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Abstract

Background

Liver fibrosis is one of the cardinal clinical features of chronic hepatitis C (CHC). However,

the mechanisms underlying the evolution and reversion of liver fibrosis after hepatitis C

virus (HCV) eradication and their relationship with clinical outcomes and metabolic alter-

ations are not fully elucidated. Whether any non-invasive fibrosis marker can predict progno-

sis is unknown.

Methods

Between October 2014 and September 2019, 418 patients with CHC or compensated cir-

rhosis with HCV were prospectively recruited in this observational study. 326 patients that

were successfully eradicated with interferon-free direct antiviral agents (IFN-free DAAs)

were analyzed. Peri-treatment dynamics of serum levels of type IV collagen 7S fragment

(4COL7S), a fibrosis marker, and subsequent clinical outcomes, including hepatic decom-

pensation, newly emerged hepatocellular carcinoma (HCC), and all-cause mortality were

analyzed.

Results

Ten (3.1%) patients died during the observation period. 4COL7S-defined fibrosis progres-

sion (n = 97, 29.8%) at SVR was significantly correlated with worse all-cause mortality post-

SVR (P = 0.0062) but not with the probability of newly emerged HCC (P = 0.24). Prognostic

tendency was more prominent in patients with advanced fibrosis (P< 0.0001). 4COL7S-

defined fibrosis progression at SVR and a baseline platelet count less than 10×104/μL were

significantly predicted all-cause mortality (P = 0.0051). In exploratory analyses, a decreased

4COL7S at the end of treatment was correlated with a matrix-degrading phenotype that

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0276925 October 27, 2022 1 / 17

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Yamataka K, Chu P-s, Koda Y, Taniki N,

Morikawa R, Yoshida A, et al. (2022) Dynamics of

type IV collagen 7S fragment on eradication of HCV

with direct antiviral agents: Prognostic and

metabolomic impacts. PLoS ONE 17(10):

e0276925. https://doi.org/10.1371/journal.

pone.0276925

Editor: Youkyung H. Choi, Centers for Disease

Control and Prevention, UNITED STATES

Received: July 27, 2022

Accepted: October 14, 2022

Published: October 27, 2022

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0276925

Copyright: © 2022 Yamataka et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting information

files.

https://orcid.org/0000-0002-8687-2760
https://doi.org/10.1371/journal.pone.0276925
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276925&domain=pdf&date_stamp=2022-10-27
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276925&domain=pdf&date_stamp=2022-10-27
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276925&domain=pdf&date_stamp=2022-10-27
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276925&domain=pdf&date_stamp=2022-10-27
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276925&domain=pdf&date_stamp=2022-10-27
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276925&domain=pdf&date_stamp=2022-10-27
https://doi.org/10.1371/journal.pone.0276925
https://doi.org/10.1371/journal.pone.0276925
https://doi.org/10.1371/journal.pone.0276925
http://creativecommons.org/licenses/by/4.0/


showed higher serum metalloproteinase to tissue inhibitors of metalloproteinase-1 ratios

and characteristic metabolic fingerprints such as increased butyrate, some medium-chain

fatty acids, anabolic amino acids, and decreased uremia toxins.

Conclusions

Peri-treatment dynamics of serum 4COL7S, a non-invasive fibrosis marker, predict progno-

sis. Non-invasive fibrosis markers may be useful biomarkers for risk stratification post-SVR.

Introduction

Chronic liver disease (CLD) is a major cause of mortality and morbidity worldwide [1]. One of

the major etiologies of CLD is the hepatitis C virus (HCV), which is estimated to persistently

infect approximately 1% of the global population [2]. The incidence remains high despite the

clinical utilization of the paradigm-changing interferon (IFN)-free direct antiviral agents

(DAAs), which result in over 90% sustained virological response (SVR) rates.

In patients with chronic hepatitis C (CHC), the chronological effect on the progression of

liver fibrosis involves the cardinal clinical feature [3] that may lead to cirrhosis, and may be

associated with portal hypertension, hepatic decompensation, and hepatocellular carcinoma

(HCC) [4]. In addition to liver-related complications, extrahepatic ones, such as non-liver

malignancies and metabolic, cardiovascular, and immune-mediated manifestations related to

persistent HCV infection have also been reported [5–7]. Reports exploring the impact of anti-

HCV treatment, including both IFN-based or IFN-free DAAs and subsequent SVR on clinical

outcomes, are accumulating. However, the evidence levels supporting each beneficial effect

vary [8]. For instance, liver fibrosis regression has been observed in some, but not all, patients

after HCV eradication [9–12]. Moreover, patient characteristics, degree of regression, and clin-

ical outcomes of significant fibrosis regression after SVR remain unknown. In addition, the

gold-standard for evaluating fibrosis resolution remains unestablished [13]. Hence, a non-

invasive biomarker that predicts clinical outcomes of patients undergoing HCV eradication is

needed.

CHC is also a prototype for studying general mechanisms of host-microorganism interac-

tions, disease progression, and alterations in multiple signaling and metabolic pathways [14],

especially pathways leading to prominent steatosis with hypermetabolism in hepatocytes [15].

Nevertheless, it remains unclear whether fibrosis reversion is associated with metabolic

changes after HCV eradication.

The extracellular matrix (ECM) is dynamic and complex in terms of both quantity and

quality during liver fibrogenesis and fibrolysis [13]. During ECM remodeling, metalloprotei-

nases (MMPs), including gelatinase A (MMP2) and gelatinase B (MMP9), inhibitors such as

the tissue inhibitor of metalloproteinase-1 (TIMP-1), and their balances have been studied

[16]. During hepatic stellate cell (HSC) activation accompanying liver injury, type IV collagen

deposition becomes prominent, such that a real basement membrane develops in the perisinu-

soidal space. This process is called sinusoidal capillarization [17]. Moreover, quantification of

the serum 7S fragment of type IV collagen (4COL7S), the amino-terminal triple-helix domain

of type IV collagen, is a biomarker for ECM remodeling during liver fibrogenesis [18]. In addi-

tion, it has demonstrated better sensitivity and specificity for the detection of cirrhosis due to

viral hepatitis compared with serum levels of type IV collagen [19]. Whether any non-invasive

fibrosis marker can predict prognosis after SVR is still incompletely studied.
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In this observational study of patients with CHC whose HCV was eradicated using IFN-

free DAAs, we focused on the peri-treatment dynamics of serum 4COL7S at three time points:

immediately before treatment, at the end of treatment, and at 12 weeks after achieving SVR.

We also determined their association with the patients’ clinical outcomes. The correlation

between matrix remodeling and metabolomic changes was also explored.

Materials and methods

Study subjects, ethics, and follow-up

This observational study was approved by the Institutional Review Board of Keio University

School of Medicine (No. 20140177). This study was conducted in accordance with the 2013

revision of the guidelines of the 1975 Declaration of Helsinki. Patients with CHC before treat-

ment with DAAs were recruited between October 2014 and September 2019. The recruited

study subjects provided prior written informed consent to use and publish the results of their

blood samples and analysis of clinical data. No study participants aged< 18 years were

included. All study subjects received standard care and treatment based on their clinical pre-

sentation. Plasma HCV RNA was quantified using commercially available kits of COBAS Taq-

man1 (Roche, Switzerland; with a lower limit of quantification of 15 IU/mL). Negative plasma

HCV RNA at 12 weeks after the end of treatment was considered to achieve SVR (SVR12).

Since most of the recruitment period of this study was before an on-label use of sofosbuvir/vel-

patasvir, and due to the exclusion of national health-care insurance reimbursement to DAAs

other than sofosbuvir/velpatasvir for patients with decompensated cirrhosis at baseline, none

of such patients was included in this study. For patients with a history of HCC, IFN-free DAAs

were started after confirming that all HCC target lesions were completely treated according to

Response Evaluation Criteria in Cancer of the Liver (RECICL) 2015. The exclusion criteria

were as follows: (i) non-SVR patients; (ii) death within six months after achieving SVR12; (iii)

insufficient (less than six months after SVR12) follow-up duration; and (iv) incomplete data

for analysis. The regimens of IFN-free DAAs included daclatasvir/asunaprevir for 24 weeks

(n = 62), sofosbuvir/ledipasvir (n = 147) for 12 weeks, sofosbuvir/ribavirin (n = 62) for 12

weeks, elbasvir/grazoprevir (n = 13) for 12 weeks, ombitasvir/paritaprevir/ritonavir (n = 14)

for 12 weeks, and glecaprevir/pibrentasvir (n = 28) for 8–12 weeks. During treatment and fol-

low-up, all patients underwent routine laboratory examinations at every visit and standard

HCC surveillance according to national recommendations [20] every three to six months,

including liver ultrasonography or contrast-enhanced computed tomography or magnetic res-

onance imaging, and tumor markers. All-cause mortality, admission, or liver transplantation

due to hepatic decompensation, and novel HCC emergence, including both first occurrence

and recurrence, were the predesignated outcomes of interest. The schema of the blood sam-

pling and clinical observation of outcomes are summarized in S1A Fig in S1 File. The inclusion

and exclusion flow of this study is summarized in S1B Fig in S1 File.

