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 30 

Abstract: Background: The myeloid-epithelial-reproductive tyrosine kinase (MERTK) is involved 31 
in hepatic steatosis, inflammation and liver fibrosis. Here we evaluated the association between the 32 
MERTK rs4374383 single nucleotide polymorphism (SNP) and liver fibrosis progression in hepatitis 33 
C virus (HCV)-infected patients. Methods: We performed a retrospective study (repeated measures 34 
design) in 208 patients who had liver stiffness measurement (LSM), which was assessed by transient 35 
elastography No patient had cirrhosis at baseline (LSM≥12.5 kPa). Results: At baseline, 53.8% were 36 
male, the median age was 47.1 years, 13.5% reported a high intake of alcohol, 10.1% were prior injection 37 
drug users, 85.3% were infected by HCV genotype 1, and 22.6% had previously failed antiviral therapy 38 
(pegylated-interferon-alpha/ribavirin). During a median follow-up of 46.6 months, 26 patients 39 
developed cirrhosis. The rs4374383 G carriers had a higher risk of increasing LSM (adjusted 40 
arithmetic mean ratio (aAMR)=1.14; p=0.006) and a higher likelihood of having an increase in LSM 41 
greater than 5 kPa (ΔLSM≥5 kPa) [adjusted odds ratio (aOR)=2.37; p=0.029], and greater than 7 kPa 42 
(ΔLSM≥7 kPa) [aOR=3.24; p=0.032], after controlling for confounding. The SNP’s association with 43 
cirrhosis progression was close to statistical significance (aOR=2.18; p=0.070). Conclusions: MERTK 44 
rs4374383 A carriers had a lower risk of liver fibrosis progression than G carriers, supporting the 45 
hypothesis that this SNP seems to have a critical role in the pathogenesis of liver disease in HCV-46 
infected patients. 47 
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Introduction 50 

Chronic hepatitis C (CHC) leads to the development of hepatic fibrosis, cirrhosis and end-stage 51 
liver disease [1], but its natural evolution is highly variable among hepatitis C virus (HCV)-infected 52 
patients since cirrhotic patients have a shorter survival time than those without cirrhosis 53 
[1].Additionally, cirrhotic patients need specific and regular follow-up with screening for HCC and 54 
esophageal varices [1]. Therefore, the staging of liver fibrosis is essential for the management and 55 
prognosis of patients with CHC [2], since early identification of patients at high risk for liver fibrosis 56 
progression is critical to ensure optimal preventive strategies [3]. The hepatic biopsy is the gold 57 
standard test to evaluate the severity of liver disease. However, this procedure has limitations and 58 
contraindications such as errors in samples, reading variability, hospitalization, cost and delayed 59 
results, among others [4,5]. Given the drawbacks of liver biopsies, non-invasive tests for staging liver 60 
fibrosis have been developed during the last two decades, particularly the evaluation of liver stiffness 61 
measurement (LSM) by transient elastography, which can accurately predict the presence of liver 62 
fibrosis/cirrhosis in CHC patients [4,5]. Given the drawbacks of liver biopsies, non-invasive tests for 63 
staging liver fibrosis have been developed during the last two decades, particularly the evaluation of 64 
liver stiffness measurement (LSM) by transient elastography (TE), which can accurately predict the 65 
presence of liver fibrosis/cirrhosis in CHC patients [4,5]. Several cut-offs have been proposed to 66 
classify patients according to their fibrosis stage [5], but no general consensus has been reached for 67 
the different stages of fibrosis. One of the most commonly used in the last years has been the cut-offs 68 
proposed by Castera et al [6] (7.1 kPa for F ≥2, 9.5 kPa for F ≥3, and 12.5 kPa for F= 4. 69 

The pathogenesis of CHC is complex and is influenced by a variety of factors, many of which 70 
are still unknown. The most important among the known factors related to liver fibrosis progression 71 
in CHC patients are age at infection, sex, route of infection, HCV genotype, obesity and single 72 
nucleotide polymorphisms (SNPs) [7,8]. An individual SNP may predispose an individual to the 73 
development of liver disease and may provide information on its pathogenesis. Despite this, the 74 
understanding of liver fibrosis progression and the host genetic factors involved in CHC have not 75 
been fully elucidated [3]. Furthermore, finding new genetic predictive factors for CHC progression 76 
may be essential for taking preventive measures [3]. 77 

