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Targeted lipidomics analysis identified @
altered serum lipid profiles in patients
with polymyositis and dermatomyositis
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Abstract

Background: Polymyositis (PM) and dermatomyositis (DM) are severe chronic autoimmune diseases, characterized
by muscle fatigue and low muscle endurance. Conventional treatment includes high doses of glucocorticoids and
immunosuppressive drugs; however, few patients recover full muscle function. One explanation of the persistent
muscle weakness could be altered lipid metabolism in PM/DM muscle tissue as we previously reported. Using a
targeted lipidomic approach we aimed to characterize serum lipid profiles in patients with PM/DM compared to
healthy individuals (HI) in a cross-sectional study. Also, in the longitudinal study we compared serum lipid profiles
in patients newly diagnosed with PM/DM before and after immunosuppressive treatment.

Methods: Lipidomic profiles were analyzed in serum samples from 13 patients with PM/DM, 12 HI and 8
patients newly diagnosed with PM/DM before and after conventional immunosuppressive treatment using
liquid chromatography tandem mass spectrometry (LC-MS/MS) and a gas-chromatography flame ionization
detector (GC-FID). Functional Index (Fl), as a test of muscle performance and serum levels of creatine kinase
(s-CK) as a proxy for disease activity were analyzed.

Results: The fatty acid (FA) composition of total serum lipids was altered in patients with PM/DM compared
to HI; the levels of palmitic (16:0) acid were significantly higher while the levels of arachidonic (20:4, n-6) acid
were significantly lower in patients with PM/DM. The profiles of serum phosphatidylcholine and triacylglycerol
species were changed in patients with PM/DM compared to HI, suggesting disproportionate levels of saturated and
polyunsaturated FAs that might have negative effects on muscle performance. After immunosuppressive treatment the
total serum lipid levels of eicosadienoic (20:2, n-6) and eicosapentaenoic (20:5, n-3) acids were increased and serum
phospholipid profiles were altered in patients with PM/DM. The correlation between Fl or s-CK and levels of several
lipid species indicate the important role of lipid changes in muscle performance and inflammation.

Conclusions: Serum lipids profiles are significantly altered in patients with PM/DM compared to HI. Moreover,
immunosuppressive treatment in patients newly diagnosed with PM/DM significantly affected serum lipid
profiles. These findings provide new evidence of the dysregulated lipid metabolism in patients with PM/DM
that could possibly contribute to low muscle performance.
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Background

Polymyositis (PM) and dermatomyositis (DM) are chronic
autoimmune disorders characterized by skeletal muscle
weakness, fatigue and damage. The major histopatho-
logical features of these diseases include infiltration of
inflammatory cells in skeletal muscle tissue and muscle
fiber degeneration and regeneration [1, 2]. Furthermore,
immune mechanisms including immune cell infiltration,
major histocompatibility complex (MHC) class I molecule
expression in muscle cells, production of pro-
inflammatory mediators and presence of autoantibodies
are implicated in PM/DM pathogenesis and might con-
tribute to muscle weakness [3—6].

Conventional treatment of PM and DM is based on im-
munosuppression including high doses of glucocorticoids
(GC) often in combination with other immunosuppressive
drugs [1, 2], but despite clinical improvement, only a few
patients fully restore previous muscle strength. There is
accumulating evidence that non-immune mechanisms
such as endoplasmic reticulum (ER) stress and capillary-
loss-induced hypoxia are important contributors to
muscle weakness in patients with inflammatory myop-
athies [7, 8]. ER stress-induced aberrant reactive oxygen
species (ROS) generation, mitochondrial dysfunction and
myokine induction are implicated in skeletal muscle dys-
function [8]; moreover, there is cross-talk between ER
stress and dysregulated lipid metabolism [9]. Changes in
muscle lipid metabolism may be caused by ER stress,
chronic inflammation or immunosuppressive treatment as
suggested by recent reports [9, 10] and in turn lead to
altered lipid profiles contributing to persistent muscle im-
pairment. There is growing understanding of an important
role of various lipids such as fatty acids (FA), phospho-
lipids, sphingolipids and prostaglandins in the regulation
of skeletal muscle growth and functions [11-14]. For
instance, deviations in the phospholipid levels or FA com-
position are associated with impaired muscle performance
while dietary supplementation with unsaturated FA im-
proves skeletal muscle mass and strength [14—18].

