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Role of skeletal muscle fat ectopic deposition in insulin resistance induced by
high-fat diet
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Abstract: Consumption of high-fat diet leads to the increase of fat intake and consequent excess storage of fat in the body. When the
regular adipose tissues reach their capacity to store fat, ectopic fat is stored around and within non-adipose tissues, such as the liver
and skeletal muscle, which plays important roles in glucose metabolism. Hence ectopic fat accumulation in major insulin target tissues
is a critical determinant of insulin resistance (IR) and various related metabolic syndromes. Recent studies have shown that skeletal
muscle lipid accumulation is more closely related with IR than general obesity and accounts for approximately 80%—90% type 2
diabetes, since the skeletal muscle is the largest glucose disposal site. Therefore, the association between skeletal muscle lipid and IR
has attracted more and more research interest. This review summarized the role of ectopic skeletal muscle lipid in IR induced by high-fat

diet and its possible mechanisms.
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Fig. 1. Diagram of activation and differentiation of skeletal muscle satellite cells. Circulating progenitors coming from bone marrow

differentiate to quiescent satellite cells, and the quiescent satellite cells are activated by insulin and insulin-like growth factor 1 (IGF-1)

related signal pathways, and eventually differentiate to muscle progenitor cells (myogenesis) or adipogenic cells (adipogenesis) ">, Pax7,

paired homeobox transcription 7; PKB/Akt, protein kinase B; PI3K, phosphoinositol 3-kinase; AMPK, AMP-activated protein kinase;

mTOR, mammalian target of rapamycin; PGC-1a, peroxisome proliferator-activated receptor- y coactivator-1a; FOXO, foxhead box

proteins; NAD/NADH, nicotinamide adenine dinucleotide; MyoD, myogenic differentiation; MRF4, myogenic regulatory factor 4;

PPARS and -y , peroxisome proliferator-activated receptor-6 and -y; SIRT deacetilase, silent information regulator 2 homologue 1.
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Fig. 2. Mechanism of pro-inflammatory cytokines inhibiting
insulin signaling pathway. Pro-inflammatory adipokines inhibit
serine kinases through JNK and NIK/IKK pathways, and lead
to inhibition of IRS1 phosphorylation, reduce the uptake of glu-
cose, and eventually induce insulin resistance **. HK, hexoki-
nase; GS, glycogen synthase; IRS1, insulin receptor substrate 1;
PDK, phosphoinositide-dependent kinase; AS160, Akt substrate
of 160 kDa; GLUT4, glucose transporter type 4; GSK, glycogen
synthase kinase; IL-6, interleukin-6; TNF, tumor necrosis factor;
JNK, c-Jun N-terminal kinase; NIK, nuclear factor kB inducible
kinase; IKK, inducer of « kinase; ROS, reactive oxygen species;

ETC, electron transport chain.
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Fig. 3. Possible mechanisms of insulin resistance induced by lipid deposition in skeletal muscle cells. Most of the oversupplied fatty

acids (FAs) are stored in the muscle cells as lipid droplets; overload of the FA-CoA to mitochondria results in incomplete f-oxidation

and ROS production; Saturated FA may result in accumulation of ceramide, which inhibits phosphorylation and activation of Akt/

PKB; Saturated and unsaturated FAs may induce DAG accumulation and subsequent activation of PKC0, leading to serine phosphor-

ylation of IRS1"" . FA, fatty acid; CD36, cluster of differentiation

protein kinase CO.
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Fig. 4. Mechanism of insulin resistance induced by increased extracellular lipoid droplets in skeletal muscle. Lipid droplets surrounding

skeletal muscle cells impair, modulate nutritive blood flow to skeletal muscle, and reduce the binding of insulin with insulin receptors.
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