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Abstract

BACKGROUND

Patients with chronic hepatitis C virus (HCV) infection have increased serum omentin-
1. Omentin-1 is an anti-inflammatory adipokine, and higher levels may be a direct effect
of HCV infection. Successful elimination of HCV by direct acting antivirals (DAA)

almost normalized circulating levels of various molecules with a role in inflammation.

AIM

To evaluate the effect of HCV infection on serum omentin-1, serum omentin-1 Levels of
HCV patients were measured before therapy and at 12 wk after therapy end.
Associations of serum omentin-1 with parameters of inflammation gnd liver function
were explored at both time points. Serum omentin-1 Levels of patients with and
without liver cirrhosis, which was defined by ultrasound or the fibrosis-4 (FIB-4) score,

were compared.

METHODS
Serum omentin-1 Levels were measured by enzyme-linked immunosorbent assay in 84

chronic HCV patients before therapy and at 12 wk after therapy end where sustained




virological response 12 (SVR12) was achieved in all patients. Serum omentin-1 of 14

non-infected controls was measured in parallel.

RESULTS

In patients with chronic HCV, serum omentin-1 Levels were not related to viral load or
viral genotype. HCV patients with liver steatosis and HCV patients with diabetes had
serum omentin-1 Levels comparable to patients not suffering from these conditions.
Serum omentin-1 Levels at SVR12 were similar in comparison to pretreatment levels. In
addition, serum levels did not differ between HCV-infected patients and non-infected
controls. Serum omentin-1 Levels did not correlate with leukocyte count or C-reactive
protein. Positive correlations of serum omentin-1 with bilirubin and the model for end-
stage liver disease score (MELD) were detected before therapy and at SVR12 in the
whole cohort. Bilirubin and the MELD score also positively correlated with serum
omentin-1 Levels in the subgroup of patients with ultrasound diagnosed liver cirrhosis
before therapy. At SVR12, serum omentin-1 Levels of patients with liver cirrhosis
negatively correlated with albumin. Before therapy start, patients with high FIB-4 scores
had increased serum omentin-1 in comparison to patients with a low score. Serum

omentin-1 Levels of patients with liver cirrhosis defined by ultrasound were increased

at baseline and at SVR12.

CONCLUSION
Present study showed that liver cirrhosis, but not HCV infection per se, is related to

elevated serum omentin-1 Levels.

INTRODUCTION

Chronic infection with hepatitis C virus (HCV) causes systemic and hepatic
inflammation, which drive the development and progression of liver fibrosisl!. 2l. Highly

effective elimination of HCV by direct acting antivirals (DAAs) rapidly improves




inflammation and circulating levels of various cytokines and chemokines declinel*-5l.
Interestingly, levels of pro- as well as anti-inflammatory cytokines were reduced shortly
after start of DAA therapyl>®l. Regression of liver fibrosis after HCV cure is possible,
and complete reversal is expected to take several yearsl’l. Non-invasive tests for scoring
of liver fibrosis are sonographic shear-wave elastography and transient elastography,
and improvement of these measures at sustained virological response 12 (SVR12) or
SVR24 is correlated with the resolution of liver inflammationl 8l. The fibrosis-4 (FIB-4)
score is calculated from age, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) as well as platelet number, and was found accurate to assess
advanced liver fibrosis in patients with HCVI®l. ALT and AST levels rapidly decline
after start of DAA therapy, and lower FIB-4 scores at SVR12 are attributable to reduced
hepatic inflammationl4 101,

Omentin-1 was first described as intelectin-1, a protein expressed in the intestine, which
recognizes complex carbohydrates of bacterial cell walls. Later on, omentin-1 was
shown to be highly expressed by stromal vascular cells of visceral adipose tissues.
Omentin-1 protects from oxidative stress and exerts anti-inflammatory effects in
macrophages, endothelial cells and adipocytes/’l. Omentin-1 serum levels are
decreased in obesity and negatively correlate with fasting insulin levels('?l. There is
convincing evidence that low serum omentin-1 Levels in obesity contribute to impaired
insulin signalling and insulin resistancel12-14].

Insulin resistance in chronic HCV infection is common, but the underlying mechanisms
are not fully understood. HCV-infected patients with elevated aminotransferase levels
also had increased serum omentin-1. In this cohort, HCV patients with type 2 diabetes
had lower serum omentin-1, which was negatively correlated with the homeostasis
model assessment of insulin resistance (HOMA-IR) index and fasting insulin levels [15].
Serum omentin-1 concentrations of HCV patients with liver cirrhosis stratified by a
HOMA-IR index below and above 2.5 were, however, similarl16l, Insulin resistance is

associated with liver steatosis, which was not related to altered serum omentin-1 Levels.




