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Abstract
The diagnosis and classi�cation of Idiopathic In�ammatory Myopathies (IIM) remain complex because
of the lack of information about their pathogeny. Scanning Electron Microscopy (SEM) allows a
histological analysis with better resolution, which together with the immunological pro�le, is useful for a
better understanding of physiopathology. For immunological pro�le characterization, we identi�ed the
presence of autoantibodies (Ro-52, OJ, EJ, PL7, PL12, SRP, Jo-1, PMScl75, PMScl100, Ku, SAE1, NXP2,
MDA5, TIF1γ, Mi-2α, Mi-2β) and quanti�ed cytokines (IL-1β, IFN-α2, IFN-γ, TNF-α, IL-6, IL-10, IL-12p70, IL-
17A, IL-18, IL-23, IL-33) and chemokines (CCL2, CXCL8). The histological analysis was made by
hematoxylin-eosin staining while the muscle �ber was characterized by SEM. We observed changes in the
morphology and structure of the muscle �ber according to muscle strength and muscle enzymes. We
were able to �nd and describe muscle �ber ultrastructure with marked irregularities, porosities, disruption
in the linearity and integrity of the fascicle, more evident in patients with increased serum levels of
muscle enzymes and diminished muscle strength. Even the scarce reports about the use of SEM as a tool
in all clinical phenotypes of IIM, our work provides an excellent opportunity to discuss and reframe the
clinical usefulness of SEM in the diagnostic approach of IIM.

Introduction
Idiopathic In�ammatory Myopathies (IIM) are muscle autoimmune diseases with different clinical,
demographical, histological, and immunopathological features that allow us to classify them into
subgroups: dermatomyositis, amyopathic dermatomyositis (ADM), juvenile dermatomyositis (JDM),
polymyositis (PM), inclusion body myositis (IBM), immune-mediated necrotizing myopathy (IMNM) and
juvenile myositis (JM)1.

Distinct classi�cation criteria have been proposed by experts in this �eld through the years, which allows
the clinical diagnosis, notwithstanding still is scarce the information available regarding the
pathogenesis of the disease. The diagnostic tools used for IIM classi�cation include electromyography,
magnetic resonance imaging, serum levels of muscle enzymes, presence of autoantibodies and muscle
histological characterization, however, they may not be speci�c enough for some IIM phenotypes
according to classi�cation criteria2.

There are still many �elds to explore deeply in IIM research, for example, the immunological pro�le of IIM
patients, including the clinical relevance of the myositis speci�c antibodies (MSA) beyond cancer risk
development or anti-synthetase syndrome (ASS) and myositis associated antibodies (MAA), as well as
the participation of cytokines and chemokines. Notwithstanding, the histological analysis of the muscle
is commonly performed by hematoxylin-eosin (HE) staining, however, the information about the
description of muscle �ber ultrastructure is scarce and limited to IBM. There are only a few descriptive
reports regarding muscle �ber in other pathologies or conditions3–6, one possible explanation is that tools
with the highest precision, like electron microscopy 7 have not been fully explored and not available in
every center, besides the lack of expertise in the interpretation.
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There are some reports using transmission electron microscopy (TEM) which is useful in particularly for
IBM patients since their classic inclusion bodies structures8, likewise, there are a few reports including
muscle analysis of DM and PM patients9, however, neither of these studies described rigorously the
muscle �ber ultrastructure of IIM patients using scanning electron microscopy (SEM), therefore our study
represents the �rst report in this context.

The use of SEM will allow us with the highest resolution, appropriate characterization of muscle �ber
ultrastructure along with cytokines, chemokines and the presence of autoantibodies, will help us to get a
better knowledge about the pathological features of these IIM. Therefore, our study aim was to
characterize the �ber muscle ultrastructure and to identify the possible association with the
immunological pro�le and clinical features of the IIM clinical phenotypes.

Results
Our study group was conformed of eight women (66.7%) and four men (33.3%) classi�ed with IIM
according to EULAR/ACR 2017 criteria. We observed that muscle enzyme serum levels of CPK and LDH
showed a trend to be higher in women. Regarding extra muscle manifestations, we found that arthralgias
and the interstitial lung disease (ILD) were the most prevalent. Other demographical, clinical, and
serological features are shown on Table 1.

There is a negative correlation between muscle strength
and muscle enzymes
We determined the serum levels of muscle enzymes (CPK, aldolase, AST, ALT, LDH) and MMT8 score (0–
150), respectively. We found that the muscle enzymes AST, ALT, and CPK are correlated between them
(Fig. 1 panel A, B, and C); likewise, an inverse correlation was observed between the MMT8 score and CPK
(rs = -0.660, P = 0.020), ALT (rs = -0.577, P = 0.050) and AST (rs = -0.655, P = 0.021), meaning that patients
with higher levels of muscle enzymes had lower muscle strength (Fig. 1 panel D, E, and F).

Findings in muscle �ber ultrastructure became more evident in patients with diminished muscle strength.

The muscle tissue of twelve patients was analyzed by optical microscopy stained with HE and ten
samples were also analyzed by SEM. Most representative biopsy pictures of our patients are shown
according to MMT8 decreasing score in Fig. 2. In this regard, is important to denote that we observed
higher levels of muscle enzymes and more evident �ndings in the muscle �ber ultrastructure in patients
with lower muscle strength (porosities, sarcolemma irregularities, perforations, and even loss of muscle
morphology). We did not observe an association between ultrastructural alterations and the presence of
autoantibodies, neither with the myositis phenotype, however, we could observe a trend to diminish
muscle strength in PM patients. Clinical features of each patient according to the MMT8 score are shown
on Table 2.
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Table 2
Clinical features according to MMT8 score decreasing order.

Patient Age Gender Presence of
MSA/MAA

Extra muscular
manifestations

Myositis
classi�cation

MMT8
score

(0–
150)

Serum
levels of
muscle
enzymes

A 22 Male Anti-MDA5 Heliotrope,
Gottron’s sign, V
sign, periungual
erythema

ADM 150 Normal:
CPK = 
50.0 U/L;
AST = 
18.9 U/L;
ALT = 
15.7 U/L;
LDH = 
206.0
U/L;

aldolase 
= 1.7 U/L

B 34 Male Seronegative Arthritis IBM 150 Normal:
CPK = 
73.0 U/L;
AST = 
22.0 U/L;
ALT = 
40.0 U/L;
LDH = 
147.0
U/L;

aldolase 
= 8.3 U/L

C 39 Female Seronegative Arthralgia,
heliotrope,
Gottron’s sign,
shawl’s sign,
calcinosis, ILD

DM 148 Normal:
CPK = 
145.0
U/L;
AST = 
23.0 U/L;
ALT = 
21.0 U/L;
LDH = 
160.0
U/L

MSA: Myositis Speci�c Autoantibodies; MAA: Myositis Associated Autoantibodies; MDA5: Melanoma
Differentiation Associated-protein 5; TIFγ1: Transcription Intermediary Factor 1γ; ILD: Interstitial Lung
Disease; ADM: amyopathic dermatomyositis; IBM: Inclusion Body Myositis; DM: dermatomyositis;
OM: Overlap Myositis; PM: polymyositis; ASS: anti-synthetase syndrome; MMT8: Manual Muscle
Testing 8; CPK: creatin phosphokinase; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; LDH: Lactate Dehydrogenase.
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Patient Age Gender Presence of
MSA/MAA

Extra muscular
manifestations

Myositis
classi�cation

MMT8
score

(0–
150)

