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Background/Aims: An estimated 80 million people worldwide are infected with viremic hepatitis C virus
(HCV). Even after eradication of HCV with direct acting antivirals (DAAs), hepatic fibrosis remains a risk factor for
hepatocarcinogenesis. Recently, we confirmed the applicability of microfibrillar-associated protein 4 (MFAP4) as a serum
biomarker for the assessment of hepatic fibrosis. The aim of the present study was to assess the usefulness of MFAP4 as a
biomarker of liver fibrosis after HCV eliminating therapy with DAAs.
Methods: MFAP4 was measured using an immunoassay in 50 hepatitis C patients at baseline (BL), the end-of-therapy
(EoT), and the 12-week follow-up (FU) visit. Changes in MFAP4 from BL to FU and their association with laboratory
parameters including alanine aminotransferase (ALT), aspartate aminotransferase (AST), platelets, the AST to platelet
ratio index (APRI), fibrosis-4 score (FIB-4), and albumin were analyzed.
Results: MFAP4 serum levels were representative of the severity of hepatic fibrosis at BL and correlated well with
laboratory parameters, especially APRI (Spearman correlation, R²=0.80). Laboratory parameters decreased significantly
from BL to EoT. MFAP4 serum levels were found to decrease from BL and EoT to FU with high statistical significance
(Wilcoxon P<0.001 for both).
Conclusions: Our findings indicate that viral eradication resulted in reduced MFAP4 serum levels, presumably
representing a decrease in hepatic fibrogenesis or fibrosis. Hence, MFAP4 may be a useful tool for risk assessment in
hepatitis C patients with advanced fibrosis after eradication of the virus. (Clin Mol Hepatol 2019;25:42-51)
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Study Highlights
• We assessed the performance of microfibrillar-associated protein 4 (MFAP4) as a serum biomarker for hepatic fibrosis in 50 hepatitis C virus patients undergoing direct-acting antivirals therapy at baseline, the end-of-therapy, and the 12-week follow-up visit.
• MFAP4 serum levels were representative of the severity of hepatic fibrosis at baseline and correlated well with laboratory parameters, especially
the aspartate aminotransferase to platelet ratio index (APRI).
• MFAP4 serum levels decreased from baseline and from the end-of-therapy to the 12-week follow-up visit with high statistical significance, indicating a decrease in hepatic fibrogenesis or fibrosis.

INTRODUCTION
There are estimated 80 million people with viremic hepatitis C
virus (HCV) infection (corresponding to about 1% of the population) worldwide.1 The acute HCV infection is typically asymptomatic and, in people who progress to chronic HCV infection, often
unapparent until they develop significant liver damage years later.
Besides an inflammatory response in some patients the HCV impairs the metabolism of infected hepatocytes. Moreover, viral proteins, e.g. core, nonstructural protein 3 (NS3), and nonstructural
protein 5A (NS5A) can induce a disturbance of lipid metabolism
and modulate hepatocyte apoptosis or alter signal transduction.2-5
The predominant profibrogenic cytokine is the transforming
growth factor beta (TGFß-1), which can be released from almost
any cell type during inflammation, tissue regeneration, and fibrogenesis.6-8 It strongly up-regulates the production and deposition
of extracellular matrix (ECM) proteins like collagens, matrix metalloproteinases, and tissue inhibitors of metalloproteinases by myofibroblastic cells. These either derive from activated hepatic stellate cells or activated portal or perivascular fibroblasts.9,10 Therapy
with interferon (IFN)-α has been reported to have antifibrotic effects by reducing the serum levels of fibrotic markers, such as the
N-terminal peptide of procollagen type III.11,12 Fortunately, the
treatment of HCV infection was revolutionized with the development of direct-acting antiviral agents (DAAs).13-16 Within the current decade highly tolerable single daily dosing oral regimens,
lasting 8–12 weeks and yielding cure rates of >90% should become standard - renouncing on IFN containing regimens with several side effects.14
Increasing evidence suggests that hepatic fibrosis is reversible
and can be reduced in patients with HCV-associated cirrhosis and
sustained virologic response (SVR) after IFN-free antiviral therapy.
This hypothesis is confirmed by the fact that liver stiffness in transient elastography (TE) measurements is diminished after DAA
therapy, probably due to reduced necroinflammation after viral
eradication and in consequence a regression of hepatic fibrosis.17
In order to detect new biomarkers for hepatic fibrosis, we previhttp://www.e-cmh.org

