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ABSTRACT 

Muscle atrophy develops after a long period of inactivity caused by malnutrition, 
ageing, genetic disorders, and cancer. High protein degradation rate is a hallmark in 
the muscle atrophy-related diseases that showed increase in reactive oxygen species 
(ROS) production and severe muscle wasting. The signaling pathways involving the 
activation of protein degradation systems are complex and regulated by many 
different mediators, therefore finding a specific target is a major challenge for muscle 
atrophy. In general, the current study aimed to reveal new key components of the 
protein degradation pathway involved in muscle cells atrophy. The first part of the 
study was to determine the involvement of transient receptor potential canonical 3 
(TRPC3) and NADPH oxidase 2 (Nox2) complex in cardiac atrophy on a primary 
culture of neonatal rat cardiomyocytes (NRCMs) using immunostaining, western blot 
and luciferase assay. High concentration of adenosine triphosphate (ATP) 
significantly induces NRCMs atrophy through ROS-mediated up-regulation of atrophy 
marker, muscle atrophy F-box (MAFbx) and reduction in cell size (p<0.05). Gene 
knockdowns of TRPC3 and Nox2 significantly suppressed ATP-induced NRCM atrophy 
and ROS production (p<0.05). The study further revealed that TRPC3 and Nox2 
formed an interaction in the presence of ATP through the P2Y2 receptor in NRCMs 
atrophy. Furthermore, nutrient depletion (glucose starvation, hypoxia, and amino 
acid deprivation) displayed a significant increase in extracellular ATP levels that 
promoted NRCMs shrinkage (p<0.05). The second part of the study designed to 
provide direct evidence of TRPC3-Nox2 complex formation in in vivo setting 
incorporating with human disease models of skeletal muscle atrophy using 
immunohistology and quantitative polymerase chain reaction (qPCR). Denervation 
surgery was conducted in the hind limb of wild type (WT) and TRPC3 gene knockout 
(C3KO) mice to evaluate the effect of immobilization-induced skeletal muscle atrophy 
on TRPC3-Nox2 complex. Expectedly, 14 days post denervation significantly induces 
muscle atrophy and ROS overproduction in soleus, gastrocnemius, and tibia/is 

anterior tissue sections. However, the deletion of TRPC3 prevented denervation­
induced atrophy only in C3KO soleus. A significant up-regulation of Nox2 protein 
promotes interaction with TRPC3 protein in denervation-induced soleus atrophy. 
Finally, transgenic mice carrying a mutant superoxide dismutase 1 gene (SODl) that 
mimic Amyotrophic Lateral Sclerosis disease displayed a significant decrease in fibre 
sizes associated with overproduction of ROS in gastrocnemius and tibia/is anterior 

(p<0.05) but not in soleus (p>0.05). Nevertheless, atrophied fibres from transgenic 
mice failed to demonstrate a significant increase in Nox2 protein up-regulation, which 
suggests the SODl-induced atrophy pathway is most likely independent to TRPC3-
Nox2 complex-mediated ROS production in soleus atrophy induced by denervation. 
This study demonstrated the function of TRPC3 and Nox2 complex formation in 
cardiomyocytes atrophy and skeletal muscle atrophy, specifically in slow oxidative 
soleus muscle. Furthermore, this study may provide potential therapeutic targets that 
can delay or counteract muscle atrophy in a specific condition. 
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ABSTRAK 

