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Background & Aims: Monocytes/macrophages infiltrate
into injured livers. We tried to clarify their roles in in-
flammation and subsequent fibrogenesis by inhibiting
their infiltration with a mutated form (7ND; 7 amino
acids at the N-terminal were deleted) of monocyte che-
moattractant protein 1, which may function as a domi-
nant-negative mutant. Methods: Rats were injected via
the tail vein with an adenovirus expressing either human
7ND (Ad7ND), a truncated type Il transforming growth
factor 3 receptor (AdTPB-TR), which works as a dominant-
negative receptor, bacterial 3-galactosidase (AdLacZ),
or saline. Seven days later, the rats were treated with
dimethylnitrosamine for 1-21 days. Results: Within 24
hours after a single dimethylnitrosamine injection, mac-
rophages were observed in livers. With a 3-day dimeth-
ylnitrosamine treatment, activated hepatic stellate cells
were detectable in livers in AdLacZ-, AdTB-TR-, and
saline-injected rats. In contrast, in the Ad7ND-treated
rats, infiltration of macrophages was markedly reduced,
and activated hepatic stellate cells were not detectable.
After a 3-week dimethylnitrosamine treatment, fibro-
genesis was almost completely inhibited, and activated
hepatic stellate cells were hardly seen in livers in both
Ad7ND- and AdT@-TR-treated rats. Conclusions: Our re-
sults show that blockade of macrophage infiltration in-
hibits activation of hepatic stellate cells and leads to
suppression of liver fibrogenesis. The presence of acti-
vated hepatic stellate cells in the initial phase after
injury and its absence at a later phase in the AdTB-TR-
treated livers indicate that transforming growth factor 3
is not an activating factor for hepatic stellate cells, and
this suggests that transforming growth factor 3 is re-
quired for the survival of activated hepatic stellate cells.
Our study suggests that infiltrated macrophages may
themselves produce an activating factor for hepatic stel-
late cells.

nflammation is always accompanied by an infiltration
by leukocytes,! a process that is thought to be regulated
by chemotactic cytokines called chemokines.':> Monocyte

chemoattractant protein (MCP)-1, one of these chemo-
kines, induces infiltration by monocytes/macrophages
and lymphocytes® by binding to a specific receptor,
CCR2.? In animal models of liver injury®> and in
patients with chronic hepatitis,>” MCP-1 is detectable in
both livers and serum. Injury-induced inflammation re-
sults in tissue remodeling or liver fibrosis. However, the
actual roles performed by infiltrated monocytes/macro-
phages and MCP-1 in liver fibrogenesis are largely un-
known.

During liver fibrogenesis, hepatic stellate cells (HSC)
are activated to myofibroblast-like cells expressing o-
actin. These activated HSC and myofibroblasts already
existing in the portal field and around central veins may
play a central role in fibrogenesis,® after which they
produce extracellular matrix through the generation of
various cytokines, including transforming growth factor
(TGF)-B.? For fibrogenesis, HSC are considered to be the
responsible cells, and TGF-[3 is one of the critical factors
for fibrogenesis. In fact, when we inhibited the action of
TGF-B by using a dominant-negative mutated receptor
for TGF-f3,'° the activated HSC were markedly reduced
in number, and fibrogenesis, as well as the progression of
already-established fibrosis, was almost completely sup-
pressed.!'=13 This shows the essential roles played by
TGF-f3 and HSC in fibrotic remodeling after liver injury.
However, the mechanism underlying the activation of
HSC is not fully understood, although TGF-[3 has been
believed to be an activating factor.'

In this study, to try to answer these questions, we
introduced a mutated form of MCP-1 (7ND), which is
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considered to inhibit the action of MCP-1 as a dominant-
negative mutant,'>!¢ into dimethylnitrosamine (DMN)-
treated rats, an established model of liver fibrosis
with a pathology closely resembling that of human
cirrhosis.'7-'8 Some rats were given a dominant-negative
TGF-P receptor to eliminate signaling by TGF-f3.11-12
We compared these rats in terms of (1) infiltration by
monocytes/macrophages and activation of HSC, both of
which occur in the acute phase after injury, and (2)
fibrotic changes in the chronic phase after injury. Al-
though inhibition of MCP-1 and blockade of TGF-3
each led to a marked suppression of liver fibrogenesis, we
were interested to find that some responses in the initial
phase after injury were quite different between these 2
groups. Our study indicates that TGF- is not an acti-
vating factor for HSC and suggests that infiltrated mono-
cytes/macrophages may produce the activating factor(s).

