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Serum matrix metalloproteinase-1 level represents
disease activity as opposed to fibrosis in patients with
histologically proven nonalcoholic steatohepatitis

Wataru Ando', Hiroaki Yokomori’, Nobuhiro Tsutsui’, Eigoro Yamanouchi®, Yutaka Suzuki®, Masaya Oda’,
Yutaka Inagaki®’, Katsuya Otori', and Isao Okazaki®’

'Department of Clinical Pharmacy, Center for Clinical Pharmacy and Sciences, Kitasato University School of Pharmacy, Tokyo:
’Department of Internal Medicine, Kitasato University Medical Center, Kitamoto; *Department of Surgery, International University of
Health and Welfare Hospital, Nasu-Shiobara; ‘Department of Radiology, International University of Health and Welfare Hospital, Nasu-
Shiobara; “Department of Internal Medicine, Sanno Medical Center, International University of Health and Welfare, Tokyo; “Center for
Matrix Biology and Medicine, Tokai University Graduate School of Medicine, Isehara; 'Department of Regenerative Medicine, Tokai
University School of Medicine, Isehara; °Department of Internal Medicine, Sanno Hospital, International University of Health and
Welfare, Tokyo; ‘Department of Internal Medicine, International University of Health and Welfare Hospital, Nasu-Shiobara, Japan

Background/Aims: Nonalcoholic steatohepatitis (NASH) is prevalent in both economically developed and developing
countries. Twenty percent of NASH progresses to cirrhosis with/without hepatocellular carcinoma, and there is an urgent
need to find biomarkers for early diagnosis and monitoring progression of the disease. Using immunohistochemical and
immunoelectron microscopic examination we previously reported that expression of matrix metalloproteinase-1 (MMP-
1) increased in monocytes, Kupffer cells and hepatic stellate cells in early stage NASH. The present study investigated
whether serum MMP-1 levels reflect disease activity and pharmaceutical effects in NASH patients.

Methods: We measured the serum levels of MMPs, tissue inhibitors of metalloproteinases (TIMPs), and several cytokines/
chemokines in patients with histologically proven early and advanced stages of NASH and compared them with those in
healthy controls.

Results: Serum MMP-1 levels in stage 1 fibrosis, but not in the more advanced fibrosis stages, were significantly higher
than in healthy controls (P=0.019). There was no correlation between serum MMP-1 level and fibrosis stage. Serum MMP-
1 levels in NASH patients represented disease activity estimated by serum aminotransferase values during the follow-
up period. In contrast, MMP-2, MMP-9 and TIMPs did not change with disease activity. Consistent with the finding that
MMP-1 is expressed predominantly in monocytes and Kupffer cells, serum levels of monocyte chemotactic protein-1 and
granulocyte-colony stimulating factor were significantly increased in NASH with stage 1 fibrosis.

Conclusions: These results suggest that serum MMP-1 levels represent disease activity and may serve as a potential
biomarker for monitoring the progression of NASH. (Clin Mol Hepatol 2018;24:61-76)
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INTRODUCTION

Nonalcoholic steatohepatitis (NASH) is prevalent in both eco-
nomically developed and developing countries." In Japan the num-
ber of NASH patients has been rising in recent years.” Most pa-
tients with NASH show increased body weight due to over eating
and low physical activity, and frequently present with metabolic
syndrome and diabetes mellitus.** Triglyceride deposits in hepato-
cytes cause oxidative stress in mitochondria, leading to cell death
of hepatocytes and inflammation with infiltration of monocytes in
the liver® as well as hepatocellular carcinoma with or without cir-
rhosis.” If inflammation is not observed, the term nonalcoholic fatty
liver (NAFL) is usually used in clinical practice, and the term nonal-
coholic fatty liver disease (NAFLD) includes both NASH and NAFL.*

Recently we published a report on spatiotemporal expression of
matrix metalloproteinase-1 (MMP-1) in histologically proven NASH

liver.® Immunohistochemical (IHC) and immunoelectron micro-
scopic (IEM) examination revealed that monocytes (MCs), Kupffer
cells (KCs) and hepatic stellate cells (HSCs) were positive for MMP-
1 in the early stage of NASH while hepatic progenitor cells (HPC)
with MMP-1 expression appeared to transform into both bile
ductules participating in ductular reaction and elongated capillary
endothelial cells involving angiogenesis in the advanced stage of
NASH. MMP-1 positive HPCs were observed even in the early
stage of NASH.” MMP-1 is a typical interstitial collagenase, one of
the soluble-type MMPs. Moreover, MMP-1 possesses not only the
unique function of breakdown of type I collagen at one quarter
distance from the N-terminal of the collagen molecule,” but also
the ability to initiate cell proliferation'"
alter cell phenotype.”

We then measured the serum levels of MMP-1 of patients with
histologically proven NASH and compared them with those in

as well as the ability to

Table 1. Clinical and laboratory data of healthy controls and patients with early and advanced NASH

Healthy controls Early NASH Advanced NASH
(n=14) (n=24) (n=9)

Men/Women 9/5 18/6 6/3
Age (years) 51.9413.2 46.1£9.6 64.1+11.5
BMI (kg/m’) 23.24295 28.5+4.7' 257425
Diabetes 0 3 (12.5%) 6 (66.7%)
Metabolic syndrome 0 12 (50.0%) 6 (66.7%)
AST (1U/L) 21.0+43 54.54295" 60.9+249"
ALT (IU/L) 18.745.0 89.7+572" 71.04254"
y-GTP (U/L) 23.7+10.2 62.0452.5" 163.5+50.6"
TC (mg/dL) 20814256 21104436 173.3+26.2"
LDL (mg/dL) 13534223 132.0432.2 88.8+133™
HDL (mg/dL) 55.2+416.2 464489 53.5+254
TG (mg/dL) 9294430 208.6+155.2" 135.7+79.3*
BS (mg/dL) 943483 113444417 143.8442.5"
HbA1C (%) 56+04 6.2412" 714117
PIt (10°/uL) 242 6+65.5 213.9+63.0 141043777
Histological characteristics

Steatosis grade (1/2/3) 4/15/5 4/5/0

Ballooning grade (1/2) 9/15 5/4

Inflammation grade (1/2/3) 11/M7/2 2/5/2

Fibrosis stage (1/2/3/4) 14/10/0/0 0/0/3/6

Values indicate mean + standard deviation (SD).

