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 Increased visfatin levels are associated with higher disease 
activity in anti-Jo-1-positive myositis patients
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1Institute of Rheumatology, Prague, Czech Republic; 2Department of Rheumatology, First Faculty of 
Medicine, Charles University in Prague, Czech Republic; 3Second Faculty of Medicine and University 

Hospital Motol, Department of Pathology and Molecular Medicine, Charles University in Prague, 
Czech Republic.

Abstract 
Objective

The aim of this study was to evaluate serum levels of visfatin in anti-Jo-1-positive myositis patients, its expression in 
muscle tissue and to investigate potential relationships between visfatin, B-cell activating factor of the TNF family (BAFF), 

disease activity and anti-Jo-1 autoantibody levels.   

Methods
Serum levels of visfatin and BAFF were measured in 38 anti-Jo-1 positive myositis patients and 35 healthy subjects. 

Disease activity was evaluated by myositis disease activity assessment tool (MYOACT) using visual analogue scales (VAS) and 
by serum muscle enzymes. Visfatin expression was evaluated by immunohistochemistry in muscle tissue of myositis patients 

(n=10) and compared with non-inflammatory control muscle tissue samples from patients with myasthenia gravis (n=5). 

Results
Serum visfatin and BAFF levels were significantly higher in myositis patients compared to healthy subjects and were 
associated with clinical muscle activity assessed by VAS. Only serum BAFF levels, but not visfatin levels, positively 

correlated with muscle enzyme concentrations and anti-Jo1 antibody levels. There was a positive correlation between 
visfatin and BAFF serum levels in myositis patients but a negative correlation was observed in healthy subjects. Visfatin 

expression was up-regulated in endomysial and perimysial inflammatory infiltrates of muscle tissue from myositis patients. 

Conclusion
Up-regulation of visfatin in myositis muscle tissue and an association between increased visfatin levels and muscle 

disease activity evaluated by MYOACT in anti-Jo-1 positive myositis patients could support possible role of visfatin in 
the pathogenesis of myositis.
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Introduction 
The idiopathic inflammatory myopa-
thies including polymyositis (PM) and 
dermatomyositis (DM) are character-
ised by muscle weakness and inflam-
matory infiltrates in skeletal muscle 
tissue (1). Other organs such as skin or 
lungs may be affected as well. 
Autoantibodies, some of which are 
considered to be myositis-specific, are 
present in 60–80% of patients with my-
ositis (2, 3). The most frequent myositis 
specific autoantibodies directed against 
histidyl-tRNA synthetase (anti-Jo-1) 
are present in approximately 10–30% 
of myositis patients (4) and are associ-
ated with a distinct clinical phenotype 
(5). Presence of these autoantibodies 
before the onset of clinical symptoms 
(6, 7), as well as the role of the target 
antigen in the breach of immune toler-
ance (8, 9), suggest a possible role of 
anti-Jo-1 in the pathogenesis of myosi-
tis. Furthermore, a correlation between 
serum levels of anti-Jo-1 autoantibod-
ies and myositis activity was previous-
ly reported (10).  
Visfatin, also known as pre-B cell col-
ony-enhancing factor (PBEF) or nico-
tinamide phosphoribosyltransferase 
(NAMPT) is ubiquitously expressed 
in all tissues (11) and was recently 
described as a new adipokine up-reg-
ulated in visceral fat cells (12). Beside 
the role in energy metabolism; immu-
nomodulatory and pro-inflammatory 
properties of visfatin were emphasised 
recently (13). Visfatin enhances activa-
tion of leukocytes, synthesis of adhe-
sion molecules and production of pro-
inflammatory cytokines, such as inter-
leukin (IL)-1, tumour necrosis factor 
(TNF) and IL-6 in monocytes (14) and, 
in addition, protects fibroblasts and 
neutrophils from apoptosis (15, 16). Its 
production is increased in lymphocytes 
and stimulates their proliferation dur-
ing polyclonal immune response (15, 
17). Visfatin acts as a cytokine that 
promotes B-cell maturation (18).
Increased levels of visfatin were docu-
mented in several chronic autoimmune 
and inflammatory diseases such as 
systemic lupus erythematosus (19, 20) 
or rheumatoid arthritis (RA) (21-23). 
In RA, visfatin levels correlate with 
clinical disease activity (24) and pre-

dict radiographic progression in estab-
lished (22) as well as in early disease 
(25). Visfatin and other adipokines are 
actively produced by local cells of the 
rheumatoid joint and by the periarticu-
lar adipose tissue (24, 26). 
We have recently described increased 
serum levels of another adipokine resis-
tin in myositis patients compared with 
healthy controls and their association 
with systemic inflammation and disease 
activity, particularly in anti-Jo-1 posi-
tive myositis patients (27). However, 
the role of visfatin in the pathogenesis 
of myositis has not yet been studied. 
Therefore, the aim of this study was 
to compare serum levels of visfatin in 
anti-Jo-1 positive patients with myosi-
tis to levels in healthy individuals and 
assess their potential relationship with 
anti-Jo-1 autoantibodies, with myositis 
activity and with serum levels of B-
cell activation factor of the TNF family 
(BAFF), a crucial cytokine for B-cell 
maturation and survival, with known 
association with myositis and anti-Jo-1 
autoantibodies (28). We also analysed 
expression of visfatin in myositis and 
non-inflammatory muscle biopsies. 

