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Abstract Facioscapulohumeral muscular dystrophy
(FSHD) is an inherited disease, and although strongly
suggested, a contribution of inflammation to its pathogenesis
has never been demonstrated. In FSHD patients, we found by
immunohistochemistry inflammatory infiltrates mainly
composed by CDS8" T cells in muscles showing hyper-
intensity features on T2-weighted short tau inversion
recovery magnetic resonance imaging (T2-STIR-MRI)
sequences. Therefore, we evaluated the presence of
circulating activated immune cells and the production of
cytokines in patients with or without muscles showing
hyperintensity features on T2-STIR-MRI sequences and
from controls. FSHD patients displaying hyperintensity
features in one or more muscles showed higher
CDS8 pSTAT1", CD8 T-bet” T cells and CD14 pSTAT1",
CD14 " T-bet” cells percentages and IL12p40, IFNy and
TNFx levels than patients without muscles displaying
hyperintense features and controls. Moreover, the percen-
tages of CD8'pSTAT1", CD8 T-bet” and CD14 pSTAT1"
cells correlated with the proportion of muscles displaying
hyperintensity features at T2-STIR sequences. These data
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CD8" T cells, may favour FSHD progression by promoting
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Introduction

Tissue damage in genetic disorders leads to the release of
intracellular proteins and possibly the breakdown of
tolerance, which can result in autoimmunity. The subse-
quent chronic autoimmune damage results in increased
tissue degeneration [1] as observed in Duchenne muscular
dystrophy, X-linked adrenoleukodystrophy and alpha 1-
antitrypsin deficiency, in which a contribute of autoimmu-
nity to the tissue damage has been demonstrated [2-5].
Moreover, in limb girdle muscular dystrophy (LGMD) type
2B and Miyoshi myopathy, dysferlin deficiency besides
inducing muscle fibre degeneration can “per se” directly
activate monocytes leading to an enhanced phagocytosis of
damaged myofibres [6]. Facioscapulohumeral muscular
dystrophy (FSHD) is an autosomal dominant inherited
myopathy that is not due to mutation within a protein-
coding gene but, in more than 95% of cases, is associated
with a low number of 3.3-kb tandem repeat units, termed
D4Z4, located on chromosome 4q35 [7]. To date, no causal
gene has been identified, and epigenetic mechanisms that
determine the loss of appropriate gene expression control
seem to be involved in the pathogenesis of disease [8, 9].
Although a reliable genetic test is available for diagnostic
purposes, very little is still known about the molecular
mechanisms that induce muscle degeneration. Early studies
focused on the presence of inflammatory features at
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histochemical muscle biopsy examination in many FSHD
patients [10—-12]. However, a 3-month prednisone pilot trial
failed to show improvement in strength or muscle mass
[13], and a pathogenic role for immunity has never been
demonstrated. Magnetic resonance imaging (MRI) is
emerging as a powerful tool in clinical practice to assess
severity, distribution and characteristics of muscle involve-
ment in muscular disorders, including FSHD [14-17].
Indeed, T1-weighted (T1-W) sequences are able to detect
features of replacement of muscle with fibrosis or adipose
tissue, while hyperintensity features at muscle MRI T2-
weighted short tau inversion recovery (T2-STIR) sequences
reflect changes in tissue water distribution and have been
described in disorders characterized by oedema and
inflammation or by denervation atrophy [18, 19]. Recently,
we studied pelvic and lower limb muscles in FSHD patients
by means of muscle MRI and observed, besides features of
muscle tissue replacement on T1-W sequences, single or
multiple focal areas of signal hyperintensity on T2-STIR
sequences in 121 out of 202 patients (60%; unpublished
data). As we hypothesized that these areas may represent
features of muscle inflammation, in this study we per-
formed immunohistochemistry on biopsies from FSHD
patients obtained from muscles either or not showing
hyperintensity features on T2-STIR sequences at MRI.
Moreover, since the analysis of cytokines and cytokine
induced transcription factors expressed in peripheral blood
mononuclear cells (PBMC) may contribute to a better
understanding of the pathophysiological mechanisms under-
lying inflammatory/autoimmune processes, we evaluated the
presence of activated immune cells in the peripheral blood of
FSHD patients and controls assessing the percentages of
circulating CD4", CD8" and CDI14" cells positive for the
transcription factors T-bet and pSTAT 1, master regulators of
Th 1 cells and pSTAT3, involved in the differentiation of
Th17 cells. Finally, we measured the spontaneous production
of several pro-inflammatory (IL12/1L23p40, IL6, IFNvy,
IL17, TNFo) and anti-inflammatory cytokines (IL10 and
TGFf) by cultured PBMC from FSHD patients and healthy
subjects.

