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Abstract

Therapeutic effects of anti-CXCL10 antibody
on C protein-induced myositis (CIM) mouse

Jinhyun Kim
Department of Medicine (Immunology)
The Graduate School
Seoul National University

Introduction. CXCL10 (also called interferon-γ-inducible protein 10; IP-10)
is a chemokine that plays a critical role in the infiltration of T cell in
autoimmune diseases. CXCL10 is reported to be expressed in muscle tissue
of polymyositis. Thus, the role of CXCL10 and the effect of CXCL10
blockade were investigated in C protein-induced myositis (CIM), an animal
model of polymyositis.
Materials and Methods. CIM was induced with human skeletal muscle C
iv

protein

fragment

in

8-week-old

female

C57BL/6

mice.

Immunohistochemistry was performed to detect CXCL10 and CXCR3, the
receptor of CXCL10, in muscle tissue. Serum levels of CXCL10 were
measured by enzyme-linked immunosorbent assay. Surface markers
including CD3, CD4, F4/80, and B220 and other effector molcules in mouse
lymph node cells was investigated by flow cytometry. Migration assay of
CIM lymph node cells was performed with 5-μm pore transwell system. Mice
with CIM were treated with anti-CXCL10 antibody or control antibody from
day 8 after the induction of myositis until day 20 every other day and the
inflammation in muscle tissue was assessed 21 days after the induction.
Results. Immunohistochemistry showed increased expression of CXCL10
and CXCR3 in the inflammatory lesion of muscle in CIM. Especially, CD8+
T cells invading myofiber expressed CXCR3. Serum level of CXCL10 was
increased in CIM compared to normal mice (mean ± SD, normal mouse,
14.3 ± 5.3 pg/ml vs. CIM, 368.5 ± 135.6 pg/ml, p < 0.001). Flow
cytometry demonstrated localization of T cells in the lymph node of CIM and
increased CXCR3 positivity in CD8+ T cells compared to CD4+ T cells in
v

the lymph node cells of CIM (CXCR3+/CD4+ T cell, 23.5 ± 4.7 vs.
CXCR3+/CD8+ T cell, 65.9 ± 2.1, n = 6, p < 0.001). Moreover, IFN-γ+ cells
were increased among CXCR3+CD8+ T cells compared to CXCR3–CD8+ T
cells (CXCR3+CD8+ T cell, 28.0 ± 4.2% vs. CXCR3–CD8+ T cell, 9.5 ±
1.5%, p = 0.016). Migration of lymph node cells was increased in response to
CXCL10 (chemotactic index = 1.91 ± 0.45, p = 0.011). After inducing CIM,
mice treated with anti-CXCL10 antibody (n = 10) showed less inflammation
score in muscles than those with control antibody (anti-RVG1) (n = 10;
median [range], anti-CXCL10, 0.75 [0.25-2.00] vs. anti-RVG1, 1.43 [1.1254.25], p = 0.045).
Conclusion. CXCL10 / CXCR3 expression was increased in the
inflammation of CIM model and its blockade suppressed inflammation in
muscle.
Keywords: polymyositis, CXCL10, CXCR3
Student number: 2007-30971
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Introduction

Chemokines are 8- to 10-kDa proteins with 20 to 70% amino acid sequence
homology and produce chemotactic activity in various cells, especially
immune cells (Zlotinik and Yoshie, 2000). To date, approximately 50
different chemokines and at least 20 different receptors have been identified
(Murphy et al., 2000). Chemokines are subclassified into four subfamilies
based on the relative position of conserved cysteine residues (Baggiolini et al.,
1997; Rollins, 1997). Among them, CXCL10 (also known as interferon-γ
inducible protein-10, IP-10) is a chemokine that potentially plays a role in the
immunopathogenesis of autoimmune disease such as rheumatoid arthritis,
systemic

lupus

erythematosus,

systemic

sclerosis,

and

idiopathic

inflammatory myopathy (IIM) (Patel et al., 2001; Narumi et al., 2000; Fujii et
al., 2004; De Paepa, 2007). It is secreted by various cell types, such as,
monocytes,

neutrophils,

endothelial

cells,

keratinocyte,

fibroblasts,

mesenchymal cells, dendritic cells, and astrocytes (Luster et al., 1987).
CXCL10 binds to its receptor CXCR3, and regulates immune responses by
-1-