NASH, nonalcoholic steatohepatitis; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTP, gamma-glutamy!
transpeptidase; TC, total cholesterol; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; TG, triglyceride; BS, blood sugar;

HbA1c, hemoglobin A'c; Plt, platelet.

These values in NASH patients vs. those in healthy controls, 'P<0.05, 'P<0.01; Advanced stage vs. early stage of NASH, "P<0.05, *P< 0.01.
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healthy controls. We measured not only MMP-1 but also other
MMPs, tissue inhibitor of metalloproteases (TIMPs), stromal cell-
derived factor 1o (SDF-1a), and several cytokines to examine dis-
ease activity linked with progression to advanced stage NASH,
cirrhosis and HCC.® In the present study we show that the serum
level of MMP-1 is unique in reflecting the disease activity com-
pared with the serum levels of other MMPs, their inhibitors and
cytokines involved in their activation and discuss the possibility of
translational research to inhibit the exosomes from KCs, MCs and
HSCs, including miRNA related to MMP-1 expression as a novel
target for NASH.

PATIENTS AND METHODS

Patient entry and criteria for study

This study was conducted at the Kitasato University Medical
Center (Kitamoto City, Saitama, Japan) and the International Uni-
versity of Health and Welfare Hospital (Nasu-Shiobara City, Tochigi,
Japan) between April 1, 2013 and December 31, 2016. Prior to im-
plementation, the study protocol was approved by the ethics com-
mittee of the two institutions. All patients gave informed consent
by formal letter for this study. Thirty-three histologically proven
NASH patients (24 men and 9 women; mean age 50.6+12.3 years)
were entered (Table 1, Supplementary Table 1). Fourteen healthy
persons (9 men and 5 women; mean age 51.9+13.2 years) came to
the Preventive Medical Center of the International University of
Health and Welfare Hospital (Nasu-Shiobara City, Tochigi, Japan)
for an annual health check and enrolled in this project.

The visitors for an annual health check underwent question-
naires (present complain, past medical history, family medical his-
tory, drinking and smoking habits, diet health conditions, physical
activity, sleeping time and current drug use), a physical examina-
tion (including body weight, waist, and BMI), conventional labo-
ratory tests including urinalysis, peripheral blood examination,
clinical chemistry (blood sugar [BS] level, HbA1c, total cholesterol
[TC], triglyceride [TG], high-density lipoprotein [HDL]-cholesterol,
creatinine, AST, ALT, y-GTP, CRP), stool occult blood 2 days ex-
amination, chest X-ray, electrocardiogram, upper Gl endoscopy,
and abdominal ultrasonography. There were 53 visitors on July 14
and 15 in 2015, among whom 14 persons showed all normal re-
sults. They were all normal ALT levels and no fatty liver on ultra-
sonography without diabetes, metabolic syndrome and cardiovas-
cular diseases, and within normal range of BMI (18.5-25 kg/m’).

http://www.e-cmh.org
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The exclusion criteria for NASH patients were as follows: alcohol
consumption of more than 20 g/day for men and more than 10 g/
day for women; use of a hepatotoxic drug or any agent that alters
cytokines, e.g., interferon; and the presence of complications, such
as alcoholic steatohepatitis, chronic hepatitis B, chronic hepatitis C,
primary biliary cholangitis, primary sclerosing cholangitis, chronic
pancreatitis, type 1 diabetes, uncontrolled thyroid deficiency, renal
failure, and need for hemodialysis, as reported previously.®

Histological examination of liver biopsy, grade of
fibrosis and NASH activity score (NAS)

Tissue samples were obtained by liver biopsy and fixed for
optical microscopy as reported previously.2 Conventional his-
tological examination was performed using hematoxylin and
eosin, Azan-Mallory, and silver staining. Histological evalua-
tion was performed by optical microscopy and described ac-
cording to Brunt’s classification.’s Steatosis and inflammation
were graded on a scale of 0-3 (0, none; 1, mild; 2, moderate;
3, severe), and ballooning was graded on a scale of 0-2 (0,
none; 1, mild; 2, moderate). Fibrosis was graded on a scale of
0-4 (0, no fibrosis; 1, pericellular or isolated portal fibrosis: 2,
combined pericellular and portal fibrosis; 3, bridging fibrosis,
and 4, cirrhosis) according to the classification of Brunt. These
scales were evaluated according to the NAS."

NASH patients were classified into two groups according to
Brunt's staging.”™ Stages 1 and 2 were designated as early
stage NASH (early NASH, n=24) and stages 3 and 4 as ad-
vanced stage NASH (advanced NASH, n=9). There were 18
men and 6 women in the early NASH group and 6 men and 3
women in the advanced NASH group. The mean age of early
NASH patients was younger than that of advanced NASH pa-
tients (46.1+£9.6 years vs. 64.1£11.5 years) with no statistical
significance (Table 1).

The mean values of BMI, AST, ALT, y-GTP, TG, BS, HbAIc,
and platelet (PIt) in the early and advanced NASH groups
were significantly different from those in healthy controls. The
mean values of BMI, ALT, y-GTP, TC, low-density lipoprotein
(LDL)-cholesterol, TG, BS, Hb1Ac, and Plt in patients with ear-
ly NASH were different from those in patients with advanced
NASH with statistical significance (Table 1). All patients with
early and advanced NASH are shown in Supplementary Table
1 with individual clinical and histological data. The pharmaco-
logical effects of pioglitazone, bezafibrate, ezetimibe, and
other medications were investigated in NASH patients.
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Assay methods for serum levels of MMPs/TIMPs and
cytokines

The serum levels of MMP-1, MMP-2, MMP-9, TIMP-1, TIMP-2,
SDF-1a, stem cell factor-1 (SCF-1), stem cell growth factor-B
(SCGF-B), monocyte chemotactic protein-1 (MCP-1), granulocyte-
colony stimulating factor (G-CSF), leptin, and ghrelin were mea-
sured by fluorescent beads-based immunoassay (Bio-Plex”™ 200,
Bio-Rad Laboratories Inc., Hercules, CA., USA) and kits including
antibodies, detection antibodies, and standard controls were
used. The mean of duplicate values was entered as the measure-
ment data. Detection and analysis were performed according to
the manufacturer’s assay protocol. The serum cytokine concentra-
tions from optical density were analyzed.

