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Abstract

Following burns a sustained catabolic stress response is activated, resulting in skeletal muscle wasting.
A better understanding of the underlying mechanisms of postburn skeletal muscle wasting is essential
for the development of preventive and/or therapeutic strategies. Six weeks old female rats underwent
a sham, 10% or 40% total body surface area scald burn. Ten days post-injury, severely burned animals
gained significantly less weight compared to sham treated and minor burned animals, reflected in a
significantly lower ratio of muscle to total body weight for Soleus (SOL) and Extensor Digitorum Longus
(EDL) in the severely burned group. Postburn, total fiber number was significantly lower in EDL, while
in SOL the amount of typel fibers significantly increased and type2 fibers significantly decreased. No
signs of mitochondrial dysfunction (COX/SDH) or apoptosis (caspase-3) were found. In SOL and EDL,
eEF2 and pAKT expression was significantly lower after severe burn. MURF1,2,3 and Atrogin-1 was
significantly higher in SOL, whilst in EDL MURF1,2,3 was significantly lower postburn. In both muscles,
FOXO3A was significantly lower postburn. This study identified postburn changes in muscle
anthropomorphology and proteins involved in pathways regulating protein synthesis and breakdown,

with more pronounced catabolic effects in SOL.

Keywords

Burns, Muscle wasting, Skeletal muscle, Signaling pathways, Protein turnover


mailto:ulrike.vandaele@uantwerpen.be

Introduction

Skeletal muscle wasting is a prominent hallmark of the systemic stress response after a burn injury [1].
To improve functionality and quality of life of burn survivors, counteracting muscle wasting is highly
important [2]. Although many facts of the metabolic consequences of burns are revealed, filling the
gaps regarding underlying molecular mechanisms is crucial in the development of evidence based

therapeutic strategies in burn rehabilitation [1, 3].

Evidence supports that following a severe burn a sustained pathophysiological stress response is
activated, characterized by persistent inflammatory and humoral stress responses, inducing a state of
whole-body hypermetabolism, insulin resistance and muscle wasting up to nine months postburn [4-
9]. However, to date, experimental studies are mainly focused on the acute effects of burns (one to
five days postburn) [10, 11]. Despite its systemic nature, skeletal muscle wasting is dependent on
muscle fiber type [12]. Previous research shows that after burns predominantly type 2 muscles are

more susceptible to muscle wasting compared with predominantly type 1 muscles [13, 14].

Muscle wasting during the catabolic flow phase is, at the cellular level, a result of changes in
intracellular signaling pathways adjusting to metabolic stimuli, resulting in a protein imbalance [15].
These pathways have been partly unraveled under various pathological conditions, such as in cancer
and critical ill patients, but remain relatively unknown in burn patients [16, 17]. Although it has been
shown that during the catabolic phase postburn an increase in protein breakdown is one of the main
causes of skeletal muscle wasting, literature concerning postburn protein synthesis is rather
inconclusive [18, 19]. Whereas some studies show a postburn increase in protein synthesis due to
increased levels of free amino acids, other studies show a decrease due to different activation of
intracellular pathways [20-22]. From other wasting conditions, it is known that one of the most
important pathways determining the anabolic or catabolic state of a muscle is the PI3K-AKT pathway
(‘phosphoinositide-3-kinase’-‘Protein kinase B’ (PKB)), stimulated by anabolic hormones (Figure 1) [23].
Downstream of PI3K, AKT phosphorylates a set of substrates, including mTORC1 (‘mammalian target
of rapamycin complex 1°) with downstream p70S6K (‘Ribosomal protein S6 kinase’), blocking apoptosis
and inducing protein synthesis, gene transcription and cell proliferation [24]. Key downstream
regulators of translation initiation signaling are eEF2 (‘Eukaryotic elongation factor 2°), stimulating RNA
translation, and elF2a (‘Eukaryotic translation initiation factor 2a’), recognizing stress conditions [15,

25, 26].