Recent lipidomic studies have demonstrated that
serum/plasma phospholipids, lysophospholipids, neutral
lipids and FA are altered in chronic inflammatory dis-
eases including rheumatoid arthritis (RA), psoriasis, type
2 diabetes mellitus and obesity [19-22]. The changes in
lipid metabolism in these diseases might be induced by
inflammatory responses via various mechanisms [23].
Information on lipid profiles in patients with PM or DM
is very limited. A few reports suggest altered serum
levels of low-density lipoprotein (LDL)-cholesterol, high-
density lipoprotein (HDL)-cholesterol, total cholesterol
and triglycerides indicating changes in lipid metabolism
in these diseases [24—26]. The dyslipidemia was associ-
ated with disease activity in one study and may reflect
an interaction between inflammation and lipid
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metabolism [26]. These results suggest that detailed
characterization of lipid profiles in patients with PM or
DM may add to our understanding of molecular mecha-
nisms leading to persisting low muscle performance.

To identify lipid changes that may play a role in patho-
genesis of persisting muscle weakness in patients with
PM and DM, we examined lipid profiles in serum from
patients with PM and DM using a targeted lipidomic
approach. Lipid profiles were investigated in patients
with PM and DM and compared to healthy individuals
(HI) and in response to conventional immunosuppres-
sive treatment.

Methods

Patients and serum samples

This study comprises two parts, one cross-sectional (13 pa-
tients with PM and DM) and one longitudinal (8 patients
with PM and DM). The patients with PM or DM fulfilled
the Bohan and Peter classification criteria for possible,
probable or definite disease [27, 28]. Patients with inclusion
body myositis and immune necrotizing myopathy (IMNM)
were excluded based on clinical manifestations and muscle
biopsy features. Myositis-specific autoantibodies (MSA)
were tested by immunoprecipitation in collaboration with
Dr. Mimori, Kyoto, Japan [29] and for anti-3-hydroxy-3-
methylglutaryl-coenzyme A reductase (anti-HMGCR) anti-
bodies by Dr. Mammen, Baltimore, USA [30]. The
remaining serum was tested in the Clinical Immunology
Laboratory, Karolinska University Hospital, as routine
analyses for antinuclear antibodies (ANA), anti-Sjogren’s
syndrome-related antigen A (anti-SSA), anti-Ro52, anti-
Sjogren’s syndrome-related antigen B (anti-SSB), anti-
UIRNP, anti-double stranded DNA (anti-dsDNA) and
anti-Jol antibodies. All 21 patients were tested with at
least one of these methods. There were 18 patients who
were seropositive for at least one autoantibody: anti-Jo-1
(2 with PM, 1 with DM), anti-TTFly (1 with DM, 1 with
PM), anti-Mi-2 (1 with DM), anti-MDA5 (1 with DM),
anti-HMGCR (1 with DM), anti-SRP (1 with PM), anti-
SSA (1 with PM, 1 with DM), anti-Ro52 (2 with DM),
anti-RNP (2 with PM) or anti-nuclear antibodies (4 with
DM). Three patients with diagnosis of PM were negative
in the antibody tests; in these patients the diagnosis of PM
was supported by muscle biopsy findings of endomysial
inflammatory infiltrates surrounding non-necrotic fibers
and in two patients there were also perivascular infiltrates,
but none had signs of any other myopathy. None of the
patients had histopathological features compatible with
necrotizing myopathy.

Clinical data on comorbidities that may affect metab-
olism and lipid profiles were retrieved by retrospective
review of patients’ records. None of the 21 patients had
diabetes mellitus. One patient had received thyroid hor-
mone replacement for several years and normal serum
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levels of thyroid stimulating hormone (TSH) at the
time of blood sampling, and thyroid disease was ex-
cluded by normal TSH in 19/20 patients (one TSH
value was missing).

Lipid profiles were compared between patients with
PM or DM and HI in the cross-sectional study. Stored
serum from 13 consecutive patients with PM or DM
(median age 46 years, range 25-60 years; 7 women and
6 men; disease duration median 12 months, range 1-
144 months) were analyzed. At the time of serum sam-
pling eight patients were on treatment with prednisolone
with a median daily dose of 15 mg/day. Six patients had
an additional immunosuppressive drug (ciclosporin,
chloroquine, azathioprine or cyclophosphamide); one
patient was treated with azathioprine only and four
patients were untreated.

Serum samples from 12 HI (6 women, 6 men, median
age 45, range 25-60 years) matched by age and gender
were obtained from the biobank at the Division of
Rheumatology, Karolinska Institutet and included as
controls.