Serum
levels of
muscle
enzymes

D 51 Female Anti-Ro-52 Arthritis,
arthralgia, V sign

OM 148 Normal:
CPK = 
18.0
U/L:
AST = 
22.7 U/L;
ALT = 
19.1 U/L;
LDH = 
192.0
U/L

E 36 Female Seronegative Arthralgia, V
sign, Raynaud’s
phenomenon

OM 145 Normal:
CPK = 
13.0 U/L;
AST = 
13.7 U/L;
ALT = 
10.1 U/L;
LDH = 
225.0
U/L

F 37 Male Seronegative ILD, pulmonary
�brosis

DM 144 Elevated:
CPK = 
286.0
U/L;
AST = 
57.0 U/L;
ALT = 
124.0
U/L;
LDH = 
167.0
U/L;

aldolase 
= 5.2 U/L

MSA: Myositis Speci�c Autoantibodies; MAA: Myositis Associated Autoantibodies; MDA5: Melanoma
Differentiation Associated-protein 5; TIFγ1: Transcription Intermediary Factor 1γ; ILD: Interstitial Lung
Disease; ADM: amyopathic dermatomyositis; IBM: Inclusion Body Myositis; DM: dermatomyositis;
OM: Overlap Myositis; PM: polymyositis; ASS: anti-synthetase syndrome; MMT8: Manual Muscle
Testing 8; CPK: creatin phosphokinase; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; LDH: Lactate Dehydrogenase.
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Patient Age Gender Presence of
MSA/MAA

Extra muscular
manifestations

Myositis
classi�cation

MMT8
score

(0–
150)

Serum
levels of
muscle
enzymes

G 49 Female Seronegative Arthritis,
arthralgia,
Raynaud’s
phenomenon

OM 144 Elevated:
CPK = 
376.0
U/L;
AST = 
27.0 U/L;
ALT = 
26.0 U/L

H 48 Female Seronegative No extra
muscular
manifestations

PM 138 Normal:
CPK = 
79.0 U/L;
AST = 
26.0 U/L;
ALT = 
29.0 U/L;
LDH = 
145.0
U/L;

aldolase 
= 1.4 U/L

I 45 Female Anti-EJ

Anti-Ro-52

Dysphagia, ILD,
pulmonary
�brosis,
pulmonary
hypertension

PM + ASS 135 Elevated:
CPK = 
2042.0
U/L;
AST = 
57.0 U/L;
ALT = 
40.0 U/L;
LDH = 
391.0
U/L;

aldolase 
= 5.6

J 65 Male Seronegative Dysphagia,
pulmonary
�brosis

PM 106 Elevated:
CPK = 
520.0
U/L;
AST = 
59.0 U/L;
ALT = 
70.0 U/L

MSA: Myositis Speci�c Autoantibodies; MAA: Myositis Associated Autoantibodies; MDA5: Melanoma
Differentiation Associated-protein 5; TIFγ1: Transcription Intermediary Factor 1γ; ILD: Interstitial Lung
Disease; ADM: amyopathic dermatomyositis; IBM: Inclusion Body Myositis; DM: dermatomyositis;
OM: Overlap Myositis; PM: polymyositis; ASS: anti-synthetase syndrome; MMT8: Manual Muscle
Testing 8; CPK: creatin phosphokinase; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; LDH: Lactate Dehydrogenase.
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Patient Age Gender Presence of
MSA/MAA

Extra muscular
manifestations

Myositis
classi�cation

MMT8
score

(0–
150)

Serum
levels of
muscle
enzymes

--- 70 Female Anti-EJ

Anti-Ro-52

ILD, pulmonary
�brosis, cancer

PM + ASS 150 Elevated:
CPK = 
39.0 U/L;
AST = 
20.3 U/L;
ALT = 
20.1 U/L;
LDH = 
309.0
U/L;

aldolase 
= 2.1 U/L

--- 20 Female Anti-TIF-1γ No extra
muscular
manifestations

DM 150 Elevated:
CPK = 
63.0 U/L;
AST = 
30.1 U/L;
ALT = 
12.8 U/L;
LDH = 
349.0
U/L;

aldolase 
= 4.9 U/L

MSA: Myositis Speci�c Autoantibodies; MAA: Myositis Associated Autoantibodies; MDA5: Melanoma
Differentiation Associated-protein 5; TIFγ1: Transcription Intermediary Factor 1γ; ILD: Interstitial Lung
Disease; ADM: amyopathic dermatomyositis; IBM: Inclusion Body Myositis; DM: dermatomyositis;
OM: Overlap Myositis; PM: polymyositis; ASS: anti-synthetase syndrome; MMT8: Manual Muscle
Testing 8; CPK: creatin phosphokinase; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; LDH: Lactate Dehydrogenase.

Cytokine and chemokine pro�le is different in IIM patients: IL-6 serum levels are higher in myositis
patients meanwhile IFN-γ and CCL2 are higher when positive MSA/MAA.

Regarding immunological pro�le characterization, we detected the serum presence of MSA/MAA, and
quanti�ed serum levels of cytokines and chemokines. We found �ve seropositive patients for MSA or
MAA, which represented 41.7% of seropositivity in our study group, the clinical features of seropositive
patients are also shown on Table 2.

In regard to the characterization of cytokines and chemokines pro�le, we included a control group
conformed of twelve clinically healthy subjects age and gender-matched to contrast the serum levels of
these molecules in IIM patients. We found higher serum levels of IL-6 in IIM patients (5.0 ± 4. 33 vs 11.3 ± 
7.69 pg/mL, P = 0.028) (Table 3). Subsequently we compared the cytokine and chemokine serum levels



Page 9/29

according to seropositivity for some MSA or MAA (Supplementary Table 1), we found higher levels of
CCL2 (116.3 ± 66.41 vs 294.8 ± 85.11 pg/mL, P = 0.005) and IFN-γ (1.7 ± 2.23 pg/mL vs 12.1 ± 10.80
pg/mL P = 0.048) in seropositive patients (Fig. 3A).
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Table 3
Cytokine and chemokine serum levels in IIM patients and control group

Serum levels
(pg/mL)

IIM patients

(n = 12)

Detection
rate

n (%)

Control
group

(n = 12)

Detection
rate

n (%)

P*# P$&

IL-1β (
−
x ± S. D. )

3.1 ± 5.66 5 (41.6) 3.6 ± 6.57 5 (41.6) 0.892 > 
0.999

IFN-α2 (
−
x ± S. D.

)

2.0 ± 1.41 12 (100.0) 3.3 ± 3.84 12 (100.0) 0.600 ---

IFN-γ (
−
x ± S. D. )

6.0 ± 8.59 7 (58.3) 5.2 ± 8.44 5 (41.6) 0.615 0.684

TNF-α (
−
x ± S. D. )

0.0 0 3.8 ± 8.97 2 (16.6) --- 0.478

IL-6 (
−
x ± S. D. )

11.3 ± 7.69 12 (100.0) 5.0 ± 4.33 8 (66.7) 0.028 0.317

IL-10 (
−
x ± S. D. )

1.2 ± 1.27 11 (91.6) 1.7 ± 3.73 6 (50.0) 0.187 0.069

IL-12p70 (
−
x ± S. D. )

0.0 0 0.6 ± 1.05 3 (25.0) 0.217 0.217

IL-17A (
−
x ± S. D.

)

0.2 ± 0.35 3 (25.0) 1.2 ± 2.28 6 (50.0) 0.200 0.400

IL-18 (
−
x ± S. D. )

383.9 ± 
665.9

11 (91.6) 144.6 ± 
75.7

12 (100.0) 0.291 > 
0.999

IL-23 (
−
x ± S. D. )

26.4 ± 80.65 12 (100.0) 2.6 ± 3.08 11 (91.6) 0.214 > 
0.999

IL-33 (
−
x ± S. D. )

3.8 ± 7.41 3 (25.0) 4.6 ± 10.73 2 (16.6) > 
0.999

> 
0.999

CCL2 (
−
x ± S. D. )

190.6 ± 
116.11

12 (100.0) 116.1 ± 
44.20

12 (100.0) 0.128 ---

CXCL8 (
−
x ± S. D.

