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Summary

Systemic sclerosis (SSc) is an autoimmune disease characterized by fibrotic
changes in skin and other organs involving excessive collagen deposition. Here
we investigated the effect of intravenous immunoglobulin (IVIG) on fibrosis
in a murine model of bleomycin (BLM)-induced scleroderma. Scleroderma
was induced in C3H/He J mice by subcutaneous BLM injections daily for 35
days. The collagen content in skin samples from the BLM-injected group
(6·30 � 0·11 mg/g tissue) was significantly higher than the PBS group
(5·80 � 0·10 mg/g tissue), and corresponded with dermal thickening at the
injection site. In contrast, mice treated with IVIG for 5 consecutive days after
initiating BLM injection showed lesser collagen content significantly (IVIG
group, 5·61 � 0·09 mg/g tissue; BLM vs. IVIG). In order to investigate the
cellular and protein characteristics in the early stage of the model, the skin
samples were obtained 7 days after the onset of experiment. Macrophage
infiltration to the dermis, monocyte chemoattractant protein (MCP-1)-
positive cells, and increased TGF-b1 mRNA expression were also observed in
the BLM group. IVIG inhibited these early fibrogenic changes; MCP-1 expres-
sion was significantly lesser for the IVIG group (1·52 � 0·19 pg/mg tissue)
than for the BLM group (2·49 � 0·26 pg/mg tissue). In contrast, TGF-b1
mRNA expression was significantly inhibited by IVIG. These results suggest
that IVIG treatment may inhibit macrophage recruitment to fibrotic sites by
down regulating MCP-1 and TGF-b production, and thus could be a potential
drug for managing fibrotic disorders such as SSc.
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Introduction

Systemic sclerosis (SSc) is an autoimmune disease character-
ized by severe alterations in the microvasculature, prominent
inflammatory and immunological changes, and excessive
accumulation of extracellular matrix in the skin and internal
organs. Despite research efforts, no standard protocol for
treating SSc has been established to date. Controlled trials
have demonstrated that some immunosuppressive therapies
interrupt the immune-mediated portion of its pathogenic
cycle, but such findings have been rather inconsistent.

For over 30 years, human intravenous immunoglobulin
(IVIG) has been an important treatment option for a
number of clinical indications, such as primary immunode-
ficiency disease, autoimmune disease, and acute inflamma-
tory conditions [1]. IVIG has been also reported to reduce

skin stiffness in SSc patients in several open trials [2,3].
Although the precise mechanisms of IVIG are unclear,
animal models are crucial for investigating SSc pathogenesis
and its various therapeutic approaches. We previously
reported several immunomodulatory activities in IVIG
using various experimental models of autoimmunity [4–6].
IVIG is classically manufactured from pooled plasma of
healthy donors, and contains various antibodies specific to
bacteria and toxins. However, this may not be the only
mechanism for managing autoimmune diseases. Since
pathology of SSc is complicated, IVIG might show some
immunological effects on activated fibroblast to produce
excessive collagen.

The therapeutic effects of IVIG most likely reflect the
functions of natural antibodies in maintaining immune
homeostasis in healthy individuals [7]. In this study, we
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confirm that infiltration of macrophage in the dermis is
suppressed by IVIG.

Animal models that exhibit all aspects of SSc are currently
unavailable, but a few experimental systems replicating its
pathogenic aspects have been reported by us and others
[8–10]. In addition, we previously established a murine SSc
model by injecting animals with bleomycin (BLM) daily for
35 days. Histological examination on skin samples of BLM-
treated mice revealed thickened dermal areas with collagen
bundles, and deposition of homogeneous material with cel-
lular infiltrates mimicking human scleroderma at injection
sites thus confirming SSc onset.

We investigated the influence of IVIG administration on
inducing dermal sclerosis using the BLM-based murine
model, and identified that IVIG attenuated excessive col-
lagen accumulation by inhibiting monocyte chemoattrac-
tant protein (MCP-1) and transforming growth factor beta
(TGF-b) in this model.