Patients and methods
Patients
Thirty-eight anti-Jo-1 positive myositis 
patients (27 PM and 11 DM) regularly 
followed at the Institute of Rheuma-
tology in Prague were included in this 
study. The diagnosis of PM and DM 
was established based on the Bohan 
and Peter criteria (29).  In 16 patients, 
longitudinal blood samples obtained 
during treatment were available (medi-
an time between sample collection was 
13.4 months, range 7 to 73.6 months). 
A control group consisted of 35 age- 
and sex-matched healthy subjects. This 
study was performed after approval by 
the local Ethics Committee of Institute 
of Rheumatology. Written informed 
consent was obtained from all individ-
uals prior to participation.
Clinical data were collected at the time 
of serum sampling. Disease activity 
was evaluated using the Myositis Dis-
ease Activity Assessment Tool (MY-
OACT) according to the International 
Myositis Assessment & Clinical Stud-
ies Group (IMACS), including extra-
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muscular, muscular and the physician’s 
score of overall disease activity using 
visual analogue scales (VAS). Intersti-
tial lung disease (ILD) was defined by 
either presence of cough or dyspnoea, 
reduction of lung volumes or changes 
on radiograph/HRCT as described 
elsewhere (30).

Laboratory measurements
Serum levels of creatine kinase (CK), 
myoglobin, lactate dehydrogenase 
(LDH) and C-reactive protein (CRP) 
were measured by routine laboratory 
techniques. Enzyme-linked immuno-
sorbent assay (ELISA) was used for the 
measurement of serum visfatin (Bio-
Vision Research Products, Mountain 
View, USA) and BAFF levels (R&D 
Systems, Inc., Minneapolis, USA) ac-
cording to the manufacturer’s protocol. 
Absorbance was detected using the 
Sunrise ELISA reader (Tecan, Salzburg, 
Austria). The sensitivity was 30pg/ml 
for visfatin and 3.38 pg/ml for BAFF. 
Quantitative indirect solid phase ELISA 
assay (Orgentec, Mainz, Germany) was 
used for detection of IgG class anti-
Jo-1 levels according to manufacturer 
instructions. Normal range declared 
by producer was <15 U/ml and border-
line values were 15–25 U/ml. Anti Jo-1 
positivity was confirmed by line blot 
assay (Myositis-LIA, IMTEC, Berlin, 
Germany) and myositis western blot 
using Anti-Myositis-Antigen EURO-
LINE-WB kit (Euroimmun, Lubeck, 
Germany). 

Immunohistochemistry 
Samples for immunohistochemistry 
were obtained from patients with PM 
(n=5) and DM (n=5) at the time of 
diagnostic muscle biopsy, which was 
guided by positive magnetic resonance 
imaging (MRI) findings from affected 
muscles as previously described (31). 
The biopsies were taken prior to treat-
ment initiation. Muscle tissue samples 
from patients with myasthenia gravis 
(MG, n=5) obtained during thymec-
tomy were used as non-inflammatory 
controls, no lymphocyte infiltrates 
were present in muscle tissue biopsies 
from these individuals (32). After the 
sample collection, 5 μm frozen sec-
tions were fixed in acetone and 4% 

paraformaldehyde and blocked with 
0.3% H2O2. The sections were incubat-
ed with rabbit polyclonal anti- Visfatin 
antibody (Phoenix Pharmaceuticals, 
Inc., Burlingame, CA, USA, 1mg/ml) 
at a dilution 1:1000 in Tris Buffered 
Saline (TBS) buffer for 1 hour. After 
rinse in TBS buffer, antigen-antibody 
complexes were visualised with a 
Histofine detection system (Nichirei 
Biosciences Inc., Tokyo, Japan) using 
3, 3´diaminobensidine as a chromo-
gen. Rabbit IgG (Dako Cytomation, 
Glostrup, Denmark, 1mg/ml), diluted 
1:1000 was used as a negative control. 
The sections were slightly counter-
stained with Harris’s haematoxylin. All 
sections were analysed semiquantita-
tively by two experienced pathologists 

who were blinded to the clinical data. 
Visfatin expression was scored semi-
quantitatively on a four-point scale 
(- represented negative staining inten-
sity, and scores of + to +++ represented 
weak, moderate and strong staining 
intensity) at seven locations (inflam-
matory infiltrate, perimysial vessels, 
endomysial capillaries, muscle fibres, 
regenerating muscle fibres, atrophic 
muscle fibres and rhabdomyoblasts).

Statistical analysis 
Statistical analysis was performed us-
ing GraphPad Prism 5 (v. 5.02; Graph-
Pad Software, La Jolla, CA, USA) and 
SPSS 14.0 (SPSS, Inc., Chicago, Illi-
nois, USA). For analysis of differences 
between groups, Kruskal-Wallis with 

Table I. Demographic characteristics, clinical and laboratory data of patients at initial 
evaluation.
 
