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Fasudil blocks muscle atrophy and C2C12 myoblasts respiratory dysfunction triggered by ROCK1

GUO Zhi-yun, ZHANG Jie, DONG Rui, XU Jing*
Department of Nephrology, Changhai Hospital, Second Military Medical University, Shanghai 200433, China

[Abstract| Objective To confirm whether fasudil can block C2C12 myoblasts respiration dysfunction triggered by
Rho-associated coiled-coil containing protein kinase 1 (ROCK1), and whether it can block the occurrence of muscle
atrophy. Methods C2C12 myoblasts were cultured in vitro, and 2% horse serum was used to induce cell differentiation
and maturation. The obtained mature muscle tubule cells were divided into four groups according to the different stimuli:
Ad-GFP group, only transfected GFP-adenovirus vector (Adv) in C2C12 myoblasts; Ad-ROCKI1 group, transfected
ROCKI1-Adv in C2C12 myoblasts to induce ROCK1 overexpression; Ad-GFPF group, transfected GFP-Adv and given
10 pmol/L fasudil in C2C12 myoblasts; and Ad-ROCKIF group, transfected ROCK1-Adv and given 10 pmol/L
fasudil in C2C12 myoblasts. The oxygen consumption rate (OCR) and extracelluar acidification rate (ECAR) of C2C12
myoblasts under different stimulation conditions were evaluated by cell energy metabolism analyzer (Seahorse), so as
to determine the effect of ROCK1 overexpression and fasudil stimulation on the respiratory function of C2C12 myoblasts.
Mitochondrial fission was measured by MitoTracker® red fluorescent probes. The expressions of ROCK1, mitochondrial-
related protein 1 (Drpl) and phosphorylated p-Drpl, E3 ubiquitin ligase muscle RING finger-1 protein ( MuRF1)
and muscle atrophy F-box (MAFbx, Atrogin 1) was measured by Western blotting analysis. Results Seahorse analysis
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showed that the OCR, ECAR, basal respiration, maximal respiration and respiration required for coupling ATP of

C2C12 myoblasts in the Ad-ROCK1 group were significantly increased compared with those in the Ad-GFP group (P<C

0. 01); Meanwhile, MitoTracker® staining showed that the mitochondrial fission was increased and the mitochondrial size

frequency distribution shifted left in the Ad-ROCKI1 group. After exposed to fasudil, the OCR and EACR of C2C12

myoblasts in the Ad-ROCKI1F group were significantly decreased versus the Ad-ROCK1 group, and the basal respiration

and maximal respiration were significantly increased (P<C0. 05). Western blotting analysis showed that p-Drpl/Drpl

ratio, and the expressions of ROCK1, MuRF1 and Atroginl in Ad-ROCKIF group were significantly reduced compared
with Ad-ROCKI1 group (P<0. 05). Conclusion Fasudil, an inhibitor of ROCKI1, can block the abnormal cell respiration

of C2C12 myoblasts caused by overexpressed ROCKI1 in witro, and can reduce the activity of mitochondrial kinetic

protein and the expression of muscle atrophy-related proteins.
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Fig 1 Effect of ROCKI1 overexpression on
respiratory functions of C2C12 myoblasts
Seahorse Mito-Stress results. OCR: Oxygen consumption rate;
ECAR: Extracellular acidification rate; ROCKI1: Rho-associated
coiled-coil containing protein kinase 1; GFP: Green fluorescent
FCCP. cyanide-p (trifluoromethoxy)
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Fig 2 Effect of ROCK1 overexpression
on mitochondrial morphology of C2C12 myoblasts
MitoTracker staining results showed the mitochondrial fragment
number in Ad-ROCK1 group was increased, and the frequency
distribution of mitochondrial size shifted to the left in comparison to
Ad-GFP  group.

protein kinase 1; GFP: Green fluorescent protein

ROCK1: Rho-associated coiled-coil containing
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Fig 3 Fasudil reducing respiratory dysfunction of C2C12
myoblasts caused by ROCK1 overexpression

