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Abstract The idiopathic inflammatory myopathies (I1M),
including dermatomyositis (DM), polymyaosititis (PM)
and inclusion body myositis (IBM), are a group of au-
toimmune diseases characterized by chronic lymphocytic
and macrophagic infiltration in muscle. The mechanism
for recruitment of these cells probably involves chemo-
kines. We have previously reported that monocyte chemo-
attractant protein-1 (MCP-1), a 3 chemokine, seems to
play a magjor role in mononuclear cell recruitment espe-
cially in DM. Here we have investigated the distribution
of the main MCP-1 receptors CCR2A and CCR2B in [IM
by polymerase chain reaction (PCR), immunohistochem-
istry and in situ hybridization. We have shown by reverse
transcription-PCR that both CCR2A and CCR2B were ex-
pressed at low level in normal muscle and that CCR2A
was up-regulated in 1IM (P=0.02) and was higher in PM
and IBM than in DM (P=0.04). By immunohistochem-
istry and in situ hybridization we have observed that
CCR?2 isoforms were expressed by different cell subsets
in both normal and IIM muscle. CCR2A was expressed in
vessel walls and by some mononuclear cells, especialy in
cellsinvolved in partial invasion in PM and IBM. CCR2B
expression was observed in all satellite cells, in the mus-
cular domain of neuromuscular junctions and in some re-
generative fibers of [IM, but not in inflammatory exu-
dates. In conclusion, the present study highlights the ma-
jor role played by MCP-1 and its counter-receptor CCR2
in the pathophysiology of 1M, and shows that the CCR2
receptors are cell specific. The variation of the total
amount of CCR2A and its local distribution according to
the type of 1IM might be a new path towards the under-
standing of the constitution of mononuclear infiltrates in
M.
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Introduction

The idiopathic inflammatory myopathies (11M) including
dermatomyositis (DM), polymyositis (PM) and inclusion
body myositis (IBM) are a heterogeneous group of dis-
eases morphologically characterized by chronic lympho-
cytic and macrophagic infiltration in muscles [4, 10].

In DM, perivascular inflammatory exudates, mainly
composed of CD4* T lymphocytes, B lymphocytes and
macrophages, are observed. The main immune effector
response appears to be humora and directed against the
microvasculature. Membrane attack complex (MAC) de-
posits are observed within the intramuscular capillaries
[24]. In PM and IBM, cytotoxic CD8" T cells and macro-
phages focally surround and invade non-necrotic muscle
fibers expressing major histocompatibility complex class
| [13, 16, 23].

Numerous studies have shown that cytokines play a
major role in autoimmune diseases including 11M. We and
others have shown strong proinflammatory cytokine ex-
pression, predominant Thl immune response and up-reg-
ulation of cell adhesion molecule expression in [IM [12,
26, 27, 29]. In addition, strong expression of 3-chemo-
kines controlling at least monocytes and T cell migration
has been reported in [IM [1]. Monocyte chemoattractant
protein-1 (MCP-1), the major B-chemokine is highly ex-
pressed in [IM [9, 28]. Moreover, we have observed that
MRNA expression was highest in DM and that local ex-
pression of MCP-1 was different in each [IM. Perivascu-
lar inflammatory cells highly expressed MCP-1 mRNA in
DM, whereas it was strongly expressed by mononuclear
cells partially invading non-necrotic muscle fibersin both
PM and IBM. These results suggest that MCP-1 plays a
major role in the local accumulation of discrete cell sub-
sets in these diseases [28]. Because chemokines bind and
activate specific transmembrane receptors expressed by
target cells, it was relevant to search for MCP-1 receptor
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(CCR2) expression in [IM. CCR2 exists as two isoforms
CCR2A and CCR2B by alternative splicing of a single
gene[7]. CCR2 isclosely related to the MIP-1a0/RANTES
receptor, transduces signals in response to nanomolar con-
centrations of MCP-1 in a highly specific manner and ap-
pears to be the high-affinity M CP-1-specific receptor pre-
dicted by the pharmacological studies [7]. CCR2 aso
binds MCP-2, MCP-3 and MCP-4, but with alower affin-
ity [18, 20]. CCR2A and CCR2B differ by their C-termi-
nal tails [7]. This probably represents a mechanism to in-
crease the diversity of cellular responses to this important
chemokine. To investigate the role of CCR2 in the im-
mune response in human IIM, we have studied the ex-
pression of its two isoforms CCR2A and CCR2B by re-
verse transcription (RT)-PCR in a series of muscle biopsy
specimens from patients suffering from [IM. Moreover,
we report the cellular distribution of both CCR2A and
CCR2B using immunohistochemistry and the focal tissue
distribution of CCR2A mRNA by in situ hybridization.