Evaluation of disease activity relative to serum levels
of MMPs/TIMPs and cytokines

The ALT levels of NASH patients in clinical course were used to
monitor disease activity.”” Serum levels of MMPs/TIMPs and cyto-
kines were measured several times during the clinical course in 15
of 33 NASH patients. The 15 patients were divided into two
groups, ALT improved and uncontrolled, and analysis conducted
at 0, 21, 35, 70 weeks. Eight patients of the ALT improved group
showed ALT levels < 30 IU/L on final observation at 70 weeks,
and seven patients of the ALT uncontrolled group showed ALT

levels =30 IU/L at 70 weeks. ALT values of the two groups were
compared with serum levels of MMPs, TIMPs and cytokines at the
same points in time.

Pharmacological effect of pioglitazone on disease
activity in NASH patients

After serum HDL, TG, LDL and HbA1c stabilized by administration
of lipid-lowering agents or anti-diabetic agents, we evaluated the
effect of pioglitazone on disease activity. Seventeen NASH patients
were treated with pioglitazone for over two months and serum lev-
els of MMPs and TIMPs before and after treatment were measured.

Clinical manifestation, physical findings and clinical hematological
and biochemical data were compared with the serum levels of
MMPs, TIMPs and cytokines before and after two months of 15 mg
pioglitazone administered once daily.

Effects of extrahepatic inflammatory conditions on
serum MMP-1 levels

Patients with diabetes and/or metabolic syndrome, examined
with repeated serum levels of MMP-1, were analyzed for the rela-
tionship between serum levels of MMP-1 and HbA1c value as well
as some clinical findings of metabolic syndrome as the markers of
extrahepatic inflammatory conditions seen in NASH patients.

Table 2. Serum levels of MMPs, TIMPs and cytokines in healthy controls and patients with early NASH and advanced NASH

Healthy controls Early NASH Advanced NASH

(n=14) (n=24) (n=9)
MMP-1 (ng/mL) 0.96+0.55 1714163 138+0.35
MMP-2 (ng/mL) 30.7+10.8 3354124 52.0419.2°
MMP-9 (ng/mL) 24.0+14.8 3374257 16.9+6.7
TIMP-1 (ng/mL) 11954241 12564237 150.7+38.8°
TIMP-2 (ng/mL) 5714270 54.2410.0 66.3+204
SDF-1a (pg/mL) 1334456 230.2+182.4 371.3%2275
SCF-1 (pg/mL) 89.3+24.7 100.2+46.1 105.7+20.8
SCGF-B (ng/mL) 12,0470 18.0+13.6 19.6+119"
MCP-1 (pg/mL) 3524104 551422.2° 54.24236'
G-CSF (pg/mL) 0.25+0.81 2244219 1.24+2.07
Leptin (pg/mL) 2,348.5+2,8312 6,134.64+4,3470' 4,020.042,124.6
Ghrelin (pg/mL) 325441612 405.0+453.2 219142272

Values indicate mean + standard deviation (SD).

MMP, matrix metalloproteinase; TIMP, tissue inhibitor of metalloproteinase; NASH, nonalcoholic steatohepatitis; SDF, stromal cell-derived factor; SCF, stem cell
factor; SCGF-B, stem cell growth factor-B; MCP, monocyte chemotactic protein; G-CSF, granulocyte-colony stimulating factor.
Serum levels of MMPs/TIMPs and cytokines in NASH patients vs. those in healthy controls, 'P<0.05, 'P<0.01.
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Statistical analysis was used for correlation analysis of data. A P-value of less than

0.05 was regarded as statistically significant for all analyses.
All statistical analyses were performed with EZR version 1.32

(Saitama Medical Center, Jichi Medical University), which is a
graphic user interface for R (The R Foundation for Statistical Com- ~ RESULTS
puting, version 2.2.0)."®
Biomarkers were expressed as mean = standard deviation. Clini- Serum levels of MMPs/TIMPs in patients with early
cal data were post hoc Mann-Whitney U test adjusted for multiple and advanced NASH
comparison with Bonferroni correction after Kruskal-Wallis analy-
sis of variance. Comparison between controls and grades of cyto- Serum levels of MMPs and TIMPs in patients with early NASH
kines was conducted by Steel's test. Spearman’s rank correlation (n=24) and advanced NASH (n=9) were compared with those in
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Figure 1. Comparison of serum MMPs, TIMPs, and cytokine levels in patients with early NASH/advanced NASH, and healthy controls. Serum levels of
MMP-1 (A), MMP-2 (B), MMP-9 (C), TIMP-1 (D), TIMP-2 (E), SDF-1a (F), SCF-1 (G), SCGF-B (H), MCP-1 (1), G-CSF (J), Leptin (K), Ghrelin (L); Serum levels of
MMP-1 and MMP-9 in early NASH patients tended to be higher than in patients with advanced NASH and in healthy controls but this was not statisti-
cally significant. The serum levels of MMP-2 and TIMP-1 in advanced NASH patients were statistically higher than in healthy controls. The serum levels
of cytokines showed significantly higher values in NASH patients. MMP, matrix metalloproteinase; TIMP, tissue inhibitors of metalloproteinase; NASH,
nonalcoholic steatohepatitis; SDF, stromal cell-derived factor; SCF, stem cell factor; SCGF-B, stem cell growth factor-3; MCP, monocyte chemotactic
protein; G-CSF. granulocyte-colony stimulating factor. Statistical significance: P<0.05, P<0.01.

http://www.e-cmh.org https://doi.org/10.3350/cmh.2017.0030 65



CNMH

lin Mol Hepatol
Volume 24 Number 1 March 2018

healthy controls (n=14). Serum levels of MMP-1 and MMP-9 in early
NASH patients showed a tendency to be higher than those in pa-
tients with advanced NASH and in healthy controls without statisti-
cal significance (Table 2, Fig. 1). The serum levels of MMP-2 in ad-
vanced NASH patients were statistically higher than those in early
NASH patients and controls (Table 2, Fig. 1). The serum levels of
TIMP-1 and TIMP-2 in advanced NASH patients were higher than in
healthy controls and in early NASH patients (Table 2, Fig. 1).

Relationship between Serum Levels of MMPs/TIMPs
and Histological Findings in NASH Patients

The serum levels of MMPs and TIMPs in patients with NASH by
grade of histological characteristics of NASH, i.e., steatosis, in-
flammation, ballooning and fibrosis, were compared with those in
healthy controls.