activation and recruitment of immune cells.
CXCR3 is a seven–transmembrane, G protein–coupled cell surface
chemotactic receptors for CXCL9/MIG, CXCL10/IP-10, and CXCL11/ITAC, and predicted to play an important role in lymphocyte trafficking,
preferentially that of activated T cells (Liu et al., 2005). Originally it was
cloned from T cells (Loetscher et al., 1996) but, now it is clear that CXCR3 is
expressed on activated T cells, NK cells, monocytes, dendritic cells,
endothelial cells, and microglia (Qin et al., 1998; Janatpour et al., 2001; Cella
et al., 1999). The differential activation of CXCR3 by CXCL10, CXCL9, and
CXCL11 may be related to their distinct biological function in vivo (Khan et
al., 2000; Hancock et al., 2001; Zhang et al., 2004). Previous reports
suggested that chemokines not only play an important role in lymphocyte
recruitment to inflammatory sites but also participate in T-cell activation
(Taub et al., 1996).
IIM are rare autoimmune diseases characterized by proximal muscle
weakness, elevated muscle enzymes, abnormal electromyographic findings,
and inflammation or vasculopathy in muscle tissue. IIM are subdivided into
-2-

dermatomyositis, polymyositis, and sporadic inclusion body myositis
according

to

the

immunopathological

features

(Mammen,

2010).

Dermatomyositis is a humoral endotheliopathy initiated by complement
deposition in intramuscular blood vessels, and it is characterized by
perimysial inflammation and muscle fiber atrophy in perifascicular regions.
In polymyositis and inclusion body myositis, non-necrotic muscle fibers are
actively invaded by autoaggressive macrophages and cytotoxic T cells
(Dalakas et al. 2012; Mammen, 2010). Despite recent advance in
immunosuppression, the treatment of IIM is not sufficient. Although many
kind

of

treatment

immunoglobulin,

including
azathioprine,

high-dose

corticosteroid,

cyclophosphamide

intravenous
or

other

immunosuppressant is available, some patients do not respond to these
treatments, especially, when they have lung involvement (Dalakas et al. 2012;
Kang et al., 2005).
Chemokines are also known to play an essential role in sustaining the
inflammation associated with IIM. In previous reports on IIM, CXCL10 was
abundantly expressed on macrophages and T cells in polymyositis, inclusion
-3-

body myositis and dermatomyositis whereas CXCL9 or CXCL11 was not
altered compared to control (De Paepe et al,. 2005, 2007). Strong CXCR3
expression has also been observed on the majority of T cells in both
polymyositis and dermatomyositis (De Paepe et al., 2005, 2007). In other
studies, CXCL10 is abundantly expressed on infiltrates of muscle in
inclusion body myositis and of muscle and skin in dermatomyositis (Raju et
al., 2003; Fall et al., 2005; Wenzel et al., 2006). In addition, CXCR3
expression on the majority of T cells in dermatomyositis was reported (Fall et
al., 2005). The above data suggest that T cell-mediated immunity is involved
and the CXCL10/CXCR3 interaction in particular may be a potential
therapeutic target in IIM.
Recently, animal model of human polymyositis, C protein-induced myositis
(CIM), was established by Sugihara, et al (Sugihara et al., 2008). CIM can be
induced easily by injection of human skeletal muscle C protein on C57BL/6
mice and its main mechanism of muscle damage by CD8+ T cell is similar to
human polymyositis (Sugihara et al., 2010). The purpose of this study was to
determine the therapeutic efficacy of anti-CXCL10 antibody in the CIM
-4-

model. First, the expression of CXCL10 and CXCR3 in C-protein induced
myositis mice was investigated. Second, the functional aspect of CXCR3
positive cell was studied and last, the change of muscle inflammation was
evaluated after administration of anti-CXCL10 antibody.

-5-

Materials and Methods

1. C-protein induced myositis model

Complementary DNA (cDNA) encoding fragments 2 of human fast-type
skeletal muscle C protein were given by Prof. Kohsaka in Tyoko Medical &
Dental University, Japan. The establishment of CIM model was described in
the previous study (Sugihara et al., 2008). cDNA fragments were introduced
into the TOP10F' bacterial host (Invitrogen, Carlsbad, CA, USA) and were
used to prepare recombinant C protein fragments according to the
manufacturer’s protocol. Soluble recombinant C proteins were dialyzed
against 0.5M arginine, 2 mM reduced glutathione, 0.2 mM oxidized
glutathione in phosphate buffered saline (PBS), pH 7.4. Endotoxin was
removed using Detoxi-Gel Endotoxin Removal Gel (Pierce, Rockford, IL,
USA).
C57BL/6 mice were purchased from OrientBio (Sungnam, Korea). Female
mice, ages 8–10 weeks, were immunized intradermally with 200 μg of the C
-6-

protein fragments emulsified in Freund’s complete adjuvant (CFA)
containing 100 μg of heat-killed Mycobacterium butyricum (Difco, Franklin
Lakes, NJ, USA). The immunogens were injected at multiple sites of the
back and foot pads, and 250 ng of pertussis toxin (PT) (Sigma-Aldrich, St.
Louis, MO, USA; Cat No. P7208) diluted with 0.03 % Triton X was injected
intraperitoneally at the same time. Hematoxylin and eosin–stained 10-μm
sections of the proximal muscles (hamstrings and quadriceps) were examined
histologically for the presence of mononuclear cell infiltration and necrosis of
muscle fibers. The histologic severity of inflammation in each muscle block
was graded as follows: grade 1 = involvement of a single muscle fiber; grade
2 = a lesion involving 2-5 muscle fibers; grade 3 = a lesion involving 6-15
muscle fiber; grade 4 = a lesion involving 16-30 muscle fibers; grade 5 = a
lesion involving 31-100 muscle fibers; and grade 6 = a lesion involving >100
muscle fibers. When multiple lesions with the same grade were found in a
single muscle block, 0.5 point was added to the grade. All experiments were
done under specific pathogen–free conditions. The experiment was approved
by Institutional Animal Care and Use Committee in Seoul National
-7-

University Hospital.