Moreover, there was no correlation of serum omentin-1 Levels with liver inflammation
grades [16,17],

However, patients with alcoholic liver cirrhosis and patients with HCV-related liver
cirrhosis had increased serum omentin-1 Levels in comparison to healthy contras[”r 18],
No significant differences in omentin-1 serum levels were found regarding the severity
of liver cirrhosis assessed by the model of end stage liver disease (MELD) score or
Child-Pugh scorel'® 191, Accordingly, another study could not observe associations of
serum omentin-1 Levels with histologically scored fibrosis stages in patients with
HCVIYL, In contrast, it was also reported that HCV patients with advanced liver fibrosis,
which was histologically scored, had higher serum omentin-1 Levels in comparison to
those patients with a lower scorel®l.

Current studies suggest that serum omentin-bis increased in chronic HCV, but whether
this is caused by viral infection or related to liver disease severity has not been clarified
to date. Aim of this study was to examine the effect of efficient virus elimination by
DAA therapy on serum omentin-1 Levels and to describe associations of serum

omentin-1 levels with measures of liver disease severity.

MATERIALS AND METHODS
Study Cohort

This prospective study included patients with chronic HCV from September 1%t 2014 to
February 27th 2017, and was conducted at the Department of Internal Medicine I at the
University Hospital Regensburg. Patients with an indication for therapy with DAAs
(drug combinations used were sofosbuvir/daclatasvir, sofosbuvir/Ledipasvir,

sofosbuvir/ velpatasvir, glecaprevir/pibrentasvir, or elbasvir/ grazoprevir) according to




recent guidelines participated in the studyl?’l. The patients were older than 18 years,
and had not been treated for HCV before. Patients with decompensated liver cirrhosis,
hepatitis B virus or human immunodeficiency virus co-infection were excluded. The 14
controls were patients not infected with HCV, and without any severe diseases such as
liver cirrhosis. This group included eight females and six males. Age was 63 (38 - 87)
years and body mass index (BMI) was 26.9 (17.8 - 43.4) kg/m?, and both measures were
similar to the patient cohort (P > 0.05 for all).

The study protocol was approved by the ethical committee of the University Hospital of
Regensburg (14-101-0049, date of approval May 22nd 2014) and was performed
according to the updated guidelines of good clinical practice and updated Declaration
of Helsinki. Informed consent was obtained from all patients. Laboratory measures
were provided by the Institute of Clinical Chemistry and Laboratory Medicine,

University Hospital Regensburg.

Itrasound examination and calculation of fibrosis-4 score
Cirrhosis diagnosis by ultrasound relied on nodular liver surface, small liver size, and
coarse liver parenchymal2ll. fibrosis-4 (FIB-4) score is an accepted non-invasive
fibrosis scorel22l. Cut-off values for the FIB4-score were: fibrosis > 3.25, no fibrosis: < 1.3

for patients < 65 years, and < 2 for patients older than 65 years!23l.

Omentin-1 enzyme-linked immunosorbent assay (ELISA)
Serum aliquots were stored at -80 °C and thawed immediately before being used.
Serum was used undiluted for omentin-1 measurement with the Human Intelectin-

1/Omentin DuoSet ELISA (R&D Systems; Catalog #: DY4254-05; Wiesbaden-

Nordenstadt, Germany).

Measurement of IL-6 and IL-10

Levels of the cytokines interleukin (IL)-6 and IL-10 were quantified using Multiplex
Luminex® Assays (Merck, KGaA, Germany) as described beforel4l.




Statistical Analysis

Data are shown as boxplots, which represent the minimum value, the maximum value,
the median, the first quartile and the third quarﬁe. Small circles and asterisks above the
boxes are outliers. Data in tables are given as median value, and the minimum value
and the maximum value are listed in brackets. The non-parametric Mann-Whitney U
test and Kruskal-Wallis test were used for comparison of two or more independent
groups, respectively (SPSS Statistics 26.0 program). Students” t-test (Ms Excel) was used
for analysis of paired data and Spearman correlation for correlation analysis (SPSS

Statistics 26.0 program). A value of P < 0.05 was regarded significant.