 All n=38 Controls n=35 p

F : M 26 : 12 24 : 11 0.99
DM : PM 11 : 27 NA
Age (year)* 52.5 ± 10.8 50.7 ± 12.5 0.53
Years from diagnosis**  1.92 [0.01 to 18.5] NA
ILD †   32 (84%) NA
Medication - GCS†   35 (92%) NA
                  - DMARDs†   22 (58%) NA
                  - No therapy† 3 (8%) NA
Dose of GCS (mg/d)**‡ 17.5 [0 - 80] NA
CRP (mg/l)** 2.93 [0.1 to 83.0] 1.42 [0.3 to 7.4] 0.03
CK (μcat/l)** 2.44 [0.26 to 94.5] ND
Myoglobin (μg/l)** 96.8 [24.8 to 5313] ND
LDH (μcat/l)** 4.14 [1.67 to 22.8] ND
ALT (μcat/l)** 0.48 [0.09 to 6.7] ND
AST (μcat/l)** 0.43 [0.14 to 5.1] ND
BAFF (ng/ml)** 1.41 [0.5 to 20.9] 1.0 [0.42 to 2.1] 0.02
anti-Jo-1 (kU/l)** 183.7 [0.03 to 3604] ND
Visfatin (ng/ml)** 1.9 [0.13 to 9.9] 1.51 [0.14 to 5.2]            0.01
MYOACT (VAS mm)** n=37 
Constitutional 3 [0 to 35] NA
Cutaneous 0 [0 to 30] NA
Skeletal 0 [0 to 42] NA
Gastrointestinal 0 [0 to 17] NA
Pulmonary 15 [0 to 86] NA
Cardiac 0 [0 to 36] NA
Other 0 [0 to 29] NA
Global Extraskeletal Muscle  12 [0 to 64] NA
Muscle 11 [0 to 82] NA
Global 16 [0 to 79] NA
MYOACT Score 0.55 [0 to 2.3] NA

ALT: alanine aminotransferase (normal levels <0.75 μcat/l for men and <0.57 μcat/l for women); 
AST, aspartate aminotransferase  (normal levels <0.58 μcat/L for men and <0.52 μcat/L for women); 
BAFF, B-cell activating factor of the TNF family; CK: creatine kinase (normal levels <2.85 cat/l 
and <2.42 μcat/l); CRP: C-reactive protein (normal levels <5 mg/l); DM: dermatomyositis; DMARD: 
disease-modifying anti-rheumatic drug; GCS: glucocorticosteroids; ILD: interstitial lung disease (ever 
present); LDH: Lactate dehydrogenase (normal levels 0.05 – 4.15 cat/L); MYOACT: Myositis Disease  
Activity Assessment Tool; Myoglobin  (normal levels <92  μg/l, for men and <76 μg/l for women); 
NA: not applicable; ND: not determined; PM: polymyositis.  Data are: *mean ± SD; **median [mini-
mum - maximum] or †number (% from DM, PM or from total number of patients). ‡ Equivalent of 
prednisolone daily dose.
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Dunn’s post hoc test and non-paramet-
ric Mann-Whitney U-test or paired t-
test with respect to normality of data, 
were performed. Spearman’s rank order 
test (rs) was used for correlations of pa-
rameters. Contingent tables were eval-
uated with Fisher’s exact test. Changes 
in paired samples were evaluated with 
Wilcoxon’s signed rank test. A p-value 
less than 0.05 was considered to be sta-
tistically significant. Unless otherwise 
stated, data were presented as median 
[minimum–maximum] values.

Results
Patient characteristics
The demographic characteristics of pa-
tients and healthy controls are shown in 
Table I. Altogether, 35 (92%) patients 
were treated with glucocorticoids (me-
dian dose of prednisone equivalent: 
17.5 mg/day; range 0–80 mg/day). 22 
patients (58%) were treated with im-
munosuppressive drugs: 16 received 
methotrexate, 4 azathioprine, 2 metho-
trexate in combination with azathio-
prine, 1 patient used cyclosporine A. 
Three patients (8%) had no treatment 
at the time of serum sample collection. 
There were no significant differences in 
demographic characteristics, laboratory 
and clinical disease activity, or treat-
ment between PM and DM patients.

Increased visfatin serum levels 
in myositis patients 
The serum levels of visfatin were sig-
nificantly higher in myositis patients 
compared to healthy controls (1.94 
[0.13–9.86] vs. 1.51 [0.14–5.20] ng/
ml; p<0.05) (Fig. 1). There were no 

significant differences in visfatin  lev-
els  between patients with DM and PM 
(1.91 [0.13–9.41] vs. 1.96 [0.71–9.86] 
ng/ml; p=0.89) or between males and 
females (1.73 [0.13–6.48] ng/ml vs. 
2.28 [0.6–9.86] ng/ml; p=0.23). Simi-
larly, no difference was found between 
visfatin levels in patients double posi-
tive for anti-Jo1 and anti-Ro52 (1.96 
[0.92–6.31] ng/ml) and patients with-
out anti-Ro52 (1.91 [0.13–9.86] ng/ml; 
p=0.68). The levels of serum visfatin 
did not correlate with age (r=-0.06, 
p=0.75) or disease duration (r=-0.08, 
p=0.63). Furthermore, visfatin serum 

