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BAB I. PENDAHULUAN

Latar Belakang

Pengembangan Stem Cells merupakan salah satu dari 17 tema yang ditetapkan oleh
Universitas Airlangga sebagai Rencana Strategis (Renstra) Unair dan tertuang pada Rencana
Induk Penelitian (RIP) Universitas Airlangga tahun 2016-2020. Seperti diketahui, stem cells
selain dapat melakukan replikasi dan menghasilkan sel-sel berkarasteristik sama dengan sel
induknya (self renewal), juga mempunyai potensi untuk dapat berdiferensiasi menjadi sel
tubuh apapun yang berasal dari ketiga lapisan embrional, seperti ektoderm, mesoderm, dan
endoderm. Potensi menjadi ketiga lapisan embrional ini dikenal dengan istilah pluripotency.
Namun demikian sifat pluripotency ini menurut Rizzino, (2009) hanya dimiliki oleh
embryonal stem cells (ESCs) dan tidak pada adult stem cells. Menurut Halim dkk. (2010),
menyebutkan bahwa dibandingkan adult stem cells yang bersifat multipotent maupun sel
progenitor yang hanya mempunyai sifat unipotent, stem cells, kKhususnya ESCs memiliki
potensi diferensiasi yang jauh lebih besar. ESCs yang berasal dari inner cell mass (1CM)
dalam blastosis bersifat pluripotent, schingga mampu berdiferensiasi menjadi berbagai jenis
sel penyusun tubuh dari ketiga lapisan embrional. Namun sayangnya penggunaan ESCs
dianggap melanggar kode etik, schingga pemanfaatannya untuk terapi tidak diperkenankan.

Oleh karena itulah, dilakukan berbagai upaya agar sifat Pluripotency dapat diinduksi
pada kultur in vitro adult stem cells melalui program induce pluripotent stem cells (iPS). Hal
tersebut menjadi salah satu fokus utama pada penelitian adult stem cells, seperti halnya yang
menjadi tujuan utama pada penelitian ini. Secara in vivo, dibutuhkan keseimbangan antara
diferensiasi, apoptosis dan self renewal dari stem cells yang diregulasi oleh niche dari
microenvironment dimana stem cells berada. Menurut Barria ef al. (2004), pada kultur in
vitro feeder-free, nasib stem cells selain dipengaruhi oleh growth factor, interleukins atau
serum, dalam mempengaruhi keseimbangan antara self renewal., diferensiasi dan apoptosis,
juga dipengaruhi kondisi yang diberikan pada saat proses kultur.

Selama ini program iPS telah terbukti berhasil dan menghantarkan penemunya
professor Yamanaka, seorang ilmuwan dari Jepang mendapatkan NOBEL pada tahun 2013
(Jawa Pos, 2013). Hanya saja program iPS tersebut dilakukan melalui pemanfaatan
transfeksi virus dengan 4 faktor transkripsi (OCT3/4, SOX2, C-MYC dan KLF4) yang
dikenal sebagai “kuartet Yamanaka”. Transfeksi virus oleh Yamanaka adalah dengan

menggunakan virus retroviral (Halim dkk. 2010).
[ — e e
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Namun demikian, teknologi ini masih memiliki banyak kelemahan, seperti : 1.
penggunaan virus sebagai vektor transfeksi berpotensi mengakibatkan terjadinya mutasi pada
sel somatis (stem cells dewasa) yang diinfeksinya di kemudian hari; 2.keberhasilan transfeksi
kuartet Yamanaka pada sel fibroblast hanya mencapai 0,01%, schingga perlu dilakukan
upaya transfeksi secara berulang kali, hal ini tentu saja tidak efektif dan efisien baik dari segi
ckonomi maupun waktu; 3. Efek samping yang dapat ditimbulkan dikarenakan pemanfaatan
Jumlah faktor transkripsi yang terlalu banyak, belum lagi kerja faktor transkripsi ketika sudah
ditransplantasikan secara in vivo ke dalam tubuh manusia tidak memungkinkan lagi untuk
dapat melakukan kontrol atau kendali. Hal ini dimungkinkan karena sampai saat ini tidak ada
satupun teknik yang dapat sepenuhnya mengontrol ckspresi gen manusia secara in vivo; 4.
Kekhawatiran munculnya reaksi onkogenik akibat pemanfaatan penyisipan gen C-MYC yang
merupakan gen yang bersifat onkogenik sehingga memunculkan resiko terjadinya suatu
keganasan akibat program iPS dikemudian hari (Halim, dkk. 2010).

Oleh karena itulah diperlukan suatu solusi dan alternatif dalam upaya program induce
pluripotent stem cells (iPS) tanpa melalui penyisipan gen faktor transkripsi pada berbagai
vektor. Pada penelitian ini program induce pluripotent stem cells (iPS) dilakukan melalui
pemanfaatan teknologi fisis, yaitu melalui pemberian low oksigen tension pada saat kultur in
vitro. Penclitian sebelumnya yang telah dilakukan adalah pemberian low oksigen tension
pada MSCs dari bone marrow pada pasase zero dan juga setelah pasase ke-3 (Safitri, 2014;
Safitri et al., 2014). Pada penelitian ini pemberian low oksigen tension akan diberikan setelah
pasase ke-9, atau setelah terjadi perubahan pada stem cells baik secara molekuler maupun
secara genomik yang dikenal sebagai late passage. Pada penelitian ini sumber stem cells
berasal dari rabbit - Adiposit Mesenchymal Stem Cells (r-AMSCs), yang merupakan adult

stem cells yang berasal dari sel somatik.

BAB 2. TINJAUAN PUSTAKA

Sifat pluripotency pada kultur in vitro stem cells menjadi salah satu fokus utama pada
penelitian-penelitian adult stem cells. Secara in vivo, dibutuhkan keseimbangan antara
diferensiasi, apoptosis dan self renewal dari stem cells yang diregulasi oleh niche dari
microenvironment dimana stem cells berada. Menurut Barria ef al. (2004), pada kultur in
vitro feeder-free, nasib stem cells selain dipengaruhi oleh growth factor, interleukins atau

serum, dalam mempengaruhi keseimbangan antara self renewal, diferensiasi dan apoptosis,

juga dipengaruhi kondisi yang diberikan pada saat proses kultur.
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Salah satu keseimbangan yang dibutuhkan dalam mempertahankan sifat pluripotency
adalah proses self-renewal. Self-renewal adalah proses dari stem cells untuk membuat lebih
banyak stem cells itu sendiri (menggandakan diri sendiri), sehingga kehidupan stem celis
pool menjadi abadi. Self-renewal adalah merupakan maintenance dari kondisi
undifferentiated (He et al., 2009a). Dibutuhkan kontrol terhadap siklus sel sehingga sifat
pluripotency melalui proses self-renewal dapat diupayakan.

Melalui keseimbangan proses self-renewal menurut Kolf et al. (2007), memberi
petunjuk biological pathway dan mekanisme pertahanan pada tahap wundifferent stem.
Susunan secara genomic telah digunakan untuk identifikasi molekuler dari self-renewal yang
mempertahankan stem cells state, termasuk Mesenchymal Stem Cells (MSCs) (Song et al.,
2006) dan Bone Marrow-Mesenchymal Stem Cells (BMSCs) (Safitri, 201 4). Pada penelitian
ini identifikasi molekuler secara genomic dalam mempertahankan sifat pluripotency
dilakukan pada rabbit-Adiposit Mesenclgzmal Stem Cells (r-AMSCs) melalui kultur pada low
oksigen tension. Kultur low oksigen tension merupakan pemberian kondisi niche dan extra
cellular factor yang dibutuhkan agar stem cells tetap dapat mempertahankan keseimbangan
proses self-renewal, sehingga pada akhirnya sifat pluripotenty dapat dipertahankan.

Pendekatan kandidat gen secara genomic tersebut seperti extra cellular factor,
menurut Kolf et al. (2007) dan nichemenurut Arai and Suda (2008), dapat dijelaskan bahwa
kedua factor tersebut dapat mempengaruhi self-renewal yang berujung pada kondisi
pluripotent.Kondisi pluripotent tersebut didasarkan pada petanda marker khusus dari MSCs,
seperti OCT-4, SOX-2 (Szablowska-Gadomska, et al., 2011; Yamanaka, 2007), Rex-1 (Kolf
et al., 2007) dan KLF-4(Yamanaka, 2007).

Bioteknologi di bidang kedokteran berbasis stem cell (sel punca) merupakan suvatu
fenomena yang sangat luar biasa di akhir abad ke-20. Stem cell mempunyai potensi dan
harapan yang sangat menjanjikan bagi kesembuhan yang meyeluruh bagi penderita penyakit
degenertif seperti stroke, Alzheimer, diabetes melitus, Parkinson maupun gagal jantung dan
degenerasi ovarium. Stem cell merupakan sel yang mempunyai beberapa keunikan sehingga
membuatnya berbeda dengan sel-sel lain yang menyusun tubuh. Keunikan dan karakteristik
stem cell yang bersifat multipoten atapun pluripotent merupakan harapan yang sangat
menakjubkan berupa tersedianya terapi medis bagi para penderita penyakit degeneratif
(Halim, dkk., 2010).

Stem cell mempunyai potensi terbaik untuk banyak tipe diferensiasi sel dan
mempunyai potensi total untuk meregenerasi dari jaringan rusak yang disebabkan oleh

penyakit atau injury. Upaya mobilisasi dan differensiasi stem cell mampu meregenerasi sel-
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sel pada jaringan atau organ dari pasien penderita penyakit dengan kondisi medical
degeneratif. lde ini “regenerative medicine” meningkatkan harapan jutaan pasien dengan
penyakit degeneratif dan injury, dimana pengertian regenerasi dari kerusakan jaringan karena
penyakit atau injury oleh sel-sel yangnormal. Perbaikan organ dan jaringan vang rusak
melalui mobilisasi dan differensiasi stem cell dapat secara potensial pada bagian yang
dibutuhkan oleh pasien, meliputi sebagian besar kasus kematian dalam suvatu negara (Rantam
et al., 2009).

Terkait dengan hakikatnya, saat ini stem cell saat ini telah menjadi topik utama
pembicaraan banyak sceintis, ahli dibidang medis bahkan orang awam diseluruh dunia,
dikarenakan stem cell dipercaya menjadi jalan kelvar dari berbagai penyakit degeneratif.
Seperti telah diketahui, penyebab terjadinya penyakit degeneratif adalah kerusakan
selseldalam jaringan atau organ, sehingga jaringan atau organ tersebut tidak lagi berfungsi
sesuai dengan 'kebutuhan tubuh. Kerusakan ini bersifat irreversible, sehingga obat-obatan
yang pada saat ini tersedia, hanya dapat memperlambat atau mencegah terjadinya kerusakan
jaringan atau organ yang lebih luas dan tidak dapat diperbaiki lagi, satu-satunya jalan yang
harus ditempuh adalah adalah mengganti komponen organ atau jaringan yang rusak tersebut
dengan organ atau jaringan yang baru yang masih berfungsi optimal. Atas dasar pemikiran
inilah para ahli berpikir bahwa stem cell adalah tumpuan terapi kedokteran di masa yang akan
datang (Fodor, 2003; Kaczmarczyk, 2008 and Lindvall and Kokaia, 2004).

Stem cell bersifat pluripoten bila mampu berdiferensisi menjadi sel tubuh
apapun,yaitu yang berasal dari ketiga lapisan embrional (ektoderm, mesoderm, dan
endoderm); dan stem cell bersifat multipoten bila hanya mampu berdiferensiasi menjadi
beberapa jenis sel, yang biasanya berada dalam suatu golongan serupa, seperti sel-sel sistem.
hematopeitik ataupun sistem syaraf. |

Proses diferensiai stem cell diduga disebabkan oleh faktor internal maupun- faktor
eksternal sel. Faktor intemnal sel mencakup faktor genetik dan epigenetik, sedangkan faktor
eksternal sel mencakup kondisi lingkungan sekitar sel, faktor pertumbuhan (growth faktor),
ataupun bergantung pada kebutuhan jaringan/ organ tubuh itu sendiri. Hingga saat ini,
faktorfaktor yang menentukan terjadinya diferensiasi dari stem cell terus diteliti.

Berdasarkan tingkat maturasi tubuh yang menjadi sumber keberadaannya, secara
praktis stem celt dibagi menjadi dua jenis, yaitu stem cell embrionik (embryonik stem cell/
ESC) dan stem cell dewasa (adult stem cell). Stem cell embryonik adalah stem cell yang
didapatkan saat perkembangan individu masih berada dalam tahap embrio. Lebih tepatnya,
stem cell ini adalah massa sel dalam (inner cell mass) yang terdapat dalam blastosis. Inner
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cell massterbentuk saat embrio berusia 3-5 hari. yaitu saat blastosis terbentuk dan akan
mengimplementasikan dirinya ke dalam dinding rahim. Tahap perkembangan sclanjutnya,
sel-sel ini akan berdiferensiasi menjadi sel-sel yang lebih dewasa, yang memilki kemampuan
proliferasi dan diferensiasi yang lebih rendah dibandingkan stem cell embrionik.

Stem sel embrionik merupakan awal dari seluruh jenis sel dalam tubuh manusia. Stem
cell embrionik tergolong sebagai stem cell yang bersifat pluripoten. Inilah keistimewaan stem
cell embrionik yang sulit disaingi oleh stem cell jenis lain. Dengan dasar sifatnya yang
pluripoten, secara logis, tidak ada satupun penyakit degeneratif yang tidak dapat diobati.
Berbagai riset yang telah dipublikasikan hingga saat ini,baik in vivo maupun in vitro,
menunjukkan hasil yang mendukung optimisme ini (Odorico et al., dan Wobus and Boheler,
2005). Selain sifatnya yang pluripoten,stem cell embrionik juga memiliki daya proliferasi
yang tiggi, telomer yang panjang, dan aktivitas enzim telomerase yang tinggi. Karena hal ini
juga, terapi sel dengan menggunakan stem cell embrionik menyebabkan resiko tinggi
terjadinya proliferasi sel yang berlebih, sehingga beujung pada terjadinya pembentukan

tumor yang tidak diinginkan (Pera et al., 2000).

BAB 3. TUJUAN DAN MANFAAT PENELITIAN

Tujuan Penelitian :

Tujuan dari penelitian ini adalah mendapatkan stem cells yang bersifat pluripotent dan
tanpa disertai proses mutasi gen. Melalui pemberian low oksigen tension diharapkan akan
terjadi proses induce pluripotent stem cells (iPS), sehingga stem cells yang dikultur dapat
dikembangkan dan berdeferensiasi menjadi berbagai macam jenis sel baik  mesoderm,
endoderm maupun ektoderm. Lebih lanjut, pemberian low oksigen tension pada saat kultur in
vitro juga dapat mengatasi problem yang selama ini terjadi seperti rendahnya viabilitasbaik
pada saat ditransplantasikan, berupa pembentukan senescence cells (Tsai et al., 2011), dan
apoptosis (Wang et al., 2008) serta perubahan mutasi gen setelah ditransplantasikan

(Szablowska-Gadomska et al., 201 1) maupun sebelum ditransplantasikan (Safitri, 2014).

Manfaat Penelitian

Manfaat penelitian ini adalah ketersediaan bank stem cells yang bersumber dari adult
stem cells (ASCs) namun bersifat pluripotent layaknya embrional stem cells (ESCs),
sehingga dapat digunakan untuk transplantasi berbagai jenis sel di seluruh tubuh yang

dibutuhkan. Hal ini perlu diupayakan dikarenakan ESCs dianggap tidak memenuhi kode etik

HInk
PERPUSTAKAAN
WINVERSITAS Al

SURABAYA

LAPORAN PENELITIAN PROGRAM INDUCE PLURIPOTENT... ERMA SANTRI



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

dalam program transplantasi sel pada human. Pada penclitian ini sumber ASCs vang
digunakan adalah berasal dari rabbit-adiposit mesenchymal stem cells (~AMSCc). Lebih
lanjut stem cells yang diproduksi selain bersifat pluripotent juga tanpa disertai proses mutasi
gen. Sclanjutnya dari hasil penelitian ini dapat memberikan informasi ilmiah bahwa program
iPS diduga dapat dilakukan TANPA pemanfaatan penyisipan faktor-faktor transkripsi
berbagai vektor virus yang mempunyai banyak kelemahan seperti yang telah disebutkan pada

latar belakang.

