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Abstract

AIM: To investigate the role of insulin-like growth
factor binding protein-7 (IGFBP-7) in the activation and
transdifferentiation of hepatic stellate cells (HSC) /in vitro.

METHODS: Rat HSC-T6 cells were cultured in separate
dishes and treated with various concentration of
transforming growth factor (TGF)-B:, IGFBP-7 or anti-
IGFBP-7 antibody for 24 h. The supernatant or a
cytoplasm suspension was obtained from cultured HSC,
followed by transfer of cells to form cell-coated dishes.
Immunocytochemistry and Western blotting were used
to analyze the expression of IGFBP-7 induced by TGF-1

and the level of fibronectin, collagen I and a-smooth
muscle actin (SMA). The pro-apoptotic effect of anti-
IGFBP-7 antibody was determined by flow cytometry.

RESULTS: Immunocytochemistry and Western blotting
revealed that the expression of IGFBP-7 in TGF-p:
treated HSC was significantly up-regulated compared
to that in the control group. In addition, fibronectin,
collagen I and a-SMA also showed enhanced
expression in accordance with the transdifferentiation
process in a dose-dependent manner to some extent.
Moreover, flow cytometry suggested that anti-IGFBP-7
antibody induced apoptosis of activated HSC, which
is responsible for the development of liver fibrosis,
and may represent a novel pathway and target for
therapeutic intervention.

CONCLUSION: IGFBP-7 showed increased expression
in activated HSC and played an important role in the
activation and transdifferentiation process of HSC. Anti-
IGFBP-7 antibody may ameliorate liver fibrogenesis.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatic fibrosis and cirrhosis are characterized by
excessive fibrosis attributable to hepatic stellate cell
(HSC) proliferation and activation’, resulting in excessive
production of extracellular matrix (ECM), including fibrin-
forming collagens I and IIl, proteoglycans, fibronectins
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and hyaluronic acid®. The occurrence of hepatic fibrosis
is also a common response to most chronic liver injuries
such as viral hepatitis, parasitic infection, metabolic or
autoimmune diseases, congenital abnormalities, and
alcohol abuse!”. However, the pathogenesis of hepatic
fibrosis is still unknown'™. In recent studies, HSC were the
primary source of excess ECM assembly in liver fibrosis®™.
During the development of liver fibrosis, HSC undergo a
process of activation, resulting in the expression of ECM,
reduced retinoid storage capability and transdifferentiation
to a myofibroblast-like phenotype which is characterized
by expression of o-smooth muscle actin (o-SMA)".
Fibrotic changes result in structural changes and lead to
reconstruction of hepatic lobules, dysfunction of liver
bioactivity, and even death. At present, there is no effective
treatment to halt the progression of liver fibrosis and
cirrhosis. The only current life-prolonging intervention is
liver transplantation. Thus, HSC play an important role in
the pathogenesis of liver fibrosis.

HSC activation process is very complicated and
is the result of a complex interplay between different
hepatic cell types such as inflammatory cells and secreted
cytokines, chemokines and growth factors'”. The cellular
transformation that develops gradually iz vivo can be
mimicked 7 vitro by short term culture of HSC on plastic,
providing a model to study the intra- and extra-cellular
determinants that regulate the transformation/activation
process. Excessive cellular proliferation and an abundant
ECM protein production that is not counteracted
by increased ECM protein degradation have been
shown to be the specific hallmark of HSC activation®.
Another major feature of the activation process is the
responsiveness of HSC to cytokines, resulting in the up-
regulation of the platelet-derived-growth factor (PDGF)
and members of the transforming growth factor (TGF)-3
family. PDGF appears to a major mitogen for stellate
cells, and members of the TGF-§ family are the primary
fibrogenic cytokines™'". Boers ez /' have detected a
significant change in expression of insulin-like growth
factor binding protein (IGFBP)-7 as a novel marker for
hepatic fibrosis.

IGFs play an important role in the regulation of
metabolism, development and growth of HSC!"?.
The capacity of IGFs to exert their biological effects
via interactions with specific cell surface receptors is
modulated by the presence of a family of structurally
related IGF-binding proteins. So far, 6 distinct IGFBPs
have been identified and differ in molecular mass, binding
properties for IGFs and posttranslational modifications
as well as tissue and development regulated expression”
In addition, low affinity binders termed IGFBP-tPs have
been found. IGFBP-7, the first protein proven to be
functionally related to IGFBPs, called IGBP-tP1, is one
of these low affinity binders to IGF-I and is expressed
relatively more highly upon HSC activation, especially in
the end stage .