levels did not significantly differ be-
tween patients treated with glucocorti-
coids for less or more than one month. 
Although, serum visfatin levels were 
comparable between myositis patients 
with and without conventional immu-
nosuppressive therapy (1.91 [0.1–9.9] 
vs. 2.09 [0.7–6.5] ng/ml; p=0.89), the 
levels of serum visfatin in longitudinal 
samples significantly decreased during 
treatment (from 2.12 [0.7–9.4] to 1.16 
[0.6–4.45] ng/ml; p=0.01) which was 
accompanied with  disease activity im-
provement in global VAS (from 17.5 
[0–79] to 13.5 [3–27]; p<0.05) (Fig. 2). 

Fig. 1. Serum levels of visfatin are higher in 
myositis patients compared to healthy individu-
als. Horizontal bars represent medians; p-value 
of Kruskal-Wallis test is expressed.

Fig. 2. Visfatin serum levels in paired serum samples decreased between two different time points, 
median between the two blood withdrawals was 13.4 [7 to 73.6] months (A), which was accompanied 
by global disease activity improvement (B). Wilcoxon’s paired sample test p-values are expressed. 

Fig. 3. Correlation between serum visfatin and BAFF levels in myositis patients (A) and healthy subjects 
(B).  Both serum levels of visfatin and BAFF correlated with muscle disease activity in patients with 
myositis (C, D). Spearman’s correlation coefficients with p values and linear regression lines are shown.
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Association between visfatin, BAFF, 
autoantibodies and myositis activity
The levels of visfatin (rs=0.39, 
p=0.02), as well as of BAFF (rs=0.34, 
p=0.04) correlated with clinical muscle 
activity assessed by VAS (Fig. 3c and 
3D), but did not correlate with labora-
tory measures of myositis disease ac-
tivity. There was a trend for correlation 
of visfatin and BAFF with the global 
disease activity VAS (rs=0.28, p=0.09 
and rs=0.33, p=0.05). 
While, there was a moderate correlation 
between the level of visfatin and LDH 
(rs=0.39, p<0.02), it did not correlate 
with other muscle enzymes and myo-
globin levels. On the other hand, BAFF 
levels significantly correlated with se-
rum myoglobin (rs=0.57, p=0.002), CK 
(rs=0.51, p=0.001) and also with the 
levels of anti-Jo-1 (rs=0.85, p=0.001). 
Although there was a trend towards 
positive correlation between visfatin 
and anti-Jo-1 autoantibody levels 
(rs=0.31, p=0.06), no differences were 
observed in visfatin levels between 
patients with and without ILD (1.85 
[0.13-9.86] vs. 1.91 [0.31-4.55] ng/ml; 
p=0.96). The levels of serum visfatin in 
myositis patients did not correlate with 
CRP levels (rs=0.13, p=0.43). There 
was a correlation between serum BAFF 
levels and CRP (rs=0.35, p=0.03). Lev-
els of serum visfatin positively corre-
lated with BAFF levels in myositis pa-
tients (rs=0.44; p=0.01), but there was a 
negative correlation in healthy controls 
(rs=-0.37; p=0.03), (Fig. 3a and 3b). 

Increased expression of visfatin 
in muscle tissue of myositis patients
The expression of visfatin in muscle 
tissue was observed in all myositis pa-
tients and was more prominent when 
compared to control muscle tissues 
from patients with MG (Fig. 4). Vis-
fatin staining intensity was compara-
ble between muscle specimens from 
patients with PM and DM.  Expression 
of visfatin was most evident in the en-
domysial and perimysial inflammatory 
cell infiltrates in the muscle tissue, al-
though the intensity varied from weak 
to strong (Table II). Whereas the vast 
majority of endomysial inflammatory 
infiltrate in PM was visfatin positive 
(Fig. 4a), only part of perimysial in-

flammatory infiltrate was positive in 
DM (Fig. 4c). Rhabdomyoblasts, when 
found, were visfatin positive. In all pa-
tients with PM and in four out of five 
patients with DM, regenerating muscle 
fibres expressed visfatin, a finding not 
observed in control patients with MG. 
Similar intensity of visfatin expression 
was demonstrated in endothelial cells 
of perimysial vessels or endomysial 
capillaries in myositis and control mus-
cle tissues.