Materials and Methods
Patients and Controls

Patients with a genetically confirmed diagnosis of FSHD
(pathogenic EcoRI/Blnl-resistant fragment ranging between
10 and 40 kb) and sex- and age-matched healthy subjects
were screened for infectious conditions or other inflamma-
tory diseases and then included in our study. Clinical
examination and muscle MRI were performed in all
patients before the inclusion in the study. Clinical severity
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was assessed by a 10-grade Clinical Severity Scale (CSS)
[20] assigning a score to the overall level of mobility
limitations (from 0.5=facial weakness to S=wheelchair
bounded); according to this scale, higher scores (3 to 5) are
assigned to patients with pelvic and proximal lower limb
muscle involvement. None of the patients was under
pharmacological treatments at the time of the study. This
study was approved by the local ethics committee, and all
the participants gave written informed consent before
enrolment according to the Declaration of Helsinki [21].

MRI Protocol

Muscle imaging was performed on a 1.5-T MR scanner.
Participants were examined by T1-W spin echo (TR/TE=
500/35 ms) and T2-STIR (T1=150 ms) sequences. Ten-
millimetre contiguous axial slices were obtained from the
proximal lumbar spine to the ankles according to a protocol
commonly used in the assessment of muscle disorders
[16]. A total of 37 muscles on each body side were
independently and blindly evaluated by two investigators
(ER and RF) who had been extensively trained in muscle
MRI evaluation.

According to T1-W sequences, each muscle was scored
0 (normal) to 4 (end-stage appearance, whole muscle
replacement by connective tissue and fat) as reported [14].
As an index of disease severity, a T1 MRI score was
obtained for each patient by summing all the single muscle
scores.

Each muscle showing hyperintensity features on T2-
STIR sequences was rated 1. A T2-STIR-MRI score
corresponded to the number of such muscles observed in
each patient.

On the basis of T2-STIR sequences, we split the patients
into two groups: Group | included all individuals who
showed no hyperintensity features (T2-STIR-MRI score=0);
group 2 included all individuals displaying hyperintensity
features (T2-STIR-MRI score >0). It is worth noting that the
T1 MRI score, indicating the overall severity and extension of
irreversible muscle fatty-fibrous replacement, did not have
any influence on patient group assignment. Interobserver
reliability was tested on all muscle MRI examinations.
To test intraobserver reliability, muscle MRI of all FSHD
patients were evaluated twice by each investigator with a
30-day period interval. A good sampled data reproduc-
ibility (<3% changes for the 1,850 evaluated muscles in
both T1- and T2-STIR-W sequences) was obtained in
both cases.

Immunohistochemistry

Biopsy was performed on five muscles showing hyper-
intensity features on T2-STIR sequences at MRI and on
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five muscles with no hyperintensity features on T2-STIR
sequences. All biopsies were obtained after written
informed consent.