The aim of the present study was to investigate
whether IGFBP-7, at different concentrations, may
induce the activation and perpetuation of HSC. Our
initial experiments demonstrated that expression of
IGFBP-7 was up-regulated in patients with liver fibrosis

and cirrhosis. We examined roles of IGFBP-7 in different
stages of HSC by exposure of HSC to exogenous
cytokines. The involvement of IGFBP-7 was evaluated
in activated HSC and increased ECM was detected.
IGFBP-7 also induced the differentiation of HSC from
a quiescent to an activated phase, whereas the specific
antibody of IGFBP-7 can induce apoptosis of activated
HSC. The data suggest that IGFBP-7 is sufficient to
initiate the activation of HSC in conjunction with or
prior to observation, which strongly implicates IGFBP-7
in the pathogenesis of hepatic fibrosis. In addition,
overexpression of IGFBP-7 provides a novel cellular
model to study the pathogenesis of human hepatic
fibrosis.

MATERIALS AND METHODS

HSC-T6 lines were a generous gift from Scott L Friedman
of the Mount Sinai School of Medicine (NY, USA).
Briefly, samples were washed and transferred into 25 cm’
culture dishes (Orange Scientific, Belgium) for culture
under standard conditions in a normoxic atmosphere of
16% Oz, 5% COz, and 79% Nz (by volume) in RPMT1640
medium (Gibco, USA) containing 10% fetal calf serum
(FCS), 100 U/mL penicillin, 100 g/mL streptomycin and
3.57 g/L HEPES at 37°C. HSC were kept in secondary
culture (partially “activated” HSC) and were passaged once
every 2 to 3 d. Briefly, for cells in secondary culture, 10°
cells/well were seeded into 12-well plates supplemented
with RPMT1640 (Gibco) without FCS, or 10 cells/well
were transferred to 96-well plates. After allowing HSC to
attach overnight, cultures were incubated with TGF-f:
(Peprotech, UK) or IGFBP-7 (R&D, US), or anti-
IGFBP-7 antibody (R&D, US), in different concentrations
or in combination for 24 h before each experimental
manipulation.

Immunocytochemistry

After 24 h in cell culture to allow cells to attach, cell-coated
dishes were obtained, fixed with 1% paraformaldehyde
for 10 min, and washed by PBS. Endogenous peroxidases
and biotins were then quenched using an endogenous
peroxidase blocking kit and biotin blocking kit, respectively.
The sections were blocked with 3% FCS (Roche, US) and
incubated with one of the following antibodies: polyclonal
anti-oi-SMA /monoclonal anti-collagen 1 (Abcan, UK),
and polyclonal anti-fibronectin (Santa Cruz, US). Sections
were washed and incubated with biotinylated secondary
antibody (Santa Cruz, US and Jackson, US). Bound
secondary antibody was detected using the UltraSensitive™
SP kit (DAKO, US) according to the manufacturer’s
instructions. For modeling negative controls, the primary
antibodies were substituted with PBS. The reaction
products were visualized by diaminobenzidine tetrahydro-
chloride (DAB) (DAKO, US). Stained sections were viewed
under a Nikon Eclipse 800 microscope and 10D (integrated
optical density) or IA (integrated absorption) of the posi-
tive brown particles determined semiquantitatively by
examining 5 fields randomly at X 200 magnification in
each slice.
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Immunohistochemistry Western blotting

n (The value of n  (The value of
10D x 10°) A x 10%)
Control 6 3.70 £ 0.32 6 0.03 £0.01
TGFp12 ng/mL 6 4.86+0.27° 6 1.05 £ 0.03°
TGFp1 4 ng/mL 6 6.45 £ 0.32° 6 1.16 £0.02°
TGEFp1 8 ng/mL 6 491 +0.30" 6 1.01 £0.02°
TGFp116 ng/mL 6 4.31+0.26" 6 1.06 + 0.02*

IOD: Integrated optical density; A: Absorbance; IGFBP: Insulin-like growth
factor binding proteins; P < 0.05 vs control group.