Discussion
In the present study, we report an asso-
ciation between higher visfatin serum 
levels and increased muscle disease ac-

tivity in anti-Jo-1 positive myositis pa-
tients. Furthermore, visfatin expression 
in muscle tissue from myositis patients 
was up-regulated compared to non-in-
flammatory muscle controls. This data 
support a possible role of visfatin in 
the pathogenesis of idiopathic inflam-
matory myopathies.
Visfatin, originally discovered as a 
growth factor for B lymphocyte pre-
cursors, plays a significant role in vari-
ous pathophysiologic processes includ-
ing inflammation (14, 33). Our study 
is the first showing elevated serum 
visfatin levels in patients with anti-
Jo-1-positive myositis. Visfatin serum 
levels were higher in both PM and DM 

Fig. 4. Endomysial inflammatory infiltrate in a representative case of polymyositis patient express 
diffuse visfatin immunoreactivity (A). Regenerating muscle fibres show slight cytoplasmic immuno-
positivity (arrow), while muscle fibres of isotype control staining are negative (B). A proportion of the 
perimysial inflammatory cells in a representative case of dermatomyositis (C) is immunopositive for 
visfatin (arrowhead) with detail (D). Regenerating muscle fibres are visfatin  immunopositive (*). In 
perifascicular regions, atrophic muscle fibres show cytoplasmatic immunopositivity (**), isotype con-
trol staining is negative (E). Positivity of visfatin in smooth muscles of perimysial arteries media of a 
control muscle tissue from MG patient (F) compared to isotype control (G). Brown colour indicates 
positive staining. Immunoperoxidase method, counterstain with haematoxylin, magnificaton 200x.
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patients compared to healthy controls. 
We found that visfatin as well as BAFF 
serum levels were associated with 
muscle disease activity and there was 
a trend for correlation with the global 
disease activity score. This association 
is supported by evidence that visfatin 
is associated with several pathological 
conditions, including cardiovascular 
diseases, metabolic disorders, inflam-
matory diseases or malignancies (34). 
In addition, visfatin levels correlated 
with disease activity (24, 35) and struc-
tural progression of rheumatoid ar-
thritis (22) and ankylosing spondylitis 
(36). On the other hand, in systemic 
sclerosis, visfatin levels were not dif-
ferent from that in healthy controls (37, 
38) and in systemic lupus erythemato-
sus, visfatin levels were either elevated 
(20, 39) or comparable (38) to those of 
healthy subjects. 
Although, immunosuppressive therapy 
did not seem to influence visfatin levels 
in a cross-sectional analysis, the lev-
els of visfatin significantly decreased 
during treatment in myositis patients 
whose disease activity improved. We 
and others have reported that visfatin 
levels decrease following successful 
therapy in rheumatoid arthritis patients 
(35, 40), a finding which is not consist-
ent in all studies (41). 

In this study a positive association be-
tween visfatin and BAFF serum levels in 
anti-Jo-1 positive myositis patients was 
observed. Both cytokines are involved 
in B cell maturation into autoantibody 
producing plasma cells, which provides 
a possible explanation of the association 
between visfatin and particularly BAFF 
levels with that of anti-Jo-1 antibodies. 
However, we observed an inverse as-
sociation between visfatin and BAFF 
levels in healthy subjects, which may 
potentially represent a counterbalancing 
mechanism in B cell function under non-
inflammatory conditions. The role of 
these cytokines in myositis pathogenesis 
may be further supported by the fact that 
patients with anti-synthetase syndrome 
respond better to B-cell depleting ther-
apy with rituximab compared to patients 
with other forms of inflammatory myo-
pathies (42).
Here, we have also shown that visfatin 
levels did not correlate with muscle 
enzymes, with the exception of LDH 
or inflammatory markers in myositis 
patients. This may suggest that visfatin 
is more likely associated with immune 
inflammatory reaction rather than with 
muscle damage. In this sense it may be 
hypothesised that visfatin is a biomark-
er related to the inflammatory aspect of 
the disease whereas CK levels are more 

related to the actual muscle cell injury. 
Finally, we detected increased visfatin 
expression in muscle tissues from my-
ositis patients compared to non-inflam-
matory control muscle specimens from 
MG individuals. Visfatin was predomi-
nantly expressed in endomysial and 
perimysial inflammatory cell infiltrates 
and also by regenerating muscle fibres 
in a majority of myositis muscle tissue 
samples. Since BAFF together with its 
receptors are up-regulated in myositis 
muscle tissue (43), and BAFF increas-
es visfatin gene expression in primary 
B cells in vitro (44), it can be hypoth-
esised that BAFF may participate in 
visfatin up-regulation  in muscle tissue 
inflammatory infiltrates. Increased vis-
fatin expression has been identified in 
a variety of chronic inflammatory dis-
eases. In rheumatoid arthritis synovial 
membrane, visfatin was predominantly 
expressed by fibroblasts, lymphoid ag-
gregates, and interstitial vessels (24, 
26, 45). Visfatin can promote synthe-
sis of chemokines, pro-inflammatory 
cytokines, angiogenic growth factors, 
and matrix degrading enzymes (24, 
26, 45, 46). The expression of visfatin 
was also demonstrated in skeletal mus-
cle tissue raising the possibility that it 
may act as a myokine affecting skeletal 
muscle growth and metabolism (47). 

Table II. Visfatin expression in muscle tissue of patients with dermatomyositis (DM) and polymyositis (PM) compared to non-inflamma-
tory muscle biopsies from patients with myasthenia gravis (MG).
 
