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IlAB I. PENI)MIULUAN 

latar Bclak:lI1g 

Ilc ngcmbangan Stem Cell s mcrupakan s.a lah sa tu dari 17 lema yang dilclapbn olch 

Uni vers ita s A irlangga scbaga i Rc ncan:l Stmlcgis (Rcnslra) Unair dan Icrtuang pada Rcncana 

Induk Pc nc lilia n (RIP) Universitas Airl<lngga lahuIl 2016-2020. Scpcrti d ikcta hui, stem cells 

sclain dapal Illc lakukan rcpl ikasi dan Illcngh:lsilkan sci-sci berkarastcris tik smna dcngal! sci 

induknya (self renewal), juga mcmpunyai po tensi untuk dapa! bcrd ifcrcns iasi Ill cnjudi sci 

lubuh apapull yang berasa l dari kctiga lapi san cmbrional, scpcrti cktodcnn , mesode rm , dan 

cndodc nn. Potensi mcnjadi keliga lapisall cmbrional ini dikcllal dcngan istilah pillripolcncy. 

Nnmull dcrnikian s ifal pluripolellcy ini mc nurut Rizzino, (2009) hanya dim ili k i o leh 

embryonal stem cells (ESCs) dan tidak pada adult stem cell s. Mc nurut 1·lalim dkk. (2010), 

menycbutkan bahwa diband ingkan adllit stem eells yang bcrsifat multipotent maupun sci 

progenitor yang hanya mempunyai sililt llllipolent, stem ce lls, khususnya ESCs memiliki 

potcl1si eli rerclls iasi yang jauh Icbih bcsm. ESCs yang bcrasal dari inner cell /lUlSS (IC M) 

da lam blastos is bersifat piliripotent, sehingga mampu berdilerensiasi mcnjadi bcrbagai j enis 

sci pcnyusun tubuh dad ket iga lapisan cmbrio nal. Namun sayangnya pcngguniUm ESCs 

dianggap mcJunggar kode erik, schingga pcmanfaatannya untuk tempi tidak di pcrkcnankan. 

O lc h karena itulah, dilakukan bcrbagai upaya agar sirat Pluripotcl1cy dapat diinduks i 

pada ku itur in vitro adult stem ccll s mcla lui program indllce pluripotent slem cells (iPS). Hal 

terscbut menjadi salah satu fokus utama pada pcnclitian adult stem cells, scpcrti halnya yang 

menjadi lujuan utama pada pcnclitian in i. Sccam in vivo, dibuluhkan kcse imbangan an lu m 

difcrcns ias i, apoptosis dan selr renewal dari s tem cc lls yang diregulasi oleh nic hc dari 

microenvironment dimana stem cells bcrada. Mcnurut Barria el 01. (2004), pada kultur in 

vit ro feeder-free, nasib stem cells sela in dipcngaruhi o lch growth filetor, ifl/er/e/lkim atau 

serum , da lam mempcngaruh i kcscimbang:m an tara .w:!! renewal, ·difercnsiasi dan apoptosis, 

juga dipengaru hi ko ndisi yang dibcrikan pada saal proses kultur. 

Sclarna ini program iPS (clah tcrbukti bcrhasil dan mcnghantarkan pcncl1l unya 

pro fessor Yamanaka, scorang ilmuwan dari Jcpang me ndapatkan NOBEL pada lahun 2013 

(Jawa Pos, 2013). Hanya saja program iPS te rscbut dilakukan mc la lui J>Cmanfaatan 

lransfCks i virus dengan 4 faktor transkripsi (OCT3/4, SOX2, C-MYC da n KLF4) yang 

d ikenal scbilgai " kuartct Yamm13ka" . Trans fcks i virus o lch Yamarmka ada lah dcnga n 

Illcnggunakan viru s rclrov ira l (Halim dkk. 20 10). 
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Namu n dcmikia n. tckno logi in i mas ih mcrn il ik i banyak kc lcmahan. scpcrti : I. 

pcnggunaan virus scbaga i vcktor lransfcksi berpolcnsi nlcngak ibalkan tcrjadinya mutas i pada 

sc i somali s (stcm cell s dewasa) ya ng di in feks inya di kcmud ian hari ; 2.kebcrhasi lan transfeks i 

kuartct Ymnanaka pada sel fibroblast hanya mcncapai 0,0 1%, schingga perlu dilakukan 

up"ya lransfcksi sceara bcru lang kali, hal ini Icntll saja tidak cfcktif dan c fi s icn baik dari scg i 

ckonoilli mallpllll waktu ; 3. Efck sam ping yang dapal ditimbulkan dikarenakan pcmanfilatan 

jumlah faktor transkripsi yang terlalu banyak, be ll/Ill lagi kcrja faktor transkripsi ketika slldah 

ditransplantas ikan sccara in vivo ke dalam tubuh manusia tidak mClllungkinkan lagi untuk 

dapat melakukan konl rol atau kendal i. Hal ini dimungkinkan karena sampai saat ini tidak ada 

satupun tcknik yang dapat sepcnuhnya mcngontro/ cksprcsi gcn manusia sceara in vivo; 4. 

Kck hawal iran muneulnya reaksi onkogcnik akib • .'l1 pcmanfaatan penyisipan gcn C-MYC yang 

mcrupakan gcn yang bcrsifat onkogc nik schingga IlI cmunculkan rcs iko tcrjadinya Sllatu 

kcganasan akibat program iPS dikemlldian hari (Hai im, dkk. 2010). 