Materials and methods

Mice

Specific, pathogen-free, female C3H/HeJ mice (age: 6 weeks,
weight 17–22 g) were purchased from Japan SLC, Inc. (Shi-
zuoka, Japan). Mice were kept in our animal facility with free
access to food and water.

IVIG

Human immunoglobulin preparation (Venoglobulin-IH™,
Benesis Corporation, Osaka, Japan) was administrated intra-
venously at 400 mg/kg/day into tail veins of the IVIG group
mice 5 consecutive days after initiating BLM treatment. The
same volume of saline was administered to the BLM group.
Amount of the drug used are correspond to that used in
clinical.

BLM-induced murine fibrosis model

The BLM-induced murine fibrosis model was performed
using a previously described method [11]. Briefly, 100 mL of
600 mg/ml BLM (Nippon Kayaku Co., Japan) in PBS was
injected subcutaneously into the shaved back of mice using
27-gauge needles daily for 35 days.

Collagen content in the skin

Punched skin samples (diameter: 14 mm) were obtained
from shaved backs of mice 35 days after treatment. Each
sample was treated with 0·5 mol/l acetic acid containing
pepsin (0·3 mg/10 mg tissue) at 4°C overnight. Then the
collagen content in skin was determined using the Sircol™
Soluble Collagen Assay kit (Biocolor Ltd, Northern Ireland).

Quantification of MCP-1

Punched skin samples (diameter: 8 mm) were obtained from
shaved backs of mice 7 days after BLM treatment. Each
sample homogenized in Dulbecco’s modified Eagle’s
medium, centrifuged for 5 min at 200g, and the supernatants
were collected. Immunoreactive MCP-1 levels were deter-
mined using a commercial ELISA kit (Biosciences, San
Diego, CA) following the manufacturer’s instructions.

Histological examination

Skin samples were obtained from shaved backs of mice 7
days after BLM treatment. Skin sections were routinely
stained with hematoxylin and eosin. In addition, collagen
production was identified by Masson’s trichrome stain. The
dermal thickness of BLM- (BLM and IVIG groups) and PBS-
(PBS group) injected skin were calculated using an image
processor Win Roof (Mitani Corp., Tokyo, Japan). To avoid
bias, the histologist was single blinded to the treatment
groups of mice.

Immunohistochemical examination

For immunohistochemical experiments, skin samples were
cut into halves to divide the BLM-injected region equally,
fixed in 10% formalin solution, embedded in paraffin, and
sections were stained. Rabbit anti-Iba-1 polyclonal antibody
(Wako, Tokyo Japan) with final concentration 500 ng/ml was
used for staining macrophages after 7 days of initiating BLM
treatment. Iba-1 mainly infiltrate macrophage-like and
fibroblastic cells in BLM-treated skin. Primary antibodies
against MCP-1 (Novus Biologicals, Littleton, CO) and col-
lagen I (abcam, cambridge, MA) were used according to
manufacturers guidelines. Samples were subsequently incu-
bated with a secondary antibody labeled with peroxidase
(Nichirei Bioscience Inc., Tokyo, Japan). The skin sections
were developed with diaminobenzidine solution as chro-
mogen, counterstained with hematoxylin, dehydrated,
cleared, and mounted.