The longitudinal study included eight consecutive pa-
tients, newly diagnosed with PM or DM, untreated (1 = 5)
or treated for <2 weeks (n=3) (median age 61.5 years,
range 49-80 years; 7 women, 1 man) from whom two
serum samples were collected, one before or within
2 weeks of prednisolone treatment and a second serum
sample approximately 8 months after starting immuno-
suppressive treatment. Treatment consisted of oral pred-
nisolone (60 mg/day) with slowly tapering doses to
minimum of 7.5 mg/day and all patients received an add-
itional immunosuppressive drug (methotrexate, azathio-
prine or cyclophosphamide) as decided by the treating
physician.

Whole blood was obtained from non-fasting individuals
by venipuncture into 5-ml vacutainer serum separator
tubes with clot activator (Becton Dickinson). According to
the manufacturer’s instructions the samples were centri-
fuged, and serum was separated, immediately frozen and
stored at — 80 °C until analysis.

Clinical and laboratory assessment

Laboratory and clinical outcome measurements were
retrieved from medical records. As a test of muscle per-
formance, a modified Functional Index (FI) was applied
including the hip flexion and the step test with a max-
imum score of 100% [31]. An increase > 15% was defined
as an improvement. As a proxy for disease activity,
serum levels of total creatine phosphokinase (s-CK) were
measured using an enzymatic rate analysis and spectro-
photometric method (the Beckman DxC system) at the
Department of Clinical Chemistry, Karolinska University
Hospital, Sweden. Reference values were 0.6-3.5 pkat/L
for women and 0.8—6.7 pkat/L for men.
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Sample extraction for lipid profiling

All samples were kept on ice during the extraction of
serum lipids and FA. In short, 0.5 ml frozen serum was
thawed at 4 °C and centrifuged at 1000 x g for one mi-
nute. 100 pl serum was transferred to Eppendorf tubes
and 10 pl of internal standard (10 ng/pl of triheptadeca-
noin in chloroform (CHCl3)) was added to each sample.
Furthermore, a 750-pl mixture of methanol (MeOH) and
CHCl; (2:1 v:v) was added to each sample, vortexed for
10 s and sonicated for 10 min. Samples were spun down
for 5 min at 2000 x g. The organic phase, containing
lipids, was removed and saved in Eppendorf tubes. The
sample was then re-extracted by the same procedures as
described above. The second extract was combined with
the first extract for each sample and evaporated in a
SpeedVac (ScanVac, Labogene, Denmark). The lipids
obtained were dissolved and vortexed in 1 ml MeOH/
CHCl; (2:1 v:v) and further divided into two portions each
containing 500 pl and stored at — 80 °C until analysis of
FA of total lipids and targeted lipidomics analysis,
respectively.

Analysis of FA composition of total serum lipids
Extracted lipids were transformed into FA methyl esters
(FAMEs) according to Idborg et al. [32]. Briefly, 2 ml
hexane, 1 ml MeOH and 1 ml boron trifluoride (BF3)
solution was added to the first portion of the dissolved
lipids. Samples were then gradually purged with nitro-
gen, tightly sealed and incubated at 95 °C for 1 h. After
incubation, an equivalent amount of Milli-Q water was
added, and samples were centrifuged at 500 rpm for
10 min, the top phase was collected, and the bottom
phase was re-extracted with hexane. The samples were
analyzed with a gas-chromatography flame ionization
detector (GC-FID) (YL6100, Younglin Lin Instrument
Co., Ltd., Korea), together with an HT300A autosampler
(Younglin Lin Instrument Co., Ltd., Korea), equipped
with a 30 m x 0.32 mm id. x0.25 um film thickness, J.
W. Scientific DB-Wax column (Agilent Technologies
Inc., Santa Clara, CA, USA) using the analytical condi-
tions described in Idborg et al. [32]. A calibration curve
was plotted in the range from 2.5 to 100 ng/ul, and the
individual relative response factors were calculated by
comparing the areas of the analytes to the ones of the
internal standard. Two replicate injections of each sam-
ple were performed, and the results were expressed in
weight percentage, as a mean value + standard deviation
(SD) of the total identified FAMEs. The mean values
were used to calculate fold change.