FUNGSI INTERAKSITRANSIENT RECEPTOR POTENTIAL 

CANONICAL 3 - NICOTINAMIDE ADENINE DINUCLEOTIDE 

PHOSPHATE OXIDASE 2 DALAM ATROPI SEL OTOT JANTUNG DAN 

RANGKA 

Atrofi otot berkembang sete!ah lama tldak aktif berpunca dari ma/nutrisl penuaan 
gangguan genettk1 dan kanser. Kadar degradasi protein yang tinggi adalah ciri khas 
penyakit berkait atrofi otot yang ditunjukkan dengan peningkatan penghas!'lan 
spesies oksigen reaktif (ROS) dan pembaziran otot. Laluan isyarat kompleks dalam 
pengaktifan sistem degradasi protein dikawal atur oleh perantara berbeza menjadi 
cabaran utama bagi mencari sasaran khusus untuk merawat atrofi otot. Secara 
umum1 kajian ini bertujuan mendedahkan komponen baru pada tapak Ja/an 
degradasi protein dalam atrofi sel otot. Sahagian pertama kajian menentukan 
penglibatan kompleks transient receptor potential canonical 3 {TRPC3) dan NADPH 
oxidase 2 (Nox2) dalam atrofi jantung kultur primer kardiomiosit tlkus neonatal 
(NRCM) menggunakan immunostaing, pemblotan western dan pengasaian luoferase. 
Kepekatan tinggi adenosin tnfosfat (A TP) secara signifikan mengaruh atrofi NRCMs 
melalui peningkatan ROS-perantara kena1kan penanda atrofl muscle atrophy F-box 
{MAFbx) dan pengurangan saiz se/ (p<0.05). Penyahaktifan gen TRPC3 dan Nox2 
secara signifikan merencat atrofi NRCM dan penghasilan ROS disebabkan oleh A TP 
(p<0. 05). Kajian seterusnya menunjukkan TRPCJ dan Nox2 membentuk interaksi 
dengan kehadiran A TP melalui pengakt1fan reseptor P2Y2 pada atrofi NRCM. 
Kekurangan nutrien (hipoksia1 kekurangan glukosa dan as1d amino) menunjukkan 
peningkatan signifikan tahap A TP ekstrase/ular mendorong pengecutan NRCM 
(p<0

1
05). Sahagian kedua kajian dijalankan bagi membuktikan pembentukan 

kompleks TRPC3-Nox2 dalam persekitaran in viva yang menggabungkan model 
penyakit atrofi otot rangka manusia menggunakan immunohistology dan tindak balas 
berantai polymerase kuantitatif ( qPCR). Pembedahan penyahsaraf d11akukan pada 
mencit liar (WT) dan terhapus gen TRPCJ {CJKO) untuk menilai kesan kompleks 
TRPCJ-Nox2 terhadap atrofi otot rangka yang disebabkan imobi/isasi. Selepas 14 
harl penyahsaraf mendorong atrofi otot dan penghas!lan berlebihan ROS signifikan 
pada bahagian tisu soleus1 gastrocnemius dan tibia/is anterior. Tetap1� penghapusan 
gen TRPCJ dapat mencegah atrofi disebabkan oleh penyahsaraf hanya pada soleus 
C3KO. Pengaktifan protein Nox2 mendorong interaksi dengan protein TRPCJ da/am 
atrofi soleus ternyahsaraf Seterusnya1 mencit transgenik bermutasi gen superoxide 
dismutase 1 (SOD1) digunakan bagi menggambarkan penyakit Amyotrophic Lateral 
Sclerosis menunjukkan penurunan ketara dalam saiz flber yang disebabkan a/eh 
penge!uaran ROS berlebihan padagastrocnemius dantibialis anterior (p<0.05) tetapi 
tidak pada soleus (p>0.05). Akan tetap1� atrofi fiber dari mencit transgenik gaga/ 
menunjukkan peningkatan signifikan dalam pengaktifan protein Nox2

1 
menunjukkan 

bahawa tapak Ja/an atrof;· disebabkan oleh mutasi SOD1 kemungkinan besar bukan 
mela/ui pembentukan kompleks TRPC3-Nox2 seperti yang ditunjukkan pada atrofi 
soleus ternyahsaraf Kajian ini menjelaskan fungsi pembentukan kompleks TRPCJ 
dan Nox2 dalam atrofi kardiomiosit dan otot rangka

1 
khususnya pada otot slow 

oxidative soleus. Selanjutnya1 kaj1an ini memberikan potensi sasaran terapi yang 
dapat melambatkan atau mengatasi atrofi otot dalam kondisi tertentu. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of Research 

The muscular system is an organ system that enables humans to move, maintain 

posture, and circulate blood throughout the body. The system consists mainly of 

muscle cells or myocytes, a highly specialised cell which makes up the muscle tissue 

that produces tension for the generation of force. Cardiac and skeletal muscles are 

two important muscle cells that share many physiological similarities and are the 

major cell that made up the heart and musculoskeletal system. The primary 

function of both types of cell is a contraction which is triggered by a typical rush of 

ions across the sarcolemma. The action potential then activates muscle contraction 

by increasing the calcium (Ca2+) concentration inside the cytosol (Stehle et a( 

2009). Action potential involves an influx of both sodium (Na+) and ca2+ ions. 

Transient receptor potential canonical (TRPC) channels are widely 

recognised as a critical Ca2+ entry regulator in excitation-contraction coupling in 

muscle cells (Falcon et al./ 2019; Numaga-Tomita et al./ 2019). TRPC channel 

mediates the increase of intracellular Ca2+ concentration, which is induced 

following physical and chemical stimulations by directly conducting Ca2+ entry or 

prompting Ca2+ entry secondary to membrane depolarisation (Wu et at 2010). The 