ously performed a proteomics analysis of microdissected cirrhotic
septae and liver parenchyma cells.18 An elevated abundance of the
microfibrillar-associated protein 4 (MFAP4) in the cirrhotic septae
was detected and the measurement of MFAP4 serum levels in
HCV patients by enzyme-linked immunosorbent assay (ELISA)
demonstrated its applicability as a blood-based biomarker for
non-invasive assessment of liver fibrosis. Recently, we confirmed
the elevated abundance of MFAP4 in hepatic fibrosis in tissue
samples from a large patient cohort on transcript and protein level.19 MFAP4 is an oligomeric ECM protein that is expressed in association with elastic fibers in the entire body, especially in elastin
rich tissues like the heart or the lung.20 It has been demonstrated
to interact with Tropoelastin and Fibrillin during formation of elastic fibers21 and was found to be involved in smooth muscle cell
activation in vascular and pulmonary remodeling.22,23 MFAP4 serum levels have been shown to correlate with pulmonary and cardiovascular diseases.20,24-26 but the most comprehensive evidence
for an applicability of MFAP as biomarker has been presented for
hepatic fibrosis. MFAP4 plasma levels were shown to vary in parallel with TE measurements and are significantly increased in patients with chronic HCV infection in support of previous observations.27 In a large retrospective study we demonstrated MFAP4
serum levels to be highly significantly increased from no to moderate fibrosis stages F0–F2 to severe stages (F3 and F4) as determined by liver biopsy. We derived a multivariate model considering also age and gender which yielded 81.3 % sensitivity and
61.5 % specificity for the correct identification of F3 and F4. For
the correct prediction of no to moderate fibrosis and severe fibrosis and cirrhosis the model performed with an area under the
curve (AUC) of 0.831.28
To complement studies using parameters like TE and hepatic venous wedge pressure (HVPG) the aim of the present study was to
assess an potential antifibrotic effect of DAAs by analyzing
MFAP4 serum levels at baseline (BL), end-of-therapy (EoT) and
follow-up (FU) in 50 HCV-patients undergoing DAA therapy.
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PATIENTS AND METHODS

AST to platelet ratio index (APRI) and fibrosis-4 score
(FIB-4)

Clinical cohort

The APRI was calculated as follows:
Serum samples from n=50 patients suffering from HCV and undergoing therapy with DAAs (collected by the Department of Gastroenterology and Hepatology, University Clinic of Frankfurt, Germany) were used for the analysis of MFAP4 serum levels. All
investigations were performed according to the Declaration of
Helsinki and the usage of patient blood samples and retrospective
collection of data was approved by the local ethics committee
(Ethics Committee of the J.W. Goethe University Frankfurt, reference number 16/15). Fifteen patients were known to be treatment-naïve while 29 received treatment prior to the DAA therapy.
MFAP4 levels were determined at baseline (BL, 0 weeks), EoT (12,
24 or 48 weeks) and FU time points (12 weeks after EoT). The
corresponding histological staging by liver biopsy before therapy
was available for n=21 patients. Laboratory parameters aspartate
aminotransferase (AST), alanine aminotransferase (ALT), platelet
count and albumin were available for BL and EoT time points. All
available patients’ data as well as laboratory data are summarized
in Supplementary Table 1.

Histologic staging
Biopsies were staged blindly according to the scoring system for
the assessment of hepatic fibrosis (METAVIR) by one pathologist
with a specialization in liver pathology. Every biopsy specimen
was staged on a scale of Fibrosis F0 to F4: F0 - no fibrosis; F1 enlarged, fibrotic portal tracts; F2 - periportal fibrosis or portalportal septa, but intact architecture; F3 - fibrosis with architectural distortion, but no obvious cirrhosis; and F4 - probable or
definite cirrhosis.

