver stiffness were lower in patients with the rs12075 AG/GG genotype, resulting in lower risk of
cirrhosis progression.

DARC has an important role in leukocyte recruitment and inflammatory chemokine homeostasis,
and some evidence indicates that it attenuates the inflammatory response, probably by mediating
chemokine binding and internalization in red blood cells, and thus reducing the levels of free
chemokines [21–25,37,38]. Internalized chemokines are, however, not degraded and they can be
released, in some conditions, to promote local inflammation.

The DARC rs12075 polymorphism (Asp42Gly) is a nonsynonymous SNP that forms the basis
for Duffy blood groups Fyb (Asp, A allele) and Fya (Gly, G allele). The rs12075 SNP is related to
approximately 20% of the variation in serum CCL2 (MCP-1) concentration and has also been associated
with serum IL8 and RANTES concentrations [26], but a full explanation for this relationship has
not been found. Schnabel et al. suggested that the highest levels of serum CCL2 in rs12075 AA
homozygote subjects may be due to a genotype-mediated change in DARC function related to necessary
sulfation at Tyr41 rather than a change in expression [26]. Thus, more efficient sulfation of Tyr41 in the
presence of negatively charged Asp may promote more efficient chemokine binding to erythrocytes.
These chemokines captured and internalized by the erythrocytes would be released during the blood
clotting process. In agreement with this hypothesis, several articles have shown a decrease in the
levels of CCL2 and CXCL8 (IL-8) in serum from persons with the rs12075 G allele [26,39–41]. Besides,
the rs12075 G allele has also been related with low CCL2 levels in patients with chronic inflammatory
diseases such as ischemia of the lower extremities [42] and obesity [43], as well as low leukocyte counts
in African people [44].
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The monocyte chemoattractant protein-1 (CCL2) is involved in the recruitment of leukocytes
to sites of inflammation and it is a profibrotic chemokine upregulated during liver fibrogenesis [45].
Therefore, it is not surprising that, as found in the present study, the DARC rs12075 polymorphism had
an important impact on CHC progression. Advanced liver fibrosis and cirrhosis in HCV infections
are associated with increased thrombotic risks [46]. In this scenario, levels of chemokines released by
erythrocytes in the liver due to coagulation processes would be higher in individuals with the DARC
rs12075 AA genotype, which would explain their higher risk of liver fibrosis progression. In the only
previous study that we found, rs12075 SNP was not associated with the severity of liver disease in
patients infected with HCV [47]. However, as pointed out by the authors, a limiting factor of their
study was its cross-sectional design. Since liver fibrosis is a dynamic process, a longitudinal study,
such as the one reported here, is a better approach to understand this process.

Limitations of the Study

Firstly, this is a retrospective study, which may have ascertainment and selection biases, but the
design of repeated measures provides robustness to our study (each patient served as his or her
control). Secondly, this study had a limited sample size, which may impair the ability to detect stronger
associations, such as the association between DARC rs12075 SNP and the increase in LSM greater than
10 kPa. Thirdly, the time between LSM1 and LSM2 (follow-up time) was different among subjects,
but all patients had more than 12 months of follow-up and 75% of the patients had more than 28 months
of follow-up. In addition, the time of follow-up was similar in patients stratified by rs12075 genotypes.
Fourthly, we did not have access to some crucial clinical variables (such as metabolic syndrome, obesity,
abdominal ultrasound, and liver pathological study, among others) and biomarkers (such as platelet
counts, transaminases, HCV viral load, AST to Platelet Ratio Index (APRI) score, and Fibrosis-4 (FIB-4)
index, among others) due to the retrospective design of our study. We first selected the LSM data (the
first available, corresponding to a specific date) and then we collected the clinical data from clinical
records. In this way, many patients did not have available data for some variables at specific time
points when the LSM was measured. In addition, we did not have plasma samples available, so the
plasma concentrations of chemokines (IP-10, MCP-1, and IL-8) and cytokines (IL-12, IL-15, IFN-gamma,
and IL-10) were missing. Fifthly, more than 20% of the patients were nonresponders to previous
interferon therapy, but they were included in the study because this HCV therapy does not appear to
protect against CHC progression in the long term [48].

5. Conclusions

In summary, we found an association between DARC rs12075 SNP and CHC progression.
Specifically, patients with the DARC rs12075 AG/GG genotype had a lower risk of liver fibrosis
progression and development of cirrhosis. Given the role of DARC in inflammation and leukocyte
trafficking, further analyses of DARC SNPs may lead to a better understanding of the immune
pathogenesis of chronic hepatitis C, as well as the early identification of high-risk patients.
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