Targeted lipidomics analysis

Analysis of several lipid classes, e.g., triacylglycerols
(TG), phospholipids, sphingolipids, and lysophospholi-
pids was performed using liquid chromatography
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tandem mass spectrometry (LC-MS/MS). In brief, the
second portion of the dissolved lipids was analyzed by
Waters 2795 HPLC (Waters Corporation, MA, USA)
coupled to a triple quadrupole mass spectrometer
(Acquity TQ Detector, Water Corporation). Samples
were injected into a Hypersii GOLD Phenyl column
(150 mm x 2.1 mm i.d, 3 um particle size, ThermoFisher
Scientific, USA) with a 45-min stepwise linear gradient:
5 mM ammonium acetate in MilliQ water was used as
mobile phase A and 5 mM ammonium acetate in metha-
nol was used as mobile phase B. The gradient started at
20% B for 2 min followed by an increase from 80% to
99% B in 18 min and then stayed at 99% for 15 min. The
re-equilibration step was performed going back to 80%
in 1 min and equilibrate for 9 min. One 20-pl aliquot
was injected for detection of phosphatidylcholine (PC)
and sphingomyelin (SPH) species by multiple reaction
monitoring (MRM) mode, and one 20 pl aliquot was
injected detecting phosphatidylethanolamine (PE) and
lysophosphatidylcholine (LPC) species by MRM. Integra-
tion of peaks was performed by MassLynx software,
version 4.1. The relative abundance of lipid species was
calculated using area percentage.

Statistical analysis

Univariate statistical analysis was performed using the
Mann-Whitney U test and Wilcoxon’s signed rank test.
The Spearman rank correlation test was used to test
correlation between the clinical parameters and the
serum levels of specific lipid metabolites. The strength
of the Spearman correlation is referred to as weak (Rho
<0.39), moderate (Rho = 0.4—0.59) or strong (Rho >0.60)
[33]. Differences with p values less than 0.05 were con-
sidered statistically significant.

Principal component analysis (PCA) and orthogonal
projection to latent structures (OPLS) were performed
utilizing SIMCA P+ version 12 (MKS Data Analytics
Solution, Umed, Sweden). Prior to PCA/OPLS the data
were mean-centered and scaled to unit variance.

Results

FA composition of serum total lipids in patients with PM/
DM and HlI

First, as a screening test we examined the FA compos-
ition of total serum lipids in patients with PM/DM and
HI using GC-FID. A total of 24 FA were measured, and
11 FA were detected in total serum lipids in both groups
(Table 1). The FA profiles were altered in patients with
PM/DM compared to HI (Table 1). Significant differ-
ences were observed in the levels of the palmitic (16:0)
acid (PA), which were higher (p <0.05) in patients with
PM/DM in comparison with HI. In contrast, the levels
of the arachidonic (20:4, n-6) acid (AA) were signifi-
cantly lower (p<0.05) in patients with PM/DM. In
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Table 1 Fatty acid composition of total serum lipids from patients
with polymyositis and dermatomyositis compared to healthy
individuals

FA Healthy individuals, Patients,
weight % weight %
C14.0 16+08 21 +£07
c16.0 216 £52 245 + 3.0*
C16:1 18+07 21+£08
C180 98 £10 89+ 13
c18:1 247 +30 265+ 46
C18:2(n-6) 279 £ 44 256 £ 5.1
C18:3(n-3) 14 +07 12+05
C20:3(n-6) 13+04 1.1+£05
C20:4(n-6) 54+ 1.1 43 +13*
C20:5(n-3) 2212 18+ 14
C22:6(n-3) 24 £ 08 19+07
SFA 329+49 355+30
MUFA 265 £ 34 28.7 £ 5.1
PUFA 405+ 58 358+73
n-3 PUFA 59+17 49+20
n-6 PUFA 346 £ 49 309 £63

Values given as mean + SD

FA fatty acids, SFA saturated fatty acids, MUFA monounsaturated fatty acids,
PUFA polyunsaturated fatty acids

*p < 0.05 for patients versus healthy individuals

addition, the total levels of saturated fatty acids (SFA)
were higher (p =0.091) while the levels of docosahexae-
noic (22:6, n-3) acid were lower (p =0.073) in patients
with PM/DM compared to HI. No significant differences
were detected in the total levels of monounsaturated FA
(MUFA), polyunsaturated FA (PUFA), n-3 PUFA or n-6
PUFA in patients with PM/DM compared to matched
HI (Table 1).