(

)

AST [U]
L

APRI = upper limit of normal AST [U] ×100
L
×
1,000
platelet count [
]
µL
The considered upper limit of normal AST was 50 (U/L) for men
and 35 (U/L) for women, respectively. The FIB-430 was calculated
as follows:
age (years) × AST [U]
L
FIB-4=
×
1,000
platelets [
]× ALT [U]
µL
L

Statistical analysis
For the laboratory parameters and consequently also APRI and
FIB-4 only data for BL and EoT time points were available. These
were tested for a statistically significant difference using the Wilcoxon test. Correlation analysis of BL values for laboratory parameters, APRI and MFAP4 serum levels was performed using the
Spearman’s correlation coefficient. MFAP4 levels for BL, EoT and
FU time points were analyzed using the Friedman test followed by
a paired Wilcoxon test in case of a significant result of the Friedman test (post-hoc test). The resulting P -values were corrected for
multiple testing using the Bonferroni approach. A significance level of 5% was chosen throughout the study.

RESULTS

Measurement of MFAP4 serum concentrations

Baseline levels of MFAP4 and TE measurements
reflect the severity of fibrosis

The AlphaLISA technique (PerkinElmer) was used to measure
MFAP4 serum levels as described before.20 Briefly, two monoclonal anti-MFAP4 antibodies (HG-HYB 7–14 and HG-HYB 7–18)
that were generated using MFAP4-knock out mice were used as
donor bead-coupled antibodies and acceptor bead coupled-antibodies, respectively.29 The measurements were performed in 384
well format and all sera were tested in duplicates diluted 1:100.
When being measured in serum samples 1 U/mL MFAP4 corresponds to 38 ng/mL of MFAP4.

For 21 patients histological staging according to the METAVIR
classification was available. For 20 of those patients also data
from TE measurements (fibroscan) were available. As a proof of
concept, we divided the patients into two groups of no to moderate fibrosis stages F0-F2 (n=9) and severe fibrosis and cirrhosis
stages F3 and F4 (n=11). For both, MFAP4 and fibroscan a clear
trend towards higher values in stages F3 and F4 was evident (Fig. 1).
For fibroscan this was statistically significant (Wilcoxon P -value
0.04). For MFAP4 the difference was not significant due to an ap-
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parent outlier in F3, F4 (Wilcoxon P -value 0.08, P-value after outlier exclusion 0.03). MFAP4 and fibroscan correlated significantly
with R²=0.66 (P -value=0.002, Supplementary Table 2).

Correlation analysis of baseline levels of MFAP4 and
laboratory parameters
For all 50 patients the baseline levels of MFAP4 and the available
laboratory parameters as well as APRI and FIB-4 were analyzed using the Spearman correlation method (Fig. 2, Supplementary Table 2).
A high correlation of MFAP4 was found for AST (R²=0.72, P -value<1.13∙10 -7) whereas the correlation to ALT was rather weak
(R²=0.33, not significant [n.s.]). A negative correlation was observed for platelets and albumin (both R²=‑0.67, P ‑values 2.53∙10-6
and 1.69∙10-5, respectively). The highest correlation for MFAP4 was
found with APRI (R²=0.80, P -value 6.24∙10-11). Amongst the other
parameters the positive correlation of APRI and AST was found to
be higher (R²=0.88, P -value 1.29∙10-15) which was obvious because
APRI is a function of AST and platelet count. The same was true for
FIB-4 which showed a high negative correlation with the platelet
count (R²=-0.88, P -value 7.75∙10-16) but however was not significantly correlated with AST or ALT. FIB-4 and MFAP4 showed a
weak correlation which was significant though (R²=0.64, P -value
1.70∙10-5).