BAB 4. METODE PENELITIAN
4.1. Isolasi r~rAMSCs metode Liposuction

Presedur diawali dengan aspirasi dari jaringan adipose yang didapatkan dari sedot
lemak (liposuction aspirate) pada dacrah peritoneum dari rabbit strain new Zealand,
kemudian dilakukan pencucian dan pemisahan campuran cairan perut, darah dan lemak
bebas. Pemisahan secara spesifik menggunakan corong separator steril (autoclave).
Pencucian dengan saline steril yang dipanaskan pada suhu 37°C diulang sampai jernih dan
corong dibalik 4-5 menit dan ditutup, Selanjutnya posisi kembali ditegakkan dan ditunggu 3-
5 menit untuk fase sparation. Selanjutnya dilakukan tissue digestion: disiapkan volume yang
sama banyak, saline buffer steril yang hangat, berisi 500 CDU/ ml (equivalent dg 0,5 Wunsch
units/ ml) collagenase. Kemudian dituangkan washed fat dari corong sparatory dalam sebuah
botol steril (volume tabung 4 x aspirate). Lebih lanjut ditambahkan saline buffer/ campuran
collagenase, tutup tabung dan letakkan pada shaker hangat, prewarmed 35-38°C selama 2045
min, frequencydan amplitude dari shaking akan diset sedemikian rupa, sehingga cukup untuk
mencegah pemisahanjaringan adipose yang mengapung dari cairan collagenase. Setclah
lengkap, digestion dipindahkan pada sebuah glass corong sparasi sterile, dibiarkan terjadi
solution selama 5-10 menit agar terjadi fase separasi. Tahap berikutnya stopcock dibuka dan
ditransfer seluruh fraksi yang tidak mengapung melalui filter 265 mm steril dan dimasukan
dalam beaker steril.Selanjutnya aliquot dari solution yang tidak mengapung dikoleksi dalam
gelas beaker dan dimasukkan dalam tabung setrifuse sebanyak 50 ml dan disentrifuse pada
400 g selama 5 menit pada suhu kamar dengan kecepatan low-medium. Kemudian pelan-
pelan tuangkan supernatant aspirate (top layer) dalam tabung buangan tanpa mengganggu
pellet dari sel. Terakhir suspensidisaring pada saringan sel 100 mm dan dikoleksi dalam

tabung steril.
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4.2. Kultur in Vitro r-rAMSCs pada Kondisi Low Oksigen Tension & Normoksia

Dilakukan sentrifugasi, kemudian aspirasi supernatant dan suspense sel dalam 100 pul
inokulasi stromal medium sel dalam plate sampai sejumlah sekitar 500 mg adipose tissue,
kemudian ditambahkan sejumlah volume stromal medium. 72 jam setelah plating, aspirate
dimasukan dalam medium. Selanjutnya sel dicuci dengan prewarmed PBS (1% antibiotic
ditambahkan dalam solution) dengan pipeting naik dan turunkan untuk membersihkan sel
secara perlahan dari fragment tissue dan atau sel darah. Kemudian ditambahkan sejumlah
volume fresh stromal medium disesuaikan kapasitas well dari culture plate. Medium
selanjutnya diganti setiap 2-3 hari sampai sel terbentuk confluence. Ketika sel sudah
confluence 80-90% dilakukan panen sel. Pertama-tama medium dari well dihilangkan dan
disimpan dalam kondisi media steril dalam sebuah tabung steril untuk aplikasi kultur sel
selanjutnya (dilakukan penyaringan steril sebelum digunakan). Kemudian ditambahkan
sedikit volume (250-500 pl) pada PBS hangat steril pada well dan biarkan PBS berada di atas
sel selama 2 menit. Selanjutnya dilakukan pengulangan PBS dengan 500 pl Trypsin/ EDTA
solution (0,5%) dan diinkubasi dalam incubator selama 5-10 menit. Verifikasi di bawah
mikroskop yang lebih dari 90% sel telah terlepas dan kemudian ditambahkan 500p1 stromal
medium untuk dibiarkan terisi serum dalam larutan untuk netralisasi reaksi trypsin. Transfer
medium berisi suspensi sel dari well ke dalam sebuah tabung steril. Disentrifugasi pada 300
gselama 5 menit. Aspirate supemnatant dan suspensi sel dalam sejumlah sedikit volume
stromal medium. Selanjutnya dilakukan proses counting (penghitungan) dengan
menggunakan sebuah aliquot dilusi sel dalam trypsin blue (untuk a 1:8 dilution: ditambahkan
12,5 pl pada suspense sel sampai 87,5 pl trypan blue). Penghitungan sel menggunakan
hematocytomoter.Setelah penghitungan, sel dapat ditempatkan kembali berdasarkan kapasitas

dalam culture plate sel yang sesuai.

4.3. Observasi secara Flowcytometri

Flow Cytometri adalah sebuah teknik yang dilakukan untuk menghitung, memeriksa
ekspresi dan memisahkan partikel yang melayang dalam sebuah cairan secara mikrosopis.
Pada penelitian ini, metoda Flowcytometry ini digunakan selain untuk melihat
ekspresi,jugauntuk menghitung jumlah atau prosentasi keberadaan CD44+, CD 90+, CD34-,
dan CD45-. ldentifikasi tersebut dilakukan dengan cara menghitung protein dalam sebuah
larutan yang diinjeksikan ke dalam alat Flow Cytometry (Facs Calibur-BD dengan program

cellquest computerize), selanjutnya partikel-partikel secara acak terdistribusi dalam ruang
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tiga dimensi. Sampel harus berada dalam sebuah aliran dari single partikel sehingga dapat
didetcksi oleh sistem mesin. Proses ini diatur oleh sistem pengaliran. Setelah hydrodinamics
terpusat, masing-masing partikel terdorong sampai pada satu atau lebih cahaya. Cahaya
berpendar berupa pancaran fluoresence ketika partikel dilabel fluorochrom (FITC, PE, APC
atau PerCP-Cy5.5). Pada penelitian ini digunakan beberapa antibody polyclonal seperti:
Rabbit Anti-CD44/HCAM/PGP1 Polyclonal Antibody, PE conjugated Conjugated Primary
Antibodies (bs-0521R-PE, Biossusa).

4.4. Karakterisasi secara Imunfluorescence

Marker r-AMSCs dapat diidentifikasi dengan menggunakan Imunofluorescene
indirect. Identifikasi tersebut dilakukan dengan cara kultur sel AMSCs dipanen kemudian
dimasukkan ke dalam tube 15 ml dan difiksasi dengan menggunakan-metanol, setel'ah 15
menit ditambahkan reagen anti sel dari marker yang dikarakterisasi (CD44+, CD45-, OCT4
dan SOX2). Marker tersebut dilabel FITC, kemudian dicuci dengan PBS lalu diteteskan
padaobyek glas dan dianalisa di bawah mikroskop fluorescence (Rantam et al., 2008).

4.5. Observasi CFU-Fs

Observasi jumlah koloni like CFU-Fs pada sel yang dikultur diamati dengan
menggunakan mikroskop inverted untuk menghitung jumlah koloni like CFU-Fs yang
terbentuk.Semakin sedikit jumlah koloni semakin besar ukurannya, begitu pula sebaliknya

semakin banyak jumlah koloni semakin kecil ukuran koloni yang terbentuk.

4.6. PCR OCT4, SOX2, CD44

Prinsip PCR terdiri atas tiga tahap, yaitu denaturasi untai ganda DNA, selanjutnya
annealing (penempelan) primer pada DNA targetnya,terakhir primer extensiton
(pemanjangan primer) dengan adanya DNA polymerase.Hasil DNA yang terjadi merupakan
akumulasi eksponensial dari DNA target yang spesifik.Ada 3 tahapan dalam tahap
amplifikasi ini yaitu tahapan denaturasi yang dilakukan dengan menginkubasi pada waterbath
dengan suhu 95°C, tahap annealing yaitu proses penempelan primer pada template dilakukan
pada suhu 50°C, tahap akhir yaitu tahap ekstensi, yaitu prosespemanjangan untaian basa
nukleotida pada suhu 70°C sehingga terbentuk 2 untaian ganda DNA baru (Purwati et al,,
2009). Analisis produk PCR : produk PCR cDNA yang telah diamplifikasi selanjutnya

divisualisasikan  dengan  elektroforesis = menggunakan  pewarnaan ethidium
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bromide.Konsenrasi agarose yang digunakan adalah 25% produk PCR ini selanjutnya

dilakukan sekuensing.

4.7. Sekuensing DNA OCT4, SOX2, CD44

Tahapan sekuensing DNA ini meliputi : Purifikasi produk PCR: yaitu satu volume
hasil PCR ditambahkan 5 volume PBS,kemudian ditambahkan 10 pl sodium asetat 3 M pH S,
selanjutnya sebagaipengikat DNA, sampel diletakkan pada QIA quick column dan
disentrifugasi dengan kecepatan 13.000 rpm selama 1 menit. Supernatan hasil sentrifugasi
kemudian dibuang. Setelah itu ditambahkan 75yl buffer PE dan disentrifus dengan kecepatan
13.000 rpm selama 1 menit. Supernatan dibuang lalu disentrifus lagi selama 1 menit pada
kecepatan 14.000 rpm. QIA quick column diletakkan pada tube ependorf 1,5 ml kemudian
ditambahkan 30 pl buffer EB tepat ditengah-tengah column dan disentr 75 pl buffer Peifuse
selama 1 menit.Supernatan lalu dipindahkan ke tabung baru. Selanjutnya ditakukan Labelling
: dengan cara dibuat campuran reagen yang terdiri dari 4 ml AmpliTag FNA polymerase,
sequencing buffer, DNTPS, dye labeled terminators, 21 pl produk PCR hasil purifikasi, 1,5
pl primer dan ditambahkan ddH20 hingga mencapai volume 15 pl, kemudian divortex. Tahap
berikutnya dilakukan Presipitasi : pada produk hasil sekuensing sebanyak 15 ul ditambahkan
masing-masing 1,5 pl EDTA, 125 Mm pH 8, 1,5pl sodium asetat 3M pH 2,5 dan 37,5 pl
ethanol absolut kemudian divortex dan diinkubasi pada suhu 4°C. Sampel dibungkus
menggunakan aluminium foil agar terhindar dari cahaya dan disimpan di dalam lemari
pendingin dengan suhu -20°C. Selanjutnya dilakukan Sekuensing :dimanaurutan basa DNA
dapat ditentukan dengan mengurutkan fragmen yang muncul dimulai dari yang paling bawah
(paling pendek).Alat yang digunakan adalah ABI 3110 XI Capillary Sequencer. Fragmen
DNA dapat divisualisasi karena primer yang digunakan dilabel dengan fluoresses.Hasil
sekuensing berupa eclektroforegram. Tahap akhir merupakan Analisis software hasil
sekuensing menggunakan Bioedit, BLAST (Basic Local Aligment Search Tool) dan clustalV
:analisis hasil Bioedit yaitu program Sequence Aigment Editor yang bertujuan untuk
menganalisa bioinformatika terhadap sekuens DNA, RNA maupun protein. Salah satu
tahapannya yaitu sequence aligment untuk hasil pebacaan sekuens suatu fragmen DNA yang
dibaca secara dua arah (forward-reverse) (Hall and Ziedonis, 2007).

4.8. Analisis Penyejajaran sekuens gen OCT4, SOX2, CD44

Sekuens yang diperoleh dari hasil penelitian dapat dianalisis dengan membandigkan
data yang telah tersedia yang sudah dipublikasikan di Gene Bank database. Salah satu bentuk
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analisis yang dapat dilakukan misalnya dengan analisis penyejajaran(sequence aligment).
Analisis penyejajarandapat digunakan untuk membandigkan 2 sekuens atau lebih sehigga
dapat mudah terlihat letak perbedaan basa. Program yang digunakan untuk anaisis
penyejajaran yaitu Bioedit dan BLAST. Fungsi dari program ini untuk menganalisa data
sekuens, membandingkan urutan sekuens yang ditelitidengan database berbagai strain yang
berbeda dari berbagai negara dan untuk melihat kecocokan sampel dari urutan basanya (query
confidence) (Thomson et al., 2002).

4.9. Transplantasi pada Hewan Model Degenerative Testis

Observasi terhadap Libido dan Fertilitas dengan Cara Dikawinkan secara Single
Matting hAMSCs pada pasase ke-5 yang telahdipersiapkan danditumbuhkan di medium
Dulbecco’s dan FBS 15% dengan 100 U/ml penisilin-streptomicin (Gibeo, Grand Island, NY)
ditransplantasikan pada tikus sebagai hewan model degerierative testis.Penelitian dibagi
menjadi 2 kelompok, masing-masing terdapat 10 ulangan, yaitu : 1. Kelompok Normoksia :
Tikus jantan dengan degenerative testis ditransplantasi hAMSCsyang dikultur pada
konsentrasi O2 21% 2. Kelompok Low O2 tension: Tikus jantan dengan degenerative testis
ditransplantasi hAMSCsyang dikultur pada konsentrasi 025% Selanjutnya dilakukan
observasi terhadap libido dan tingkat fertilitas dengan cara dikawinkan secara single matting.

4.10. Transplantasi pada Hewan Model Degenerative Ovaium

Observasi terhadap Jumlah Embio setelah Dikawinkan secara Single Matting r-
AMSCs pada pasase ke-5 yang telahdipersiapkan danditumbuhkan di medium Dulbecco’s
dan FBS 15% dengan 100 U/m! penisilin-streptomicin (Gibeo, Grand Island, NY)
ditransplantasikan pada tikus sebagai hewan model degenerative ovarium.Penelitian dibagi
menjadi 2 kelompok, masing-masing terdapat 10 ulangan, yaitu : 1. Kelompok Normoksia :
Tikus betina dengan degenerative ovarium ditransplantasi hAMSCsyang dikultur pada
konsentrasi O2 21% 2. Kelompok Low O2 tension: Tikus betina dengan degenerative
ovarium ditransplantasi hAMSCsyang dikultur pada konsentrasi 025% Selanjutnya

dilakukan observasi terhadap jumlah embrio setelah dikawinkan secara single matting.

4.11. Observasi secara Immunohistokimia (IHC)

Prinsip teknik imunohistokimia merupakan perpaduan dari dua macam reaksi, reaksi
imunologis dan reaksi kimiawi (Sudiana, 2005), dimana reaksi imunologis ditandai adanya

reaksi antara antigen dengan antibodi, dan reaksi kimiawi ditandai adanya reaksi antara
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enzim dengan substrat. Reaksi imunohistokimia bersifat spesifik karena bahan yang dideteksi
akan direaksikan dengan antibodi spesifik yag dilabel dengan suatu enzim. Untuk menandai

reaksi enzimatik digunakan suatu indikator warna (chromogen) (Sudiana, 2005 ).

4.12. Observasi Regenerasi Jaringan Testis & Ovarium

Pemeriksaan histopatologis pada testis dan ovarium diawali dengan pembuatan
preparat histologis. Selanjutnya dilakukan pemeriksaan menggunakan mikroskop cahaya
dengan pembesaran 400 kali. Pengamatan regenerasi jaringan tubulus seminiferus dan

jaringan ovarium didasarkan pada gambaran histologis yang ada.
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BAB 5. HASIL DAN LUARAN YANG DICAPAI
Isolasi r-AMSCs metode Liposuction

Telah dilakukan isolasi r-AMSCs melalui metode liposuction, presedur diawali
dengan aspirasi dari jaringan adipose yang didapatkan dari sedot lemak (liposuction aspirate)
pada daerah peritoneum dari rabbit strain new Zealand, kemudian dilakukan pencucian dan

pemisahan campuran cairan perut, darah dan lemak bebas (Gambar 1).

tlscpltk shl ]ncil - Aspirasi r-AMSCs dan Penampungan Aspiral

Gambar 1. Isolasi r-AMSCs metode Liposuction

Kultur in Vitro r-AMSCs pada Kondisi Normoksia
Kultur in Vitro r-AMSCs pada Kondisi Normoksia dilakukan setelat isolat didapat,
yang diawali dengan sistem sentrifugasi ficoll gradient density (Gambar 2). Selanjutnya

dilakukan pemeriksaan mikroskopis (Gambar 3).
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s

Hari ke-1 (400x)

Hari ke-2 (400x) Hari ke-3 (1000x)

Gambar 3. Pemeriksaan mikroskopis dari kultur Normoksia pada hari ke-1 samapai ke-3
Kultur in Vitro r-AMSCs pada Kondisi Normoksia sampai Monolayer

Kultur in Vitro r-AMSCs pada Kondisi Normoksia, observasi dimulai dari
Mononucleated cells yang terkandung dalam buffy coat, kemudian diinkubasi 24 jam sampai
MSCs melekat pada petri dish dan berbentuk bulat-bulat dilanjutkan sampai tahap monolayer.
Medium selanjutnya diganti setiap 2-3 hari sampai sel terbentuk confluence. Ketika sel sudah

confluence 80-90% dilakukan panen sel.

Karakterisasi secara Imunfluorescence

Marker r-AMSCs dapat diidentifikasi dengan menggunakan Imunofluorescene
indirect. Identifikasi tersebut dilakukan dengan cara kultur sel ~rAMSCs dipanen kemudian
dimasukkan ke dalam tube 15 ml dan difiksasi dengan menggunakan metanol, setelah 15
menit ditambahkan reagen anti sel dari marker yang dikarakterisasi, yaitu CD44+, CD90+,
CD34-, CD45- (Gambar 4). Marker tersebut dilabel FITC, kemudian dicuci dengan PBS lalu
diteteskan pada obyek glas dan dianalisa di bawah mikroskop fluorescence (Rantam et al.,

2008).
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Gambar 4. Karakterisasi secara Imunfluorescence : CD44+, CD90+, CD34-, CD45-

Kultur in Vitro r-AMSCs pada Kondisi Normoksia sampai Passage ke-9

Kultur in Vitro r~rAMSCs pada Kondisi Normoksia dilanjutkan sampai passage ke-9.
Medium selanjutnya diganti setiap 2-3 hari sampai sel terbentuk confluence (80-90%)
sebanyak 9x, selanjutnya dilakukan panen sel dan dibagi menjadi 2 untuk kondisi normoksia
dan low O, tension.
Karakterisasi secara Genotpe dari CD44, OCT4 dan SOX2 berdasarkan PCR

Karakterisasi CD44, OCT4 dan SOX2 dari r-AMSCs secara genotype setelah
perlakuan kondisi normoksia dan low O, tension ini dilakukan melalui metoda PCR dan
sequencing DNA. Karakterisasi didasarkan pada rwo step PCR ini bertujuan untuk
mendapatkan ckspresi gen pengkode CD44, OCT4 dan SOX2 yang tidak mengalami
perubahan secara genetik setelah diberi perlakuan kondisi low O, tension. Hal ini menjadi
dasar bahwa perlakuan low O, tension tidak menyebabkan terjadinya perubahan pada gen
(mutasi gen), namun sebaliknya mutasi gen dapat terjadi jika kultur dibiarkan tetap pada
kondisi normoksia. Didapatkan hasil PCR dari gen CD44 sebesar 551 base pare (bp)
(Gambar 5), gen OCT4 sebesar 114 bp (Gambar 6) dan SOX2 sebesar 319 bp (Gambar 7).
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Untaian ¢cDNA yang tampak pada Gambar tersebut menunjukkan konsentrasi jumlah

sel r-AMSCs yang cukup untuk mengekspresikan gen pengkode CD44, OCT4 serta SOX2.