O leh karcna itulah diperlukan suatu so lusi dan altemalif dalam upaya program indllce 

pluripotent stem cells (iPS) lanpa mclalui pcnyis ipan gc n faklor transkrips i pada be rbaga i 

vcktor. Pada pcnclitian ini program induce pluripotent stem cells (iPS) dilakukan mcla/ui 

pemanfaalan Icknologi fi sis, yaitu melalui pcmbcrian low oksigen tcnsion pada saat kultur in 

vitro. Penelitian sebe lumnya yang telah di lakllkan adalah pcmbcrian low oks igcn tension 

pada MSCs dad bonc marrow pada pasasc zcro dan juga sctclah pasasc ke-3 (Safilri , 2014 ; 

Safitri et al., 20 14). Pada pcnelitian ini pemberian loll' oksigcn tcnsion akan dibcrikan sctcJah 

pasasc ke-9, atau sctclah teIjadi pcrubahan pada stem ce lls baik seeara molckulcr m<lupun 

sccara gcnomik yang dikcllal scbagai late passage. Pada penc litian ini sumbcr stcm ce lls 

beras.,l dari rabbit - Adiposit Mesenchymal Stem Cells (r-AMSCs), yang mcrupakan adult 

stem cell s yang bcrasa l dari sci somatik . 

IlAIl2. TIN.IAUAN PUSTAKA 

Sifat plllripotency pada kultur in vi tro stem cells menjadi sa lah satu fokus 1Iiama pada 

pcnciitian-penclilian adult stem eclls. Sceam in vivo, dibutuhkall kcseimbanga n antara 

difcrc ll siasi, apoptosis dan self renewal dari stcm cells yang dircgulas i o lclt niche dari 

microenvironmen t dimana stem cell s bcrada. MCllunJl Barria el 01. (2004), pada kuhur in 

vitro Jeederjree, nasib stcm cell s se lain dipcngaruhi olch growlh Jactor, intcrlcukins at'lU 

scnlln, da lam mcmpcngaruhi kcseimbangan an tara Je/f rene IVaI, difcrcnsiasi dan apoptosis, 

juga di pcngaru hi kondisi yang dibcrikan pada sanl proses kultur. 

- _.' . 
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Salah satu keseimbangan yang dibutuhkan dalam mempertahankan sifat pluripolenc.y 

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 cells 

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 undifforent 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 Ma"ow-Mesenchymal Stem Cells (BMSCs) (Safitri, 2014). Pada penelitian 

ini identifikasi molekuler secara genomic dalam mempertahankan sifat pluripolenc.y 

dilakukan pada rabbit-Adiposit Mesenchymal 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 akhimya sifat pluripotenty dapat dipertahankan. 

Pendekatan kandidat gen secara genomic terse but seperti extra cellular factor, 

menurut Kolf et aJ. (2007) dan nichemenurut Ami 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 at, 2011; Yamanaka, 2007), Rex-I (Kolf 

et a1., 2007) dan KLF-4(Yamanaka, 2007). 

Bioteknologi di bidang kedokteran berbasis stem cell (sel punca) merupakan suatu 

fenomena yang sangat luar biasa d'i 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 difTerensiasi stem cell mampu meregenerasi sel-
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sel pada jaringan atau organ dari pasien penderita penyakit dengan kondisi medical 

degeneratif. Ide ini "regenerative medicine" meningkatkan harapan jutaan pasien dengan 

penyakit degeneratifdan injury. dimana pengertian regenerasi dari kerusakanjaringan karcna 

pcnyakit atau injury oleh sel-sel yangnormal. Perbaikan organ dan jaringan yang rusak 

melalui mobilisasi dan differensiasi stem cell dapat secara potensial pada bagian yang 

dibutuhkan oleh pasien. meliputi sebagian besar kasus kcmatian dalam suatu negara (Rantam 

et a\., 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 keluar dari berbagai penyakit degeneratif. 

Seperti telah diketahui, penyebab teljadinya 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 (ektodenn, 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 scI. Faktor internal sel mencakup faktor genetik dan epigenetik, sedangkan faktor 

eksternal sci mencakup kondisi lingkungan sekitar sel, faktor pertumbuhan (growth faktor), 

ataupun bergantung pada kebutuhan jaringanl 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 cenl 

ESC) dan stem cell dewasa (adult stem cell). Stem cell embryonik adalah stem cell yang 

didapatkan saat perkembangan individu masih berada dalam tahap em brio. Lebih tepatnya, 

stem ceil ini adalah massa sci dalam (inner cell mass) yang terdapat dalam blastosis. Inner 
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cell masslerbcnluk saal em brio bcrlls ia 3· 5 hari. ya itu sanl blaslos is terbclll uk dan akan 

meng impiemc lltasi kan dirinY'1 ke dalmn dinding rahim. Tahap pcrkembungan sclanjulnya, 

se l·scl in i akan bcrdiferens iasi mcnjadi sc i-sci yang Icbih dcwasa. ya ng mcmi lki kcmam puan 

prol ifcras i dan d ifercnsiasi Y.Ulg Icbih rcndah d iband ingkan SICIll cell clll brion ik. 

Stem sc i c mbrion ik mc rupak;:m awn l dMi sc luruhje ni s sci dalalll tubuh manus ia. Ste m 

ce ll cmbri oni k te rg% ng scbagai stem cel l yang bersif~lI pluripotcn. lnila h ke is tilllcwaan stem 

eell cmbrioni k yang sulit d isa ing i o lc h stem cell jeni s la in . Dcngan dasar s ifat nya yang 

pluripotcn, seeara logis, tidak ada satupun pc nyakil degeneratif yang l idak dapat diobat i. 

Bcrbagai risct yang tc lah d ipublikasikan h ingga saat ini,ba ik in vivo maupun in vitro. 

mcnunjukkan hasil yang mcndukung optimisme ini (Odorico et aI. , da n Wobus and Boheler, 

2005). Sclain s ifatnya yang p luri poten,stem cell e mbrio nik juga Illc mi lik i daya proli ferasi 

yang liggi , tc lo me r yang panja ng, dan akt ivitas enzim telo merasc yang t ingg i. Karena ha l ini 

j uga, tcrapi sci dcngan Illc nggunakan stem cell embrionik rnenyebabka n resiko ti nggi 

terjadinya proliferas i se l yang bcrlebih, sehingga bcujung pada tcrjad inya pembentukan 

tumor ya ng tidak d iinginkan (r cm ct aI., 2000). 