The myeloid-epithelial-reproductive tyrosine kinase (MERTK), a member of the tumor-78 
associated macrophage (TAM) family, is a tyrosine kinase receptor localized at the cytoplasmic 79 
membrane that has a crucial role in many physiological processes such as cell survival, migration, 80 
differentiation, and phagocytosis of apoptotic cells [9]. MERTK signaling attenuates innate immune 81 
responses through the modulation of proinflammatory cytokine secretion. Additionally, MERKT 82 
signaling promotes a Th2-like cytokines profile that favors wound healing and the resolution of 83 
inflammation [10]. Therefore, MERKT may be essential for regulating the liver inflammatory 84 
response against continual antigenic challenge, since it can prevent the over-activation of innate 85 
immunity [10]. In liver disease, TAM expression may be protective during acute liver injury, but TAM 86 
receptor signaling seems to be potentially deleterious in models of chronic liver disease [10]. MERTK 87 
is over-expressed in activated human and mouse hepatic stellate cells (HSCs), which promotes the 88 
progression of liver injury. Additionally, deficiency in growth arrest-specific 6 (GAS6), a ligand of 89 
MERTK, attenuates hepatic steatosis, inflammation and liver fibrosis in mouse models [11-13]. The G 90 
allele of the MERTK rs4374383 SNP has been related to liver fibrosis severity in CHC [7,14]. The 91 
impact of this SNP on liver disease seems to be due to the loss-of-function of the rs4374383 G > A 92 
variant, a non-coding variant located within an intronic region of the MERTK gene, which could 93 
reduce HSC activation when the rs4374383 A-allele variant is present [13,14]. 94 

As far as we know, only three published reports have studied the association between the 95 
rs4374383 SNP and liver fibrosis in HCV infection, but all these studies were performed with a cross-96 
sectional design [7,12,14], which may be a source of bias. In the current study, we evaluated the 97 
association between the MERTK rs4374383 SNP and the progression of liver fibrosis in HCV-infected 98 
patients via a longitudinal study. 99 

Patients and methods 100 
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Study population 101 

We carried out a retrospective cohort study (repeated measures design) in 208 HCV-infected 102 
patients who had values of LSM assessed by transient elastometry in Hospital Virgen de la Salud 103 
(Toledo, Spain) between 2008 and 2016. The study ran from the day of the first LSM value recorded 104 
to the last follow-up visit with LSM data, or the date of initiation of antiviral treatment for HCV in 105 
responder patients who cleared HCV infection. The administrative censoring date was March 31, 106 
2016.  107 

This study was conducted according to the ethical standards given in the Declaration of Helsinki 108 
of 1975. The study was approved by the Institutional Review Board of the Instituto de Salud Carlos 109 
III, and all patients signed the consent. 110 

The selection criteria of this study were: 1) detectable HCV RNA in plasma during all follow-up; 111 
2) a sample of DNA for genotyping; 3) baseline LSM and final LSM in medical history with a least 12 112 
months of difference. The exclusion criteria were: 1) cirrhosis (LSM≥12.5 kPa) at baseline; 2) hepatitis 113 
B virus infection or human immunodeficiency virus infection. 114 

Clinical data 115 

Clinical and epidemiological data were obtained from medical records. We considered a high 116 
alcohol intake to be ≥60 grams/day in men and >20 grams/day in women [15]. The time since HCV 117 
diagnosis was calculated as the difference of time between HCV diagnosis and the first LSM (LSM1). 118 
The time of follow-up was the difference between the time between the last LSM (LSM2) and the first 119 
LSM (LSM1). 120 

The management of the patients during follow-up was according to clinical guidelines [16,17], 121 
and HCV therapy could be used before or after the inclusion in the study. When patients were treated 122 
for HCV infection before starting the study, we only included non-responder patients. When a patient 123 
was treated for HCV infection after entering the study and achieved a sustained virological response 124 
(SVR), the follow-up was truncated to the time of beginning of HCV treatment. 125 

HCV assays 126 

HCV infection was documented in all patients by enzyme-linked immunosorbent assay and PCR 127 
test. HCV genotype was determined by hybridization of biotin-labeled PCR products to 128 
oligonucleotide probes bound to nitrocellulose membrane strips (INNO-LiPA HCV II, Innogenetics, 129 
Ghent, Belgium). Plasma HCV RNA viral load was measured by real-time PCR (COBAS 130 
AmpliPrep/COBAS TaqMan HCV test), and results were reported in terms of international units per 131 
milliliter (IU/mL). The limit of detection was 15 IU/mL. 132 

Genotyping of MERTK SNP 133 

Total DNA was extracted from 200μl of peripheral blood with QIAsymphony DNA Mini Kit 134 
(Qiagen, Hilden, Germany). The genotyping of DNA samples was performed at the Spanish National 135 
Genotyping Center (CeGen; http://www.cegen.org/) using Agena Bioscience’s MassARRAY platform 136 
(San Diego, CA, USA) and the iPLEX® Gold assay design system [14]. The genotyping cluster plot is 137 
shown in Figure S1. 138 

Liver stiffness measurement 139 

LSM was assessed by transient elastography (FibroScan®, Echosens, Paris, France) and results were 140 
expressed in kilopascals (kPa) with a range of 2.5 to 75 kPa [18]. Transient elastography was performed 141 
by a single trained hepatologist using a single machine. The measurements were made with at least four 142 
hours of fasting. Also, the measurements were considered to be reliable when the interquartile-range-to-143 
median ratio for at least ten successful measurements was lower than 0.30. We used established cut-offs 144 
of LSM: <7.1 kPa (F0-F1 - absence or mild fibrosis), 7.1-9.4 kPa (F2 - significant fibrosis), 9.5-12.4 kPa (F3 145 
- advanced fibrosis), and ≥12.5 kPa (F4 - cirrhosis) [6]. 146 
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Outcome variable 147 