Immunohistochemistry was performed on 6-pum cryostat
sections using the following primary antibodies from Dako
(Carpinteria, CA, USA): monoclonal mouse anti-human
CD8, CD4, HLA ABC, HLA DP, DQ, DR, CD68, C5bC9
(MAC) and CD20; monoclonal mouse anti-human CD138
was purchased from Serotec (Raleigh, NC, USA) and
monoclonal mouse anti-human perforin 1 (1.VB.3) from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Muscle
fibres were counterstained with FITC-conjugated phalloidin,
and nuclei were visualized with Hoechst 33258 (Molecular
Probes Inc.) staining. Sections were analysed using TCS SP5
laser scanning confocal microscope (Leica Microsystems,
Wetzlar, Germany).

Isolation of Peripheral Blood Mononuclear Cells

PBMC were isolated from venous blood by density
gradient centrifugation (2,500 rpm, 30 min) over a Ficoll-
Hypaque density gradient (Pharmacia, Uppsala, Sweden).
PBMC were then harvested by pipetting cells from the
Ficoll/serum interface and washed twice.

Culture of PBMC

PBMC (3x10° cells/mL) were transferred into 24-well
plates in RPMI 1640 (EuroClone, West York, UK)
containing 2 n-glutamine and 5% foetal calf serum
(Hyclone Laboratories Inc, Logan, UT, USA). After 24 h
incubation, the supernatants were collected, centrifuged at
400xg for 10 min at 15°C and stored at —80°C until
cytokine determination.

Cytokine Measurement

The cytokines spontaneous production (IL12/IL23p40, IL6,
IFNvy, IL17, TNF«, IL10 and TGF3) was measured by
enzyme-linked immunosorbent assay (ELISA) using com-
mercial kits (R&D Systems, Minneapolis, MN, USA),
following manufacturer’s instructions. The spontaneous
production of cytokines (IL12/IL23p40, IL6, IFNvy, IL17,
TNF«x, IL10 and TGF) was measured by ELISA using
commercial kits (R&D Systems, Minneapolis, MN, USA),
following manufacturer’s instructions. The intra- and inter-
assay coefficients of variation were 4% and 7% for 1L-12/
1L23p40, 5% and 5% for IL6, 6% and 5% for IFNy, 7%
and 7% for IL17, 4% and 6% for TNF«, 6% and 5% for
IL10 and 5% and 7% for TGFf3, respectively. Cytokine
concentrations were determined from the regression line for
a standard curve generated by using highly purified
recombinant cytokines at different concentrations per-

formed contemporaneously with each assay. The standard
curve also served as an internal control over the sensitivity
and range of each assay. Data were expressed in picograms
per millilitre. All samples were assayed in duplicate.

Flow Cytometry

For the detection of pSTAT1, pSTAT3 and T-bet expres-
sion, isolated PBMC were washed once in culture medium
(Dulbecco) containing FCS and once in phosphate-buffered
saline (PBS) and incubated with specific PE-Cy5-
conjugated antibody (CD4, CD8, CD14). CD4 PE-Cys5,
CD8" PE-Cy5, CD14 PE-Cy5 and isotype controls were
purchased from Beckman Coulter (Miami, FL, USA). In
addition, anti-pSTATI1(A-2)-PE antibody, anti-pSTAT3
(B-7)-PE antibody and anti-T-bet (4B10)-PE antibody
were purchased from Santa Cruz Biotechnology, Santa
Cruz, CA, USA.

The PBMC were then fixed with 2% paraformaldehyde
for 10 min. Detection of pSTAT-1, pSTAT-3 and T-bet was
performed by intracellular flow cytometry. Cells were
permeabilized using a commercially available perm/wash
kit (BD Biosciences/Pharmingen) and then washed once in
culture medium (Dulbecco) containing FCS and once in
PBS. Upon permeabilization, 3 x10° cells were resuspended
in 100 puL. of PBS and incubated for 30 min with the
specific PE-conjugated antibody. Cells were washed again
with PBS and resuspended in PBS for flow cytometry
(Beckman Coulter, EPICS XL™). Each analysis was
performed using at least 50,000 cells that were gated in
the lymphocyte-monocyte population region, as deter-
mined by light scatter properties (forward scatter versus
side scatter). To analyse pSTAT1, pSTAT3 and T-bet
expression in monocytes, cells were gated in both the
monocyte (morphological gate) and CD14+ (immunological
gate) regions. To analyse the transcription factor expression in
lymphocytes (CD4°/CD8" T cells), cells were gated in
both the lymphocyte and CD4"/CD8" regions. Appropri-
ate fluorochrome-conjugated isotype-matched mAbs were
used as control for background staining in each flow
acquisition.

