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SURAT PERNYATAAN PENELITIAN

Saya yang bertanda tangan di bawah ini:

Nama : Jongky Hendro Prajitno

NIM : 011417017339

NIM : 011417017339

Program Studi . lImu Kedokteran Jenjang Doktor
Alamat / No. Telp /081553994030

dengan ini menyatakan bahwa :

1.

DISERTASI

Disertasi saya ini adalah asli, benar-benar hasil karya sendiri, dan bukan hasil karya
orang lain dengan mengatas-namakan saya, serta bukan hasil peniruan atau
penjiplakan (plagiatism) hasil karya orang lain. Disertasi ini belum pernah diajukan
untuk mendapatkan gelar akademik di Universitas Airlangga, maupun di Perguruan
Tinggi lainnya;

Dalam Disertasi ini tidak terdapat karya atau pendapat yang telah ditulis atau
dipublikasikan orang lain, kecuali secara tertulis dengan jelas dicantumkan sebagai
acuan dengan disebutkan nama pengarang dan dicantumkan dalam daftar
kepustakaan;

Pernyataan ini saya buat dengan sebenar-benarnya. Apabila di kemudian hari terdapat
penyimpangan dan ketidakbenaran dalam pernyataan ini, maka saya bersedia
menerima sanksi akademik berupa pencabutan gelar yang telah diperoleh karena karya
tulis Disertasi ini, serta sanksi-sanksi lainnya sesuai dengan peraturan perundang-
undangan yang berlaku.

Surabaya, Mei 2022
Yang membuat pernyataan

SEPLALM IBU RUFTAM

3CRATAIX2QBOTIR05

Jongky Hendro Prajitno
NIM. 011417017339
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RINGKASAN

PENGARUH PEMBERIAN METFORMIN TERHADAP SINYAL
KESETIMBANGAN SINTESA DAN DEGRADASI PROTEIN MELALUI
AKTIFASI JALUR AMPKa PADA MYOBLAST OTOT SKELETAL DMT2 ABC-
TC3957

Diabetes Mellitus tipe 2 (DMT2) merupakan masalah kesehatan di seluruh penjuru
dunia. Dibutuhkan strategi terapi yang agresif dalam penatalaksanaan DMT2 untuk
menurunkan risiko hiperglikemik. Salah satu pengobatan yang menjadi pilihan sampai saat
ini adalah Metformin. Metformin terutama bekerja pada organ hati dengan mengurangi
pengeluaran glukosa, di jaringan perifer metormin meningkatkan penyerapan glukosa,
terutama pada jaringan otot. Ini membuat otot mempunyai peranan yang sangat penting
terkait penatalaksanaan kendali gula darah pada pasien DMT2. Karena otot berperan
penting sebagai jaringan utama untuk pengambilan glukosa dari darah, maka pengurangan
masa otot akan berdampak pada perburukan resistensi insulin pada pasien DMT2.
Metformin merupakan salah satu obat andalan yang banyak dipakai dan dicantumkan pada
semua guideline di seluruh dunia. Metformin bekerja pada organ hati dengan mengurangi
pengeluaran glukosa, di jaringan perifer metormin meningkatkan penyerapan glukosa,
terutama pada jaringan otot. Mekanisme kerjanya menghambat glukoneogenesis melalui
aktivasi AMPK. Selanjutnya AMPKo akan mengaktivasi jalur katabolisme dan

menghamat jalur anabolisme

Sampai saat ini efek pemberian metformin pada sel otot manusia masih belum
banyak diteliti, khususnya pada sel otot DMT2 yang belum pernah mendapatkan terapi
metformin sebelumnya. Data penelitian yang ada banyak dikemukakan pada sel otot tikus
dan sel otot non DMT2. Hasil yang didapat juga masih kontroversi. Terutama pada
terjadinya atrofi dan penambahan massa otot melalui jalur aktifasi dari AMPKa. Massa
otot sangat terkait dengan kestimbangan aktifitas sintesis dan degradasi protein otot, yang
juga akan dipengaruhi oleh aktifitas dari AMPKa. Namun di sisi lain, sel mempunyai
aktifitas Autofagi yang memiliki peran dalam homeostasis sintesis dan degradasi protein-