2. Immunohistochemistry

Immunohistochemical staining for the presence of CXCL10 or CXCR3 was
performed according

to

the manufacturer’s protocol based

on the

conventional streptavidin-biotin-peroxidase method. Representative sections
of 3-mm thickness of paraffin-embedded muscle tissue were rehydrated after
deparaffinization by xylene. Antigen retrieval was performed and the sections
were washed with citrate buffer. Then, the sections were immersed in 3%
H2O2 for 10 minutes to inhibit endogenous peroxidase activity and washed
three times by phosphate-buffered saline (PBS) over the course of 5 minutes.
Then, the sections were incubated with various primary antibodies. The
primary

antibodies

were

as

follows: anti-CXCL10

(Santa

Cruz

Biotechnology, Santa Cruz, CA, USA; 1:200) or anti-CXCR3 (Invitrogen,
Carlsbad, CA, USA; 1:200). Antigen retrieval was performed by boiling in
citrate buffer. 3,3-Diaminobenzidine tetrahydrochloride (DAB) was used as a
-8-

chromogen. Counterstaining with Meyer’s hematoxylin stain followed. As a
positive control, synovial tissue of collagen-induced arthritis was used and as
a negative control, primary antibody was omitted.
Cryostat-frozen sections (8 μm) were also used for detection of CXCR3.
The section fixed in cold acetone were stained overnight at 4ºC with mouse
anti-mouse CD4 (Abcam, Cambridge, UK), rat anti-mouse CD8a (Santa Cruz
Biotechnology), rabbit anti-mouse CXCR3 (Invitrogen) in blocking reagents.
A second layer of Alexa Fluor 555-conjugated anti-rabbit, Alexa Fluor 488conjugated anti-mouse, and Alexa Fluoro 647-conjugated anti-rat antibody
(all antibodies were purchased from Molecular Probes, Eugene, OR, USA)
were used as secondary antibodies, respectively. All sections were washed
and incubated for an additional 5 minutes with 4’-6-diamidino-2phenylindole (DAPI, Molecular Probes) for counterstaining. For negative
control, primary antibodies were omitted. The bound antibodies were
visualized using LSM510 META confocal laser microscopy (Carl Zeiss, Jena,
Germany).

-9-

3. Flow cytometry

Splenocytes of normal mice and CIM mice, inguinal lymph node cell of
CIM mice was harvested. The splenocytes were purified by Ficoll-gradient
methods. The cells were enumerated, and 5ⅹ105 cells were incubated with
Fc BlockTM (1 μg/mL; BD Bioscience, San Jose, CA, USA). Staining of the
cells was performed with the following antibodies: PerCP-labeled anti-mouse
CD3 (BD Bioscience), PE-labeled anti-mouse CXCR3, APC-labeled antimouse CXCR3, FITC-labeled anti-mouse CD4, FITC-labeled anti-mouse
CD8, PE-Cy5- labeled anti-mouse F4/80, APC-labeled anti-mouse B220, PElabeled anti-mouse IFN-γ, PE-labeled anti-mouse TNF-α, PE-labeled antimouse perforin, PE-labeled anti-mouse granzyme or PE-labeled anti-mouse
FasL (all antibodies were purchased from eBioscience, San Diego, CA, USA).
For intracellular cytokine staining, 5ⅹ105 lymph node cells were plated in
RPMI 1640 supplemented with 10% fetal calf serum, 100U penicillin/mL
and 100 μg/mL streptomycin (Gibco, Carlsbad, CA, USA). Cultures were
incubated with phorbol 12-myristate 13-acetate (PMA; 100 ng/mL; Sigma- 10 -

Aldrich) plus ionomycin (500 ng/mL; Sigma-Aldrich) in the presence of
brefeldin A (10 μg/mL; BD Pharmingen, San Diego, CA, USA) for 4 hours at
37°C.

After

stimulation,

cells

were

permeabilized

with

BD

Cytofix/Cytoperm™ solution according to the manufacturer’s instructions
(BD

Pharmingen),

stained

with

antibodies,

and

fixed

with

1%

paraformaldehyde. Flow cytometry was performed using a FACSCanto
(Becton Dickinson), and results were analyzed using FlowJo software
(TreeStar Inc. Ashland, OR, USA).