Seahorse Mito-Stress results. OCR: Oxygen consumption rate;
ECAR: Extracellular acidification rate; ROCKI: Rho-associated
coiled-coil containing protein kinase 1; GFP: Green fluorescent protein;
FCCP: Carbonyl cyanide-p (trifluoromethoxy) phenylhydrazone. n=6,
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Fig 4 Effect of fasudil stimulation on activity of

mitochondrial dynamin-related protein and
expression of muscle atrophy-related proteins
ROCKI1 .

containing protein kinase 1; GFP: Green fluorescent protein; Drpl:

Western  blotting results. Rho-associated  coiled-coil

Dynamin-related protein 1; p-Drpl: Phosphorylated Drpl;

Atroginl : MAFbx, Muscle atrophy F-box; MuRF1: Muscle RING
finger-1. * P<C0.05, ** P<<0. 01 vs Ad-GFP group; £ P<Z0. 05 vs
Ad-ROCK1 group. n=3, 7=+s

ASLG A ERSE ROCK] 3 #ik 1 C2C12 LA
W& B AFAEL PR T 5, il 18 Seahorse K5 U £
HPEIR . B SEIE OCRLFEINASE % R 2Z Al s 1
OCR {EAR 22 41 B8 1) 35 fith #E 420 %, mT AN & S Aty 0oF
W% o 3 BRGSO A ST B R 1b 1 ot e BT #E 1)
S CRITE P2 2 AR JE L ) P R £ 328 T T — 0 55
L3R R —EB 40 1 [, il ok ATP 4 i B AR
ATP RGN ATP R i ) — 0 i il ad
BRI T HR R UL K BB i A I, %
ARATAERATP) . S8R Z& ATP S RG0S m
NJ5 s OCR BEARE A ZHUAH T ATP & B0 FE 4
(4 R WAl ML BL it 1) ATP =i, SE5G b &3,
ROCKT j2f FR3E A i 248 H i) Sl P 0 o 1y HL 3G
YA ATP (7= AHXF ATP (340 A 456 6 40 i
A MR (Seahorse K 45 o J5 & 88 ROCK1 53
FRH R MM K EIET) . FCCP & —Fh &bk
¥ WP I A AR B R A Sy — BT A4, AT AR
B9 i Sl 1 /1A= o = =16 ) Tl 1 7 N
ATP, JimA FCCP 5 OCR [y et 36 4 b i iy
e KFEARE T [1HE S WL KA IR BE g o 1 HE 5
Tl P R 114 25 (A 2 40 R 7 P I s . AR S 3R
ROCKT 12 3521 4 M e KWF I RE Sy 85 . d5eJ5
AP A FLAE Ry PR il 70, 56 4 BH 1k 2 hr



« 738 ¢

WK 201746 H .55 38 4%

IRFE%. L. 4545 Seahorse £, i[9 0 ROCK1
1 PR BENS T EAMN IR B RIS ATP 1Y
PRSI ABAE—E RERE b X R R A A R IR AR
I T AN SET . Dyt — AR SRR AR FAT]
X LA M LR A BEAT I A5 R RE R e SR e 1
ZERRW] L ROCK 53 38 e 20 M ek A 228 36 T
SR AR R NI AT FE RS

TEET LR VE 9 ROCK il 550+ H il IR 1
TR O N LB AR ER (0 A B T EGE L 2
ARIE . FATRIBFTE LS R R« i & Mo /- vl A —
FERRRE E s ROCKT i 208 )5 i i A0 I & AR R Y
ARES » HOT A ) B At v G R S S . R] i 95 &7
Wk T ROCKT i 35 X b (R 248 BIrifs p-
Drpl HH BRI AR 1T WL 2245 A K R
H MuRF1 fil Atroginl H R #RIK . &P HURME
PR il I 7 VA NDEE 7 REE P A e )7 e
S WL ZE AR S 16 108 (14 T B8 . (AT o 2 A 3 ) S 6
gt — RS

&
R 5 [ DU B 2 I 9 AR S A S B B
(£ % 3 #K]

[1] LEVEY A S, CORESH ]. Chronic kidney disease[ ] ].
Lancet, 2012, 379. 165-180.