Statistical Analysis

Differences in variables between groups were tested by
analysis of variance. Post hoc tests were done by using
Fisher’s protected least significant difference. Results are
expressed as mean + SD. A p level<0.05 was considered to
be statistically significant. Correlation was estimated by
Spearman rank correlation. Correlation was considered at a
p value<0.05. Group comparisons (in Table I) were
performed by the Student’st test, and p<0.05 was taken
as significant.
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Table 1 Demographic, clinical
and MRI features of FSHD
patients and healthy subjects
included in the study

All data are mean + SD. Group
comparisons were performed by
the Student’s ¢ test and p<0.05

was taken as significant

CSS Clinical Severity Scale,
MRI magnetic resonance
imaging, N/4 not applicable
*p=0.0121; **p=0.0116;
**%p=0.0001

FSHD patients Controls
Inflammation No inflammation
Number 14 11 15
Age (years) 34.5+11.7* 46.8£12.9% 37.1+9.4
Gender (M/F) 71 6/5 8/7
Allele fragment size (kb) 21.3+5.2 18.9+6.6 N/A
CSS score 3.4+0.9%* 4.2+0.5%* N/A
MRI-T1 score T4.2+£45 1%** 150.94£36.3%** N/A
MRI-T2 score 12.7+8.1 N/A N/A

Results
Patients

Twenty-five consecutive FSHD patients and 15 healthy
subjects were included in the immunological study. In
FSHD patients, as expected, T1 MRI score highly correlated
with CSS (»=0.83; p<0.0001; Fig. 1). On the basis of the
T2-STIR-MRI score, 11 patients were assigned to group 1
and 14 patients to group 2 since they showed hyperintensity
features in one or more muscles. Muscles that showed a
complete fatty-fibrous substitution on T1-W sequences
(score 4) did not show hyperintensity features on T2-STIR
sequences. Conversely, muscles showing hyperintensity
features on T2-STIR sequences turned out to be, on TI-W
sequences, either normal (score 0) or partially replaced by
fatty-fibrous tissue (scores 1 to 3). Group 1 patients were
older (p=0.0121) and showed CSS scores significantly
higher than group 2 patients (p=0.0116). No difference
was observed in the pathogenic 4q35 EcoRI allele fragment
size between the two groups. All these data are summarised
in Table L.
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Fig. 1 Correlation between CSS and the MRI T1 score in FSHD
patients. A strong significant correlation was found between T1-MRI
and CSS scores in FSHD patients. p and r values (Spearman
correlation test) are indicated in the figure
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Inflammatory Infiltrates on Muscle Biopsies

We analysed muscle specimens from ten different FSHD
patients. In five patients, the biopsy was performed in
muscles which at MRI were hyperintense on T2 STIR-W
images and showed mild or no alterations on T1-W images
(Fig. 2a). These were one biceps femoris (sample 1), one
vastus medialis (sample 2) and three needle muscle
biopsies, two from vastus lateralis (sample 3 and 4) and
one from rectus femoris muscles (sample 5). Endomysial
connective tissue was found normal or mildly increased.
We found endomysial infiltrates, in which CD8" cells
predominated (Fig. 2b—d), and perivascular infiltrates,
mainly constituted by CD4" cells (Fig. 2f) in all samples.
Some muscle fibres in contiguity with endomysial infil-
trates expressed low to high levels of HLA ABC (MHC
class I) on sarcoplasmic membrane (Fig. 2e). A variable
number of CD68-positive cells were present in all samples
and predominating in sample 2, in which multiple areas of
myophagia were also present. We did not find evidence of
partial invasion of non-necrotic muscle fibres by CD8" T
cells and presence of B cells or evidence of complement
deposition on non-necrotic fibre membranes or on muscle
capillaries. Some CD8" cells were also positive for perforin
(Fig. 2g).