4. Enzyme-linked immunosorbent assay (ELISA) of CXCL10

Concentrations of CXCL10 in mouse sera were measured with sandwich
ELISA kits (MCX100, R&D Systems, Minneapolis, MN, USA) according to
the manufacturer’s instructions.

5. Migration assay
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Inguinal lymph node cells of CIM were harvested and the migration of
lymph node cell was evaluated by using a Costar Transwell system (24-well,
5-μm pore size membrane; Corning Costar, Cambridge, MA). Briefly, a total
of 5ⅹ105 cells were added to the top chamber with 0.1 ml serum-free RPMI
1640 media. The bottom chamber was filled with 0.6 ml serum-free RPMI
1640 media with or without 200 ng/ml recombinant mouse CXCL10 from
R&D systems (Campanella et al. 2008). The chambers were incubated for 3
hours at 37ºC. Then, the transmigrating cells in the bottom well were counted.
Each experiment was performed in triplicate.

6. Anti-CXCL10 antibody treatment in CIM

Mouse ascites containing

monoclonal anti-CXCL10

antibody and

monoclonal anti-RVG1 antibody (anti-rotavirus antibody used as a control
treatment) were generously given by Prof. Kawachi at Niigata University
Graduate School of Medical and Dental Sciences, Japan. After filtering
ascites with cell strainer, acetate buffer (4 times the volume of ascites) was
- 12 -

added. After the mixture was adjusted to pH 2.2~ 4.5 using NaOH, caprylic
acid (28 μl for 1 ml of the mixture) was added and the mixture was agitated
at 4ºC for 30 minutes. Then, the mixture was centrifuged at 4ºC, 12000g for
35 minutes and the supernatant was collected and 1M HEPES buffer was
added to final concentration of 20 mM. Then, saturated ammonium sulfate
was mixed to a final concentration of 45% and incubated at 4ºC for 3 minutes.
Centrifuging the mixture at 4ºC, 10,000g for 30 minutes, supernatant was
removed and the pellet was dissolved by phosphate-buffered saline (PBS)
and the mixture were dialyzed 2 times in PBS.
CIM mice were treated with anti-CXCL10 antibody (n = 10) or anti-RVG1
(n = 10) as purified by the above methods. Nine CIM mice were observed
without any treatment. Mice were immunized with C protein at day 0 and
treated by injecting monoclonal antibody 200 μg in 100 μL PBS
intraperitoneally every other day from day 8 till day 20.

7. Statistical analysis

- 13 -

All values are expressed as mean ± standard deviation (SD) or median
(minimum, maximum). Mann-Whitney U-test, Kruskal-Wallis test, t-test or
paired t-test (SPSS software; SPSS Inc) was used to compare groups. A pvalue < 0.05 was considered statistically significant.

- 14 -

Results

1. C protein purification and induction of C protein-induced
myositis

C protein was purified as described above method. The purified protein was
loaded to 12% acrylamide gel and Coumassie staining showed the same band
at about 40 kDa with positive control C protein that was given by Prof.
Kohsaka (Figure 1). CIM was induced with purified C protein and the muscle
tissue section was evaluated 3 weeks after induction. The incidence rate of
myositis was 90% (9/10 mice, Figure 2).
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Figure 1. Gel electrophoresis of C protein
Acrylamide gel electrophoresis of C protein and Coomassie staining
Lane 1-3. C protein (positive control, from Prof. Kohsaka): lane 1, 2 μg; lane
2, 4 μg; lane 3, 6 μg.
Lane 4-6. Purified C protein: lane 4, 1/10 dilution; lane 5, 1/4 dilution; lane 6,
1/2 dilution
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A

B

Figure 2. Histology of C protein-induced myositis
Leg muscle tissue of CIM in the study showed inflammation (H&E stain, x
200). (A) Hamstring muscle showed histologic grade 4. (B) Quadriceps
muscle showed two inflammatory lesions of grade 2.

- 17 -

2. The presence of CXCL10 in the muscle tissue and serum of
CIM and CXCR3 positive cell infiltration in the muscle of
CIM

Immunohistochemistry showed the positive staining of CXCL10 and
CXCR3 in the muscle tissue of CIM. CXCL10 was stained strongly in the
inflammatory lesion (Figure 3). Serum levels of CXCL10 increased in CIM
compared to normal mice (normal mouse, 14.3 ± 5.3 pg/ml vs. CIM, 368.5
± 135.6 pg/ml, p < 0.001, Figure 4). CXCR3 positive cells also scattered in
the lymph node and inflammatory lesion of muscle tissue (Figure 5).
Moreover, CD8+ T cells invading myofiber expressed CXCR3 (Figure 6).
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A

B

Figure 3. Immunohistochemistry of CXCL10 in the muscle of CIM
CXCL10 was stained in the inflammatory lesion of CIM. Two pictures were
the same section of muscle tissue. H&E stain (A, ⅹ200) and CXCL10
immunohistochemistry (B, ⅹ200).