Biochemical studies and liver fibrosis indices

Serum 4COL7S levels were measured using the radioimmunoassay two-antibody method

(Lumipulse Presto1; Fujirebio Inc., Tokyo, Japan; with a lower limit of quantification of 0.270

ng/mL; reference level for normal adults, < 6.0 ng/mL). This measurement was clinically

approved and available using this commercial kit in Japan, and the clinical applications of

serum 4COL7S levels derived clinically have been reported in other clinical observations of

various acute or chronic liver diseases [21–23]. Non-invasive fibrosis scores, which included

aspartate aminotransferase (AST) to platelet ratio index (APRI, cutoff for METAVIR F4 cir-

rhosis, > 2.0), FIB-4 (cutoff for METAVIR F3-F4 advanced fibrosis, > 3.25), and Forns index
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(cutoff for METAVIR F0-F1,< 4.2), were calculated as described previously [24–26]. In the

exploratory sub-cohort analysis 1, 23 patients who achieved SVR by taking IFN-free DAAs

were included. Sera collected immediately before (Pre) and at end-of-treatment (EOT) were

analyzed for the levels of MMP-2 (R&D Systems, Minneapolis, MN, USA), MMP-9 (R&D Sys-

tems), and TIMP-1 (Enzo Biochem, New York, NY, USA) via enzyme-linked immunosorbent

assays (ELISA).

Metabolome analysis and data processing

In the exploratory nested case-control analysis 2, seven patients with 4COL7S-defined fibrosis

progression at EOT and seven background characteristic-matched patients with fibrosis

regression were included. All 14 patients were retrieved from the main cohort, and SVR was

achieved. Paired serum samples collected at Pre and EOT were stored at -80˚C since collection

until the start of analysis. Approximately 50 μL of serum was added to 200 μL of methanol con-

taining internal standards (H3304-1002, Human Metabolome Technologies, Inc., HMT, Tsur-

uoka, Yamagata, Japan) at 0˚C to suppress enzymatic activity. The extract solution was

thoroughly mixed with 150 μL of Milli-Q water, after which 300 μL of the mixture was centrif-

ugally filtered through a Millipore 5-kDa cutoff filter (ULTRAFREE MC PLHCC, HMT) at

9,100 ×g and 4˚C for 120 min to remove the macromolecules. The filtrate was then evaporated

to dryness under vacuum and reconstituted using 50 μL of Milli-Q water for the subsequent

metabolome analysis at HMT. Metabolome analysis was conducted according to HMT’s Basic

Scan package, which required the usage of capillary electrophoresis time-of-flight mass spec-

trometry (CE-TOFMS) based on the methods described previously [27]. Briefly, CE-TOFMS

analysis was conducted using an Agilent CE capillary electrophoresis system equipped with an

Agilent 6210 time-of-flight mass spectrometer (Agilent Technologies, Inc., Santa Clara, CA,

USA). The systems were controlled via Agilent G2201AA ChemStation software version

B.03.01 (Agilent Technologies) and were connected via fused silica capillary (50 μm i.d. × 80

cm total length) with commercial electrophoresis buffer (H3301-1001 and I3302-1023 for cat-

ion and anion analyses, respectively, HMT) as the electrolyte. The spectrometer was scanned

from m/z 50 to 1,000, and peaks were extracted using the MasterHands (Keio University, Tsur-

uoka, Yamagata, Japan), an automatic integration software, to obtain the peak information,

including m/z, peak area, and migration time (MT) [28]. Signal peaks corresponding to isoto-

pomers, adduct ions, and other product ions of known metabolites were excluded, and the

remaining peaks were annotated according to the HMT metabolite database based on their m/

z values and MTs. The areas of the annotated peaks were then normalized to internal standards

and sample amounts to obtain the relative concentrations of each metabolite.

Statistical analyses

The data were analyzed using the JMP15 software (SAS Institute Inc., Cary, NC, USA). In

addition, the data are hereby expressed as medians with interquartile ranges or as

averages ± standard deviations (SDs). The non-parametric Kruskal-Wallis test was conducted

to assess the differences between the groups. On the other hand, the χ2 test was conducted to

assess the categorical variables. Spearman’s correlation coefficient was used for the correlation

analysis. The area under the receiver operating characteristic (AUROC) analysis was per-

formed to confirm the usefulness of predicting an outcome and to assess the usefulness of gen-

erating optimal cut-offs based on the Youden Index. The Kaplan-Meier analysis was used to

determine the cumulative percentage of survival or novel HCC emergence. The Gehan-Bre-

slow-Wilcoxon was used to compare the differences between the groups. A Cox proportional

hazard analysis was done to build a model that was stratified based on clinical presentation for
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outcome prediction. In the metabolome analysis, hierarchical cluster analysis (HCA), principal

component analysis (PCA), and discriminant analysis using the partial least squares (PLS-DA)

method were performed using the HMT’s proprietary MATLAB and R programs, respectively.

PCA was used to detect outliers and to obtain an overview of the variation among the groups.

PLS-DA was applied to cluster observations with similar metabolite profiles and to identify

metabolites accounting for discrimination between groups. Welch’s t-test was used to analyze

the differences between the progression and regression groups. The results were considered

significant at P< 0.05.

Results

Background characteristics and outcomes

The background characteristics of the study participants are presented in Table 1. The median

observation period was 48 months (ranges, 6–64 months). Of the 326 patients with CHC aged

70 ± 12 years, 208 patients (63.8%) were female, and 118 were male. A total of 60 patients

(18.4%) had a prior history of HCC, and all of their HCC were treated before DAAs. The fact

Table 1. Background characteristics, clinical parameters, and outcomes of the study participants.

Parameters All patients

N 326

Background parameters

Sex (M/F), N (%) 118 (36.2) / 208 (63.8)

Age, years 70 ± 12

SOF-based DAAs, N (%) 210 (64.4)

Prior history of HCC, N (%) 60 (18.4)

Liver transplanted, N (%) 11 (3.4)

Non-invasive fibrosis parameters

Pre platelet count, ×104/μL 15.9 ± 6.8

Percentage of Pre platelet count < 105/μL 19.7%

Pre FIB-4 index 4.7 ± 6.6

Percentage of Pre FIB-4 > 3.25 49.2%

Pre APRI 1.5 ± 3.6

Percentage of Pre APRI> 2.0 17.6%

Pre Forns index 7.3 ± 2.2

Percentage of Pre Forns index < 4.2 7.4%

Pre 4COL7S, ng/mL 6.7 ± 2.6

Percentage of Pre 4COL7S� 6.1 ng/mL 50.0%

Clinical Outcomes

HCC emerged post SVR12, N (%) 40 (12.3)

All-cause mortality, N (%) 10 (3.1)

4COL7S-defined fibrosis progressionSVR
†, N (%) 97 (29.8)

4COL7S-defined fibrosis regressionSVR
†, N (%) 229 (70.2)

Data are shown as mean ± standard deviation.
† 4COL7S-defined fibrosis progressionSVR or regressionSVR: a change rate of serum 4COL7S from pre-treatment to

SVR12� 0% is defined as fibrosis progression SVR; and < 0% is defined as fibrosis regression SVR.

Abbreviations: M, male; F, female; SOF, sofosbuvir; DAAs, direct antiviral agents; Pre, pre-treatment; 4COL7S, type

IV collagen 7S fragment; HCC, hepatocellular carcinoma; SVR12, sustained virological response at week 12 after end

of treatment.

https://doi.org/10.1371/journal.pone.0276925.t001
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that no recurrence of HCC was confirmed before the start of DAAs for at least 3 months.