BAB 3. T UJUAN DAN MANFAAT PENELlTlAN 

Tujuan I'cneliti:tn : 

Tujuan dari pencliti an ini adalah mendapatka n stcm cells yang bersifat p luripoten t dan 

tanpa diserta i proses mutasi gen. Mela lu i pcmbcrian low o ksigen tension di harapkan akan 

terjadi proses induce pluripotent s tem cells (iPS), seh ingga s tem ce ll s ya ng d ik ul tur dapat 

dikemb.1llgkan da n berdeferensiasi menj ad i bcrbagai macam jeni s scI baik mcsodenn, 

e ndodcml nmupun ektode ml . Lebih lanj ul, pcmbcrian low oksigen tensio n pada saa.t kultur in 

vit ro juga dapar Illcngatas i proble m yang se lama ini tcrjadi sepcrti rendahnya viab ilitasbaik 

pada sa.1t ditransplantasikan, bcrupa pcmbcnlukan senesce nce ce lls (T5<li e t aI. , 20 11 ), dan 

apoptosis (Wa ng e l aI., 2008) serla pcru bahan rn utasi gen setciah di lransplanlas ikan 

(Szablowska-Gadomska et a l., 20 II ) maupun scbc lu rn ditransplantas ikan (Salitri , 20 14). 

Manf:I:t1 I'cnelithlD 

Manfaat pcnelitian ini ada lah ketersediaan bank stcm ce lls yang bcrsumbcr dari ad ult 

s tem ce lls (ASCs) namun bcrsifat p luripotent layaknya embrio nal s tern ce lls (ESCs), 

sehi ngga dapat d igu nakan ullluk tran splantasi berbagai j e nis sci di sc luruh tubuh ya ng 

dibutuhkan. I-Ial ini perl u d iupayakan dik'lrenak:1Il ESCs d i.mggap tidak Illc menuhi kodc elik 
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dalam progr.llll lransplanlasi sci pada human. I'nda pencl ilian ini sumbcr ASCs ynng 

digunakan <l(lalah bcmsal dari mbbit-ad iposit mcsenchymal stcm cells (r-;\M SCe) . Lcbih 

lanjul stcm cc lls ya ng diproduks i se la in bcrsifiu pluripotcnl j uga lanpa discrtai proscs Illulas i 

gen. Sc lanju\Ilya dari hasil pcnclitian ini da pat Il1 cmbcrikan inlo nnasi ilmiah bahwa program 

iPS didug<l dapal dilakukan TAN P/\ pcmanfaman pcnyisipan faktor-f'hktor transkripsi 

berbagai veklor virus yang mcmpunyai banyak kelcmahan scpcni yang tclah disebutkan pada 

latar bc lakan£. 

BAB 4. METODE I'ENELJTJAN 

4.l.lsolasi r-AMSCs metode Lipos uct ion 

Prcscdur diawali dengan aspiras i dari jaringan adipose yang didapatka n dari sedot 

Icmak (li posuction aspirate) pada dneroh peri toncum dari rabbit strain ncw Zealand, 

kemudian dilakukan pcncucian dan pe rni S!.lha n call1pura n cairan peru!, damh dan Icrnak 

bcbas. l'erniS!.lhan secara spesifik menggunakan corong separator slcril (autoclavc). 

I' cncucian dcngan sal ine stcrii yang dipanaskan pada suhu 3JDC diulang sampai jcmih dan 

corong dibalik 4-5 menil dan ditutup, Sclmuulnya posis i kcmbali dilegakka n dan ditunggu 3-

5 men it un tuk fasc sparation. Selanj utnya dih.lkukan tissue digestion: dis iapkan vol ume y~lJlg 

sama banyak, sa line butTer steril yang hangat, berisi 500 CD UI ml (equivalent dg 0,5 Wunsch 

units! ml) collagenase. Kemudian dituangkan washed fat dari corong sparatory dal am scbuah 

botol ste ril (vo lume tabung 4 x aspi ratc). Lebih lanjut ditam bahkan saline buffcr/ campuran 

co llagenase. IUIUp tabung dan letakkan pada sha ker hanga!, prcwarmed 35-38°C sclarna 20±5 

min, rrequcncydan amplitude dari shaking aka n diset scdcmikian rupa, schingga cuk up unluk 

Illcncegah pcmisahanjaringan adi pose yang rncngapung dari cairnn collagenase. SClciah 

lengkap, digestion dipindahkan pada scbuah glass corong sparas i sterile, dibiarkan Icrjadi 

solution sclama 5- 10 menit agar terjadi filse sc pamsi. T<lhap bcrikutnya stopcock dibuka dan 

ditrans rer se luruh fraksi yang tidak mengapung melalu i filter 265 mm steril dan dimasukan 

da lam beaker steril.Selanju lnya a liquot dari so lution yang tidak mcngapung dikoleksi da lum 

gc las beaker d.lO dimusukkan dalam tabung selrifusc sebanyak 50 ml dan discntrifusc pada 

400 g sc larna 5 menit pada suhu kamar dengan kcccp:ltan low-med ium. KCllllldian pclan

pc lan Illangkan supernata nt aspirate (lOp layer) dalarn labung buangan tanpa mengganggu 

pellet dari sc I. Tcrakh ir suspensidi saring p..'lda sari ngan sc i 100 mrn dan diko leksi dalam 

tabung sleril. 
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4.2. Kultur in Vitro r-AMSCs pada Kondisi Low Oksigcn Tension & Normoksia 