Selanjutnya dilakukan purifikasi dari hasil PCR, kemudian dilabeling dan disckuenzing untuk

mendapatkan susunan basa nukleotida gen pengkode CD44, OCT4 serta SOX2.

Oz= 21%

1 2 3 1 2 3

551 bp

100 bp

Gambar.5. Analisis gen pengkode CD44 dengan PCR setelah perlakuan kondisi low O, tension (0,=5%)
dibandingkan dengan Normoksia (0,=21%) dan juga pre perlakuan, yang divisualisas secara
cletroforesis pada gel agarose 2% pewarnaan cthidium bromide. Hasil menunjukkan untaian cDNA

sebesar 551 bp., M = Marker.

500 bp

114 bp

Gambar 6. Analisis :g;;pcngkodc OCT4 dengan PCR setelah perlakuan kondisi low oksigen tension (0,=5%)
vang dibandingkan dengan normoksia (O, 21%) yang divisualisasikan secara cletroforesis pada gel
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agarose 2% pewarnaan ethidinm bromide. Nasil menunjukkan untaian ¢cDNA sebesar 114 bp.. M

Marker
M 02= 21% 0)= 5%
1 2 3 1 2 3
o
319 bp+
100bp{

Gambar.7. Analisis gen pengkode SOX2 dengan PCR setelah perlakuan kondisi low oksigen tension (02=5%)
yang dibandingkan dengan normoksia (0,=21%) yang divisualisas secara eletroforesis pada gel
agarose 2% pewarnaan cthidium bromide. Hasil menunjukkan untaian cDNA sebesar 319 bp.. M

=Marker
Untaian ¢cDNA yang tampak pada kedua gambar di atas menunjukkan konsentrasi
jumlah sel MSCs yang cukup untuk mengekspresikan gen pengkode OCT4 dan SOX2.

Selanjutnya dilakukan purifikasi dari hasil PCR, kemudian dilabeling dan disekuensing untuk

mendapatkan susunan basa nukleotida gen pengkode OCT4 dan SOX2.

Karakterisasi CD44, OCT dan SOX2 berdasarkan Sequencing DNA

Sequencing DNA akan menghasilkan sekuens DNA yang tergambarkan melalui
untaian huruf lambang nukleotida sebagai penyusun DNA seperti ATGC. Teknik sequencing
ini menggunakan suatu metode yang dikenal dengan sebutan metode Sanger, yaitu suatu
metode yang mempergunakan terminasi atau akhir reaksi sintesis DNA yang spesifik pada
skuens tertentu dengan menggunakan nukleotida. Perpanjangan rantai DNA pada metode
Sanger ini dimulai pada daerah spesifik pada template DNA dengan memanfaatkan primer.

Primer tersebut akan komplementer dengan DNA dari sampel yang diobservasi.
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Sequenzing dilakukan untuk karakterisasi r-AMSCs secara genofype sctelah r-AMSCs
dikultur dengan kondisi normoksia dan low O, tension dengan tujuan untuk mendapatkan
susunan basa nukleotida gen pengkode CD44, OCT4 an SOX2 yang diekspresikan oleh r-

AMSCs. Hasil sequencing yang didapat dapat dilihat pada Gambar 8, 9 dan 10.

oot 3730 Fle 13t BASE_1AS3A04_HPY_CD44_COMT st Sgrel IS AATE TITICIM Page 1 ed 1
BIO “Den " KB_II0_POPT_BOT) s 2o
TRA T NTAT ot T 155009 24 pem0ena
Lane 14 Practs 1084 i N8

.
ST R P e AT T P e TR ACC TR CEURAACTCT | IC ACCC ALLA AT TAEES T el (A1 16 1 INaE G Gl & ML a 00000 & (800 f hot AAMGGLIE o0 (1L AE
- - - - - - - - - - - )

A A VY D T TR YN R R AV VW I TV T v VWAV AT

cnu-unlm:nau.\eﬂmnuuun(u(uxu- TCAGE AMGCETTAART IEA o a8 FOEL FLATEA TEE EES ITCE TC TTRECEE MEET VL ATIT ¥ 004
- - - - - - ~

B A Y A L LW AR LYV VT VIV b TV Y AT

6 1T e TR L 0 AEIS FEEAMEEIDE 163 200 Aasdaans s unc Al dan |o(::u¢ W ST S WEwIE) 3 alult e © ln

__Mn_a_L__l___h! ptcad\h oA M

Gambar 8. Data raw sequencing susunan basa nukleotida gen pengkode CD44

Maxded 3720 Fle: 1a_BASE_1453435_HPY_DCT_OCTAF abi Sagral (G 2852 A D048 T2108 C2 100 Poge 101
B Bop HOTYY A0
Spacing: M0 VAN 154

, é

Gambar 9. Data raw sequencing susunan basa nukleotida gen pengkode OCT4

Sdmtmd BT o e BASE VA TRCTE_regen SO SO e gt T O A VST COWORS Foge 4ol ¥
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A-.h D00 e\ VM uluﬂllanumu.l. MNP W VWM
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- [t}
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Gambar 10, Data raw sequencing susunan basa nukleotida gen pengkode SOX2
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Hasil raw sequencing pada Gambar 8, 9 dan 10 merupaan visualisasi elektroforegram
hasil sequencing dengan menggunakan primer CD44 (Oligo-Macrogen) dengan CD44f = 5°-
TCC CAG TAT GAC ACA TAT TGC-3’ (21mer) dan CD44r = *5-CAC CTT CTT CGA
CTG TTG AC-3’ (20mer), primer OCT4 (Oligo-Macrogen) dengan OCT4f = 5’-AGC AAA
ACC CGG AGG AGT-3’ (18mer) dan OCT4r = *5-CCA CAT CGG CCT GTG TAT ATC-3’
(21mer) dan primer SOX2 (Oligo-Macrogen) dengan SOX2f = 5°-GCT AGT CTC CAA
GCG ACG AA-3’ (20mer) dan SOX2r = ‘5-AAG GGC AAA AGT TTT AGA CTG TA-3’

(23mer).

Susunan basa nukleotida yang ditunjukkan pada elekiroforegram hasil sequencing
dari sampel setelah perlakuan prekondisi hipoksia menunjukkan bahwa basa yang disandi
oleh primer OCT4 (Gambar 9) dan SOX2 (Gambar 10) tersebut menunjukkan bahwa DNA
yang teramplifikasi memiliki kemurnian yang baik. Berdasarkan hasil amplifikasi tersebut,
analisis hasil sequencing di atas dapat dilanjutkan dengan melakukan Bioedit menggunakan
metode Sequence Aligment Editor dengan tujuan untuk menganalisa bioinformatika terhadap
sekuens DNA, RNA maupun protein.

Analisis Penyejajaran & Kecocokan Hasil Sekuen Gen Sampel Dengan Whole Genome
di Gene Bank dan Observasi terhadap Hambat Mutasi Gen

Rangkaian analisis sequencing dilakukan melalui beberapa tahap, yang diawali
dengan sequence aligment (analisis penjajaran) yang bertujuan untuk membandingkan dua
sekuens atau lebih sehingga dapat dengan mudah terlihat perbedaan basa. Tahap analisis
penjajaran ini menggunakan suatu program khusus yaitu Bioedit dan BLAST (Basic Local
Aligment Search Tool). Fungsi dari program ini adalah ditujukan untuk menganalisa data
hasil sekuens, membandingkan urutan sekuens yang diteliti dengan database berbagai jenis

faktor transkripsi yang berbeda dan untuk melihat kecocokan sampel dari urutan basanya
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(query confidence). Hasil analisis sckuensing, analisis penyejajaran pada penelitian dan

whole genom CD44 (Gambar 11 - 13); OCT4 (Gambar 14 - 16) dan SOX2 (17 - 19)

Alignment

Paramcters:

Reference molecule:

Global DNA aligrrent against reference me
Scoring matrix:

Alignument Resulzs

lacu
Lol
oE L

Linear {(Mismatch 3, OpenG

NM_001001391.1, Region 1 to 551

Number of sequences to align: 4

Total length nf aligned seguences with gaps:. .

360 bos
>~ €0%

Settings: |Similarity significance value cutoff:
Summary of Percent Matches:
’-lef' NM 001001391.1 1 to 551 { §51 bps) Zo
2; 1453441 CD44 (Pre) 1 <o 503 { 533 ,.,s, ;:—‘5%1
3: 1453442 ¢CDés {5 2y 1 zo 503 { %C3 ops) 35
4: 1653433 CD44(21%} 1 zo 503 { 03 bps) 1707

Gambar 11. Analisis penyejajaran didapatkan 3 data kecocokan hasil sekuens gen pengkode CD44 sampel
dengan whole genom yang ada di gene bank ( > 60%)

' Tt T ¥ ¥
DA (Pred Y TCETCCTCNANG ALG ATTBTACTEG CAMBTCACABACCTIG CCCAANG CCT TTG T OGG ACCAAT
€Daq (O, %) 3 TECTCCTCANG AL G ATIE TACTG CAG YCACHG ACCIG CCCAAMG CCTTIR Y OGG ACCAAT
COMO, X2%) 2 TECTCETCAAG ALMG ATTGTACGEE CAGTCACAG ACC"GCCCAWCC"I:;IGT@GACCMY
®0 <0 [ 110 130
] ]
CO4a (Prob [ 3 TACCATAACTATTGTTAACOS WG ATGG CACCOGETACAG CALE AN LGE OG AGTACIE ANC
CT4s (O 3%} [} TACCATAACTATIGTTAACOE MG ATGG CACCOG CTACNG CALG AAMGG OG NG TACHGE ANC
COLA (O 21%) 6 TAdRATAACTATIG TTAACG OB ATBG CACCOB CTACAT CAAG AA A FG £GTACAG AAC
|.‘o IJlO "e 160 ”7e e
Co44 (Pva) iz AAACCCTG AGG ACATCAATCLCAG CAACTCTACTG AGG AUG AGG TG £66 CAGTGGG TEYCC
COas (O 2%) 223 AAACCLTG £GG ACATCAATCCCAG CAACTCTACTG AGG ATE AUG TG AlE CAG TGGG TCTCC
COAL00, 3%} 2322 AAACCAYG AGG ACATCAATCCCAG CAACT CT ALCE AQR ACS ACH TG AG CAG TEGG TCTEC
190 20 230 240
CDes (Pre) iss GGG AN G S5 CF GG CACTT T OGS MG AT ACACCATCT TCCACACTCACCTTCCCACCAC
CDas 0Oy $3¢) o CGGOG AAMGES #1465 € £4G CACTTT ORG MG ACTACACCATCTTCCACACTCACCTTCCLACCAC
COaa(0, Z1%) ase CGCR ALNMEG G CAG CACTE (DG AG ACTACACCATCTTCCACACTCACCTTICATACCALC
250 »o0 230 1m0 z-l)o 5To
CDe4 (Pre) 383 AAACOCAACETOTG AQE AQB ACATTCCCHBA ATCACOE AC MECACIGG AC G FACICCAAC
CDes (O, 5%) 243 AAACOCAACCTCTIG ACG AOGACATTCCCIGG ATCACOG ACIGCAGGGR ACSGTACTCCAAC
OO, ZAM) EZ1Y ALAACCCALCCTCONG ACE AOG ACHCY CLCTEG ATEACOB ACHG CAOGG ACAGTACTCTANG
330 320 330 Y] 350 310
CO4e (Fve) IO TACCALD 4G ALK MGG CTCATCCATOG ACCCC MG CALME MER TCCCATALCACS CACKEEG ATC
CDea (O, 3%) 303 TACCAG A6 ACCG AGG CYCATCEATOGR ACCCC LG CANG 245G T CCEAT ALCACG CAKG ATC
COe0,; 22%) o1 TACCAG A6 ATCG 266G CYCATCCATAD ACCCCAB CALS SGG TECCATACCACE CAGRE AT )
370 3‘0 00 : 0 430
CD4s (Pre) 2 Y 16 AATCAGCIGE TCACT CAMG 1GGH ANG AGG YCLCCATACCAOG CAOBG ATCTG AATCAG C
CD4% (O 37%) 362 TG AATCAG CTGG TCACT CAME TRGLS A MG NRG TCCCATACCAGR CATRG ATCTE AATCAG C
CO8A{O, 21%) 361 TGAATSAS cq?scvcacrcww;vcmc TCCCATACCANG CADGGATCTGAATL G C
430 20 aso a0
CDaa (Pre) 2421 GSTHEGGEGE TCAACACAACTTCIGE TCCCAT CAGG ANG CLCCAAATTCLAG AATGG CIG ATC
CDa4q (O, 3%) 4z GGTGGGGE TCAACACAACTTCTGS TCCCATCAGS A£G CCCCAAATTCCLE AATGGCIG ATE
COea(O; Z2%) az1 GCLEGGATCAACACAACTTCTING TCCCATCASGR AMG CAZCAANT ICCIGAATGGCIGATE
490 s10 L] £30 s?o
CO44 (Prad an: TECCTCTIGKG CCCTGER CCT TG ATTCTTGR (GG TTTG CA4TOGG TCALACAG TAS AAME ANGC 16
COAL (O, 5%) as3 TCCETCTTES CCCTRE CCTIC ATTE TG OGS TTTG CAT OGG ¥ CRACHG ~QG AL G A AGPS TG
CD/H{O, 2%) 48 TCCCTCTIGG CCCTOG ccrgjp ATTCTTG ORG TT TG CATOSG TCAACAG TOG ALS ANGG 16
[ ——

Gambar 12. Hasil analisis sekuensing CD 44 dengan menggunakan mudtiple alignment setelah perlakuan low
oksigen tension.
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TCCCAGTATGACACATATTGCTTCAATGCTTCAGCTCCACCTGAAGAAGATTGTACATCA
GTCACAGACCTGCCCAATGCCTTTGAT GGACCAATTACCATAACTATTGTTAACCGTGAT
GGCACCCGCTATGTCCAGAAAGGAGAATACAGAACGAATCCTGAAGACATCTACCCCAGC
AACCCTACTGATGATGACGTGAGCAGCGGCTCCTCCAGTGAAAGGAGCAGCACTTCAGGA
GGTTACA --- TCTTTTACAC -~ CTTTTCTACTGTACACCCCATCCCAGACGAAGCCAGT
CCCTGGATCACCGACAGCACAGACAGAATCCCTGCTACCAGAGACCAAGACACAT --TC
CACCCCAGTGGGGGGTCCCATACCACTCATGGATCTGAATCAGATGGACACTCACATGGG
AGTCAAGAAGGTGGAGCAAACACAACCTCTGGTCCTATAAGGACACCCCAAATTCCAGAA
TGGCTGATCATCTTGGCATCCCTCTTGGCCTTGGCTTTGATTCTTGCAGTTTGCATTGCA
GTCAACAGTCGAAGAAGGTG

Gambar 13. Whole genbm CD44

Berdasarkan analisis penyejajaran didapatkan 3 data kecocokan hasil sekuens gen
pengkode CD44 sampel (pre, O; 5% dan O, 21%) dengan whole genom yang ada di gene
bank (Gambar 13). Namun demikian, pada kultur normoksia (O, 21%) telah terjadi mutasi,
yaitu T menjadi C pada nukleotida no 22, 47, 82, 154, 200, 264, 370, 423, 500 dan C menjadi

A pada nukleotida no 63, 109, 126, 234, 360, 458 (Gambar 12).

Hasil analisis sekuensing, analisis penyejajaran dan whole genom OCT4 pada

penelitian ini dapat dilihat pada Gambar 14 - 16.
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10 2 ) 0 slo 6|0

NMOMZIOLS 1 AGCAAAACCORGAGG 6 TCCCAGBACATCANNG CTCTE CAG AAMG AACTO A6 CAATTTG

OCTE (0,5 1 ~ocoommocomoommeeoooneamcnnaeaamnnas, GAMGAACTIS /G CAATTTG

OCT4 (0,21%) 1 ~---=mm-mm-esemmmecoreemanmeeeaonans Bt

OCT4+ 1 PGCAAAACCEIGAEGAET -~ --====nsosmsesscancanens semmesseooeans

HOCT4R seoemesessescsesimseciececacicoaoees et
T sio % 100 110

NMOIZNLS 61 CCAAGCTCCTGANGCAGAAG AGGATCACCCTEGBATATACACIEE CIBATG GG
OCT4 (0,5%) 61 CCAAGCTCCTGAAS CHGAMG AGGATCACCCTEEE ATATACACASG COSATGTE6

OCT4 (0,21%) 1 ----GCTCCTRAAS CAGANG AGGATCACCCTEGS ATATACACASG COGATH TEG
oCTeF memessmceccccccecacaccncaas cmee

Gambar 14. Analisis sekuensing OCT4 menggunakan multiple alignment.

Alignment Results

Alignment: Global DNA alignment against reference molecule
Parameters: Scoring matrix: Linear (Mismatch 2, OpenGap 4, ExtGap 1)

Reference molecule: NM_002701.5, Region 1 to 114

Number of sequences to align: 5

Total length.of aligned seguences with gaps:_ 114 bps __
Settings: | Similarity significance value cutoff: >= 60% |

Summary of Fercent Matches:

Ref: NM $02701.5 ito 114 ( 114 bps) eI
2: 1453445 OCT 4( 5%) 1 to g0  { 80 ©ps) i 708
3: 1453446 OCT4{21%)} 1 to 50 ¢ 50 bps) 433
4: oct34-F 1 to 18 18 bps) 15%
5: j-0ct34-R 1 to 21 { 21 bps) 18%

Gambar 15. Analisis penyejajaran didapatkan 1 data kecocokan hasil sekuens gen pengkode OCT4

sampel dengan perlakuan low O, tension 5% dengan whole genom di Gene Bank { 2
60%).