Eleven patients (3.4%) were liver transplanted (Table 1). None of the patients suffered from

any admission for hepatic decompensation, including over symptoms of portal hypertension,

esophageal and gastric variceal bleeding, or onset of ascites. The study subjects were comprised

of 49.2% of patients with FIB-4-defined significant fibrosis (� 3.25; over F3) and 17.6% of

patients with APRI-defined cirrhosis (� 2.0) at baseline. Ten patients (3.1%) died during

observation. Their causes of death are summarized in S1 Table in S1 File. Notably, liver-related

mortality due to HCC was observed in three of them (30%), while non-liver-related mortality

was observed in seven patients (70%). We observed 40 cases (12.3%) with at least one episode

of new HCC emergence after SVR12 (Table 1).

At baseline, serum levels of 4COL7S were significantly correlated with clinical fibrosis

parameters, including peripheral platelet counts, FIB-4, APRI, and Forns indices (S2A-S2D

Fig in S1 File). Patients with FIB-4 indices > 3.25 had significantly higher 4COL7S than those

without (S2E Fig in S1 File). A serum level of 4COL7S�6.1 ng/mL could predict an FIB-4

index>3.25 with an AUROC of 0.86 (S2F Fig in S1 File; sensitivity, 82.80%; specificity, 81.48%;

positive predictive value, 81.25%; negative predictive value, 83.02%). Therefore, we used these

cutoff values to define advanced fibrosis. Baseline degree of liver fibrosis at a cut-off of

4COL7S�6.1 ng/mL significantly associated with all-cause mortality (S2G Fig in S1 File;

P = 0.0155) and newly emerged HCC (S2H Fig in S1 File; P< 0.01) after SVR.

Dynamics of serum 4COL7S until SVR12 in DAA-treated patients with

CHC

After IFN-free DAA treatment, we observed a significant global decrease in serum 4COL7S

levels between pre and EOT or SVR12 (Fig 1A). However, we observed two patterns in serum

4COL7S levels (Fig 1B). Patients who had higher levels of serum 4COL7S at SVR12 were classi-

fied into the 4COL7S-defined fibrosis progression group at SVR12 (ProgressionSVR or change

rate of 4COL7S [Δ%4COL7SSVR-Pre]� 0). Patients with decreased serum levels of 4COL7S

were classified into the 4COL7S-defined fibrosis regression group at SVR12 (RegressionSVR; or

change rate of 4COL7S [Δ%4COL7SSVR-Pre]< 0). The ProgressionSVR group consisted of

29.8% of the study subjects (Table 1; inclusive of 10 patients [3.1%], with change rates of 0%).

Notably, patients with fibrosis regressionSVR had higher background liver fibrosis levels

(higher baseline 4COL7S in Fig 1B, and other clinical parameters in S2 Table in S1 File) than

those with progressionSVR. No other background factors differed significantly between them.

4COL7S-defined fibrosis progression at SVR12 predicted post-SVR all-

cause mortality

We analyzed whether 4COL7S-defined fibrosis progression and regression at SVR12 predicted

clinical outcomes. In the Kaplan-Meier analyses, patients with 4COL7S-defined fibrosis pro-

gressionSVR had significantly higher all-cause mortality than those with regressionSVR. Their

mortality rates were 3.16% and 0% at 12 months after SVR12, and 6.73% and 0% at 24 months

(Fig 2A, P = 0.0062), respectively. However, the probability of newly emerged HCC did not

differ significantly between the two groups (Fig 2B; P = 0.24). In a sub-analysis of patients with

pre-treatment serum 4COL7S� 6.1 ng/mL, which was suggestive of advanced fibrosis

(n = 163), the tendency for 4COL7S-defined fibrosis progression SVR to predict all-cause mor-

tality, but not newly emerged HCC became even more prominent (Fig 2C and 2D). This phe-

nomenon was also observed in the other analyses when study subjects were stratified based on

FIB-4 indices > 3.25, which suggested advanced fibrosis (n = 157) (S3A, S3B Fig in S1 File), or

in patients with a prior history of HCC (n = 60, S3C, S3D Fig in S1 File) or in those without
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(n = 266, S3E, S3F Fig in S1 File). We did not observe any patients suffering from hepatic

decompensation. With regard to liver-related mortality, patients with 4COL7S-defined fibrosis

progression SVR tended to have higher liver-related mortality than those with SVR (P = 0.09,

S4A Fig in S1 File). Again, in a sub-analysis of patients with pre-treatment serum 4COL7S�

6.1 ng/mL, which was suggestive of advanced fibrosis (n = 163), 4COL7S-defined fibrosis pro-

gressionSVR was significantly associated with liver-related mortality (P = 0.0019, S4B Fig in S1

File).

Among patients with advanced fibrosis (n = 163 with nine censored all-cause death), we

conducted a Cox proportional hazard analysis based on age (> 60 years), sex (male), prior his-

tory of HCC, pre-treatment platelet count (< 10x 104/μL; suggestive of baseline advanced

fibrosis), serum albumin at SVR, estimated glomerular filtration rate (eGFR) at SVR, and

4COL7-defined fibrosis progression SVR. Only 4COL7S-defined fibrosis progressionSVR (mul-

tivariate P = 0.0051) and pre-treatment platelet count (multivariate P = 0.0308) significantly

predicted all-cause mortality (Table 2).

Exploratory analysis 1: Dynamics of 4COL7S and serum MMPs/TIMP-1

We conducted a sub-cohort analysis (exploratory analysis 1) in 23 patients whose serum

MMP2, MMP9, and TIMP-1 levels were available. The background characteristics of these 23

patients are summarized in S3 Table in S1 File. In the analysis of the whole cohort, we showed

Fig 1. Peri-treatment dynamics of serum type IV collagen fragment 7S. (A) Serum levels of type IV collagen fragment 7S (4COL7S; ng/mL) just

before IFN-free DAAs (Pre, circles), at the end of treatment (EOT, squares), and at sustained virological response at 12 weeks after the end of treatment

(SVR12, triangles) are shown. (B) Serum levels of 4COL7S at the three timepoints in the 4COL7S-defined fibrosis progressionSVR and regressionSVR

groups are shown as violin plots. Data are presented as median with interquartile ranges. Statistical difference between baseline levels of 4COL7S of the

two groups is shown in brackets. �, P< 0.05; ��, P< 0.01; ����, P< 0.0001.

https://doi.org/10.1371/journal.pone.0276925.g001
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Fig 2. Kaplan-Meier analyses of all-cause mortality and the new emergence of HCC post-SVR stratified by 4COL7S-defined fibrosis

progressionSVR and regressionSVR. A comparison of 4COL7S-defined fibrosis progressionSVR and regressionSVR (refer to the main text for definition),

all-cause mortality (in panel A), and cumulative frequency of newly emerged HCC (in panel B) is evaluated from SVR12 in 326 IFN-free DAA-treated

patients achieving SVR (whole cohort). All-cause mortality (in panel C) and accumulative frequency of newly emerged HCC (in panel D) are evaluated

based on the SVR12 of patients with baseline serum levels of 4COL7S� 6.1 ng/mL (n = 163). ��P< 0.01; ����P<0.0001.

https://doi.org/10.1371/journal.pone.0276925.g002

Table 2. Cox proportional hazard model for factors associated with all-cause mortality in patients whose baseline serum 4COL7S� 6.1 ng/mL (N = 163 with nine

censored events).

Variables P (uni) Hazard ratio (95% CI) P (multi)

Age > 60 years 0.62 1.25 (0.22–7.21) 0.80

Sex, male 0.73 2.13 (0.45–10.1) 0.34

Prior history of HCC, yes 0.45 1.29 (0.41–12.5) 0.73

Platelet count < 10 × 104/μL, pre-treatment 0.0271� 6.62 (1.19–36.9) 0.0308�

Serum albumin < 3.5 g/dL, at SVR12 0.12 5.31 (0.88–31.8) 0.07

eGFR < 60 mL/min/1.73m2, at SVR12 0.49 2.27 (0.41–12.5) 0.35

4COL7S-defined fibrosis ProgressionSVR
† 0.0141� 9.12 (2.34–35.4) 0.0051��

Factors that are statistically not significant by univariate analyses: pre-treatment FIB-4 index (P = 0.92), APRI (P = 0.62), and Forns index (P = 0.19).
† 4COL7S-defined fibrosis progressionSVR: a change rate of serum 4COL7S from pre-treatment to SVR12� 0% is defined as fibrosis progressionSVR.