Dilakukan sentrifugasi, kemudian aspirasi supernatant dan suspense sel dalam I 00 ~I 

jnokulasi 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 (I % antibiotic 

ditambahkan dalam solution) dengan pipeting naik dan lurunkan untuk membersihkan sel 

secara perlahan dari fragment tissue dan alau 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 sci 

selanjutnya (dilakukan penyaringan steril sebelum digunakan). Kemudian ditambahkan 

sedikit volume (250-500 ~I) pada PBS hangat steril pada well dan biarkan PBS berada di atas 

sel selama 2 menit. Selanjutnya dilakukan pengulangan PBS dengan 500 ~l Trypsin! EDT A 

solution (0,5%) dan diinkubasi dalam incubator selama 5-10 men it. Verifikasi di bawah 

mikroskop yang lebih dari 90% sel telah terlepas dan kemudian ditambahkan 500~1 stromal 

medium untuk dibiarkan terisi serum dalam larutan untuk netralisasi reaksi trypsin. Transfer 

medium berisi suspensi sel dari well ke dalam sebuah tabung sleril. Disentrifugasi pada 300 

gselama 5 menit. Aspirate supernatant 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 ~I pada suspense sel sampai 87,5 ~l trypan blue). Penghitungan sel menggunakan 

hematocytomoter.Setelah penghitungan, sel dapat ditempatkan kembali berdasarkan kapasitas 

dalam culture plate sel yang sesuai. 

4.3. Observasi secara F1owcytometri 

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 

ekspresijugauntuk menghitung jumlah atau prosentasi keberadaan C044+, CD 90+. CD34-, 

dan C045-. 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 mcsin. Proses ini diatur oleh sistem pengaliran. Setelah hydrodinamics 

terpusa~ masing-masing partikeJ terdorong sampai pada satu atau lebih cahaya. Cahaya 

berpendar berupa pancaran tluoresence ketika partikeJ dilabel tluorochrom (FITC, PE, APC 

atau PerCP-Cy5.5). Pada penelitian ini digunakan beberapa antibody polycJonal seperti: 

Rabbit Anti-CD44IHCAMlPGPl Polyclonal Antibody, PE conjugated Conjugated Primary 

Antibodies (bs-052I R-PE, Biossusa). 

4.4. Karakterisasi secara ImunOuorescence 

Marker r-AMSCs dapat diidentifikasi dengan menggunakan Imunofluorescene 

indirect. Identifikasi terse but dilakukan dengan cam kultur sel AMSCs dipanen kemudian 

dimasukkan ke ~alam tube 15 ml dan difiksasi dengan menggunaka~' metanol, setelah 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 aI., 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 ukuranny~ begitu pula sebaliknya 

semakin banyak jumlah koloni semakin kecil ukuran koloni yang terbentuk. 

4.6. PCR OCT4, SOXl, CD44 

Prinsip PCR terdiri atas tiga tahap, yaitu denaturasi untai ganda DNA, selanjutnya 

annealing (penempelan) primer pada DNA targetnya,terakhir primer extcnsiton 

(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 50OC, 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 peR cDNA yang telah diamplifikasi selanjutnya 

divisualisasikan dengan elektroforesis menggunakan pewarnaan ethidium 

15 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

LAPORAN PENELITIAN PROGRAM INDUCE PLURIPOTENT... ERMA SANTRI



brom ide. Konsenrasi agarose yang digunakan adalah 25% produk PCR ini selanjutnya 

dilakukan sekuensing. 

4.7. Sekuensing DNA OCT4, SOX2, CD44 

Tahapan sekuensing DNA ini meJiputi : Purifikasi produk PCR: yaitu satu volume 

hasil PCR ditambahkan 5 volume PBS,kemudian ditambahkan 10 JlI sodium asetat 3 M pH 5, 

selanjutnya sebagaipengikat DNA, sampel diletakkan pada QIA quick column dan 

disentrifugasi dengan kecepatan 13.000 rpm selama I menit. Supematan hasil sentrifugasi 

kemudian dibuang. Setelah itu ditambahkan 75~1 buffer PE dan disentrifus dengan kecepatan 

13.000 rpm selama I men it Supematan dibuang lalu disentrifus lagi selama I menit pada 

kecepatan 14.000 rpm. QlA quick column dile~an pada tube ependorf 1,5 ml kemudian 

ditambahkan 30 ~I buffer EB tepat ditengah-tengah column dan disentr 75 JlI buffer Peifuse 

selama I menit.Supematan lalu dipindahkan ke tabung baru. Selanjutnya diJakukan Labelling 

: dengan cara dibuat campuran reagen yang terdiri dari 4 ml AmpJiTag FNA polymerase, 

sequencing buffer, DNTPS, dye labeled terminators, 21 ~l produk peR hasil purifikasi, 1,5 

.~I primer dan ditambahkan ddH20 hingga mencapai volume 15 ~I, kemudian divortex. Tahap 

berikutnya dilakukan Presipitasi : pada produk hasil sekuensing sebanyak 15 ~I ditambahkan 

masing-masing 1,5 ~I EDTA, 125 Mm pH 8, 1,5~1 sodium asetat 3M pH 2,5 dan 37,5 III 

ethanol absolut kemudian divortex dan diinkubasi pada suhu 4 OC. 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 ABt 3110 Xl Capillary Sequencer. Fragmen 

DNA dapat divisualisasi karena primer yang digunakan dilabel dengan fluoresses.Hasii 

sekuensing berupa elektroforegram. Tahap akhir merupakan Analisis software hasil 

sekuensing menggunakan Bioedit, BLAST (Basic Local Aligment Search Too) dan c1ustalV 

: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 fi'aoomen DNA yang 

dibaca secara dua arab (forward-reverse) (Hall and Ziedonis, 2007). 

4.8. ADalisis PeDyejajaraD sekueDs geD ocr 4, SOXl, 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 diJakukan 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 at, 2002). 