AGCAAAACCCGGAGGAGTCCCAGGACATCAAAGCTCTGCAGAAAGAACTCGAGCAATTTG

CCAAGCTCCTGAAGCAGAAGAGGATCACCCTGGGATATACACAGGCCGATGTGG

Gambar 16. Whole genom OCT4
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Berdasarkan analisis gen pengkode OCT4 dengan PCR setelah perlakuan low O,
tension (O2 5%) yang dibandingkan dengan normoksia (O, 21%) dan divisualisasikan secara
eletroforesis pada gel agarose 2% dengan pewarnaan ethidium bromide, ketiga sampel
menunjukkan untaian ¢cDNA sebesar 114 bp. (Gambar 6). Namun demikian berdasarkan
analisis penyejajaran hanya didapatkan 1 data kecocokan hasil sekuens gen pengkode OCT4
sampel dengan whole genom yang ada di gene bank (Gambar 16). Satu data yang cocok
tersebut adalah pada sampel yang dikultur low O, tension (O, 5%). Kecocokan data
didasarkan pada similarity significance value cut of yang harus > 60% (70% pada kultur O
5% ), sedangkan pada kultur normoksia (O, 21%) similarity significance value cut of < 60%

(hanya 43%).

Hasil analisis sckuensing, analisis penyejajaran dan whole genom SOX2 pada

penelitian ini dapat dilihat pada Gambar 17 - 19.
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10 b)) X 40 <0 &0
I, | ! ! |
NR_ 003106 1  GCIAGICTCCAASCS AGRAAAAAAATE TTITAATATTIG CAACTTITETACAG TAT
SO {0y FK) 1 --vecemmomoooesmesceesssoeoeeoooeeoooooooo ACTTTTGTACAGTAT
SOMR {Qy28%) 1 --eem oo e eceemem e
SON2-F 1 GOMBTICICCANSGAMEAA =~~~ "~ ~"==cceccamcaccccscrccccacancen
e v S et DL L R B e R e LT
8? % ulbo 14) 1%
RM_003106 B1 TTAT(GAGATAAACATGGCAATCAAAATG TCCATTG TTTATAMG CTG AS AATTTG CCAAT
SOX2 (O,306) 16 TTAT(SAGATAAACATGGCAATCAAAATG TCCATTG TTTATAMG CTG AS AATTTG CCAAT
SOM2 [0y AWM oo e ———————
SOMIF = ccmememreecccccesccdccsadccecccmtcccccccccvrcmcencecena
‘m R L L L S L L T L T T T T T T p ey B Y
[T R U (R T |
NM_ 003206 121 ATTITICAAGGAG ASG CTTCTIGCTG AATITIG ATICTG CAGCTG AAATTTAGG ACAG TT
$0X2 (0 %, 76  ATTITICAAEG 26 /GG CTTCTTGCIG AATITIG ATICTG CAGCTG ARATTTASSACAG TT
SOX2 (D, 21%) g TECAECTGAAATTTAGG ACAGTT
e v it et L LT P s
LSOX2-R B e i tedet bttt bbb Dbt
SOV SV ST s VO |
NW_003306 181 GCAAACS TG AAANG AAGAAAATTATTCAAATTTEGACATTITAATGG TTTAAAAATTETA
SOX2 (0,5%) 136 GCAAAGRTGAAAAGA/GAAAATTATTCAATTIGGACATTITAATGG TTTAAAAATTGTA
SON2 (0,21%) 28 GCAAAGGTEAAAAG AAG AAAATTATTCAAATTTEG ACATTTTAATSG TTTAARAATTG TA
SOMA-F = | eceecmcccceccmcccaseccmcmscmemsescmcmecscomemcommmmeesmenemee-
WSOXMBR = cccccccccccmccccccccecoccescosmcremmemnccmeccccemeaomcannan
250 260 w0
] (A T T
NAS_O003R06 241 CAAAAGGAAAAAATTAG AATAASTACTGGEOSAACCATCTCRS TG TCTTG TTTAAAAAGG
SOM2(0y TN 136 CAAAMGGAARAAATTAG AATAASTACTSSOSAACCATCTCTS TGE TCTTIG TTTARAANGG
SOXZ(0,21%) 88 CARAASGAAAAAATTAG AATAABTACTGG IGAACCATCTCTE TGETCTTG TTTAAAALGG
m.‘ PR R T T L T S - hs - B L T R Ll L R .
m c---a--o---o------o----.-o---.o-—-—---—------—-----o---m
310
NAM_GI3206 301 GCAAMGTITIAGACIGTA
SOX2 [0, 3%) 296 GCAAMGTTTTAGACTE ~
SOXZ (0;21%] 144 GCAAAAGTTTIAGACIG —
$0¥3-¢ eemcscmssscasmnacas
SR 1 GCAAAABTTTTASACTGTA

Gambar 17. Analisis sequencing SOX2 menggunakan nudtiple alignment.
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Aligmeent Results

Alignment: Global DNA alignment against reference molecule
Parameters: Scoring matrix: Linear (Mismatch 2, CpenGap 4, ExtGap 1)

Reference molecule: MM 003106, Region ! to 319

Number of sequences to align: 6

Total length of aligned sequences with gaps: 319 bps ,
Settings: Similarity significance value cutoff: > 603

Summrary of Percent Matches:

Ref: N4 003106 lto 319 ( 319bps) ==,
2: SOK2(5%) 1to 2% ( 250 bps) 178% .
3: soX2{23) 1to 160 -( 160 bps) 478
4: Sox2-F 1to 20 ( 20 bps) 63
5: i-Sox2-R 1to 23 ( 23 bps) i’

Gambar 18. Analisis penyejajaran didapatkan 1 data kecocokan hasil sekucns gen pengkode SOX2 sampel
dengan perlakuan lowOksigen tension (0,=5%)dengan whole genom di Gene Bank ( > 60%).

GCTAGTCTCCAAGCGACGAAAAAAATGTTTTAATATITGCAAGCAACTTTTGTACAGTAT
TTATCGAGATAAACATGGCAATCAAAATGTCCATTGTTITATAAGCTGAGAATTTGCCAAT
ATTITTCAAGGAGAGGCTTCTTGCTGAATTTTGATTCTGCAGCTGAAATTTAGGACAGTT
GCAAACGTGAAAAGAAGAAAATTATTCAAATTTGGACATTTTAATGGTTTAAAAATTGTA
CAAAAGGAAAAAATTAGAATAAGTACTGGCGAACCATCTCTGTGGTCTTGTTTAAAAAGG
GCAAAAGTTTITAGACTGTA

Gambar 19. Whole genom SOX2

Berdasarkan analisis gen pengkode SOX2 dengan PCR setelah perlakuan low oksigen
tension (O 5% ) yang dibandingkan dengan normoksia (O2 21%) dan divisualisasikan secara
eletroforesis pada gel agarose 2% dengan pewamaan ethidium bromide, kedua sampel
menunjukkan untaian cDNA sebesar 319 bp. (Gambar 7). Namun demikian berdasarkan
analisis penyejajaran hanya didapatkan 1 data kecocokan hasil sekuens gen pengkode SOX2
sampel dengan whole genom yang ada di gene bank (Gambar 19). Satu data yang cocok
tersebut adalah pada sampel yang dikultur low oksigen tension (O 5%). Kecocokan data
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didasarkan pada similarity significance value cut of yang harus > 60% (78% pada kultur O,
5%). sedangkan pada kultur normoksia (02 21%) similarity significance value cut of < 60%

(= 47%).

5.1. Luaran Penelitian yang Dicapai

I. Mengikuti Seminar Internasional Symposium on Natural Medicine di Convention Center
Bogor yang diadakn oleh Uiversitas IPB pada tanggal 24-25 Agustus 2017 sebagai
pemakaah poster (Pada Tahun 1).

2. Mengikuti Seminar Internasional The 2™ Veterinary Medicine International Conference
2018 in Collabration with ADPRC-OHCC yang diadakan oleh Faculty of Veterinary
Meicine, Uiversitas Airlangga pada tanggal 4-5 July 2018 sebagai pemakaah Oral (Pada
Tahun 2). '

3. Accepted pada jurnal terindeks Scopus :

a. Biochemical and Cellular Archives, ISSN : 09725075, Publisher : DR.P.R.YADAV

Tittle : Hypoxic Precondition for Induce Pluripotency of Rabbit’s Bone Marrow-
Derived Mesenchymal Stem Cells

b. Veterinary World, ISSN/EISSN : 0972-8988/2231-0916, Publisher : Veterinary
World.
Tittle : Quiescence cells, p63, which is regulated by hypoxia-inducible factor 2a, very
crucial for the function of spermatogonial stem cell to repair testicular failure

and infertility

c. Philippine Journal of Veterinary Science

Tittle : Viability of Rabbit Adipocyte Stem Cells (r-ASCs) Cultured Under Different

Oxygen Concentrations In Vitro

BAB 6. RENCANA TAHAPAN BERIKUTNYA

Penclitian yang telah dilakukan pada tahun pertama (2017) telah terselesaikan 100%,
yaitu isolasi, kultur dan karakterisasi dari Rabbit Adipocyte Mesenchymal Stem Cells (r-
AMSCs) serta karakterisasi dari sifat pluripotent stem cells. Proses karakterisasi yang telah
dilakukan berupa observasi terhadap marker penanda permukaan, seperti CD44+, CD90+,
CD34- dan CD 45- melalui metode immunofluorescence untuk memastikan bahwa sel
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tersebut adalah sel MSCs dan juga melalui metode fluocytometri untuk memastkan sel yang
diberiperlakuan ow O2 5% tidak mengalami perubahan setelah diobservasi pada pasase 9.
Selanjutnya karakterisasi terhadap morfologi dari Colony Forming Unit-Fibroblast (CFU-Fs)
dan sifat pluripotent stem cells dilakukan setelah dikultur kondisi low O, 5% dan
dibandingkan dengan kultur konvensional normoksia O, 21%. Karakterisasi pluripotensi
didasarkan pada dua marker spesifik, seperti SOX2 dan OCT4 melalui metode
immunofluorescence.

Demikian halnya penelitian pada tahun ke-2 ini juga sudah terselesaikan 100%
berupa obervasi terhadap hambatan proses mutasi gen setelah dikultur pada kondisi low
oksigen tension. Hambatan mutasi gen didasarkan pada ckspresi genotype genes OCT4,
SOX2 dan CD44+. Ekspresi genotypegenes OCT4, SOX2 dan CD44+ berturut turut berupa
untaian cDNA sebesar 114 bp, 319 bp dan 551 bp. Kecocokan data didasarkan pada
similarity significance value cut off > 60% berdasarkan analisis penyejajaran dan kecocokan
hasil sekuens gen pengkode sampel dengan whole genom yang ada di gene bank.

Rencana tahap berikutnya (pada tahun ke-3 dan ke-4) adalah observasi hasil
transplantasi stem cells yang dikultur low oksigen tension dan dibandingkan dengan kultur

konvensional pada hewan coba tikus, baik jantan dan betina.

BAB 7. KESIMPULAN DAN SARAN
Kesimpulan

Pluripotency stem cells yang disertai hambatan terhadap mutasi gen dapat dicapai

melalui pemberian low oksigen tension 5% pada saat proses kultur in vitro

Pada tahun ke-1 : Pluripotency ditandai dengan dua marker spesifik. seperti SOX2
dan OCT4 melalui metode immunofluorescence yang sebelumnya telah diamati terhadap
morfologi dari Colony Forming Unit-Fibroblast (CFU-Fs) yang khas serta undifferensiasi

dari stem cells melalui pemeriksaan flowcytometri terhadap CD90+ dan CD44+ baik dengan

CD45- maupun CD34-.

Pada tahun ke-2: Hambatan mutasi gen didasarkan pada ekspresi genotype genes
OCT4, SOX2 dan CD44+. Ekspresi genotypegenes OCT4, SOX2 dan CD44+ berturut turut
berupa untaian cDNA sebesar 114 bp, 319 bp dan 551 bp. Kecocokan data didasarkan pada
similarity significance value cut off > 60% berdasarkan analisis penyejajaran dan kecocokan

hasil sekuens gen pengkode sampel dengan whole genom yang ada di gene bank
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Saran

Perlu dilakukan penelitian lanjutan agar hasil transplantasi stem cells yang dikultur
low oksigen tension dan dibandingkan dengan kultur konvensional pada hewan coba tikus,

baik jantan dan betina yang mengalamiinfertilitas.
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Abstract

Aim: The aim of this research was to examine the quiescence cells, p63, which is regulated

by hypoxia-inducible factor 2a (HIF2a) is crucial for spermatogonial stem cell (SSC)
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unction to improve testis failure and infertility.

Viaterials and Methods: Stem cells were transplanted into male rat which testicular failure
1as been induced infertile, compared with negative and positive control. jn the first treatment
T1) group, 10 male infertile rats were transplanted with stem cells from normoxia culture
02 21% concentration) for 4 days with a dose of 200 million celismt; in the second
weatment (T2) group: 10 male infestile rats were transplanted with stem cells from hypoxia
culture (O2 1% concentration) for 4 days with a dose of 200 million cells/rat; in the negative
control (T0-) group, 10 normal male rats (fertile rat) were injected with 0.1 cc phosphate
buffer saline (PBS); and in the positive control (T0+) group, 10 male infertile rats were

injected with 0.1 cc PBS JLeajes)

Results : The stem cells from hypoxia precondition culture (O2 1% concentration) for 4 days

with a dose of 200 million cells/rat (T2 group) were transplanted;-is-effective-as-a-treatment

Conclusion: The quiescence cells, p63, which is regulated by HIF2a from hypoxic
precondition culture with 1% O concentration for 4 days with a dose of 200 million cells/rat

is crucial for SSC function and effectively as a treatment for testis failure and infertility in
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1ale rats.
{eywords: hypoxia, infertility, p63, quiescence cells, spermatogonial stem cells,
‘H1>Introduction

istem cell transplantation renders promising results for testicular tissue regeneration of male

nfertility with testis failure [1,2). However, jthe-treatment-has-limited-efficacy-due-to-low-of
stem-—cells—viability—was—transplantedgssfpo) [3-5). The low viability of the stem cells is

allegedly due to the nommoxia culture with high oxygen tension (02220%). The normoxia
culture can cause the cell senescence [6], cell apoptosis {7], and mutation of gene [8].
Furthermore, after transplantation, this cell transplantation therapy is limited by its poor
viability. Apoptosis is thought to be the major factor that affects the efficiency of
mesenchymal stem cell transplantation [9-14]. Therefore, high doses are required to achieve
therapeutic effectiveness. It takes effort to create compliance with the dosage through several
times of transplantation (boosteriLEiofpij), so it will cost very much for stem cell transplant

program, although the effectiveness of therapy remains in doubt.

Stem cells were cultured in hypoxia precondition (O2 1-3%) and maintain viable and adaptive
conditions when transplanted [2]. This condition was caused by long-term maintenance
[15,16] and called as quiescence stem cells [17-19]. The quiescence cells, p63, which is
allegedly regulated by hypoxia-inducible factor 2a (HIF2a), is crucial for the function of

progenitor stem cells. The quiescence cells occur when the stem cells reside in Gap zero (G0)
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and do not go into the cycling state (Gap1/Sintesis/Gap2/Mitosis) [20] and undifferentiated

state [21] but are still in the proliferation [22].

In the testicular tissue, hypoxic conditions (1-3% O, concentration) are crucial for
spermatogonial stem cell (SSC) function through spermatogenesis process [23]. The aim of
this research was to examine the quiescence cells, p63, which is regulated by HIF2q, is

crucial for SSC function to improve testis failure and infertility.
<HI1>Materials and Methods
<H2>Ethical approval

All the experiments including animal works were approved by Ethical Committee vide
Ethical Clearance KE (Komisi Etik Penelitian), No: 239-KE, Animal Carc and Use
Commiittee (ACUC), Veterinary Medicine Faculty, Universitas Airlangga, Surabaya,

Indonesia, and were performed based on the committee guideline.
<H2>Procedure of stem cell isolation

Stem: cells were harvested from bone marrow by aspiration at the middle femur below the
condylus of the rabbit (New Zealand strain). The aspirate was put in heparinized tubes and

stored and maintained at 4°C for transportation to the laboratorium [24).

<H2>Procedure of stem cell culture
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lhe aspirate from bone marrow was transferred into sterile 15 ml tubes, then rinsed twice
with sterile phosphate buffer saline (PBS) 5 ml, and filled up to a total volume of 10 ml. The
diluted sample was loaded over the same volume of Ficoll (Biowest) in a separate 15 ml tube.
Centrifugation was performed for 15 min at room temperature at 1600 rpm. After
centrifugation, the cells were collected from Ficoll-PBS interface using Sterile Pasteur Pipette
and transferred into a 15-mi tube. The cells were resuspended in PBS up to a total volume of

15 ml. The tube was inverted gently 5 times to homogenize the suspension.

The suspension was centrifuged again for 10 min, supernatant and floating cells were
discarded, and cell pellet was resuspended in 6 ml of alpha-modified essential medium (a
MEM) (SigmajEs2fpi3)). Mononucleated cells were plated in 10 cm® with approximately
2x107 cell number and incubated at 37 °C in a humidified atmosphere containing 5% CO; for
24 h to let the cells adhere. After 24 h, media and non-adherent cells were discarded.
Adherent cells were rinsed twice using 5 mi of PBS. About 10 m! of fresh a-MEM media was
then added into the dish, and the dish was returned into the incubator. Culture was observed
daily under an inverted microscope. Every 4 days, medium was changed and preceeded by a
rinse using 10-ml PBS, after which 10 ml of fresh a-MEM media was added. Culture was
continued until approximately 75-80% confluence was attained. After confluence, cells were
passaged into several dishes for subculturc [24]. Passage was conducted 3 times, and then,
cells were divided into two hypoxia precondition treatments of 1% in hypoxia chamber inside

a 5% CO, incubator, while another treatment was the use of 21% oxygen concentration
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normoxia) during 4 days.
<H2>Infertile rat model

Rat model with testicular failure in this research was using male rats which are available
through food fasting 5 days long, but drinking water is still administered [25,26]. {The-animals
fel i thi I le-rats (R ioned-Wi . 1250300

itiorLE1sfp1s). The rats were placed in a

plastic cage individually in animal laboratory experimental at the Faculty of Veterinary

Medicine, Universitas Airlangga.