RESULTS

Association of serum omentin-1 Levels with age, body mass index, gender, liver steatosis and
diabetes in patients with chronic HCV infection

Eighty-four patients with chronic HCV infection (Table 1) and 14 non-infected controls
were included in the study. Serum omentin-1 Levels of controls and HCV patients were
similar (Figure 1A). In the HCV cohort, serum omentin-1 Levels of females and males
were comparable (Figure 1B). Associations of serum omentin-1 with the body mass
index (BMI) (r = - 0.082, P = 486) or age (r = 0.092, P = 0.408) were not identified. The 15
diabetic HCV patients had similar omentin-1 serum levels in comparison to the non-
diabetic HCV patients (Figure 1C). Ten of the patients with diabetes had liver cirrhosis,
as was diagnosed by ultrasound imaging. In the cirrhosis group diabetic and non-

diabetic patients had comparable serum omentin-1 Levels (P = 1.00). Thirty-eight




patients of the HCV cohort had liver steatosis but serum omentin-1 did not differ from

patients without liver steatosis (Figure 1D).

Associations of serum omentin-1 with viral load and genotype in patients with HCV

Serum omentin-1 was not related to viral load (r = -0.100, P = 0.364). HCV genotypes
were la (22 patients), 1b (39 patients) and 3a (15 patients), and rare genotypes (8
patients) were assigned to one group. Serum omentin-1 Levels did not vary between

HCV genotypes (Figure 1E).

Correlations of serum omentin-1 Levels with measures of inflammation and liver function before
and after DAA treatment

the whole cohort, serum omentin-1 Levels positively correlated with the MELD score
(r=0.428, P < 0.001), bilirubin (r = 0.435, P < 0.001), international normalized ratio (INR)
(r=0.380, P < 0.001) and procalcitonin (r = 0.365, P = 0.001), and negatively with platelet
number (r = -0.303, P = 0.005), albumin (r = - 0.297, P = 0.006) and low density
lipoprotein (LDL; r = - 0.426, P < 0.001). Partial correlation of serum omentin-1 with

L controlled for the MELD score was not significant (P = 0.075). Serum omentin-1
Levels did not correlate with creatinine (r = 0.176, P = 0.107) or glomerular filtration rate
(r =-0.042, P = 0.705).
DAA therapy cleared HCV effectively and viral load was significantly reduced at four
weeks after therapy start and at SVR12 (P < 0.001 in comparison to pre-treatment
levels)24. At SVR12, ALT, AST, ferritin and PCT were declined, and albumin and LDL
were increased in contrast to levels before therapy (Table 1). Serum omentin-1 Levels

did not change during therapy (Figure 2).

Associations between serum omentin-1 and most of the clinical markers of liver diseas
severity persisted at SVR12. Serum omentin-1 Levels correlated with the MELD score (r

= 0.314, P = 0.005), bilirubin (¥ = 0.435, P < 0.001), albumin (r = - 0.255, P = 0.025), INR (r




=0.293, P = 0.009) and LDL (r = - 0.265, P = 0.027). Partial correlation of omentin-1 and
LDL corrected for the MELD score was not significant (P = 0.625).

Serum omentin-1 did not correlate with creatinine (r = 0.047, P = 0.685) or glomerular
filtration rate (r = - 0.112, P = 0.334).

Serum omentin-1 did not correlate with leukocyte count (r = -0.205, P = 0.061), C-
reactive protein (r = 0.117, P = 0.290), IL-6 (0.022, P = 0.113) or IL-10 (r = - 0.138, P =
0.218) levels before DAA therapy. At SVR12 no significant associations between serum
omentin-1 with leukocyte count (r = -0.093, P = 0.423), C-reactive protein (r = -0.098, P =
0.394), IL-6 (r = 0.067, P = 0.578) or IL-10 (r = 0.225, P = 0.058) were found.

Serum omentin-1 in relation to non-invasive measures of liver fibrosis

Before therapy, the 31 patients with liver cirrhosis diagnosed by ultrasound
examination had higher omentin-1 (Figure 3A). The fibrosis-4 (FIB-4) index for non-
invasive scoring of liver fibrosis indicated higher omentin-1 serum levels of patients
with advanced liver fibrosis in comparison to patients with low and intermediate scores
(Figure 3B). Positive correlations with the MELD score (r = 0.375, P = 0.031) and
bilirubin (r = 0481, P < 0.005), and a negative correlation with LDL (r = - 0.626, P <
0.001) were observed in the sub-cohort of the 31 patients with ultrasound diagnosed
liver cirrhosis before therapy.

