








was found in the SSc (Table 1). In the DM, no fatty
infiltration was found and CSA was similar in both groups
(Table 1). Therefore for ex-vivo analyses we compared
SSc with DM.

Muscle histopathology of the SS¢ and DM

Muscle tissue was first investigated with H&E
staining revealing that three out of five SSc samples were
highly fibrotic and nearly no myofibers were present
(Figure 2 and Table 2). In contrast, myofibers were
found in all DM sections (Figure 2 and Table 2). Anti-
laminin immunohistochemistry confirmed the presence of
myofibers in all DM samples, however only 2 out of 5 SSc
samples contained myofibers (Figure 2 and Table 2). Nile
red staining showed the presence of large fatty droplets
in the SSc, which were less common in the DM (Figure
2 and Table 2). This staining confirmed fatty infiltration
found in radiological imaging.

Defects in metabolic activity, including glycogen
catabolism, fatty acid oxidation, or mitochondrial
oxidative phosphorylation often affect muscle function
due to high energy consumptions [24]. In muscle
wasting conditions oxidative metabolic activity can be
changed [24]. Oxidative metabolic activity and oxidative
phosphorylation can be monitored by an irreversible
conversion of C12-resazurin to fluorescent resorufin, the
fluorescent resorufin can record metabolic activity in the

cell [25]. In undamaged deltoid muscles fluorescent foci
of resorufin were scattered across the fibers, indicating
active myofibers (Figure 2). However, in SSc muscles
the distribution of fluorescent foci across myofibers
was profoundly reduced (Figure 2). This indicates that
oxidative metabolic activity and oxidative phosphorylation
in the SSc are reduced.

We further investigated muscle pathology using the
expression of myosin heavy chain (MyHC) isotypes. We
applied an immunohistochemistry procedure with a mix of
antibodies to MyHC-2b, -2a and -1 isotypes to record fiber
type distribution [26, 27]. In both muscle tissues we found
MyHC type-2a and type-1, but less frequent expression of
MyHC-2b (Figure 2 and Table 2). In this immunostaining
procedure non-stained fibers are regarded as MyHC-2x. To
assess unstained myofibers, we then added an antibody to
MyHC-2x. In DM samples all myofibers expressed one of
the four MyHC isotypes (Figure S3), of which over 80%
of the myofibers expressed either MyHC-2a or MyHC-
1 (Table 2). In the SSc muscles, however, over 50% did
not stain for any MyHC isotype. Of the myofibers that
expressed MyHC, the majority expressed MyHC-1 (Table
2). Histological differences between diseased SSc and
intact DM were further revealed in a paired analysis in
the two patients with myofibers in the SSc. Above 50%
of myofibers lost MyHC expression (Figure 2B) and
myofiber size was dramatically increased compared with
DM in the same patient (Figure 2C).

Figure 3: Cellular activities in deltoid (DM) and subscapularis (SSc) -derived muscle cell culture (CC). A. Nile red
staining in deltoid (DM) and subscapularis muscle (SSc) cell culture (CC), nuclei are counterstained with DAPI (blue). Bar chart shows
the percentage of cells containing fatty droplets. B. Bar chart shows the percentage of proliferating cells. C. Box plot shows the percentage
of apoptotic cells. D. Box plot shows cell senescence (normalized to the reference vastus lateralis cell culture). E. Box plot shows the
mitochondrial metabolic rate (normalized to the reference vastus lateralis cell culture). F. Representative images of fused cell cultures.
Myoblasts are stained with Desmin (red) and fused cells are stained with MyHC (green). Nuclei are counterstained with DAPI (blue).
Box plot shows the percentage of fused cells. Averages and standard deviations are from n = 5 (DM-CC) and n = 8 (SSc-CC). Statistical
significance between DM-CC and SSc-CC using unpaired t-tests: * p < 0.05, *** p < 0.001.
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Table 1: Clinical characteristics

Condition gioiltsrg)l subjects l;gzi?’r:ti v2v§;h diseased p-value
Age, years 46.0 (11.2) 58.7 (9.5) <0.001
Female, N (%) 27 (52.9) 11 (39.3) 0.25
DM

CSA, em? 35.9(7.9) 38.3 (11.6) 0.27
Fatty infiltration, N (%) 0(0) 0(0) NA
SSc

CSA, cm? 11.9 (3.1) 8.6 (2.8) <0.001
Fatty infiltration, N (%) 0(0) 22 (78.6) <0.001
SSp

CSA, cm? 5.0 (1.7) 3.4 (1.5) <0.001
Fatty infiltration, N (%) 8 (15.7) 20 (71.4) <0.001
ISp

CSA, em? 7.2 (1.8) 7.0 (2.3) 0.61
Fatty infiltration, N (%) 8 (15.7) 19 (67.9) <0.001
Tmi

CSA, cm? 3.7(1.2) 3.6(1.2) 0.68
Fatty infiltration, N (%) 0 (0) 6(21.4) 0.001

Means (standard deviations) are provided unless otherwise stated. Deltoid (DM), cross
sectional area (CSA), subscapularis (SSc), supraspinatus (SSp), infraspinatus (ISp), teres
minor (Tmi). The p-values are calculated with unpaired t-tests, or chi-squared tests where
appropriate.

Table 2: Histological observations in deltoid and subscapularis muscles

Deltoid (n = 7) | Subscapularis (n = 5)
Myofibers in muscle 77 2/5
Fatty droplets 2/7 5/5
Fiber CSA, "um? 62.1 (17.5) 105.8 (22.6)
MyHC-2b, "% 8.1(6.9) 5.0(3.7)
MyHC-2x, "% 9.6(7.2) 7.0 (3.0)
MyHC-2a, "% 42.9 (13.8) 12.5 (10.6)
MyHC-1, "% 40.1 (12.2) 20.0 (7.1)
Unstained fibers, "% 0 (0) 55.0(6.0)

Analysis per sample shows the number of positive samples out of total muscle
samples. Analyses carried out only from myofiber-containing sections in the
subscapularis are depicted with ~. Fully degenerated muscles, as shown in Figure 2,
were excluded from these analyses. Means (standard deviations) are provided unless
otherwise stated. Cross sectional area (CSA), myosin heavy chain (MyHC).
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