The main outcome was the increase in LSM values during follow-up (continuous variable). We 148 
evaluated the variation of LSM values between the last LSM (LSM2) and the first LSM (LSM1) as the 149 
ratio LSM2/LSM1 and the LSM increase (ΔLSM=LSM2-LSM1) by using a simple summary statistic 150 
approach to analyze the repeated measurements [19,20]. The use of LSM2/LSM1 ratio provides the 151 
advantage that the resulting values could be normalized by a logarithmic transformation since 152 
LSM2/LSM1 never has negative values. Additionally, we used ΔLSM for evaluating long-153 
term clinically relevant changes in LSM, which were changes of more than 5 kPa (ΔLSM≥5 kPa), 7 154 
kPa (ΔLSM≥7 kPa), and 10 kPa (ΔLSM≥10 kPa). The progression to cirrhosis (F4) may also have values 155 
of +1 [if F≤3 (F0, F1, F2, or F3) changed to F4] or 0 (if F≤3 did not change to F4). 156 

Statistical Analysis 157 

We condensed the information from repeat measurements to a single number per subject, which 158 
eliminates within-subject repeat measurements and allows a direct comparison of groups using 159 
standard tests of statistical hypotheses [19,20]. This strategy is very simple, provides valid results, 160 
and the results are easily understood. 161 

The genetic association analysis was carried out according to additive, dominant, and recessive 162 
models of inheritance. The association of the MERTK rs4374383 SNP with the outcome variables was 163 
analyzed by Generalized Linear Models (GLMs), with a gamma distribution (log-link) for continuous 164 
variables and a binomial distribution (logit-link) for dichotomous variables (ΔLSM≥5 kPa, ΔLSM≥7 165 
kPa, and progression to F4). This test gives the differences between groups, the arithmetic mean ratio 166 
(AMR), and the odds ratio (OR). Each of the GLMs performed were adjusted by the main clinical and 167 
epidemiological characteristics: gender, age, time since HCV diagnosis, diabetes, high alcohol intake, 168 
HCV genotype, injection drug use, baseline LSM, HCV antiviral therapy before baseline and during 169 
follow-up (patients who failed therapy), and time of follow-up. 170 

Statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS) 171 
21.0 software (IBM Corp., Chicago, USA). All p values were obtained using two-tailed tests. The 172 
statistical significance was defined as p<0.05.  173 

 174 

Results 175 

Baseline characteristics of the study population 176 

Table 1 shows the baseline characteristics of 208 HCV-infected patients without cirrhosis. 177 
Overall, 53.8% were male, the median age was 47.1 years, 13.5% reported a high intake of alcohol, 178 
10.1% were prior injection drug users, 85.3% were infected with HCV genotype 1, and 22.6% had 179 
previously failed antiviral therapy (pegylated-interferon-alpha/ribavirin). There were no significant 180 
differences among patients with different MERTK rs4374383 genotypes at baseline. Eventually, 26 181 
patients developed cirrhosis during a median follow-up time of 46.6 months. 182 

Table 1. Clinical and epidemiological characteristics of HCV-infected patients stratified by 183 
MERTK rs4374383 genotypes.  184 

  MERTK rs4374383 SNP 

Characteristic All Patients AA AG GG 

No. 208 25 109 74 

Male  112 (53.8%) 15 (60%) 59 (54.1%) 38 (51.4%) 

Age (years) 47.1(41.5; 57.6) 42.3 (38.2; 49.1) 47.6 (42.2; 59.5) 49.1 (42.7; 58.7) 

Time of HCV infection (years) 8.2 (3.2; 13.2) 7.2 (3.9; 16.7) 9.8 (3.3; 13.3) 6.4 (2.7; 12.1) 

High alcohol intake 28 (13.5%) 6 (24%) 13 (11.9%) 9 (12.1%) 

Prior injection drug use 21 (10.1%) 6 (24%) 8 (7.3%) 7 (9.5%) 
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HCV genotype (n=204)     

     1 174 (85.3%) 17 (68%) 91 (86.7%) 66 (89.2%) 

     3 14 (6.9%) 4 (16%) 7 (6.5%) 3 (4.1%) 

     4 15 (7.4%) 4 (16%) 6 (5.7%) 5 (6.8%) 

     5 1 (0.5%) 0 (0%) 1 (1%) 0 (0%) 

Prior failed peg-IFN-α/RBV therapy  47 (22.6%) 4 (16%) 30 (27.5%) 13 (17.6%) 

Baseline LSM (kPa) 6.1 (5.2; 7.7) 6.4 (4.6; 7.4) 6.3 (5.1; 8.0) 6 (5.3; 6.8) 