The infiltrate extension varied among the samples:
While numerous and large perivascular and endomysial
infiltrates were present in samples 1 and 2, thus closely

Fig. 2 Lower limb muscle MRI and immunohistochemistry study the P

five patients with T2-STIR hyperintensities. a Lower limb muscle
MRIs of the five patients with T2-STIR hyperintensities. Arrows
indicate sites where muscle biopsy was performed. b, ¢ patient 1:
CDS8" cells (red) predominate in small or large endomysial infiltrates,
sometimes completely surrounding apparently non-necrotic fibres. d
Patient 2: CD8" cells (red) are present in an active myophagia. e
Patient 5: MHC class | sarcolemmal expression (red) next to an area
with both perivascular and endomysial inflammation. In all images,
muscle fibres are counterstained with FITC-conjugated phalloidin. f
Patient 5: perivascular infiltrate mainly composed by CD4" cells. g
Patient 1: merged Nomarski image of fluorescent double labelling for
CDS8 (red) and perforin (green) showing a perforin-positive CD8" cell
(yellow) nearby an intact muscle fibre
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resembling the histopathological features of an inflamma-
tory myopathy, samples 3—5 showed predominantly small-
or medium-sized endomysial infiltrates. Sample 5 also
showed interstitial oedema and slightly enlarged vessels.
FSHD needle muscle biopsies obtained from five normal
appearing muscles (on both T1 and T2-STIR sequences)
were normal or displayed only mild myopathic changes
with routine histological and histochemical stainings, and
no inflammatory features were evident on them.

pSTAT1, pSTAT3 and T-bet in Circulating CD4", CDS" T
Cells and Monocytes from FSHD Patients and Controls

A higher percentage of CD14 T-bet” cells was observed in
patients than in healthy subjects; otherwise, no differences
were found in the percentages of CD4 T-bet’, CD8 T-bet' T
cells between patients and controls (Fig. 3a). The percen-
tages of circulating CD4 pSTAT1*, CD8'pSTAT1" and
CD14 pSTAT1" cells were higher in FSHD patients than in
controls, however without reaching statistical significant
values (Fig. 3b). No difference was found in the percentages
of CD4 'pSTAT3", CD8 pSTAT3" and CD14 pSTAT3" cells
between FSHD patients and controls (Fig. 3c). When we
separately analysed the two groups of FSHD patients, we
found higher percentages of CDS8 pSTAT1", CD8'T-bet",
CDI14"pSTAT1" and CD14 T-bet” cells in peripheral blood
of group 2 than both group 1 and healthy subjects (Fig. 3d, e).
The percentage of CD14'pSTAT3" cells was significantly
higher in group 2 than in controls and in group 1 than in
controls without reaching significant values, while there was
no difference in the percentage of CDI14 pSTAT3" cells
between group 1 and group 2 (Fig. 3f). On the contrary, no
difference was found in the percentages of CD4 pSTAT1",
CD4"pSTAT3", CD4'T-bet” and CD8 pSTAT3" cells
among the different study groups (Fig. 3d-f). Representative
two-parameter plots of T-bet, pSTAT1 and pSTAT3 in CD4",
CD8" T cells and monocytes are described in Fig. 4.