RNA isolation and RT-PCR

Total RNA was isolated from skin samples of the model mice
(7 days after initiating BLM treatment) using the Ribo
Pure™ extraction kit (Ambion Inc., Austin, TX). All samples
were treated with RNA Stabilization Reagent (RNAlater,
Qiagen, Valencia, CA) at 37°C overnight and stored at -80°C
until use. Total RNA was reverse-transcribed into cDNA
according to the manufacturer’s protocol for the Reverse
Transcription System (Promega, Madison, WI). TGF-b1
mRNA expression was analyzed by quantitative RT-PCR
according to the manufacturer’s instructions (Applied Bio-
systems, Foster City, CA). Sequence-specific primers and
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probes were designed using pre-developed TaqMan® assay
reagents (Applied Biosystems). RT-PCR (1 cycle at 48°C for
30 min, 1 cycle at 95°C for 10 min, and 40 cycles at 95°C for
15 s and 60°C for 60 s) was performed using a real-time PCR
System 7500 (Applied Biosystems). GAPDH was used to nor-
malize mRNA. To compare TGF-b1 mRNA and housekeep-
ing GAPDH mRNA expression, the relative expression of
PCR products was determined using the DDCt method [12].
Fold induction is equal to 2 - [DDCt], where Ct = threshold
cycle, and DDCt = [Ct gene interest (unknown) - Ct
GAPDH (unknown)] - [Ct gene interest (calibrator) - Ct
GAPDH (calibrator)]. One control was chosen as the
calibrator. Each was examined in duplicate and the mean Ct
was used in the equation.

Statistical analysis

All data are expressed as means � SEM Statistical signifi-
cance was determined using Student’s t-test. P-values < 0·05
were considered significant.

Results

IVIG reduced collagen production in
BLM-treatment skin

Representative histological skin sections from mice used in
the BLM-induced mouse fibrosis model are shown in Fig. 1a.

Mice treated with BLM for 35 days exhibited a thicker
dermal layer compared to those treated with PBS. However,
mice administered IVIG (400 mg/kg/day) for 5 consecutive
days after initiating BLM treatment did not exhibit these
fibrotic changes. Thickness of dermal layer of each mouse
was calculated using an image processor and subsequent
statistical analysis (Fig. 1b). The BLM group had signifi-
cantly increased skin thickness (335·3 � 14·9 mm) compared
to PBS group (159·4 � 4·9 mm; PBS vs. BLM, P < 0·01). Fur-
thermore, IVIG treatment drastically ameliorated the dermal
thickening effects of BLM-injected mice (241·1 � 10·5 mm,
BLM vs. IVIG, P < 0·01).

Thickening in the dermal layer was corresponded to accu-
mulation of collagen by Masson’ s trichrome stain and immu-
nohistochemistry of type I collagen(Fig. 2a). We determined
the collagen content in skin samples from mice treated with
BLM for 35 days (Fig. 2b), and found that they had signifi-
cantly higher collagen content (6·30 � 0·11 mg/g tissue) than
the PBS group (5·80 � 0·10 mg/g tissue, PBS vs. BLM,
P < 0·01). Supplementary we confirmed that the similar
results were obtained when the extent of fibrosis was deter-
mined with the contents of hydroxyproline, another index of
fibrosis, in a different set of experiment. The content of the
amino acid was significantly suppressed in the IVIG group
(715 � 11·8 mg/g tissue, n = 10) in the comparison with BLM
group (775 � 15·6 mg/g tissue, n = 10). These results show
that collagen production was induced by BLM. In another

Fig. 1. Effect of IVIG on BLM-induced fibrosis.

The murine fibrosis model was induced by

subcutaneously injecting mice with BLM for 35

days. Some mice were injected with PBS on the

same schedule as negative control. IVIG
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intravenously for 5 consecutive days, and skin

samples were taken 35 days after initiating BLM

for pathological study. (a) Representative

images of each group are shown, with bars and

arrows representing the lengths of the dermis

and dermal layer, respectively. (b) Thickness of

the dermal layer was calculated using an image

processor. Data are expressed as the

mean � SEM (n = 9–10). ##P < 0·01 (vs.

PBS-treated mice, Student’s-test), **P < 0·01
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group of mice, IVIG was given intravenously immediately
after initiating BLM treatment. Their results revealed dermal
collagen content significantly less than IVIG treatment
(5·61 � 0·09 mg/g tissue; BLM vs. IVIG, P < 0·01). In another
post-onset experiment, IVIG was given intravenously 28 days
after initiating BLM treatment. In addition, IVIG treatment
suppressed collagen content in the dermis to a similar extent
as the previous experiment (Fig. 2c). We discuss the effect of
earlier treatment of IVIG later in this study.