     F0-F1 (<7.1 kPa) 149 (71.6%) 17 (68%) 72 (66.1%) 60 (81.1%) 

     F2 (7.1-9.4 kPa) 38 (18.3%) 6 (24%) 25 (22.9%) 7 (9.5%) 

     F3 (9.5-12.4 kPa) 21 (10.1%) 2 (8%) 12 (11%) 7 (9.5%) 

Follow-up time (months) 46.6 (28.7; 61.5) 48.6 (30.1; 64.1) 47.9 (28.9; 60.6) 45.2 (25.5; 61.5) 

Final LSM (kPa) 6.8 (5.5; 9.4) 6.3 (5.1; 8.7) 7.4 (5.9; 10.1) 6.8 (5.4; 8.9) 

     F0-F1 (<7.1 kPa) 110 (52.9%) 17 (68%) 53 (48.6%) 40 (54.1%) 

     F2 (7.1-9.4 kPa) 47 (22.6%) 3 (12%) 28 (25.7%) 16 (21.6%) 

     F3 (9.5-12.4 kPa) 25 (12%) 5 (20%) 13 (11.9%) 7 (9.5%) 

     F4 (≥12.5 kPa) 26 (12.5%) 0 (0%) 15 (13.8%) 11 (14.9%) 

Values expressed as absolute numbers (%) and median (percentile 25; percentile 75). Abbreviations: 185 
HCV, hepatitis C virus; LSM, liver stiffness measure; kPa, kilopascal; peg-IFN-α/RBV, pegilated-186 
interferon-alpha/ribavirin; MERTK, myeloid-epithelial-reproductive tyrosine kinase. 187 

Characteristics of the MERTK rs4374383 SNP 188 

The rs4374383 SNP displayed <5% of missing values, had a minimum allele frequency >5%, and 189 
was in Hardy-Weinberg equilibrium (p>0.05). Figure S2 shows genomic feature data surrounding 190 
the MERTK rs4374383 SNP from the UCSC Genome Browser (https://genome.ucsc.edu/). 191 

MERTK rs4374383 SNP and liver fibrosis progression 192 

At baseline, we did not find any significant differences in LSM values and fibrosis stage 193 
according to MERTK rs4374383 genotypes (p>0.05). 194 

Figure 1 shows the univariate association between the rs4374383 SNP and clinical outcomes 195 
related to liver stiffness progression during follow-up under an additive model of inheritance, which 196 
was the one that best fitted our data. Overall, we found a tendency towards greater liver fibrosis 197 
progression as the number of G alleles increased (additive effect). Thus, the rs4374383 G allele carriers 198 
(versus A allele) had a higher risk of an increased LSM2/LSM1 ratio (AMR=1.15; p=0.006; Figure 1A) 199 
and having an increase in LSM greater than 5 kPa (OR=2.04; p=0.048; Figure 1B). No significant 200 
associations were found for an increase in LSM greater than 7 kPa and progression to cirrhosis (F4). 201 
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 202 

Figure 1. Summary of the frequencies and associations between the MERTK rs4374383 SNP and the 203 
change in LSM values and fibrosis stages in patients infected with HCV under an additive inheritance 204 
model. Statistics: p-values were calculated using univariate regression models. The statistically 205 
significant differences are shown in bold. Abbreviations: MERTK, myeloid-epithelial-reproductive 206 
tyrosine kinase; p-value, level of significance; LSM, liver stiffness measure; Δ or delta, change in one 207 
variable [Δx (x2-x1)]; LSM1, baseline LSM; LSM2, final LSM; F4, cirrhosis; kPa, kilopascal; AMR, 208 
arithmetic mean ratio; OR, odds ratio; 95%CI, 95% of confidence interval. 209 

Figure 2 shows that these tendencies were maintained in multivariate models adjusted by the 210 
principal clinical and epidemiological covariates, since the rs4374383 SNP was independently 211 
associated with greater LSM increases during follow-up under an additive model. Thus, the 212 
rs4374383 G allele carriers (versus A allele) had a higher risk of an increased LSM2/LSM1 ratio 213 
(adjusted AMR=1.14 (95%CI=1.04; 1.25); p=0.006); and having an increase in LSM greater than 5 kPa 214 
(ΔLSM≥5 kPa) [aOR=2.37 (95%CI=1.10; 5.09); p=0.029] and greater than 7 kPa (ΔLSM≥7 kPa) 215 
[aOR=3.24 (95%CI=1.11; 9.51); p=0.032]. The association with progression to cirrhosis (F4) was 216 
relatively close to statistical significance (aOR=2.18; p=0.070). 217 
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 218 