)

3.1 ± 4.12 8 (66.7) 5.9 ± 11.87 9 (75.0) 0.919 > 
0.999

MSA: Myositis Speci�c Autoantibodies; MAA: Myositis Associated Autoantibodies; IIM: Idiopathic

In�ammatory Myopathies; 
−
x :  mean; S.D.: standard deviation; pg: picogram; mL: milliliter; IL:

interleukin; IFN: interferon; TNF: Necrosis Tumor Factor; CCL2: chemokine (C-C motif) ligand 2; CXCL8:
chemokine (C-X-C motif) ligand 8. *We compared cytokine and chemokine serum levels between IIM
patients and control group. #Mann-Whitney U test with Fisher’s exact test. $We compared the
detection rate of cytokines and chemokines between IIM patients and control group. &Fisher’s exact
test.
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As an unspeci�c muscle damage marker, the LDH enzyme has the highest association with the
immunological pro�le of IIM patients.

Since we observed marked alterations in muscle �ber ultrastructure in patients with higher muscle
enzymes and lower muscle strength, we analyzed if there are any associations between these �ndings
with the immunological pro�le. We initially looked for a possible correlation between muscle enzymes or
MMT8 score with serum levels of cytokines or chemokines. We did not �nd any correlation regarding
CPK, AST, ALT nor MMT8 score, however, we could observe a correlation between serum levels of IFN-γ
and LDH (rs = 0.692, P = 0.027) (Fig. 3B) as well as a negative correlation between CXCL8 and aldolase (rs

= -0.929, P = 0.003).

Subsequently, we analyzed cytokines and chemokines serum levels according to normal or elevated
muscle enzymes. It was not possible to compare according to ALT because only two patients had
elevated levels, meanwhile all our patients were inside the normal range of aldolase. We did not �nd
difference regarding CPK and AST, however, we found higher levels of IFN-γ (16.9 ± 11.09 pg/mL vs 2.2 ± 
3.6 pg/mL, P = 0.018) (Fig. 3C) and a tendency to increased levels of CCL2 (164.5 ± 128.54 pg/mL vs
278.9 ± 19.32 pg/mL, P = 0.085) in patients with elevated levels of LDH.

Respecting the muscle enzyme serum levels according to MSA/MAA presence, we found higher serum
levels of LDH (289.4 ± 87.61 vs 168.8 ± 32.71 U/L, P = 0.031) in seropositive patients (Fig. 3D). We did not
�nd difference in the scale of the MMT8 score according to seropositivity (P = 0.216). On the other hand,
we did not �nd a difference in the frequency distribution of MSA/MAA seropositivity according to normal
or elevated levels of muscle enzymes, however, it is important to denote that we observed a tendency to a
higher frequency of seropositive patients with high LDH (P = 0.061).

All these �ndings give us a picture indicating that MSA/MAA seropositive patients had higher levels of
the cytokine IFN-γ as well as the muscle enzyme LDH (Fig. 3) which is consistent with progressive
alterations in muscle �ber ultrastructure according to the MMT8 score.

Histopathological �ndings in muscle tissue are in concordance with the muscle damage and strength of
IIM patients

We additionally looked for any association between a speci�c �nding in muscle tissue and the clinical
and immunological pro�le of our patients.

According to HE results, we observed that the most common histopathological features were perivascular
in�ammatory in�ltrate (50%), perifascicular atrophy (41.7%), endomysial in�ammatory in�ltrate (33.3%)
and the presence of basophilic �bers (25%).

We observed that patients with perivascular in�ammatory in�ltrate had higher erythrocyte sedimentation
rate (ESR) (37.8 ± 9.73 mm/h vs 11.7 ± 12.40 mm/h, P = 0.015). Otherwise, we did not �nd differences in
patients with perifascicular atrophy. Regarding patients with endomysial in�ammatory in�ltrate, we
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found higher levels of IL-18 (841.5 ± 1084.19 vs 155.2 ± 117.03 pg/mL, P = 0.048) and lower score of
MMT8 (132.5 ± 18.23 vs 147.1 ± 4.26, P = 0.034). Finally, we observed higher serum levels of CPK (949.3 
± 953.48 U/L vs 95.1 ± 112.38 U/L, P = 0.018), AST (57.7 ± 1.15 U/L vs 22.6 ± 4.82, P = 0.009) and ALT
(78.0 ± 42.6 U/L vs 21.5 ± 9.12 U/L, P = 0.014) as well as lower score of MMT8 (128. 3 ± 19.86 vs 146.9 ± 
4.04, P = 0.032) in patients with basophilic �bers.

Regarding SEM observations, muscle �bers were cylindrical, with a diameter of 50 µm approximately,
parallel to each other and they were surrounded by collagen �bers forming the endomysium. The most
common �ndings were myo�ber surface irregularities (90%), however, since this feature is present in
almost all our patients, is considered characteristic of muscle �ber ultrastructure independent of the
clinical phenotype and we did not compare the clinical pro�le of our patients according to this �nding.

Other �ndings included altered muscle morphology (60%), non-linear muscle �bers (60%), cellular
in�ltrate (50%), and myo�ber surface porosities (30%). In this regard, we observed non detectable levels
of IL-1β (0.0 pg/mL vs 4.8 ± 4.23 pg/mL, P = 0.005) as well as lower levels of CXCL8 (0.8 ± 1.20 pg/mL vs
5.6 ± 5.73 pg/mL, P = 0.024) in patients with altered muscle morphology. Otherwise, we did not �nd
difference in patients with non-linear muscle �bers nor in presence of cellular in�ltrate in muscle tissue or
myo�ber surface porosities.

We did not observe difference in the frequency distribution of seropositive patients according to
histopathological �ndings or muscle ultrastructure alterations.

The immunological pro�le of IIM patients is also related to immunosuppressive treatment.

We also decided to explore if there is an association between the immunological pro�le of IIM patients
and clinical characteristics including immunosuppressive treatment.

The patients included in this study are under conventional synthetic disease-modifying drugs including
methotrexate, prednisone, hydroxychloroquine, mycophenolate, and azathioprine. We looked for
differences in cytokine and chemokine serum levels as well as the frequency of seropositivity. We could
not compare methotrexate because almost all our patients were under this treatment, otherwise, we
neither compared azathioprine because of the low frequency of this prescription (Supplementary
Table 2). We found lower levels of chemokine CXCL8 in prednisone treated patients (1.6 ± 1.50 pg/mL vs
8.3 ± 5.59 pg/mL, P = 0.018), as well as a tendency of diminished serum levels of IL-23 in mycophenolate
mofetil treated patients (1.2 ± 0.48 pg/mL vs 39.1 ± 98.33 pg/mL, P = 0.085), moreover, although they
were no signi�cative, serum levels of IL-1β and IL-17A were not detectable in patients under
mycophenolate treatment. We did not observe differences concerning hydroxychloroquine. Regarding
MSA/MAA presence, we did not observe a difference in the frequency distribution of autoantibody
seropositivity according to immunosuppressive treatment.

Discussion
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To our knowledge, this study is the �rst one to describe the muscle �ber ultrastructure of IIM patients in
clinical phenotypes ADM, DM, JDM, PM plus anti-synthetase syndrome (ASS) and scleromyositis by
SEM. Since the unexplore application of SEM in these patients and the lack of classi�cation criteria
including SEM �ndings, we decided to categorize and describe the muscle �ber ultrastructure according
to muscle damage and muscle weakness markers represented by muscle enzymes and MMT8 score,
respectively. To complement the obtained information on muscle �ber ultrastructure, we also
characterized the immunological pro�le of IIM patients aiming to get a better understanding of their
physiopathology.

Serum levels of muscle enzymes are considered a support tool for myositis diagnostic considered in
EULAR/ACR 2017 criteria for IIM patient classi�cation. Is important to remind that serum levels of muscle
enzymes might re�ect the muscle damage or the lack of physical training in some IIM patients 10

meanwhile, the MMT8 score is a validated tool for muscle weakness evaluation in myositis patients11,
therefore both parameters are considered adequate markers for muscle damage and muscle weakness.