Western blotting

Culture supernatant and cellular lysates were obtained
from a cultured HSC-T6 line according to the standard
protocol. In brief, 2 X 10°/mlL active cells were cultured
in 12-well plates in the absence or presence of TGF-f1 at
different concentrations. Cultures were hatrvested after 12 h
of incubation, supernatants were extensively dialyzed, and
the remaining cells were trypsinized, then centrifuged,
lysed, and finally cellular lysates were attained. Thirty
microliter of cellular lysates were separated on 15%
sodium dodecyl polyacrylamide gels (SDS-PAGE) under
reducing conditions and then transferred onto PVDF
membranes (SABC, US). After blocking with TBST (TBS
and 0.1% Tween) for 3 h, the membranes were incubated
with anti-IGFBP-7 antibody as the primary antibody
overnight then washed with PBS. Secondary antibodies
were conjugated with horseradish peroxidase for 3 h.
The signals were visualized by DAB. The relative signal
intensities of the bands were quantitated using Molecular
Analyst software, and the results were normalized to levels
of B-actins (Santa Cruz, US) in each sample. In selected
experiments, the secretion of collagen 1 to the media was
determined by ELISA (R&D, US) following incubation of
confluent cultures of HSC-T6 with TGF-f1 (Peprotech,
UK) ot anti-IGFBP-7 antibody in different concentrations
and combinations for up to 24 h, in accordance with the
manufacturer’s instructions.

Flow cytometry

HSC-T6 lines were maintained under standard
conditions as mentioned before, and then were
transferred to 12-well dishes. After 24 h in culture,
serum-free media was added containing anti-IGFBP-7
antibody in concentrations of 0.25 mg/L, 0.50 mg/L
and 1.00 mg/L. Following another 14 h in culture,
supernatants were discarded, and 500 g of cells were
centrifuged. The remaining cells were washed with PBS,
followed by centrifugation again for 5 min at 500 g at 4°C.
Then, cell pellets were resuspended in ice-cold binding
buffer to 1 x 10° cells/mL, with tubes on ice. Both
5 puL of annexin-V and 2.5 puL. of propidium iodide (PI)
(Beckman Coulter, US) were added to 100 pL. of cell
suspensions. Tubes were kept on ice for 10 min in the
dark, and then another 100 pL. of binding buffer was
added to the preparations and mixed gently. Quantitative
analysis of the preparations was performed after

n Collagen I (ng/mL)

Control 6 36.61 +1.28
TGFp: 2 ng/mL 6 41.93 +2.95°
TGFp1 4 ng/mL 6 49.44 +3.21°
Anti-IGFBPrP1 antibody 0.1 ug/mL 6 35.46 +5.80"
Anti-IGFBPrP1 antibody 1 ug/mL 6 36.38 +2.59"
Anti-IGFBPrP1 antibody 2 ug/mL 6 37.26 £2.12°
TGFp1 2 ng/mL + Anti-IGFBPrP1 6 38.24 £2.76°
antibody 0.1 ug/mL

TGFp1 2 ng/mL + Anti-IGFBPrP1 6 33.95+3.27°
antibody 1 ug/mL

TGFp1 2 ng/mL + Anti-IGFBPrP1 6 34.59 +£3.97°
antibody 2 ug/mL

TGFp1 4 ng/mL + Anti-IGFBPrP1 6 40.24 +3.46°
antibody 0.1 pg/mL

TGFp1 4 ng/mL + Anti-IGFBPrP1 6 32.61 +4.86°

antibody 1 pg/mL

Relative expression of collagen I was measured by ELISA; after HSC
incubated for 24 h, supernatant was obtained and analyzed. Statistical
analysis was done by the SNK-q test. °P < 0.05, compared with the control
group; ‘P < 0.05, compared with the TGFp1 2 ng/mL; °P < 0.05, compared
with TGF-p1 4 ng/mL.

30 min by flow cytometry. Meanwhile, following the
14 h culture, 20 u. MTT and 100 pL. PBS were added to
each well at 37°C in 5% COzatmosphere (by volume) for
4 h. Supernatants were discarded, and 150 pl. DMSO
was added and mixed gently. After incubation with
chromogenic substance for 10 min, absorbance (A) at
490 nm was measured in samples to measure the value
of A under different concentrations of anti-IGFBP-7
antibody.