When we compared the immunological findings with
muscle MRI features, we found that the percentages of
CD8'pSTAT1" (Fig. 5b), CD14 pSTAT1" (Fig. 5b) and
CDS8'T-bet" cells (Fig. 5a) significantly correlated with the
number of T2-STIR hyperintense muscles. Otherwise, we
did not find any correlation between pSTATI1", pSTAT3"
and T-bet” cells and the degree of muscle fatty-fibrous
replacement as defined by the T1 MRI score. Accordingly,
we did not find any correlation between pSTATI",
pSTAT3" and T-bet" cells and CSS score (data not shown).

Cytokine Production by PBMC from FSHD Patients
and Controls

We found higher IFNy, TNF«x, IL12/IL23p40, IL6 and
IL10 levels in FSHD patients than in controls (Fig. 6a—, e, f),
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while no differences were observed in IL17 and TGFf3 levels
(Fig. 6d, g). When we divided FSHD patients into two
groups according to different MRI features (T2-STIR-MRI
score), we observed that FSHD patients with MRI features
of inflammation (group 2) showed significant higher IFNvy,
TNFx and IL12/IL23p40 levels than both FSHD patients
without MRI features of inflammation (group 1) and healthy
subjects (Fig. 6a—). IL6 and IL10 production by PBMC was
higher in group 2 than in group 1 while both groups of
FSHD patients showed higher IL6 and IL10 levels than
healthy subjects (Fig. 6e, f). Otherwise, no significant
difference was observed in IL17 and TGF{ levels between
the two groups of FSHD patients as well as between each
FSHD group and the control group (Fig. 6d, g). No
correlations were found between cytokine production by
PBMC from FSHD patients and muscle MRI features or
CSS score (data not shown).

Discussion

In this study, we performed ten muscle biopsies driven by
MRI study in FSHD patients and found that inflammatory
changes appear to be a constant finding when samples are
obtained from muscles showing hyperintensity features on
T2-STIR sequences but not from normal appearing ones.
These data indicate that T2-STIR abnormalities in muscles
from FSHD patients are correlated with inflammation, and
therefore, in the following part of this discussion, we will
indifferently use the terms inflammation and hyperintensity
features for these findings.

Our pathological results, in particular the composition of
both perivascular and endomysial infiltrates, are similar to
those previously reported by others [10—12] and consistent
with a significant presence of CD8" T cells in the
endomysium close to non-necrotic fibres. CD8" T cells
also invade rare degenerating fibres, together with macro-
phages. No histopathological data support a complement-
mediated damage against muscle vessels or fibres, differently
from dermatomyositis or dysferlinopathies [22]. As described
by Arahata and colleagues, neither did we discover evidence
of partial invasion of non-necrotic muscle fibres by CD8" T
cells, but a cytotoxic action of these cells cannot be excluded
only on the basis of this finding. To this regard, we must
underline the presence of focal (limited to single fibres or
portions of the sarcolemma) expression of MHC class 1
in our samples and the expression of perforin in scattered
CD8" T cells that we report for the first time in FSHD
muscle biopsies.

To better define the contribution of inflammation to
the pathophysiology of FSHD, we evaluated in the
peripheral blood of FSHD patients and controls the
percentages of T-bet-, pSTATI1- and pSTAT3-positive
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Fig. 4 Representative
two-parameter plots represent
only cells gated on the lympho-
cyte populations (CD4 or CDS8
staining) and monocyte popula-
tions (CD14 staining). The
y-axis of each histogram repre-
sents specific fluorescence of
T-bet-PE, pSTAT1-PE and
pSTAT3-PE; the x-axis repre-
sents specific fluorescence of
extracellular CD4-PE-CyS5,
CD8-PE-Cy5, CD19 (T
lymphocytes) and CD14-PE-
Cy5 (monocytes) on four-
decade logarithmic scales. These
representative two-parameter
plots are obtained from one
FSHD patient with inflamma-
tion at muscle MRI, from one
FSHD patient without MRI
inflammation and from one
control. Quadrants were set
using appropriate isotype
controls for each intra- and
extracellular antibody
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Fig. 5 Correlation between the percentages of T-bet, pSTATI1 and
pSTAT3 positive CD4*, CDS" T cells and CD14" cells and the
number of T2-STIR-positive muscles at MRI in FSHD patients. A
significant correlation was found between the value of MRI T2 score