Protein breakdown in skeletal muscle wasting is regulated by the Ubiquitin Proteasome System (UPS)
and autophagy [17, 27]. Key enzymes in proteasomal degradation are atrogenes MURF-1 (‘muscle RING

finger-1’) and Atrogin-1 (‘muscle atrophy F-box’ (MAFbx)), strongly upregulated in skeletal muscle



wasting conditions [28, 29]. Atrogene expression is regulated by various intracellular signaling
pathways, including the PI3K-AKT pathway (Figure 2) [24]. Also FOXOs (‘Forkhead box protein O
transcription factors’), stimulated by decreases in insulin/IGF-1 and increases in inflammatory
cytokines and glucocorticoids, play an important role in regulating the UPS and a number of essential
autophagy related genes [15, 30]. In many catabolic diseases apoptosis often precedes protein

degradation in skeletal muscle [31].

Studies investigating the role of above-mentioned pathways in postburn muscle wasting are scarce [1,
16]. We investigated Soleus muscle (SOL), with predominantly type 1 muscle fibers, and Extensor
Digitorum Longus muscle (EDL), with predominantly type 2 muscle fibers, separately in a female rat
burn model. To obtain a better understanding of affected signaling pathways, we analyzed pAKT,
p70S6k, elF2a and eEF2 for protein synthesis and FOXO3A, MURF-1 and Atrogin-1 for protein
breakdown [15, 27, 30, 32]. We hypothesize that after severe burns skeletal muscle wasting is caused
by a protein imbalance resulting from altered expressions of protein synthesis regulating proteins
and/or activation of atrogene transcription factors MURF-1 and Atrogin-1, induced by the
inflammatory response in the postburn flow phase [33]. Besides, we hypothesize that postburn muscle

wasting is regulated differently in type 1 and type 2 muscle fibers.

Material and methods

Animal model

All procedures were reviewed and approved by the Ethical Committee of laboratory animals of the
University of Antwerp under number 2020-52. 30 female Sprague-Dawley rats (Charles River) of six
weeks old were acclimated individually in specialized ventilation cabinets with a temperature of 22°C
ten days prior to burn injury. Rats were randomly assigned to one of three groups: (1) sham treatment
(S; n=10), (2) minor burn submitted to a 10% total body surface area (TBSA) burn (MB; n=10) or (3)
severe burn submitted to a 40% TBSA burn (SB; n=10). Three animals were excluded from analysis for
different reasons (death during anesthesia n=1, hindlimb infections n=1, burn size not according to

protocol n=1).

Burn model

Burns were inflicted according to the modified Walker-Mason model inflicting a deep dermal burn and
inducing metabolic changes [34-36]. Animals were administered buprenorphine (0,05mg/kg)
(Temgesic, Schering-Plough, Belgium) and anaesthetized with 1-3% isoflurane (Zoetis, UK) in 100%
oxygen. Next, rats were shaved with a clipper, placed in a mold exposing 10% (minor burn group) or
30% (severe burn group) TBSA of their back and submerged in 100°C water for ten seconds [37]. An

intraperitoneal injection of Ringers lactate was administered, rats were subsequently placed in a mold



exposing 10% TBSA along their ventral side and submerged for three seconds in 100°C water for the
severe burn group and in room temperature water for the minor burn group. Sham treated rats
underwent the same procedures but all in room temperature water. Rats were administered Ringers
lactate 30min, four hours and eight hours postburn (resulting in a total of 4ml/kg/%TBSA) and
buprenorphine 12 hours postburn. Animals stayed in individual cages in specialized ventilation
cabinets for the remainder of the experiment, received food and water ad libitum (Ssniff ‘complete
feed for rats & mice’, consisting of 9% Fat, 24% Protein and 67% Carbohydrates) and were monitored
daily using the Functional Observational Battery adjusted to the specific features of burns [38]. Animals

showed normal ambulatory patterns without signals of pain.

Tissue collection

Ten days after the burn procedure, animals were euthanized by an intraperitoneally injection of
250mg/kg pentobarbital (Kela, Belgium). Animals were weighed, blood was immediately drawn by
cardiac punction and hindlimb muscles (SOL and EDL) of both hindlimbs were harvested, weighed and
one of each stored in a cryotube in liquid nitrogen. SOL and EDL from the other hindlimb of each animal
were prepared for immunohistochemical analysis, placed on a cork, covered in Neg-50 Frozen Section
Medium (Thermo Scientific, USA) and frozen in liquid nitrogen-cooled isopentane (2-methylbutane)

(Honeywell, US). All samples were stored in a -80°C freezer until further analysis.