<H2>Stem cell transplantation methods

eempafed—whhﬂegaﬁw-aﬁd—-pesiﬁ-ve-eea#eiwipm. In the first treatment (T1) group, 10

male infertile rats were transplanted with stem cells from normoxia culture (O 21%

concentration) for 4 days with a dose of 200 million cells/rat; in the second treatment (T2)
group, 10 male infertile rats were transplanted with stem cells from hypoxia culture (02 1%
concentration) for 4 days with a dose of 200 million cells/rat; in the negative control (T0-)
group, 10 normal male rats (fertile rat) were injected with 0.1 cc PBS; and in the positive

control (TO+) group, 10 male infertile rats were injected with 0.1 cc PBS.

[Afer-35-days—male-rats-were-excised-to-collect-testicle-tissudie1sfprol. The testicular tissue
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mprovement was observed by histopathological preparations with hematoxylin eosin (HE)
tainHmmunchistochemical-HHC)-observation-was-performed-io-determine-the-expression-of
%&a&qﬂeseeaee—eeu—maﬂeeém:{;inu, HIF2-a as crucial factor for SSCs, and SSCs as
>rogenitor function to improve testis failure and infertility. Fertility observation from male

-ats was performed through in vitro fertilization between ovum and sperm.

<H2>Testicular tissue improvement

formalin—10%—~{Li2s)Afler that, rats’ testes dehydrated in alcohol solution with a higher

concentration gradually, i.e., from 70%, 80%, $0%, and 96%. Then, the testes of rats were
cleared with xylol solution. Furthermore, embedding was done using paraffin liquid and rats’
testes were put into molds containing paraffin liquid. Before staining and sectioning, an
incision using a microtome was made and mounted on glass objects'u.as}. Furthermore, the
staining was done by removing paraffin with xylol, then put into a solution of alcohol with
decreased concentration, from, 96%, 90%, 80%, and 70%, and then put it into HE staining
procedure. The last stage after staining was mounting and put into alcchol to remove excess
stain. Then, it was put into a solution of alcoho! with increasing concentration, from 70%,

80%, 90%, and 96%, and then put into xylol. Preparations were then covered with a cover
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he media M16 and PBS are manufactured in accordance with the procedure of making the
wo mediums. Before the use for in vitro fertilization, a droplet medium was preparced in a
Petri dish with a volume of 50 pL as a washing medium and 25 pL as an in vitro culture
medium. The droplet medivm was then incubated for 3 h in a 5% CO; incubator at 37°C

before being used for in viiro fertilization [30].

In male rats, sperm collection was taken after the rats were killed by cervical dislocation of
the fouﬁh cervical spine and disinfected with 70% alcohol. Make an incision that resembles
the letter Y in the abdomen, the stomach contents are removed, and the left testicle is pulled.
The fats are separated, and then, the part of the cauda epididymis which is the mature sperm
shelter is taken. The obtained cauda epididymis was washed with PBS 2 times and cut into
small pieces to frec the spermatozoa, then placed on M16, and incubated in an incubator with

5% CO2at 37°C [31).

Before oocyte collection, hormone of pregnant mares® serum gonadotropin (PMSG) and
human chorionic gonadotropin (hCG) was injected intra subcutaneously to stimulate
superovulation with sequence as follows: On the 1* day of the O™ h, female rats injected
PMSG 5 1U 0.1 cc to stimulate the process of folliculogenesis and left for 48 h. Afier 43 h
PMSG injection, female rats were injected with 5 1U of 0.1 cc hCG and mated single directly
with a vasectomy male to snapping ovulation. {17 h later vaginal plug examination to find out
positive females mating and done flushing of cocytejLE3ilps2). The female rats were killed by

cervical dislocation of the fourth cervical spine, and then, the Y incision was made on the
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ibdomen, taken by the uterus, and separated from the fallopian tube section, afier which the

V16 medium was rinsed. [Fushing-of-the-oocyte-on-the-ampoule-of-the-fallopian-tube-under
an-inverted-microseopeiLesa|p)[29].

<H3>In vitro fertilization

The ovum and sperm were incubated using modified Pasteur pipettes transferred to Petri
dishes containing M16 drops fixed with mineral oil and incubated in 5% CO; incubators at

37°C for 5 h for in vitro fertilization [31].
<H2>Statistical analysis

The expression of p63, HIF2a, and SSCs and fertility rate of spenm were statistically
analyzed using SPSS 17 for Windows XP with the confidence level 99% (2=0.01) and the
level of significance 0.05 (p=0.05). The steps comparative of hypothesis testing are as
follows: The normality data test with the Kolmogorov-Smirnov test, homogeneity of variance
test, analysis of variance (ANOVAY), and post hoc test using the Tukey HSD 5% as the least

significant difference test.
<H1>Results

Data were collected from 40 male rats which were divided into four treatment: Negative
control (T0-) group is normal male rat (fertile rat); positive control (T0+) group is male

infertile rat without stem cells transplantation; the first treatment (T1) group is male infertile
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ats which were transplanted with stem cells from normoxia culture (O; 21% concentration)
or 4 days, and the second treatment (T2) group is infertile male rats which were transplanted

vith stem cells from hypoxia culture (O2 1% concentration) for 4 days. In detail, the results

f the study are as follows: [The-effectively-of-stem-cell-therapy-from-hypoxia-precondition

orEss[P36): (1) Expression of p63,

2) expression of HIF2q, (3) expression of SSCs, (4) regeneration of testicular tissue (such as
ntact of tubulus seminiferous tissue, formation . of Sertoli cells, Leydig cells,
spermatogonium, spermatocyte primary-secondary, and spermatid cells), and (5)

improvement of fertility rate of sperm in vitro.

<H2>The expression of p63

The mean expression of p63 in T2 group is 27.143%1.433 (<30%), although the percentage
is lower than negative control (TO-) group with value of 51.429°t1.711 (>50%), but the
percentage is still well higher than T1 group with value of 4.286°4£0.632 (<5%) and the

positive control (T0+) group was not expressed at all 0+0 (0%) (Figure-1 and Table-1).
<H2>The expression of HIF2-a

The mean expression of HIF2- in T2 group is 31.15%1.335, this mean is highest compared to

he other, respectively, T1, T0O-, and TO+ =14.25%+0.5, 0°+0, and 0°t0 (Figure-2 and Table-

1). Fhmmas&o%ﬁe—e*pmen—deng—w&hﬂcnas&eﬁh&e&ygewmemm
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<H2>The expression of SSCs

The mean expression of SSCs in T2 group is 65.714°1.817 (<70%), although the percentage
is lower negative control (T0-) group with the value of 88.571°+1.947 (>80%), but the
percentage is still well higher than T1 group with value of 7.143°40.854 (<10%) and the

positive control (TO +) group was not expressed at all 0°+0 (0%) (Figure-3 and Table-1).
<H2>Regeneration of testicular tissue

The microscopic examination showed that the T2 group leads to the occurrence of testicular
tissue repair. Improvements are identified based on the regeneration of Sertoli cells, Leydig
cells, spermatogonium, spermatocyte primary-secondary, and spermatid cells and
seminiferous tubules regenerate intact. Overview of these improvements can be compared
with a negative control (T0—) group who did not experience testicular degeneration, which

remains in normal condition (Figure-4d, 4a and Table-2). The T1 group does not indicate the

occurrence of testicular tissue repair. INet-%he—tmpfevemeMﬂ-the-#bﬂn—oﬁee#-éegenefaaen

intaetypsoqLesoFigure of the damage can be compared with positive control (TO+) group with

testicular degeneration (Figure-4b, 4¢ and Table-2).
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<H2>Improvement of fertility rate of sperm

Sperm fertility of male rat was obtained by taking sperm from cauda epididymis. The sperm
is placed in the falcon cup containing the female rat ovum that has been injected PMSG and

hCG and incubated for 5 h in a 5% CO; incubator at 37°C. The fertility rate is calculated

based on many zygote obtained divided by number of ovum and multiplied by 100%.+Fhe

<H1>Discussion

The study showed that stem cells from hypoxia precondition culture are effectiveness for the
therapy of male rat with testis failure and infertility was based on expression of p63, HiF2a,
and SSCs by IHC, regeneration of testicular tissue by HE staining, and improvement of

fertility rate of sperm in vitro.

The identification of protein p63 as a marker of quiescence cells was done through 1HC
methods. I%Hﬁaenaahe*eﬁswm—eeuﬂe—mgemﬂﬁmn—based—emeased—eﬁp@—as
eempefed-wi&hﬁe-negmiveeeame}-(im%greuﬁ{mziml. This research has demonstrated that

T2 group is lower (<30%) than negative control (T0-) group (>50%), but the percentage is
still well Bigher than T1 group with value of <5% and the positive control (TO+) group which

was not expressed at all 0% (Figure-1 and Table-1).
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The p63 gene is a transcription factor family and has a close relationship with the tumor

suppressor protein p53. [Fhe-p63—gene—has-an—ability—te—sustain-availabili—to-regenerate
ringmastefiLissfpss). In the previous studies, the absence of p63 showed a decreased ability to
proliferate, and p63 is a key function to increase the division of stem cells. [This is because
p63 genes more directly genes stemness promotes and controlling the stem cell niche and
undifferentiation processps7) LessThe p63 is a key regulator of stem cells that maintain a

fixed maintenance as quiescence and inhibits the differentiation [19].

The mean identification of HIF2-a in T2 group is highest compared to other. |$he—meseasee€

mgawemn&mbﬂ&giwnﬁhﬂﬁghemﬂ%e*weﬂeﬁwwipsq. In vitro cultures, low

oxygen tension (hypoxia), and cultivation time administration of oxygen induce pluripotency

gene expression [32], such as OCT4, SOX2 [2,33], c-Myc [33], and Nanog [34]. Pluripotency
genes are activated by HIF-2a [35} after preceding initial adaptation time by HIF-ta [8).
Pluripotency of these stem cells can retain quiescense cells, so the function of stem cells is
maintained. The quiescence cells with p63 as marker, which is rcgulated by HIF2o from
hypoxic precondition culture with 1% O, concentration for 4 days, is crucial for the process

of spermatogenesis in seminiferous tubule of testis.

Furthermore, stem cells from hypoxia precondition culture were found to be effective based
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»n SSC formation as a result of the differentiation of the transplanted stem cells. jLesigps2iThe
38Cs are progenitors of germline stem cells which are formed by the differentiation of stem
sells. In this study, identification of SSCs can be done through IHC methods. The expression
of SSCs in the T2 group is approximately 70%. Although the percentage is below the
negative control (TO—) group which is greater than 80%, the percentage is still well above the
T1 group with value <10% and a positive control (T+) group which is not expressed at all
(0%) (Figure-3 and Table-1). The previous research showed that stem cell derived bone
marrow is adult stem cells that will quickly grow and differentiate into cells that are needed

in response to the presence of defect [36).

The regeneration of testicular tissue is the fourth identification of the viability of the
transplanted stem cells, such as intact of tubulus seminiferous tissue, formation of Sertoli
cells, Leydig cells, spermatogonium, spermatocyte primary-secondary, and spermatid cells.
The viability stem cells that differentiate into cells will be needed. {{n-infertile-conditions;
which-are-degenerative-testiculartissue-will-regenerate—{-the-stem-cells-are-viablduus3|psa).

However, otherwise if it was not viable, then it will remain degeneration of testicular tissue.

The stem cell survival in animal mode! of degenerative tissue like testis failure is one factor
among the factors which hurdle the therapeutic effect of stem cells treatment. The poor
survival after cell transplantation is a crucial one [3). This study showed that stem cells from
hypoxia precondition culture are survival. It is based on the effectiveness for the therapy of

male rat with testis failure and infertility through the regeneration of testis. The regeneration
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»f the testes can be observed through the method of histopathology anatomy with HE staining
ind then examined with light microscope |27). The testicular tissue repair is identified based

on the regeneration of seminiferous tubule cell which intact jLessipseif26).

[n this study, the microscopic examination showed that T2 group leads to the occurrence of
testicular tissue repair. The overview of the testicular tissue repair can be compared with the
negative control (TO-) group who did not experience testicular degeneration, which remains
in normal condition (Figure-4 and Table-Zj. |As—for—the—T1—group-does—net—indieate—the

eceurrence-of-testiculartissue-repaifiLesypse). Figure of the tissue damage can be compared

with positive control (T0+) group with testicular degeneration (Figure-4 and Table-2).

<H1>Conclusion

The quiescence cells, p63, which is regulated by HIF2a from hypoxic precondition culture
with 1% Oz concentration for 4 days with a dose of 200 million cells/rat is crucial for SSCs

function and effectively as a treatment for testis failure and infertile male of rat.
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Tables

Table-1: The mean expression of p63, HIF2a, and SSCs in some treatments by

immunohistochemical method.

Treatments

p63

HIF2-a

SSCs

Negative control (T0-) group: [ 51.429°+1.711

Normal male rat (fertile rat) was

injected with 0.1 cc PBS

2.858°x0.5

88.571°+1.947
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Positive control (TO+) group: Male | 1.429°+0.4 2.858°+0.5 1.429°40.4
infertile rats were injected with 0.1

cc PBS

First treatment (T1) group: Male | 4.286°+0.632 1425°+0.5 7.143°:0.854
infertile rats were transplanted with
stem cells from normoxia culture
(O2 21% concentration) for 4 days

with a dose of 200 million cells/rat

Second treatment (T2) group: Male | 27.143°+1.433 | 31.15%1.35 65.714°+1.817
infertile rats were transplanted with
stem cells from hypoxia culture (O,
1% concentration) for 4 days with a

dose of 200 million cells/rat

*5<Ipjifferent superscripts in the same column was significantly different (p<0.005).
HIF2a=Hypoxia-inducible factor 2a, SSC=Spermatogonial stem cells, PBS=Phosphate

buffer saline

Table-2: The mean number of Sertoli cells, Leydig cells, spermatogonium, spermatocyte primary-

secondary, and spermatid cells in some treatments.
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Treatments Mean Mean Mean  number | Mean Mean
number number spermatogopium | number number
Sertoli Leydig cells=SD spermatocyte | spermatid
cells £SD cells+SD primary- cellstSD
secondary
cells+SD
Negative control (T0-) | 30.65%1.70 | 39.56°+1.85 | 53.25%2.45 74.:25“;1.65 125.55%1.50
group: Normal male
rats (fertile rat) were
injected with 0.1 cc
PBS
Positive control (TO+) | 5.35%1.75 | 7.15%1.75 | 14.35°1.55 30.15%1.70 | 12.25%1.75
group: Male infertile
rats were injected with
0.1 ccPBS
First treatment (T1)| 12.95%+1.60 | 19.35°+1.65 [28.35°+1.45 43.45°£1.45 |30.50°£130

group: Male infertile
rats were transplanted
with stem cells from

normoxia culture (O-
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21% concentration) for

4 days with a dose of

200 million cells/rat

Second treatment (T2)
group: Male infertile
rats were transplanted
with stem cells from
hypoxia culture (02 1%
concentration) for 4
days with a dose of 200

million cells/rat

20.75°%1.80

49.95+1.75 69.85+1.50 | 85.25°%1.25

27.85%1.75

abeiDifferent superscripts in the same column was significantly different (p<0.005). PBS=Phosphate

buffer saline, SD: Standard deviation

Table-3: Mean fertility rate of male rat spermzstandard deviation.

No Treatment

Mean  fertility rate

(%)SD
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Negative control (T0—) group: Normal male rats

(fertile rat) were injected with 0.1 cc PBS

85.25°0.130

Positive control (T0+) group: Male were injected

with 0.1 cc PBS

0.35+0.135

First treatment (T1) group: Male infertile rats were
transplanted with stem cells from normoxia culture
(02 21% concentration) for 4 days with a dose of 200

million cells/rat

18.30°:1.40

Second treatment (T2) group: Male infertile rats were
transplanted with stem cells from hypoxia culture (O,
1% concentration) for 4 days with a dose of 200

million cells/rat

60.10°+1.80

*b&dDifferent superscripts in the same column was significantly different (p<0.005).