Figure 2. Summary of the adjusted association between the MERTK rs4374383 SNP and the change in 219 
LSM values and fibrosis stage in patients infected with HCV under an additive inheritance model. 220 
Statistics: p-values were calculated using multivariate regression models adjusted by the clinical and 221 
epidemiological characteristics (see statistical analysis section). The statistically significant differences 222 
are shown in bold. Abbreviations: MERTK, myeloid-epithelial-reproductive tyrosine kinase; p-value, 223 
level of significance; LSM, liver stiffness measure; Δ or delta, change in one variable [Δx (x2-x1)]; 224 
LSM1, baseline LSM; LSM2, final LSM; F4, cirrhosis; kPa, kilopascal; Exp(B), exponentiation of the B 225 
coefficient, which was an arithmetic mean ratio (AMR) for continuous variable and an odds ratio (OR) 226 
for categorical variables; 95%CI, 95% of confidence interval. 227 

We also found a significant association between the MERTK rs4374383 SNP and the LSM2/LSM1 228 
ratio under dominant (AG/GG versus AA) (aAMR=1.28 (95%CI=1.07; 1.55); p=0.007) and recessive 229 
(GG versus AA/AG) (aAMR=1.13 (95%CI=1.00; 1.28); p=0.050) models of inheritance. Furthermore, 230 
HCV-infected patients with an AG/GG genotype had a higher frequency of progression to cirrhosis 231 
than patients with an AA genotype (14.2% vs. 0%; p=0.044), but the logistic regression analysis could 232 
not be performed because one cell value was zero in the 2x2 contingency table. No association was 233 
found between the MERTK rs4374383 SNP and the dichotomous outcome variables (ΔLSM≥5 kPa 234 
and ΔLSM≥7 kPa) under dominant and recessive inheritance models (data not shown). 235 

Finally, we also tested the increase of 10 kPa (ΔLSM≥10 kPa) with the three inheritance models 236 
(dominant, additive, and recessive), but we did not find any significant association either in 237 
univariate or multivariate analysis, possibly because the number of subjects with ΔLSM≥10 kPa was 238 
very low (11 (5.3%)). 239 

Discussion 240 

In this longitudinal study, we found an association between the presence of the MERTK 241 
rs4374383 A allele and a reduced risk for liver disease progression in HCV-infected patients, whereas 242 
the G allele increased the risk. This association was found for the first time in a genome-wide 243 
association study (cross-sectional design) published by Patin et al. in the subset of transfused patients 244 
[14]. Next, two other articles, also with a cross-sectional design, studied such an association and 245 
obtained discrepant results [7,12]. On the one hand, Rüeger et al. showed that MERTK rs4374383 246 
accelerated liver fibrosis progression, by analyzing three additional independent cohorts and performing 247 
a meta-analysis with these data [7]. On the other hand, Kupcinskas et al. found similar distributions of 248 
alleles and genotypes between the control and liver fibrosis groups, describing a lack of association 249 
between MERTK rs4374383 and the odds of developing liver fibrosis or cirrhosis [12]. Additionally, 250 
Miyaaki et al. have also described a lack of association with liver fibrosis progression in liver biopsies 251 
after liver transplantation [21]. Regarding non-alcoholic fatty liver disease (NAFLD) among patients not 252 
infected by HCV, the MERTK rs4374383 A allele has also been associated with lower risk of liver fibrosis 253 
[13,22]. 254 
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During hepatic fibrogenesis, activation of resident macrophages and further recruitment of 255 
inflammatory cells, including monocytes/macrophages, leads to the activation of HSCs [23]. MERTK 256 
has an essential role in the function of macrophages, including the clearance of apoptotic cells and 257 
cytokine secretion [24,25], and is therefore involved in the regulation of inflammatory responses and 258 
in hepatic fibrogenesis [10]. MERTK is upregulated in in vivo murine models of fibrosis and in 259 
activated mouse HSCs. Similarly, functional MERTK is expressed in activated human HSCs, and is 260 
involved in the induction of HSC migration, maintenance of fibrogenic cell survival and 261 
overexpression of procollagen I [13]. Regarding the role of MERTK in the cross-talk between HSCs 262 
and inflammatory cells, it has been described that THP1 cells, a human leukemia monocytic cell line 263 
that can be differentiated into macrophages following stimulation by GAS6, induce an increase in the 264 
expression of profibrogenic factors in HSCs [23]. Therefore, all in all, MERTK plays an important role 265 
in the fibrotic process of liver diseases. 266 

The association between the MERTK rs4374383 SNP and fibrosis progression seems to be 267 
mediated by the modulation of MERTK expression. In this sense, patients carrying the protective AA 268 
genotype have significantly lower hepatic MERTK expression, although the underlying mechanism 269 
is unknown [13]. The MERTK rs4374383 SNP is not located in a regulatory region, but a high number 270 
of SNPs are in high linkage disequilibrium (LD) (r2>0.8) with MERTK rs4374383 SNP. Thus, another 271 
SNP or SNPs in high LD could be causally responsible. This issue was investigated by Cavalli et al., 272 
who suggested that rs6726639A allele, in high LD with rs4374383 (r2=0.94 according to data from 1000 273 
genomes), could promote the binding of interferon regulatory factor 1 (IRF1) to this region [26], and 274 
serve to activate or repress the expression of a high number of genes involved in immune response 275 
[27]. The preferential binding of IRF1 to the A allele compared to the C allele would downregulate 276 
MERTK in patients carrying the A allele, protecting against liver fibrosis and hepatocarcinoma [26]. 277 
Functional studies would be needed to identify the causal SNP. However, due to the high LD between 278 
rs4374383 and rs6726639, both SNPs would provide similar information in a statistical analysis of 279 
genetic association like the one carried out in this study. Therefore, the two SNPs (rs4374383 and 280 
rs6726639) may be interchangeable for predicting liver fibrosis progression. 281 