Abbreviations: 4COL7S, type IV collagen 7S fragment; uni, univariate; HCC, hepatocellular carcinoma; SVR, sustained virological response; eGFR, estimated glomerular

filtration rate

https://doi.org/10.1371/journal.pone.0276925.t002
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that the change rates of 4COL7S at EOT were significantly and highly correlated with those at

SVR12 (S5A Fig in S1 File), and 4COL7S-defined fibrosis progression SVR could be predicted

by 4COL7S-defined fibrosis progression at EOT (e.g., change rates of 4COL7S at EOT or pro-

gressionEOT, S5B Fig in S1 File). Correlations between serum 4COL7S and MMP2, MMP9,

and TIMP-1 at pre-treatment or at EOT are shown in S6 Fig in S1 File. Interestingly, a ten-

dency for higher pre-treatment MMP2/TIMP-1 and significantly higher MMP9/TIMP-1 at

EOT were associated with regressionEOT (Fig 3A and 3B). In addition, a global increase in

MMP2/TIMP-1 was observed in each group (Fig 3A), while MMP9/TIMP-1 was relatively

maintained in the regressionEOT, but not in the progressionEOT (Fig 3B). Values of pre-treat-

ment MMP2/TIMP-1 >1.0 or MMP9/TIMP-1 >0.25 at EOT were used to predict regressio-

nEOT with a sensitivity of 71% and a specificity of 100% (Fig 3C). Since higher MMPs-to-

TIMP-1 ratios suggest fibrolysis, the peri-treatment decrease of 4COL7S reflects a matrix-

degrading phenotype after HCV eradication.

Exploratory analysis 2: Metabolomic correlations

To determine whether metabolomic changes characterized the dynamics of 4COL7S during

HCV eradication with DAAs, seven patients with 4COL7S-defined fibrosis progression at

EOT and another group of background characteristics-matched seven patients with fibrosis

regression were included in a nested case-control study (exploratory analysis 2) for metabolo-

mic changes in paired serum samples using the CE-TOFMS approach. Their clinical back-

grounds are shown in S4 Table in S1 File. No significant baseline differences, including age,

sex, prior HCC history, 4COL7S levels, FIB-4 indices, and renal function were observed

between the two groups. Compared to the pre-treatment levels, the serum 4COL7S was signifi-

cantly changed in the progression and regression groups, respectively, at EOT (Fig 4A).

Among the 185 small-molecule metabolites detected (113 cations and 72 anions), 176 were

identified as known molecules. The HCA results for these metabolic patterns are shown in S7

Fig in S1 File. An overview of the samples is shown in the PCA plot. No samples were omitted

from further analysis (Fig 4B, left). By using group information in PLS-DA, systematic differ-

ences could be seen between the four groups (Fig 4B), demonstrating that similar metabolite

profiles might exist within each group, and some might account for discrimination between

Fig 3. Associations between the serum dynamics of 4COL7S and MMP and TIMP-1 ratios from pre-treatment to end of treatment (exploratory

analysis 1). Of 23 IFN-free DAA-treated patients achieving SVR, serum MMP2/TIMP-1 ratios at pre and EOT (in panel A) and serum MMP9/TIMP-1

ratios at pre and EOT (in panel B) are shown comparing 4COL7S-defined fibrosis progressionEOT (yellow squares) and regressionEOT (clear circles). (C)

The relationships of pre-treatment MMP2/TIMP-1 and MMP9/TIMP-1 at EOT presented with 4COL7S-defined fibrosis progression (yellow squares)

and regression (clear circles) at EOT are shown. Data are presented as medians with interquartile ranges. �P< 0.05.

https://doi.org/10.1371/journal.pone.0276925.g003
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Fig 4. Metabolomic analysis using CE-TOFMS in patients with 4COL7S-defined fibrosis progression or regression from pre-treatment to

end of treatment (exploratory analysis 2). (A) Seven patients with 4COL7S-defined fibrosis progression at the EOT and another background

characteristic-matched seven patients with fibrosis regression are analyzed. Serum levels of 4COL7S before treatment and at EOT are shown.

(B) A principal component analysis (PCA) plot (left) and plot generated from a discriminant analysis of a partial least square method (PLS-DA;

right) derived from metabolomic analysis using CE-TOFMS of paired serum samples before treatment (Pre) and at EOT of both groups are

shown. Each number label indicates an individual sample. (C) Twenty-seven metabolites demonstrating tendencies of differences (P� 0.10) or

substantial ratios of differences (relative concentration ratio>2.0) between fibrosis progression and regression groups at Pre or at EOT are

shown. Data are shown as averages with standard deviations. �P< 0.05, ��P< 0.01. NS, not significant; ND, not detected.

https://doi.org/10.1371/journal.pone.0276925.g004
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the peri-treatment dynamics of 4COL7S. A total of 27 metabolites demonstrating differences

(P� 0.10) or substantial ratios of differences (relative concentration ratio> 2.0) between fibro-

sis progression and regression groups at pre-treatment or at EOT are shown in Fig 4C. A rich-

ness in relative concentration favoring 4COL7S-defined fibrosis regression of butyrate, a

short-chain fatty acid (SCFA), and medium-chain fatty acids (hexanoic acid and pelargonic

acid), carbohydrate conjugates such as glycerophosphocholine (GPC), anabolic amino acids

(glutamine, proline, and tryptophan), carnitine, adenosine, and ascorbate 2-sulfate (a metabo-

lite of vitamin C, a cofactor in at least eight enzymatic reactions including several collagen syn-

thesis reactions) were observed. On the other hand, a richness in relative concentration

favoring fibrosis progression of taurocholic acid (TCA), a conjugated primary bile acid, and

various medium-chain fatty acids, fatty acid conjugates, cysteine glutathione disulfide (formed

upon oxidative stress of glutathione), urea, and uremic-related toxins (guanidinosuccinic acid

[29] and huppuric acid [30]) were observed.

Discussion

In this observational study of 326 patients with CHC whose HCV was eradicated using IFN-

free DAAs, we demonstrated that the peri-treatment dynamics of serum 4COL7S, a non-inva-

sive fibrosis marker, significantly correlated with all-cause mortality.

All-cause mortality after SVR has been highlighted in several studies. A prospective obser-

vational study from France [31] and various retrospective database analyses [32, 33] revealed

that SVR was associated with an improved all-cause mortality in patients with CHC. However,

extrahepatic benefits from HCV eradication were less prominent than the reduction in liver-

related mortality [33]. Another large-scale database analysis demonstrated that after the wide-

spread use of DAAs, mortality from cardiovascular disease, extrahepatic cancers, or type 2 dia-

betes mellitus (T2DM) was increased only among patients with HCV infection but not in

those with other CLDs such as HBV, alcoholic liver disease, and nonalcoholic fatty liver disease

[34]. Therefore, the prediction of non-liver-related mortality is an unmet need in the post-

DAA era. Various extrahepatic factors, such as low BMI [32], decreased eGFR [32], hyperten-

sion [32] and co-infection with HIV [35], have been reported to negatively impact overall sur-

vival in patients with CHC after SVR. As demonstrated in S2G, S2H Fig in S1 File, CHC

patients with baseline advanced fibrosis suffered from higher all-cause mortality and frequency

of de novo HCC after SVR than those without. Moreover, in the current study, 4COL7S-

defined fibrosis progressionSVR significantly predicted all-cause, preferentially non-liver-

related mortality in patients with CHC after HCV eradication (Fig 2A and S4A Fig in S1 File).

In addition, the Cox proportional hazard model suggested that aside from the baseline levels

of liver fibrosis (platelet counts), the peri-treatment dynamics of ECM remodeling (4COL7S-

defined fibrosis progressionSVR) might be independent prognostic factors in CHC patients

with advanced fibrosis after SVR (Table 2).

A few previous reports have also suggested that non-invasive liver fibrosis tests at SVR

might be a key prognostic factor for all-cause mortality in patients with CHC after HCV eradi-

cation. In an observational study involving 640 HIV-coinfected patients with CHC and

advanced fibrosis treated with DAAs conducted in Span, Corma-Gomez et al. demonstrated

that liver stiffness assessed via transient elastography at SVR was the only significant predictive

factor for all-cause mortality [36]. In another observational study involving 947 patients with

CHC without a history of HCC treated with DAAs conducted in Japan, Nakagawa et al.

showed that higher levels of Mac-2 binding protein glycosylation isomer cutoff indices (a sero-

logical liver fibrosis marker) at SVR were used to predict worse overall survival [37]. However,

in those previous reports, whether the status of liver fibrosis at SVR or a driving force for ECM
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remodeling toward fibrosis resolution during treatment with DAA is more influential for over-

all survival was not discussed. The results of our current study suggest that both may play

important roles.