Statistical analysis

Data are presented as the mean + SD, and all calculations
were made using SPSS11.5. Statistical compatisons were
performed using an ANOVA correlation analysis. Paired
compatisons were done using the SNK-q test. Significance
was set at a value of P < 0.05.

RESULTS
In vitro expression of IGFBP-7 in HSC

Differences in absorbance between TGF-Bi-treated
cells and controls are shown in Table 1. Expression
of IGFBP-7 was up-regulated by TGF-B1 of 2, 4, 8
and 16 pL/L, as detected in the cytoplasm of HSC by
Western blotting analysis of cellular Iysates (Figure 1A).
Immunohistochemistry also demonstrated an increased
expression of IGFP-7 in TGF-fi-treated HSC on cell-
coated dishes. As shown in Figure 1B, in the TGF-fi-
treated groups, the amount of positive brown staining
was abundant and the value of 10D of positively stained
particles increased significantly (Table 1), as compared
with the control group in which only a few cells were
positively stained. The expression in cells treated with
4 pL/L of TGF-B1 was stronger than most other groups.
Perhaps this effect is the reason that the autocrine
expression of TGF-f1 is strengthened, and exogenous
TGF-B1 expression decreases the secretion of IGFBP-7.
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Figure 1 In vitro expression of IGFBP-7 in HSC. A: Detection of IGFBP-7
by Western blotting. Cultured HSC were incubated with TGF-B1; lysates were
harvested after 24 h, and analyzed by Western blotting for IGFBP-7. B-actin
was managed as a loading control. Each experiment was replicated 6 times.
M: Marker; 1: Control group; 2, 3, 4, 5 represent 2 ug/L, 4 pg/L, 8 ug/L and
16 ng/L TGF-B4, respectively; B: Expression of IGFBP-7 in activated HSC.
Expression of IGFBP-7 was examined on HSC-coated dishes after treatment
with TGF-p+ at different concentrations for 24 h (a-e indicated control, 2 pgiL,
4 pglL, 8 g/l and 16 pg/L TGF-B1, respectively). IGFBP-7 was detected
by immunocytochemistry, and the level of the expression of IGFBP-7 was
enhanced in a dose-dependent manner to some extent compared with the
control group. Original magnification: x 200.

Quantitation of collagen 1 deposition in HSC

To analyze the 7 vitro etfects of IGFBP-7 on HSC secre-
tion of collagen I , supernatant was collected and the
amount of collagen | was analyzed by ELISA following
a standard protocol according to the manufacturer’s
instructions. As shown in Table 2, the secretion of
collagen I was prominent in the TGF-Bi-treated groups,
compared with the control group and the anti-IGFBP-
7-treated groups. However in the wells treated with
2 or 4 ng/mL TGF-B1 and 0.1, 1 or 2 pg/mL anti-
IGFBP-7 antibody, the amount of collagen I was
significantly decreased, as compared with the groups
treated with TGF-B1alone. We further performed
immunohistochemistry to determine the expression of
collagen I in HSC. As shown in Figure 2A, positive
brown collagen I staining in IGFBP-7-treated HSC
obviously increased compared with the controls in a dose-
dependent manner to some extent. Western blotting
analysis was also used to characterize the amount of
collagen [ protein in the cytoplasm of HSC. As shown

Collagen I

43 kDa
—

S —————— "3

Figure 2 Quantitation of collagen I deposition in HSC. A: Immunocytochemical
detection of collagen 1. Expression of collagen I was examined on HSC-
coated dishes after treatment with IGFBP-7 at different concentrations for 24 h (a-d
indicated control, 10 pg/L, 20 pg/L, and 30 pg/L IGFBP-7, respectively). Collagen
I was examined by immunocytochemistry and the level of the expression of
collagen I was enhanced in a dose-dependent manner in sequence compared
with the control group. Original magnification: x 200; B: Detection of collagen I by
Western blotting. Cultured HSC were incubated with IGFBP-7 for 24 h, and then
lysates of HSC were harvested and analyzed by Western blotting for collagen 1.
B-actin was used as a loading control. Each experiment was replicated 6 times. M:
Marker; 1: Control group; 2, 3, 4 represent 10 pg/L, 20 ug/L, 30 pg/L.

in Figure 2B, the protein was prominently synthesized
in accordance with HSC activation. The differences in
absorbance between IGFBP-7-treated groups at different
concentrations and the control group in sequence were
0.7663 = 0.0412, 0.7439 = 0.0720, 0.7039 *+ 0.0889, and
0.6402 £ 0.0475, respectively (P < 0.05).