 No. Inflammatory Perimysial Endomysial Muscle Regenerating Atrophic Rhabdo
  infiltrate** vessels† capillaries†† fibres‡ muscle fibres# muscle fibresl  myoblasts§ 

    -/+/++/+++ -/+ -/+ -/+ -/+  -/+ -/+

PM 1 + + + - + - +
 2 + + + - + - +
 3 +++ + + +* + - +
 4 - + + - + - +
 5 ++ + + - + - +
DM 1 ++ + + - + + +
 2 + + + - + + +
 3 ++ + + - - + +
 4 + + + - + + +
 5 - + + - + + +
Control muscle (MG) 1 - + + - - - -
 2 - + + - - - -
 3 - + + - - - +
 4 - + + - - - -
 5 - + + - - - -

**The presence and intensity of inflammatory infiltrate:  none inflammatory infiltrate present; +:  very mild visfatin positive; ++: medium visfatin positive;  
+++:  intense visfatin positive; †Perimysial vessels: -  negative; + endothelial cells and vessel wall positivity; ††Capillaries: - negative; +  mild positivity;  ‡ 

Muscle fibres:  - negative; + positive; #Regenerating muscle fibres: -  not present; + present  cytoplasmatic positivity; lAtrophic muscle fibres: - negative; +  
cytoplasmatic positivity; § Rhabdomyoblasts:  - not present; + present, cytoplasmatic positivity. *Muscle fibres displaying cytoplasmatic visfatin immunopo-
sitivity proved to by ragged red fibres via histochemical methods (succinate dehydrogenase, cytochrom C oxidase).
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The strengths of our study rely in the 
homogeneous population of anti-Jo-1 
positive patients and the fact that clini-
cal assessments were performed at the 
time of serum collection, enabling cor-
relative analyses. The limitation of this 
study is a relatively low number of pa-
tients due to the infrequent occurrence 
of the disease. With this limitation in 
mind we can still hypothesise that in-
creased amount of visfatin may have 
an effect on immune as well as muscle 
cells and it may participate in the dis-
ease process in inflammatory anti-Jo-1 
positive myositis. 

Conclusion
In conclusion, we demonstrated here el-
evated serum levels of visfatin, similarly 
to BAFF, in patients with anti-Jo-1 posi-
tive myositis. Both cytokines associated 
positively with muscle disease activ-
ity evaluated by MYOACT. In addition, 
visfatin expression was up-regulated in 
muscle tissue from myositis patients; 
however, the exact role of visfatin in the 
pathogenesis of myositis remains to be 
determined in further studies.  

References
  1. PLOTZ PH, RIDER LG, TARGOFF IN, RABEN 

N, O’HANLON TP, MILLER FW: NIH confer-
ence. Myositis: immunologic contributions 
to understanding cause, pathogenesis, and 
therapy. Ann Intern Med 1995; 122: 715-24.

  2. BROUWER R, HENGSTMAN GJ, VREE EG-
BERTS W et al.: Autoantibody profiles in the 
sera of European patients with myositis. Ann 
Rheum Dis 2001; 60: 116-23. 3.

  3. KOENIG M, FRITZLER MJ, TARGOFF IN, 
TROYANOV Y, SENECAL JL: Heterogeneity 
of autoantibodies in 100 patients with auto-
immune myositis: insights into clinical fea-
tures and outcomes. Arthritis Res Ther 2007; 
9: R78. 

  4. RONNELID J, BARBASSO HELMERS S, STOR-
FORS H et al.: Use of a commercial line blot 
assay as a screening test for autoantibodies 
in inflammatory myopathies. Autoimmun Rev 
2009; 9: 58-61.

  5. LOVE LA, LEFF RL, FRASER DD et al.: A new 
approach to the classification of idiopathic 
inflammatory myopathy: myositis-specific 
autoantibodies define useful homogeneous 
patient groups. Medicine 1991; 70: 360-374.

  6. YOSHIFUJI H, FUJII T, KOBAYASHI S et al.: 
Anti-aminoacyl-tRNA synthetase antibodies 
in clinical course prediction of interstitial 
lung disease complicated with idiopathic 
inflammatory myopathies. Autoimmunity 
2006; 39: 233-241.

  7. MATSUSHITA T, HASEGAWA M, FUJIMOTO M 
et al.: Clinical evaluation of anti-aminoacyl 
tRNA synthetase antibodies in Japanese pa-

tients with dermatomyositis. J Rheumatol 
2007; 34: 1012-8.

  8. LEVINE SM, RABEN N, XIE D et al.: Novel 
conformation of histidyl-transfer RNA syn-
thetase in the lung: the target tissue in Jo-1 
autoantibody-associated myositis. Arthritis 
Rheum 2007; 56: 2729-39.

  9. ASCHERMAN DP, ORISS TB, ODDIS CV, 
WRIGHT TM: Critical requirement for profes-
sional APCs in eliciting T cell responses to 
novel fragments of histidyl-tRNA synthetase 
(Jo-1) in Jo-1 antibody-positive polymyosi-
tis. J Immunol 2002; 169: 7127-34.