Whether the dynamics of non-invasive fibrosis markers reflect real intrahepatic ECM mass

after SVR and the best way to evaluate liver fibrosis reversion after viral suppression or eradica-

tion remain inconclusive [13, 38]. Non-invasive fibrosis markers may be influenced by both

reduced intrahepatic inflammation and by reduced systemic inflammation following viral

eradication. Thus, the latest European Association of the Study of the Liver clinical practice

guidelines state that non-invasive scores and liver stiffness by various elastography methods

are not accurate in detecting fibrosis regression after SVR in HCV patients diagnosed with

compensated advanced chronic liver diseases after antiviral therapy [38]. Although non-inva-

sive serological fibrosis markers may not be as robust as histologic assessment, trends toward

improvement of these markers suggestive of fibrosis reversal have been shown in previous

reports [10, 11]. In the exploratory analysis involving one of the 23 patients with CHC treated

with IFN-free DAAs, we demonstrated the dynamics of serum 4COL7S at EOT correlated with

individual serum MMP to TIMP-1 ratios (Fig 3). A principal feature of hepatic fibrosis is the

imbalance between MMPs and TIMPs. Both MMPs and TIMPs are indispensable in fibrogen-

esis and fibrolysis. MMP2 (gelatinase A) and TIMP-1 are produced mainly by activated HSCs

during hepatic fibrogenesis [16, 39]. MMP9 (gelatinase B) is produced by many parenchymal

and non-parenchymal cells [40]. Possible chronological expression profiles with a constituently

elevated expression of MMP2 from fibrogenesis to later phases of fibrolysis after cessation of

persistent liver injury and an abrupt elevation in MMP9 expression during the early phase of

fibrolysis have been considered [41]. The fact that 4COL7S-defined fibrosis regression at EOT

was correlated with MMP2/TIMP-1 at pre-treatment and MMP9/TIMP-1 at EOT, as we dem-

onstrated in this study (Fig 3), was congruent with such chronological expression profiles.

Another important issue is whether changes in non-invasive markers are correlated with

clinical outcomes. A large observational study demonstrated that using the same cut-off value

of 3.25, high FIB-4 scores at SVR were associated with an increased risk for HCC [42], even

though intrahepatic fibrosis progression may not be exactly defined. 4COL7S, rather than a

marker of collagen degradation, is considered a marker of liver fibrogenesis [18]. Elevated lev-

els of type IV collagen, the major constituent of the basement membrane that is widespread

throughout tissues, have been reported to be associated with various extrahepatic pathological

states such as atherosclerosis [43], acute heart decompensation [44], chronic obstructive pul-

monary disease [45], interstitial lung diseases [46], and chronic kidney disease [47]. Moreover,

significant diagnostic superiority of 4COL7S to FIB-4, APRI, and NAFLD fibrosis scores has

been reported to identify advanced fibrosis in NAFLD in patients with T2DM but not in those

without [22]. Both atherosclerosis-related cardiovascular diseases and T2DM are well-known

extrahepatic manifestations of CHC [5]. An epidemiological survey revealed that there was an

increase in cardiovascular and T2DM-realted mortality in patients with CHC but not in those

with other CLDs in the post-DAA era [34]. Not to mention that post-SVR fatty liver [48] and

comorbidity of T2DM [49] are also reported to be factors for increased hepatocarcinogenesis

in patients with CHC after HCV eradication with IFN-based therapy. Since many of the “non-

hepatic” causes reflected by serum 4COL7S levels are also possible prognostic factors for all-

cause mortality in patients with CHC after SVR, this may be the reason why 4COL7S correlates

with survival prognosis in these patients.

In exploratory analysis 2 of a nested case-control metabolomic analysis, we revealed that

the peri-treatment dynamics of 4COL7S were prominently correlated with metabolomic alter-

ations after HCV eradication, which also supported a possible link between its prognostic

impact and extra-hepatic factors. As shown in Fig 4C, fatty acid metabolism has been shown to
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be a cardinal hallmark of chronic HCV infection [14]. Moreover, some metabolites have been

focused on in CLD in previous reports. For instance, TCA has been reported to be HSC-acti-

vating and pro-fibrogenic [50]. Depletion of GPC has been associated with sarcopenia, pre-

dicting allograft failure after liver transplantation [51]. Interestingly, even without obvious

differences in eGFR (S4 Table in S1 File), increased uremic toxin levels associated with peri-

treatment increased 4COL7S levels (Fig 4C), implicating a possible liver-kidney association

during liver fibrosis remodeling. In addition, Ponziani et al. reported that HCV eradication

with DAAs was associated with a modification of the gut microbiota in patients with cirrhosis

[52]. As we demonstrated significant changes in butyrate, a SCFA, and TCA, a conjugated pri-

mary bile acid, the gut-liver axis might also play a presently unraveled role in ECM remodeling

and host prognosis post-SVR.

This study has some limitations. Histological assessment for reversion of liver fibrosis and

data of serial evaluation for transient elastography after HCV eradication were not available in

this study; therefore, the associations between 4COL7S were unproven. The number of

observed events in patients with less advanced liver fibrosis (serum 4COL7S less than 6.0 ng/

mL before treatment) was small. Therefore, generalizability in patients with less advanced

fibrosis may be limited, and further observations with larger numbers of study subjects are

needed. Underlying diseases that may also influence ECM remodeling in other organs may

cause possible bias in the assessment of the dynamics of 4COL7S. The influence of DAAs

themselves on the dynamics of collagen turnover and metabolism is also unknown; the inclu-

sion of various kinds of IFN-free DAAs in this study may improve generalizability of this

study but may also increase inhomogeneity. Although admission due to hepatic decompensa-

tion was not observed, the information of clinical features of portal hypertension were not

included in the analysis. The numbers of both exploratory analyses were still small, and these

results need to be verified in studies with larger numbers. How a biomarker for prediction of

all-cause mortality can be adequately utilized in clinical settings remains to be fu determined.

To conclude, we provide evidence that peri-treatment dynamics of 4COL7S, a serum fibro-

sis marker, predict all-cause mortality post-SVR. They may also help in risk stratification after

HCV eradication. CHC and HCV eradication, especially those linking liver fibrosis reversion

and metabolism, and clinical outcomes may help refine our knowledge and improve the man-

agement of advanced fibrotic liver diseases in the future.

Supporting information

S1 File.

(PDF)

S1 Data.

(XLSX)

S1 Checklist.

(DOC)

Author Contributions

Conceptualization: Karin Yamataka, Po-sung Chu, Hirotoshi Ebinuma, Takanori Kanai,

Nobuhiro Nakamoto.

Data curation: Karin Yamataka, Po-sung Chu, Yuzo Koda, Nobuhito Taniki, Rei Morikawa,

Aya Yoshida, Fumie Noguchi, Ryosuke Kasuga, Takaya Tabuchi, Hirotoshi Ebinuma.

PLOS ONE Impacts of type IV collagen 7S after SVR

PLOS ONE | https://doi.org/10.1371/journal.pone.0276925 October 27, 2022 13 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276925.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276925.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276925.s003
https://doi.org/10.1371/journal.pone.0276925


Formal analysis: Karin Yamataka, Po-sung Chu, Yuzo Koda, Nobuhito Taniki, Rei Morikawa,

Aya Yoshida, Fumie Noguchi, Ryosuke Kasuga, Takaya Tabuchi, Hirotoshi Ebinuma.

Funding acquisition: Po-sung Chu, Takanori Kanai.

Investigation: Karin Yamataka, Po-sung Chu, Yuzo Koda, Nobuhito Taniki, Rei Morikawa,

Aya Yoshida, Fumie Noguchi, Ryosuke Kasuga, Takaya Tabuchi, Hirotoshi Ebinuma,

Nobuhiro Nakamoto.

Methodology: Po-sung Chu, Yuzo Koda, Nobuhito Taniki, Rei Morikawa, Ryosuke Kasuga,

Hirotoshi Ebinuma, Nobuhiro Nakamoto.

Project administration: Po-sung Chu, Hirotoshi Ebinuma, Takanori Kanai, Nobuhiro

Nakamoto.

Resources: Karin Yamataka, Po-sung Chu, Yuzo Koda, Nobuhito Taniki, Rei Morikawa, Aya

Yoshida, Fumie Noguchi, Takaya Tabuchi, Takanori Kanai, Nobuhiro Nakamoto.

Software: Karin Yamataka, Po-sung Chu, Yuzo Koda.