Materials and methods
Human muscle specimens

Muscle biopsy specimens were obtained for diagnostic purposes.
None of the patients had received corticosteroids or immunosup-
pressive therapy at the time of muscle biopsy. The diagnoses were
based on conventional criteria. Eight cases were classified as DM
(four men and four women, mean age 22 years, range 242 years),
five cases as PM (three men and two women, mean age 48 years,
range 22-74 years), and four cases as IBM (two men and two
women, mean age 70 years, range 61—79 years). The mean duration
of disease before diagnosis was 28 days for DM cases, 4 months
for PM cases, and 5 years for IBM cases. All muscle samples were
frozen in isopentane, cooled in liquid nitrogen and stored at —80°C
until required. Muscle specimens from four patients biopsied for
investigation of familial malignant hyperthermia susceptibility and
showing negative contracture test results served as negative con-
trols. Human tonsil was used as positive controls for CCR2A and
CCR2B expression.

RNA extraction, PCR amplification and radioactive hybridization

Total cellular RNA was extracted from about ten 25-pum sections
of each muscle specimen with the total quick RNA cell and tissues
kit from Euromedex (Souffelweyersheim, France). RT was per-
formed with 10 pl of total RNA preparation and maintained for
1.5 h at 37°C. The reaction was stopped by heat inactivation for
5 min at 95°C. The cDNA products were then amplified by an au-
tomated thermocycler (Robocycler, Coger, France). Control PCR
amplifications for the house keeping gene glyceraldehyde 3-phos-
phate dehydrogenase (G3PDH) were performed for each sample to
confirm cDNA integrity and ensure, after computer program
analysis (NIH image 1.61), that equivalent amounts of cDNAs
were utilized for PCR analysis. The G3PDH primers used for this
reaction were 5-CCTCAAAGGCATCCTGGGCTACAC-3', as
direct primer and 5-CATGTGGGCCATGAGGTCCACCAC-3 as
reverse primer, located respectively at positions 867-890 and
1053-1030 (GenBank Gl 31644). CCR2A expression was tested
using the direct primer 5-CATTAGCCTATGTGCATGC-3" and the
reverse primer 5-TTACTTCAGGGGAGCTTCTCC-3', located,
respectively at positions 1590-1608 and 1900-1881 (GenBank
Gl 472555); CCR2B expression was tested using the following
primers: direct primer 5-TGGACAAAGACAAAGGTG-3, re-
verse primer 5-AAGAAGCATCTGAACAATGG-3  located re-
spectively at positions 1604-1621 and 1880-1861 (GenBank Gl

472557). Negative controls were performed by omitting RNA
from cDNA synthesis and PCR amplification. The mixtures were
subjected to 26 (G3PDH) and 35 (CCR2A and CCR2B) amplifica-
tion cycles, each cycle consisting of 95°C for 10 s, 65°C (G3PDH)
or 46°C (CCR2A) for 15 s and 72°C for 8 s (G3PDH) or 10 s
(CCR2A and CCR2B). The 311-bp (CCR2A) and 277-bp
(CCR2B) products were purified with the Geneclean kit (Bio 101,
LaJolla, Calif.) subcloned into apGEM-T vector (Promega, Madi-
son Wis.), sequenced to verify specific amplification, and used as
probes for RT-PCR Southern blots. PCR products were elec-
trophoresed in 2% agarose gels (Nusieve, TEBU, Le Perray en
Yvelines, France) and the bands were visualized with ethidium
bromide staining. The size of the PCR products was determined
using DNA molecular weight marker VI (Boehringer, Mannheim,
Germany).

