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Fig. 1 Hypertrophy induced by stretching in muscle cells
(A) The conceptual schema of stretching myotubes; myotubes are stretched in their longitudinal direction. (B) In parallel with such micro
grooves, myotubes align. (C) PI3K/Akt/mTOR pathway was suggested to work on hypertrophy induced by stretching from our results.
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Fig.2 Hypertrophy induced by electrical stimulation in muscle cells

(A) The conceptual schema of the electrical stimulation to myotubes, and our experimental design. (B) mTOR and mtROS were suggested to
work on this hypertrophy. Further, mTOR suppresses the autophagy which clears damaged protein caused by mtROS, which was suggested too.
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Time Course of

m. Soleus Wet Wight data

Body wight TS vs CN and TSe; p<0.05 in both.
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Abbreviation: CN, normal breeding; TS, Tail-Suspension procedure;
TSe, Climbing Stairs in Tail-Suspension procedure.

Fig.3 Atrophy induced by Tail-Suspension procedure and the Suppression of its by Climbing-Stairs

Training in mice

(A) The conceptual schema of tail-suspension procedure (TS, left) and photographs of the actual breeding (right). (B) The conceptual schema of
climbing-stairs training (left) and photographs of the actual climbing (right). (C) Data of TS-atrophy and the suppression of its. Climbing-
training during TS (TSe) kept the wet weight of m. soleus up to the control level. Every group; N = 4.
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Fig.4 Denervation and Synergist-Tendon ablation Surgeries in mice

(A) The conceptual schema of the denervation surgery. Muscles dominated by sciatic nerve are atrophied by the procedure. (B) The conceptual
schema of the synergist-tendon ablation surgery. At Achilles’ tendon, m. gastrocnemius (Gas) tendon is ablated, and m. plantaris and soleus are
hypertrophied by overload. Sometimes, m. soleus tendon is ablated too with Gas-tendon.
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Challenges of uncovering mechanisms working on

skeletal muscle hypertrophy and atrophy in Mechanobiology
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— Abstract

Skeletal muscle hypertrophy and atrophy are induced by resistance-trainings and disuse respectively. The mechanisms
working on those phenomena is what our lab has been challenging to uncover. Focusing on mechanical stresses which
fluctuate on muscles, our studies are in Mechanobiology. Here is, in this article, the introduction of our works. In vitro
hypertrophy has ever been established by applications of stretching and electrical stimulus in cell culture, as well as atrophy by
the cessation of those stimuli. In vivo hypertrophy and atrophy also has been established by procedures of resistance training
and disuse in mice. Involvements of phosphatidylinositol-3 kinase, mechanistic target of rapamycin and autophagy in the
mechanisms were uncovered. Recently, some new topics were added as inflammation, cell-memory, nutrition, energy

metabolism, and clinical translation.