Supervision: Hirotoshi Ebinuma, Takanori Kanai, Nobuhiro Nakamoto.

Validation: Po-sung Chu, Aya Yoshida, Ryosuke Kasuga, Takaya Tabuchi.

Visualization: Karin Yamataka, Po-sung Chu.

Writing – original draft: Karin Yamataka, Po-sung Chu.

Writing – review & editing: Hirotoshi Ebinuma, Takanori Kanai, Nobuhiro Nakamoto.

References
1. Paik JM, Golabi P, Younossi Y, Mishra A and Younossi ZM Changes in the Global Burden of Chronic

Liver Diseases From 2012 to 2017: The Growing Impact of NAFLD. Hepatology 2020; 72: 1605–1616.

https://doi.org/10.1002/hep.31173 PMID: 32043613

2. Polaris Observatory HCVC Global prevalence and genotype distribution of hepatitis C virus infection in

2015: a modelling study. Lancet Gastroenterol Hepatol 2017; 2: 161–176. https://doi.org/10.1016/

S2468-1253(16)30181-9 PMID: 28404132

3. Thein HH, Yi Q, Dore GJ and Krahn MD Estimation of stage-specific fibrosis progression rates in

chronic hepatitis C virus infection: a meta-analysis and meta-regression. Hepatology 2008; 48: 418–

431. https://doi.org/10.1002/hep.22375 PMID: 18563841

4. Rosen HR Clinical practice. Chronic hepatitis C infection. N Engl J Med 2011; 364: 2429–2438. https://

doi.org/10.1056/NEJMcp1006613 PMID: 21696309

5. Negro F, Forton D, Craxi A, Sulkowski MS, Feld JJ and Manns MP Extrahepatic morbidity and mortality

of chronic hepatitis C. Gastroenterology 2015; 149: 1345–1360. https://doi.org/10.1053/j.gastro.2015.

08.035 PMID: 26319013

6. Mazzaro C, Quartuccio L, Adinolfi LE, Roccatello D, Pozzato G, Nevola R, et al. A Review on Extrahe-

patic Manifestations of Chronic Hepatitis C Virus Infection and the Impact of Direct-Acting Antiviral Ther-

apy. Viruses 2021; 13. https://doi.org/10.3390/v13112249 PMID: 34835054

7. Abutaleb A, Almario JA, Alghsoon S, Yoon JA, Gheysens K, Kottilil S, et al. Higher Levels of Fibrosis in

a Cohort of Veterans with Chronic Viral Hepatitis are Associated with Extrahepatic Cancers. J Clin Exp

Hepatol 2021; 11: 195–200. https://doi.org/10.1016/j.jceh.2020.08.001 PMID: 33746444

8. Ioannou GN and Feld JJ What Are the Benefits of a Sustained Virologic Response to Direct-Acting Anti-

viral Therapy for Hepatitis C Virus Infection? Gastroenterology 2019; 156: 446–460 e442. https://doi.

org/10.1053/j.gastro.2018.10.033 PMID: 30367836

9. D’Ambrosio R, Aghemo A, Rumi MG, Ronchi G, Donato MF, Paradis V, et al. A morphometric and immu-

nohistochemical study to assess the benefit of a sustained virological response in hepatitis C virus patients

with cirrhosis. Hepatology 2012; 56: 532–543. https://doi.org/10.1002/hep.25606 PMID: 22271347

10. Poynard T, Moussalli J, Munteanu M, Thabut D, Lebray P, Rudler M, et al. Slow regression of liver fibro-

sis presumed by repeated biomarkers after virological cure in patients with chronic hepatitis C. J Hepa-

tol 2013; 59: 675–683. https://doi.org/10.1016/j.jhep.2013.05.015 PMID: 23712051

PLOS ONE Impacts of type IV collagen 7S after SVR

PLOS ONE | https://doi.org/10.1371/journal.pone.0276925 October 27, 2022 14 / 17

https://doi.org/10.1002/hep.31173
http://www.ncbi.nlm.nih.gov/pubmed/32043613
https://doi.org/10.1016/S2468-1253%2816%2930181-9
https://doi.org/10.1016/S2468-1253%2816%2930181-9
http://www.ncbi.nlm.nih.gov/pubmed/28404132
https://doi.org/10.1002/hep.22375
http://www.ncbi.nlm.nih.gov/pubmed/18563841
https://doi.org/10.1056/NEJMcp1006613
https://doi.org/10.1056/NEJMcp1006613
http://www.ncbi.nlm.nih.gov/pubmed/21696309
https://doi.org/10.1053/j.gastro.2015.08.035
https://doi.org/10.1053/j.gastro.2015.08.035
http://www.ncbi.nlm.nih.gov/pubmed/26319013
https://doi.org/10.3390/v13112249
http://www.ncbi.nlm.nih.gov/pubmed/34835054
https://doi.org/10.1016/j.jceh.2020.08.001
http://www.ncbi.nlm.nih.gov/pubmed/33746444
https://doi.org/10.1053/j.gastro.2018.10.033
https://doi.org/10.1053/j.gastro.2018.10.033
http://www.ncbi.nlm.nih.gov/pubmed/30367836
https://doi.org/10.1002/hep.25606
http://www.ncbi.nlm.nih.gov/pubmed/22271347
https://doi.org/10.1016/j.jhep.2013.05.015
http://www.ncbi.nlm.nih.gov/pubmed/23712051
https://doi.org/10.1371/journal.pone.0276925


11. Lu M, Li J, Zhang T, Rupp LB, Trudeau S, Holmberg SD, et al. Serum Biomarkers Indicate Long-term

Reduction in Liver Fibrosis in Patients With Sustained Virological Response to Treatment for HCV Infec-

tion. Clin Gastroenterol Hepatol 2016; 14: 1044–1055 e1043. https://doi.org/10.1016/j.cgh.2016.01.

009 PMID: 26804385

12. Motoyama H, Tamori A, Kubo S, Uchida-Kobayashi S, Takemura S, Tanaka S, et al. Stagnation of his-

topathological improvement is a predictor of hepatocellular carcinoma development after hepatitis C

virus eradication. PLoS One 2018; 13: e0194163. https://doi.org/10.1371/journal.pone.0194163 PMID:

29534101

13. Rockey DC and Friedman SL Fibrosis Regression After Eradication of Hepatitis C Virus: From Bench to

Bedside. Gastroenterology 2021; 160: 1502–1520 e1501. https://doi.org/10.1053/j.gastro.2020.09.065

PMID: 33529675

14. Lupberger J, Croonenborghs T, Roca Suarez AA, Van Renne N, Juhling F, Oudot MA, et al. Combined

Analysis of Metabolomes, Proteomes, and Transcriptomes of Hepatitis C Virus-Infected Cells and Liver

to Identify Pathways Associated With Disease Development. Gastroenterology 2019; 157: 537–551

e539. https://doi.org/10.1053/j.gastro.2019.04.003 PMID: 30978357

15. Sugiyama K, Ebinuma H, Nakamoto N, Sakasegawa N, Murakami Y, Chu PS, et al. Prominent steatosis

with hypermetabolism of the cell line permissive for years of infection with hepatitis C virus. PLoS One

2014; 9: e94460. https://doi.org/10.1371/journal.pone.0094460 PMID: 24718268

16. Iredale JP, Thompson A and Henderson NC Extracellular matrix degradation in liver fibrosis: Biochem-

istry and regulation. Biochim Biophys Acta 2013; 1832: 876–883. https://doi.org/10.1016/j.bbadis.

