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ABSTRACT
Background: During chronic hepatitis C virus (HCV) infection, Aspartate Aminotransferase 
(AST) and Alanine Aminotransferase (ALT) levels mark active liver inflammation and tissue 
damage, while albumin reflects synthetic liver function and nutritional status. Transient Elastog-
raphy (TE) is a clinical measure of liver stiffness that facilitates evaluation of liver damage stage. 
While a portion of the TE score is attributable to liver fibrosis and relatively irreversible damage, 
another component of the TE score is attributable to liver inflammation or edema. Markers of in-
flammation during chronic HCV infection include soluble markers of immune activation, which 
are also associated with morbid outcome (including cardiovascular disease and liver-disease pro-
gression). Whether soluble markers of immune activation or changes in their level during HCV 
therapy relate to normalization of AST, ALT, Albumin, or TE score, is not clear.

Methods: We evaluated soluble markers of immune activation (plasma sCD14, IL-6, sCD163, 
autotaxin [ATX], and Mac2BP) and TE score, and their relationship in 20 HCV-infected patients 
before, during, and after HCV-directed IFN-free direct-acting antiviral (DAA) therapy. We evalu-
ated normalization of parameters and the relationship between each over a 6-month window. 

Results: Before therapy, serum AST levels positively correlated with plasma levels of sCD14, 
sCD163, and Mac2BP, while ALT levels positively correlated with Mac2BP. Serum albumin level 
negatively correlated with plasma IL-6 and ATX levels. IFN-free therapy uniformly resulted in 
sustained virological response at 12 and 24 weeks after therapy completion. After initiation of 
therapy AST and ALT normalized, while levels of ATX, Mac2BP, sCD163, and TE score partial-
ly normalized over 6 months. Additionally, change in AST level and APRI score correlated with 
change in sCD163, IL-6, and Mac2BP levels, and change in ALT correlated with change in IL-6 
and Mac2BP levels. Improvement in TE score correlated with a decrease in the level of sCD14 at 
week 4, and almost statistically significant with decrease in sCD14 at weeks 20-24 after initiation 
of IFN-free HCV therapy.

Conclusions: Soluble markers of immune activation normalize or partially normalize at different 
rates after initiation of curative HCV DAA therapy, and TE scores improve, with wide variability 
in the degree of absolute improvement in liver stiffness from patient to patient. Decline magni-
tude of sCD14 was associated with improvement in TE score, while magnitude of improvement 
in AST correlated with reduction in sCD163 levels. These data provide support for a model where 
monocyte/Kupffer cell activation may account for a portion of the liver inflammation and edema, 
which is at least partially reversible following initiation of HCV DAA therapy.

Keywords: hepatitis C; cellular immunity; T cell; monocyte; inflammation

http://www.PaiJournal.com


Pathogens and Immunity - Vol 3, No 1

www.PaiJournal.com

151

INTRODUCTION 
Chronic hepatitis C infection is the most common cause of cirrhosis, end-stage liver disease, 
and hepatocellular carcinoma (HCC) in the United States [1, 2]. The yearly incidence of HCC in 
patients with untreated cirrhosis is 3%-7% [3]. Previously, pegylated interferon- and ribavirin- 
based therapies were effective in less than 50% of patients, while newer direct-acting antivirals 
(DAA) achieve sustained virological response (SVR) in over 90% of treated patients [4-6]. SVR 
leads to an overall reduction in all-cause mortality of 50-69%, and 74% in patients with cirrhosis  
[7, 8]. Patients who achieve SVR have a significantly lower incidence of HCC compared to those 
without SVR, but the absolute risk for HCC is still high in those with cirrhosis despite SVR [9]. 
Since patients with HCV associated cirrhosis who achieve SVR with IFN-free therapy remain at 
high risk for HCC, current standard practice is to regularly screen these patients for HCC using 
ultrasound, MRI, or CT scan imaging. Long-term management strategies will benefit from a 
clearer understanding of factors involved in, or predictive of, long-term morbidity in this patient 
population.

Transient elastography (TE) is an ultrasound-based method used to identify patients with liver 
fibrosis [10]. It has 91% specificity and an 87% sensitivity for detecting cirrhosis [11]. A recent 
meta-analysis indicated that there is a greater reduction of the TE score after DAA therapy com-
pared to IFN-based treatment, with some data indicating a 50% decline in the TE score 6 months 
after DAA therapy, followed by a slower decline over the subsequent 5 years [12-15]. It is thought 
that liver stiffness during chronic infection is a combination of hepatic inflammation and fibrosis, 
while after viral eradication the component of inflammation abates, followed by a slower phase of 
fibrosis regression. In order to better understand this process more information is needed regard-
ing predictors, and thus potential mechanistic targets, of liver health normalization after IFN-free 
HCV therapy. 