Comparison of fibronectin levels and fibroblast
phenotype

The deposition of fibronectin was examined by
immunohistochemistry. As shown in Figure 3A (a-d),
fibronectin was detected in the cytoplasm of HSC.
In the control group, only a few brown particles were
detected although the amount of staining was higher in
the IGFBP-7-treated groups, also in a dose-dependent
manner. To characterize the HSC phenotype, a-SMA
expression was examined. As shown in Figure 3A (e-h),
a-SMA-positive HSC were more abundant in IGFBP-7-
treated cells than in the control group, and the increase
was in a dose-dependent manner. The comparison
and analysis of IOD of fibronectin and a-SMA was
performed and presented in Figure 3B. A significant
difference was seen between each IGFBP-7-treated group
at different concentrations and the control group. Thus,
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Figure 3 Comparison of fibronectin levels and fibroblast phenotype.
A: Characterization of a-SMA and fibronectin. Immunocytochemistry was
performed on HSC after incubation with IGFBP-7 at different concentrations
(0, 10 pglL, 20 pg/L and 30 pg/L) for 24 h. a-SMA (a-e) and fibronectin (f-i)
were examined by immunocytochemistry. The amount of the expression of
a-SMA (b-d) and fibronectin (f-h) were enhanced in a dose-dependent manner
in sequence compared with the control group (a, ). Original magnification:
x 200. B: Comparison of the expression of collagen I, fibronectin and a-SMA
at different concentrations. The expression of collagen I, fibronectin and
o-SMA was detected through immunocytochemistry, and the value of 10D of
the positive-brown particles was calculated. The black, gray and white bars
represents the 10D value of a-SMA, collagen I and fibronectin, respectively.
Statistical analysis was done using the SNK-q test. “P < 0.05.

IGFBP-7 induced an increased expression and deposition
of fibronectin, which led to the transformation of HSC
into a myofibroblastic phenotype.

Anti-IGFBP-7 antibody-induced HSC apoptosis
We further examined the effect of anti-IGFBP-7 antibody
on activated HSC. To characterize the inhibitory effect of

anti-IGFBP-7 antibody on activated HSC, MTT assays
were performed. As shown in Figure 4A, 4 decreased
after anti-IGFBP-7 antibody treatment, compared with
the control group. Also, treatment with 0.50 mg/L and 1.00
mg/L of antibody could significantly reduce the value
of A. To determine the proportion of apoptotic cells to
all activated cells, flow cytometry with annexin/PI was
used. As shown in Figure 4B, the ratio of apoptotic cells
was prominent in the 0.50 mg/L ant-IGFBP-7 antibody
treatment group, as compared with the control group. The
difference between 0.25 mg/L, 1.00 mg/L and the control
was not significant (Figure 4). Statistical analysis of these
results is shown in Figure 4C.

DISCUSSION

HSC are the main source of ECM, which contributes
[14]

to the occurrence and development of liver fibrosis
We previously reported increased IGFBP-7 protein
levels in patients with liver fibrosis and cirrhosis. In this
study, expression and function of IGFBP-7 were studied
in cultured HSC which were administered different
reagents. The object was to define the bioactivity and
function of IGFBP-7 in such a model of HSC in
different stages of activation and transdifferentiation.
For this purpose, we used TGF-f: as the profibrotic
cytokine to activate HSC from quiescent to partially
activated and ultimately completely transdifferentiated
HSC. Then, the expression of IGFBP-7 was analyzed in cell-
coated dishes. The resulting stained-cell dishes revealed
that the expression of IGFBP-7 was significantly
increased in TGF-Bi-treated HSC (“activated” HSC).
It has been demonstrated that the IGFBP-7 showed
enhanced expression and could work as a novel marker
in the pathogenesis of HSC"". Our observations further
confirmed this statement. HSC could be considered
to be one of the principal effectors involved in
fibrogenesis. In response to liver injury as well as other
cytokines, HSC are considered to undergo a phenotypic
transformation from a quiescent to a myofibroblast-like
phenotype, characterized by DNA synthesis, motility,
contractility and synthesis of ECM">'" TGF-Bu is the
best-known primary fibrogenic cytokine™"| whereas
it is not clear which specific gene is responsible for the
fibrotic response.