PCR products were transferred onto the Hybond-N nylon mem-
brane (Amersham, Les Ullis, France) and fixed by UV cross-link-
ing. Probe was [¥P]dCTP-labeled (Amersham) using the “Non-
aPrimer Kit I1” (Appligene, Illkirch, France). Hybridizations were
done at 65°C overnight in a 6x SSC (standard sodium citrate), 5x
Denhardt, and 0.5% SD'S solution. Washes were performed as fol-
lows: 30 minin 0.5x SSC-0.1% SDS and 30 minin 0.1x SSC-0.1%
SDS. Signals were detected by exposing the membrane to X-ray-
sensitive films (Eastman Kodak, Rochester, N.Y.); intensity analy-
sis of the amplified bands was performed with an imager (Appli-
gene, lllkirch, France) and the appropriate computer program (NI1H
image 1.61). Statistical analysis was performed using the Mann
and Whitney test to compare subgroups of patients.

In situ hybridization

The “SureSite Il in Hybridization System” kit (Novagen, Oxon,
UK) was used for this experiment. For CCR2A, a template con-
sisting of the 311-bp complementary DNA in the expression vec-
tor pGEM-T was used for riboprobe synthesis. pGEM-T vector
was linearized with the restriction enzymes Ndel and Ncol (Bio-
labs, Montagny e Bretonneux, France) as recommended by the
manufacturer and Sp6 and T7 RNA polymerases were used to syn-
thesize sense and antisense riboprobes as determined by sequenc-
ing. Probes were labeled with [3*SJUTP (Amersham) and purified.
They were electrophoresed on formaldehyde gel, transferred onto
Hybond-N nylon membrane, and exposed to X-ray-sensitive films
to monitor their integrity.

Several cryostat sections, 5 um thick, were used for in situ hy-
bridization. Slides were coated with 3-aminopropyl-triethoxy-silane,
fixed in 4% paraformaldehyde for 20 min, treated with proteinase
K (3 ug/ml) for 5 min, acetylated with 0.25% acetic anhydride in
0.1 M triethanolamine, and rinsed in PBS. Slides were then sub-
merged in prehybridization solutions. Hybridization was carried
out overnight at 50°C in a moist chamber with 5x10° dpm per
dide. After hybridization, the slides were washed according to
manufacturer’s instructions. Tissue sections were dipped in lique-
fied NTB-2 emulsion (Eastman Kodak) and exposed at 4°C in
boxes containing desiccant for 4 weeks before being developed
(Kodak D 19 developer), counterstained with Mayer’s hematoxy-
lin, and coverslipped. Sense probes were used in each experiment
to stain adjacent sections under the same experimental conditions.

Immunohistochemistry

Immunohistochemistry was performed on serial 5-pm-thick frozen
sections in all muscle specimens. The first one was stained with
hematoxylin and eosin. The others were treated for anti-CCR2A
(1/50°) and CCR2B (1/20°) (Santacruz, Calif.) or used as a nega-
tive control. For that, ten times the blocking peptide (pCCR2A or
PCCR2B) was added to 4 pg/ml and 10 pg/ml of the diluted pri-
mary antibody, (anti-CCR2A or anti-CCR2B, respectively), and
incubated overnight at room temperature. Then, instead of the pri-
mary antibody, the mixture of the blocking peptide and the pri-
mary antibody was applied to the section, which was then pro-
cessed by conventional immunohistochemistry. In addition, im-