4.9. Transplantasi pada Hewan Model Degenerative Testis 

Observasi terbadap Libido dan Fertilitas dengan Cara Dikawinkan secara Single 

Matting hAMSCs pada pasase ke-5 yang telahdipersiapkan danditumbuhkan di medium 

DuJbecco's dan FBS 15% dengan 100 U/ml"penisilin-streptomicin (Gibeo, Grand Island, Ny) 

ditransplantasikan pada tikus sebagai hewan model degenerative 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 02 21 % 2. Kelompok Low 02 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 lumlah 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/ml 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 02 21 % 2. Kelompok Low 02 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 Jariogao Testis & Ovarium 

Pemeriksaan histopatoiogis pada testis dan ovarium diawali dengan pembuatan 

preparat histologis. Selanjutnya diJakukan pemeriksaan menggunakan mikroskop cahaya 

dengan pembesaran 400 kali. Pengamatan regenerasi jaringan tubulus seminifcrus dan 

jaringan ovarium didasarkan pada gambaran histologis yang ada. 
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Alur Penelitian Tahun I 

Isolasi r-AMSCs (Liposuction) 

Kultur In Vitro 

-----~--I---= ~~i~en ~enSion (0, S%) 

~------------~ 

I 
1 Obsevasi terhadap CFU Fs 

Kultur In Vitro sampai tahap Monolayer 

1 
Karakterisasi secara Immunofluorscence 

CD44+, CD90+, CD34-, CD45-

Kultur In Vitro sampai Passage ke-9 

Low Oksigen Tension (~5%) 

-------' 
.!, 

Observasi secara Immunofluorscence 
OCT4, SOX2 

1 
Observasi secara Fluocytometri 
CD44+, CD90+, CD34-, CD45-

Pengolahan Data secara Statistika 

Sifat Pluripotent 
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Alur Penelitian Tahun II (2018) 

l Isolasi r-AMSCs (Liposuction) I 
~ 

I Kultur In Vitro Nonnoksia (<h 21%) I 
~-

Kamkterisasi secara immunofluorescence 
CD44+, CD90+, CD45-, CD34-

~ 
Kultur In Vitro Nonnoksia (<h 21 %) 

Sampai Pasase ke-9 

I I 
r-______ ~i ____ ~ v 

Nonnoksia (02 21%) I I Low Oksigen Tension (02 5%) 
i 
----- -- ----- ---- ---'.~ 

.-----~----"-.. - ----~~------- .... -

PCR OCT4 pd 319 bp 

I 
.-~ 

PCR SOX2 pd 551 bp 

Analisis Penyejajaran & Kecocokan 
Hasil Sekuen Oen Sampel 

Dengan Whole Genome di Gene Bank 

1 
Observasi terhadap Hambat Mutasi Gen 
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IlAIlS. BASIL IJAN LUARAN YANG 1) leA "AI 

Iso lasi r-AMSCs melodc Li POSIiCl iol1 

Tclah dilakukan isolasi r-AMSCs IllcJalu i rnclodc liposuction, prcscdur di;jwali 

dcngan aspirasi dari jaringa n adipose yang didapalkan dari scdot lcmak (liposuction aspirate) 

pada dacrah peritoneum dari rabbit slrain new Zca1;lIld. kCllludian dilakukan pcnclic ian dan 

pcmis.1 han campuran cairan perul, darah dan Icmak bcbas (Gam bar I). 

, 

Kultur in Vitro r-AMSCs pad a Kondisi No rmoksia 

Kuhur in Vitro r-AMSCs pada Kondisi Nonnoksia diJakukan sclc lal isola! didapat, 

yang di.l\vali dcngan sislcm scnlrifugasi jicoll gradient density (Gambar 2). Sclanjulnya 

dilakukan pcrncriksaan mikroskopis (Gambar J). 

.ILIJ[ 

~
'UIJT.uAAI' 

...... ~ .. AJIlLAN..,.. 
IVRAIAYA - ..... . -
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G3mbar 2. lsolasi r-AMSCs dcngan siSlcm scnlrirugasijicol/ gradiellt dellsity 

G.unbar 3. I'cmcriksaun mikroskopis dari kul lur Normoksia palla hari kc- I Stlmapai kc-J 

Ku ltur in Vitro r-AMSCs p~lda Kondisi No rmoksill s:unpai Mo nol:lycr 

Ku ltur in Vi tro r-AMSCs pada Kondisi NomlOks ia, observasi dimu!a i dari 

Mononuclcaled ce lls yang tcrkandung datam buOy coal , kcmudian diinkubasi 24 jam smnpai 

MSC\' mclekal pada pelri dish dan bcrbcnluk bulat-bulat dilanj ulkan sampa i tahap monolayer. 

Medium sclanjulnya diganli selia!) 2-3 Imri sampai sc i tcrbcn tuk connucncc. Kctika scl sudah 

connuence 80-90% di lakukan panen sc i. 

KaraklcriS!lsi sceara Imunnuorcsccncc 

Marker r-AMSCs dapal diidc nt ifikasi dengan menggunaka n IIll UIlOnUorescene 

indirect. Idcntifikas i Icrscbut dilakukan dcngml eara kultu r sc i r-AMSCs dipanc n kcmudian 

di llmsukkan kc da lmn lube 15 Illl dan difiksasi dcnga n menggunakan rnetano~, sctclah 15 

mcnit ditambahkan rcagen anti sci dari markcr yang dikaraktcrisasi, yuitu CD44+, CD9O+, 

CD34-. C045- (Gambar 4). Marker Icrsebut dilabcl f lTe. kcmudian dictle i dengall PBS lalu 

d itctcsk,1O pad:'1 obyck glas dan dianalisa di bawah rnikroskop nuorcsccllCe (Rantarn ct a I., 

2008). 
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, i ' sccam 

Kultur in Vitro r-AMSCs pada Kondisi Nonnoksi:. sampai I'ass:tgc kc-9 

Ku hur in Vitro r-AMSCs pada Kondisi Norm oksia dilanjutkan sumpai passage kc-9. 