According to muscle �ber ultrastructure description, we presented the SEM images in decreasing order of
the MMT8 score. Only two of ten patients had a MMT8 maximum score, the muscle tissue of these
patients included muscle �bers with lineal morphology, similar size and were disposed of in fascicle
conformation. However, while muscle strength decreased, we observed more irregularities, porosities,
abundant leukocyte in�ltration as well as disruption of linearity and fascicle conformation, even in the
patients with the lowest MMT8 score, we observed muscle �ber destruction with multiple perforations
and di�culty to identify muscle �ber and muscle fascicle structures. Likewise, muscle enzymes elevation
became evident as muscle strength decreases, this is in concordance with the observed correlation
between serum levels of muscle enzymes and the MMT8 score.

An important aspect to consider regarding the muscle �ber description of our patients is the fact of the
observed discordances between optical and electronic microscopy; according to HE staining, we did not
observe any �nding suggestive of muscle pathology in three of our patients, meanwhile, we found
alterations in the ultrastructure of muscle �ber of the same patients. This situation denotes the
usefulness of SEM as a tool with higher resolution to get a better opportunity to observe histological
changes and a better comprehension of the muscle tissue alterations of IIM patients.

Other important fact regarding muscle histological examination of IIM patients is the discordance
between clinical and histopathological diagnosis that has been previous reported indicating up to 55% of
change in diagnosis after muscle biopsy in IIM patients. Muscle biopsy examination has also a great
utility in deep characterization of IIM patients12. In our study, the clinical phenotype was not concordant
in 30% with muscle biopsy results; this is one of the reasons why the decision of muscle biopsy is
discussing nowadays because the lack of expertise in its interpretation. These �ndings highlight the
importance of muscle biopsy for an accurate diagnosis and classi�cation of IIM patients.
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In addition to muscle �ber description, we also aimed to characterize the immunological pro�le of our
study group by serum detection of MSA and MAA as well as cytokines and chemokines quanti�cation.
We found a seropositivity of 41.7% of MSA or MAA in concordance with the phenotypes previously
described as the case of the presence of anti-MDA5 in ADM phenotype or ILD development in anti-EJ
seropositive patients13,14.

Regarding cytokines, it is important to denote that not all cytokines or chemokines were detected because
their serum levels were lower than the minimum considered in the detection range, we considered them as
zero for comparisons and reported the detection rate in Table 3. In this context, cytokines such as IFN-α2,
IL-6, IL-23, and chemokine CCL2 had a detection rate of 100% meanwhile IL-12p70 and TNF-α were not
detected in the serum of IIM patients and the cytokine IL-17 was detected in fewer patients probably due
to immunosuppressive therapy.

We found higher levels of IL-6 in IIM patients in respect to control group. This cytokine is one of the main
mediators of pro-in�ammatory responses, mainly secreted by macrophages, �broblasts and endothelial
cells15; IL-6 promotes vascular endothelial activation by an increase of E-selectin, intercellular adhesion
molecule 1 (ICAM-1) and vascular cellular adhesion molecule 1 (VCAM-1) expression which is important
for leukocyte migration to muscle tissue16, otherwise, IL-6 elevated levels have been reported in other
rheumatic diseases including rheumatoid arthritis, Sjögren’s syndrome, and Crohn’s disease17–19. The role
of IL-6 in IIM has been previously reported as the case of the model of myosin-induced experimental
myositis where mice developed myopathy, but IL-6 de�cient mice did not show clinical nor histological
signs of muscle damage20. Additionally, elevated serum levels of IL-6 in IIM patients have been also
reported and proposed as an activity disease biomarker in DMJ21. Considering this background as well
as our results, we could consider IL-6 as a one of the main mediators of tissue destruction in IIM
immunopathology.

Otherwise, IFNg and IL-17A which are related cytokines to IIM pathogeny because of their participation in
MHC-I overexpression and autoimmunity development22,23 did not show difference. This behavior might
be explained by the clinical remission of the IIM, the immunosuppressive treatment or their low
concentrations of cytokines and chemokines in peripheral blood, however, it would be important to
determine the expression of these molecules directly in muscle tissue.

Afterwards, according to MSA/MAA seropositivity we observed only a tendency to IL-6 higher levels in
seropositive patients. On the other hand, we found higher levels of IFN-γ and CCL2 in seropositive
patients. To our knowledge, this is the �rst report comparing cytokine and chemokine serum levels
according MSA/MAA seropositivity, however, due to small sample size, we could not carry out the
analysis for each autoantibody. We propose the comparative of cytokine and chemokine serum levels
according to each MSA and MAA as a perspective for a better understanding of the immunological pro�le
of IIM patients.
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The implication of IFNs in IIM is well-known and has been widely reported since the �rst report in 198624.
This cytokine is mainly produced by monocytes, macrophages, and natural killer 25 cells after pattern
recognition receptors (PRR) activation, but IFN-γ is also synthesized by TCD4+ lymphocytes (Th1 pro�le)
and TCD8+ lymphocytes26. It has been demonstrated that the IFN-γ gene is overexpressed in myo�bers
surrounded by TCD8+ lymphocytes27. Otherwise, it is highly recognized that this cytokine induces the
MHC-I and MHC-II overexpression in human myoblasts28,29 which is associated with IIM
immunopathology because of the facilitation of myo�bers recognition by TCD8+ lymphocytes16 as well
as the trigger of the stress of endoplasmic reticulum30.

On the other hand, it has been reported that the chemokine CCL2, mainly produced by monocytes and
macrophages, participates in IIM pathogenesis by the stimulation of leukocyte migration to the muscle
tissue31. In addition, the in�ammatory in�ltrates which surround the blood vessels of muscle tissue are
mainly composed of lymphocytes and macrophages that are target cells of CCL216. It has been shown
distinct evidence of CCL2 implication in myositis including its expression at mRNA level in patient muscle
tissue, CCL2 protein expression in endothelial cells of IIM patients as well as higher levels of CCL2 in
muscle tissue of IIM patients32,33. Moreover, we could infer that CCL2 synthesis could be induced by
membrane attack complex 25 formation in endothelial cells surface of DM patients, the main phenotype
in our study. Otherwise, there are few reports which suggest the consideration of this cytokine as an early
biomarker for ILD development since CCL2 elevated levels have been observed in DM/PM patients with
ILD complication34,35. However, in the present study, it was not possible to associate cytokine and
chemokine serum levels with these complications.

Once we characterized the damage and muscle strength as well as immunological pro�le, we looked for
correlations between these parameters. We did not �nd any association according to the MMT8 score,
however, one of the most remarkable �ndings is the association of LDH enzyme with immunological
pro�le re�ected in the correlation between LDH and IFN-γ serum levels, the difference of IFN-γ serum
levels according to LDH normal or elevated levels, higher LDH levels in seropositive patients, as well as a
tendency to the higher frequency of seropositive patients with LDH, elevated levels.

Concerning a speci�c histopathological �nding and its association with immunological pro�le, we
observed that the most common �nding according to HE results, was perivascular in�ammatory in�ltrate.
The patients with this feature had higher levels of ESR which re�ects the pro-in�ammatory status and
activation of leukocyte migration. We also observed a decreased MMT8 score and increased of muscle
enzymes when there was presence of regeneration markers (basophilic �bers) as well as lower muscle
strength and IL-18 elevated serum levels when the patients had endomysial in�ammatory in�ltrate.

This in�ltrate in muscle tissue is commonly composed by CD8+ T cells, which could have an association
with this cytokine since it has been proved that IL-18 receptor (IL-18R) has higher expression in functional
phenotypes of CD8+ T cells36 meanwhile other studies have demonstrated that exhausted CD8+ T cells
downregulates its IL-18R expression37. In addition, IL-18 has been proposed as a biomarker in IIM due to
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its correlation with activity disease38, and its increment in serum as consequence of muscle damage39.
Despite the low number of patients in our study, we were able to �nd an association of higher IL-18 levels
in patients with endomysial in�ltrate probably due to an active state of immune response mainly
orchestrated by CD8+ T cells.