IGFBPs showed high expression together with other
markers of HSC activation, especially in the end stage.
The liver is the major producer of IGFBPs, mainly
IGFBP-1 and -3"". The present study mainly focused
on the function and distribution of IGFBP superfamily
members among different organs and tissues. IGFBPs
are the binding proteins of IGF-1 and -2; they regulate
the interaction of IGF-1 and -2 with their receptors, and
modulate the growth-promoting and metabolic activities
of IGF-1 and -2 by affecting the downstream signal
transduction of IGFR". I vitro, the proliferation of HSC
is enhanced by IGFE-1""" In vivo, however, production
of IGF-1 by HSC has recently been reported to attenuate
hepatic cirrhosis"”. Furthermore, IGF-1 replacement

therapy seems to benefit patients with hepatic cirrhosis™.
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Figure 4 Anti-IGFBP-7 antibody induces HSC apoptosis. A: HSC viability assay. The activated HSCs had anti-IGFBP-7 antibody of different concentrations added,
and the absorbance (A) of each treated group was analyzed by the MTT cell viability assay to investigate the bioactivity of cultured cells. Statistical analysis was done
using the SNK-q test. °P < 0.05; B: Percentage of apoptosis in all treated cells. Activated HSCs were divided into 4 groups, and then each group was treated with anti-
IGFBP-7 antibody at different concentrations of 0 mg/L, 0.25 mg/L, 0.50 mg/L and 1.0 mg/L, and analyzed after 24 h culture, using flow cytometric assay. Statistical
analysis was done using the SNK-q test. °P < 0.05; C: Flow cytometry assay. Cultured cells were treated with anti-IGFBP-7 body at different concentrations of 0 mg/L,
0.25 mg/L, 0.50 mg/L and 1.0 mg/L. After 24 h incubation, flow cytometry was used to analyze the pro-apoptotic effect of anti-IGFBP-7 antibody.

Because of the binding activity of IGFBPs, the induction
of these binding proteins may affect hepatic cirthosis. An
in vitro study revealed that IGFBPs could display intrinsic
bioactivities that are dependent on or independent of
binding of IGF-1 and -2, in the process of hepatocyte
growth, differentiation and activity™. So far, 6 distinct
IGFBPs have been identified, which differ in molecular
mass and binding affinities for IGF-1 and -2, Moreover,
low affinity IGF binders termed IGFBP-1Ps have been
found. IGFBP-7, also called IGFBP-rP1, is one of these
low affinity binders of IGF-1. In the transcription of
activated human HSC, expression of 5 IGFBP family
members was detected. The most prominent was the
extremely high expression of IGFBP-5, which is known
to be the most abundantly expressed protein in activated
HSC. In addition, IGFBP-7 is obviously detected in these
cells, whereas a smaller induction is seen for IGFBP-4,