Sustained inflammation and related fibrogenesis represent the basis of liver damage during 
chronic HCV infection [16-19]. The inflammatory milieu is characterized by a network of inflam-
matory chemokines and mediators of innate and adaptive immune system activation. There have 
been a number of soluble inflammatory markers, including sCD14, IL-6, sCD163, Mac2BP, and 
autotaxin (ATX), that have been identified to associate with liver fibrosis and elevated transami-
nase levels. We and others have identified the soluble inflammatory biomarkers sCD14, IL-6, and 
sCD163 as correlated with virological, hepatic, or functional immunological outcomes [20-22]. 
CD163 is a marker of activated macrophages. Increased levels of CD163 on the surface of mac-
rophages in the liver have been observed in patients with hepatitis, and this is associated with in-
creased levels of the shed form of sCD163 in serum [21, 23-25]. CD14 is a myeloid differentiation 
marker found on monocytes and macrophages [26, 27]. It is also a co-receptor for lipopolysaccha-
ride (LPS), and elevated levels of serum or plasma sCD14 are thought to be reflective of monocyte 
activation [28]. We and others have also described autotaxin (ATX) to be elevated during HCV 
and HCV-HIV infection, and to be associated with the liver damage state [22, 29]. These markers 
are also associated with liver-disease progression [20, 30]. In our previous data set we showed that 
during IFN-free DAA HCV therapy there is normalization of the levels of ATX and sCD14 and 
partial normalization of sCD163 and Mac2BP [22]. Whether soluble markers of immune activa-
tion or changes in their level during HCV therapy relate to normalization of Aspartate Amino-
transferase (AST), Alanine Aminotransferase (ALT), Albumin, or TE scores, has not been clear. 
In this data set we evaluated the normalization of parameters of immune activation, the relation-
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ship between each, and liver stiffness over a 6-month window directly after initiation of antiviral 
IFN-free DAA therapy. 

METHODS
Study Participants 
Study participants provided written informed consent for phlebotomy under protocols approved 
by the institutional review board for human studies at the Cleveland Veterans Affairs Medical 
Center. Twenty participants chronically infected with HCV, undergoing standard of care HCV 
DAA therapy, and who had received standard of care pre-therapy TE, were enrolled. Those who 
had follow-up TE (either as a standard of care or who agreed to a follow-up scan for the research 
protocol) at 6 months post therapy are the focus of the present analysis. Participants with chronic 
HCV infection were HCV antibody (seropositive for at least 6 months) and RNA positive (limit 
of detection 15 IU/ml) and underwent IFN-free therapy (sofosbuvir/ledipasvir+ribavirin (n = 9), 
sofosbuvir/ledipasvir (n = 7) or dasabuvir/ombitasvir/paritaprevir/ritonavir+ribavirin (n = 4)), for 
8-12 weeks as part of standard care (Table 1).

Table 1. Study Participant Clinical Characteristics

Variable Uninfected Donors HCV pre-therapy P value 
Number 16 20
Age (years) 57 (53-65) 64 (60,65)
                                              
Race

Caucasian 4 (25%) 3 (15%)

African American 12 (75%) 17 (85%)

Sex/ Male 16 (100%) 20 (100%)

HCV (IU/mL) 1,554,075

(583,048; 2,783,377)
HCV genotype

 1                                                                                                                                                    
                                                         

20 (100 %)

AST (IU/mL) 23 (22, 24) 41 (29, 62) 0.003 

ALT (IU/mL) 23 (21, 36)                          53 (42,99) 0.004
PLT (x10³/mm³) 214 (167, 249) 190 (169,230)
Albumin(g/dL) 4.15 (3.97, 4.2) 3.9 (3.6 , 4.2)
APRI score 0.22 (0.18, 0.32) 0.5 (0.35, 0.96) 0.003
Transient  
Elastography (kPa)

12.5(10, 18)