PBS=Phosphate buffer saline, SD: Standard deviation

Figure Legends
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Figure-1: (A) P63 expression (brown) >50% in negative control (T0-) group: Normal male
rats (fertile rat) were injected with 0.1 cc phosphate buffer saline (PBS); (B) p63 expression
(brown) <30% in second treatment (T2) group: Male infertile rats were transplanted with
stem cells from hypoxia culture (0> 1% concentration) for 4 days with a dose of 200 million
cells/ rat; (C) p63 expression (brown) p63 5% in first treatment (T1) group: Male infertile rats
were transplanted with stem cells from normoxia culture (O, 21% concentration) for 4 days
with a dose of 200 million cells/rat; (D) The expression of p63 is zero (0%) in positive
control (TO+) group: Male infertile rats were injected with 0.1 cc PBS, testis tissue was

degenerate if. (A-D) Magnification 200x with the immunohistochemical method.
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Figure-2: (A) No expression of hypoxia-inducible factor 2 alpha (HIF2x) (0%) in negative
control (T0-) group: Normal male rats (fertile rat) were injected with 0.1 cc phosphate buffer
saline; (B) HIF2a expression (brown) >30% in the second treatment (T2) group: Male
infertile rats were transplanted with stem cells from hypoxia culture (O; 1% concentration)
for 4 days with a dose of 200 million cells/ rat; (C) HIF2a expression (brown) <15% in the
first treatment (T1) group: Male infertile rats were transplanted with stem cells from
normoxia culture (0> 21% concentration) for 4 days with a dose of 200 million cells/rat; (D)
No expression of HIF2a (0%) in positive control (TO+) group: Male infertile rats were
injected with 0.1 cc phosphate buffer saline. (A-D) Magnification 200x with the

immunohistochemical method.
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ABSTRACT : Hypoxic precondition in vitro culture can be induced of pluripotency from MSCs like hypoxia niche 1-3% in
rabbit’sbone marrow reside. This stndy was done in two phases: First phase, hypoxia precondition treatment on the stem cells
cultore with several O, concentration (21, 1 and 3%) and several cultivation time (1, 2, 4, 8 days); Second phase, analysis of
pluripotency based on genotype expression of OCT4 and SOX2 genes after hypoxia precondition treatment. The analysis of
pluripotency: expression of genotype OCT4 and SOX2 genes from the third groups sample, revealed cDNA chain at 114bp
(OCT4) and 319 bp (SOX2). But based on analyses in the same line, only 2 groups sample was found result gene sequenz of
OCT4and SOX2 code similarity with whole genom that found in gene bank was on sample that cultored with hypoxia (1 % and
3% O,). The matching of OCT4 gene sequenz with the data based on similarity significance value cut off that must > 60%
(73% in culture 1% O, and 65% in culture 3%0,), eventhough in normoxia calture (21 %0,) similarity significance value
cut off < 60% (only 43%). The matching of SOX2 gene sequenz with the data hased on similarity significance value cut-off >
60% (85% in cultur 1% O, and 3% O,), eventhough in normoxia coltare (21 % O,) similarity significance value cot off <
60% (only 50%). Condusions of this stedy : Hypoxic precondition (1% and 3% O,) and cultivation time (2, 4, 8 days) in vitro
cultare can be induced of pluripotency from rabbit’s MSCs based on genotype expression of 0CT4 and SOX2 genes with
similarity significance value cut ofT that must 2 60%.

Key words : Rypoxia precondition, induce pluripotency, rabbit’s BMSCs, genotype OCT4 & SOX2.

INTRODUCTION
Several studies have reported that in virro

conditions needed in the place of the stem cells inside
the body. The mesenchymal stem cells physiology requires

conventional culture of rabbit’s bone marrow
mesenchymal stem cells (BMSCs) with high oxygen (O,)
tension (>20%), which have been considered as
normoxia, frequently leads to the formation of senescence
cells (Tsai et al, 2011), apoptosis (Wang et al, 2008) and
a gene mutation (G: C to T: A) (Szablowska-Gadomska
et al, 2011). This causes loss of stem cells viability before
transplantation. After being transplanted, stem cells die
between 93-99% on day 3 to 7 post-transplantation (Toma
et al, 2002; Geng, 2003; Suzuki ¢t al, 2004; Freyman et
al, 2006; Sadck et al, 2009), even death may reach 99%
on the first day post-transplantation (Wang et al, 2008).

Therefore, low O, tension (hypoxia) is required to
support conducive microenvironment during in vitro
culture so that the stem cells remain viable during
transplantation, even may become pluripotent. In this
study, hypoxia was adjusted to normal physiological
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integral components in the form of low O, tension of 1-
3% in bone marrow (Chow et al, 2001), 10-15% in
adipose tissue (Bizzari et al, 2006) and 2-9% in almost
alt tissues (Gruber et al, 2010). Therefore, we need a
conducive environment for stem cells during culture
process through the provision of hypoxic precondition in
order to keep its form as pluripoten cells. However, until
now concentration and the duration of optimal hypoxia
preconditions that can be applied to BMSCs in vitro culture
to make pluripotential cells have not been defined.

Studies on hypoxic conditioning to support in vitro
microenvironment (niche) in several sources of stem cells
have been done, such as hematopoietic stem cells (HSCs)
with O, concentration of 0-5% (Arai and Suda, 2017,
Suda et al, 2011; Simsek er al, 2011), later in adipose
stemcells (ASCs) by 5% (Mantymaa, 2010), neural stem
cells (NSCs) of 1-5% (Mantymaa, 2010) and Human
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Cord Blood (HCB) of 3% for 7 days (Ivanovic ez al,
2004). At mesenchymal stem cells (MSCs), it is done in
O, concentration of 0.5-3% (Tsai ez al, 2011; Wang et
al, 2008; Rosova et al, 2008; Hu et al, 2008). Until now,
studies are still being conducted in the search for absolute
factor of in vitro niche that is able to control stem cells
proliferation to remain viable and undifferentiated (Halim
et al, 2010), in addition to prevent apoptosis process, the
formation of senescence cells or gene mutations. If it
can be materialized, even with in vitro pluripotency, the
availability of stem cells may be produced easily by
researchers and clinicians as a key ingredient in cell
transplantation therapy (Masarani ef al, 2006; Kilani,
2009).

However, the lack of viability in the form of short
term maintenance conditions (Takubo, 2011) of the stem
cells to be transplanted to patients with degenerative
disease or injury causes the effectiveness of this therapy
be limited (Masarani et al, 2006). This can be explained
as follows: physiological environment of stem cells in the
body requires low O, levels (hypoxia), whereas in vitro
culture has been carried out under normoxia. Therefore,
ahypoxic environment needs to be created during in vitro
culture of the stem cells to adjust to the physiological
microenvironment where the stem cells stay.

Target genes in vitro culture are expected to lead to
the expression of pluripotency genes (Grskovic and
Santos, 2008), such as OCT4, S0X2, NANOG
(Szablowska-Gadomska et al, 201 1; Neganova et al,
2016), REX-1 (Kolf er al, 2007), KLF-4 and ¢-MYC
(Neganova et al, 2016; Takahashi er al, 2007). However,
it rernains unclear how to create pluripotency cells in vitro
hypoxic precondition culture before the stem cells are
transplanted. Therefore, this study was conducted to
determine O, concentration (whether 21, 1, or 3%) and
time (whether 1, 2, 4 or 8 days) of hypoxic preconditioning
needed to achieve pluripotency stem cells.

MATERIALS AND METHODS

Hypoxic preconditioning in Rabbit’s BMSCs
culture

Isolated cells from Rabbit’s BMSCs (Rabbit strain
New Zealland) have been isolated, grown up to the third
passage. The cells were taken aseptically and then placed
on a culture disk with a density of 2x10” cells/cm? at 10
dishes with a diameter of 5 cm?. The medium culture
with IMDM, this medium was containing 15% FBS,
BMSCs simulator supplements and antibiotics (100 U
penicillin/100 ug/mL streptormycin) at a temperature of
37°C, 5% CO, and 95% air (Rantam and Ferdiansyah,
2014). Treatment at BMSCs cells was done by providing
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hypoxic conditions in several doses of O, (21, 1 and 3%)
concentrations by integrating culture flask into a
specialized incubator for hypoxic conditions (Modular
Incubator Chamber) cultured for 1, 2, 4, 8 days
(cultivation time).

At this stage the samples MSCs were divided into
three treatment groups each of 10 replications, namely:
TO group (Control): The third passage of MSCs, in
normoksia precondition (O, = 21%) for 1, 2, 4, and 8
days; Treatment group 1 (T1): the third passage of MSCs
were given hypoxya precondition (O, = 1%) for 1, 2, 4,
and 8 days; and the treatment group 2 (T2): the third
passage of MSCs were given hypoxya precondion (O, =
3%) for 1, 2, 4, and 8 days

Analyses of pluripotency induction

Analysis of pluripotency induction was based on the
expression of genes such as OCT4 and SOX2
genotypically by PCR and DNA sequencing.

OCT4 & SOX2 coding gene expression using PCR
and DNA sequencing

Polymerase Chain Reaction (PCR) of OCT4 dan
SOX2

After hypoxic precondition treatment, PCR stages
of OCT4 and SOX2 was done through several
procedures, such as RNA extraction, spectrophotometer,
cDNA, PCR, PCR product analysis through
electrophoresis process and DNA visualization (Rantam
and Ferdiansyah, 2014; Martin er al, 2013).

RNA extraction of from cultured cells. Cultured cells
as many as 103 cells in Eppendorf stored in minus 20°C
were removed and left at room temperature until the
condition was not frozen. Centrifugation was done at
12,000 rpm for 10 minutes, then the supernatant was
discarded. Furthermore, pecllet resuspension was made
with 200 PBS and 400 pL of lysis buffer was added and
vortexed for 15 seconds. Then, samples were transferred
to the filter by pipetting, then centrifugated 8000 g for 1
minute. The next process, 90 pL. DNase was taken with
apipette and the buffer was incubated in sterile Eppendorf,
then 10 uL. DN Ase was added, mixed and put in the filter,
and then incubated for 15 minutes at room temperature
and added with 500 mL wash buffer I and centrifuged
8000 g for 15 seconds. Then, 500 mL wash buffer IT was
added again and centrifuged 8000 g for 15 seconds as
well. As much as 200 mL wash buffer Il was added
again but centrifuged 13,000 g for 2 minutes. The next
stage, the filter was transferred to a new Eppendorf tube
and RNA elution was carried out with 50-100 elution
buffer. Furthermore, it was centrifuged 8000 g for 1
minute and the RNA was stored at -80°C (Rantam and
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Ferdiansyah, 2014).

Spectrophotometer was done to observe RNA purity
and RNA levels to be amplified by PCR. A total of 10
mL samples, which have been added with 630 mL distilled
walter, was prepared and then vortexed. Subsequently
the samples were transferred to the corresponding
cuvettes of the spectrophotometer and the results were
observed at wavelengths & = 260 and & = 280 (Martin ez
al, 2013).

cDNA is DNA synthesis stage that must be passed
before PCR amplification. At this stage the obtained RNA
was included in 0.5 ml eppendorf tube and stored in a
heating block 65°C for 10-minutes to denature the RNA.
The next process to obtain cDNA was that each sample
was added with 10 pl MMX, which consists of tube 11 =
4.4 pl tubes; tube 1 =4l ube2=0.2 pl; tube 3=0.4 pl;
tube 4 = 0.4 pl; tube 5 = 0.6 pl, mixed up down, not
vortexed (Rantam and Ferdiansyah, 2014).

PCR amplification : PCR principle consists of three
phases, denaturation of double-stranded DNA, primer
annealing to DNA targets and primer extension by the
presence of DNA polymerase. Resulted DNA is the
exponential accurnulation of specific target DNA. Three
stages in the amplification are: 1. cDNA denaturation
stage, performed by incubating on a heating block at 37°C
for 60 minutes, followed by 65°C for 10 minutes and
keeping in the fridge overnight for further PCR process.
Synthesized cDNA results were added with PCR mix
each 12.5 ul. PCR mix consists of tag polymerase, ion
buffers MgCI2+ and dNTP; 2. Annealing stage is the
attachment of the primer to the template, primers OCT4
(Oligo-Macrogen) with 5'-AGC OCT4f = AAA ACC
CGG AGG AGT-3 *(18mer) and OCT4r =" 5-CCA CAT
TAT GTG CGG CCT ATC- 3 ‘(21mer) and SOX2 primer
(Oligo-Macrogen) with SOX2f = 5-TTG CTGCCT CIT
GAC TAA TAG GA-3' (23mer) and SOX2r = ‘5-CTG
GGG AAACTT CTC CTC TC-3' (20mer) respectively
of 2.5 pl; 3. The final stage is the primer extension, the
lengthening process of nucleotide base strand. This
process is done by adding annealing results on phase 2
with a sample of OCT-4 and SOX2 each 7.5 pl. This
process is carried out at a temperature of 65°C in a
heating block for 2 hours with the aim to form two new
DNA double strands. The amplification process can be
seen in Table 1 (Safitri ef al, 2014).

Analysis of PCR products. cDNA PCR products that
have been amplified through several phases above were
then visualized using UV rays to obtain cDNA strand at
specific base pair. To obtain the base pair, we previously
performed electrophoresis on 2% agarose gel + 0.5 TBE
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using ethidium bromide staining. Furthermore, the PCR
product is undergoing sequencing a process to obtain
nucleatide sequences.

DNA sequencing

Stages of DNA sequencing of OCT4 and SOX2 after
hypoxic preconditioning is done through several
procedures, ie. PCR product purification, iabeling,
precipitation and sequensing as well as software analysis
of the sequencing results.

In the purification of PCR products, one volume
produced by PCR was added with 5 volumes of PBS,
then added with 10 v of sodium acetate 3 M pH 5.
Furthermore, as DNA binding, the sample was put on
QIA quick column and centrifuged at 13,000 rpm for 1
minute. Supernatant resulting from centrifugation was
then discarded. Thereafter, it was added with 75 pl PE
buffer and centrifugated at 13,000 rpm for 1 minute. The
supernatant was discarded and then centrifugated again
for | minute at a speed of 14,000 rpm. QIA quick column
was placed in 1.5 mi Eppendorf tube, then added with 30
pl EB buffer right in the middle of the column and
centrifugated for 1 minute. The supernatant was then
removed and transferred to a new tube.

In labeling, we made reagents mixture consisting of
4 ml of Ampli Tag RNA polymerase, sequencing buffer,
dNTPs, dye labeled terminators, 21 mL of purificd PCR
product, 1.5 mL primers and coupled with ddH,0 up to
volume 15 pl, then vortexed.

During precipitation, sequencing product of 15 pl each
was added with 1.5 mL EDTA, 125 Mm pH 8, 1.5 pl of
3M sodium acetate pH 2.5 and 37.5 mL of absolute
ethanol then vortexed and incubated at 4°C. Samples
were wrapped in aluminum foil to avoid light and stored
in a refrigerator at a temperature of -20°C.

Sequencing : DNA base sequence can be
determined by sorting appearing fragments starting from
the bottom (the shortest). The instrument used was ABI
3110 Capillary Sequencer XI. DNA fragments can be
visualized as primers labeled with fluorescence. The result
of such sequencing is in the form of electropherogram.

Sequensing results were analyzed using software
Biocedit and BLAST (Basic Local Alignment Search
Tool). Analysis of Bioedit results used Sequence
Alignment Editor program that aims to analyze
bioinformatics sequence of DNA, RNA and protein. One
of the stages is the procedures for doing sequence
alignment with readings in both directions (forward-
reverse) to sequence a DNA (Schwartz and Pachter,
2007).
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The sequence obtained from this study can be
analyzed by comparing available data with the already
published data in Gene Bank database. One form of
analysis is the sequence alignment. Sequence alignment
may be used to compare two or more sequences {0 assist
in differentiating bases. The program used for sequence
alignment is Bioedit and BLAST. The function of the
programs is to analyze sequence data, comparing the
sequence studied with databases of various different
strains from various countries and to see the matches of
a sample from its base sequence (query confidence)
{Thomsen et al, 2017).

Data analysis

Genotype expression results were analyzed by PCR
and DNA sequencing, which in this study was observed
descriptively. Phenotype expressions analyzed were those
on OCT4 and SOX2 as two markers of pluripotency
induction of stem cells, whereas genotype observations
was done on the OCT4 and SOX2.

RESULTS

Genotype expression of genes OCT4 and SOX2
(PCR and DNA sequencing)

After cultured with hypoxic preconditioning treatment,
OCT4 and SOX2 genotype characterization of BMSCs
underwent PCR-DNA sequencing method. The aim of
this characterization was to obtain the expression of OCT4
and SOX2-encoding genes, which were expressed in
imunofluorescence at 48 hours of treatment (1% and 3%
0,), but were not expressed at 21% O,. In this study the
expression of OCT4 and SOX2 appeared after 2 days of
treatment of hypoxic preconditioning. This indicated that
the cultivation time of hypoxia preconditioning was
capable of causing the expression of OCT4 and SOX2
as a transcription factor and that MSCs were pluripotent
and self-renewal. PCR results of OCT4 with PCR
product was 114 base pair (bp) (Fig. 1) and SOX2 was
up to 319 base pair (bp) (Fig. 2).

cDNA strand shown in both figures indicate MSCs
cell count concentration sufficient to express the OCT4
and SOX2 encoding gene. Subsequently, we performed
purification of PCR products, then labelled and sequenced
to obtain the nucleotide composition of the OCT4 and
SOX2 encoding gene.

Characterization OCT4 and SOX2 by DNA
Sequencing

Sequencing DNA will produce DNA sequence as
described through a string of letters symbolizing
nucleotides as DNA elements, such as ACGT. This
sequencing technique uses a method known as the Sanger
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method, a method that uses the termination or end of the
DNA synthesis reactions that are specific to particular
sequences by using nucleotides. DNA chain elongation
at the Sanger method begins in a specific area of DNA
template by using primers. The primer will be
complementary to the DNA from the sample as the target
of observation. Sequencing is done for the
characterization of MSCs genotypically after MSCs
culture with hypoxic preconditioning with the aim of
obtaining OCT4 and SOX2 ceding genes nucleolide base
arrangement expressed by MSCs.

The results of the visualization of raw sequencing
electropherogram results of sequencing using the primer
OCT4 (Oligo-Macrogen) with 5'-AGC OCT4f = AAA
ACC CGG AGG AGT-3 ‘(18mer) and OCT4r='5-CCA
GTG CCT TAT CAT CGG ATC-3 *(21mer) and SOX2
primer (Oligo-Macrogen) with 5°-GCT SOX2f = CTC
CAA AGT GCG ACG AA-3' (20mer) and SOX2r = ‘5-
AAG AAAAGT GGC TTT CTG AGA TA-3" (23mer ).

Nucleotide bases arrangement shown in
clectropherogram of sequencing results of the samples
after hypoxic preconditioning revealed that the primary
base encoded by OCT4 and SOX2 shows the amplified
DNA had a good purity. Based on the results of the
amplification, analysis of the sequencing results can be
followed with Bioedit using Sequence Alignment Editor
for analyzing bioinformatics of DNA sequence, RNA and
protein.

