Thioredoxin-interacting protein inhibits glycolysis and proliferation of myogenic cells
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Adult skeletal muscle stem cells (MuSCs) arew@erfrom the mesoderm during earlyvaé®mpment and
are responsible for the highgeneratie apacity of skeletal muscle. Adult MuSCs primarikjst in a quiescent
state and express the paired homeobox proiid.Rn response to injuriMuSCs lege the quiescent state and
undego actvation and myogenic specification (determingd the expression of MyoD), proliferation and
evantually differentiation, fusion and maturation (Brack & Rando, 2012). The proximity of MuSCs to blood
vessels and the energetic demands imposed during thetiactiand proliferation of MuSCs suggest a potential
regulatory role of metabolism in MuSC biology during these processes. Whole transcriptome analyses of
quiescent and proliferating MuSCsvieapreviously identified an enrichment of genes encoding for glycolytic
enzymes, and a decrease in the expression of thosa kodnhibit glycolysis. One such protein, thioredoxin-
interacting protein (TXNIP), is one of the most significantlydoegulated genes in proliferating MuSCs,
suggesting that it may play a role in the regulation of proliferation in MuSCs.

We first characterized the expressionTahip in proliferating and differentiating C2C12 myogenic cells,
where we observed an increase in both the gene and protein expression as C2C12 cells switched fron
proliferation to differentiation. @ better understand the role of TXNIP in myogenesis we used transient
transfection to werexpress a TXNIP-eGFP fusion protein in proliferating C2C12 cells. Transient transfection
(0.1-5ug DM\ per 1x10° cells) led to a dose-dependent increase in the protein expression of TXNIP in
proliferating C2C12 cells.

Overpression of TXNIP in proliferating C2C12 cells led to a 22 and 26% decrease in basal and
maximal glycolysis (P<0.05) in the absence of detectable change in oxygen consumption. This TXNIP
mediated decrease in glycolysis was associated with an inhibition of cell proliferation, with the mean doubling
time (T,) increasing from J=12.5h in control cells to jFe. The decrease in proliferation was confirnveala
66% decrease in BrdU staining (an indicator of the proportion of cells in S-phase) in TXNIP-eGFP cells.

As metabolism has previously been proposed to regulate the identity of stem cell populations (including
MuSCs, Ryall, 2013) we westigated the relate levds of myogenic commitment in TXNIP-eGFP cells.
Overepression of TXNIP was found to lead to a decreasepnession of both the master myogenigulator
MyoD (37%, P<0.05) and the upstream transcriptiozctbr paired homeobox 7 (Pax7, 56%x0.05),
suggesting that increasingvéts of TXNIP may lead to either decreased myogenic commitment or precocious
differentiation.

These gciting results demonstrate that TXNIP inhibits both proliferation and myogenic commitment in
C2C12 cells. Furthermore, these results suppoviqure findings identifying TXNIP as a gaive regulator of
glycolysis (Stoltzmaret al., 2008). We kelieve tat a better understanding of the link between metabolism and
MuSC biology may lead to the identification ofvebtherapeutic tayets for muscle injuries and numerous
muscle wasting disorders.
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