Values are presented as median (interquartile range) for each group 
APRI: [(AST/45)/PLT] x 100
Transient elastography score normal range value is below 9.5
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Figure 1. Normalization of clinical parameters over the course of IFN-free DAA therapy. A) Plasma 
HCV viral level is not detectable (lower limit of detection 15 IU/ml) at week 4 after starting DAA therapy. 
Log10 HCV viral level is shown over time after start of HCV DAA therapy at week 0 (w0). B) TE score 
(significantly decreases at week 24 after completion of DAA therapy SVR24 (P = 0.024). C) Albumin level 
over course of therapy in HCV-infected cohort as well as at 1 time point in uninfected donors (UD). Red 
dotted line indicates lower limit of normal. D) AST level over course of therapy in HCV-infected cohort 
(W0, W4, W8, and W20-24) as well as at 1 time point in uninfected donors (UD). Red dotted line indi-
cates upper limit of normal. E) ALT level over course of therapy in HCV-infected cohort as well as at 1 
time point in uninfected donors (UD). Red dotted line indicates upper limit of normal. F) PLT level over 
course of therapy in HCV-infected cohort as well as at 1 time point in uninfected donors. Red dotted line 
indicates lower limit of normal.

Soluble Markers of Immune Activation
Blood was collected into K2EDTA tubes (BD Vacutainer, NJ) at the time of enrollment, at week 4, 
at the end of treatment (week 8 or week 12 depending on treatment regimen) and 12 weeks after 
therapy cessation (week 20-24 after HCV DAA therapy initiation). Plasma samples were stored 
at -20C. Plasma samples were measured for ATX, sCD14, IL-6, soluble CD163 (sCD163) (R&D 
Systems, Minneapolis, MN), and Mac2BP (Affymetrix-eBioscience, Vienna, Austria) by ELISA.

Transient Elastography
Liver stiffness measurement was performed using transient elastography (TE) (FibroScan mod-
el 502, Echosens, France). Ten successful measurements were performed for each patient and 
only those obtained with a success rate of at least 60% and an interquartile range/median value 
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(IQR/M) less than 30% were considered reliable. The results were expressed in kilopascals (kPa). 
Measurements were obtained at baseline before starting therapy (standard of care) and 6 months 
after completion of DAA HCV therapy (the latter measurement for standard of care or as part of 
this research protocol).

Statistical Analysis
Statistical analyses were performed using SPSS for Windows v. 24.0 (IBM Corp, Armonk, New 
York). Associations between continuous variables were evaluated using Spearman rank correla-
tion coefficient. Group comparisons were analyzed by Mann-Whitney U test. All tests of signifi-
cance were 2-sided and P values of ≤ 0.05 were considered significant.

RESULTS
Study participant characteristics are reflective of a Midwest VA patient population, with male 
predominance and genotype 1 HCV infection (Table 1). Prior to therapy, serum level of AST 
and APRI score positively correlated with sCD14, sCD163, and Mac2BP (Table 2, AST: r = 0.650, 
P = 0.016; r = 0.591, P = 0.012; r = 0.565, P = 0.028; APRI: r = 0.560, P = 0.049; r = 0.750, P = 0.001; 
r = 0.586, P = 0.022 respectively), while ALT positively correlated with Mac2BP (r = 0.705, 
P = 0.007). Albumin level negatively correlated with IL-6 and ATX level (r = -0.631, P = 0.012; 
and r = -0.494, P = 0.05; respectively). Platelet level negatively correlated with sCD163 (r = -0.584, 
P = 0.022). Levels of ATX and Mac2BP positively correlated with sCD14 and IL-6 before start 
of therapy (ATX: r = 0.490, P = 0.046; r = 0.556, P = 0.01; Mac2BP: r = 0.588, P = 0.017; r = 0.563, 
P = 0.040 respectively). No correlation was observed between TE score and HCV level or clinical 
parameters before initiation of IFN-free therapy (Table 2).
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Table 2. Correlations between parameters before IFN-free DAA therapy