Serum levels of MMP-1: As shown in Table 3 and Fig. 2, the
serum MMP-1 levels in stage 1 of fibrosis (F1 group) were higher
than those in healthy controls with statistical significance
(P=0.019). However, there was no correlation between MMP-1
and stage of fibrosis (Supplementary Table 2). The serum MMP-1
levels in grade 2 of steatosis, and grades 1 and 2 of inflammation
were higher than in healthy controls, but no correlation between
serum level and grade of histological findings was observed.

Serum levels of MMP-2: Serum MMP-2 levels in the F4
group were higher than those in healthy controls with statistical

difference (P<0.01), as shown in Table 3 and Fig. 2. Grade 1 of
steatosis, grade 3 of inflammation, grade 2 of ballooning and the
F3 group showed that serum MMP-2 levels tended to be higher
than in healthy controls. Some correlation between serum MMP-2
levels and stages of fibrosis was observed with statistical signifi-
cance (P=0.051) (Supplementary Table 2).

Serum levels of MMP-9: Similar to the serum levels of MMP-
1, serum levels of MMP-9 in grade 2 of steatosis, grade 2 of in-
flammation and F1 group tended to be higher than in healthy
controls, as shown in Table 3 and Fig. 2. There was no correlation
between serum MMP-9 level and grade of histological findings
(Supplementary Table 2).

Serum levels of TIMPs: Similar to serum levels of MMP-2,
serum levels of TIMP-1 in the F4 group were significantly higher
than those in healthy controls, as shown in Table 3 and Fig. 2
(P<0.01). Grade 2 of steatosis, grade 3 of inflammation and grade
2 of ballooning showed a higher tendency of serum TIMP-1 levels.
Serum levels of TIMP-2 in grade 3 of inflammation and the F4
group showed a slightly higher tendency than in healthy controls.
A statistically significant correlation between serum TIMP-1 levels
and the stages of fibrosis was observed (P=0.038).

Serum levels of cytokines in patients with NASH

As it has been reported that, in the progression of NASH, HSCs,
KCs and endothelial cells (ECs) are activated by cytokines via

Table 3. Serum levels of MMPs and TIMPs in NASH patients by grade of histological characteristics compared with those in healthy controls

MMP-1 (ng/mL) MMP-2 (ng/mL)  MMP-9 (ng/mL)  TIMP-1 (ng/mL) TIMP-2 (ng/mL)
Healthy controls 1.28+108 3324136 28.0424.6 119.5+24.7 571+40.5
Steatosis 1 127+0.83 4224158 22.8+20.2 12344227 58.6:+15.0
2 1714193 3754183 3204276 13594343 5704159
3 1244114 3724159 277+9.0 13314325 577+13.7
Inflammation 1 1524177 30.5+183 3514339 122.0+21.0 56.3+13.8
2 167+1.68 3584136 231£136 13174228 544497
3 0.96+0.44 46.5+26.] 3374118 169.6+60.8 73.5427.2
Ballooning 1 118+1.53 40.2+416.5 16.5+18.5 116.5+16.3 51.0+11.2
2 139+0.92 43.04217 2174150 141.2442.5 63.2419.5
Fibrosis 1 2.09+0.66' 36.7+15.5 38.6:+29.1 124.7+16.8 534+9.8
2 0.85+048 291448 26.8+21.] 1269+32.8 5534113
3 0.64+0.20 432468 146437 120.8+14.2 50.5+133
4 0.80+0.40 56.5+239" 18.0+8.4 165.6+42.8' 7414213

Values indicate mean + standard deviation (SD).

MMP, matrix metalloproteinase; TIMP, tissue inhibitors of metalloproteinase; NASH, nonalcoholic steatohepatitis.
Significant difference between serum levels of MMPs/TIMPs in NASH patients vs. those in healthy controls: 'P<0.05, 'P<0.01.
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paracrine and autocrine manner. The serum levels of SDF-1a,
SCGF-B, SCF-1, G-CSF, MCP-
in both of early and advanced NASH patients.

Serum levels of SDF-1a: The serum levels of SDF-1a. in both
early and advanced NASH patients were significantly higher than
in controls (P<0.001) (Table 2 and Fig. 1).

Grades 1 and 2 of steatosis, grades 2 and 3 of inflammation,

1, leptin, and ghrelin were measured

grades 1 and 2 of ballooning, F2, F3 and F4 groups showed sig-
nificantly higher levels compared with those in healthy controls;

Wataru Ando, et al.
MMP-1 represents disease activity in NASH

notably the F4 group with clinical liver cirrhosis had the highest
levels, as shown in Table 4. The correlations between serum level
of SDF-1a and grade of every histological finding (steatosis, in-
flammation, ballooning and fibrosis) were all statistically signifi-
cant (P=0.005, P<0.001, P=0.002 and P<0.001, respectively)
(Supplementary Table 2).

Serum levels of SCGF-B: Serum SCGF-B levels in advanced
NASH patients were significantly higher than in controls (P=0.001)
(Table 2 and Fig. 1). Grade 2 of steatosis, grades 2 and 3 of in-
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Figure 2. Serum levels of MMPs, TIMPs, and cytokines in NASH patients by fibrosis stage compared with those in healthy controls. Serum levels of
MMP-1 (A), MMP-2 (B), MMP-9 (C), TIMP-1 (D), TIMP-2 (E), SDF-1a (F), SCF-1 (G), SCGF-{3 (H), MCP-1 (1), G-CSF (J), Leptin (K), Ghrelin (L). The numbers of pa-
tients were as follows: F1 NASH group (n=14), F2 NASH group (n=10), F3+F4 NASH groups (n=9), and healthy controls (n=14). The serum MMP-1 levels in
fibrosis stage 1 (F1 group) were higher (P<0.01), the serum MMP-2 levels in the F4 group were higher (P<0.01), the serum levels of TIMP-1 in the F4
group were also significantly higher than those in healthy controls (P<0.01). Serum levels of SDF-1a were significantly higher in the F2, F3 and F4 groups.
Serum levels of G-CSF in the F3 group were statistically higher than in healthy controls. Serum levels of MCP-1 and serum levels of leptin in the F1
group were statistically higher compared with healthy controls. F, fibrosis; MMP, matrix metalloproteinase; TIMP, tissue inhibitors of metalloproteinase;
SDF, stromal cell-derived factor; SCF, stem cell factor; SCGF-B, stem cell growth factor-3; MCP, monocyte chemotactic protein; G-CSF, granulocyte-col-
ony stimulating factor; NASH, nonalcoholic steatohepatitis. Statistical significance: 'P<0.05, " P<0.01.