[2] TAMAKI M, MIYASHITA K, WAKINO S,
MITSUISHI M, HAYASHI K, ITOH H. Chronic
kidney disease reduces muscle mitochondria and
exercise endurance and its exacerbation by dietary
protein through inactivation of pyruvate dehydrogenase
[J]. Kidney Int, 2013, 85: 1330-1339.

[3] JHA V., GARCIA-GARCIA G, ISEKI K, LI Z,
NAICKER S, PLATTNER B, et al. Chronic kidney
disease: global dimension and perspectives| ] |. Lancet,
2013, 382: 260-272.

[4] ELGASS K, PAKAY J, RYANM T, PALMER C S.
Recent advances into the understanding of
mitochondrial fission [ J]. Biochim Biophys Acta,
2013, 1833: 150-161.

[5] DECLEVES A E, SHARMA K. Novel targets of
antifibrotic and anti-inflammatory treatment in CKD
[J]. Nat Rev Nephrol, 2014, 10; 257-267.

[6] HAGMANN H, BRINKKOETTER P T. ROS and
oxidative stress in CKD patients: is it the mitochondria
that keeps CKD patients in bed?[ J]. Nephrol Dial
Transplant, 2015, 30.: 867-868.

[7] GRANATA S, DALLA GASSA A, TOMEI P,
LUPO A, ZAZA G. Mitochondria: a new therapeutic

target in chronic kidney disease [ J/OL]. Nutr Metab

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(Lond), 2015, 12: 49. doi: 10. 1186/s12986-015-
0044-z. eCollection 2015.

GAO H, HOU F, DONG R, WANG Z, ZHAO C,
TANG W, et al RhoKinase fasudil

suppresses high glucose-induced H9c2 cell apoptosis

inhibitor

through activation of autophagy[J]. Cardiovasc Ther,
2016, 34. 352-359.

PENG H, CAO J, YU R, DANESH F, WANG Y,
MITCH W E, et al. CKD stimulates muscle protein
loss via Rho-associated protein kinase 1 activation[ ]/
OL]. J Am Soc Nephrol, 2016, 27;: 509-519. doi; 10.
1681/ASN. 2014121208,

WANG W, WANG Y, LONG ], WANG ],
HAUDEK S B, OVERBEEK P, et al. Mitochondrial
fission triggered by hyperglycemia is mediated by
ROCKI1 activation in podocytes and endothelial cells
[J]. Cell Metab, 2012,15; 186-200.

FOLETTA V C, WHITE L J, LARSEN A E,
LEGER B, RUSSELL A P. The role and regulation of
MAFbx/atrogin-1 and MuRF1 in
atrophy[ J|. Pflugers Arch, 2011, 461; 325-335.
WORKENEH B T, MITCH W E. Review of muscle
wasting associated with chronic kidney disease[ J]. Am
J Clin Nutr, 2010, 91. 1128S5-1132S.

YOKOI H, YANAGITA M. Decrease of muscle

volume in

skeletal muscle

chronic kidney disease: the role of
mitochondria in skeletal muscle[ J]. Kidney Int, 2014,
85: 1258-1260.

WANG X H, MITCH W E. Mechanisms of muscle
wasting in chronic kidney disease [ J]. Nat Rev
Nephrol, 2014, 10; 504-516.

CARRERO J J, STENVINKEL P, CUPPARI L,
IKIZLER T A, KALANTAR-ZADEH K, KAYSEN
G, et al

syndrome in

Etiology of the protein-energy wasting

chronic  kidney disease-a consensus
statement from the International Society of Renal
Nutrition and Metabolism (ISRNM)[J]. J Ren Nutr,
2013, 23 77-90.

IKIZLER T A, CANO N J, FRANCH H, FOUQUE
D, HIMMELFARB J, KALANTAR-ZADEH K, et
al. Prevention and treatment of protein energy wasting
in chronic kidney disease patients; a consensus
by the International Society of Renal
Nutrition and Metabolism[ J]. Kidney Int, 2013, 84;
1096-1107.

ROMANELLO V, GUADAGNIN E, GOMES L,
RODER 1, SANDRI C, PETERSEN Y,
Mitochondrial fission and remodelling contributes to

muscle atrophy[ J|. EMBO J, 2010, 29, 1774-1185,
[(AXHE] Wl

statement

et al