10. STONE KB, ODDIS CV, FERTIG N et al.: Anti-
Jo-1 antibody levels correlate with disease 
activity in idiopathic inflammatory myopa-
thy. Arthritis Rheum 2007; 56: 3125-31.

11. FRIEBE D, NEEF M, KRATZSCH J et al.: 
Leucocytes are a major source of circulat-
ing nicotinamide phosphoribosyltransferase 
(NAMPT)/pre-B cell colony (PBEF)/visfatin 
linking obesity and inflammation in humans. 
Diabetologia 2011; 54: 1200-11.

12. FUKUHARA A, MATSUDA M, NISHIZAWA M 
et al.: Visfatin: a protein secreted by visceral 
fat that mimics the effects of insulin. Science 
2005, 307: 426-30.

13. LUK T, MALAM Z, MARSHALL JC: Pre-B cell 
colony-enhancing factor (PBEF)/visfatin: a 
novel mediator of innate immunity. J Leukoc 
Biol 2008; 83: 804-16.

14. MOSCHEN AR, KASER A, ENRICH B et al.: 
Visfatin, an adipocytokine with proinflam-
matory and immunomodulating properties.    
J Immunol 2007; 178: 1748-58.

15. OGNJANOVIC S, KU TL, BRYANT-GREEN-
WOOD GD: Pre-B-cell colony-enhancing fac-
tor is a secreted cytokine-like protein from 
the human amniotic epithelium. Am J Obstet 
Gynecol 2005; 193: 273-82.

16. JIA SH, LI Y, PARODO J, KAPUS A, FAN L, 
ROTSTEIN OD, MARSHALL JC: Pre-B cell 
colony-enhancing factor inhibits neutrophil 
apoptosis in experimental inflammation and 
clinical sepsis. J Clin Invest 2004; 113: 1318-
27.

17. RONGVAUX A, SHEA RJ, MULKS MH et al.: 
Pre-B-cell colony-enhancing factor, whose 
expression is up-regulated in activated lym-
phocytes, is a nicotinamide phosphoribosyl-
transferase, a cytosolic enzyme involved in 
NAD biosynthesis. Eur J Immunol 2002; 32: 
3225-34.

18. SAMAL B, SUN Y, STEARNS G, XIE C, SUGGS 
S, MCNIECE I: Cloning and characterization 
of the cDNA encoding a novel human pre-B-
cell colony-enhancing factor. Mol Cell Biol 
1994; 14: 1431-7.

19. DE SANCTIS JB, ZABALETA M, BIANCO NE, 
GARMENDIA JV, RIVAS L: Serum adipokine 
levels in patients with systemic lupus erythe-
matosus. Autoimmunity 2009; 42: 272-4.

20. CHUNG CP, LONG AG, SOLUS JF et al.:       
Adipocytokines in systemic lupus erythe-
matosus: relationship to inflammation, insu-
lin resistance and coronary atherosclerosis.    
Lupus 2009; 18: 799-806.

21. OTERO M, LAGO R, GOMEZ R et al.:        
Changes in plasma levels of fat-derived 
hormones adiponectin, leptin, resistin and 
visfatin in patients with rheumatoid arthritis. 
Ann Rheum Dis 2006; 65: 1198-201.

22. RHO YH, SOLUS J, SOKKA T et al.: Adipo-
cytokines are associated with radiographic 
joint damage in rheumatoid arthritis. Arthri-
tis Rheum 2009; 60: 1906-14.

23. SENOLT L, KRYSTUFKOVA O, HULEJOVA H 
et al.: The level of serum visfatin (PBEF) is 
associated with total number of B cells in pa-
tients with rheumatoid arthritis and decreases 
following B cell depletion therapy. Cytokine 
2011; 55: 116-21.

24. BRENTANO F, SCHORR O, OSPELT C et al.: 
Pre-B cell colony-enhancing factor/visfatin, 
a new marker of inflammation in rheumatoid 
arthritis with proinflammatory and matrix-
degrading activities. Arthritis Rheum 2007; 
56: 2829-39.

25. KLEIN-WIERINGA IR, van der LINDEN MP, 
KNEVEL R et al.: Baseline serum adipokine 
levels predict radiographic progression in 
early rheumatoid arthritis. Arthritis Rheum 
2011; 63: 2567-74.

26. MEIER FM, FROMMER KW, PETERS MA et 
al.: Visfatin/pre-B-cell colony-enhancing 
factor (PBEF), a proinflammatory and cell 
motility-changing factor in rheumatoid ar-
thritis. J Biol Chem 2012; 287: 28378-85.

27. FILKOVA M, HULEJOVA H, KUNCOVA K et 
al.: Resistin in idiopathic inflammatory myo-
pathies. Arthritis Res Ther; 14: p. R111.

28. KRYSTUFKOVA O, VALLERSKOG T, HELM-
ERS SB et al.: Increased serum levels of B 
cell activating factor (BAFF) in subsets of 
patients with idiopathic inflammatory myo-
pathies. Ann Rheum Dis 2009; 68: 836-43.