http://www.e-cmh.org https://doi.org/10.3350/cmh.2017.0030 67



CNMH

lin Mol Hepatol
Volume 24 Number 1 March 2018

Table 4. Serum levels of cytokines in NASH patients by grade of histological characteristics compared with those in healthy controls

SDF-1a SCF-1 SCGF-B MCP-1 G-CSF Leptin Ghrelin
(pg/mL) (pg/mL) (ng/mL) (pg/mL) (pg/mL) (ng/mL) (pg/mL)
Healthy controls 97.8+779 89.3+26.8 12410 3524116 0.24+0.81 2.35+191 3254+157.2
Steatosis 1 302042150" 1179463 16.248.2 5224253 2944621 5424584  478.5+698.7
2 3225+2068" 983426 209+159 53.2420.7 2004237 4974253 310.5+191.6
3 115.24775 882473 14.843.6 6494257 3.25+1.29 6.70+4.01 188.84126.5
Inflammation 1 233.84109.5  113.2455.2 14.6+70 51.5424.0 166%2.29 4834334 27441423
2 3193+2637"  89.8+187 21.6+16.0 59.5422.2" 3444471 5824446  4309+544.5
3 327541929 1153181 2014134 46.9+18.6 1.24+117 542+3.24 179.2+1209
Ballooning 1 2545+1518"  108.8+48.7 156476 51.24269 2214457 5074304 304242112
2 2374+2426" 9374178 2244169 594+14.2" 2.78+2.08 5764471 381.2+5546
Fibrosis 1 182741007  104.1+545 21.6%15.2 63.6+20.6' 2724253 698+4.84" 474445354
2 323442160"  91.6+199 103+14 3644125 1.53+1.81 428+244 252541056
3 344142419°  103.8+20.7 21.6+12.9 56.6+315 1.18+1.09 5294233 1604+2784
4 430.7+2740"  107.24232 18.0+12.3 523188 0.79+1.76 3014143 266.141971

Values indicate mean + standard deviation (SD).

NASH, nonalcoholic steatohepatitis; SDF, stromal cell-derived factor; SCF, stem cell factor; SCGF-B, stem cell growth factor-B; MCP, monocyte chemotactic

protein; G-CSF, granulocyte-colony stimulating factor.

Serum levels of cytokines in NASH patients vs. those in healthy controls, 'P<0.05, 'P<0.01.

flammation, grade 2 of ballooning, F1 and F3 groups tended to
show higher levels (Table 4, Fig. 2). Serum SCGF-B levels did not
parallel levels of serum SDF-1a.. Notably, serum SCGF-f levels of
the F4 group were not high. The correlation between serum
SCGF-B levels and the grades of steatosis, inflammation and bal-
looning was significant (P=0.025, P=0.012 and P=0.008, respec-
tively) (Supplementary Table 2). With the exception of the F4
group, serum SCGF-P levels were very similar to those for SDF-1a.
Serum levels of SCF-1: Serum levels of SCF-1 tended to be
higher in grade 1 of steatosis, grades 1 and 3 of inflammation,
grade 1 of ballooning and the F1, F3 and F4 groups (Table 4 and
Fig. 2). Grade 2 of steatosis, grades 1 and 3 of inflammation, and
F1, F3 and F4 groups showed a slightly higher tendency (Table 4,
Fig. 2). No correlation between serum SCF-1 level and grade of
histological finding was observed (Supplementary Table 2). Serum
SCF-1 levels did not parallel serum SDF-Ta and SCGF-B levels.
Serum levels of G-CSF: Serum levels of G-CSF were statisti-
cally higher in early NASH (Table 2, Fig. 1). Serum levels of G-CSF
in grade 2 of inflammation and F3 group were statistically higher
than in healthy controls (Table 4, Fig. 2). All grades of steatosis,
grades 1 and 3 of inflammation, grades 1 and 2 of ballooning,
and the F1 and F2 groups showed higher serum levels of G-CSF
with no statistical difference (Table 4, Fig. 2). Among these data,
it is of special interest that the F3 group showed the highest levels
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of G-CSF, but the F4 group showed the same levels as those of
healthy controls. No correlation between serum G-CSF level and
grade of any histological finding was observed (Supplementary
Table 2). Serum levels of G-CSF were very similar to those of SCF-
1 and MCP-1, except in the F4 group.

Serum levels of MCP-1: Serum levels of MCP-1 in early and
advanced NASH were higher than in healthy controls with statisti-
cal difference (P<0.05 and P<0.01, respectively) (Table 2, Fig. 1).
Serum levels of MCP-1 were significantly higher for grades 2 and
3 of steatosis, grade 2 of inflammation, grade 2 of ballooning and
the F1 group than in healthy controls (Table 4, Fig. 2). Statistically
significant correlation between serum levels of MCP-1 and all
grades of histological findings, steatosis, inflammation, balloon-
ing and fibrosis, was observed (P=0.002, P=0.005, P=0.001 and
P=0.046, respectively) (Supplementary Table 2). Serum levels of
MCP-1 were very similar to those of SDF-1a. and SCGF-B.

Serum levels of leptin: Serum levels of leptin were signifi-
cantly higher in both early and advanced NASH than in healthy
controls (P<0.01 and P<0.05, respectively), as shown in Table 2
and Fig. 1. Serum levels of leptin by grade of steatosis and inflam-
mation were elevated with no statistical difference (Table 4).
Grade 2 of ballooning and the F1 group showed statistically high-
er levels of leptin compared with healthy controls, as shown in Ta-
ble 4 and Fig. 2. Statistically significant correlation between se-
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Figure 3. Clinical course of one early and one advanced NASH patient. (A) Early NASH patient. (A-a) HE staining (x100). (A-b) Silver impregnation (x100).
(B) Advanced NASH patient. (B-a) HE staining (x100). (B-b) Mallory's Azan staining (x100). NASH, nonalcoholic steatohepatitis; AST, aspartate amino-
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rum levels of leptin and all grades of histological findings,
steatosis, inflammation, ballooning and fibrosis, was observed
(P=0.001, P=0.002, P=0.004 and P=0.038, respectively) (Sup-
plementary Table 2). Serum levels of leptin were similar to those
of SDF-1a,, SCGF-B and MCP-1 except in the various stages of fi-
brosis. Serum levels of leptin appear to be related to steatosis and
inflammation.