IVIG suppressed fibrogenic cytokine and chemokine in
the skin

To examine the influence of TGF-b1 on IVIG mechanisms in
early SSc, we obtained a skin sample 7 days after initiating
the experiment. We subsequently determined mRNA expres-
sion levels. We found that TGF-b1 mRNA levels were
upregulated in the BLM group compared to the PBS group,
and were subsequently suppressed in the IVIG group (BLM
vs. IVIG, P < 0·05) (Fig. 3).

Fig. 2. Collagen content and the effect of IVIG

treatment at different time. (a)Collagen in the

dermis was observed Masson’s trichrome stains

and immunohistochemistry of type I collagen

in the BLM-treated mice. (b, c) IVIG was

administered to mice intravenously

(400 mg/kg/day for 5 consecutive days) either

immediately (b) or 28 days (c) after initiating

BLM treatment. In both experiments, skin

samples were obtained 35 days after initiating

BLM treatment to determine collagen content

(Sircol™ Soluble Collagen Assay kit). Data are

expressed as the mean � SEM (n = 12).
##P < 0·01 (vs. PBS-treated mice, Student’s

t-test), **P < 0·01 (vs. BLM-treated mice,

Student’s t-test).
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We examined MCP-1 expression in this experimental in
vivo model, and found that MCP-1 levels were significantly
increased in the BLM group (2·49 � 0·26 pg/mg tissue)
compared to the PBS group (0·46 � 0·04 pg/mg tissue) as
seen for TGF-b1 mRNA expression. IVIG treatment lowered
these levels (1·52 � 0·19 pg/mg tissue; BLM vs. IVIG,
P < 0·01) (Fig. 4).

In a preliminary study, we also measured concentrations
of several inflammatory cytokines and chemokines (IL-2,
IL-6, KC, MIP-1a, RANTES, GM-CSF, and TNFa) with BD
FACSarray Bioanalyzer System and mRNA expression levels
of IL-6 and IL-13, all of which might be involved in the IVIG
mechanism in this model. Although some of these levels
were increased in this model, IVIG treatment did not induce
statistically significant changes (data not shown).

Immunohistochemical observation of macrophages
and MCP-1

Immunohistochemistry was used to observe cellular infiltra-
tion in the dermal layer during early stages of BLM-
induction. Staining with Iba-1 (anti-mouse macrophage
antibody) revealed that most infiltrated cells were
macrophages. Representative images of Iba-1 positive cells
are shown in Fig. 5a and c. We also calculated the area of
Iba-1 positive cells for each group, which revealed that IVIG
treatment suppressed infiltration of macrophages (signifi-
cantly increased by BLM treatment) in the dermis (Fig. 6).
Furthermore, MCP-1 was mainly found in BLM-treated skin
samples (Fig. 5b and d). These results suggest this chemok-
ine may be expressed mainly in the infiltrated macrophages
because most MCP-1-positive areas colocalized with Iba-1
staining. However, some MCP-1 staining was also shown in
fibroblasts. MCP-1-positive area was less for the IVIG group
than the BLM group (Fig. 5d).

Discussion

In this study, we used BLM-induced murine fibrotic models
to investigate the efficacy and mechanisms of IVIG in treat-
ing SSc. In our first experiments, we observed dermal thick-
ening and excess collagen production with infiltration of
macrophages in the lesional skin of BLM-treated mice. We
also examined how IVIG would affect the lesional skin if
administered on the first day of BLM treatment. IVIG was
found to almost completely suppress the increase in dermal
thickness, as well as collagen content induced by BLM
treatment. The concentration of IVIG and the time schedule
used in this study was implemented to match typical clinical
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regimens. We then examined the effect of IVIG on various
cytokines and chemokines, which may induce the first step
toward fibrosis. Increase in expression of fibrosis-related
cytokines, chemokines, and enzymes prior to the increase of
collagens and other extracellular matrix proteins in the
lesional area of dermis has been investigated [13]. Here we
focused on TGF-b1 and MCP-1 because both are crucial
factors in the induction of fibrosis. Their increased levels
were drastically ameliorated by IVIG. We also examined
other cytokines, such as IL-2, IL-6, KC, MIP-1a, RANTES,
GM-CSF, and TNFa, but they were largely unaffected (data
not shown). In addition, we successfully investigated MCP-1
suppression by IVIG using ELISA and immunohistochemi-
cal examination for the first time.