AST ALT PLT ALB APRI TE HCV ATX sCD14 sCD163 Mac2BP IL-6
AST

R = 0.881

P < 0.001

R = 0.936

P < 0.001
 

R = 0.650

P = 0.016

R = 0.591

P = 0.012

R = 0.565

P = 0.028
 

ALT R = 0.881

P < 0.001

R = 0.831

P < 0.001
  

R = 0.705

P = 0.007
 

ALB R = -0.494

P = 0.05
   

R = -0.631  

P = 0.012

PLT R = -584

P = 0.009
  

R = -0.584        

P = 0.022
  

APRI R = 0.936

P < 0.001

R = 0.831

P < 0.001

R = -0.584

P = 0.009
 

R = 0.560

P = 0.049

 R = 0.750

P = 0.001

R = 0.586

P = 0.022
 

TE      

HCV      

ATX R = -0.494

P = 0.05

R = 0.490

P = 0.046

R = 0.556

P = 0.01

sCD14
R = 0.650

P = 0.016

R = 0.560

P = 0.049

R = 0.490

P = 0.046

R = 0.588

P = 0.017

sCD163 R = 0.591

P = 0.012

R = -0.584

P = 0.022

R = 0.750

P = 0.001

Mac2BP R = 0.565

P = 0.028

R = 0.705

P = 0.007

R = 0.586

P = 0.022

R = 0.588

P = 0.017

R = 0.563

P = 0.040

IL-6 R = -0.631 

P = 0.012

R = 0.556

P = 0.01

R = 0.563

P = 0.040

Correlations were determined between clinical parameters (AST, ALT, PLT, ALB, HCV, TE) and soluble 
markers of immune activation at baseline, before therapy, and those parameters which are significantly 
correlated (P < 0.05) are shown along with correlation coefficient.

During IFN-free DAA therapy we observed complete normalization of the AST and ALT level. 
HCV was not detectable at week 4 after the start of therapy in all participants (Figure 1), and all 
participants achieved SVR12 and SVR24. Platelet and albumin levels were mostly within normal 
range at baseline, and no significant change was seen over the course of therapy (Figure 1). TE 
score had decreased at 6 months following completion of therapy or SVR24 (P = 0.024, Figure 
1). Additionally, we observed partial normalization of the levels of ATX, Mac2BP, and sCD163 
(P = 0.003, P = 0.005, and P = 0.002, Figure 2); however, the reduction in levels was still different 
when compared to uninfected controls (P < 0.001 for each, Figure 2). No significant changes were 
observed in the levels of sCD14 or IL-6 during the 6 months following initiation of curative DAA 
IFN-free HCV therapy (Figure 2), although in a number of cases it appeared that sCD14 levels 
increased by week 4 of therapy. Only when evaluating sCD14 over the course of therapy in the 
subset of participants with higher TE scores (> median, 12.5 kPa) at baseline did we observe a 
significant decline in sCD14 level, comparing week 0 to week 20-24 (n = 10, P = 0.02).
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Figure 2. Partial normalization of inflammatory parameters over the course of IFN-free DAA therapy. 
Plasma levels of A) Autotaxin (ATX), B) Mac2BP, C) sCD163, D) IL-6 and E) sCD14 are shown over the 
course of IFN-free DAA therapy in HCV-infected participants (W0, W4, W8, and W20-24). Also shown 
are levels of each soluble factor for uninfected donors (UD).

After initiation of IFN-free HCV therapy, change in AST level correlated with change in sCD163 
and IL-6 levels (r = 0.703, P = 0.002; and r = 0.547, P = 0.002), and change in ALT correlated with 
change in IL-6 level (r = 0.529, P = 0.024). There also was a negative correlation between change 
in albumin and change in ATX and Mac2BP levels at week 4 (r = -0.629, P = 0.016; and r = -0.776, 
P = 0.001). Improvement in TE score was only correlated with decrease in the sCD14 at week 4, 
and nearly with decrease in sCD14 at week 20-24 after initiation of DAA HCV therapy (Figure 3).
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Figure 3. Correlation between change in sCD14 and change in TE score over the course of IFN-free 
therapy. A) Change in sCD14 (week 4 [w4]-baseline) vs Change in TE score (SVR24 or 24 weeks post 
therapy-baseline). B) Change in sCD14 (week 20-24 [w20-24]-baseline) vs Change in TE score (SVR24 
or 24 weeks post therapy-baseline). Spearman rank correlation coefficient and P value are shown in each 
panel and 95% confidence intervals.

DISCUSSION
We observed correlations between AST/ALT and soluble markers of monocyte/Kupffer cell 
activation (sCD14, sCD163), as well as between serum albumin level (a marker of liver synthetic 
function and nutritional status) and plasma levels of IL-6 and ATX prior to IFN-free HCV thera-
py. During therapy, AST and ALT normalized, while ATX, sCD163, and Mac2BP levels partially 
normalized. IL-6 and sCD14 did not normalize. However, sCD14 change correlated with normal-
ization of TE score. The latter provides support for a model where monocyte/Kupffer cell acti-
vation contributes to a reversible component of liver stiffness during chronic HCV infection. A 
limitation of this study is that this is a small sample set, and there were no corrections for multiple 
comparisons. However, our primary intent was to understand those soluble factors that were 
associated with TE score or change in TE score.