Laboratory parameters and the APRI decrease from
baseline to the EoT
The changes in AST and ALT levels between BL and EoT showed
a significant decrease in all patients, both for the patient group
with no to moderate (F0-F2) and severe fibrosis and cirrhosis (F3,
F4), respectively (Fig. 3, Table 1). Median values dropped from 66
(U/L) and 67 U/L at BL to 25 U/L and 21.5 U/L at EoT for AST and
ALT, respectively (Table 2). The platelet count increased in all patients with high statistical significance (P -value 9.65·10 -6). The
median platelet count increased from 151×1,000/µL at BL to
170×1,000/µL at EoT. When analyzing the subsets of patients
with known fibrosis stages separately the increase of platelet
counts was seen by trend but was not statistically significant. A
statistically significant decrease of the APRI was observed in all
patients, also when patients with F0-F2 and F3, F4 were analyzed
separately. For F0-F2 the effect was more pronounced (P -value
0.004) than for F3 and F4 (P -value 0.01) and patients with severe
fibrosis remained with a higher APRI at EoT. The median APRI in
all patients decreased from 0.92 at BL to 0.32 at EoT. Albumin
values increased from BL to EoT which was statistically significant
when analyzing all patients. The median albumin proportion increased from 4.3 at BL to 4.45 at EoT. FIB-4 showed a moderate
increase from 0.3 at BL to 3.4 at EoT (P -value 0.03) when examining all patients. For patients with low fibrosis stages the increase
was more evident whereas for high fibrosis stages even a decrease was evident. However, the median values were quite dis-

MFAP4 (n=21)

Fibroscan (n=20)
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Figure 1. Baseline values of MFAP4 (A) and fibroscan (B) for no-to-moderate (F0–F2) and severe (F3, F4) fibrosis stages. The upper and lower bounds
of boxes represent the first and third quartiles per group, whiskers extend to the most extreme data point, which is no more than 1.5 times the interquartile range from the box. Circles represent individual data points. For 21 patients, histological staging according to METAVIR was available. For 20
patients, data from TE measurements were available (F0-F2, n=9; F3, F4, n=12, n=11 for fibroscan, respectively). MFAP4, microfibrillar-associated protein
4; TE, transient elastography; METAVIR, scoring system for the assessment of hepatic fibrosis; F, fibrosis stage; n.s., not significant. *Significant on Wilcoxon test (P-value<0.05).
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tant from the FIB-4 lower cut-off of 1.45.30

DISCUSSION

Serum levels of MFAP4 at baseline, EoT and FU time
points

The disease progression of HCV infection is characterized by the
development of hepatic fibrosis, with a highly variable course that
ranges from minimal histological impairments to extensive fibrosis
with or without the development of hepatocellular carcinoma
(HCC).31 Although in the last decade the therapy of the HCV infection was revolutionized with the development of DAAs13-16 (highly
tolerable, cure rates of >90%) up to now one of the most common reasons for liver transplantation still is liver failure as a consequence of HCV infection.32 It is well known that the pathways
leading to liver injury can be immune system mediated reactions
and on the other hand direct viral cytopathic effects.33
The liver biopsy is considered the gold standard for assessment

The changes in MFAP4 serum levels between the baseline, the
EoT and the FU decreased in all patients (Fig. 4). This observation
was statistically highly significant between BL and FU as well as
between EoT and FU time points (Table 3). When analyzing patients with F0-F2 and F3, F4 independent of each other it was apparent that the MFAP4 decrease was more pronounced in patients with no to moderate fibrosis (F0-F2). This was also reflected
by the statistical analysis because changes in MFAP4 levels in F3
and F4 were not found to be significant.
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Figure 2. Correlation matrix of baseline MFAP4, APRI, laboratory parameters, and FIB-4. The lower left corner of the figure shows R² values calculated
according to the Spearman method (font size corresponds to the quality of the R² value). The upper right half of the figure shows the corresponding
scatter plots. Black points represent individual data points. MFAP4, microfibrillar-associated protein 4; AST, aspartate aminotransferase; ALT, alanine aminotransferase; APRI, AST to platelet ratio index; FIB-4, fibrosis-4 score.
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Figure 3. Pairwise comparisons of baseline (BL) and end-of-therapy (EoT) laboratory parameters (A: aspartate aminotransferase [AST]; C: alanine aminotransferase [ALT]; D: Albumin; E: Platelets), AST to platelet ratio index (APRI) (B), and fibrosis-4 score (FIB-4) (F). The upper and lower bounds of boxes
represent the first and third quartile per group. Whiskers extend to the most extreme data point, which is no more than 1.5 times the interquartile
range from the box. Circles represent individual data points. For 21 patients, histological staging according to METAVIR was available. Those patients
were analyzed separately and divided into no to moderate (F0-F2) and severe fibrosis groups. Asterisks indicate significance on Wilcoxon test (*P-value:
<0.05, **P-value: <0.01, ***P-value: <0.001). F, fibrosis stage; n.s., not significant; METAVIR, scoring system for the assessment of hepatic fibrosis.
Table 1. Results of pairwise comparisons of baseline (BL) and end-of-therapy (EoT) laboratory parameters