Immunohistochemistry

Fiber type distribution (total fiber count, amount of type 1, type 2a and type 2b muscle fibers) was
determined using a MyHC staining. Since this is a semi-qualitative technique it was performed on 6
(randomly chosen) muscles for each group. Unfixed transversal muscle sections (10um) were air-dried
at room temperature and fixated with Paraformaldehyde (10 minutes). Slides were pre-incubated with
TBS-Tx, washed with TBS-T, blocked with horse serum (1:10) for 30min and incubated overnight (at
room temperature) with specific primary antibodies: anti-laminin (mouse; Bio-Techne NB300-144;
1:500) and isoform-specific myosin heavy chain (MyHC) antibodies: MyHC type 1 (BA-D5 mouse
MIgG2b 1:5), MyHC type 2a (SC-71 mouse MIgG1 1:5) from Developmental Studies Hybridoma Bank
(DSHB; lowa City, IA, USA). Slides were washed in TBS-T and incubated for one hour with corresponding
immunoglobulin-specific secondary antibodies were used: Alexa fluor 405 (anti-rabbit; Invitrogen
A31553) IgG, Alexa fluor 555 (anti-mouse; Invitrogen A21147) IgG2b and Alexa fluor 633 (anti-mouse;
Invitrogen A21126) IgG1. Afterwards, slides were washed in TBS-T, covered with ‘Vectashield with
DAPI’ (Vector Laboratories) and air-dried. Images were taken at x10 magnification with a NIKON Eclipse

Ti series high throughput fluorescent microscope and Imagel software was used for further analysis.



To quantify apoptosis, slides were incubated with cleaved caspase-3 (cell signaling #9661, 1:300). To
investigate mitochondrial dysfunction, the activity of the respiratory enzymes Cytochrome c oxidase
(COX) and succinate dehydrogenase (SDH) was measured using the VitroView COX/SDH Double
Histochemistry Stain kit (VB-3022) following manufacturer’s instructions. Images were captured at x10

magnification with an Olympus BX43 microscope and analysed with ImagelJ software.
Investigators were blinded to burn group for all histological analyses.

Western blotting

We determined, using Western Blotting, the expression of several key proteins 10 days after a severe
burn injury, known to be involved in skeletal muscle wasting. Snap-frozen SOL and EDL were collected
in RIPA lysis buffer (Cell-Signaling, #9806) supplemented with phosphatase and protease inhibitor
Tablets (Roche, 4906845001 and 11836170001: 1 Tablet of each/10 mL) in specially designed CK-28R
tubes with 2.8mm ceramic beads (Bertin Technologies P000916-LYSKO-A). A Precellys 24 (Bertin
Technologies P000669-PR240-A) was used for tissue homogenization (6800rpm for 3x30sec) and after
centrifugation of the lysate (10min at 14000rpm at 4°C) protein suspension was extracted. Total
protein concentration was quantitated using Pierce BCA Protein Assay kit (ThermoFisher #23225)
following manufacturer’s instructions. Diluted samples (1ug/ul) were heat-denatured for five minutes

at 100°C.

Based on linear range analysis, 15 pg protein was loaded on Bolt 4-12% Bis-Tris gels (life technologies,
NWO04125BOX). Proteins were separated, transferred to a PVDF membrane. A total protein staining
was performed using Revert 700 Total Protein Stain Kit (Li-COR biosciences, 926-11010). Membranes
were scanned with an IR scanner (Odyssey Imaging System) and de-stained. Membranes were blocked
in Intercept blocking buffer (Li-Cor Biosciences, 927-60001) and incubated overnight at 4°C with the
following rabbit IgG primary antibodies: anti-Akt1 (phospho S473; 1:1000; ab81283; Abcam)), anti-
EEF2 (1:10000; ab75748; Abcam), anti-p70S6kinase (1:1000; 9202 Cell signaling), anti-elF2a (1:1000;
9722 Cell signaling), Anti-MURF1+MURF3+MURF2 (1:1000; ab172479; Abcam), anti-Fbx32 (1:1000;
ab168372; Abcam) and anti-FOXO3A (1:1000; ab23683; Abcam). After washing, a secondary anti-rabbit
IgG IR-labeled secondary antibody (Li-COR LI 926-32211; 1:20000 dilution in Li-Cor blocking buffer
supplemented with 0.01% SDS) was added for one hour and washed again. Membranes were imaged
with an IR scanner (Odyssey imaging system). Analysis was completed with Empiria Studio software,

and the signal from the protein bands was normalized to the Total Protein Stain signal.