- 19 -

CXCL10 (pg/ml)

600
500
400
300
200
100
0

normal

CIM

Figure 4. Serum level of CXCL10 in normal mice and CIM mice
The level of CXCL10 was measure by Enzyme-linked immunosorbent assay
in the sera of normal mice (n = 10) and CIM mice (n = 10) at 3 weeks after
induction. The serum level of CIM was more elevated in CIM than in normal
(normal mouse, 14.3 ± 5.3 pg/ml vs. CIM, 368.5 ± 135.6 pg/ml, p<0.001).
The horizontal lines means mean.
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A

B

Figure 5. Immunohistochemistry of CXCR3 in the lymph node and
muscle of CIM
CXCR3 was expressed in some cells of the lymph node cells (A,ⅹ200) and
inflammatory lesion in the muscle of CIM (B,ⅹ400).
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DIC

Figure 6. Immunostaining of cells invading myofiber in muscle of CIM.
Differential interference contrast (DIC) showed myofiber and invasive cells
in the middle of myofiber. The CD8 was co-stained with CXCR3 whereas
CD4 was not.

- 22 -

3. Abundance of CXCR3 expression in CD8+ T cells in
regional lymph node of CIM mouse

Localization of CXCR3+ cells in the regional lymph node
The proportion of T cell in the spleen and lymph node was measured by
flow cytometry. The normal splenocytes contained CD4 + T cells and CD8+
T cells while splenocyte of CIM contained few CD4+ T cells and CD8+ T
cells. However, the proportion of CD4+ and CD8+ T cells was increased in
the inguinal lymph node of CIM (Figure 7, Table 1). Normal mice did not
show discrete lymphadenopathy, thus, lymph node cells could not be
obtained.

CXCR3+CD8+ T cells are abundant in regional lymph nodes
The CXCR3 positivity in the lymph node cells of CIM was analyzed using
flow cytometry. CXCR3+ cells of CIM lymph node were 15.7 ± 3.7% and
composed of various immune cells (Figure 8) and CXCR3+ T cells were
abundant in CD3+CD8+ T cells (51.5 ± 3.0%, Table 2).
- 23 -

The proportion of CXCR3+ T cells among CD4+ T cells was 23.5 ± 4.7%
while the proportion of CXCR3+ T cell among CD8+ T cells was 65.9 ± 2.1%
(n=6, p<0.001, Figure 9).

IFN-γ+ cell are more abundant in CXCR3+CD8+ T cells compared to
CXCR3−CD8+ T cells
The effector molecule of CD8+ T cells was analyzed by flow cytometry.
CXCR3 positivity was associated with IFN-γ positivity (p=0.016). However,
TNF-α, perforin, granzyme, or FasL was not associated with CXCR3
positivity in the lymph node cells of CIM (Figure 10, Table 3).
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Figure 7. Distribution of CD4+ T cells and CD8+ T cells in normal mice
and CIM mice
Representative result of normal splenocytes (left), CIM splenocytes
(middle), CIM lymph node cells (right). There were few CD4+ T cells and
CD8+ T cells in CIM splenocytes compared to normal splenocytes. However,
there were many CD4+ T cells and CD8+ T cells in the inguinal lymph node
cells in CIM.
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Table 1. The proportion of CD4+ T cell and CD8+ T cell in normal
splenocytes, CIM splenocytes and lymph node cells
Normal
splenocytes
(n=4)

CIM
splenocytes
(n=3)

CIM lymph
node cells
(n=3)

P*

CD4+ T cell

16.1 ± 1.7

6.9 ± 2.8

10.5 ± 1.5

0.024

CD8+ T cell

6.4 ± 0.7

1.0 ± 0.3

9.8 ± 3.7

0.018

*by Krushkal-Wallis test (comparing normal splenocytes, CIM splenocytes
and CIM lymph node cell)
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A

B

Figure 8. CXCR3 positive immune cells in CIM lymph node
(A) CXCR3 positive cell was gated from lymph node cells. (B) CXCR3
positive cells were analyzed by cell-specific markers (CD3, CD8 for T cells;
B220 for B cells; F4/80 for macrophages).
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Table 2. The distribution of immune cells among CXCR3 positive cell in
CIM lymph node (n=3)
Cell marker

