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SUPPLEMENTARY FIGURES S1-S4  AND  TABLE S11 

2 

Supplementary Figure S1. Schematic representation of protocols for experiments 3 

involving LCC 4 

(A) LCC (1 Hz, 30 min) was applied daily to one of the hindlimbs during5 

immobilization for 8 days. (B) Dose and time points of clodronate liposome 6 

administration. (C) LCC was applied for 5 sec (6 strokes) between two serial µCT 7 

scans.  8 

9 

10 
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 11 

Supplementary Figure S2. Effects of LCC with different magnitudes, and 12 

alleviation of immobilization-induced increase of interstitial space in muscle 13 

tissues by LCC 14 

(A) Application of different magnitudes of LCC by changing the weight of the 15 

cylindrical unit. Scale bar, 1 sec. 36-g and 200-g cylindrical units produced 45 mmHg 16 

and 140 mmHg intramuscular pressure waves, respectively. (B) Comparison of the 17 

effects of LCC application to immobilized hindlimbs with 36-g, 66-g and 200-g 18 

cylindrical units. CSA of gastrocnemius myofibers (top) and F4/80-positive cells 19 

(bottom) of LCC-applied calf were quantified as relative values to those of the control 20 

hindlimb, which was not exposed to LCC, in each mouse. Data are presented as 21 

means ± S.D. *, P < 0.05, one-way ANOVA with post hoc Bonferroni test (n = 4 mice 22 

for each group). (C) No apparent injury after LCC application. Representative anti-23 

laminin-2 immunostaining images of triceps surae muscles of unimmobilized (left) 24 

and immobilized hindlimbs without (center) or with (right) 7 times daily LCC 25 

application (see Supplementary Figure S1). The center and right micrographs are from 26 

the same mouse. Scale bar, 500 µm. (D) Schematic representation of the definition as 27 

to the CSA and the interstitial space. The ‘internal’ and ‘external’ margins of basement 28 

membrane surrounding a gastrocnemius myofiber, which were visualized by anti-29 

laminin-2 immunostaining, are traced with cyan and yellow dot lines, respectively. 30 

(E) Interstitial space in muscle tissues increased with the period of immobilization. 31 

(F) LCC alleviated the immobilization-induced increase of interstitial space in muscle 32 

tissues. (G-J) Quantification of anti-MCP-1, anti-TNF-α, and anti-F4/80 33 

immunostaining shown in Figures 2G and 2H. (K) Clodronate liposome 34 

administration depleted monocytes in circulating blood. Eighteen hours after 35 



 3 

intraperitoneal injection of clodronate or control liposomes (200 μl), 12-week-old 36 

male mice were subjected to blood sampling for differential white blood cell count. 37 

Data are presented as means ± S.D. *, P < 0.05, paired Student’s t test (n = 4 mice for 38 

each group). (L) Clodronate liposome administration alleviated the immobilization-39 

induced increase in interstitial space, eliminating the LCC effect. (E, F and L) 40 

Interstitial space determined as in (D) was quantified as a value per myofiber, rather 41 

than a ratio to myofiber CSA, to avoid the effect of immobilization-induced decrease 42 

in myofiber CSA. Interstitial space surrounding the myofibers analyzed in Figures 1D, 43 

2D and 3C (100 myofibers for each) was quantified. (E-J and L) Data are presented 44 

as means ± S.D. N.S., not significant, *, P < 0.05, **, P < 0.01, one-way ANOVA 45 

with post hoc Bonferroni test (E; n = 3 mice for each group, F-J; n = 6 mice for each 46 

group, L; n = 5 mice for each group of control liposome administration; n = 6 mice 47 

for each group of clodronate liposome administration).  48 

49 
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 50 

Supplementary Figure S3. Responses of macrophages to FSS or HP in vitro 51 

(A and B) Schematic representations of custom-made systems for FSS (A) and HP 52 

(B). (C) Representative micrographic images of mouse peritoneal macrophages pre-53 

treated with LPS before (top left) or after (top right) pulsatile FSS application 54 