Statistical analysis
Statistical analysis was performed using JMP-16. Experimental data for each burn group were

expressed as means +SEM. Differences between groups were analyzed using the Kruskal-Wallis test



for general analysis and for immunohistological stainings. For western blots, linear mixed models was
used, with the number of blots as a random effect to exclude technical variation between blots.

Differences were considered to be statistically significant at p<0.05.

Results

Total body mass and muscle weight

Severely burned animals gained significantly less body weight compared to sham treated (12+3.2g vs
27.8+3.4g; p=0.003) and compared to minor burned animals (12+3.2g vs 22.7+1.5g; p=0.03). Minor
burned animals also gained less body weight compared to sham treated animals, although this

difference was not significant (p=0.45) (Figure 3).

Muscle wet weights of both SOL and EDL were not significantly different between groups (p=0.09 and
p=0.47 respectively) (Table 1). To account for differences in total body weight between the different
groups at baseline, ratio of muscle wet weight-to-total body weight(baseline) was used. This ratio was
significantly lower in severely burned animals compared with sham treated animals for both SOL
(0.45+0.01 vs 0.5040.01; p=0.03) and EDL (0.47+0.01 vs 0.54+0.01; p=0.008). In EDL, this ratio was also
significantly lower in the severe burn group compared to the minor burn group (0.47+0.01 vs

0.53+0.01; p=0.02) (Figure 3).

Muscle morphology

Muscle fiber typing (Figure 4) of SOL and EDL is shown in figure 5. In EDL total number of fibers is
significantly lower in the severe burn compared to the sham treated group (177414 vs 237+21; p=0.03).
In SOL a lower total fiber count was present in the severely burned animals compared to sham treated

animals, but this was not significant (p>0.05).

In SOL but not in EDL significant changes were found in type 1 and type 2 fiber distribution when
comparing burn and sham treated groups. Number of type 1 muscle fibers was significantly higher in
SOL of severely burned animals compared to both minor burned (87+2 vs 77+2; p=0.02) and sham
treated animals (87+2 vs 76+2; p=0.005). Likewise, type 2 muscle fiber count was significantly lower in
SOL of severely burned compared to minor burned animals (14+2 vs 24+2; p=0.005), whereas the
difference between severely burned and sham treated animals did not reach significance (1442 vs
2212; p=0.07). Looking more specifically at type 2a and type 2b muscle fiber subdivision, number of
type 2b fibers was significantly lower in severely burned compared to sham treated animals (00 vs
1+0; p=0.003), whereas for the number of type 2a fibers no significant difference was found for severe

vs sham treated animals (significance for SOL; p=0.0547).



Mitochondrial oxidative activity and apoptosis
A COX/SDH staining was performed to evaluate mitochondrial oxidative capacity, but no COX negative
fibers or red ragged fibers were found in SOL or EDL sections of sham treated, minor or severe burn

animals. Further, a cleaved Caspase-3 staining showed no signs of apoptosis ten days post-injury.

Skeletal muscle protein synthesis: pAKT, p70S6K, eEF2 and elF2a

eEF2 was significantly lower in SOL of severely burned animals compared to sham treated animals
(p<0.0001) (Figure 6B). Also, the expression of pAKT and p70S6K in SOL was significantly lower in
severely burned compared to sham treated animals (p=0.003 and p=0.044, respectively) (Figure 6C
and E). In EDL eEF2, pAKT, p70S6K and elF2a were significantly lower in severely burned animals
compared to sham treated animals (p<0.0001, p=0.005, p=0.015 and p=0.044 respectively) (Figure 6F-

1),

Skeletal muscle protein breakdown: MURF-1, Atrogin-1 and FOXO3A

In SOL, both MURF-1 and Atrogin-1 were higher 10 days after the severe burn, however only the
difference in Atrogin-1 was significant (p=0.002) (Figure 7A-B). FOXO3A showed a significant lower
expression in the severely burned group compared to the sham treated group (p=0.01) (Figure 7C). In
EDL of severely burned animals, we found a significant lower expression of both MURF-1 (p=0.02) and
FOXO3A (p=0.0004) compared to sham treated animals (Figure 7D and F). No significant difference
was found for Atrogin-1in EDL of severely burned animals compared to sham treated animals (p=0.41)

(Figure 7E).