Fig.1A-D Reverse transcrip-
tion-PCR analysis of CCR2A
and CCR2B expression in [IM.
A DM, B PM, C IBM, and D
normal muscles. G3PDH am-
plification shows homogenized
cDNA amounts (agarose gel
electrophoresis and ethidium
bromide staining) (CCR CC
chemokine receptor, [IM idio-
pathic inflammatory myo-
pathies, DM dermatomyositis,
PM polymyosititis, IBM inclu-
sion body myositis, T* tonsil
positive control, T- negative
control)
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munohistochemical detection of proteins involved in the regenera-
tion process was performed [17]; serial 5-um-thick frozen sections
were incubated with anti-polysialic acid-neural cell adhesion mol-
ecule (PSA-NCAM) antibody (kind gift of G. Rougon) and devel-
opmental myosin heavy chain antibody (Novocastra, Tebu, Le Per-
ray en Yvelines, France).

Results

CCR2A and CCR2B mRNA expression in muscles
and controls

CCR2A and CCR2B mRNA expression was studied in
I[IM and control muscles using RT-PCR (Fig.1). CCR2A
and CCR2B amplification products were observed in all
samples tested at the predicted size (311 bp and 287 bp for
CCR2A and CCR2B, respectively). However, the inten-
sity of the signal varies from one case to another and is
sometimes observed only after prolonged exposure of the
membrane to X-ray-sensitive films.

The signal for CCR2B PCR products was amost the
same whatever the subtype of 1IM (DM, PM or IBM), and
was not significantly higher in [IM versus control muscle
(P=0.96). In contrast, the signal for CCR2A was higher in
muscles from patients suffering from [IM versus (P=
0.02). Moreover, the intensity was higher in the PM/IBM
group than in the DM group (P=0.04). The signal for both
CCR2A and CCR2B was intense in tonsil.

Localization of CCR2A mRNA expression in muscles
This was done by in situ hybridization (Fig.2). Using

MRNA sense probe, no signal was observed. In contrast,
the mMRNA CCR2A antisense probe showed a signa in
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mononuclear inflammatory infiltrates in al [1M. Interest-
ingly, in 1M the signal was stronger in the endomysial in-
flammatory exudates and especially in inflammatory cells
involved in partial invasionin PM and IBM. A low signal
was also observed in vascular smooth muscle cellsin both
norma muscle and 1IM (data not shown). Endothelial
cells, however, were negative (data not shown).

Localization of CCR2A and CCR2B protein products
in muscles

In normal muscles, anti-CCR2A immunoreactivity was
observed in all vessels except capillaries. The immuno-
staining was localized in smooth muscle fibers but not in
endothelial cells. No immunostaining was observed after
the preincubation of the primary antibody with the block-
ing peptide. In [IM, the same pattern of immunostaining
was observed in blood vessels with anti-CCR2A (Fig. 3A).
In addition, some mononuclear cells expressed CCR2A
especially among the mononuclear cells involved in par-
tial invasion in PM and IBM (Fig.3B). Immunoreactive
inflammatory cells were rarely seen in DM (Fig.3A). In
normal muscles, anti-CCR2B expression was observed in
al satellite cells (Fig. 3C) and in the muscular domain of
neuromuscular junctions (Fig.4A, B). The immunostain-
ing was abolished after preincubation of the antibody with
the blocking peptide. In 1M some regenerative fibers were
strongly and diffusely immunostained with anti-CCR2B
antibody (Figs. 3C, 4D). The same expression pattern was
observed in rhabdomyolytic muscles (data not shown).

On serial sections, it was obvious that CCR2B-immuno-
stained fibers also expressed other regenerative markers
such as developmental myosin heavy chain (Fig.4E) and
PSA-NCAM (Fig.4F).



Fig.2A-D Distribution of the CCR2A mRNA by in situ hybrid-  vasion were strongly positive (A, arrow). Controls with the sense
ization. Positive cells were mainly located in inflammatory infil-  probe were negative (B, PM, and D, DM, serial sections with A
tratesin PM (A) and DM (C). In PM, cellsinvolved in partial in-  and C, respectively). A, B x300; C, D x500



Fig.3A—C Immunohistochemical localization of CCR2A and
CCR2B in DM and PM. A CCR2A stained vessel walls and few
mononuclear cells (arrow) in DM. B Numerous inflammatory
cells partially invading non-necrotic muscle fibers strongly ex-
pressed CCR2A in PM (arrow). C These inflammatory cells do
not express CCR2B. Note the CCR2B expression in a satellite cell
(arrow) and in regenerative fibers (asterisk). A x185; B, C x250

Intonsil, very few mononuclear cells expressed CCR2B,
whereas numerous cells expressed CCR2A (Fig.4C).

