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Insights into the Transforming Growth Factor superfamily specific modulation:

unravelling the impact of winter-hibernating bear serum in primary human muscle célls
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Fig. 1: The Brown Bear: A Model for Studying Skeletal Muscle Atrophy [}
l l Resistance and Regulation of the TGF-8/BMP Signaling Pathway. (o) Protein analysis
Pro-atrophic Graphical scheme of mechanisms involved in muscle atrophy resistonce during (e)
Pl Muscle mass brown beor hibernation. (b) TGF-4' ond BMP signoling. (c) Immunolabeling of
maintenance Myosin Heavy Chain (MyHC) of human myotubes cultivated for 48h with either 5%
of Summer-active (585) or Winter-hibernating (WS) bear serum ”
- ST- - N
o = 3 p— R = 2 challenge - T
(o117 44 Investigating the effects of Winter Bear Serum on human myotubes, focusing on TGF-£and BMP signaling v B
Human myotubes (HM) after omi - )
- . . . . " . i . mins E = y

Muscle atrophy poses significant challenges in patient care, with no proven effective treatment available, despite the huge knowledge 5 days of differentiation ! L
acquired using rodent and human models of induced atrophy. We seized opportunity to study a natural model of resistance to muscle P-SMAD analysis
atrophy: the brown bear. Despite prolonged fasting and physical inactivity during hibernation, brown bears do not experience muscle loss. Fig. 2: Experimental procedures. (o) Sampling: Serum samples were collected from paired free-ronging bears during active ond hibernation periods (sweden, Tackdsen). b) Cell cuture: Human myotubes,
This resistance is associated with a shift in the balance between pro-atrophic TGF-p signaling and hypertrophic BMP signaling, favoring the cultivoted in a differentiation medium, were treoted for 48h with 5% SBS or WS. (c) Transcriptomic analysis: Total RNA samples were subjected to DNBSEQ Sequencing (BGI, Chino). DESeq2 analysis wos used to

N " " - o - identify ifferentially expressed genes (DEGs, Podj<0.05), and functional analysis of the DEGs wos conducted using Rstudio software. (d) Protein content for some identified DEGs from (c) was assessed using
latter in muscle from hibernating brown bears (Fig. 1a,b). bear serum effects on human myotubes, Western blotting. (e) TGF 4 ge: Human 5% 85 or WBS for 48h were 30 min BMP7 (0 t0 2000 ng/m) or T6F-83 (010 100
resulting in higher myosin heavy chain protein content in WBS conditions (Fig 1c). ng/mL). SMAD1/S and SMADS phosphorylation (P-SMAD) were analyzed by Western blotting on whole protein content.
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/ Fonctional analysis reveals enrichment of muscle development processes and BMP signaling among DEGs identified in human myotubes in WBS conditions
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BWP signaling pathway BMP signaling pathway and BMP signaling pathway regulation (Fig. 3c).
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WBS induced an up-regulation of several genes associated with the structural KNBS mainly down-regulates the expression of extracellular and intracellulah
organization of human myotubes BMP modulators
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These specific genes are involved in the isation of the and ion h (CAV3, KCND3, KCNE4, CACNG1), g g
sarcomere, cytoskeleton assembly and function (NEBL, MYOM3, TNNT2...), and also in cell-cell interaction (PDGFRB, NPNT). o Summer Winter o Summer Winter
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Shown schematically. preguiated and downveguited DEGS are shown n red and green respectvel. (e Protein levls for
m Summer m = j endoglin and gremlin-1 were assessed by Western blotting in SBS (S) and WBS (W) conditions (upper panel). Signals were
SUmmer: SLlisiss G
() J— e 3 (b . Py ——g- Grrln loe <008 (s R pred e
BMP7 [ng/mL] 0 100 500 2000 0 100 500 2000 TGFf3[ng/ml] © 001 01 1 10 100 0 001 01 1 10 100
101 - Most BMP signaling inhibitors (e.g. GREM1/2, CHRDL2, SMADS6) or activators (ENG) were downregulated at the mRNA
- level. Several BMP repressors such as HJV and CHRD were however upregulated (Fig. 5a). Among these regulators, ENG
g # o and GREM1 were also downregulated at the protein level.
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2 - £ a ¥ e Wes o Challenging the BMP and TGF-B path: shows a higher i of the BMP pathway in myotubes under
- WBS conditions, contrarily to the TGF-B signaling which remained consistently weaker.
01 ; ';‘n 1"|'m 1;'00 107100 0001 001 o1 H 10 100 This suggests that WBS shifts the TGF-B/BMP balance towards the BMP pathway.
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Altogether, our results are in agreement with the hypertrophic phenotype observed in human myotubes cultured

with WBS (Chanon et al. 2018) and the specific TGF-B/BMP balance depicted in atrophy-resistant muscles from the
TGF-/BMP challenge of human myotubes culured with SBS or W8S were challnged with inreasing BMP? (o) o TGF-63 (6) ligands (Fi. 2¢). SMADI-5 (a) and SWADS (b) phopshonyation were assssed by Westem bottig (upper panels). Sgnals were
n , 2-way ANOVA, Tukey's

auantifed and omaled withthe amount ofoaded otens lower panes, “Pal<0.05 v atreaed myotubesfro S35 or WBS condiions; #Pu<0.05 v, es). Dot nes are hibernating brown bear (Cussonneau et al. 2021).
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BMP7 and TGF-B3 treatment induces dose-dependent SMAD1/5 and SMAD3 phosphorylation, respectively. BMP7 triggers SMAD1/5
phosphorylation at 100 ng/ml in SBS, but at 500 ng/ml in WBS. However, at high ion, SMAD1/5 ph: ylation was much higher ieht infl — li d 1
in the WBS. TGF-B3-induced SMAD3 phosphorylation is consistently lower in WBS compared to SBS. might influence BMP signaling and/or muscle mass

Further studies will investigate how bear serum induced this reprogramming and how this
during catabolic conditions.
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