(frequency; 0.5 Hz, average magnitude; 0.5 Pa, zero-to-peak mode) and before 55 

(bottom left) or after (bottom right) pulsatile HP application (frequency; 0.5 Hz, 56 

amplitude; 50 mmHg) for 30 min. Scale bar, 200 µm. (D) HP enhanced mRNA 57 

expressions of MCP-1 and TNF-α, whereas it suppressed CD206 expression in 58 

cultured macrophages. LPS-pretreated peritoneal macrophages were either exposed or 59 

left unexposed to pulsatile HP (frequency; 0.5 Hz, amplitude; 50 mmHg) for 30 min. 60 

Six hours after the termination of HP application, macrophages were subjected to total 61 

RNA extraction followed by quantitative PCR analysis. mRNA expression levels were 62 

normalized against GAPDH, and scaled with the control sample (HP-) set at 1 in each 63 

experiment. Data are presented as means ± S.D. N.S., not significant, *, P < 0.05, ***, 64 

P < 0.001, paired Student’s t test (n = 5). 65 

66 
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 67 

Supplementary Figure S4. LCC increases interstitial fluid movement 68 

(A) Axial-view μCT images of a contrast medium (Isovist)-injected mouse calf before 69 

(top panel) and after (bottom panel) LCC. After injecting 3 μl of Isovist into the mid-70 

belly of gastrocnemius muscle, two consecutive μCT scanning was conducted 71 

interposing 5-sec LCC application as presented in Supplementary Figure S1C. (B) 72 

Simulative representation of spreading of Isovist injected into gastrocnemius muscle 73 

bellies of mice, either exposed (bottom) or left unexposed (top) to LCC on their 74 

calves for 5 sec. Isovist spreading is indicated as red clusters. Scale bar, 2 mm. (C) 75 

LCC increased Isovist movement. The movement of Isovist cluster defined as in (B) 76 

was quantified by measuring the displacement of its proximal end between the first 77 

and the second μCT images. Data are presented as means ± S.D. *, P < 0.05, paired 78 

Student’s t test (n = 4 legs for each group).   79 

80 
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 81 

Supplementary Table S1. Simulative calculation of FSS exerted on cells 82 

distributed in the interstitium of gastrocnemius muscle during LCC. 83 

(A) Values referenced for simulative calculation of the magnitude of FSS that LCC 84 

generated in the gastrocnemius muscles. All referenced values except viscosity 85 

(marked by an asterisk) were drawn from analyses with intramuscular pressure 86 

measurement (Figure 2B) and Isovist-enhanced μCT scanning (Figure 4 and 87 

Supplementary Figure S4). The property of interstitial fluid viscosity was referenced 88 

from previous studies [39, 40]. (B) Calculation of the magnitude of LCC-generated 89 

fluid shear stress. Fluid shear stress (τ) at the cell surface can be calculated as reported 90 

previously by Tarbell and Shi (Biomech Model Mechanobiol. (2013) 12(1), 111-121. 91 

https://doi.org/10.1007/s10237-012-0385-8 92 

https://doi.org/10.1007/s10237-012-0385-8


Property Value

Pressure (ΔP; Pa) 3657.29

Viscosity (µ; mPaꞏs) 1.20 - 1.90*
Distance of movement (∆d; μm) 238.59

Velocity of interstitial fluid flow (u∞; μm/s) 47.72

Shear stress (Pa) 0.94 - 1.18

Fluid shear stress (τ) at the cell surface:

τ = µu∞ /√Kp
Kp = µu∞∆d/∆P

, where Kp is the Darcy permeability of muscle tissue. 

When the values listed in A are introduced in these equations, the 
magnitude of fluid shear stress is estimated as 0.94 - 1.18 Pa.

A

B

Supplementary Table S1
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