The proportion (%) among CXCR3+ cells

CD3+CD8–

31.4 ± 2.9

CD3+CD8+

51.5 ± 3.0

B220+

12.1 ± 6.0

F4/80+

4.3 ± 2.6

- 28 -

Figure 9. The proportion of CXCR3 positive cells among CD4+ T cells
and CD8+ T cells
Representative result of CIM lymph node cells: CD4+ T cells (upper row)
and CD8 + T cells (lower row). CD4+ T cells and CD8+ T cells were gated
(left column) and CXCR3 positivity was analyzed in the gated cells (right
column). Compared to CD4+ T cells, CD8+ T cells showed more CXCR3
positivity.
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Figure 10. The effector molecules of CD8+ T cells
Lymph node cells of CIM were stimulated with phorbol 12-myristate 13acetate, ionomycin and brefeldin A for 5 hours. CD3+CD8+ cells were gated
(left upper figure) and analyzed according to presence of CXCR3 and
effector molecules.
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Table 3. The comparison of effector molecules positive cells between
CXCR3+CD8+ T cells and CXCR3-CD8+ T cells (n=3)
Effector
molecule

positive cell
/CXCR3+ CD8+ T cell

positive cell
/CXCR3- CD8+ T cell

IFN-γ

28.0 ± 4.2%

9.5 ± 1.5%

0.016

TNF-α

34.7 ± 4.3%

38.0 ± 1.5%

0.362

Perforin

0.90 ± 0.22%

0.43 ± 0.16%

0.127

Granzyme

1.22 ± 0.82%

0.47 ± 0.29%

0.133

FasL

2.74 ± 1.85%

1.60 ± 0.79%

0.295

*Paired t-test
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p*

4. The migration of CIM lymph node cells was increased by
CXCL10

Inguinal lymph node cells of CIM was stimulated with CXCL10 (200 ng/ml)
or without CXCL10 in the migration assay. The degree of migration was
calculated as chemotactic index (number of migrated cell in the presence of
CXCL10 / number of migrated cells in the absence of CXCL10). The
increased migration of the cells in the presence of CXCL10 was observed
(chemotactic index was 1.91 ± 0.45, n=5, p = 0.011, by KolmogorovSmirnov test, Figure 11)
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A

B

Figure 11. Picture of migrated cells in the migration assay of inguinal
lymph node cells
Representative pictures of migrated cells were taken from the bottom well of
Transwell system. The cells from inguinal lymph node of CIM were
stimulated with CXCL10 (200 ng/ml, A) versus control (B).
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5. The therapeutic effect of CXCL10 blockade in CIM

The CIM mice were treated with the intraperitoneal injection of monoclonal
anit-CXCL10 (200 μg / 100 μl) or anti-RVG1 antibody (as control, 200 μg /
100 μl) every other day from day 8 to day 20. Three weeks after induction,
muscle inflammation was compared between treatment groups by histologic
score. The group treated with monoclonal anti-CXCL10 antibody showed
significant improvement of muscle inflammation compared to the group
treated with anti-RVG1 (p=0.045) or the group which did not receive any
treatment (p=0.002). The results were summarized in Table 4 and Figure 12.
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Table 4. The results of anti-CXCL10 or control antibody treatment in
CIM

Group

Histologic score

No treatment
(n=9)

AntiCXCL10
(n=10)

Anti-RVG1
(n=10)

2.23

0.75

1.875

(1.125, 3.875)

(0.25, 2.00)

(1.125, 4.25)

Data are expressed as median (min, max).
*by Kruskal-Wallis test
p = 0.002, no treatment vs. anti-CXCL10, by Mann-Whitney test
p = 0.045, anti CXCL10 vs. anti-RVG1, by Mann-Whitney test
p = 0.120, no treatment vs. anti RVG1, by Mann-Whitney test
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p*

0.005

Figure 12. The results of anti-CXCL10 or control antibody treatment in
CIM
No Tx: no treatment group, anti-CXCL10: anti-CXCL10 treatment group,
anti-RVG1: anti-RVG1 treatment group (control antibody)
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Discussion