Targeted lipidomics analysis of serum lipids from patients
with PM/DM and HI

To gain in-depth insight into lipid metabolism in pa-
tients with PM/DM compared to HI, we applied LC-
MS/MS-based targeted lipidomics to analyze serum PC,
LPC, TG and SPH levels in patients and HI. In total, 72
lipid species were identified including 30 PC, 11 LPC,
25 TG and 6 SPH species (Additional file 1: Table S1).
Out of 72 lipid species, 9 were significantly altered and
within the PC class, the levels of species containing
PUFA such as PC(36:4), PC(38:5) and PC(38:4) were
lower in patients with PM/DM than in HI (Fig. 1a,
Additional file 1: Table S1). Among the TGs, the spe-
cies containing SFA and MUFA, such as TG(46:1),
TG(48:2), TG(48:1) and TG(50:1), were higher in pa-
tients with PM/DM compared to HI while species con-
taining PUFA, such as TG(48:5) and TG(54:4) were



Raouf et al. Arthritis Research & Therapy (2018) 20:83

Page 5 of 11

Area%
129
-hcallhy
l:lmyositis
104
s -
6
44
24
53 D 53 " x = 8 = =
o 5% % % <+ © % % =]
< < < N o I N N 2
= g g g g g g g ¢

10 i

3 -

6

4 -

2 -

)
= 0

2

4

-6

-8

09 8 -7 6 -5 43 -2-1201 2 3 45 6 7 8 9 10
t[1]

0.30 1TGUE) ATERRARY)
+PC(3610)G(48:4) 4PC(34:44 PC(32: WTG(48:0)
4PC(36:1) Taeol)

.
0,20 HLPC8 B a6:6) SPC(34:3)x
4TG(50:5) {TG(as0)
ALPC(18:0) -
0,10 1$C(16:0) o 4TG(44:0)
., 1TG(58! 1PC(42:11) .
iPC406) | FSPH(183) 4LPC(18:1)
1P POREIN .
= 1PC(36:3)x 1TG(42:0) %“2‘1 iPC(E2A(182) ‘SPH“BWC‘(%M)X S pciea
g 0.0 Tecgea PO ) TFOTTE]
TG(5¢:BL(38:5)x ATG(44T§(52:4)
‘PC‘(?WE)p ATG(54:7) aPC( o
B TG(48:5) ‘PC(SB'E)A)EPHQO 9 ALPC(20:5)
0,10 W PC(36:4)x 1LPC(22:6)
4PC(38:9)x {PC(0:5) TG(54:6) 1LPC(18:2) 1PC(34:2)x|
1TG(56:7)
+LPC(204)G(54:3)
-0,20 4TG(52:2)
4TG(54:4)
1TG(54:5) 4TG(52:3)
-0,30  -025 -020 -0,15 -0,10 -0,05 0,00 0,05 0,10 0,15 0,20
pall]

Fig. 1 a Serum lipid species in patients with polymyositis or dermatomyositis compared to healthy individuals. PC, phosphatidylcholine; TG, triacylglycerol.
Results are expressed as percentage area (area %) (mean + SE): *p < 0.05, **p < 0.01, for patients with polymyositis (PM)/dermatomyositis (D) versus healthy
individuals. b, ¢ Score plots from unsupervised clustering by principal component analysis (PCA) (b) and supervised clustering by orthogonal projection to
latent structures (OPLS) (c) are shown. Healthy individuals are represented by blue squares and patients with PM/DM by red triangles. d The corresponding
loading plot obtained from OPLS analysis. Lipids important for the separation of patients with PM/DM from controls are highlighted in red

lower (Fig. 1a, Additional file 1: Table S1). Both within PC
and TG, the ratio of lipid species containing SFA and
MUFA to those containing PUFA were significantly higher
in patients with PM/DM compared to HI. There were no
significant differences in the LPC and SPH levels between
patients with PM/DM and HI (Additional file 1: Table S1).
Multivariate analysis (MVA) using PCA showed a
modest separation of patients with PM/DM and HI
(Fig. 1b). Supervised clustering was performed using
OPLS to distinguish which variables most prominently
separate HI from patients with PM/DM. Fig. 1 shows
the score plot (Fig. 1c) and the corresponding loading
plot (Fig. 1d). Variables important for the separation
between HI and patients with PM/DM were selected
based on a combination of variable influence in pro-
jection (VIP >1.5) and scaled loadings (p(corr) >|0.5])
in the OPLS model. The important variables were
PC(38:4), PC(36:4), PC(40:8), TG(48:5) and TG(50:6)
(highlighted in the loading plot in red, Fig. 1d).

Effects of immunosuppressive treatment on FA composition
of total serum lipids from patients with PM/DM

Next we analyzed the FA composition of total serum
lipids in patients with PM/DM before and after
immunosuppressive treatment. The levels of the eicosa-
dienoic (20:2, n-6) acid (EDA) and the eicosapentaenoic
(20:5, n-3) acid (EPA) were significantly increased (p <
0.05) after treatment (Table 2). No significant changes
were observed in total levels of SFA, MUFA, PUFA, n-3
FA or n-6 FA in patients after treatment (Table 2).