Moreover, the most common �ndings by SEM included myo�ber surface irregularities, altered muscle
morphology and non-linear muscle �bers. We observed lower levels of IL-1β and CXCL8 in patients with
altered muscle morphology, probably due to a chronic process.

We looked for a possible association between HE and SEM �ndings (Supplementary Table 3), we
observed a tendency of basophilic �bers when they were lineal without cellular in�ltrate, which could
suggest that patients with these features are probably in clinical remission.

Regarding immunosuppressive treatment, we �nd lower levels of CXCL8 in patients treated with
prednisone. We also found a tendency to diminished levels of IL-23 in patients treated with mofetil
mycophenolate furthermore, we could not detect IL-1β neither IL-17A, important cytokines for IIM
immunopathogeny23, in the serum of these patients.

Prednisone is a synthetic glucocorticoid biologically inert and converted to prednisolone in the liver, its
immunosuppressant activity is because of the inhibition of prostaglandin and leukotriene synthesis,
these molecules are implicated in vascular and cellular processes of in�ammation which reduces
vasodilatation, capillary permeability and the leukocyte migration40. Regarding CXCL8, is a chemokine
secreted by endothelial cells in the in�ammation site which possess a role in leukocyte recruitment and
transmigration41, moreover, if the prednisone reduces the vasodilatation and capillary permeability, we
could infer there are no stimulation of the endothelial cells and the CXCL8 serum concentration decreases
in these patients.

Concerning mofetil mycophenolate, an inhibitor of the inosine-5'-monophosphate dehydrogenase, an
enzyme responsible for de novo synthesis of guanine nucleotides, an important process for the
proliferation of T and B lymphocytes41. Is the treatment with the highest quantity of diminished serum
levels of cytokines (Supplementary Table 1), probably because of the direct inhibition of immune cell
proliferation which is re�ected in a lower autoantibody production as well as lower cytokine and
chemokine production. There are no previous reports regarding the direct effect of mycophenolate in IL-
23, IL-1β and IL-17A synthesis, however, these three cytokines are involved in an axis that ampli�es the
proliferation of Th17 cells which produce IL-17A, a cytokine that in turn, stimulates the IL-1, IL-6 and TNF-
α production42, moreover, if mofetil mycophenolate diminishes the leukocyte proliferation, these are not
able to differentiate, thus the IL-23, IL-1 and IL-17 axis is interrupted, thus, it could explain why IL-23 levels
are diminished and IL-17 and IL-1β levels were not detected in our patients under mofetil mycophenolate
treatment. It is important to denote that the implication of IL-17 and IL-23 in IIM has been previously
reported as an increment of both cytokines in the supernatant of the ex vivo culture of peripheral blood
mononuclear cells of IIM patients with a recent disease establishment when were compared with patients
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with established disease43. Likewise, it has been reported an increment of IL-23 serum levels in IIM
patients as well as a higher expression of the cytokine in impaired muscle tissue, even IL-23 has been
proposed as a therapeutic target for IIM treatment44.

When we analyzed if there were difference in cytokine and chemokine serum levels according to the
quantity of immunosuppressive drugs prescript because of therapy, we observed that IL-18 remains
elevated even in patients treated with three distinct immunosuppressive treatments, thus we can highlight
the importance of IL-18 in the disease activity as well as the fact that there are cytokines that even under
immunosuppressive treatment cannot be diminished45.

In summary, we were able to �nd and describe muscle �ber ultrastructure with marked irregularities,
porosities, disruption in the linearity and integrity of the fascicle, more evident in patients with increased
serum levels of muscle enzymes and diminished muscle strength. Likewise, there was a negative
correlation between the increment of muscle enzymes and the MMT8 score.

We did not observe a particular association of clinical phenotype with histopathological nor serological
�ndings, moreover, is important to consider the clinical stage of the IIIM (most of them in clinical
remission). Concerning the association between immunological parameters, the serum levels of IFN-γ are
higher in MSA/MAA seropositive patients, regarding to muscle and immunological parameters
association, the LDH enzyme is the muscle damage marker even unspeci�c of muscle damage with a
higher association to immunological pro�le.

In conclusion, even the scarce reports about the use of SEM as a tool in all clinical phenotypes of IIM, our
work provides an excellent opportunity to discuss and reframe the clinical usefulness of SEM in the
diagnostic approach of IIM.

Methods

Patients
Twelve patients classi�ed with IIM according to EULAR/ACR 2017 criteria, attending Hospital Civil de
Guadalajara “Dr. Juan I. Menchaca” were enrolled in this cross-sectional study. We also included twelve
clinically healthy subjects as control group for cytokines and chemokines serum levels. Informed written
consent was obtained from every patient and subject before enrollment in the study. This protocol was
approved by Ethical and Research committees of Hospital Civil de Guadalajara “Dr. Juan I. Menchaca”
(Jalisco state registration number 0318/19 HCJIM/2019).

We obtained peripheral blood and muscle samples of each patient and all our experiments were
performed in accordance with relevant guidelines and regulations. Muscle tissue was obtained from the
quadriceps by a muscle biopsy procedure performed by a surgeon. Immediately the muscle tissue was
stored as corresponding: buffered formaldehyde 10% for HE staining and paraformaldehyde 4% for SEM.
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Manual Muscle Testing 8 (MMT8) score
The muscle weakness examination was performed by a rheumatologist using the MMT8 score. This tool
included seven proximal muscle groups tested bilaterally (deltoids, biceps, wrist extensors, quadriceps,
ankle dorsi�exors, gluteus medius, gluteus maximus) and neck �exors which complete the eight muscle
groups tested. Each muscle subgroup receives a score of ten points obtaining a maximum score of 150
when the patient did not present muscle weakness.

Hematoxylin-Eosin staining
Once the muscle tissues were obtained, was processed by a pathologist using a validated protocol for
hematoxylin-eosin staining. The muscle sample was �xed from 24 to 48 hours in 10% neutral buffered
formalin. The samples were dehydrated in increasing ethanol solutions, cleared in xylol, and embedded in
para�n on an automatic tissue processor (Leica Biosystems, TP1020). Subsequently, 3 µm sections were
obtained and stained with the conventional hematoxylin and eosin technique, and then evaluated by light
microscopy (Microscope Carl Zeiss Axio Lab.A1).

Patients were grouped according to histological features in connective tissue increased, diffuse and
multifocal atrophy, perifascicular atrophy, perivascular in�ammatory in�ltrate, endomysial in�ammatory
in�ltrate, degenerated �bers, necrotic �bers, basophilic �bers, edema and bleeding, muscle �ber size
variation, endothelial hyperplasia, and tumefaction.

Scanning Electron Microscopy
Samples were processed according to validation guidelines by an expert in electronic microscopy. Muscle
was �xed with glutaraldehyde 2.5% and phosphate-buffered saline (PBS) 0.1 M, pH 7.2 for twelve hours,
subsequently tissue was washed with PBS 0.1 M, pH 7.2 three times. Samples were dehydrated with
increasing concentrations of ethanol solutions (30%, 50%, 70%, 90%, 100%, 100%), each step had a
duration of �fteen minutes. Posteriorly they were collocated in hexamethyldisilazane with absolute
alcohol (1:1) for �fteen minutes, then tissues were reposed in hexamethyldisilazane for �fteen minutes
and subsequently were dried with the air �ux of the extraction hood (Burdinola, BST1200). The
dehydrated tissues were prepared in slides with carbon tape and were then coated with a layer of gold by
a sputter coater (Denton vacuum, Desk V). Finally, the samples were observed in the scanning electronic
microscope (JEOL, JSM6610LV).