cells and the production of several pro-inflammatory and
anti-inflammatory cytokines by mononuclear cells. T-bet
is a specific transcription factor that seems to play a
central role in type 1 immunity by influencing genetic
programme in both innate and adaptive immunity [23]. T-bet
is mainly induced by IFNvy, through STAT1 activation [24,
25], and, once expressed, amplifies IFN-y production by T
cells, NK cells, monocytes and dendritic cells [26]. Also
IL12, by STAT4 activation, can induce T-bet expression and
increase IFNvy production by T cells [27]. Activated CD8" T
cells produce TNFo and IFNvy, and T-bet is critical for IFNy
in vivo production by CD8" T cells [28]. T-bet is also
required for CD8" T cell full effector function [29] and
perforin and granzyme B expression [30].

FSHD patients showed an increased percentage of
circulating CD14 T-bet " cells and an increased spontaneous
production of 1L12/IL23p40, IFNy, TNF«, IL6 and IL10
by PBMC in comparison to controls, while no difference

and the percentages of T-bet™ and pSTATI™ CD8" T cells. A
significant correlation was also observed between the value of MRI
T2 score and the percentage of pSTAT1" monocytes. p and R? value
(Spearman correlation test) are indicated in the figure

was observed in TGF{3 and IL17 levels. When we divided
FSHD patients in two groups on the basis of MRI features,
we found an increased production of IL12/IL23p40, IFNy
and TNFa by PBMC and higher percentages of
CD8'pSTAT1", CD8 T-bet’, CD14 pSTATI" and
CDI14 T-bet" cells in the peripheral blood from group 2
patients, displaying inflammatory features on MRI exami-
nation than both group 1 patients, not displaying MRI
evidence of inflammation, and healthy subjects. The
percentages of CD8'pSTAT1", CD8'T-bet” and
CD14"pSTAT1" cells positively correlated with the number
of muscles showing hyperintensity features at MRI T2-
STIR sequences but not with T1 MRI and CSS scores,
indicating that only the active phase of inflammation is
associated with peripheral blood immune cell activation,
which is conversely absent when MRI examination displays
merely irreversible fatty-fibrous replacement of muscle
tissue. On the contrary, CSS, as an index of disease
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Fig. 6 Cytokine spontaneous production by PBMC from FSHD
patients with inflammation at muscle MRI, FSHD patients without
inflammation at muscle MRI and healthy subjects. Higher IFNvy (a),
TNFo (b), IL12/IL23p40 (c), IL6 (e) and IL10 (f) levels were
observed in FSHD patients than in controls (p=0.0402, p=0.0011, p=
0.0010, p=0.0005 and p=0.0001, respectively). Significant higher
IFNy (a), TNFa (b), IL12/IL23p40 (c), IL6 (e) and IL10 (f) levels
were observed in FSHD patients with MRI features of inflammation

severity, is related to irreversible lesions due to fatty-fibrous
replacement of muscle tissue, which are detected by T1-W
sequences and are not hyperintense on T2-STIR sequences.
All these data, in addition with the presence of perforin
expressing CD8" T cells in muscle infiltrates, indicate an
activation of immune cells, mainly CD8" T cells, producing
pro-inflammatory cytokines such as IFNy, TNFo and 1L12/
IL23p40 in FSHD patients showing inflammatory features
at muscle MRI but not in FSHD patients showing only
T1-W abnormalities and controls. The younger age of
patients with inflammatory features at muscle MRI
suggests that the immune process is mainly present in
the early phase of disease. Hyperintensity features at
MRI T2-STIR sequences may be observed in muscles
partially replaced by fat but also in muscles normally
appearing on T1-W sequences. The last condition is the
case of five muscles we chose to perform muscle biopsy. The