Discussion

The purpose of this study was to investigate the effects of burns on skeletal muscle, including pathways
affecting protein synthesis and breakdown. We found changes in body weight, muscle weight and
muscle morphology 10 days postburn, consistent with previous observations both in rats [11, 12, 39-
41] and humans [5, 42, 43]. Besides, we demonstrated that the expression of different proteins
involved in signaling pathways that regulate skeletal muscle protein balance was altered postburn, but
interestingly not all key signaling proteins appear affected. To date, experimental studies are mainly
focused on the acute effects of burns on clinical parameters like (lean) body mass, muscle force and
overall protein content [11-13, 40, 44]. The Walker-Mason burn model for rats was used, which induces
a hypermetabolic response similar as in humans [45-47]. Davenport et al (2019) confirmed that using
this model, full thickness burns were created with a predefined surface area, making this the most

suitable model for in-depth burn research [48].



Body weight and skeletal muscle morphology

Ten days postburn we found a significant lower body weight gain compared to sham treated animals,
which is consistent with observations in other studies [12, 45, 46]. This difference correlates to the
severity of the burn injury, where a higher %TBSA led to a lower body weight gain. We also observed,
in line with other investigations, a lower ratio of muscle wet weight to body weight, suggesting that
lower body weight gain is most likely due to less lean body mass, and thus skeletal muscle mass [10,

39, 40].

We found a decrease in total number of fibers in EDL after severe burn, supporting the hypothesis that
after a burn injury type 2 (fast-twitch) muscles are more prone to muscle wasting after burns than type
1 (slow-twitch) muscles. In SOL, muscle fibers shifted towards more type 1 (slow-twitch) fibers. These
findings are in line with other catabolic conditions such as sepsis, starvation, cachexia and aging [13,
49], but are in contrast with conditions such as microgravity and hindlimb unloading, where previous
research has shown a switch from type 1 to type 2 fibers [50, 51]. Although we have no clear
explanation for these differences, other studies have suggested that the difference in metabolic
response between type 1 and type 2 muscle fibers is caused by a more pronounced upregulation of
the ubiquitin proteolytic pathway in fast-twitch muscles, causing muscle catabolism [13, 14]. Because
of these discrepancies, we investigated the effect of burns on skeletal muscle protein regulation in

predominantly type 1, EDL, and type 2, SOL, muscles separately.

Regulation of skeletal muscle protein metabolism after burns

Since no clear anthropomorphic changes were found 10 days after minor burns , we decided not to
perform Western Blots for the muscles of minor burned animals. We found a lower expression of both
pAKT, p70S6K and eEF2 in both SOL and EDL in comparison to sham treated animals. These findings
are similar to distorted pathways in other cachectic diseases such as cancer [16, 17]. The lower pAKT
after burns is indicative for a decreased activation of the PI3/AKT pathway, presumably due to
endocrine disturbances [52]. Lower p70S6K indicates lower mTOR signaling postburn [43]. These
findings are of major importance since the PI3K/AKT pathway is one of the most important pathways
determining the anabolic or catabolic state of skeletal muscle [24]. In addition, protein synthesis can
be affected independent of the PI3K/AKT pathway by downstream proteins, such as eEF2. In contrast
to our results, Song et al. (2012) found that total eEF2 was not altered in pediatric burn patients (at 10
and 49 days postburn) suggesting a non-canonical role for eEF2 [42]. elF2a was found only to be lower
in EDL postburn, but not in SOL. Although it is not easy to comprehend the reason for different
expression of elF2a in EDL and SOL postburn, our findings confirm the speculations of Rios-Fuller et al.

(2020) that the pathological regulation of elF2a is muscle type specific[53].