Our study has important advantages in design compared to previous articles that studied the 282 
association between MERTK rs4374383 SNPs and progression of liver fibrosis. All of them were cross-283 
sectional studies. Patin et al. carried out a study with a classic case/control approach (F0-1 vs. F3-4, 284 
and F0 vs. F4). They also performed a survival analysis and investigated the role of the MERTK 285 
rs4374383 SNP on fibrosis progression rate (FPR) [14] by using, in both approaches, the estimated 286 
duration of HCV infection. However, it could lead to an inherent bias because of the estimates. 287 
Similarly, Rüeger et al. performed a cross-sectional study using the estimated FPR as an outcome [7], 288 
and Kupcinskas et al. performed a case/control study [12] to evaluate the effect of MERTK rs4374383 289 
on the risk of liver fibrosis and cirrhosis. In contrast, the present study has a longitudinal design with 290 
repeated measures (the change of LSM was evaluated during the follow-up in each patient). Thus, 291 
we evaluated two LSM values from each subject over a period of at least 12 months. This approach 292 
offers a better ability to detect fibrosis changes over time with fewer subjects. 293 

Limitations of study 294 

Several study limitations must be considered for the correct interpretation of the results. Firstly, 295 
the study design is retrospective, thus bound to ascertainment and selection biases. Many patients 296 
may have undergone LSM measurements for a reason (eg: sudden increases of liver enzymes), while 297 
others may have failed to undergo repeated testing and thus were excluded from the analysis. 298 
Secondly, the limited sample size of this study could limit the ability to find significance in some 299 
comparisons, such as the association between MERTK rs4374383 and the progression to cirrhosis. 300 
However, the longitudinal design with repeated measures improves the statistical power of this 301 
study considerably. In this respect, it should also be noted that the time between LSM1 and LSM2 302 
(follow-up time) was different between patients, but all patients had at least 12 months of follow-up 303 
and 75% of patients had at least 28.7 months of time between LSM1 and LSM2 [median of follow-up: 304 
46.6 (P25th: 28.7; P75th: 61.5) months]. Besides, we included the follow-up time as an adjustment 305 
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variable in the multivariate analyses. Thirdly, we did not have data for some major variables such as 306 
metabolic syndrome, obesity, and hepatic steatosis, since these variables were not routinely evaluated 307 
for all patients. Fourthly, patients who did not respond to interferon therapy were included, since 308 
interferon treatment failure appears not to protect patients from the natural progression of fibrosis 309 
over time [28]. Fifthly, we used the change in LSM to define liver fibrosis progression, and this 310 
measurement may not be robust enough, since there may be many factors that affect the LSM (e.g., 311 
antiviral therapy, change in body weight, etc.). 312 

Conclusions 313 

In conclusion, MERTK rs4374383 A carriers had a lower risk of liver fibrosis progression than G 314 
carriers, supporting the hypothesis that this SNP seems to possess a critical role in the pathogenesis of 315 
liver disease in HCV-infected patients. Moreover, further studies should be conducted to evaluate the 316 
impact of the MERTK rs4374383 SNP on liver fibrosis and the development of hepatocellular 317 
carcinoma after HCV elimination, since patients with advanced fibrosis or cirrhosis are still at risk of 318 
disease progression [29]. 319 

Declarations 320 

Consent for publication: Not applicable. 321 

Availability of data and materials: The datasets used and analyzed during the current study may be made 322 
available by the corresponding author upon reasonable request. 323 

Competing interests: The authors declare that they have no competing interests. 324 
Funding information: This work has been supported by grants given by Instituto de Salud Carlos III (ISCIII) 325 
[grant numbers PI14CIII/00011 and PI17CIII/00003 to SR]. AFR is also supported by ISCIII [grant numbers 326 
CP14CIII/00010]. 327 

Acknowledgments: The authors thank the Spanish National Genotyping Center (CEGEN-PRB2-ISCIII) for 328 
providing SNP genotyping services (http://www.cegen.org). CEGEN is supported by grant PT13/0001, ISCIII-329 
SGEFI/FEDER. 330 

Author’s contributions: Conceptualization: MAJS, AZG, and SR. Resources and data curation: MAJS, AZG, 331 
DPT, AGS, JJSR, and TAV. Investigation: MAJS, AZG, and DPT. 332 
Formal analysis: MAJS, OBK, and SR. Writing – original draft preparation: MAJS, AZG, DPT, and SR. Writing – 333 
Review & Editing: AFR and OBK. Visualization, supervision and funding acquisition: SR. 334 