@ Springer

than both FSHD patients without MRI features of inflammation (p=
0.0181, p=0.0049, p=0.0415, p=0.0032 and p=0.0003, respectively)
and healthy subjects (p=0.0041, p<0.0001, p=0.0020, p<0.0001 and
p=0.0020, respectively). Moreover, IL6 (e) and IL10 (f) production by
PBMC was higher in FSHD patients without MRI inflammation than
healthy subjects (p=0.0422 and p=0.0405, respectively). P value
indicates statistical differences (<0.05) between the different groups

absence of important fatty-fibrous replacement on both MRI
and pathological examinations suggests that in single muscles,
inflammation may be an early event in the pathophysiological
cascade underlying the dystrophic process.

Both groups of FSHD patients showed higher sponta-
neous PBMC production of IL6 and IL10 than controls,
group 2 showing a higher production than group 1. Both
IL6 and IL10 act through pSTAT3 activation. IL6-
mediated STAT3 activation favours monocytic differenti-
ation [31], augments T cell proliferation through the
suppression of apoptosis [32] and, in presence of TGF(
and IL23, favours the differentiation of Th17 cells [33,
34]. IL10 is a cytokine with broad anti-inflammatory
properties and has a key effect on the suppression of Thl
cell responses [35]. IL10-mediated-STAT3 signalling can
inhibit dendritic cell maturation from monocytes [36],
inflammatory cytokine secretion such that of 1L12 [37],
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MHC class I and costimulatory molecule expression by
both macrophages and dendritic cells [38, 39]. Addition-
ally, IL6-mediated STAT3 activation can induce IL10
production in Thl, Th2 and Th17 T cells to temper
inflammatory response [40]. We found similar percentages
of CD14 pSTAT3" cells in the two groups of patients and
an increased percentage of these cells in group 2 than in
control group whereas there was no difference in the
percentage of CD4 pSTAT3" and CD8 pSTAT3" T cells
among the three groups.

These data suggest that in FSHD patients, IL6 and IL10
are produced mainly by monocytes. The production of IL6
by monocytes may favour CD8" T cell activation and
increase their proliferation and effector functions. Conversely,
IL10 may be produced by monocytes as a way of preventing
excessive inflammation and immunity.

However, it is worth noting that an augmented produc-
tion of IL6 and IL10 by PBMC as compared to controls
was present in both groups of FSHD patients. IL6 causes
skeletal muscle atrophy in rats [41, 42] and correlates with
muscle mass and strength loss in humans [43, 44] whereas
endogenous IL10 attenuates IL6 expression by skeletal
muscles following an inflammatory insult [45]. In this
context, we can hypothesize that in all FSHD patients, IL6
produced by monocytes and muscles is only partially
inhibited by IL10 produced by monocytes favouring, even
when episodes of acute/subacute inflammation are overcome,
diffuse muscle atrophy.

Conclusions

In conclusion, our data demonstrate that the areas of
hyperintensity on T2-STIR images at muscle MRI in FSHD
patients are characterized by the presence of inflammatory
infiltrates mainly composed by CD8" in the endomysium.
Moreover, we showed, in peripheral blood of FSHD
patients with hyperintensity features at MRI T2-STIR
sequences, the presence of activated immune cells, mainly
CD8" T cells. Therefore, inflammation, as an early event in
single muscle involvement, may play a role in FSHD
pathophysiology by promoting muscle pathology and
favouring disease progression and might constitute a
potential target for the treatment of the disease.

Further studies are necessary to demonstrate whether
CDS8" T cell activation observed in muscles and peripheral
blood from FSHD patients is generated by muscle
degeneration as a bystander phenomenon or may be caused
by transcriptional dysregulation of multiple genes involved
in the autoimmune response.
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