protein di otot.
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Penelitian ini mencoba untuk menjawab pertanyaan, Apakah terapi Metformin
memberikan efek terhadap aktifitas jalur sintesis protein yang diwakili oleh ekspresi
mTOR, dan aktifitas degradasi protein otot melalui ekspresi FoxO3, ULK-1, LC3, dan
MuRF1 pada otot skeletal pasien DM tipe 2 melalui aktivasi jalur AMPKo dan
peningkatan aktifitas autofagi. Penelitian ini merupakan penelitian eksperimental, dengan
rancangan post test kontrol group desain laboratorik in vitro. Pemilihan metode ini
bertujuan untuk menyamakan kondisi antara kelompok kontrol dan perlakuan sehingga
lebih dapat terkendali, lebih dapat terukur dan medapatkan gambaran dampak perlakuan
hingga tingkat seluler. Sampel yang dipakai pada penelitian ini diperoleh dari kultur sel
otot rangka (skeletal muscle sel culture = SKMC) dari Cell line Human Skeletal Muscle
Myoblasts (HSMM) ABC-TC3957 DMT2 yang berasal dari donor yang menderita DMT2

dan sama sekali belum pernah mendapatkan pengobatan DMT?2.

Kultur sel otot rangka dibagi menjadi 4 kelompok. Masing-masing kelompok
terdiri dari sekitar 6 sampel, kelompok kontrol (K) tanpa perlakuan hanya diberikan
medium saja. Kemudian 3 kelompok sisanya dibagi menjadi kelompok dengan perlakuaan
pemberian metformin dosis 1mM, 2 mM dan 3 mM. Semua kelompok diamati pada jam ke
0, 24, 48 dan 72. Pada tiap-tiap jam pengamatan diukur ekspresi untuk tiap-tiap protein
dengan menggunakan immunofluoresensi.

Dari hasil percobaan didapatkan ekspresi sinyal-sinyal degradasi protein yang
meningkat pasca pemberian metformin pada pengamatan 24, 48 dan 72 jam. Marker sinyal
degradasi meningkat seiring dengan meningkatnya ekspresi dari AMPKo. Marke sinyal
degradasi protein yang diperankan oleh MURF1,dan LC3 meningkat pada awal perlakuan,
untuk kemudian melandai atau tetap. Gambaran ini justru berkebalikan denganapa yang
ditunjukkan oleh ekspresi mTOR sebagai penanda sinyal sintesis protein yang justru
terlihat menurun pada awal perlakuan untuk kemudian meningkat pada fase pengamatan
berikutnya. Bila dilakukan nalisis jalur sinyal sintesis protein dari AMPKa ke mTOR
didaptkan hambatan yang semakin besar pada awal pengamatan, namun hambatan ini
berangsur mengecil dan berbalik menjadi positif pada pengamatan berikutnya. Demikian
juga untuk jalur sinyal sintesis protein yang diperankan oleh MURF-mTOR, pola nya juga
menunjukkan pola yang sama, dengan menunjukkan hambatan pada awal perlakuan, untuk
kemudian berangsur mengecil dan berubah menjadi positif di akhir periode pengamatan.
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Sedangkan sinyal degradasi protein yang diperankan oleh AMPK ke MURF1 tampak lebih
datar, namun tetap konstan dalam menunjukkan sinyal aktifitas degradasinya. Hal berbeda
ditunjukan oleh jalur sinyal degradasi yang diperankan oleh aktifitas autofagimelalu ULK
1 ke LC3, pada jalur ini tampak semakin besar setelah perlakuan awal, namun memudian
menurun dan berubah menjadi negatif pada akhir pengamatan.

Temuan baru pada penelitian ini menunjukkan bahwa sinyal kesetimbangan sintesis
dan degradasi protein otot pada pemberian protein berada dalam homeostasis dimana
awalnya sinyal degradasi protein otot dominan pada awal perlakuan seiring dengan
hambatan sinyal sintesis otot yang ditekan, namun berubah berkebalikan dengan
ditunjukkannya gambaran sinyal sintesis protein yang menguat dan sinyal degradasi yang
semakin mengecil yang patut diduga aktifitas autofagi turut berperan dalam menciptakan
kondisi homeostasis ini dengan menyediakan kebutuhan sel akan energi untuk melakukan

aktifitas sintesa protein di dalam sel.