Corresponding author: Salvador Resino; Centro Nacional de Microbiología, Instituto de Salud Carlos III 335 
(Campus Majadahonda); Carretera Majadahonda- Pozuelo, Km 2.2; 28220 Majadahonda (Madrid); Phone: 336 
+34918223266. E-mail: sresino@isciii.es 337 
References 338 
1. Westbrook, R.H.; Dusheiko, G. Natural history of hepatitis c. J. Hepatol. 2014, 61, 339 

S58-68. 340 
2. Easl recommendations on treatment of hepatitis c 2015. J. Hepatol. 2015, 63, 341 

199-236. 342 
3. Tsochatzis, E.A.; Bosch, J.; Burroughs, A.K. Liver cirrhosis. Lancet 2014, 383, 343 

1749-1761. 344 
4. Resino, S.; Sanchez-Conde, M.; Berenguer, J. Coinfection by human 345 

immunodeficiency virus and hepatitis c virus: Noninvasive assessment and 346 
staging of fibrosis. Curr. Opin. Infect. Dis. 2012, 25, 564-569. 347 

5. Castera, L. Noninvasive assessment of liver fibrosis. Dig. Dis. 2015, 33, 498-503. 348 
6. Castera, L.; Vergniol, J.; Foucher, J.; Le Bail, B.; Chanteloup, E.; Haaser, M.; Darriet, 349 

M.; Couzigou, P.; De Ledinghen, V. Prospective comparison of transient 350 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 October 2018                   doi:10.20944/preprints201810.0448.v1

Peer-reviewed version available at J. Clin. Med. 2018, 7, 473; doi:10.3390/jcm7120473

http://dx.doi.org/10.20944/preprints201810.0448.v1
http://dx.doi.org/10.3390/jcm7120473


 10 of 11 

elastography, fibrotest, apri, and liver biopsy for the assessment of fibrosis in 351 
chronic hepatitis c. Gastroenterology 2005, 128, 343-350. 352 

7. Rueger, S.; Bochud, P.Y.; Dufour, J.F.; Mullhaupt, B.; Semela, D.; Heim, M.H.; 353 
Moradpour, D.; Cerny, A.; Malinverni, R.; Booth, D.R., et al. Impact of common risk 354 
factors of fibrosis progression in chronic hepatitis c. Gut 2015, 64, 1605-1615. 355 

8. Heim, M.H.; Bochud, P.Y.; George, J. Host - hepatitis c viral interactions: The role 356 
of genetics. J. Hepatol. 2016, 65, S22-32. 357 

9. van der Meer, J.H.; van der Poll, T.; van 't Veer, C. Tam receptors, gas6, and 358 
protein s: Roles in inflammation and hemostasis. Blood 2014, 123, 2460-2469. 359 

10. Mukherjee, S.K.; Wilhelm, A.; Antoniades, C.G. Tam receptor tyrosine kinase 360 
function and the immunopathology of liver disease. Am. J. Physiol. Gastrointest. 361 
Liver Physiol. 2016, 310, G899-905. 362 

11. De Minicis, S.; Seki, E.; Uchinami, H.; Kluwe, J.; Zhang, Y.; Brenner, D.A.; Schwabe, 363 
R.F. Gene expression profiles during hepatic stellate cell activation in culture and 364 
in vivo. Gastroenterology 2007, 132, 1937-1946. 365 

12. Kupcinskas, J.; Valantiene, I.; Varkalaite, G.; Steponaitiene, R.; Skieceviciene, J.; 366 
Sumskiene, J.; Petrenkiene, V.; Kondrackiene, J.; Kiudelis, G.; Lammert, F., et al. 367 
Pnpla3 and rnf7 gene variants are associated with the risk of developing liver 368 
fibrosis and cirrhosis in an eastern european population. J. Gastrointestin. Liver 369 
Dis. 2017, 26, 37-43. 370 

13. Petta, S.; Valenti, L.; Marra, F.; Grimaudo, S.; Tripodo, C.; Bugianesi, E.; Camma, 371 
C.; Cappon, A.; Di Marco, V.; Di Maira, G., et al. Mertk rs4374383 polymorphism 372 
affects the severity of fibrosis in non-alcoholic fatty liver disease. J. Hepatol. 373 
2016, 64, 682-690. 374 

14. Patin, E.; Kutalik, Z.; Guergnon, J.; Bibert, S.; Nalpas, B.; Jouanguy, E.; Munteanu, 375 
M.; Bousquet, L.; Argiro, L.; Halfon, P., et al. Genome-wide association study 376 
identifies variants associated with progression of liver fibrosis from hcv 377 
infection. Gastroenterology 2012, 143, 1244-1252 e1241-1212. 378 

15. O'Shea, R.S.; Dasarathy, S.; McCullough, A.J. Alcoholic liver disease. Hepatology 379 
2010, 51, 307-328. 380 

16. Calvaruso, V.; Craxì, A. 2011 european association of the study of the liver 381 
hepatitis c virus clinical practice guidelines. Liver International 2012, 32, 2-8. 382 