Wilcoxon P-value
*

F0-F2 (n=9)

F3, F4 (n=12)

All (n=50)

APRI

0.0039

0.0122

2.37∙10 -8

AST

0.0039

0.0093

1.45∙10 -11

ALT

0.0039

0.0068

3.89∙10 -9

Platelets

0.1641

0.5633

9.65∙10 -6

Albumin

0.8918

0.1412

0.0026

FIB-4

0.0391

0.3394

0.0257

APRI, aspartate aminotransferase (AST) to platelet ratio index; ALT, alanine aminotransferase; FIB-4, fibrosis-4 score; F, fibrosis stage.
*
For n=21 patients histological staging of hepatic fibrosis according to scoring system for the assessment of hepatic fibrosis (METAVIR) was available. Patients
were divided into no to moderate fibrosis stages (F0-F2) and severe fibrosis and cirrhosis (F3, F4) and analyzed separately.
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Table 2. Median and interquartile range for MFAP4 and laboratory parameters at baseline, the end-of-therapy, and follow-up (only MFAP4)

Baseline

MFAP4 (U/mL)

End-of-therapy

Median

Interquartile range
(Q3‑Q1)

Median

Follow-up

Interquartile range
(Q3‑Q1)

Median

Interquartile range
(Q3‑Q1)

23.2

23.2

33.05

33.7

29.6

27.2

AST (U/L)

66

74

25

15.5

ALT (U/L)

67

79

21.5

14.5

Platelets (×1,000/µL)

151

140

170

157

APRI

0.92

1.35

0.32

0.56

Albumin (proportion)

4.3

0.6

4.45

0.6

FIB-4

0.30

0.49

0.34

0.34

MFAP4, microfibrillar-associated protein 4; AST, aspartate aminotransferase; ALT, alanine aminotransferase; APRI, AST to platelet ratio index; FIB-4, fibrosis-4
score; Q1, first quartile; Q3, third quartile.
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Figure 4. Comparisons of MFAP4 levels at baseline (BL), end-of-therapy (EoT), and follow-up (FU). The upper and lower bounds of boxes represent the
first and third quartile per group. Whiskers extend to the most extreme data point, which is no more than 1.5 times the interquartile range from the
box. Circles represent individual data points. For 21 patients, histological staging according to METAVIR was available. Those patients were analyzed
separately and divided into no to moderate (F0-F2) and severe fibrosis groups. Asterisks indicate significance on pairwise Wilcoxon test after a significant Friedman P-value (*P-value: <0.05, ***P-value: <0.001). MFAP4, microfibrillar-associated protein 4; METAVIR, scoring system for the assessment of hepatic fibrosis; F, fibrosis stage.
Table 3. Friedman test with subsequent pairwise Wilcoxon test for baseline, end-of-therapy and follow-up levels of MFAP4

F0-F2 (n=9)

Friedman P‑value

Baseline vs. End-of-therapy

Baseline vs. Follow up

End-of-therapy vs. Follow up

0.01312

1

0.02344

0.02344

*

F3, F4 (n=12)

0.09426

-

-

-

All (n=50)

0.00014

0.13092

0.00007

0.00016

MFAP4, microfibrillar-associated protein 4; F, fibrosis stage.
*
Pairwise Wilcoxon tests were only performed in case of a significant Friedman P ‑value.