We investigated the role of CXCL10/CXCR3 axis using murine model of
polymyositis based on the previous study on chemokine profile of human
IIM (De Paepe et al., 2007). The major findings of the present study were the
following: CXCL10 and CXCR3 were expressed in the inflammatory lesion
in the CIM muscle tissue. The level of CXCL10 was increased in the serum
of CIM as well. In this study, most of the CXCR3 positive cells were CD8+
T cell (51.5 ± 3.0%). CXCR3 was expressed in more than half of CD8+ T
cells in regional lymph node (65.9 ± 2.1%). CD8+ T cells had been known as
principal pathogenic cells in CIM (Sugihara et al., 2010). Moreover,
CXCR3+CD8+ T cells infiltrated in myofiber. CXCR3+CD8+ T cells
showed more IFN-γ positivity compared to CXCR3−CD8+ T cells. Regional
lymph node cells migrated with stimulation of CXCL10 more than without
stimulation of CXCL10. Treatment with anti-CXCL10 ameliorated muscle
inflammation in CIM mice. These results suggest that CXCL10/CXCR3
interaction seems to play a crucial role in inflammatory cell migration into
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muscle in CIM.
Several animal models of myositis have been introduced (Rosenberg et al.,
1987; Nagaraju et al., 2000; Katsumata et al., 2007; Sugihara et al. 2008).
Among them, transgenic mouse and special diet model resembles inclusion
body myositis (Rosenberg et al., 1987). Antigen-induced models include
laminin, myosin, or C protein-induced rats or mice models. Most commonly
used animal model of polymyositis, experimental autoimmune myositis
(EAM), is inducible specifically in SJL/J mice by repeated administration of
muscle homogenate or partially purified myosin (Rosenberg et al., 1987;
Matsubara et al., 1993; Suzuki et al. 2005). This model is a complex
representation of disease, because SJL/J mice have a dysferlin gene mutation
that causes spontaneous muscle necrosis and secondary muscle inflammation
(Bittner et al., 1999). Immunohistochemical studies have shown that
infiltrating T cells in the muscle are dominated by CD4+ T cells, suggesting
that the EAM disease model is mediated by CD4+ T cells (Rosenberg et al.,
1989). Conditional upregulation of MHC class I molecule in muscle of
mouse can mimic autoimmune myopathies (Nagaraju et al., 2000).
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Nonetheless, that model requires special transgenic technology and showed
endoplasmic reticulum stress response due to MHC class I overexpression
and disturbance of muscle metabolism before inflammation (Nagaraju et al.,
2005; Coley et al., 2012). Thus, it is possible that pathogenesis could be
attributed to non-immunologic mechanism. Newly developed histidyl-tRNA
synthetase immunization model uniquely shows extramuscular manifestation
like lung inflammation and autoantibody to histidyl-tRNA synthetase
(Katsumata et al., 2007; Soejima et al., 2011). However, this model usually
needs intramuscular injection which itself can induce inflammatory lesion.
CIM used in this study was established as a simple murine model of
polymyositis. A single injection of mice with recombinant human muscle
protein induced severe and clinically significant inflammation of the skeletal
muscles. Previous studies on the CIM demonstrated that several types of
immune cells could be involved. Macrophages and CD4+ T cells are also
abundant in the muscle inflammation. CD4+ T cell depletion exerted the
same effect as CD8+ T cell depletion (Sugihara et al., 2008). Thus, CD4+ T
cells as well as CD8+ T cells might participate in pathogenesis. However,
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CD8+ T cells were enriched in the endomysial site, the site of muscle injury,
and expressed perforins preferentially at the endomysial site. Class I MHC
expression was up-regulated in muscles with severe inflammation in mice
with CIM (Sugihara et al., 2008). Moreover, removal of class I MHC
significantly suppressed myositis and adoptive transfer model featured that
the CD8 T cell-induced muscle injuries were significantly more severe than
the CD4 T cell-induced muscle injuries (Sugihara et al., 2010) Especially
when evaluating the necrotic muscle area representing direct muscle injury,
CD8+ T cells were dominant. In this regard, the new CIM model provides a
clear contrast to the previous EAM model, which appears to be driven by
CD4+ T cells. The finding that CD8+ cytotoxic T lymphocytes primarily
damage the muscle fibers in CIM confirmed that CIM is the mouse myositis
model most analogous to human polymyositis. The present study showed that
CXCR3 was expressed in CD8+ T cells more than CD4+ T cells in regional
lymph node and moreover, muscle-invasive CD8+ T cells expressed CXCR3.
In addition, CXCR3+CD8+ T cells showed more frequent IFN-γ positivity in
the inguinal lymph node. Perforin or granzyme can be the cytotoxic
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mechanism for CD8+ T cells to injure muscle fiber in this model (Sugihara et
al., 2010). However, this study could not detect perforin / granzyme or FasL
in CD8+ T cells. This result could be attributed by using lymph node cells
rather than directly infiltrated cells.
The source of CXCL10 is not clear based on this study. The previous study
of immunolocalization of CXCL10 showed expression in the inflammatory
lesion and vessel, but not in the muscle fiber (De Paepa et al., 2007)
Immunohistochemistry of CIM muscle in this study showed similar pattern of
staining on infiltrating cell. However, it might be expressed in the muscle
tissue of inflammatory state. Recently, primary human muscle cell was
known to secret CXCL10 after stimulation with TNF-α or IFN-γ (Crescioli et
al., 2012). Those results suggested the active role of muscle cells in immune
response. Further study can be focused in the interaction between muscle cell
and immune cells such as CD8+ T cells, CD4+ T cells, or macrophage.
IIMs are Th1-driven autoimmune processes characterized by significant
inflammatory cell infiltrates in muscle and other tissue resulting in muscle
injury (Grundtman et al., 2007). About 25% of patients cannot tolerate or are
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refractory to the conventional therapies (Wiendl et al., 2005) and there are no
defined guidelines for myositis treatment (Tournadre et al., 2010). Therefore,
the developments of new therapeutic agents are necessary. In addition to
polymyositis, CXCL10/CXCR3 axis was also reported to be involved in
inclusion body myositis and dermatomyositis. CXCL10 is abundantly
expressed on macrophages and T cells surrounding and invading nonnecrotic
muscle fibers in inclusion body myositis (Raju et al., 2003). CXCL10
expression on T cells in the perimysial infiltrates of dermatomyositis and
CXCR3 expression on the majority of T cells in dermatomyositis was also
known. Juvenile type dermatomyositis also showed high expression of
CXCL10 in muscle tissue (Fall et al., 2005) and the expression of CXCL10
expression and recruitment of CXCR3+ T cells was detected in the skin
lesions of dermatomyositis (Wenzel et al., 2006).
In clinical aspects, the development of therapeutic agent against
CXCL10/CXCR3 in IIM is plausible. As mentioned in introduction, the
studies demonstrated that the expression of CXCL10 and CXCR3 was
increased in collagen-induced arthritis model, and neutralizing anti-CXCL10
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antibodies ameliorated disease manifestations in these models (Salomon et al.,
2002; Kwak et al. 2008). Moreover, CXCL10 and CXCR3 expression is also
increased in the synovial membrane of rheumatoid arthritis patients (Qin et
al., 1998; Patel et al., 2001). Thus, clinical trial of blocking antibody against
CXCL10 showed promising outcome (Yellin et al., 2012). Taken the results
of this study into consideration in parallel with the studies on rheumatoid
arthritis, CXCL10/CXCR3 pathway can be candidate as a therapeutic target
in human IIMs.
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요 약 (국문초록)