Serum levels of ghrelin: Serum levels of ghrelin were the
same as those in healthy controls (Table 2 and Fig. 1). Serum levels
of ghrelin were unique for all grades of histological findings be-
cause they were the reverse of those in healthy controls but with-
out statistical difference (Table 4). The correlation of serum levels
and all grades of histological findings also showed an inverse rela-
tionship with no statistical difference (Supplementary Table 2).

http://www.e-cmh.org

Serum levels of MMPs/TIMPs and cytokines in
relation to the clinical course of NASH patients

Although we could not perform repeated liver biopsies on the
same patient, disease activity in NASH was determined to some
extent using serum ALT. Overeating, increase in body weight and
low physical activity cause increase of serum ALT so we investi-
gated whether changes in serum MMPs, TIMPs and cytokine lev-
els occurred relative to changes in serum ALT in individual cases.
It is necessary to further clarify whether increase in ALT accompa-
nies changes in serum cytokines resulting in changing levels of
MMPs and/or TIMPs.

Clinical course of two patients: We present here the clini-
cal course of two patients, one in early stage NASH and the other
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Table 5. Serum MMPs/TIMPs and SDF-1a changes in the ALT improved group and ALT uncontrolled group

Weeks
0 21 35 70
ALT improved group (n=8) ALT (IU/L) 5494354 26.0+£9.8 343+13.2 2534129
MMP-1 (ng/mL) 2,404.2+2,230.8 1,805.9+1366.4 7439+582.6 828.1+594.5
MMP-2 (ng/mL) 364+124 26.0+£14.5 36.0+£16.0 36.0£3.9
MMP-9 (ng/mL) 33.5+37.3 12.249.2 34.0+16.0 34.0+5.2
TIMP-1 (hg/mL) 13194253 122.6+16.0 132.0+7.2 132.0+37.5
TIMP-2 (ng/mL) 60.7£89 73.5£5.0 61.0+7.3 61.0+2.1
SDF-1a (pg/mL) 313.5+2226 3259+113.8 314.0+571 314.0+1454
ALT uncontrolled group (n=7) ~ ALT (IU/L) 80.4+294 49.8+234 48.3+20.0 72.3£26.7
MMP-1 (ng/mL) 1,387.1+£877.0 1,453.0£1,198.6 1,059.0+£761.9 962.3+794.8
MMP-2 (ng/mL) 28.0+£6.9 32.3+259 22.548.0 36.8+16.0
MMP-9 (ng/mL) 3244193 2194155 11.6+2.8 4114297
TIMP-1 (hg/mL) 126.9416.1 147.3+£20.5 118.9+10.0 158.4+16.0
TIMP-2 (ng/mL) 549+16.3 81.0+9.3 60.7£17.6 78.7+11.5
SDF-1a (pg/mL) 135.2471.6 365.5+211.3 135.0+34.5 464.2+338.2

Values indicate mean + standard deviation (SD). No statistical significance between the two groups in serum levels of ALT, MMPs/TIMPs at 0, 21, 35 and 70

weeks.

MMP, matrix metalloproteinase; TIMP, tissue inhibitors of metalloproteinase; SDF, stromal cell-derived factor; ALT, alanine aminotransferase.

in advanced stage, in order to obtain a better understanding of
the disease activity of NASH. The first case was a 38-year-old
man suffering from NAFLD due to metabolic syndrome (BMI 25.9,
waist 91 ¢m) since 2009. Liver biopsy performed in March 2014
revealed diffuse steatosis with large droplets in hepatocytes in the
pericentral region and intermediate zone with small lymphocyte
infiltration, suggesting steatosis grade 3, inflammation grade 1,
ballooning grade 2 and fibrosis stage 1. We categorized this pa-
tient as being in an early stage of NASH (Fig. 3A, No.13 in Supple-
mentary Table 1). He had hyperlipidemia and received ezetimibe,
which decreased LDL (Fig. 3A) and triglyceride (not shown). As
ALT was still high after 10 months of ezetimibe treatment, the an-
ti-insulin-resistant agent pioglitazone (15 mg/day) was prescribed.
Fourteen months of treatment with pioglitazone and ezetimibe
gradually lowered ALT level to a normal value of 20 IU/L. AST and
v-GTP in serum also improved. Serum levels of MMP-1 and MMP-
9 decreased gradually, as shown in Fig. 3A.

Figure 3B shows the clinical course of a 46-year-old man with
metabolic syndrome (BMI 26, waist 90 cm) who was diagnosed
as advanced NASH by liver biopsy in July 2013 (Supplementary
Table 1, No. 6). Histological findings revealed remarkable lympho-
cyte infiltration in the portal region, mild proliferation of bile
ductules and bridging fibrosis. The patient had hyperlipidemia
and elevated fast blood sugar and HbA1c levels. He also suffered

70 https://doi.org/10.3350/cmh.2017.0030

from depression resulting in excess eating and lowered physical
activity that altered ALT, AST and y-GTP levels. The changes in
ALT values did not correlate with serum levels of MMP-1, but low-
ered MMP-1 levels preceded decrease in ALT in this patient.

ALT improved group vs. ALT uncontrolled group: The
principles of NASH treatment are proper diet and physical activity.
If abnormal values of serum TG, and/or LDL were seen in individu-
al laboratory data, lipid- lowering agents such as hydroxymethyl-
glutaryl-CoA reductase inhibitor, bezafibrate and ezetimibe were
prescribed. If the patients had diabetes mellitus, the appropriate
anti-diabetes reagents were prescribed according to the guide-
lines of the Japan Diabetes Association (2016). Most NAFL pa-
tients showed a good clinical course following these treatments.
If the NASH patients in this study did not improve, the anti-insu-
lin-resistant agent pioglitazone was administered.

In 15 of 33 NASH patients serum levels of MMPs/TIMPs and cy-
tokines were measured at 0, 21, 35, 70 weeks after liver biopsy
during the clinical course. ALT values were compared with serum
levels of MMPs, TIMPs and SDF-1a. at the same time.

The ALT improved group (n=8) showed ALT values of less than
30 IU/L at 70 weeks, and decreased serum levels of MMP-1 level
although statistical significance was not observed (Table 5, Fig. 4).
On the other hand, serum levels of MMP-1 in seven patients of
the ALT uncontrolled group either showed no change or were ele-
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vated in the observed clinical course, as shown in Table 5 and Fig.
4. Moreover, the serum levels of MMP-1 at 70 weeks in the ALT
improved group were lower than those in the ALT uncontrolled
group without significance. This leads us to believe that serum
level of MMP-1 in patients with NASH may be a useful indicator
of the progression of the disease.