AT SVR12, in the subgroup of patients with ultrasound diagnosed liver cirrhosis, a
negative correlation of albumin and serum omentin-1 was detected (r = -0.436, P =
0.018). Serum omentin-1 Levels of patients with cirrhosis were higher in contrast to

HCYV patients without cirrhosis at SVR12 (Figure 3C).

DISCUSSION




Here, we have shown that serum omentin-1 is increased in HCV patients with
advanced liver fibrosis. HCV infection per se did not affect serum omentin-1 Levels,
which were not related to viral titer or genotype, did not decline upon efficient
elimination of HCV and were similar among HCV patients and non-infected controls.

In our previous study we have measured serum omentin-1 Levels of patients with liver
cirrhosis!’®l, and the 37 patients with alcoholic liver cirrhosis and the 3 patients with
HCYV related cirrhosis had similar levels (P = 0.693). Though the number of patients
with HCV caused cirrhosis was small, this finding is in accordance with the assumption
that HCV infection has no effect on serum omentin-1 Levels.

Omentin-1 is best described for its role as an insulin-sensitizer!!. 12I. Serum omentin-1
was, however, similar between diabetic and non-diabetic HCV patients in accordance
with previous studies. It has been shown before that patients with liver cirrhosis and
diabetes had similar omentin-1 Levels in comparison to non-diabetic cirrhosis
patients[’l. In addition, chronic HCV patients with a high HOMA-IR index had
omentin-1 Levels comparable to patients with a low index['6l. In apparently healthy
cohorts, serum omentin-1 correlated negatively with the HOMA-IR index!'* 2%, and this
association seems to be lost in chronic HCV.

HCV infection can promote diabetes and liver steatosisl?l. Metabolic dysfunction-
associated fatty liver disease (MAFLD) is relatively common in the general population,
and accordingly, is abundant in patients with HCVIZ?l. MAFLD is associated with
insulin resistance, and reduced levels of circulating omentin-11""- 281, In the HCV cohort,
serum omentin-1 Levels of patients with hepatic steatosis did not change. The diagnosis
of MAFLD in patients with HCV infection is, however, challenging/?! and virus-
induced fatty liver was not discriminated from metabolic liver steatosis in our study.
Therefore, we can only conclude that liver steatosis either caused by HCV and/or by
metabolic dysfunction is not related to changed serum omentin-1 Levels.

HCV is classified into eight genotypes and more than 80 subtypes[2?l. Most prevalent in
Europe is HCV genotype 1 and the subtypes 1a and 1b{3], and 61 of our patients were

infected by 1a or 1b. The second most prevalent genotype in our study cohort was 3a.




HCV genotypes differ in their clinical features, and insulin resistance and liver steatosis
are more common in genotype 1 and 3 infection?!l. Serum omentin-1 Levels of patients
infected with genotype 1a, 1b or 3a were, however, similar.
In accordance with previous datal'¢l, serum omentin-1 Levels were not associated with
viral load. Highly efficient elimination of HCV by DAA treatment had no effect on the
circulating levels of omentin-1. This indicates that hepatic and systemic inflammation
caused by HCV infectionl*! do not change serum omentin-1 Levels. In line with this
suggestion the current analysis showed that serum omentin-1 Levels of HCV patients
and controls were similar.
HCV patients with advanced liver fibrosis had increased serum omentin-1 Levels when
liver fibrosis was assessed by the non-invagive FIB-4 score or diagnosed by ultrasound.
Higher concentrations of omentin-1 have been described in HCV patients with liver
cirrhosis in comparison to healthy controls('” 18], Current findings suggest that severe
liver disease and not viral infection is the cause of increased serum omentin-1 Levels.
rum omentin-1 Levels did, however not increase with higher Child-Pugh scores and
did not correlate with the MELD score in patients with mostly alcoholic liver
cirrhosis!’8l. In our HCV patients with liver cirrhosis, serum omentin-1 levels did not
correlate with the MELD score at SVR12. At this time, there was an association between
serum omentin-1 and albumin, a biomarker for impaired hepatic function. Small
cirrhosis cohorts and relatively weak associations between serum omentin-1 Levels and
laboratory measures of liver disease may prevent the observation of significant
associations. Future research has to identify the causes for higher serum omentin-1
Levels in patients with advanced liver fibrosis.
LDL of patients with liver cirrhosis is reduced *224], and negative correlation of serum
omentin-1 levels with LDL is in this context. Negative associations of serum omentin-1
and LDL have been reported in healthy controlsP® and this finding is in line with the
beneficial metabolic effects of this adipokinellll. In HCV infection and at SVR12 the

protective effects of omentin-1 against dyslipidemia could not be observed.