The series of sequencing analysis was carried out in
several stages, beginning with a sequence alignment
(alignment analysis) in order to compare two or more
sequences that different bases can be easily seen. This
alignment analysis phase uses special program that the
Bioedit and BLAST (Basic Local Alignment Search
Tool). The program analyzes data from sequences,
comparing studied sequences with database of various
types of different transcription factors and to find matches
sample a from its base sequence (query confidence). The
results of sequencing analysis, alignment analysis and
OCT4 whole genome in this study can be seen in Fig. 3.

Based on the analysis of OCT4 encoding gene by
PCR after hypoxic preconditioning (1% and 3% O,),
which was compared to normoxia (21% O,) and
visualized using electrophoresis on 2% agarose gel by
with ethidium bromide, three samples showed cDNA
strand of 114 bp (Fig. 1). However, alignment analysis
showed only 2 matches between the results of OCT4
encoding gene sequences with whole genome samples
in gene banks (Fig. 3). Both matched data were on
samples cultured with hypoxia (1% O, and 3% O,).
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Fig. 1 :OCT4 encoding gene analysis with PCR after hypoxic preconditioning treatment (1% and 3% O,) compared with normoxia (21%
0,) visualized clectrophoresically in 2% agarose gel with ethidium bromide staining. The result reveals cDNA strand of 114 bp.
M = marker.
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Fig. 2 : SOX2 encoding gene analysis with PCR after hypoxic preconditioning treatment (1% and 3% 0,) compared with normoxia (21% 0,)
visualized electrophoresically in 2% agarose gel with ethidium bromide staining. The result reveals cDNA strand of 319 bp.
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Fig. 3 : OCT4 sequencing analysis using multiple alignment. NM 002701.5 — OCT4 whole genome.
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Compatibility data was based on similarity significance
of the cut-off value that should be >60% (73% in cultures
of 1% O, and 65% at 3% O, culture), whereas in
normoxia culture (21% O,) similarily significance cut-
off value <60% (only 43%). The results of sequencing
analysis, alignment analysis, and whole genome OCT4 in
this study can be seen in Fig. 3.

Based on the analysis of SOX2 encoding gene by
PCR after hypoxic preconditioning (1% and 3% O,),
compared to normoxia (21% 0,) and visualized in
electrophoresically on 2% agarose gel by ethidium
bromide staining, three samples showed cDNA strand of
319 bp (Fig. 2). However, based on the analysis of the
data alignment there were 2 data resuiting from the
sample’s SOX2 encoding gene sequences that match with
the whole genome in the gene bank (figure 4). Both data
were on hypoxic cultured samples (1% O, and 3% O,).
Data matching was based on similarity significance cut-
off value that should be > 60% (85% in cultures of 1%
0, and 85% at 3% O, culture), whereas in normoxic
culture (21% O,) similarity significance cut-off value was
< 60% (only 50%) (Fig. 4).

In this study, the expression of OCT4 and SOX2 in
hypoxic preconditioning 1% and 3% O,, respectively
occurred on day 2 and 4, while that in normoxia did not
appear. This indicated that the cultivation time (number
of days) of hypoxic preconditioning may cause the
expression of OCT4 and SOX2 as a transcription factor
so that MSCs became pluripotential. PCR result of OCT4
revealed 114 base pair (bp) (Fig. 1) and SOX2 as many
as 319 base pair (bp) (Fig. 2).

Based on the analysis of the OCT4 and SOX2
encoding gene by PCR after hypoxic preconditioning (1%
and 3% O,) compared to normoxia (21% O,) and
visualized in electrophoresis on 2% agarose gel with
ethidium bromide staining, three samples showed the
c¢DNA strand of 114 bp (Fig. 1) and 319 bp (Fig. 2).
However, based on the analysis of the data alignment
revealed only 2 results of OCT4 and SOX2 encoding
gene sequences samples matched with whole genome in
the gene bank (Fig. 3). Both matches are on samples
with hypoxic culture (1% O, and 3% O,). Compatibility
data was based on significance value similarity that must
have cut-off value 2 60%. In OCT4 sample, 73% in 1%
0, culture and 65% at 3% O, culture, in normoxia culture
(21% O,) similarity significance cut off value was < 60%
(only 43%). In SOX2 sample, 85% in 1% O, culture and
3% O,, whereas in normoxia culture (21% O,) similarity
significance cut-off value was < 60% (only 50%).
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DISCUSSION AND CONCLUSSION

The results of pluripotency analysis based on
genotype expression of OCT4 and SOX2 genes by PCR
and DNA sequencing and phenotypically with
imunoflucrescence in this study were in line with the
results of the study of Covello et al (2006) and Forristal
et al (2010), who found that after 48 hours of hypoxic
administration in cultured stem cells HIF2-a expression
will be produced directly to become upstream regulator
of OCT4 transcription factors, which is essential for
maintaining pluripotency. Likewise, another transcription
factor, such as SOX2 and Nanog, are also regulated by
HIF2-¢ (Forristal et al, 2010). Furthermore, Yu et al
(2007)wrote that these three transcription factors, OCT4,
S$OX2 and Nanog, maintain stemness and suppress genes
that cause differentiation. OCT4 and SOX2, two of the
four transcription factors introduced by Takahashi et al
(2006), were firstly found in iPS (induced Pluripoten
Stem) cells program. :

According to Yoshida ez al (2009), the relationship
between hypoxia, HIF2-a and pluripotency genes such
as OCT4, SOX and Nanog are crucial to induce
pluripotent stem cells, because it has been proved that
hypoxia increascs efficiency and reprogramming. The
study by Zadori et al (2009) in NSCs transplantation
indicates that preconditioning of hypoxic environment was
also necessary for the process of in vitro culture.
Replecement therapeutic effectiveness of stem cells
requires knowledge on the mechanisms that affect stem
cells early development, such as migration, proliferation
and stem cells commitment (Wu er al, 2008) and the
dependence on oxygen levels in the appropriate
environmental conditions. There is a clear functional
relationship between hypoxia inducible factor and
stemness with transcription factors altogether in vivo.
The niche of NSCs is hypoxic conditions that create high
reliance on early development process at oxygen level.

The results of this study, that pluripotency activity
after hypoxic treatment on days 2 and 4 through OCT4
and SOX2 expression, genctically support one of the main
focuses in the research of adult stem cells ir vitro. This
is because in vivo we need balance between
differentiation, apoptosis and self renewal of stem cells.
The balance is regulated by one of microenvironment
niche where stem cells are located. According to Barria
et al (2004) in feeder-free in vitro culture, the fate of
stem cells in influencing balance between self-renewal,
differentiation and apoptosis, in addition of being affected
by growth factor, interleukins or serum, also influenced
by the conditions given during the culture process, which
in this study was hypoxic conditions 1 and 3%.
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Fig. 4 : SOX2 sequencing analysis using multiple alignment. NM 003106 — SOX2 whole genome.

Table 1: BMSCs PCR cycle in the heating block (Safiiri ez af, 2014).

No | Temperature Time Notes
1 Room 15 minutes | RNA Predenaturation
2. 65°C 10 minutes RNA Dcnaturation
3. 37°C 60 minutes DNA Denaturation
4 65°C 10 minutes Advanced DNA
Denaturation
5. 65°C 2 hours Extension
6. | 4°C (refrigerator) | 10 minutes Soaking

Pluripotency is the potential to differentiate into any
cell of the body of the three embryonic layers (ectoderm,
mesoderm and endoderm). Potential to become these
three embryonic layers is in general are characteristics
possessed by embryonal stem cells (ESCs) (Szablowska-
Gadomska, 2011). According to Halim er al (2010),
compared to progenitor cells that have unipotent properties,
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stem cells, in particular ESCs, has potential far greater
differentiation. ESCs, derived from the inner cell mass
(ICM)in blastocyst are pluripotent, so as to differentiate
into various types of cells making up the body of the three
embryonic layers, including nerve cells, blood cells, the
cells making up the heart and immune system cells. In
this study, MSCs, which are adult stem cells that are
generally well characterized as multipotent, can express
OCT4 and SOX2 genes, both genetically and
phenotypically (Safitri ez al, 2016; Prasetyo and Safitri,
2016) after being treated as hypoxic during in vitro
culture. Therefore, in the future it is suspected that MSCs
with hypoxic preconditioning have pluripotent potential.
This suspicion is confirmed by the opinion of some studies
(Takahashi et al, 2007; Yu et al, 2007, Takahashi and
Yamanaka, 2006; Moheyldin er al, 2010), that the
efficiency of reprogramming in iPS cells in hypoxic
conditions is very high.
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SUMMARY

Hypoxic precondition in vitro culture can be induced
of pluripotency from MSCs like hypoxia niche 1-3% in
rabbit’s bone marrow reside. The matching of OCT4 gene
sequenz with the data based on similarity significance
value cut off 73% in culture 1% O, and 65% in culture
3% O,, eventhough in normoxia culture 2190, similarity
significance value cut off only 43%. The matching of
SOX2 gene sequenz with the data based on similarity
significance value cut-off 85% in cultur 1% O, and 3%
0,, eventhough in normoxia culture 21% O, similarity
significance value cut off only 50%. Conclusions of this
study : Hypoxic precondition 1% and 3% O, and
cultivation time 2, 4, 8 days in vitro culture can be induced
of pluripotency from rabbit’s MSCs based on genotype
expression of OCT4 and SOX2 genes with similarity
si gmf’ cance value cut off that must 2 60%.

REFFERENCES

Tsai CC,Chen Y ), Yew TL, Chen L L, Wang J Y and Chiu (2011)
Hypoxia inhibits senescence and maintains mesenchymal siem
cell properiies though down-regulation of E2A-p21 by HIF-
TWIST. Blood 117, 4679-4692.

Wang J, Chen T L. Jiang J Shi H, Guz C, Luo R H (2008) Hypoxic
preconditioning atienuates hypoxia/ reoxygenation-induced
apopiosis in mescachymal stem cells. Acta Pharmacologica
Sinicia 29, 74-182.

Szablowska-Gadomska 1, Zayat V and Buzanska L{2011) Influence
of low oxygen tension on expression of pluripotccy genes cn
stem cells. Acra Neurobiologiae Experimentalis 71, 86-93.

Toma C, Pittenger M F and Cahlil K S (2002) Human mesenchymal
stem cells differentiate to a cardiomyocyte phenotype in the
adult murie heart. Circulation 105, 93-98.

Geng Y 1 (2003) Molecular mechanisms for cardiovascular stem cell
apoptosis and growth in the hearts with atherascerotic coronary
isease and ischemic heart failure. Anrals of the New York Academy
of Sciences 1010, 687-697, 2003.

Suzuki K and Murtuza B and Beauchamp J R (2004) Dynamics and -

mediators of acute graft aurition afier myoblast transplantation
to the heant. The FASEB Journal 18, 1153-1155.

Freyman T Polin G and Osman H (2006} A quantitative, randomized
study evaluating three methods of mesenchymal stem cell delivery
following myocardial infarction. European Hears J. 27, 1114-
1118,

Sadek H A, Martin C M and La1if S S (2009) Bone marrow derived

side population cells for myocardial regeneration. J.
Cardiovascular Translasional Res. 2, 173-181.

Chow D C, Wenning L A, Miller W M and Papoutsakis E T (2001)
Modelling pO, distribstions in the bone marrow hematopoietic
companement. Il. Modified Kroghian models. Biophysical J.
81, 635-896.

Bizzari A, Koehler H, Cajlakovic M, Pasic A, Schaupp L and Klimant
1(2006) Continuous oxygen monitoring in subcutancous adipose
tssue using microdialisis. Analytica Chimica Acta 573,48-56.

Gruber M, Mathew L K, Runge A C, Garcia J A and Simon C (2010)
Epas is required for spermatogenesis in the postnatal mouse

LAPORAN PENELITIAN

PROGRAM INDUCE PLURIPOTENT...

testis. Biology of Reproduction 82, 1227-1236.

Arai F and Suda T (2017) Quicscent stem cells in the niche. Stembook
(Ed), 2006. The Siem Cell Rescarch Commmunity. StemBook,
doi/103824/stembook 1.6.1. hup:/iwww.stemmbook,org, Access
on: 19 Dec. 2017.

Suda T, Takubo K and Semenza G L (2011) Cell Stem Cell Review.
Metzbolic regulation of hematopoictic siem cells in hypoxic
niche. Cell Stem 9,296-310.

Simsek T, Kocabas F. Zhen G J. De-Berzedinins R, Mahmoud A1 and
Olson E N (2011) The distinct metabolic profile of hematopoietic
stem cells reflects their location ina hypoxic niche. Cell Stem
Cell 7, 380-390.

Mantymaa A (2010) The effects of hypoxic conditions on the
chendrogenic differentiation of adipose stem cells. Master’s
Thesis. Institute of Medical Technology. University of Tampere.

MannelloF, Medda V and Tonti G A(2011) Hypoxia and neural stem
cells : from invertebrates to brain cancersytem cells. Int.
J.Develop. Biol. 55, 569-581.

Tvanovic Z, Hermitte F, De La Grange P B, Dazey B, Belloc F and
Lacombe F (2004) Simuhtaneous maintenance of human cord
blocd scid-repopulating cclls and expansion of commited
progenitors at low O, concentration (3%). Stem Cells 22, 716-
T24.

Rosoval, Dia AO M, Cappocia B, Link D, Nolta J A (2008) Hypoxic
preconditioning results in increased motility and improved
therapeutic potential of human mesenchymal stem cell. Stem
Cells 26, 2173-2182.

Ho X, Yu S P, Fraser J L, Lu Z, Mc-Ogic and Wang 1 A (2008)
Transplamation of hypoxia-preconditioncd mesenchymal stem
cells improves infarcted hearnt function via enhanced survival of
implanted cells and angiogenesis. The J.Thoracic.
Cardiovascular Surgery 138, 799-808.

Halim D H, Murty F, Sandra A, Boedicno T, Djuwantono B and
Setiawan B (2010) Stem Ccll Dasar Teori dan Aplikasi Klinis. 1¥
Ed. Jakarta, Indonesia: Penerbit Erlangga, 2010

Masarani M, Wazait H and Dinncen M (2006) Mumps ocrehitis. J.e
Royal Socal Medicine 99,573-575.

Kilani Z (2009) Stemn ccll transplantation in human testis for the
treatment of male infertility, 2009, ISRCTN75604065. hup:#/

www.farab-hospital.com. Acces on: Dec 2017 2009.

Takubo K (20[1) The hypoxia tcgulatory system in hematopoictic
stem cells, Adv. Hematopoeitik Stem Cell Res. 11, 133-146.

Grskovic M and Santos M R (2008) The pluripotent transcriptome.
The Stem Cell Research Com. StemBook. do0i:10.3824/
sterbook.1.24.1, 2008

Yamanaka S (2007) Swrategies and new developments in the generation
of paticat-specific pluripotent stem cefls. Cell Stem Cell Review.
Journal Stem 05, 12.

Kolf CM, Cho E and Tuzan R S {2007) Review Mesenchymal Swomal.

Biology of adult mesenchymal stem cells : regulation of niche,
self-renewal and differentiation. Arthritis Res. Therapy 9, 204,

Neganoval, Shmeleva E, Munkley 1, Chichagova V, Anyfantis G and
Anderson R (2016) INK/SAPK signaling is essential for efficient
reprogramming of human fitwoblasts to induced pluripotent stem
cells. Stem Cells 34, 1198-1212.

Takahashi K, Tanabe K and Chnuki M (2007) Induction of pluripotent
stem cells from adult human fibroblasts by defincd factors. Cell
131, 861-872.

ERMA SANTRI



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

Hypoxic precondition for induced pluripotency of rabbit’s bonc marrow-derived mesenchymal stem cells

Rantam F A, Ferdiansyah, Purwati (2014) Stem cells mesenchymal
hematopoetik dan modcl aplikasi. 2* (Ed). Surabaya, Indonesia:
Airlangga University Press.

Marti'N 1, Garci“AT, Fajardo V, LoPez-Calleja 1, Rojas M and
PAVO'N M A (2013) Technical note: Detection of chicken.
turkey, duck, and goose tissues in feedstuffs using species-
specific polymerase chain reaction. J. Animal Sci. 85, 452-458.

Safitri E, Utama S, Bumi C. Aulani’AM and Rantam F A (2014)
Hypoxic preconditioning for viable and self renewing
mesenchymal stem cells (MSCs) as the regencration of
spermatogenesis process. Adv. Natural and Appl.Sci. 8, 42-46.

Schwartz A S and Pachter L (2007) Multiple alignment by sequence
anneling. Bioinformatics 23(2), €24-¢29.

Thomsen R, Gary B, Fogel T and Krink H (2002) A clustal alignment
improver ing evoluttonary algorithms. 0-7803-7282-4/02/{EEE.
Access on: 23 Sep. 2017.

Covello K L, Kehler J, Ya H, Gordan I D, Arsham A H andHu C J
(2006) HIF2 regulates Octd: effect of hypoxia on stem cell
function, embryonic development, and wmor growth. Genes
Develop. 20, 557-570.

Forristal C E, Wright KL, Hanley N A, Oreffo O ard Houghton FD
(2010) Hypoxia inducible factor regulate pluripotency and
proliferation in human embryonic stem cells coltured at reduced
oxygen teasions. Reproduction 139, 85-97.

Ya J, Vodyanik M A, Smuge-Otto K, Antosiewicz-Bourget I, Frane J
and Tians S (2007) Induced pluripotent stem cells line detived
from human somatic cells. Science 1011, 14.

LAPORAN PENELITIAN

PROGRAM INDUCE PLURIPOTENT...

Yoshida Y, Takahash K, Okia K, Ichisaka T, Yamanak S (2009)
Hypoxia enhances the generation of induced pluripotent stem
cells. Cell Siem Cell 5, 237-241.