서론. CXCL10 (interferon-γ-inducible protein 10; IP-10)는
자가면역질환에서
케모카인이다.
것으로

T세포의

CXCL10은

보고되고

침윤에

중요한

역할을

다발근육염의 근육조직에서

있다.

따라서

다발근육염의

하는

발현되는
동물모델인

C단백유발근육염 생쥐에서 CXCL10의 역할과 CXCL10 차단의
효과를 연구하였다.

재료

및

방법.

C단백유발근육염을

인간골격근의

C단백절편을

이용하여 8주령 암컷 C57BL/6 생쥐에서 유도하였다. CXCL10과
그

수용체인

면역화학염색을
농도를

CXCR3를
실시하였다.

근육조직에서

또한 생쥐의 혈청에서

효소결합면역흡착측정법으로

림프절세포와

비장세포에서

발견하기

유세포

측정하였다.

분석법으로

위해서

CXCL10의
생쥐의

표면표지자

및

효과분자(effector molecule)를 분석하였다. 5-μm pore 트랜스웰
시스템

(transwell

system)을

이용하여

쥐의

림프절세포의

이동분석을 하였다. 마지막으로 C단백유발근육염이 유도된 쥐를
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항CXCL10항체

또는

대조항체로

근육염

유도

후

8일째부터

20일째까지 격일로 치료를 하였고 유도 후 21일째 근육조직에서
염증을 평가하였다.

결과. 면역화학염색으로 C단백유발근육염의 근육에서 CXCL10과
CXCR3가 발현됨을 확인하였으며, 특히, 근육을 침범하는 CD8+
T세포에서 CXCR3가 발현됨을 확인하였다. CXCL10의 혈청농도는
정상

생쥐와

비교하여

C단백유발근육염

생쥐에서

증가되었다

(정상생쥐, 14.3 ± 5.3 pg/ml vs. C단백유발근육염 생쥐, 368.5 ±
135.6 pg/ml, p < 0.001). 유세포 분석에서 T세포는 C단백유발
근육염의 비장보다 림프절에 주로 분포하였으며, C단백유발근육염
림프절세포에서

CXCR3의

양성율은

CD4+

T세포보다

CD8+

T세포에서 증가되어 있었다 (CXCR3+/CD4+ T cell, 23.5 ± 4.7
vs. CXCR3+/CD8+ T cell, 65.9 ± 2.1, n = 6, p < 0.001). 더구나
IFN-γ

양성세포는

CXCR3+CD8+

T세포에서

CXCR3–CD8+

T세포보다 증가되어 있었다 (CXCR3+CD8+ T cell, 28.0 ± 4.2%
vs. CXCR3–CD8+ T cell, 9.5 ± 1.5%, p = 0.016). 림프절세포의
이동은 CXCL10에 반응하여 증가되어 있었다 (chemotactic index
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=

1.91

±

0.45,

p

=

0.011).

C단백유발근육염을

유도후

항CXCL10항체로 치료하였을 때 (n = 10), 대조치료(anti-RVG1, n
= 10)에 비해서 낮은 염증수치를 보였다 (median [range], antiCXCL10, 0.75 [0.25-2.00] vs. anti-RVG1, 1.43 [1.125-4.25], p
= 0.045).

결론.

C단백유발근육염모델에서

발현이

증가되어 있으며, 이를 차단하는 것은 근육의

CXCL10/CXCR3이

억제하였다.
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염증에서
염증을