Increased serum omentin-1 Levels of patients with advanced liver disease may
originate from visceral adipose tissues with high omentin-1 expression[!ll. It has been
also suggested that impaired hepatic clearance of serum omentin-1 by the damaged
liver contributes to higher serum levels(!8l. Serum omentin-1 Levels of patients with
chronic HCV were not correlated with the hepatic mRNA expression of omentin-1[17],
indicating that omentin-1 synthesis in the liver plays a minor role for systemic omentin-
1 Levels. Further study is needed to clarify the origin of higher serum omentin-1 in
patients with liver cirrhosis.

Patients with end-stage renal disease had elevated serum omentin-1 13 indicating renal
excretion of omentin-1. In the current analysis, which included patients with normal
and slightly reduced glomerular filtration rates, associations between serum omentin-1
Levels and markers for kidney function such as creatinine or glomerular filtration rates
were not observed 7] This shows that minor renal dysfunction has no role for higher
serum omentin-1 Levels in HCV patients with liver cirrhosis.

Induction of omentin-1 Levels of patients with liver cirrhosis is in agreement with
studies on serum adiponectin levels, an anti-inflammatory adipokine functioning as an
insulin sensitizer, whose circulating levels also decline in obesityl? ¥l Serum
adiponectin levels of patients with HCV, hepatitis B virus and MAFLD related liver
cirrhosis were increased!®l. In these patient cohorts, circulating levels of adiponectin
were not associated with BMI or markers of insulin sensitivity4ll. These findings
suggest that adiponectin does not exert its protective roles in liver cirrhosis as seems to
be the case for omentin-1.

A limitation of this study is that Child-Pugh scores were not included. Early guidelines
commenting on treatment in patients with decompensated liver cirrhosis, who have
Child-Pugh B or C, did not recommend the use of DAAs for these patientsl42l. Our
cohort was recruited shortly after these drugs were approved, and patients with
decompensated cirrhosis were excluded. The Child-Pugh score of our cohort was not
determined but from the clinical data of our patients we assume that most of them had

Child-Pugh score A.




CONCLUSION

In summary, the current analysis showed that higher serum omentin-1 Levels in chronic
HCV infection is not a marker of metabolic health but rather indicates advanced liver

fibrosis.

ARTICLE HIGHLIGHTS

Research background

Hepatitis C virus (HCV) infection can cause severe liver damage. Chronic HCV
infection can be cured with direct acting antiviral (DAA) therapy, which also decreases
insulin resistance. Omentin-1 is regarded a beneficial adipokine and improves insulin
resistance. Serum omentin-1 Levels are increased in HCV infection. The effect of viral
cure on serum omentin-1 Levels has not been analysed as far as we know. Moreover,

data regarding associations of omentin-1 with liver injury are discordant.

Research motivation

From a pathophysiological standpoint, it can be important to evaluate associations of
serum omentin-1 Levels with HCV infection and liver disease severity.

Research objectives

The objective of this study was to assess the effect of HCV clearance on serum omentin-
1 Levels, and to evaluate associations of serum omentin-1 Levels with clinical markers

of inflammation, liver steatosis, diabetes and liver dysfunction.

Research methods
This observational study included 84 patients with chronic HCV, and collected serum

before therapy, at therapy end and at sustained viologic response 12 (SVR12). Serum




omentin-1 was measured by enzyme-linked immunosorbent assay. Serum omentin-1

Levels of 14 controls were also determined.

Research results
The study found evidence of increased serum omentin-1 Levels in patients with liver
cirrhosis. HCV elimination did not change serum omentin-1 Levels, suggesting that

viral infection has no effect on serum omentin-1.

Research conclusions

Effective elimination of HCV is associated with favourable metabolic outcomes. This
study indicates that omentin-1 has no role herein. Serum omentin-1 of HCV patients
with liver cirrhosis is increased at baseline and SVR12, and may have a role in liver

cirrhosis pathogenesis.

Research perspectives
Evaluation whether increased serum omentin-1 is just a marker of impaired liver

function or contributes to liver damage.
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