Zadori A, Agoston V A, Demeter K, Hadinger N, Varady L. and Kohidi
(2011) Swem cells propertics at different oxygen levels.
Experimentalis Neurology 227, 136-148.

Wu }, SunZ and Sun S (2008) Intravenously administered bone marrow
cells migrate damaged brain tissuc and improve neural function
in ischemic rais. Cell Transplantation. 16, 993-1005.

Barria E, Mikels A and Haas M (2004) Mainienance and sclf-renewal

of long-term reconstituting hematopoicetic stem cells supported
by amniotic fluid. Stem Cells Develop. 13, 548-562.

Safiui E, Ulama S, Widiyatno T V, Sandhika W, Prasetyo R H (2016)
Autoregeneration of mice testicle seminiferous tbules due to
malnutrition based on stem cells mobilization using bee honey.
Asian Pacific J. Reprod. 5 30-34.

Prasetyo R H and Safiri E (2016) Effect of Honey to Mobilize
Endogenous Stem Cclls in Effort Intesiinal and Ovarian Tissue
Regeneration in Rats with Protein Energy Malnutition. Asian
Pacific J. Reprod. 5, 198-203.

Takahashi K and Yamanaka S (2006) Induction of pluripotent stem
cells from mouse embryonic and adult fibroblast culrures by
defincd factors. Cell 126, 663-676.

Mohyeldin A, Muvdi T G and Higjosa A Q (2010) Cell Siem Cell
Revicw. oxygen in stem cell biology: a critical component of the
stem cell niche. Cell Stem Cell 7, 150-161.

ERMA SANTRI



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

Lampiran 3

Bukti Accepted Philippine Journat of Veterinary Science

43

LAPORAN PENELITIAN PROGRAM INDUCE PLURIPOTENT... ERMA SANTRI



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

ORIGINAL ARTICLE

VIABILITY OF RABBIT ADIPOCYTE STEM CELLS CULTURED
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ABSTRACT

The aim of this research was to determine if rabbit adipocyte stem cells
(r-ASCs) can still be viable before transplantation when these are cultured in
vitro under hypoxic preconditioning (3% O, concentration). Samples were divided
into two groups, one under hypoxic preconditioning and the other in hyperoxia
(20% O, concentration). Observations were made through flow cytometry,
immunofluorescence and immunocytochemical analyses. Flow cytometric analysis
showed that in r-ASCs hypoexic culture, the levels of CD90+, CD44+ and CD45- were
unaltered, but changed under hyperoxic culture, indicated by the down-regulation
of CD90+ and CD44+, and up-regulation of CD45-. Meanwhile, immunocytochemical
and immunofluorescence analysis showed that under hypoxic preconditioning,
r-ASCs culture expressed quiescent cells with p63 as marker, but the latter remained
unexpressed in hyperoxic culture. In conclusion, hypoxic preconditioning with 3%
0, concentration supported r-ASCs in sustaining viability before transplantation in

rabbit.

Key words: hyperoxia, hypoxic preconditioning, rabbit, r-ASCs, viability

INTRODUCTION

Sustaining the viability of stem cells is
necessary before transplantation for use in
several diseases, especially in cases involving
degenerative tissues. This viability is what
makes stem cells become adaptive and useful
in achieving successful transplantation
therapies.

The results of the study by Geng (2003)
showed that the viability of mesenchymal stem
cells (MSCs) injected in rats was very low, 99%
of the injected MSCs were already undergoing
apoptosis after day 4. This remarkably low
viability may be associated with the damaged
microenvironment of the tissue or organ,
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(email: rheru_prasetyo@yahoo.co.id)
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failing to confer resilience to the stem cells.
Increasing the viability, then, of transplanted
stem cells is essential in improving the success
rate in stem cell therapy.

The adaptability and viability of MSCs
from bone marrow can be achieved by
subjecting them to hypoxic preconditioning
in vitro culture before transplantation (Safitri
et al., 2013; Safitri et al., 2014a). Hypoxic
preconditioning has proved that MSCs from
bone marrow did not only confer viability
and adaptability but also allowed stem cells
to express quiescence in vitro as observed in
vivo. Stem cell quiescence in vivo is known to
inhabit the system long-term (Safitri et al.,
2014b).

The long-term maintenance of MSCs
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depends on the interaction with their optimal
niches, especially specific microenvironments
(Arai and Suda, 2008). The specific
microenvironments with optimal niches is
critical to ensure lifelong tissue maintenance
and to protect the stem cell pool from senescent
cells (premature exhaustion) (Tsai et al,
2011), and apoptosis (Wang et al., 2008) under
various stresses.

This study was conducted to determine
the viability of rabbit adipocyte stem cells
(r-ASCs) subjected to hypoxic preconditioning
in vitro with 3% oxygen concentration. This
study serves as a new approach in sustaining
viability in -ASCs, based on the unaltered
expression of CD90+, CD44+, and CD45- and
quiescent cells expression with p63 as marker.

MATERIALS AND METHODS

Animal studies were performed in
accordance with the procedures approved
by the Animal Care and Ethical Clearance
Committee of the Faculty of Veterinary
Medicine, Universitas Airlangga. Experiments
also conformed with the National Research
Council’s guidelines (239-KE) through an
ethical seminar. The research was conducted
at an experimental laboratory within the
Institute of Tropical Diseases and Veterinary
Medicine Faculty, Universitas Airlangga.

Isolation and culture of r-ASCs

Adipose tissue was first aspirated from
the peritoneal region of one 6-month old male
rabbit (New Zealand strain). Aspirate was
stored and kept at 4°C and transported to
the experimental laboratory at the Institute
of Tropical Diseases, Universitas Airlangga
for in vitro culture. Adipose tissue was first
washed and separated from the mixture of
stomach fluid, blood and fats, and further
separated using a sterile separator funnel.
Samples were washed with sterile saline
solution and heated at 37°C repeatedly until
clear. The funnel was reversed for 4-5 min then
closed; its position was kept still for 3-5 min
to allow for separation. For tissue digestion,
the same volume as that of the sample was
prepared, along with warm sterile saline
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buffer containing 500 CDU/mi} (equivalent to
0.5 Wunsch units/ml) of collagenase. Washed
fat was poured from the separatory funnel into
a sterile bottle which can hold four times the
aspirate volume. Saline buffer or collagenase
mixture was added, covered and placed on
a warm shaker that was prewarmed at 35-
38°C for 2045 min. Frequency and amplitude
of the shaking was set at a point that would
allow mixing but prevent the separation of the
floating adipose tissue from the collagenase
hiquid.

Tissue was then transferred into a sterile
glass separatory funnel and allowed to settle
for 5-10 min to begin phase separation. The
next stage of the stopcock was opened, and
the non-floating fraction, through a sterile 265
mm filter, was obtained in a sterile beaker.
Aliquots of the non-floating solution were then
collected in a beaker glass and placed in a 50
m] centrifuge tube and mixed at 400 g for 5
min at room temperature with low to medium
speed. Supernatant aspirate (top layer) was
slowly poured in a tube without pellets from
the cell. Finally, the suspension was filtered
in a 100 mm cell strainer and collected in a
sterile tube (Rantam ef al., 2009).

In vitro r-ASCs culture in hypoxic and
hyperoxic preconditioning

Samples were centrifuged, then
supernatant and cell suspension were
aspirated and transferred into a 100 pl
stromal inoculation of the cell medium placed
in a plate. About 500 mg of adipose tissue
were added with stromal medium until the
container was full. Seventy-two hours after
plating, aspirate was added in the medium.
Next, the cell was washed with pre-warmed
PBS (1% antibiotic added in solution), doing
an up and down pipetting to gently clear the
cells from tissue and blood cell fragments.
Fresh stromal medium was added, just until
well capacity of culture plate was reached.
The subsequent medium was changed every
2-3 days until the cell has formed confluence
of 80-90%, then the cells were harvested. This
wasg done by removing the medium well first
and storing it in a sterile tube under sterile
media conditions to be used for subsequent cell
culture applications. Next, 250-500 nl of cells
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were added to the sterile warm PBS, letting the
PBS be above the cell for 2 min. Furthermore,
PBS was mixed with 500 pl trypsin/EDTA
solution (0.5%) and incubated for 5-10 min. At
this point, observation under the microscope
showed that 90% of the cells were removed.
Five hundred pl stromal medium were then
added to fill the serum in solution. This was
used to neutralize trypsin reaction.

The medium which contains the cell
suspension was transferred from the well into
a sterile tube, centrifuged at 300 g for 5 min.
Small amounts of aspirate of supernatant
and cell suspension were mixed with stromal
medium. Furthermore, a counting process was
done using a cell dilution aliquot in trypan
blue (for a 1:7 dilution; 12.5 pl cell suspension
was added for every 87.5 pl trypan blue. Cells
were counted using a hemocytometer. After
this, cells were placed back in the appropriate
culture plate cells (Rantam et al., 2009).
Passage was conducted thrice, then cells were
subjected to two preconditioning treatments:
(1) hypoxic chamber with only 3% O, placed in
an incubator with 5% CO,; and (2) hyperoxic
environment with 20% O, concentration.

Flow cytometry observation of CD90+
and CD44+ expression

Flow cytometry analysis was utilized
to determine the expressions of CD90+ and
CD44+. First, fat-free aspirate was centrifuged
at 6000 rpm for 15 min at 4°C.The precipitate
was mixed with cytoperm/cytofix two times
the amount of cell number obtained. This
mixture was centrifuged again and formed a
supernatant and a pellet. BD wash was added
to the pellet at four times the amount of cell
number obtained from the first centrifugation.
Mixture was centrifuged and added with lysis
buffer at the amount twice that of the first
obtained cell number. Subsequently, labeled
antibody was added to each sample, arranging
five tubes at once and processing in a similar
manner. Wash tube was added with single
staining with CD90 FITC and double staining
with CD44 PE and CD45 PerCP. Finally, all
samples were stored in 4°C in a darkroom
and were analyzed with flow cytometry for 1 h

(Macey, 2007).

LAPORAN PENELITIAN

PROGRAM INDUCE PLURIPOTENT...

Immunocytochemical analysis

Immunocytochemical (ICC) analysis was
performed to determine the expression of
p63 as marker of quiescent cells. Before the
ICC methods were carried out, cytological
preparation and further examination through
immunocytochemical technique using
monoclonal antibodies p63 was conducted.
Observation on p63 expression was done
using a light microscope. P63 expression is
indicated by the number of cells with brownish
chromogen discoloration (Kumar and Rudbeck,
2009). ‘

Immunofluorescence analysis

Immunofluorescence analysis was
performed to determine the expression
of quiescent stem cells using p63 protein
as marker (Safitri el al., 2014b). After
hypoxic preconditioning of r-ASCs, indirect
immunofluorescence was done to detect p63
protein expression. The r-ASCs cell culture
was harvested, placed in a 15 ml tube and fixed
with methanol. After 15 min, each culture
was coupled with a rabbit anti-p63 protein/
P51A polyclonal antibody reagent, FITC
conjugated primary antibodies (bs-0723R-
FITC-Biossusa), were washed with PBS, then
dropped on an object glass, and analyzed
under a fluorescence microscope (Rantam et
al., 2014).

Statistical analysis -

Expressionsof CD90+and CD44+with flow
cytometry and p63 with immunocytochemical
method were statistically analyzed using
SPSS 15 for Windows XP with the level of
significance set at 0.01 and confidence level at
99%. Comparative hypothesis testing was done
by testing data normality with Kolmogorov-
Smirnov test, doing homogeneity of variance
test, analysis of variance (ANOVA), and post-
hoc test (least significant difference test) using
Tukey’s HSD at 5%.

Phenotype expression results were
analyzed by immunofluorescence. Phenotype
expressions analyzed were done on p63
expression as the marker for quiescence stem
cells.
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RESULTS AND DISCUSSION

The level of expressions of CD90+, CD44+,
and CD45-incellsanalyzed with flow cytometry
showed that under hypoxic preconditioning
in 3% O, concentration, r-ASCs culture were
undifferentiated. Meanwhile, under 20% O,
concentration, cells differentiated, as indicated
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by the decreased expression of CD90+ and
CD44+ (Fig. 1A-1C).

Based on Figure 1, the phenotype showed
no significant differences between hypoxic
treatments and control, suggesting that
stem cells cultured in this study remained
undifferentiated. Attaining undifferentiated
cells was one of the main objectives of this
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Fig. 1. Flow cytometric analysis of rabbit
adipocyte stem cells (r-ASCs). A:
culture under hypoxic preconditioning
(3% O, concentration) showing positive
expression of CD90+ and CD44+
(85.50%) and negative expression
of CD45-; B: control, r-ASCs before
hypoxic  preconditioning  culture,
showing positive expression of CD90+
and CD44+ (75.56%) and negative
expression of CD45-; C: culture under
hyperoxia (20% O, concentration),
showing positive expression of CD90+
and CD44+ (51.91%) and negative
expression of CD45-.
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study, since this is a key characteristic of
long-term maintenance in stem cells. The
results of this study is consistent with the
report of Halim et al. (2010), which stated
that undifferentiation is one of the unique
characteristics of stem cells that sets it apart
from other cells of the body.

The  existence of this unique
undifferentiated stem cells means that the in
vitro cell culture in this study can survive much
longer than the progenitor or the mature stem
cells. This is based on the studies by Takubo
(2012) and Elliason et al. (2010), where they
emphasized that long-term maintenance
(LTM) must be manifested by stem cell
cultures to ensure the viability of transplanted
stem cells. LTM, according to both researchers,
can be attained when the stem cells are in the
GO phase when transplanted. GO stage is the
stage in which cultured cells are not bound
to undergo the rest of the cell division (G1/S/
G2/M) (Hermitte et al., 2006; Arai and Suda,
2008). According to Morrison and Spradling
(2008), Mohyeldin et al. (2010) and Suda et
al. (2011), this stage is characterized by the
presence of dormant or quiescent cells, and
it is likely to occur if there is a conducive
microenvironment for the stem cells.

Theuniquefeature of stem cellsisits ability
to make it possible for any undifferentiated

cell to become any kind of cell upon

transplantation. This is the case of stem cells
in vivo, such that, when under undifferentiated
conditions, cells can differentiate into more
than one cell type (multipotent/pluripotent).
Thus, if undifferentiated cells’ viability in
vitro can be sustained, then cells that need to
be transplanted can differentiate into any type
of desired cell.

Immunocytochemical staining and
immunofluorescence analysis enabled the
expression of p63, the wviability factor of
mesenchymal stem cells. This positive
expression was evident in r-ASCs cultured in
hypoxic preconditioning at 3% O, concentration
(Fig. 2A and 2B). Meanwhile, p63 expression
was absent in cultured cells subjected to 20%
O, concentration (Fig. 3A and 3B).

Hypoxic preconditioning at 3% O,
concentration caused r-ASCs to remain
undifferentiated and viable. This feature in
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stem cells is important to ensure long-term
tissue maintenance (Arai and Suda, 2008) and
to protect the stem cell pool from premature
exhaustion or turning into senescent cells (Tsai
et al., 2011) and undergoing apoptosis (Wang
et al., 2008). The lifelong maintenance of stem
cells largely depends on the interaction with
their specific microenvironment called niche
(Arai and Suda, 2008).

In this study, hypoxic preconditioning with
3% O, concentration in vitro niche resembles
the in vivo microenvironment. Specifically,
under hypoxic preconditioning, inducible
factor-1a (HIF-1a), 2 transcription factor, is
stabilized. This means that HIF-1a levels are
elevated in stem cells, which regulate their
metabolism (Simsek et al., 2010; Takubo et al.,
2010).

The one mechanism relating to the
favorability of hypoxic conditions for stem
cell maintenance is the oxygen-dependent
hydroxylation of amino acids on specific a
subunit of the hypoxia-inducible transcription
factors (HIFs) (Watt et al., 2009). The
activity and stability of HIF-la protein
subunits eventually allow their targeting for
proteosomal degradation. In this study, as
oxygen levels drop below 3%, hydroxylation
becomes inhibited, stabilizing the HIFla
subunits to bind with HIF18, and then bind
to hypoxia response element (HRE) in target
genes, and, in association with transcriptional
co-activators, turn these genes on. .

Genes activated by HIFs include those
encoding proteins involved in cell proliferation,
selfrenewal and survival. Self renewal markers
like SOX2 and OCT4 sustain undifferentiated
state (Mohyeldin et al., 2010).

Being undifferentiated is the basic
characteristic of ASCs. In this study,
undifferentiated state is indicated by the level
of CD90+, CD44+, and CD45- expression in
r-ASCs culture. Flow cytometric analysis of
r-ASCs culture under hypoxic preconditiong
with 3% O, concentrations showed positive
expression of CD90+ and CD44+ (85.50%)
(Fig. 1A), which was not significantly
different (P>0.05) with the control (before
hypoxic preconditioning). The control group
showed positive expression of CD90+ and
CD44+ (75.56%) (Fig. 1B). Meanwhile, under
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Fig. 2. Rabbit adipocyte stem cells (r-ASCs) cultured under hypoxic preconditioning (3% O,
concentration). A: Immunocytochemical analysis: positive expression of p63 (red arrow
head) expression of p63 (red arrow head); B: Immunofluorescence analysis: positive
expression of p63 (green fluorescence).
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Fig. 3. Rabbit adipocyte stem cells (r-ASCs) cultured under hyperoxia (20% O, concentration).
A: Immunocytochemical analysis: negative expression of p63 (red arrow head); B:
Immunofluorescence analysis: negative expression of p63 (absence of green fluorescence).
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hyperoxia (20% O, concentration), CD90+
and CD44+ expression was less pronounced
(51.91%) (Fig. 1C).

This study shows that hypoxic
preconditioning with 3% oxygen concentration
enabled the maintenance of viability in
r-ASCs before transplantation, as evident in
the unaltered expressions of CD90+, CD44+,
and CD45- and expression of quiescent cells
with p63 as marker.
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