Targeted lipidomics analysis of serum lipids from patients
with PM/DM before and after immunosuppressive
treatment

Using a more comprehensive LC-MS/MS-based targeted
lipidomics approach, we identified a total of 97 serum
lipid species including 30 PCs, 29 PE, 10 LPCs and 24
TGs in patients with PM/DM before and after immuno-
suppressive treatment (Additional file 1: Table S2).
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Table 2 Fatty acid composition of total serum lipids from
patients with polymyositis and dermatomyositis before and
after immunosuppressive treatment

FA Before treatment, weight % After treatment,
weight %
C14:0 0.96 £0.48 133+033
C160 22.78+1.98 23.18+1.60
c16:1 1.85+£0.84 206 +0.93
C180 10.76 £ 1.44 996+ 1.33
c18:1 2534+353 2402 +292
C18:2(n-6) 2198 £3.34 23.02£3.11
C18:3(n-6) 0.04£0.12 0.17+0.20
C18:3(n-3) 1.81£1.03 237 £0.65
€201 03£032 0.13+£0.26
C20:2(n-6) 0.1£0.13 046 +037*
C20:3(n-6) 127 £0.36 1.31+034
C20:4(n-6) 583+ 161 496 +1.07
C20:5(n-3) 1.25£044 191 +£0.65*
C22:0 0.2+£045 02+0.17
C22:5(n-3) 1.0+044 1.18+0.18
C22:6(n-3) 438+1.77 3.55+£0.70
SFA 347 +26 349+27
MUFA 264 +£34 275+45
PUFA 389+34 376 +49
n-3 PUFA 90+£16 84+19
n-6 PUFA 299+238 292 +4.1

Values given as mean + SD

FA fatty acids, SFA saturated fatty acids, MUFA monounsaturated fatty acids,
PUFA polyunsaturated fatty acids

*p < 0.05 for after treatment versus before treatment
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Twenty-two lipid species were altered in response to im-
munosuppressive treatment. After treatment, significant
differences (p <0.05) were observed in the levels of 12
PC species. The levels of eight PCs, i.e., PC(32:3), PC(32:
2), PC(32:1), PC(34:5), PC(34:4), PC(34:3), PC(36:6) and
PC(36:5), were increased in patients with PM/DM in
response to immunosuppressive treatment (Fig. 2,
Additional file 1: Table S2). The levels of four species,
PC(32:0), PC(38:4), PC(40:7) and PC(40:6), were reduced
after treatment. Within the PE class, the levels of PE(32:1),
PE(34:3), PE(36:6) and PE(36:5) were also significantly
higher (p <0.05) while PE(38:4) and PE(40:6) levels were
lower after treatment (Fig. 2, Additional file 1: Table S2).
After treatment the serum levels of LPC(16:1),
LPC(18:3), LPC(20:5) and TG(48:1) were significantly
increased (Fig. 2, Additional file 1: Table S2).

The results of MVA did not separate patients before and
after treatment in a PCA score plot of the first two dimen-
sions (Fig. 3a). Using OPLS we performed supervised
clustering of lipidomic profiles obtained from patients
with PM/DM before and after treatment, and Fig. 3. shows
the score plot (Fig. 3b) and the corresponding loading plot
(Fig. 3c). Analysis of lipid species selected based on a
combination of VIP and scaled loadings (p(corr)) in
the OPLS model demonstrated that the most import-
ant variables for the separation between before and
after treatment were PC(36:6), PC(36:5), PC(34:5),
PC(34:4), PC(34:3), PC(32:3), PC(32:2), PE(36:5),
PE(34:3), PE(32:2), PE(32:1), LPC(20:5) and LPC(18:3)
(Fig. 4c, highlighted in the loading plot in red).

Correlation between lipid markers and clinical parameters
As a proxy for disease activity, s-CK levels trended toward
reduction after immunosuppressive treatment (median 7.6,
range 0.3—-50 pkat/L vs median 1.8, range 0.3—4.2 pkat/L,
p =0.115, before and after treatment, respectively) (Fig. 4a).