17. Easl clinical practice guidelines: Management of hepatitis c virus infection. J. 383 
Hepatol. 2014, 60, 392-420. 384 

18. Sandrin, L.; Fourquet, B.; Hasquenoph, J.M.; Yon, S.; Fournier, C.; Mal, F.; 385 
Christidis, C.; Ziol, M.; Poulet, B.; Kazemi, F., et al. Transient elastography: A new 386 
noninvasive method for assessment of hepatic fibrosis. Ultrasound Med. Biol. 387 
2003, 29, 1705-1713. 388 

19. Albert, P.S. Longitudinal data analysis (repeated measures) in clinical trials. Stat. 389 
Med. 1999, 18, 1707-1732. 390 

20. Senn, S.; Stevens, L.; Chaturvedi, N. Repeated measures in clinical trials: Simple 391 
strategies for analysis using summary measures. Stat. Med. 2000, 19, 861-877. 392 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 October 2018                   doi:10.20944/preprints201810.0448.v1

Peer-reviewed version available at J. Clin. Med. 2018, 7, 473; doi:10.3390/jcm7120473

http://dx.doi.org/10.20944/preprints201810.0448.v1
http://dx.doi.org/10.3390/jcm7120473


 11 of 11 

21. Miyaaki, H.; Ichikawa, T.; Taura, N.; Miuma, S.; Honda, T.; Shibata, H.; Soyama, A.; 393 
Hidaka, M.; Takatsuki, M.; Eguchi, S., et al. Impact of donor and recipient single 394 
nucleotide polymorphisms in living liver donor transplantation for hepatitis c. 395 
Transplant. Proc. 2015, 47, 2916-2919. 396 

22. Musso, G.; Cassader, M.; De Michieli, F.; Paschetta, E.; Pinach, S.; Saba, F.; 397 
Bongiovanni, D.; Framarin, L.; Berrutti, M.; Leone, N., et al. Mertk rs4374383 398 
variant predicts incident nonalcoholic fatty liver disease and diabetes: Role of 399 
mononuclear cell activation and adipokine response to dietary fat. Hum. Mol. 400 
Genet. 2017, 26, 1747-1758. 401 

23. Pastore, M.; Maira, G.D.; Galigiuri, A.; Petta, S.; Marra, F. Role of the protein 402 
tyrosine kinase mer (mertk) in the cross-talk between macrophages and hepatic 403 
stellate cells. J. Hepatol. 2018, 68, S407-S408. 404 

24. Dransfield, I.; Zagorska, A.; Lew, E.D.; Michail, K.; Lemke, G. Mer receptor tyrosine 405 
kinase mediates both tethering and phagocytosis of apoptotic cells. Cell Death 406 
Dis. 2015, 6, e1646. 407 

25. Anwar, A.; Keating, A.K.; Joung, D.; Sather, S.; Kim, G.K.; Sawczyn, K.K.; Brandao, 408 
L.; Henson, P.M.; Graham, D.K. Mer tyrosine kinase (mertk) promotes 409 
macrophage survival following exposure to oxidative stress. J. Leukoc. Biol. 410 
2009, 86, 73-79. 411 

26. Cavalli, M.; Pan, G.; Nord, H.; Wallen Arzt, E.; Wallerman, O.; Wadelius, C. Genetic 412 
prevention of hepatitis c virus-induced liver fibrosis by allele-specific 413 
downregulation of mertk. Hepatol. Res. 2017, 47, 826-830. 414 

27. Tamura, T.; Ishihara, M.; Lamphier, M.S.; Tanaka, N.; Oishi, I.; Aizawa, S.; 415 
Matsuyama, T.; Mak, T.W.; Taki, S.; Taniguchi, T. An irf-1-dependent pathway of 416 
DNA damage-induced apoptosis in mitogen-activated t lymphocytes. Nature 417 
1995, 376, 596-599. 418 

28. Carmona, I.; Cordero, P.; Ampuero, J.; Rojas, A.; Romero-Gomez, M. Role of 419 
assessing liver fibrosis in management of chronic hepatitis c virus infection. Clin. 420 
Microbiol. Infect. 2016, 22, 839-845. 421 

29. Aleman, S.; Rahbin, N.; Weiland, O.; Davidsdottir, L.; Hedenstierna, M.; Rose, N.; 422 
Verbaan, H.; Stal, P.; Carlsson, T.; Norrgren, H., et al. A risk for hepatocellular 423 
carcinoma persists long-term after sustained virologic response in patients with 424 
hepatitis c-associated liver cirrhosis. Clin. Infect. Dis. 2013, 57, 230-236. 425 

 426 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 October 2018                   doi:10.20944/preprints201810.0448.v1

Peer-reviewed version available at J. Clin. Med. 2018, 7, 473; doi:10.3390/jcm7120473

http://dx.doi.org/10.20944/preprints201810.0448.v1
http://dx.doi.org/10.3390/jcm7120473