Med iu lll sclanjutnya diganti setiap 2-3 hari sampai sel terbcntuk connucncc (80-90%) 

scbanyak 9x, sc lanjutnya di lakukan pancn sci dan di bagi mcnjad i 2 untuk kondis i normoksia 

dan low 0 2 tcns ion. 

Kar:tktcrisasi sceam Gcnolpc d:lri CJ)44, OCT4 dan SOX2 bcrd:tS:l rk:11l peR 

Karakterisasi CD44, OCT4 dan SOX2 dari r-AMSCs sccmtl genotype sete lah 

pcrla ku<ln kond isi nonnoks ia dan low O2 tension ini di lakukan rnclalui metoda PCR dan 

sequencing DNA. Karaklcrisasi didasarkan pada fWD step PCR ini bcrtujuan untuk 

Ill cmlapalkan eksprcs i gcn pcngkode C044. OCT4 dan SOX1 ya ng tidak Illcngalam i 

perubahan $Ceara genetik sctelah dibcri pcrlakuan kondisi low O2 tension. Hal ini Illcnjadi 

daS<lr bahwa pcrlakuan low O2 tension lidak mcnycbabkan tcrjadinya pcrubahan pada gcn 

(mutas i gcn), namun scbaliknya mutas i gcn dapal Icrjadi jika kultur dibiarkan telap pada 

kond isi normoks ia. Didapatkan hasil PCR dari gCIl CD44 scbcsar 55 1 bG.\'e pare (hp) 

(Gambar 5), ge n OCT4 scbesar 11 4 bp (Gambar 6) dan SOX2 sebcsa r 3 19 bp (Gam bar 7). 
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Untaian cDNA yang tampak pada Gambar Icrsebu t mcnllnjukkan konscnlrasi jumlah 

sel r·AMSCs yang cukllp Ullluk mengcksprcsikan gen pcngkodc CD44, OCT4 sena SOX2. 

Sclanjutnya di lakukan pllrifikasi dari hasil PCR, kcmudian dilabcling dan disckucllzing unluk 

mcndapalkan SllSllllall basa nllkleOlida gcn pcngkode CD44, OCT4 serta SOX2. 

M Pre 

1 2 3 1 2 3 

r . i ' gen 
tlibandingkan Nonnoksia dan juga pre perlakmrrl. yang divisualisas !>Ceara 
elctrororcsis pada gel agarosc 2% pc'o .. amaan ethidium bromide. Ilasi! mcnunjukkan untaian eDNA 
scbcsilr 55 1 br., M - Marker. 

M 

1 2 3 1 2 3 

_0 .• ' 

Gambar 6. Analisis gen pcngkode ocr4 dengan peR selclah pcrlnkmrn kondis i tow oksigen tension (0:" 5%) 
yang dib;rndingkan dcngan nonnoksia (02 21%) yang divisualisas ik:m sccara clelrororcsis JXld:r gel 
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agarosc 2% pcwamaan c/!Jidi/im bromide. Ilasil mcmn~ lIkkan unlai:m eDNA scbcsar 114 bp., M 
"'Marker 

M 0 1= 21% 

1 2 3 1 2 3 

, ~~~;",,~<;g.;~~~«)t"',%) 
yang dib.1ndingkan dcngan normoksia (02- 21%) yang divisualisas sceam clctroforcsis p:uia gel 
agarosc 2% pcwarnaan cthidium bromide. /lasil nll..'nunjukkan unlaian cDNA scbcsar 3 19 bp., M 
=Markcr 

UnLaian eDNA yang tampak pada kedua gam bar di aLas Illenunjukkan konscntrasi 

jumlah sci MSCs yang cukup untuk mengeksprcsika n gcn pcngkode OCT4 dan SOX2. 

Sclanjulnya dilakukan puririkasi dari hasil PCR. kemudian d ilabc ling dan di sckucnsing un luk 

mendapalkan susunlln basillluk icot ida gcn pcngkodc OCT4 dan SOX2. 

Kar::lktcrisasi C D44, OCT dan SOX2 bcrdas:lrkan Sequencing DNA 

Seqllencing DNA akan mcnghasilkan sekucns DNA ya ng Icrgambarkan mcla lui 

unta ian huru f lambang nuklcot ida scbagai pcnyusull DNA scpc rti ATGC. Tcknik sequencing 

in i mcnggullukan sualu metodc yang dikenal dcngan sc bulan metode Sanger. yaiLu sualu 

metodc yang mcmpcrgunakan lenninas i atau akhir Teaksi sintesis DNA yang spcsifik pada 

skuens ICrlentu dcngan mcnggunakan nukleotida. PeTpanjangan rantai DNA pada metode 

Sanger in i dimu lai pada daerah spcsifi k pada temp late DNA dcngan mClllanfaaLkan primer. 

Primer Icrsebut akan kompiemenler dengan DNA dari sampcl ya ng diobscrvasi. 
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Scqucnzing di lnkukan urlluk k<lraktcrisasi r-AMSCs sccam genotype sctclah r-AMSCs 

dik ult ur dcngan kondi si normoksia dan low 0 2 tcnsion dcnga n tujuan unluk mcndapalkan 

susunan basa nuklcolida gc n pcngkodc CD44. OCT4 an SOX2 ya ng dicksprcsikan o lch r-

AMSCs. Hasil seqllellcillg yang didapal dapm dilih<ll pada Ga rnbar 8, 9 dan 10. 