PC(32:3)
PC(32:2)
PC(32:1)
PC(32:0)
PC(34:5)
PC(34:4)
PC(34:3)
PC(36:6)
PC(36:5)
PC(38:4)
PC(40:7)

after treatment versus before treatment

PC(40:6)

Fig. 2 Serum lipid species in patients with polymyositis or dermatomyositis before and after immunosuppressive treatment. PC, phosphatidylcholine; PE,
phosphatidylethanolamine; LPC, lysophosphatidylcholine; TG, triacylglycerol. Results are expressed as percentage area (Area %) (mean + SE): *p < 0.05 for
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Fig. 3 Results of multivariate analysis of the lipid species data obtained from patients with polymyositis (PM)/dermatomyositis (DM) before and
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FI was improved in three out of eight patients after
treatment, but at the group level no significant change was
seen (median 43%, range 16—67% vs median 60.8%, range
11-84%, before and after treatment, respectively) (Fig. 4b).

A Spearman’s correlation test was performed to assess
the relationship between serum lipid markers and clin-
ical parameters in patients with PM/DM before and after
immunosuppressive treatment. Before treatment positive
correlation was observed between the levels of s-CK and
the levels of PE(36:1) (Rho=0.848; p =0.037) and
between FI and the levels of TG(52:5) (Rho = 0.810; p =
0.032). After treatment, positive correlation was detected
between s-CK and the levels of PE(38:7) (Rho=0.813;
p =0.046) and TG(56:7) (Rho =0.857; p =0.035). Nega-
tive correlation was observed between s-CK and the
levels of LPC(20:4) (Rho=-0.964; p =0.018). There
was negative correlation between FI and the levels of
PC(34:2) (Rho = - 0, 857; p = 0.035); positive correlation be-
tween FI and the levels of PC(36:4) (Rho = 0.964; p = 0.018),
PC(38:4) (Rho=0.821; p =0.044), TG(50:6) (Rho = 0.830;
p =0.042) and TG(52:5) (Rho=0.857; p =0.035) after
treatment.

Discussion

In the present study we have provided a detailed
characterization of the serum lipid profiles in patients
with PM/DM for the first time. Using a targeted lipido-
mics approach we have demonstrated that serum lipid
profiles are altered in patients with PM/DM compared
with HI. Moreover, immunosuppressive treatment of
patients newly diagnosed with PM/DM significantly
affected serum lipid profiles. We detected significantly
higher serum levels of PA in patients with PM/DM com-
pared to HI. PA is the most abundant systemic SFA and
has been linked to inflammation [34, 35], insulin resist-
ance [36] and atrophy of myotubes in vitro [37]. The
negative effects of PA on myotubes can be attenuated by
treatment with PUFA [37]. We also found that the levels
of AA were significantly lower in patients with PM/DM
compared to HI. The reduced AA levels are most likely
due to the increased conversion of AA to pro-
inflammatory prostaglandins and leukotrienes by
cyclooxygenases and 5-lipoxygenase, in line with our
previous observations of the enhanced expression of
these enzymes in muscles from patients with PM and
DM [5, 6].

We also found that the levels of nine lipid species
within PC and TG were significantly altered in patients
with PM/DM. Moreover, the levels of three PC and two
TG species containing PUFA were lower and the levels
of four TG species containing SFA and MUFA were
higher in patients with PM/DM compared to HI. These
data are in line with previous studies reporting that
patients with rheumatic disease have lower levels of
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PUFAs and higher levels of SFA in serum PC, erythro-
cyte PL, and adipose tissue compared with HI [38—40].
These disproportionate PUFA and SFA levels that are in-
creased with disease duration or activity are assumed to
be related to the degree of inflammation and not to diet-
ary habits [38, 40]. Furthermore, since SFA and PUFA
have been shown to promote and counter muscle wast-
ing, respectively [11, 37], the observed enhanced levels
of SFA and reduced levels of PUFA in patients with PM/
DM might have negative effects on muscle performance.

Using a multivariate approach we identified five lipid
species PC(38:4), PC(36:4), TG(48:5), TG(50:6), and
PC(40:8) that are important for the separation of
patients with PM/DM and HI. Even though our study is
small, and the detected changes are moderate, the
results suggest altered lipid metabolism in patients with
PM/DM. Further studies are needed to clarify the role of
those lipids in disease progression.