DISERTASI PENGARUH PEMBERIAN ... JONGKY HENDRO PRAJITNO
XV



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

SUMMARY

THE EFFECT OF METFORMIN ON EQUILIBRIUM OF PROTEIN SYNTHESIS
AND DEGRADATION SIGNALING THROUGH AMPKa PATHWAY
ACTIVATION IN TYPE 2 DIABETES MELLITUS MYOBLASTS SKELETAL
MUSCLE CELL ABC-TC3957

Jongky Hendro Prajitno

Type 2 Diabetes Mellitus (T2DM) is a health problem throughout the world. An
aggressive therapeutic strategy is needed in the management of T2DM to reduce the risk of
hyperglycemia. One of the treatment options is metformin. Metformin mainly acts on the
liver by reducing glucose expenditure, in peripheral tissues it increases glucose absorption,
especially in muscle tissue. This makes the muscles have a very important role related to
the management of blood sugar control in patients with T2DM. Since the muscle plays an
important role as the main tissue for glucose uptake from the blood, the reduction in
muscle mass will have an impact on worsening insulin resistance in T2DM patients.
Metformin is one of the first line treatment that is widely used and is included in all
Diabeteic management guidelines around the world. Metformin acts on the liver by
reducing glucose expenditure, in peripheral tissues metformin increases glucose
absorption, especially in muscle tissue. Its mechanism of action is to inhibit
gluconeogenesis through AMPK activation. Furthermore, AMPKo will activate the

catabolic pathway and inhibit the anabolic pathway

Until now, the effect of giving metformin on human muscle cells has not been
widely studied, especially in DMT2 muscle cells that have never received metformin
therapy before. There are many research data presented on mice muscle cells and non-
T2DM muscle cells. The results obtained are also still controversial. Especially in the
occurrence of atrophy and increase in muscle mass through the activation pathway of
AMPKoa. Muscle mass is closely related to the balance of muscle protein synthesis and
degradation activities, which will also be influenced by the activity of AMPKa. But on the
other hand, cells have autophagy activity that has a role in the homeostasis of the synthesis

and degradation of muscle proteins. This study attempts to answer the question whether
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Metformin therapy has an effect on the activity of the signaling protein synthesis pathway
represented by the expression of mTOR, and the activity of signaling muscle protein
degradation through the expression of FoxO3, ULK-1, LC3, and MuRF1 in the skeletal
muscle of T2DM patients through activation AMPKa activity and increased autophagy
activity. This research is an experimental study, with a post test control group design in
vitro laboratory design. The selection of this method aims to equalize the conditions
between the control and treatment groups so that they are more controllable, more
measurable and get an overview of the impact of treatment at the cellular level. The sample
used in this study was obtained from skeletal muscle cell culture (SKMC) from the Human
Skeletal Muscle Myoblasts (HSMM) cell line ABC-TC3957 DMT2, which came from a
donor who had DMT2 and had never received DMT?2 treatment.

This study attempts to answer the question whether Metformin therapy has an
effect on the activity of the protein synthesis pathway represented by the expression of
MTOR, and the activity of muscle protein degradation through the expression of FoxO3,
ULK-1, LC3, and MuRFL1 in the skeletal muscle of type 2 DM patients through activation
of the pathway. AMPKa and increased autophagy activity. This research is an
experimental study, with a post test control group design in vitro laboratory design. The
selection of this method aims to equalize the conditions between the control and treatment
groups so that they are more controllable, more measurable and get an overview of the
impact of treatment at the cellular level. The sample used in this study was obtained from
skeletal muscle cell culture (SkMC) from the Human Skeletal Muscle Myoblasts (HSMM)
cell line ABC-TC3957 DMT2, which came from a donor who had DMT2 and had never
received DMT?2 treatment.

Skeletal muscle cell cultures were divided into 4 groups. Each group consisted of
about 6 samples, the control group (K) without treatment was only given medium. Then
the remaining 3 groups were divided into groups with metformin treatment with doses of 1
mM, 2 mM and 3 mM. All groups were observed at 0, 24, 48 and 72 hours. At each
observation hour the expression for each protein was measured using immunofluorescence.