2012.11.002 PMID: 23149387

17. Friedman SL Liver fibrosis—from bench to bedside. J Hepatol 2003; 38 Suppl 1: S38–53.

18. Leeming DJ, Nielsen MJ, Dai Y, Veidal SS, Vassiliadis E, Zhang C, et al. Enzyme-linked immunosor-

bent serum assay specific for the 7S domain of Collagen Type IV (P4NP 7S): A marker related to the

extracellular matrix remodeling during liver fibrogenesis. Hepatol Res 2012; 42: 482–493. https://doi.

org/10.1111/j.1872-034X.2011.00946.x PMID: 22221767

19. Murawaki Y, Ikuta Y, Koda M, Yamada S and Kawasaki H Comparison of serum 7S fragment of type IV

collagen and serum central triple-helix of type IV collagen for assessment of liver fibrosis in patients with

chronic viral liver disease. J Hepatol 1996; 24: 148–154. https://doi.org/10.1016/s0168-8278(96)

80023-7 PMID: 8907567

20. Kokudo N, Takemura N, Hasegawa K, Takayama T, Kubo S, Shimada M, et al. Clinical practice

guidelines for hepatocellular carcinoma: The Japan Society of Hepatology 2017 (4th JSH-HCC guide-

lines) 2019 update. Hepatol Res 2019; 49: 1109–1113. https://doi.org/10.1111/hepr.13411 PMID:

31336394

21. Ugamura A, Chu PS, Nakamoto N, Taniki N, Ojiro K, Hibi T, et al. Liver Fibrosis Markers Improve Pre-

diction of Outcome in Non-Acetaminophen-Associated Acute Liver Failure. Hepatol Commun 2018; 2:

1331–1343. https://doi.org/10.1002/hep4.1233 PMID: 30411080

22. Ishiba H, Sumida Y, Seko Y, Tanaka S, Yoneda M, Hyogo H, et al. Type IV Collagen 7S Is the Most

Accurate Test For Identifying Advanced Fibrosis in NAFLD With Type 2 Diabetes. Hepatol Commun

2021; 5: 559–572. https://doi.org/10.1002/hep4.1637 PMID: 33860115

23. Atsukawa M, Tsubota A, Kondo C, Uchida-Kobayashi S, Takaguchi K, Tsutsui A, et al. A novel noninva-

sive formula for predicting cirrhosis in patients with chronic hepatitis C. PLoS One 2021; 16: e0257166.

https://doi.org/10.1371/journal.pone.0257166 PMID: 34506563

24. Lackner C, Struber G, Liegl B, Leibl S, Ofner P, Bankuti C, et al. Comparison and validation of simple

noninvasive tests for prediction of fibrosis in chronic hepatitis C. Hepatology 2005; 41: 1376–1382.

https://doi.org/10.1002/hep.20717 PMID: 15915455

25. Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A, Dhalluin-Venier V, et al. FIB-4: an inexpen-

sive and accurate marker of fibrosis in HCV infection. comparison with liver biopsy and fibrotest. Hepa-

tology 2007; 46: 32–36. https://doi.org/10.1002/hep.21669 PMID: 17567829

26. Forns X, Ampurdanes S, Llovet JM, Aponte J, Quinto L, Martinez-Bauer E, et al. Identification of chronic

hepatitis C patients without hepatic fibrosis by a simple predictive model. Hepatology 2002; 36: 986–

992. https://doi.org/10.1053/jhep.2002.36128 PMID: 12297848

27. Ohashi Y, Hirayama A, Ishikawa T, Nakamura S, Shimizu K, Ueno Y, et al. Depiction of metabolome

changes in histidine-starved Escherichia coli by CE-TOFMS. Mol Biosyst 2008; 4: 135–147. https://doi.

org/10.1039/b714176a PMID: 18213407

28. Sugimoto M, Wong DT, Hirayama A, Soga T and Tomita M Capillary electrophoresis mass spectrome-

try-based saliva metabolomics identified oral, breast and pancreatic cancer-specific profiles. Metabolo-

mics 2010; 6: 78–95. https://doi.org/10.1007/s11306-009-0178-y PMID: 20300169

PLOS ONE Impacts of type IV collagen 7S after SVR

PLOS ONE | https://doi.org/10.1371/journal.pone.0276925 October 27, 2022 15 / 17

https://doi.org/10.1016/j.cgh.2016.01.009
https://doi.org/10.1016/j.cgh.2016.01.009
http://www.ncbi.nlm.nih.gov/pubmed/26804385
https://doi.org/10.1371/journal.pone.0194163
http://www.ncbi.nlm.nih.gov/pubmed/29534101
https://doi.org/10.1053/j.gastro.2020.09.065
http://www.ncbi.nlm.nih.gov/pubmed/33529675
https://doi.org/10.1053/j.gastro.2019.04.003
http://www.ncbi.nlm.nih.gov/pubmed/30978357
https://doi.org/10.1371/journal.pone.0094460
http://www.ncbi.nlm.nih.gov/pubmed/24718268
https://doi.org/10.1016/j.bbadis.2012.11.002
https://doi.org/10.1016/j.bbadis.2012.11.002
http://www.ncbi.nlm.nih.gov/pubmed/23149387
https://doi.org/10.1111/j.1872-034X.2011.00946.x
https://doi.org/10.1111/j.1872-034X.2011.00946.x
http://www.ncbi.nlm.nih.gov/pubmed/22221767
https://doi.org/10.1016/s0168-8278%2896%2980023-7
https://doi.org/10.1016/s0168-8278%2896%2980023-7
http://www.ncbi.nlm.nih.gov/pubmed/8907567
https://doi.org/10.1111/hepr.13411
http://www.ncbi.nlm.nih.gov/pubmed/31336394
https://doi.org/10.1002/hep4.1233
http://www.ncbi.nlm.nih.gov/pubmed/30411080
https://doi.org/10.1002/hep4.1637
http://www.ncbi.nlm.nih.gov/pubmed/33860115
https://doi.org/10.1371/journal.pone.0257166
http://www.ncbi.nlm.nih.gov/pubmed/34506563
https://doi.org/10.1002/hep.20717
http://www.ncbi.nlm.nih.gov/pubmed/15915455
https://doi.org/10.1002/hep.21669
http://www.ncbi.nlm.nih.gov/pubmed/17567829
https://doi.org/10.1053/jhep.2002.36128
http://www.ncbi.nlm.nih.gov/pubmed/12297848
https://doi.org/10.1039/b714176a
https://doi.org/10.1039/b714176a
http://www.ncbi.nlm.nih.gov/pubmed/18213407
https://doi.org/10.1007/s11306-009-0178-y
http://www.ncbi.nlm.nih.gov/pubmed/20300169
https://doi.org/10.1371/journal.pone.0276925


29. Marescau B, De Deyn PP, Holvoet J, Possemiers I, Nagels G, Saxena V, et al. Guanidino compounds

in serum and urine of cirrhotic patients. Metabolism 1995; 44: 584–588. https://doi.org/10.1016/0026-

0495(95)90114-0 PMID: 7752905

30. Duranton F, Cohen G, De Smet R, Rodriguez M, Jankowski J, Vanholder R, et al. Normal and patho-

logic concentrations of uremic toxins. J Am Soc Nephrol 2012; 23: 1258–1270. https://doi.org/10.1681/

ASN.2011121175 PMID: 22626821

31. Carrat F, Fontaine H, Dorival C, Simony M, Diallo A, Hezode C, et al. Clinical outcomes in patients with

chronic hepatitis C after direct-acting antiviral treatment: a prospective cohort study. Lancet 2019; 393:

1453–1464. https://doi.org/10.1016/S0140-6736(18)32111-1 PMID: 30765123

32. Backus LI, Belperio PS, Shahoumian TA and Mole LA Impact of Sustained Virologic Response with

Direct-Acting Antiviral Treatment on Mortality in Patients with Advanced Liver Disease. Hepatology

2019; 69: 487–497. https://doi.org/10.1002/hep.29408 PMID: 28749564

33. Butt AA, Yan P, Shaikh OS, Lo Re V, Abou-Samra AB and Sherman KE Treatment of HCV reduces

viral hepatitis-associated liver-related mortality in patients: An ERCHIVES study. J Hepatol 2020; 73:

277–284. https://doi.org/10.1016/j.jhep.2020.02.022 PMID: 32145260

34. Kim D, Adejumo AC, Yoo ER, Iqbal U, Li AA, Pham EA, et al. Trends in Mortality From Extrahepatic

Complications in Patients With Chronic Liver Disease, From 2007 Through 2017. Gastroenterology

2019; 157: 1055–1066 e1011. https://doi.org/10.1053/j.gastro.2019.06.026 PMID: 31251928

35. Chalouni M, Pol S, Sogni P, Fontaine H, Lacombe K, Marc-Lacombe J, et al. Increased mortality in HIV/

HCV-coinfected compared to HCV-monoinfected patients in the DAA era due to non-liver-related

death. J Hepatol 2021; 74: 37–47. https://doi.org/10.1016/j.jhep.2020.08.008 PMID: 32798585

36. Corma-Gomez A, Macias J, Tellez F, Freyre-Carrillo C, Morano L, Rivero-Juarez A, et al. Liver Stiffness

at the Time of Sustained Virological Response Predicts the Clinical Outcome in People Living With

Human Immunodeficiency Virus and Hepatitis C Virus With Advanced Fibrosis Treated With Direct-act-

ing Antivirals. Clin Infect Dis 2020; 71: 2354–2362. https://doi.org/10.1093/cid/ciz1140 PMID:

31754695

37. Nakagawa M, Nawa N, Takeichi E, Shimizu T, Tsuchiya J, Sato A, et al. Mac-2 binding protein glycosyl-

ation isomer as a novel predictive biomarker for patient survival after hepatitis C virus eradication by

DAAs. J Gastroenterol 2020; 55: 990–999. https://doi.org/10.1007/s00535-020-01715-6 PMID:

32770465

38. European Association for the Study of the L, List of panel m, Berzigotti A, Boursier J, Castera L, Cazza-

gon N, et al. Easl Clinical Practice Guidelines (Cpgs) On Non-Invasive Tests For Evaluation Of Liver

Disease Severity And Prognosis- 2020 Update. J Hepatol 2021.