There is a growing literature regarding degree and rate of normalization of liver stiffness during 
DAA HCV therapy [12-15]. In patients who achieve SVR, there is a significant decrease in TE 12 
months after therapy and greater decreases in patients treated with DAA compared to IFN-based 
therapy [12]. The decrease in the levels of AST and ALT and the increase in platelet levels and 
albumin has been shown in both DAA and IFN-based therapies for HCV [14, 15, 31, 32]. In pa-
tients with HCV mono-infection, treated with either DAA or IFN-based therapy, there is a signif-
icant association between the decrease in AST and ALT and percentage decline of TE [15]. Addi-
tionally, decreased ALT, decreased hyaluronic acid level, and increased duration of treatment have 
been associated with a decrease in fibrotic stage measured by TE [14]. In HCV/HIV co-infected 
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patients Charpentier et al showed that AST, ALT, and platelet levels are associated with the stage 
of liver fibrosis, and sCD14 was positively associated with F3-F4 liver fibrosis [33]. In contrast, 
Medrano et al showed no correlation between sCD14 and TE score in HCV-HIV co-infected 
patients, but patients with higher TE scores had higher proportions of CD8+CD38+ T cells and 
higher plasma levels of IL-8, IL-6, IP-10, and LPS [34]. Our work here provides a first look at the 
relationship between soluble markers of immune activation and TE score during HCV mono-in-
fection and how the changes in these parameters over the course of therapy relate to each other.

A number of studies have examined the rate of normalization of parameters of immune activa-
tion and inflammation over the course of HCV DAA therapy [22, 29, 30, 35].We have previously 
demonstrated that ATX levels were associated with IL-6, sCD14, sCD163, Mac2BP, and Lyso-
phosphatidic acid (LPA) levels in HCV-infection, and that ATX, LPA, and sCD14 levels normal-
ized, while CD163 and Mac2BP levels partially normalized within 6 months of starting IFN-free 
DAA HCV therapy [22]. This is further supported and extended by the findings of Yamazaki et 
al, where a significant decline in ATX level was observed in participants who achieved SVR after 
IFN-free DAA therapy compared to those who did not [36]. Additionally the incomplete normal-
ization of soluble inflammatory markers over the course of IFN-free therapy found in our study 
aligns with findings of Mascia et al, who evaluated CXCL10 and sCD163 levels over the course 
of IFN-free therapy [30]. One difference between our prior study and the present is that sCD14 
normalized or partially normalized in low and high APRI subgroups in our prior data set, while 
here sCD14 levels did not significantly change in the group as a whole, although there was a trend 
in this direction (P = 0.058). These differences between studies may be attributable to different pa-
tient population characteristics. Here, participants were selected based on transient elastography 
longitudinal analysis, where participants either had TE repeated for clinical purposes or research 
purposes. Those that had TE repeated for clinical purposes generally had higher scores at baseline 
than our overall treated patient population (median 12.5 here compared with 8.5 for our overall 
HCV treatment cohort); these scores may be higher than those of our prior published cohort 
where TE scores were available for only a minority of participants (median 11.3). 

Consistent with this possibility, the sCD14 levels at baseline are higher in the present data set. 
In fact, when analyzing sCD14 over the course of therapy in those participants with TE score 
>12.5 at baseline we observe a significant decline in sCD14 level comparing week 0 to week 20-24 
(n = 10, P = 0.02). It appears overall that sCD14 changes with therapy in a subset of individuals, 
with variation in degree and timing of change that is associated with TE score at baseline and TE 
change. The latter supports a model where monocyte/Kupffer cell activation contributes to the 
inflammatory state resulting in a component of liver stiffness that, on initiation of DAA therapy, 
partially normalizes. The concept of a reversible measure of monocyte/Kupffer cell activation in 
fibrogenesis is not new. Lidofsky et al have shown that sCD163 and liver macrophage CD163 are 
associated with liver fibrogenesis, but not total liver fibrosis stage in the setting of HCV/HIV in-
fection, and nearly the case in the setting of HCV infection as well [37]. This places macrophages 
in the center of the fibrogenic process in both HCV/HIV infection and HCV mono-infection. 
Whether prolonged elevation of sCD14 or sCD163 levels after IFN-free DAA therapy predict 
future liver-related events is not known, and whether rates of sCD14 or sCD163 normalization 
reflect a mix of primary and secondary drivers of monocyte/macrophage/Kupffer cell activation 
is unclear. Certainly, potential secondary drivers, such as LPS and LPA may be the consequence 
of liver damage itself as opposed to active HCV infection and have been proposed to contribute 
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to immune dysfunction and continued liver damage [22, 38, 39]. How this relates to overall liver 
health, immune restoration, and/or improvement in risk for HCC is yet to be determined.
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