-6 and -3"!, The growth-promoting and metabolic
activities of IGF-1 and -2 are modulated by the family of
IGFBPs™. In certain pathological conditions, IGFBP-1
through -6 all may inhibit the growth of cells. IGFBP-1
and -3 may destroy glucose equilibrium in humans;
IGFBP-1, -5, and -6 may also disturb this capability™,
whereas IGFBP-7 (rP1) could modulate proliferation,
cohesion of cells, the regeneration of blood vessel
and biosynthesis of prostacyclin®. IGFBP-8 (+P2) is
considered to be a key cytokine in the fibrogenesis of
tissues and organs'”. Since modulation of IGF activity
is very complex and varied, their differences may be
important factors in determining the local autocrine and
paracrine activities of IGFs. The striking up-regulation
of IGFBP-7 predicted that it is a good marker of HSC
activation and is also a promising target for therapeutic
intervention in hepatic fibrosis.
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Increased collagen and fibronectin deposition were
detected in IGFBP-7-treated HSC, demonstrating that
IGFBP-7 can activate and induce ECM production
and fibrosis 7z vitro. Moreover, a-SMA-expressing cells
increased among TGF-Bi-treated cells, suggesting that
they acquired a myofibroblastic phenotype'™. Taken
together, our findings indicate that superexpression
of IGFBP-7 induces the deposition of ECM through
the transformation of HSC into myofibroblastic cells
which then contribute to the resulting fibrosis. We have
shown that myofibroblastic changes are induced 2 vitro
by IGFBP-7. In patients with liver fibrosis and cirrhosis,
HSC are mainly responsible for the excessive deposition
of ECM, many of which may have the phenotypic
characteristics of myofibroblasts. A myofibroblast is
strictly defined by electromicroscopic findings as a
cell that is vimentin- and/ot a-SMA-positive, with
prominent rough endoplasmic reticulum, a modestly
developed periphery, with focal densities, and producing
collagen, granules, gap, and actin-filament-based
junctionsmj. However, most of the present studies are
restricted to an immunohistochemical determination
without electron microscopy, such as spindle-shaped
cells expressing a-SMA™. Thus, a-SMA-expressing
cells in our model undergo a myofibroblastic change,
and this /» vitro phenomenon can also be triggered by
exogenous IGFBP-7 applied to human stellate cells. In
humans, HSC are mainly located at the sinusoid within
the subendothelial space of Disse in close contact with
the hepatocytes. They comprise roughly one-third of
the nonparenchymal cell population or about 5%-8%
of total liver cells™, During the development of liver
fibrosis, HSC undergo a process of activation, resulting in
a reduced retinoid storage capability and transformation
to a myofibroblastic phenotype that is characterized by
expression of o-SMA. In fact, the myofibroblast-like
phenotype is not limited to liver, but also is a prominent
feature of fibrosis in other tissues including pancreas,
kidney, lung and skin"’,

Apoptosis of activated HSC is significantly detected
when anti-IGFBP-7 antibody is administered to the
medium. Flow cytometric analysis is a novel, specific and
exact way to detect and measure apoptosis, based on the
new parameters appearing on the surface of cells such
as phospholipids that become exposed at the cell sutface
and form one of the specific signals for recognition
and removal of apoptotic cells by macrophages. The
anti-IGFBP-7 antibody acts as a proapoptotic factor,
having great impact on the survival and proliferation of
HSC. We predict that the anti-IGFBP-7 antibody also
performs this function 7z vive, which will be investigated
in subsequent studies.

In summary, we have shown that IGFBP-7 plays
a pivotal role in the pathogenesis of HSC activation
and has profibrotic activities iz vitro. IGFBP-7 induces
the production of ECM via activation of HSC and the
development of a myofibroblastic phenotype in HSC.
The over-expression of IGFBP-7 7 vitro also provides a
new model to study the pathogenesis of HSC activation.
The inhibitory effect of anti-IGFBP-7 antibody on

activated HSC provides a promising intervention for
liver fibrosis.
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COMMENTS

Background

Hepatic stellate cells (HSC) are the main source of extracellular matrix (ECM),
and thus play an important role in the occurrence and development of liver
fibrosis. Insulin-like growth factor binding protein (IGFBP)-7 is a novel protein,
which may be relevant to the activation of HSC.

Research frontiers

IGFBP-7 expression has been detected significantly during fibrogenesis, but
how this protein is related to liver fibrosis is largely unknown. In this study, the
authors demonstrated that IGFBP-7 could activate HSC in accordance with the
transdifferentiation process in a dose-dependent manner to some extent.

Innovations and breakthroughs

Recent studies have highlighted the importance of IGF-1 and IGFBP-3 in
the liver tissues and the roles they play in fibrogenesis. This is the first study
to report that expression of IGFBP-7 is also enhanced in this process and
IGFBP-7 could activate HSC in vitro. Furthermore, this protein may be the main
mediator of HSC bioactivity.

Applications

By understanding how IGFBP-7 is relevant to liver fibrosis, this study may
represent a new strategy for therapeutic intervention in the treatment of patients
with liver fibrosis.

Terminology

HSC are specific cells located in the hepatic lobules, and are the primary
source of excess ECM assembly during liver fibrosis. The activation of HSC is
regulated by known and unknown cytokines. IGFBP-7 is one member of the
IGFBP superfamily, which is thought to work as a potential activator of HSC.

Peer review
The paper by Liu et al is an interesting one, not only because of its findings, but
also because of the quality of the presented data.
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