",--,,,,,,,,,-,,"""'_CIlor .. , 

Gaml:m 8. Data r..lW .w:qltcm:ing susunan basa nuklt:otida gen pcngkodc CD44 

..... ..._.. • ..,...._-...OCT_."" .. ... _, 01. ---., ... _ ... 
Gambar 9. Data raw sequencing susunan basa nukleotida gen pcngkodc OCT4 

.- ....--.. ~--, :-:-~. - "---

Gmnbar 10. Data raw sequencing susunan bn.sa nuklcolida gcn pcngkodc SOX2 
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Hasil raw sequencing pada Gambar 8, 9 dan 10 merupaan visualisasi eleklroforegram 

hasil sequencing dengan menggunakan primer CD44 (Oligo-Macrogen) dengan CD44f= 5'

TCC CAG TAT GAC ACA TAT TGC-3' (21 mer) dan CD44r = '5-CAC CIT CIT CGA 

CTG TTG AC-3' (20mer). primer OCT4 (OJigo-Macrogen) dengan OCT4f= 5'-AGC AAA 

ACC CGG AGG AGT-3' (l8mer) dan OCT4r= '5-CCA CATCGG 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 TIT AGA CTG TA-3' 

(23mer). 

Susunan basa nukleotida yang ditunjukkan pada elekJrojoregram 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 kemumian yang baik. Berdasarkan hasil amplifikasi tersebut, 

anal isis hasil sequencing di atas dapat diJanjutkan dengan melakukan Bioedil menggunakan 

metode Sequence Aligment Editor dengan tujuan untuk menganalisa bioinformatika terhadap 

sekuens DNA, RNA maupun protein. 

Analisis Penyejajaran & Kecocokan Basil Sekuen Gen Sam pel Dengan Whole Genome 

di Gene Bank dan Observasi terhadap Hambat Mutasi Gen 

Rangkaian analisis sequencing dilakukan melalui beberapa tahap, yang diawali 

dengan sequence aUgment (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 sekuensing. anal isis penyejajaran pada penelitian dan 

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

A.~i.gnmer.r. Res'.!l:s 

G!obal DNA aligr..rr:ent agains~ :-erer~n::e molec:u!.~ .l:..lignme!1t: 
?aramcters: Scoring matrix: Linear (Nis:natch 3, Ope::Sap 3, ExtGi.i~ 1; 

Reference molecule: NM 001001391.l, Regier. to 551 
Number of sequences to align: 4 
'rotal 1 engt;..!l-.nL al.i.qn.ecl.~eque."'lc:;es. ... wi.th._qaps: ... 5.6.0. OPl3 
Settings: ~ilari ty si gnificance valu~_~ut~~.~..:.....--?'" _ 60~" . 

Summary of Percent Matches: 
Ref: NM 001001391.1 1 to 551 551 =ps) 

2: 1453441 CD44 (Pre) 1 -:0 503 503 bps; 
3: 1453442 CD44 (5 % 1 1 ~o 503 503 bps! 
4: 1453433 CD44 !2H ) 1 -=0 503 !:C3 bps~ 

.------. 
~7 =~ ~ 
'i5~ 
'70':. 

Gambar II. Analisis penyejajaran didapatkan 3 data kecocokan hasil sekucns gen pengkode CD44 sam pel 
dengan whole genom yang ada di gene bank ( ~ 6()01o) 

CDaoaC_' L 

-=- co .. '" L 
Ci:M4to~ U;Q 2-

CD408t_. 61 
c:a.- co. 5 .• , 6S 

co-.. to,,-:H~' 6L 

CD44C-1 Us. 
CD44co"2-,, Las 
ClD"Mc.O.u.; UL 

c:o.. ... , -.. CD44_'" un 

~'-Z1'" :IS .. 

CllM4Ci1"re) _L 

~lOa'" -:I awoaao.-zs .... 
_. 

~CiI"re) 

_. 
CD40e (0. ,., -ClM<eCOa :0."" ~ 

c:D44C"-J <ll&S 
CD44Co..,., -ClM4(O.2.", se. 

CIM4(Pote) .... 1 
CIN4(Oa,,q 421 

-=-«0.-Z".' 422-

CD44 .... 

_. 
CD&a~'" ~ 

ClM4(Oa :a.,q 
_. 

1 I r T r T 
TCeTCc-rCAAGiA..AdA"nGTACTGICIIGTCAc:=,.tGAC.C'JGCCCA.AJ'G~cv---YTG f~ACc.AAT 

t·CCTCCTc,.A..NG.~AnGT AC"TGCJ'G lCAc,.t'JG.ACC1G CCCAA..Nt::;. CCf"C YeGG ACCAAT 

TCCTCC1"CAAG IV'GAT>GTA~ CIGTCACoOGACCTGCCCA4.AGCCT'C;rGT.cGGACCAAT 

" -:- ~ '1" 't '~O 
TACCA"'AACTA"MGTTAACcG"1G .. 1GGCACCCGCYAeJOGCA.otoCAA.<OCGCG.....m ...... CJ>oGAAC 
... ACCA ... AACT ATlG'n'AACClG -.a A'IOG CACCCIGICYACI'G CJV41VV'GG CIGI rGTACJ'G AAC 

TA~TAACI'ATlGTT.&AC(Z@3A'GGCACCCDCt.AOrGC~~r;G-~~,,~'~~c 

. .,. 'r or "r "" .,. 
AAACCCTGPlGGACA 'TCAA TCC-CAGCAACT cr ACTG Aa:AOGiACC 1G ~ CAG,-cGG. TCTCC 
~CCCTG_ACA..,CAA..,cCCAIOCAAcrCrACrGACG ... CIIOACG"TG_CAG_TCTCC 
AAACq;;lG_ACATCAATCcc.ocCA4CTCT--<cPAGIOIACSACG"IG.l'GCI'GYGGCITCTCC 

'i I zr :Zj 2r i 
~~#JGCAGCACITT CGGItGAcr ACAC:CATCTTCCACACTCACc;T1'CCCACCAC 
CGC:JGG,AA..bGG&:GCIGCAC'TT'TCGlGIIGAC1' ACACCA"rCTTCCACA.C'TCACcrrCCCACCAC 