Pharmacological effects on serum ALT, MMPs,
TIMPs and SDF-1a levels before and after
administration of pioglitazone

The numbers of NASH patients treated with pioglitazone for
more than two months and determined for serum levels of MMPs,
TIMPs and SDF1-o. were as follows: 6 patients of the F1 group, 9
patients of the F2 group, one of the F3 group and one of the F4
group (Supplementary Tables 1 and 3). Clinical manifestations,
physical findings and clinical hematological data showed no
changes before and after pioglitazone treatment for two months.

ALT levels tended to decrease in the F1 and F2 NASH patients
after pioglitazone administration (P=0.225, P=0.074, respective-
ly) (Supplementary Table 3). Serum levels of MMP-1 in F1 NASH
patients tended to decrease markedly after pioglitazone treatment
for two months but those in F2 NASH patients showed either no
change or slight decrease (Supplementary Table 3, Fig. 5). Serum
levels of MMP-9 in the F2 group showed some decrease, but se-
rum MMP-2, TIMP-1, and TIMP-2 levels exhibited no difference
before and after pioglitazone administration (Supplementary Table

http://www.e-cmh.org

3, Fig. 5). Serum SDF-1a levels in F1 NASH patients increased af-
ter pioglitazone administration (Supplementary Table 3, Fig. 5)
with no significant difference (P=0.110). There was no change in
F2 NASH patients.

Effects of extrahepatic inflammatory conditions on
serum MMP-1 levels

Patients with NASH are often accompanied by atherosclerosis,
diabetes, and cardiovascular disease. The numbers of NASH pa-
tients examined with repeated serum levels of MMP-1 were 15.
Seven cases had neither diabetes nor metabolic syndrome. Five
cases had diabetes and metabolic syndrome. All of them belong
to ALT uncontrolled group. The rest 3 cases had metabolic syn-
drome alone (Supplementary Table 1).

The relationship between serum MMP-1 levels and
HbA1c: Five diabetes patients in ALT uncontrolled group showed
a slightly higher HbA1c levels between 5.8 to0 6.6%. Serum MMP-
1 levels in ALT uncontrolled group was not correlated with chang-
ing HbA1c and ALT.

The relationship between serum MMP-1 levels and
clinical findings of metabolic syndrome: Three NASH pa-
tients with metabolic syndrome belong to in ALT improved group.
Two of them showed a decrease in serum MMP-1 levels according
to decreasing ALT level and body weight. One patient showed no
parallel serum levels of MMP-1 although body weight decreased.
The rest 5 NASH patients with metabolic syndrome were compli-
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cated with diabetes. All of them belong to ALT uncontrolled
group. One of 5 patients showed decrease in body weight and se-
rum levels of MMP-1, but ALT increased. Similarly, changing in
waist circumference and blood pressure, serum levels of LDL-cho-
lesterol and triglyceride was not consistent with serum MMP-1
levels.

DISCUSSION

We reported previously MMP-1 expression in MCs, KCs and
HSCs in early NASH, and in HPCs and HSCs in advanced NASH by
IHC and IEM observation. Our study suggests that MMP-1 expres-
sion can activate KCs, HSCs, ECs and HPCs, and transform these
cells into ductular cells, myofibroblasts and elongated repaired
endothelial cells, leading to fibrosis and angiogenesis.® We then
measured the serum levels of MMP-1 in patients with NASH. As
shown in Fig. 3, changes in ALT values paralleled the serum levels
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Figure 5. Effect of pioglitazone administration for two months on serum levels of MMPs/TIMPs
and SDF-1a in the F1 and F2 groups. Number of F1 patients, 6; number of F2 patients, 9. Serum lev-
els of ALT (A), MMP-1 (B), MMP-2 (C), MMP-9 (D), TIMP-1 (E), TIMP-2 (F), SDF-1a (G). ALT, alanine ami-
notransferase; MMP, matrix metalloproteinase; TIMP, tissue inhibitors of metalloproteinase; SDF,
stromal cell-derived factor; F, fibrosis.

of MMP-1. Our intention was to investigate the serum levels of
MMP-1 in NASH patients relative to ALT values, which to some
extent reflect the disease activity of NASH.®

The present study showed the following novel finding: serum
MMP-1 levels were statistically higher in F1 NASH patients than in
the F2 to F4 NASH patients and healthy controls. This increase in
MMP-1 in the early stage of NASH appears to parallel the intensi-
ty of MMP-1 staining in MCs, KCs and HSCs by IHS and [EM. De-
posits of triglyceride in hepatocytes cause steatosis and inflam-
mation in early stage of NASH. Thus oxidative stress and
apoptosis of hepatocytes may lead to infiltration of MCs and
KCs.">* MMP-1 expression in MCs, KCs and HSCs may be caused
by cytokines, as described below, and MMP-1 expression was
seen in these cells.

Among MMPs/TIMPs and cytokines, the serum level of MMP-1
best reflected disease activity in the clinical course of NASH. Oxi-
dative stress in mitochondria is an essential trigger in the patho-
genesis of NASH in which serum levels of MMP-1 are reflected
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and serum levels of MMP-9 are related to the grades of steatosis
and inflammation. The exact localization has not been observed
in human study, but the cells responsible for producing MMP-9
may be hematopoietic stem cells and their derivative granulo-
cytes.” In the present study, however, serum levels of MMP-9 in
NASH patients did not parallel the disease activity. Serum levels
of MMP-2, TIMP-1 and TIMP-2 indicated progression of fibrosis
but did not reflect steatosis and inflammation in the present
study. Miele et al.”” and Toyoda et al.”' reported higher serum lev-
els of MMP-2 and TIMPs, but they did not examine these values
in relation to disease activity.

Next we compared serum levels of MMPs and TIMPs with se-
rum levels of cytokines, i.e., SDF-Ta, SCGF-B, SCF-1, MCP-1, G-

CSF, leptin, and ghrelin, in patients with NASH from the view-
point of histological grading relative to the progression of
NASH. Among these cytokines, serum levels of SDF-1a and
SCGF-B were very similar to each other while serum levels of
SCF-1, MCP-1, G-CSF and leptin were similar. The former
group also showed levels similar to those of MMP-2 and
TIMPs, and the latter reflected the beginning of steatosis with
inflammation. Serum levels of ghrelin were very different from
those of the other cytokines.