The resulsts of the study was found that the expression of protein degradation
signals increased after the administration of metformin at 24, 48 and 72 hours of
observation. Marker degradation signal increased with increasing expression of AMPKa.
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The protein degradation signaling markers played by MURF1, and LC3 increased at the
beginning of the treatment, to then slope or remain. This picture is in contrast to what was
shown by the expression of mTOR as a signal marker of protein synthesis which actually
seemed to decrease at the beginning of the treatment and then increase in the next
observation phase. When analyzing the protein synthesis signaling pathway from AMPKa
to mTOR, we found that the inhibition was getting bigger at the beginning of the
observation, but this inhibition gradually decreased and turned positive in the next
observation. Likewise for the protein synthesis signaling pathway played by MURF-
MTOR, the pattern also shows the same pattern, by showing inhibition at the beginning of
the treatment, then gradually decreases and turns positive at the end of the observation
period. Meanwhile, the signal for protein degradation played by AMPK to MURF1
appeared flatter, but remained constant in showing the signal for its degradation activity.
Different things were shown by the degradation signal pathway played by autophagy
activity through ULK 1 to LC3, in this pathway it seemed to be getting bigger after the
initial treatment, but then decreased and turned negative at the end of the observation.

The new findings in this study indicate that the equilibrium signal of muscle protein
synthesis and degradation upon protein administration is in homeostasis where initially the
muscle protein degradation signal is dominant at the beginning of treatment along with
suppressed muscle protein synthesis signal inhibition, but changes in the opposite direction
with the appearance of an amplified protein synthesis signal. and the decreasing signal of
degradation which should be suspected that autophagy activity plays a role in creating this
homeostatic condition by providing the cell's need for energy to carry out protein synthesis

activities in the cell.
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ABSTRACT

THE EFFECT OF METFORMIN ON EQUILIBRIUM SIGNALING OF PROTEIN
SYNTHESIS AND DEGRADATION THROUGH AMPK o PATHWAY
ACTIVATION IN TYPE 2 DIABETES MELLITUS MYOBLASTS SKELETAL
MUSCLE CELL ABC-TC3957

Jongky Hendro Prajitno
Objective :

To Determine the effect of metformin on AMPK pathway and autophagy activation to
skeletal muscle signaling protein synthesis and degradation on T2DM skeletal muscle

Material and Method :

The skeletal muscle cell line abc-tc3957 culture randomly divided into four groups, control
group, and treatment group with metformin on 1mM, 2mM, and 3mM doses, respectively.
The control group without metformin treatment. The expression of AMPKa, ULK-1, LC3,
FoxO3, MuRF1, and mTOR measured by immunofluorescence microscope using specific
antibody. Each group was observed in four times, at 0, 24, 48, and 72 hours. The result was
obtain and analyzed in comparative test and pathway analysis.

Result :

Metformin affect the expression of AMPKa, ULK-1, LC3, FoxO3, MuRF1, and mTOR
(p<0,05). In control group, protein synthesis signaling through mTOR activation was
significantly higher than protein degradation signal through MuRF1 and autophagy
signaling . In 24 hours, protein synthesis signaling start to decrease (p<0,05) and protein
degradation was increased (p<0,05) through both MuRF1 and LC3 signaling, respectively.
In this group, both synthesis and degradation signaling was approaching and reach
equilibrium. In 48 hours, degradation signaling through LC3 getting weaker than synthesis
signaling through mTOR (p<0,05). The equilibrium between synthesis and degradation
reached after 72 hours of observation, marked by increase of mTOR expression and
decrease of LC3 as autophagy marker

Conclusion :

Short-term metformin suppress protein synthesis signaling and induce its degradation
signaling and autophagy. In longer period of treatment, equilibrium was reached by
balancing of protein synthesis and degradation, include autophagy.

Keywords : autophagy, metformin, AMPKao, mTOR, MuRF1, LC3, T2DM
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RISKESDAS : Riset Kesehatan Dasar
ROS . reactive oxygen species
RS : retikulum sarkoplasma
S6K1 : S6 kinase 1
SGK 1 : serum and glucocorticoid-induced protein kinase 1
SGLT : Sodium dependent glucose transporter-2
SIRT-1 : sirtuin 1 deasetilase
SNARE : soluble NSF attachment protein receptors
SREBP 1/2  : sterol regulatory element binding protein 1/2
TGF B ‘transforming growth factor f
TNF-a : Tumour Necrosis Factor-a
TSC2 : tuberous sclerosis complex 2
ULK1 : UNC51-like Ser/Thr kinases
Vps34 : vascular protein sorting 34
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