of hepatic fibrosis although the procedure is invasive and carries a
significant rate of complications, especially in patients with coagulation disorders. For this reason after pretherapeutic biopsy and
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the residual fibrosis in patients after SVR but the findings were
largely different from those received from post-treatment liver biopsy.34 This can be explained by the absence of the inflammatory
viral stimulus leading to a spontaneous normalization of AST and
ALT levels with the eradication of HCV. This rapid decrease of
AST, ALT and consequently also APRI has also been observed in
our study (Fig. 3). In additon, Sebastiani et al. demonstrated a
poor performance of APRI, AST to ALT ratio, Forns’ Index, Fibrotest and Fibroindex in 80 viremic patients with persistently
normal transaminase values35 and therefore concludes that for
this group of patients liver biopsy is still necessary. The FIB-4
which also considers AST, ALT and the platelet count was primarily designed to detect high risk patients suffering of advanced fibrosis to avoid unnecessary biopsies.30 The predictive power of
FIB-4 is limited regarding lower stages of fibrosis and, in our
study, correlates primarily with the platelet count at BL. For the
comparison between BL and EoT FIB-4 shows unclear results
which are contradictory when assessing higher and lower fibrosis
stages independently (Fig. 3). Currently published data suggests
that the viral eradication leads to a reduction of hepatic fibrosis
by demonstrating an improvement of liver stiffness in TE, probably
due to reduced necroinflammation and fibrogenesis.17 In order to
appraise an accurate prognosis and to optimize clinical management these results underline that a valid and preferably non-invasive and everywhere available assessment of residual cirrhosis in
HCV patients with an SVR is urgently required. Besides, TE is not
nation-wide disposable. Therefore, it is currently difficult to reliably evaluate serial changes in liver fibrosis before and after the
eradication of HCV, observing each patient in a longitudinal manner concerning its individual hepatic fibrogenesis. In the present
study, we observed that at BL, MFAP4 also correlates with several
laboratory parameters, especially AST and APRI. On the other
hand, correlation with FIB-4 and also the platelet count, which is
considered by both, APRI and FIB-4, was rather weak (Fig. 2).
However, in contrast to the prominent drop observed in AST and
ALT levels, the decrease in MFAP4 levels was weaker from BL to
EoT but sustained until the FU time point (Fig. 4). This illustrates
that MFAP4 levels do only weakly represent of the ongoing inflammation in the liver but presumably correlate with tissue remodeling taking place after viral eradication.
The long-standing dogma that cirrhosis is not reversible was
disproved by several studies demonstrating that HCV patients
with a SVR to IFN-based regimens showed cirrhosis regression in
30% to 60% of patients 3 to 5 years after SVR.36-40 To date, no
data is available for the developing of direct serum markers in
http://www.e-cmh.org

chronic HCV patients undergoing therapy with DAAs.41 For this
reason, we examined the applicability of MFAP4 as a serum biomarker for hepatic fibrosis in chronic HCV patients undergoing
therapy with DAAs in this study. It was revealed that serum levels
of MFAP4 decrease during the DAA-based HCV therapy and more
clearly after therapy until the follow-up time point (Fig. 4). A dramatic decrease in inflammatory activity was represented by APRI
and the corresponding laboratory parameters AST and ALT (Fig.
3). In addition an improvement in liver synthesis was shown by an
increase in serum albumin levels in patients with SVR. These findings are direct results of DAA-based viral eradication and not influenced by the well-known antifibrotic effects of IFN based HCV
therapies. Whether this observation reflects a reduced fibrogensis
as a result of viral eradication and therefore a diminished fibrogenic stimulus in the liver or may even indicate a regression of hepatic fibrosis cannot be finally clarified in the absence of corresponding liver biopsies. Other helpful parameters like TE or
fibrotest were unfortunately not available for EoT and FU or the
whole cohort at BL. This represents a shortcoming of our study
and has to be considered when evaluating our data and needs to
be addressed in further studies. It is evident that regression of hepatic fibrosis is associated with a reduced risk of developing HCC,
hepatic decompensation and variceal bleeding, while, on the contrary, a clinical benefit was not observed in SVR patients with residual cirrhosis.42 In consequence, all SVR patients with advanced
hepatic fibrosis are currently recommended to keep lifelong surveillance for HCC with abdominal ultrasound every 6 months43 as
these patients still carry a 0.6–1.2% yearly risk of HCC.44,45 In the
present study, we could show that MFAP4 as a non-invasive biomarker might have the potential to be a valuable tool (e.g. in a future multi-biomarker setting) for the assessment of hepatic fibrosis after eradication of HCV. Thus, MFAP4 could be helpful for the
identification and monitoring of HCV patients with advanced hepatic fibrosis. It must be emphasized once more that complications (e.g. HCC, hepatic decompensation etc.) of the HCV infection occur even after SVR and clarify the need of an effective risk
management in this special cohort of patients.
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