Materials and Methods
Preparation of Adenoviruses

Replication-defective E1~ and E3~ adenoviral vectors
expressing an amino-terminal deletion mutant of human
MCP-1 (Ad7ND) with a FLAG epitope tag in its carboxyl-
terminal (complementary DNA, a generous gift from Dr. B.
Rollins, Harvard University),'>'¢ a truncated human TGF-3
type II receptor (AdTR-TR),'°-'2 or bacterial 3-galactosidase
(AdLacZ)!'® under a CA promoter comprising a cytomegalovi-
rus enhancer and a chicken (3-actin promoter?® were prepared
as previously described.?!

Detection of Mutated Human Monocyte
Chemoattractant Protein 1 (7ND) and Rat
Wild-Type Monocyte Chemoattractant
Protein 1

COS cells were infected with either Ad7ND (multi-
plicity of infection {MOI} of 1, 10, and 100) or AdLacZ (MOI
of 10), as previously described.’® One day after infection, the
medium was replaced with serum-free medium, and cells were
incubated for a further 24 hours. A mutant MCP-1 (7ND)
secreted into culture media was analyzed by Western blotting
by using monoclonal antibodies against either FLAG (Abcam,
Cambridge, UK) or human MCP-1 (Sanbio, 5400 AM Uden,
The Netherlands), as previously described.'?

7ND and rat MCP-1 were also detectable by enzyme-linked
immunosorbent assay (ELISA). Livers were homogenized in
phosphate-buffered saline with 1% Triton X-100, 0.1% so-
dium dodecyl sulfate, and 0.5% sodium deoxycholate. The
homogenates were centrifuged at 20,000g for 30 minutes.
7ND and rat MCP-1 were measured in the supernatant of liver
homogenates and in sera from rats by using a human MCP-1
ELISA kit (Biosource, Camarillo, CA) and a rat kit (Biosource),
respectively, according to the manufacturer’s instructions.
These ELISA kits are species specific, and cross-reaction be-
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tween human and rat MCP-1 is less than 5%. In fact, no
human MCP-1 protein was detectable in samples from either
intact or AdLacZ-infected rats (data not shown).

Animal Models

All animals were treated under protocols approved by
the institutional animal care committees, and the experiment
was performed under both the institutional guidelines for
animal experiments and by the Law (No. 105) and Notification
(No. 6) of the Japanese government. Male Sprague—Dawley
rats, 10 weeks old and weighing approximately 350 g, were
given a single infusion of 0.5 mL of Ad7ND, AdTB-TR,
AdLacZ (2 X 10° plaque-forming units per milliliter), or
saline via the tail vein, as previously reported.'? By this
method, virtually all cells in the liver were infected and
expressed the introduced molecule.!''12 Seven days later, rats
were given an intraperitoneal injection of DMN (10 pg/g body
weight; Wako, Osaka, Japan) either once or at the indicated
times (3 consecutive daily injections or 3 consecutive daily
injections and 4 days off per week for 3 weeks), as previously
reported.''=13 After DMN treatment, blood was collected, and
the rats were killed. Biochemical parameters were measured by
using standard methods. The liver was either fixed with 4%
buffered paraformaldehyde for histological examination or fro-
zen immediately in liquid nitrogen for the extraction of hy-
droxyproline, the content of which was measured as described
elsewhere.??

Histological Examination

Liver sections were stained with hematoxylin or Masson
trichrome or subjected to immunohistostaining by using an-
tibodies against either CD68 (ED-1; Serotec, Raleigh, NC) or
o-actin (Dako, Tokyo, Japan). Immunoreactive materials were
visualized by using a streptavidin-biotin staining kit (Hist-
ofine SAB-PO kit; Nichirei, Tokyo, Japan) and diaminoben-
zidine. Macrophages (CD68-positive cells) and lymphocytes
were counted by a technician blinded to the treatment regi-
men. Four random high-power (200X) fields from each section
were examined. As negative controls, immunohistostaining
was performed without the first antibodies.

Determination of Hepatic Stellate Cells in
Apoptosis

Fragmented DNA in apoptotic cells in liver sections was
stained with diaminobenzidine (dark brown) by the terminal
deoxynucleotidyl transferase—mediated deoxyuridine triphosphate
nick-end labeling (TUNEL) technique by using a commercially
available kit (Roche Diagnostics, Mannheim, Germany). Then,
the sections were double-stained against a-actin and visualized
with the aid of 3-amino-9-ethyl carbazole liquid substrate chro-
mogen (red; Dako). As negative controls, the TUNEL reaction
mixture was used without terminal transferase.
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