Patients were grouped according to ultrastructural �ndings in non-linear muscle �bers, myo�ber surface
irregularities, altered muscle morphology, muscle �bers perforation, cellular in�ltrates, size �ber variation,
and myo�ber surface porosities.

Autoantibodies detection
Autoantibodies were detected in serum samples of our patients using the line-blot assay kit Euroline:
Autoimmune In�ammatory Myopathies from EUROIMMUN Medizinische Labordiagnostika AG (31
Seekamp. Lübeck, DE 23560) according to test instructions. This kit allows the detection of twelve MSA
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(anti- Mi-2α, Mi-2β, TIF1γ, MDA5, NXP2, SAE1, Jo-1, SRP, PL-7, PL-12, EJ, OJ) and four MAA (Ku, PM-
Scl100, PM-Scl75, Ro-52). This kit includes test strips coated with highly puri�ed and biochemically
characterized autoantigens which were incubated with diluted serum samples and, in the case of
positivity, the autoantibodies bounded to the corresponding site and catalyzed a color reaction. For the
correct evaluation of the test strips, they were read by EUROLineScan software and the results were
interpreted according to the signal intensity of the bands.

Cytokines and chemokines quanti�cation
Serum levels of cytokines (IL-1β, IFN-α2, IFN-γ, TNF-α, IL-6, IL-10, IL-12p70, IL-17A, IL-18, IL-23, IL-33) and
chemokines (CCL2, CXCL8) were quanti�ed using the kit LEGENDplex Multi-Analyte Flow Assay Kit from
BioLegend (9727 Paci�c Heights Blvd. San Diego, CA 92121) following test instructions as
corresponding. This multiple bead-based immunoassay is based on the basic principle of ELISA type
sandwich assay. Each bead is coated with a speci�c antibody for the cytokine or chemokine of interest,
subsequently, these beads were differentiated by size and internal �uorescence intensity using a �ow
cytometer (Applied Biosystems, Attune NxT). Measures were analyzed in the online software of
LEGENDplex (https://legendplex.qognit.com/).

Complementary Laboratory data
ESR and CRP as in�ammatory mediators were measured using Wintrobe’s method and nephelometry,
respectively. Serum levels of muscle enzymes (CPK, AST, ALT, LDH and aldolase) were considered as
muscle damage marker, they were recorded at the time of diagnosis and recruitment.

Statistical analysis
Variables were assessed for normality using the Kolmogorov-Smirnov test; values are presented as mean 
± SD, median with ranges, or percentages (%), as appropriate. Comparisons were made using Mann-
Whitney U test with Fisher’s exact test for quantitative variables meanwhile qualitative variables were
analyzed using χ2 or Fisher’s exact test as appropriate.

Our data were analyzed using SPSS 24.0 software (SPSS Inc. Chicago, IL) and GraphPad Prism version
6.00 for Windows (GraphPad Software, La Jolla, CA), considering a two-tailed level of P < 0.05 to be
signi�cant for analysis.

Declarations
ACKNOWLEDGEMENTS

This work was funded by Fondo de Desarrollo Cienti�co (FODECIJAL) 2019 from Consejo Estatal de
Ciencia y Tecnología de Jalisco (COECYTJAL), with approval number 1702512-8152.

We also want to thank Karina-Lizeth Hernandez-Valencia and Maria-Isabel Fierro-Diaz for their
collaboration in records collection and support during experimentation procedures.



Page 20/29

AUTHOR CONTRIBUTIONS

A.A. Contributed to the conception and design of the study, carried out the statistics and participated in
analysis and interpretation of data. Drafted the paper and approved the submitted version. The author
agreed to be accountable for their contributions and to ensure that any question was appropriately
investigated, resolved, and the resolution documented in the literature.

E.C.  Contributed to the conception and design of the study, carried out the statistics and participated in
analysis and interpretation of data. Drafted the paper and approved the submitted version. The author
agreed to be accountable for their contributions and to ensure that any question was appropriately
investigated, resolved, and the resolution documented in the literature.

M.S. Contributed to the conception and design of the study. Substantively revised the draft of the work
and approved the submitted version. The author agreed to be accountable for their contributions and to
ensure that any question was appropriately investigated, resolved, and the resolution documented in the
literature.

J.A. Contributed to the execution of experiments and participated in analysis and interpretation of data.
Substantively revised the draft of the work and approved the submitted version. The author agreed to be
accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

G.T. Contributed to the execution, analysis and interpretation of Scanning Electron Microscopy data.
Substantively revised the draft of the work and approved the submitted version. The author agreed to be
accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

M.R. Contributed to the execution, analysis and interpretation of Scanning Electron Microscopy data.
Substantively revised the draft of the work and approved the submitted version. The author agreed to be
accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

A.S. Contributed to the execution of experiments and participated in analysis and interpretation of data.
Substantively revised the draft of the work and approved the submitted version. The author agreed to be
accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

A.V. Contributed to the execution, analysis and interpretation of Hematoxylin-Eosin staining data.
Substantively revised the draft of the work and approved the submitted version. The author agreed to be
accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.



Page 21/29

M.G. Contributed to the execution, analysis and interpretation of Hematoxylin-Eosin staining data.
Substantively revised the draft of the work and approved the submitted version. The author agreed to be
accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

J.M. Contributed to the muscle sample obtaining of patients. Substantively revised the draft of the work
and approved the submitted version. The author agreed to be accountable for their contributions and to
ensure that any question was appropriately investigated, resolved, and the resolution documented in the
literature.

I.L. Substantively revised the draft of the work and approved the submitted version. The author agreed to
be accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

Y.L. Contributed to the execution of experiments and participated in analysis and interpretation of data.
Substantively revised the draft of the work and approved the submitted version. The author agreed to be
accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

C.G. Contributed to the execution of experiments and participated in analysis and interpretation of data.
Substantively revised the draft of the work and approved the submitted version. The author agreed to be
accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

O.P. Contributed to the execution of experiments and participated in analysis and interpretation of data.
Substantively revised the draft of the work and approved the submitted version. The author agreed to be
accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

E.M. Participated in analysis and interpretation of data. Substantively revised the draft of the work and
approved the submitted version. The author agreed to be accountable for their contributions and to
ensure that any question was appropriately investigated, resolved, and the resolution documented in the
literature.

B.M. Participated in analysis and interpretation of data. Substantively revised the draft of the work and
approved the submitted version. The author agreed to be accountable for their contributions and to
ensure that any question was appropriately investigated, resolved, and the resolution documented in the
literature.

S. D. Contributed to clinical evaluation of our study group. Participated in analysis and interpretation of
data. Substantively revised the draft of the work and approved the submitted version. The author agreed
to be accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.



Page 22/29

B. P. Contributed to clinical evaluation of our study group. Participated in analysis and interpretation of
data. Substantively revised the draft of the work and approved the submitted version. The author agreed
to be accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

A.Ll. Contributed to clinical evaluation of our study group. Participated in analysis and interpretation of
data. Substantively revised the draft of the work and approved the submitted version. The author agreed
to be accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

L.G. Contributed to clinical evaluation of our study group. Participated in analysis and interpretation of
data. Substantively revised the draft of the work and approved the submitted version. The author agreed
to be accountable for their contributions and to ensure that any question was appropriately investigated,
resolved, and the resolution documented in the literature.

M.V. Contributed to the conception and design of the study. Drafted the paper and approved the
submitted version. The author agreed to be accountable for their contributions and to ensure that any
question was appropriately investigated, resolved, and the resolution documented in the literature

DATA AVAILABILITY STATEMENT

The datasets generated and/or analysed during the current study are available in the FigShare repository.
Raw data and original images from microscopes are available
in https://doi.org/10.6084/m9.�gshare.19593667 and https://doi.org/10.6084/m9.�gshare.19830025,
respectively.

ADDITIONAL INFORMATION (INCLUDING A COMPETING INTERESTS STATEMENT)

The authors declare that the research was conducted in the absence of any commercial or �nancial
relationships that could be construed as a potential con�ict of interest.