39. Knittel T, Mehde M, Kobold D, Saile B, Dinter C and Ramadori G Expression patterns of matrix metallo-

proteinases and their inhibitors in parenchymal and non-parenchymal cells of rat liver: regulation by

TNF-alpha and TGF-beta1. J Hepatol 1999; 30: 48–60. https://doi.org/10.1016/s0168-8278(99)80007-

5 PMID: 9927150

40. Roderfeld M, Weiskirchen R, Wagner S, Berres ML, Henkel C, Grotzinger J, et al. Inhibition of hepatic

fibrogenesis by matrix metalloproteinase-9 mutants in mice. FASEB J 2006; 20: 444–454. https://doi.

org/10.1096/fj.05-4828com PMID: 16507762

41. Hemmann S, Graf J, Roderfeld M and Roeb E Expression of MMPs and TIMPs in liver fibrosis—a sys-

tematic review with special emphasis on anti-fibrotic strategies. J Hepatol 2007; 46: 955–975.

42. Ioannou GN, Beste LA, Green PK, Singal AG, Tapper EB, Waljee AK, et al. Increased Risk for Hepato-

cellular Carcinoma Persists Up to 10 Years After HCV Eradication in Patients With Baseline Cirrhosis or

High FIB-4 Scores. Gastroenterology 2019; 157: 1264–1278 e1264.

43. Holm Nielsen S, Tengryd C, Edsfeldt A, Brix S, Genovese F, Bengtsson E, et al. Markers of Basement

Membrane Remodeling Are Associated With Higher Mortality in Patients With Known Atherosclerosis. J

Am Heart Assoc 2018; 7: e009193. https://doi.org/10.1161/JAHA.118.009193 PMID: 30608207

44. Nagao K, Tamura A, Morimoto T, Shimamura K, Yukawa H, Ito H, et al. Liver fibrogenesis marker, 7S

domain of collagen type IV in patients with acutely decompensated heart failure: Correlates, prognostic

value and time course. Int J Cardiol 2017; 236: 483–487. https://doi.org/10.1016/j.ijcard.2017.01.089

PMID: 28109578

45. Schumann DM, Leeming D, Papakonstantinou E, Blasi F, Kostikas K, Boersma W, et al. Collagen Deg-

radation and Formation Are Elevated in Exacerbated COPD Compared With Stable Disease. Chest

2018; 154: 798–807. https://doi.org/10.1016/j.chest.2018.06.028 PMID: 29966667

46. Su Y, Gu H, Weng D, Zhou Y, Li Q, Zhang F, et al. Association of serum levels of laminin, type IV colla-

gen, procollagen III N-terminal peptide, and hyaluronic acid with the progression of interstitial lung dis-

ease. Medicine (Baltimore) 2017; 96: e6617.

47. Rasmussen DGK, Boesby L, Nielsen SH, Tepel M, Birot S, Karsdal MA, et al. Collagen turnover profiles

in chronic kidney disease. Sci Rep 2019; 9: 16062.

PLOS ONE Impacts of type IV collagen 7S after SVR

PLOS ONE | https://doi.org/10.1371/journal.pone.0276925 October 27, 2022 16 / 17

https://doi.org/10.1016/0026-0495%2895%2990114-0
https://doi.org/10.1016/0026-0495%2895%2990114-0
http://www.ncbi.nlm.nih.gov/pubmed/7752905
https://doi.org/10.1681/ASN.2011121175
https://doi.org/10.1681/ASN.2011121175
http://www.ncbi.nlm.nih.gov/pubmed/22626821
https://doi.org/10.1016/S0140-6736%2818%2932111-1
http://www.ncbi.nlm.nih.gov/pubmed/30765123
https://doi.org/10.1002/hep.29408
http://www.ncbi.nlm.nih.gov/pubmed/28749564
https://doi.org/10.1016/j.jhep.2020.02.022
http://www.ncbi.nlm.nih.gov/pubmed/32145260
https://doi.org/10.1053/j.gastro.2019.06.026
http://www.ncbi.nlm.nih.gov/pubmed/31251928
https://doi.org/10.1016/j.jhep.2020.08.008
http://www.ncbi.nlm.nih.gov/pubmed/32798585
https://doi.org/10.1093/cid/ciz1140
http://www.ncbi.nlm.nih.gov/pubmed/31754695
https://doi.org/10.1007/s00535-020-01715-6
http://www.ncbi.nlm.nih.gov/pubmed/32770465
https://doi.org/10.1016/s0168-8278%2899%2980007-5
https://doi.org/10.1016/s0168-8278%2899%2980007-5
http://www.ncbi.nlm.nih.gov/pubmed/9927150
https://doi.org/10.1096/fj.05-4828com
https://doi.org/10.1096/fj.05-4828com
http://www.ncbi.nlm.nih.gov/pubmed/16507762
https://doi.org/10.1161/JAHA.118.009193
http://www.ncbi.nlm.nih.gov/pubmed/30608207
https://doi.org/10.1016/j.ijcard.2017.01.089
http://www.ncbi.nlm.nih.gov/pubmed/28109578
https://doi.org/10.1016/j.chest.2018.06.028
http://www.ncbi.nlm.nih.gov/pubmed/29966667
https://doi.org/10.1371/journal.pone.0276925


48. Asahina Y, Tsuchiya K, Nishimura T, Muraoka M, Suzuki Y, Tamaki N, et al. alpha-fetoprotein levels

after interferon therapy and risk of hepatocarcinogenesis in chronic hepatitis C. Hepatology 2013; 58:

1253–1262.

49. El-Serag HB, Kanwal F, Richardson P and Kramer J Risk of hepatocellular carcinoma after sustained

virological response in Veterans with hepatitis C virus infection. Hepatology 2016; 64: 130–137. https://

doi.org/10.1002/hep.28535 PMID: 26946190

50. Liu Z, Zhang Z, Huang M, Sun X, Liu B, Guo Q, et al. Taurocholic acid is an active promoting factor, not

just a biomarker of progression of liver cirrhosis: evidence from a human metabolomic study and in vitro

experiments. BMC Gastroenterol 2018; 18: 112. https://doi.org/10.1186/s12876-018-0842-7 PMID:

29996772

51. Faitot F, Besch C, Battini S, Ruhland E, Onea M, Addeo P, et al. Impact of real-time metabolomics in

liver transplantation: Graft evaluation and donor-recipient matching. J Hepatol 2018; 68: 699–706.

https://doi.org/10.1016/j.jhep.2017.11.022 PMID: 29191459

52. Ponziani FR, Putignani L, Paroni Sterbini F, Petito V, Picca A, Del Chierico F, et al. Influence of hepatitis

C virus eradication with direct-acting antivirals on the gut microbiota in patients with cirrhosis. Aliment

Pharmacol Ther 2018; 48: 1301–1311. https://doi.org/10.1111/apt.15004 PMID: 30345704

PLOS ONE Impacts of type IV collagen 7S after SVR

PLOS ONE | https://doi.org/10.1371/journal.pone.0276925 October 27, 2022 17 / 17

https://doi.org/10.1002/hep.28535
https://doi.org/10.1002/hep.28535
http://www.ncbi.nlm.nih.gov/pubmed/26946190
https://doi.org/10.1186/s12876-018-0842-7
http://www.ncbi.nlm.nih.gov/pubmed/29996772
https://doi.org/10.1016/j.jhep.2017.11.022
http://www.ncbi.nlm.nih.gov/pubmed/29191459
https://doi.org/10.1111/apt.15004
http://www.ncbi.nlm.nih.gov/pubmed/30345704
https://doi.org/10.1371/journal.pone.0276925