Discussion

The results of recent studies on the molecules produced in
inflammatory muscle tissue have provided new insights
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into the functional aspects of the chronic inflammation in
I[IM. Recently, cytokines have become targets for the de-
velopment of a completely new concept of therapy in
these diseases [6, 11]. Because of the significant role of
monocyte/macrophage infiltration in [IM, MCP-1 recep-
tors also represent a potentially important target for ther-
apy. A prerequisite was the definition of CCR2 expression
patternin IIM. In this study we report that (1) CCR2 is ex-
pressed at low level in normal muscle, (2) CCR2 (A and
B) is up-regulated in 1IM, (3) in both norma and IIM
muscles CCR2 isoforms (CCR2A and CCR2B) are ex-
pressed by different cell subsets, and finally (4) CCR2A is
mainly expressed by mononuclear cells partially invading
non-necrotic muscle fibersin both PM and IBM.

In normal and diseased muscles, CCR2A was observed
in vascular smooth muscle cells, in keeping with the
CCR2 expression previously reported by Hayes et al.
[21]. We also report for the first time CCR2B expression
in satellite cells and in the muscular domain of the neuro-
muscular junction. CCR2B was aso observed in regener-
ative fibers and the immunoreactivity was abolished after
preincubation of the CCR2B antibody with the CCR2B
blocking peptide. CCR2B expression by these fibers was
transient and disappeared before the down-regulation of
the developmental myosin heavy chain [17]. Recently,
Yamamoto et al. [36] described in the 5° untrandlated re-
gion of the CCR2 gene Oct-1 and C/EBP binding se-
guences essential for the transcriptional activation and the
tissue-specific expression of CCR2. Moreover, severd
consensus E-boxes (-CANNTG-) [31] were present in this
region. E-boxes are the molecular target for muscle regu-
latory factors (MRF) and, although additional flanking
nucleotides also have a role in DNA target specificity,
binding of the MRF to E-box elements located within the
regulatory regions of most muscle-specific genes is often
sufficient to activate muscle gene expression [19]. Addi-
tional studies need to be done to elucidate the factors re-
sponsible for CCR2A and CCR2B muscle-specific ex-
pression, and moreover, athough the expression of CCR2A
by the smooth muscle cells is associated with chemotaxis
and proliferation [21], the specific role of CCR2B in the
regeneration process is unknown at present. Previous
studies have aso reported other signaling molecules such
as interleukin (IL)-1 or IL-6 in normal end plates and in
the regeneration process [2, 22, 25]. Interestingly, 1L-6
expression by regenerative fibers was up-regulated by lo-
cal production of cytokinesin IIM [3].

Itislikely that the locally produced cytokines also reg-
ulate CCR2B expression by regenerative fibers. However,
CCR2 regulation by cytokinesis complex, and it has been
demonstrated that the same cytokine (such as IL-1 or
TNF-a) regulates CCR2 expression either negatively or
positively in distinct cellular systems [14, 34].

In contrast to some previous reports [34], but in keep-
ing with others [15], we failed to show any CCR2 expres-
sion in normal or inflamed endothelial cells.