References
1. Lundberg, I. E. et al. 2017 European League Against Rheumatism/American College of

Rheumatology classi�cation criteria for adult and juvenile idiopathic in�ammatory myopathies and
their major subgroups. Ann Rheum Dis 76, 1955–1964, doi:10.1136/annrheumdis-2017-211468
(2017).

2. Cox, S., Limaye, V., Hill, C., Blumbergs, P. & Roberts-Thomson, P. Idiopathic in�ammatory myopathies:
diagnostic criteria, classi�cation and epidemiological features. Int J Rheum Dis 13, 117–124,
doi:10.1111/j.1756-185X.2010.01472.x (2010).

3. Jiang, W. B. et al. Scanning Electron Microscopic Observation of Myodural Bridge in the Human
Suboccipital Region. Spine (Phila Pa 1976) 45, E1296-E1301, doi:10.1097/BRS.0000000000003602

https://doi.org/10.6084/m9.figshare.19593667
https://doi.org/10.6084/m9.figshare.19830025


Page 23/29

(2020).

4. Sandulescu, T., Buechner, H., Rauscher, D., Naumova, E. A. & Arnold, W. H. Histological, SEM and
three-dimensional analysis of the midfacial SMAS - New morphological insights. Ann Anat 222, 70–
78, doi:10.1016/j.aanat.2018.11.004 (2019).

5. McLoon, L. K., Vicente, A., Fitzpatrick, K. R., Lindstrom, M. & Pedrosa Domellof, F. Composition,
Architecture, and Functional Implications of the Connective Tissue Network of the Extraocular
Muscles. Invest Ophthalmol Vis Sci 59, 322–329, doi:10.1167/iovs.17-23003 (2018).

�. Vincent, A. E. et al. The Spectrum of Mitochondrial Ultrastructural Defects in Mitochondrial
Myopathy. Sci Rep 6, 30610, doi:10.1038/srep30610 (2016).

7. Gara, S. & Litaiem, N. in StatPearls (StatPearls Publishing StatPearls Publishing LLC., 2019).

�. Haczkiewicz, K. et al. Immunohistochemical and ultrastructural analysis of sporadic inclusion body
myositis: a case series. Rheumatol Int 39, 1291–1301, doi:10.1007/s00296-018-4221-z (2019).

9. Matsubara, S. & Mair, W. G. Ultrastructural changes in polymyositis. Brain 102, 701–725,
doi:10.1093/brain/102.4.701 (1979).

10. Iaccarino, L. et al. Assessment of patients with idiopathic in�ammatory myopathies and isolated
creatin-kinase elevation. Auto Immun Highlights 5, 87–94, doi:10.1007/s13317-014-0063-1 (2014).

11. Rider, L. G. et al. Validation of manual muscle testing and a subset of eight muscles for adult and
juvenile idiopathic in�ammatory myopathies. Arthritis Care Res (Hoboken) 62, 465–472,
doi:10.1002/acr.20035 (2010).

12. Wu, M. J., Liao, W. A., Lin, P. Y. & Sun, Y. T. Muscle Biopsy: A Requirement for Precision Medicine in
Adult-Onset Myopathy. J Clin Med 11, doi:10.3390/jcm11061580 (2022).

13. Satoh, M., Tanaka, S., Ceribelli, A., Calise, S. J. & Chan, E. K. A Comprehensive Overview on Myositis-
Speci�c Antibodies: New and Old Biomarkers in Idiopathic In�ammatory Myopathy. Clin Rev Allergy
Immunol 52, 1–19, doi:10.1007/s12016-015-8510-y (2017).

14. Cavagna, L. et al. In�uence of Antisynthetase Antibodies Speci�cities on Antisynthetase Syndrome
Clinical Spectrum Time Course. J Clin Med 8, doi:10.3390/jcm8112013 (2019).

15. Tanaka, T., Narazaki, M. & Kishimoto, T. IL-6 in in�ammation, immunity, and disease. Cold Spring
Harb Perspect Biol 6, a016295, doi:10.1101/cshperspect.a016295 (2014).

1�. Dalakas, M. C. In�ammatory muscle diseases. N Engl J Med 372, 1734–1747,
doi:10.1056/NEJMra1402225 (2015).

17. Pandol�, F. et al. Interleukin-6 in Rheumatoid Arthritis. Int J Mol Sci 21, doi:10.3390/ijms21155238
(2020).

1�. Melo, T. S., Silva, M. L. E., Silva Junior, M. L. M., Duarte, A. P. & Gueiros, L. A. Characterization of
clinical, laboratory, IL-6 serum levels, and IL-6-174 G/C genetic polymorphisms in patients with
rheumatoid arthritis and Sjogren's syndrome. Rev Assoc Med Bras (1992) 67, 1600–1604,
doi:10.1590/1806-9282.20210665 (2021).



Page 24/29

19. Ito, H. Novel therapy for Crohn's disease targeting IL-6 signalling. Expert Opin Ther Targets 8, 287–
294, doi:10.1517/14728222.8.4.287 (2004).

20. Scuderi, F., Mannella, F., Marino, M., Provenzano, C. & Bartoccioni, E. IL-6-de�cient mice show
impaired in�ammatory response in a model of myosin-induced experimental myositis. J
Neuroimmunol 176, 9–15, doi:10.1016/j.jneuroim.2006.03.026 (2006).

21. Bilgic, H. et al. Interleukin-6 and type I interferon-regulated genes and chemokines mark disease
activity in dermatomyositis. Arthritis Rheum 60, 3436–3446, doi:10.1002/art.24936 (2009).

22. Arshanapalli, A., Shah, M., Veerula, V. & Somani, A. K. The role of type I interferons and other
cytokines in dermatomyositis. Cytokine 73, 319–325, doi:10.1016/j.cyto.2014.11.026 (2015).

23. Silva, M. G., Oba-Shinjo, S. M., Marie, S. K. N. & Shinjo, S. K. Serum interleukin-17A level is associated
with disease activity of adult patients with dermatomyositis and polymyositis. Clin Exp Rheumatol
37, 656–662 (2019).

24. Isenberg, D. A., Rowe, D., Shearer, M., Novick, D. & Beverley, P. C. Localization of interferons and
interleukin 2 in polymyositis and muscular dystrophy. Clin Exp Immunol 63, 450–458 (1986).

25. Lundberg, I. E. et al. 2017 European League Against Rheumatism/American College of
Rheumatology Classi�cation Criteria for Adult and Juvenile Idiopathic In�ammatory Myopathies and
Their Major Subgroups. Arthritis & rheumatology (Hoboken, N.J.) 69, 2271–2282,
doi:10.1002/art.40320 (2017).

2�. Fenimore, J. & H, A. Y. Regulation of IFN-gamma Expression. Adv Exp Med Biol 941, 1–19,
doi:10.1007/978-94-024-0921-5_1 (2016).

27. Ivanidze, J. et al. Inclusion body myositis: laser microdissection reveals differential up-regulation of
IFN-gamma signaling cascade in attacked versus nonattacked myo�bers. Am J Pathol 179, 1347–
1359, doi:10.1016/j.ajpath.2011.05.055 (2011).

2�. Hohlfeld, R. & Engel, A. G. Induction of HLA-DR expression on human myoblasts with interferon-
gamma. Am J Pathol 136, 503–508 (1990).

29. Bhattarai, S. et al. The immunoproteasomes are key to regulate myokines and MHC class I
expression in idiopathic in�ammatory myopathies. J Autoimmun 75, 118–129,
doi:10.1016/j.jaut.2016.08.004 (2016).

30. Greenberg, S. A. Inclusion body myositis: clinical features and pathogenesis. Nat Rev Rheumatol 15,
257–272, doi:10.1038/s41584-019-0186-x (2019).