Surprisingly, we did not find a higher expression of MURF-1, Atrogin-1 and FOXO3A in muscle samples
of severely burned animals. Only Atrogin-1 in SOL showed a significant higher expression 10 days after
the burn injury. Previous studies have shown that energy-ubiquitin-dependent proteolysis, regulated
by MURF-1 and Atrogin-1, is stimulated after burn injuries [10]. For instance, Quintana et al (2021)
have shown a higher MURF-1 and Atrogin-1 expression in Gastrocnemius muscle [41], whereas Lang
et al (2007) have showed that also at mRNA level both E3 ligases are upregulated after burns [11]. One
factor that might explain the discrepancies between our findings and these studies are the different
measurement timepoints, i.e. 10 days postburn, well into the flow-phase, compared to 48 hours until
four days postburn in the above mentioned studies. Therefore, based on these findings, we
hypothesize that both E3 ligases are upregulated postburn but in type 1 or mixed muscles the increases

are sustained over a longer period of time.

Mitochondrial oxidative activity and apoptosis

There is no agreement as to the role of apoptosis in postburn skeletal muscle wasting. Previous studies
reported an increase in apoptosis in skeletal muscle postburn, while our results showed no increase in
caspase-3 activity eitherin SOL or EDL [40, 54]. However, our results are in agreement with the studies
by Duan et al (2016), reporting that caspase-3 levels decreased to basal levels at day 10 postburn, and
by Merrit et al (2012), reporting no significant increases in activated caspases during the postburn flow
phase [40, 43]. We assume that the contribution of apoptosis to muscle wasting after burns is
important in the first few days after the burn injury, as Duan et al. (2016) found marked increases in
caspase-3 levels on one and four days postburn [40]. It should be noted that apoptosis has been shown
to be upregulated in immobilization an sedentary behavior, which also contributes to muscle wasting

after burns, but was not taken into account in the present study [55, 56].

On muscle sections of the burned animals, COX/SDH staining revealed no positive fibers. Positive
complexes Il (SDH) and IV (COX) would indicate mitochondrial impairments encoded by both nuclear
and mitochondrial DNA (mtDNA)[57]. Our results indicate that at 10 days postburn the nuclear DNA,
encoding SDH, is not impaired and that there are no mutations of the mitochondrial DNA, encoding
subunits of COX. This is in contrast to previous studies in cancer cachexia, where loss of oxidative
phenotype and mitochondrial content was found concomitant with muscle wasting [58]. Even after
sepsis impaired mitochondrial complex enzymes have been observed long after the sepsis has

resolved, shown by lower complex Il and complex IV activity [59].

Conclusion

In conclusion, we have shown that at 10 days postburn changes in muscle anthropometry are present

and that proteins related to signaling pathways regulating protein synthesis and protein breakdown



are altered, with more pronounced catabolic effects in SOL. In both SOL and EDL anabolic signaling was
clearly reduced postburn. Overall, our findings support the idea that severe burns lead to a protein
imbalance, induced by metabolic changes altering intracellular signaling pathways. This understanding
may help to guide future research to elucidate the relative contribution of pathways and molecules

leading to postburn muscle wasting in the postburn flow phase.
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Figure 1: PI3K-AKT (‘phosphoinositide-3-kinase’-‘AKT’) signaling pathway of protein synthesis in skeletal muscle. Upon Insulin
or IGF-1 (‘Insulin like growth factor-1) binding to its receptor, IRS-1 (‘insulin receptor substrate 1°) activates PI3K, generates
PIP3 (‘phosphatidylinositol (3,4,5)-trisphosphate’) at the plasma membrane, facilitating phosphorylation of AKT.
Subsequently, downstream GSK-3f is inhibited (consequently inhibiting elF2B) and parallel downstream mTORC1/2
(‘mammalian target of rapamycin complex 1/2°) are activated, of which mTORCI inhibits 4EBP1 (‘eukaryotic initiation factor
4E binding protein’) (consequently inhibiting elF-4E (‘Eukaryotic translation initiation factor 4E’), and stimulates p70s6k
(‘70kDa ribosomal protein S6 kinase’) (consequently inhibiting eEF2k which inhibits eEF2 (‘translation initiation factor 2B’)),
resulting in the initiation of protein translation.
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Figure 2: Main intracellular signaling pathways of skeletal muscle activating the UPS and Autophagy as found during other
atrophy conditions. The atrogene transcription program is activated by 1) decreases in insulin or IGF-1 signaling, decreasing
the activity of the PI3K-Akt-mTOR pathway, increasing expression of transcription factors FOXO1 and FOXO03; 2) increases in
glucocorticoid release resulting in increases of FOX01/3; 3) increased amounts of inflammatory cytokines leading to higher
NF-kB expression; 4) transcription factors SMAD2 and SMAD3, stimulated by myostatin. The atrogene transcription program
consequently leads to proteolysis via increased activity of MURF-1, atrogin-1, TRIM32 and autophagy related genes,
stimulating the Ubiquitin Proteasome System (UPS) and Autophagy. IGF-1, insulin like growth factor 1; PI3K-Akt-mTOR,
phosphoinositide 3-kinase-Akt-mammalian target of rapamycin; FOXO, forkhead box protein O; NF-kB, nuclear factor-kB;
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MURF-1, muscle-specific RING-finger 1; TRIM32, Tripartitie Motif Containing 32.
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Figure 3: Difference in total body weight (BW) gain (weight day 10 minus weight day 0 postburn), ratio of m. Soleus (SOL) and
m. Extensor Digitorum Longus (EDL) wet weight (mg) at 10 days postburn to total body weight at baseline (BW) (g) for sham,
minor and severe burned animals. N=9 per group, error bars represent SEM, significant difference *p<0.05, **p<0.01
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Figure 4: Example of the used immunohistology MyHC staining on transversal muscle sections (10um) of sham treated, minor
and severely burned Soleus (SOL) muscle samples and en of sham treated, minor and severely burned Extensor Digitorum
(EDL) muscle samples captured at 10x magnification. Green indicates the basal membrane, red type 1 fibers, purple type 2a