RT-PCR analysis demonstrates CCR2A up-regulation
in [IM. Quantification, however, reveals that CCR2B was
not significantly up-regulated in 11M. Immunohistochem-
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Fig.4 A, B Hematoxylin eosin staining (A) and immunohisto-
chemical localization of CCR2B (B) in norma muscle. The mus-
cular domain of the neuromuscular junction is stained by anti-
CCR2B (arrow). C Immunohistochemical localization of CCR2A
in tonsil. Several mononuclear cells are stained. D—F Distribution

of CCR2B and two different regeneration markers in IBM. Im-
munohistochemical localization of CCR2B (D), developmental
myosin heavy chain (E) and PSA-NCAM (F). CCR2B and PSA-
NCAM stained the same regenerative fibers (PSA polysialic acid,
NCAM neural cell adhesion molecule). A, B x300; C—F %185



istry failed to demonstrate significant CCR2B accumula-
tion in inflammatory cells. Although CCR2B is the pre-
dominant CCR2 isoform described in human monocytes, it
is possible that this isoform is not preferentially expressed
in other cells expressing CCR2, such as T lymphocytes [5].
In keeping with that, immunohistochemical detection of
CCR2 in tonsil (lacking monocytes) demonstrates strong
CCR2A immunoreactivity on mononuclear cells but very
low CCR2B expression. However, in spite of CCR2B ex-
pression by regenerative fibers in 1M, RT-PCR failed to
demonstrate significant CCR2B up-regulation in [IM. In
contrast, CCR2A was the predominant isoform of the
MCP-1 receptor expressed by mononuclear cells in 1M
[35]. Although the biological significance of the existence
of two CCR2 variants has not been elucidated, results of
the present study suggest that in some cases a given cell
may choose to express one type of receptor. Thereis prece-
dent, however, for differential expression of chemokine re-
ceptors by different cell subsets [8, 33].

Semiquantitative RT-PCR analysis showed that CCR2A
is higher in PM and IBM than in DM. Moreover, the local
expression of CCR2A is different in DM and in PM and
IBM. In DM, only a few perivascular inflammatory exu-
dates express CCR2A mRNA by in situ hybridization,
whereas the protein is almost absent. The perivascular in-
flammatory exudates in DM are mainly composed of
CD4* lymphocytes, B lymphocytes and macrophages. The
perivascular macrophages result from the recruitment of
monocytes to inflammatory foci after specific endothelial
interaction and migration under chemotactic gradient in
which MCP-1 plays a major role. We have previously re-
ported that perivascular macrophagesin DM strongly up-
regulate MCP-1 mRNA [28]. Thisis in contrast with the
low level of CCR2A in these cells. However, it has been
recently demonstrated that differentiation of monocytes
into macrophages is associated with a strong reduction of
CCR2 expression at the plasma membrane as well as in
the MCP-1 binding [35]. Moreover, monocyte differentia-
tion also resulted in an increased secretion of MCP-1 that,
at least in part, is responsible for the down-modulation of
its receptor, CCR2. The disappearance of CCR2 in differ-
entiated macrophages results in the unresponsiveness of
these cellsto MCP-1 providing an efficient regul atory sys-
tem for controlling the extent of macrophage recruitment
and activation, and explaining the perivascul ar location of
macrophages exudates in DM.

In contrast, endomysial inflammatory cells, especially
cells partialy invading non-necrotic muscle fibers, strongly
express CCR2 in both PM and IBM together with MCP-1
[28]. These cells are mainly CD8* T cells and macro-
phages, and it is likely that in both PM and IBM, CD8*
cells are mainly responsible for CCR2A expression.
CCR2* T cells aso occurred in synovia effusions of pa-
tients with different forms of arthritis [30]. Moreover, it
has previously been shown that, in the course of intracere-
bral viral infection, virus-activated CD8* T cells strongly
express CCR2 [32].

In conclusion, the present study highlights the major
role played by MCP-1 and its counter-receptor CCR2 in
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the pathophysiology of 11M. It shows that the CCR2 iso-
forms are cell specific, that CCR2B is expressed by satel-
lite and regenerative fibers and that CCR2A is the major
isoform expressed by mononuclear cells and strongly up-
regulated in IIM. Moreover, variations in the total amount
of CCR2A production as well as in its local distribution
are observed according to the type of [IM in keeping with
their distinctive pathogenesis. These results are of interest
and identify CCR2A as a possible new target for thera-
peutic intervention in 11M.
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