31. Deshmane, S. L., Kremlev, S., Amini, S. & Sawaya, B. E. Monocyte chemoattractant protein-1 (MCP-1):
an overview. J Interferon Cytokine Res 29, 313–326, doi:10.1089/jir.2008.0027 (2009).

32. Liprandi, A., Bartoli, C., Figarella-Branger, D., Pellissier, J. F. & Lepidi, H. Local expression of monocyte
chemoattractant protein-1 (MCP-1) in idiopathic in�ammatory myopathies. Acta Neuropathol 97,
642–648, doi:10.1007/s004010051041 (1999).

33. Baird, G. S. & Montine, T. J. Multiplex immunoassay analysis of cytokines in idiopathic in�ammatory
myopathy. Arch Pathol Lab Med 132, 232–238, doi:10.1043/1543-
2165(2008)132[232:MIAOCI]2.0.CO;210.5858/2008-132-232-MIAOCI (2008).



Page 25/29

34. Chen, F., Shu, X. M., Wang, D. X., Wang, G. C. & Lu, X. [Measurement and clinical signi�cance of serum
monocyte chemoattractant protein-1 in patients with polymyosits/dermatomyosits]. Beijing Da Xue
Xue Bao Yi Xue Ban 44, 204–208 (2012).

35. Wu, C. Y., Li, L. & Zhang, L. H. Detection of serum MCP-1 and TGF-beta1 in
polymyositis/dermatomyositis patients and its signi�cance. Eur J Med Res 24, 12,
doi:10.1186/s40001-019-0368-7 (2019).

3�. Timperi, E. et al. IL-18 receptor marks functional CD8(+) T cells in non-small cell lung cancer.
Oncoimmunology 6, e1328337, doi:10.1080/2162402X.2017.1328337 (2017).

37. Ingram, J. T., Yi, J. S. & Zajac, A. J. Exhausted CD8 T cells downregulate the IL-18 receptor and
become unresponsive to in�ammatory cytokines and bacterial co-infections. PLoS Pathog 7,
e1002273, doi:10.1371/journal.ppat.1002273 (2011).

3�. Tucci, M., Quatraro, C., Dammacco, F. & Silvestris, F. Interleukin-18 overexpression as a hallmark of
the activity of autoimmune in�ammatory myopathies. Clin Exp Immunol 146, 21–31,
doi:10.1111/j.1365-2249.2006.03180.x (2006).

39. Tucci, M., Quatraro, C., Dammacco, F. & Silvestris, F. Increased IL-18 production by dendritic cells in
active in�ammatory myopathies. Ann N Y Acad Sci 1107, 184–192, doi:10.1196/annals.1381.020
(2007).

40. Rhen, T. & Cidlowski, J. A. Antiin�ammatory action of glucocorticoids–new mechanisms for old
drugs. N Engl J Med 353, 1711–1723, doi:10.1056/NEJMra050541 (2005).

41. Russo, R. C., Garcia, C. C., Teixeira, M. M. & Amaral, F. A. The CXCL8/IL-8 chemokine family and its
receptors in in�ammatory diseases. Expert Rev Clin Immunol 10, 593–619,
doi:10.1586/1744666X.2014.894886 (2014).

42. Tang, C., Chen, S., Qian, H. & Huang, W. Interleukin-23: as a drug target for autoimmune in�ammatory
diseases. Immunology 135, 112–124, doi:10.1111/j.1365-2567.2011.03522.x (2012).

43. Shen, H., Xia, L., Lu, J. & Xiao, W. Interleukin-17 and interleukin-23 in patients with polymyositis and
dermatomyositis. Scand J Rheumatol 40, 217–220, doi:10.3109/03009742.2010.517215 (2011).

44. Umezawa, N. et al. Interleukin-23 as a therapeutic target for in�ammatory myopathy. Sci Rep 8, 5498,
doi:10.1038/s41598-018-23539-4 (2018).

45. Chavarria-Avila, E. et al. Going Further: Comprehensive Disease Control of Rheumatoid Arthritis,
Targeting Cytokines and Chemokines. J Clin Rheumatol 27, e432-e439,
doi:10.1097/RHU.0000000000001515 (2021).

Figures



Page 26/29

Figure 1

Correlation between muscle damage and muscle weakness markers.

A) serum levels of ALT and AST; B) serum levels of CPK and AST; C) serum levels of CPK and ALT; D)
serum levels of CPK and MMT score; E) ALT serum levels and MMT8 score; F) serum levels of AST and
MMT8 score. ALT: alanine aminotransferase; AST: aspartate aminotransferase; CPK: creatine
phosphokinase; MMT8: Manual Muscle Testing 8.

Figure 2

Muscle �ber ultrastructure observed by scanning electron microscopy and tissue analysis performed by
hematoxylin-eosin stain according to MMT8 score.

A1 – A2. Small porosities and irregularities. A3. Mild perifascicular atrophy, scarce perivascular
in�ammatory in�ltrate, and necrotic �ber clusters. B1 – B2. Muscle �bers were dispersed, non-linear and
they had distinct morphology with abundant cell in�ltrate. Small porosities and marked irregularities. B3.
There were no suggestive morphological alterations of muscle pathology. C1 - C2. Marked irregularities
and non-linear muscle �bers altering the morphology of the fascicle, as well as abundant cell in�ltrate.
C3. Edema and bleeding however there were no evidence of muscle pathology. D1 - D2. We did not
observe the characteristic structure of the muscle fascicle. There were abundant irregularities in structure,
size, arrangement, and linearity, and abundant �brin deposits. D3. Scarce perivascular in�ammatory
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in�ltrate in perifascicular vessels with mild local atrophy of perifascicular �bers. E1 - E2. Muscle
myo�bers distribution was not lineal, they were dispersed with multiple surface irregularities and
abundant leukocyte in�ltrate. E3. Muscle tissue analysis denoted in�ammation foci (perifascicular and
endomysial) with scarce endomysial in�ammatory in�ltrate. Muscle �ber atrophy with perifascicular
predominance. F1 - F2. Irregularities in sarcolemma and multiple surface porosities. F3. Mild endomysial
in�ammation with an increment of connective tissue and discrete muscle �ber size variation. Scarce
degenerated myo�bers. G1 - G2. Irregularities in sarcolemma linearity and a considerable number of
cellular clusters. G3. There were no suggestive morphological alterations of muscle pathology. H1 - H2.
Sarcolemma irregularities, disruption muscle �bers linearity and leukocyte in�ltrate. H3. Scarce
perivascular in�ammatory in�ltrate and endothelial hyperplasia in small-caliber vessels. I1- I2. Muscle
�ber destruction with multiple perforations. I3. Perivascular in�ammatory in�ltrate in perifascicular and
endomysial vessels, scarce chronic endomysial in�ammatory, in�ltrate, and presence of basophilic �bers
in regeneration without atrophy evidence. J1- J2.  Multiple surface myo�ber irregularities. J3. Diffuse and
multifocal atrophy. Muscle �bers exhibited marked size and shape differences. Atrophy was not limited to
the perifascicular zone. Mild chronic endomysial in�ammatory in�ltrate, some muscle �bers had hydropic
tumefaction evidence without perivascular in�ammation. Basophilic muscle �bers with regenerative
aspects.
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Figure 3

Association between LDH enzyme as muscle damage marker and immunological pro�le (autoantibodies
and cytokines) of IIM patients.

A) Higher serum levels of IFN-γ in MSA/MAA seropositive patients; B) higher serum levels of LDH in
MSA/MAA seropositive patients; C) correlation between IFN-γ and LDH serum levels, and; D) higher serum
levels of IFN-γ in patients with elevated levels of LDH. LDH: Lactate Dehydrogenase; IIM: Idiopathic
In�ammatory Myopathies; IFN: interferon; MSA: Myositis Speci�c Autoantibodies; MAA: Myositis
Associated Autoantibodies. *Mann-Whitney U test with Fisher’s exact test.
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