We also detected altered serum lipid profiles in
patients newly diagnosed with PM/DM in response to
conventional immunosuppressive treatment, including
high doses of GC in combination with immunosuppres-
sive drugs. GC are well-known to affect lipid metabolism
[41], and the role of GCs in the dysregulation of lipid
metabolism in skeletal muscle has recently been
addressed [10, 42]. In mouse myotubes in vitro and in
skeletal muscle ex vivo, GC treatment affects the expres-
sion of genes involved in lipid storage, mobilization and
utilization [42]. In patients with PM and DM, immuno-
suppressive treatment including GC affects the expres-
sion of genes involved in lipid and FA metabolism in
skeletal muscle [10] which potentially might lead to
altered lipid and FA profiles in those patients. Indeed,
after conventional treatment we observed significantly
higher levels of EDA and EPA. Minor catabolite of lino-
leic (18:2, n-6) acid, EDA and its subsequent metabolite
sciadonic (20:3, n-6) acid may exert anti-inflammatory
effects, affecting prostaglandin E, (PGE,) and nitric oxide
(NO) pathways [43]. EPA gives rise to lipid mediators that
are less inflammatory than those produced from AA or
involved in resolution of inflammation [43—45]. Conse-
quently, the increased serum EPA and EDA levels after
treatment might have a beneficial anti-inflammatory
effect.

Moreover, the levels of 22 lipid species within PC, PE,
LPC and TG were significantly altered after immunosup-
pressive treatment. However, we did not find a clear pat-
tern in the changes of PUFA-enriched or SFA-enriched
lipid species in response to the treatment indicating
beneficial or detrimental treatment effects. Thirteen
species were identified by MVA to be important for the
separation of patients with PM/DM before and after treat-
ment, i.e. PC(32:3), PC(32:2), PC(34:5), PC(34:4), PC(34:3)
, PC(36:6), PC(36:5), PE(32:2), PE(32:1), PE(34:3), PE(36:5)
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, LPC(18:3) and LPC(20:5). We have observed correlation
between s-CK and four lipid species, PE(36:1), PE(38:7),
TG(56:7) and LPC(20:4), before and after treatment,
suggesting lipid involvement in inflammatory processes.
Furthermore, the correlation between FI and several lipid
species detected before and after treatment indicates
changes in lipid profiles of relevance for muscle
performance.

These findings provide new evidence of the dysregula-
tion of lipid metabolism in patients with PM/DM that
may contribute to the persistent muscle weakness and
fatigue. Interestingly, there is increasing evidence that
dietary FA supplementation and physical exercise could
be promising approaches to improve lipid profiles and
muscle function [17, 18, 46, 47].

Though positive correlation between the proportions
of individual PUFA in serum phospholipids and skeletal
muscle phospholipids has been demonstrated in HI pre-
viously [48], future studies are needed to define to what
extent the serum lipid profiles reflect the lipid profiles in
skeletal muscle of patients with PM/DM.

Our current study has several limitations: one is the
small number of patients included and the heterogeneity
in the immunosuppressive treatment used in combin-
ation with GC, although all patients were treated with
high doses of GC. In addition, it is not possible to differ-
entiate between the relative effects of the disease pro-
gression and the immunosuppressive treatment on the
lipid profiles. Another limitation is that we used the
Bohan and Peter classification for PM and DM in this
study due to lack of detailed information on the pattern
of muscle weakness required to apply the 2017 European
League Against Rheumatism (EULAR)/American Col-
lege of Rheumatology (ACR) classification criteria for
myositis [49]. Autoantibodies were positive in most
patients as a support for an idiopathic inflammatory my-
opathy as compared to other myopathies. Moreover,
patients with inclusion body myositis (IBM) or with
histopathological features compatible with necrotizing
myopathies were excluded from this study. Notably two
individuals had anti-SRP or anti-HMGCR antibodies,
both antibodies associated with IMNM, but none of
these patients had clinical or histopathological features
compatible with IMNM, one was classified as having
PM and one as having DM, based on a combination of
clinical and laboratory features [50]. We also did not
have access to data on factors such as patient diet, life-
style activity and disease activity. The serum samples
from the patients in cohort 2 were collected before the
suggested measures of disease activity from the Inter-
national Myositis Assessment and Clinical Studies
Group (IMACS) were available. Therefore we can only
present a proxy of disease activity through measure of
muscle performance Functional Index (FI) and results of
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s-CK levels for these patients. It would be of great inter-
est to establish correlation between lipid changes and
clinical outcome. Future studies in large cohorts are
needed to clarify differences in lipid profiles and out-
come measures in responders and non-responders to
certain interventions.

Conclusion

We have observed that serum lipids profiles are signifi-
cantly altered in patients with PM/DM compared to age
and gender matched HI. In addition, we observed that
serum lipid profiles in patients newly diagnosed with PM/
DM were significantly altered in response to immunosup-
pressive treatment. These findings suggest that lipid me-
tabolism is dysregulated in patients with PM/DM and is
affected by immunosuppressive treatment. Future studies
will clarify whether the changes in serum lipid profiles re-
flect the muscle tissue lipid profiles and could be used as
prognostic or therapeutic markers in PM/DM.
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