29. BOHAN A, PETER JB: Polymyositis and der-
matomyositis (first of two parts). N Engl J 
Med 1975; 292: 344-7.

30. FATHI M, LUNDBERG IE: Interstitial lung dis-
ease in polymyositis and dermatomyositis. 
Curr Opin Rheumatol 2005; 17: 701-6.

31. TOMASOVA STUDYNKOVA J, CHARVAT F,  
JAROSOVA K, VENCOVSKY J: The role of 
MRI in the assessment of polymyositis and 
dermatomyositis. Rheumatology (Oxford) 
2007; 46: 1174-9.

32. CEREZO LA, KUNCOVA K, MANN HJ et al.: 
The metastasis promoting protein S100A4 is 
increased in idiopathic inflammatory myopa-
thies. Rheumatology 2011; 50: 1766-72.

33. LAGO F, DIEGUEZ C, GOMEZ-REINO J, 
GUALILLO O: Adipokines as emerging medi-
ators of immune response and inflammation.  
Nat Clin Pract Rheumatol 2007; 3: 716-24.

34. NOWELL M, EVANS L, WILLIAMS A: PBEF/
NAMPT/visfatin: a promising drug target 
for treating rheumatoid arthritis? Future Med 
Chem 2012; 4: 751-69.

35. SGLUNDA O, MANN H, HULEJOVA H et al.: 
Decreased circulating visfatin is associated 
with improved disease activity in early rheu-
matoid arthritis: data from the PERAC co-
hort. PLoS One 2014; 9: e103495.

36. SYRBE U, CALLHOFF J, CONRAD K et al.: 
Serum adipokine levels in patients with an-
kylosing spondylitis and their relationship to 
clinical parameters and radiographic spinal 
progression. Arthritis Rheumatol 2015; 67: 
678-85.

37. MASUI Y, ASANO Y, SHIBATA S et al.: A pos-
sible contribution of visfatin to the resolution 
of skin sclerosis in patients with diffuse cu-
taneous systemic sclerosis via a direct anti-



229

Visfatin in inflammatory myopathies / H. Hulejová et al.

fibrotic effect on dermal fibroblasts and Th1 
polarization of the immune response. Rheu-
matology (Oxford) 2013; 52: 1239-44.

38. OZGEN M, KOCA SS, AKSOY K, DAGLI N, US-
TUNDAG B, ISIK A: Visfatin levels and inti-
ma-media thicknesses in rheumatic diseases.  
Clin Rheumatol 2011; 30: 757-63.

39. VADACCA M, MARGIOTTA D, RIGON A et al.: 
Adipokines and systemic lupus erythemato-
sus: relationship with metabolic syndrome 
and cardiovascular disease risk factors.           
J Rheumatol 2009; 36: 295-7.

40. KLAASEN R, HERENIUS MM, WIJBRANDTS 
CAet al.: Treatment-specific changes in cir-
culating adipocytokines: a comparison be-
tween tumour necrosis factor blockade and 
glucocorticoid treatment for rheumatoid ar-
thritis. Ann Rheum Dis 2012; 71: 1510-6.

41. GONZALEZ-GAY MA, VAZQUEZ-RODRIGUEZ 

TR, GARCIA-UNZUETA MT et al.: Visfatin is 
not associated with inflammation or meta-
bolic syndrome in patients with severe rheu-
matoid arthritis undergoing anti-TNF-alpha 
therapy. Clin Exp Rheumatol 2010; 28: 56-
62.

42. MUÑOZ-BEAMUD F, ISENBERG DA: Rituxi-
mab as an effective alternative therapy in re-
fractory idiopathic inflammatory myopathies. 
Clin Exp Rheumatol 2013; 31: 896-903. 

43. KRYSTUFKOVA O, BARBASSO HELMERS S  
et al.: Expression of BAFF receptors in mus-
cle tissue of myositis patients with anti-Jo-1 or 
anti-Ro52/anti-Ro60 autoantibodies. Arthritis 
Res Ther 2014; 16: 454.

44. XU LG, WU M, HU J, ZHAI Z, SHU HB: Iden-
tification of downstream genes up-regulated 
by the tumor necrosis factor family member 
TALL-1. J Leukoc Biol 2002; 72: 410-6.

45. NOWELL MA, RICHARDS PJ, FIELDING CA 
et al.: Regulation of pre-B cell colony-en-
hancing factor by STAT-3-dependent inter-
leukin-6 trans-signaling: implications in the 
pathogenesis of rheumatoid arthritis. Arthri-
tis Rheum 2006; 54: 2084-95.

46. ADYA R, TAN BK, PUNN A, CHEN J, RANDE-
VA HS: Visfatin induces human endothelial 
VEGF and MMP-2/9 production via MAPK 
and PI3K/Akt signalling pathways: novel 
insights into visfatin-induced angiogenesis.  
Cardiovasc Res 2008; 78: 356-65.

47. KRZYSIK-WALKER SM, OCON-GROVE OM, 
MADDINENI SR, HENDRICKS GL, 3rd, RAMA-
CHANDRAN R: Is visfatin an adipokine or 
myokine? Evidence for greater visfatin ex-
pression in skeletal muscle than visceral fat 
in chickens. Endocrinology 2008; 149: 1543-
50.