We measured the levels of the seven above cytokines. Each
cytokine has a different physiological function. Marra and
Tacke reported that KCs, injured hepatocytes, and activated
HSCs secrete high levels of MCP-1, which promote the hepatic
accumulation of bone marrow-derived CCR2-expressing MCs
that massively expand the local macrophage pool.” In the
present study significantly higher serum levels of MCP-1 were
observed at an early stage, probably the beginning stage of
NASH subsequent to steatosis of hepatocytes. G-CSF has
been reported to prevent the development of hepatic steatosis
in rat NASH models.”> Moreover, acute liver failure in rats by
D-galactosamine revealed that G-CSF enhanced SDF-1 gradi-
ent between bone marrow and liver inducing the chemo-at-
traction of CD34+ cells from bone marrow to an injured liv-
er.” Although this model was not a NASH model, G-CSF may
cause increased levels of SDF-1.

SDF-1 is the main requlating factor for trafficking and homing of
hematopoietic stem cells to the bone marrow.” Sinusoidal endo-
thelial cells are one of the main cellular sources of SDF-1 in the
liver, and the SDF-1/CXCR4 axis is involved in the regulation of
hematopoietic stem cell migration to the liver.”” SDF-1a also se-
creted by KCs activates the HSCs via CXCR4 on the HSC mem-
brane.”® This SDF-1a-CXCR4 system directly activates HSCs, which
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transform into myofibroblasts and express CXCR4 on those mem-
branes.” Hong et al.”’ reported that activation of the CXCR4 re-
ceptor of SDF-1a causes inflammation and fibrogenesis in the liv-
er. Autocrine SDF-1a-CXCR4 expressed by activated HSCs was
enhanced with progression of NASH, because activated HSCs in
the NAFLD rodent model not only increased the number of CXCR4
receptors but also enhanced the binding affinity of SDF-1a-
CXCR4.% The present study revealed that serum levels of SDF-1a
were statistically higher by grade of fibrosis, and a correlation be-
tween serum levels of SDF-1a and fibrosis was observed (r=0.649,
P<0.001). Moreover, serum levels of SDF-1a. were statistically
higher by grade of steatosis and inflammation.

Serum levels of SCGF-B and SCF were measured in the present
study because progression of NASH involves proliferation and mi-
gration of stem cells and HPCs.® No reports were found regarding
serum level of either SCGF-B or SCF in NASH patients. Serum lev-
els of SCGF-B and SCF appear to be related to inflammation.

Leptin is a well-known cytokine related to obesity by its ab-
sence or insufficient signaling; it also reduces development of fi-
brosis in models of liver injury.” KCs have been identified as the
cellular target of the profibrogenic action of leptin.*® The present
study showed a statistical correlation between serum levels of
leptin and grades of steatosis and inflammation (r=0.505,
P<0.001; r=0.483, P<0.002, respectively). Serum levels of leptin
were not higher in the F4 group even though multiple intracellular
signaling pathways in HSCs were reported to be activated by
leptin.”' However, exposure of rat HSCs to leptin maintained the
quiescent state of HSCs by inhibitory activity of the peroxisome
proliferator—activated receptor-y.” This result is consistent with
our present findings.

Ghrelin is an appetite-stimulating hormone with function oppo-
site to that of leptin. Machado et al. reported that ghrelin seems
to be associated with more severe NAFLD.*> Another report by
Gonciarz et al. showed no significant difference in ghrelin plasma
levels in NASH patients treated with melatonin.** Ghrelin is an im-
portant cytokine in NASH patients requiring further research.

Patient with NASH are often accompanied by atherosclerosis,
diabetes, and cardiovascular disease.**® The present study dem-
onstrated that HbA1c and clinical findings of metabolic syndrome
as a marker of extrahepatic inflammatory conditions in NASH did
not effect on serum levels of MMP-1. The numbers of NASH pa-
tients with diabetes or metabolic syndrome, however, were not
sufficient to get a final conclusion. Further investigation in large
sample study will be needed to clarify whether serum level of
MMP-1 and SDF-1a are useful biomarkers of disease activity and
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disease progression in F1 group of NASH, whether extrahepatic
conditions effect on serum levels of MMP-1, and whether piogli-
tazone treatment results in reduction of MMP-1 levels that paral-
lel to a similar decrease in serum ALT. Belfort et al.”® reported sig-
nificant improvement of steatosis, inflammation and ballooning of
hepatocytes in patients treated with pioglitazone by improving in-
sulin resistance. In particular, they reported that the decrease in
rate of steatosis was significantly lower in the pioglitazone treat-
ment group compared with the placebo group, and the plasma
adiponectin level increased. When pioglitazone was administered
for two or more years, Nakayama et al.”” reported significant im-
provement of ALT, total cholesterol, HbA1c and histologically ob-
served improvement of lipid droplets, intravesicular inflammation,
and fibrosis. Pioglitazone decreased MMP-1 and increased SDF-
Ta levels in patients of the F1 group of NASH. These trends were
seen only in the F1 group, suggesting that very complex cytokine
reactions in this particular stage of the disease lead to improve-
ment or progression of NASH.

Our observation of the dual expression of MMP-1 and OV-6/K19
revealed positive staining of both in HPCs, ductular cells and so-
called small hepatocytes, suggesting that the MMP-1-positive
HPCs differentiated or transformed into hepatocytes, ductular
cells, myofibroblasts and elongated repaired ECs, as described
previously.® The mechanism of MMP-1 expression in MCs, KCs
and HSCs may involve exposure to exosomes containing miRNA
related to the appearance of MMP-1 secreted from MCs.* MMP-1
plays a central role in degrading the extracellular matrix in the re-
covery phase of experimental liver fibrosis in rats,*'*"** but
MMP-1 seems to cause dedifferentiation of MMP-1 expressed
cells.®* MMP-1 is considered to be involved in the progression of
NASH pathology.® MMP-1 may play a kick-starter role as a rapid
reaction to oxidative stress, i.e., higher levels of MMP-1 contribute
to the further progression to NASH. We are currently investigating
the mechanism of MMP-1 expression in MCs, KCs and HSCs fo-
cusing on excretion of exosomes, including miRNA causing MMP-
1 expression.

Additional information

Some of the findings in this manuscript were presented in the
poster session at the AASLD Liver Meeting 2014 (Ando W et al.
The serum levels of SDF-1a correlated with the fibrosis and sug-
gested the appearance of hepatic progenitor cells in the advanced
stage of NASH, Hepatology 2014;60(Suppl 1):611A).
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