TGF-b is believed to influence the development of tissue
fibrosis in SSc patients by directly inducing collagen forma-
tion from fibroblasts in the dermal layer [14]. We previously
reported that local BLM injections induced collagen produc-
tion and cellular infiltrates the skin, lung inflammation and
fibrosis, and increased production of TGF-b1 in vivo [11].
TGF-b has been localized to the sites of mononuclear cell
infiltration and fibroblast activation by immunostaining
[11]. It is well known that activation of TGF-b cascade is
regulated not only by the expression of the molecule but also
molecular change from the latent molecule to the active one.
Whether this kind of activation is occurred or not in this
model and IVIG inhibition is observed at this point is inter-
esting and should be elucidated.

The role of chemokines in BLM-induced scleroderma has
been highlighted in literature [15,16]. MCP-1 is a multifunc-
tional inflammatory chemokine belonging to the C-C
chemokine superfamily. Upregulation of collagen expression
is preceded by monocyte infiltration and increase in TGF-b
mRNA expression. In addition, MCP-1 might influence
modulation of extracellular matrix deposition by stimulat-
ing interstitial collagenase production in human fibroblasts
[17]. Furthermore, fibrosis is not caused by BLM in MCP-1-
deficient mice [18],. Other studies have shown that this

chemokine is also important in other scleroderma models.
MCP-1 is upregulated in growth factor-injected mice under-
going simultaneous treatment with bFGF and CTGF
increased skin fibrosis [19]. By contrast, these treatments in
MCP-1-deficient mice decreased collagen content in the skin
suggesting the influence of MCP-1 in recruiting inflamma-
tory cells [19]. These results suggest the MCP-1 may be a key
determinant in the development of skin fibrosis induced by
BLM [18]. Administration of an anti-MCP-1 neutralizing
antibody reduced dermal sclerosis and decreased the skin
collagen content usually seen in the pathogenesis of BLM-
induced scleroderma. MCP-1 might contribute to the
induction of dermal sclerosis through the infiltration of
macrophages [16] or through the direct activation of the
fibroblasts. This critical role played by the chemokine in SSc
pathogenesis has also been demonstrated.

In this study, we mainly focused on effects of IVIG treat-
ment on early fibrotic changes. However, we also showed that
the drug significantly reduced the dermal thickness seen in
BLM-treated mice, even when administered at the later stage
of the experiment (Fig. 2b). This indicates that other mecha-
nisms may exist for the action of IVIG in this study, with
continued involvement of cytokines and chemokines result-
ing in scleroderma through an experiment. However, this
point should be further elucidated in future studies. In
various experimental models of diseases in mice and rats,
pharmacological properties of IVIG have been reported.
Indeed, immunological responsibility between human IgG
and Fc receptor on the murine cells might be limited in this
model. On the other hand, IVIG is considered to contain
much more types of antibodies derived from several thou-
sands of donors than that from mice bred in specific patho-
gen free conditions.

In conclusion, IVIG may act by inhibiting the recruitment
of macrophages to the sites associated with fibrotic skin
disorders. Furthermore, IVIG is thought to downregulate
MCP-1 and TGF-b production by macrophages and mono-
cytes, which is likely to activate fibroblasts, ultimately result-
ing in excessive accumulation of collagen in skin. This
indicates that IVIG may become an important therapy for
treating SSc patients.
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