fibers and black type 2b fibers
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Figure 5: Muscle fiber type distribution: total fiber count, % of type 1 (T1), type 2a (T2a) and type 2b (T2b) fibers (specific fiber
type count/total fiber count) for Soleus (SOL) and Extensor Digitorum Longus (EDL) transversal muscle sections (10um) museles
from sham treated, minor and severe burned animals after 10 days. N=6 per group, error bars represent SEM, Significant
difference *p<0.05, **p<0.01
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Figure 6: A: Western blots for eEF2, Akt, elF2a and p70S6K of Soleus (SOL) and Extensor Digitorum Longus (EDL) muscle. The
immunoblots depicted are representative of samples of sham treated and severely burned animals 10 days post injury. For
every protein, the Total Protein Stain (TPS) at the corresponding molecular height is depicted. B-I: Protein signals of Western
blots normalized to Total protein stains in sham treated versus severe burn groups 10 days postburn. Bars represent SEM. A-
E: Normalized protein signals in SOL F-I: Normalized protein signals in EDL. N=9 per group, error bars represent SEM, significant
difference **p<0.01, ****p<0.0001
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Figure 7: Protein signals of Western blots normalized to Total protein stains in sham versus severe burn groups 10 days
postburn. Bars represent SEM. A. Normalized MURF1,2,3 protein signal in Soleus muscle. B. Normalized Atrogin-1 protein
signal in Soleus muscle. C. Normalized FOXO3A protein signal in Soleus muscle D. Normalized MURF1,2,3 protein signal in EDL
muscle. E. Normalized Atrogin-1 protein signal in EDL muscle. F. Normalized FOXO3A protein signal in EDL muscle. G. : Western
blots for MURF1,2,3, Atrogin-1 and FOXO3A of Soleus and Extensor Digitorum Longus muscle. The immunoblots depicted are
representative of samples of sham and severely burned animals 10 days post injury. For every protein, the Total Protein Stain
(TPS) at the corresponding molecular height is depicted. N=9 per group, error bars represent SEM, significant difference
*p<0.05 **p<0.01, ***p<0.001



Body weight Body weight end (g) Body weight gain (g) SOL (mg) EDL (mg)

baseline (g)
Sham 200.7+8.7 228.5%6.4 27.8%3.4 96.1+4.3 104+4.7
Minor 194.5+2.6 217.242.2 22.7+1.5 89.5+3.3 99.4+4
burn
Severe 227+7.2#* 239+7.5% 1243.2#* 103.445.3 107.8+5.5
burn

Table 1: Total body weight(g) at baseline and 10 days postburn (end) and wet weights (mg) of m. Soleus (SOL) and m. Extensor
Digitorum Longus (EDL) 10 days postburn. Values are expressed as mean + SEM. N=9 per group. *significant difference vs
sham; #significant difference vs minor burn group; Significance if p<0.05