_AAJ>GG_C;4CA~CSlGI>GJ'.crJ\CI\CC:"TCTTCCACACTCACCTTC"'::ACCAC 

'50 l:M) %'70 2&0 2'90 .).«I 

I I I I I I 
AAACCCAACt:'T'CTGACd aoQlStAC.A-r-rCtC.tJCI4AYC QCaG AC.nCCAC ...... "C.:.G .- AC' CCAAC' 
AAACCCAACCTCTG Ao; A~"CA T'TCCCIGGATC ACCG, ,r.CI'GCAOGG A.~T ACTCCA.I\C 

AAACCCAAcCT~AosAeoAe~~rc~~ArCAcoGA~CA~A~TACTC~C 
3'0 .1_ ~~ ;w.J 3$0 360 
I 1 1 I I I 

TACCAa;dA.CCJl:ii;ACiGCTCATCc.A"'am.cCCc.oI'Cio-Cp.~I'GGTr;CC.6TAcCAc::aCP.caaATC 

TACCAG~A~~~CATCCATaQACCCC~CA~~TCCCA~ACCA~CA~ATC 

TACCAG_ACCG_CTCATCCATC3CII"CCCC_CN'G_"'CCCATACCACGlCA_AT;~) 

3'1'0 .3--10 .)'90 40G ..... 0 "'20 

I I I I I I 
lGAA"'~C"lGGTCACTCAJlGT_A_I\GGTCCCATACCACGC-A<DGATCTlQ"'AT~C 
'lGAAT~CJ&GTCACTCA.t4iIi'TGIGGA.IG~T(;CCATACCA('JCi.CAcGGATC'TGAATC:A"GC 

~AAT~~=GTCACT~~A~~TCCCATAC~CGCA~ATCTGAAT~GC 

0430 ...0 .. ~ 4C:IQ ~70 ..." 

1 I I I 1 I 
__ TCAACACAACTTc_rCCCAI~J\rGCCCCAAA .. rCC:-'GAA"TGGC1GATC 
GG_TCAACACAAcrr~TCCCAT~A_CCCCAAATTCCblilAA_C"lClATC 

_~F_TCAA<;ACAAcrrC1GaTCCCAT~A_<"'.:=CAA.''''C~AA __ Cl'''ATC 

r I 5jV .oj ~i I 
TCCCTCT1GGCCC"lGGCC'T"'rG "''''CTT'GCGG rnG CATCdG 'TCAAC...cG "CIS~ A..AdG"lG 
T ccCTC"'f""T'GG CCC"TOGCC"T'"fG A "r'I'c-"'1GCGCI 'T"T"TG CATCGG "CJ' ... ~~aG Ar4~ iG 
TCCCTCTTUGCCClGGCCT~ATTCTTGCGGTTTGCATCICiCj 'CA.Ac..:GTOCiJUG..-lG 

Gamoor 12. Hasil analisis sekuensing CD 44 dengan menggunakan multiple alignment setelah JX:rlakuan low 
oksigcn tension. 
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TCCCAGTATGACACATATTGCTTCAATGCTTCAGCTCCACCTGAAGAAGATTGTACATCA 

GTCACAGACCTGCCCAATGCCTTTGATGGACCAATTACCATAACTATTGTTAACCGTGAT 

GGCACCCGCTATGTCCAGAAAGGAGAATACAGAACGAATCCTGAAGACATCTACCCCAGC 

AACCCTACTGATGATGACGTGAGCAGCGGCTCCTCCAGTGAAAGGAGCAGCACTTCAGGA 

GGTTACA --- TClIIIACAC --- CTlTTCTACTGTACACCCCATCCCAGACGAAGCCAGT 

CCCTGGATCACCGACAGCACAGACAGAATCCCTGCTACCAGAGACCAAGACACAT --~C 

CACCCCAGTGGGGGGTCCCATACCACTCATGGATCTGAATCAGATGGACACTCACATGGG 

AGTCAAGAAGGTGGAGCAAACACAACCTCTGGTCCTATAAGGACACCCCAAATTCCAGAA 

TGGCTGATCATCTTGGCATCCCTCTTGGCCTTGGCTTTGATTCTTGCAGTTTGCATTGCA 

GTCAACAGTCGAAGAAGGTG 

Gambar 13. Whole genom CD44 

Berdasarkan analisis penyejajaran didapatkan 3 data kecocokan hasil sekuens gen 

pengkode CD44 sampel (pre, 02 5% dan ~ 21 %) dengan whole genom yang ada di gene 

bank (Gambar 13). Namun demikian, pada kultur nonnoksia (~ 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 (Gam bar 12). 

Hasil analisis sekuensing, analisis penyejajaran dan whole genom OCT4 pada 

penelitian ini dapat dilihat pada Gambar 14 - 16. 
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10 20 30 .act SO 60 
I I I I I I 

NIt 00Z101.S 1 IUCAAAACCOiGGIGTCCClEGACATCAAJUCTCT6ClGAAlGAACT<&IGCAATTiG 

acr4 (o.sJ) 1 --------------------------------------. GAAlGAACTailGCAATTlG 
;OC1'4 (Oz. 1 ---------------------.-._--_._-.--_._._------------------_.-
OCT~ 1 I6~CCQ;6AG6IGT -----------------------------------------..., .... 

NMoomJ.S i1 
acr4 (o,.s", 61 
ocr4 (OaM) 1 
0Ct4f 

---------------------------------------------------------_.-
so 90 lOll 110 
I I I I 

CCAlGCTCClGAAiCIGAlG1&GATCACCClUGATATACACltiGCCJiA1G1&G 
CCAlGCTCClGAlGClGA/IGIGGATCAcccaGATATACAClliGCCliA1GlGG 
---·GCTCClGAlGClGA/lGISiATCACCCt&ATATACAClaiCc&A1G1&G 

1«r41 1 -------------------------------- 6ATATA~CCliAnirna 

Gambar 14. Analisis sekuensing OCT4 menggunakan mliitiple alignment. 

Alignment Results 

Alignment: Global D~~ ali~unent against reference mOlecule 
Parameters: Scoring matrix: Linear (Mismatch 2, OpenGap 4, ExtGap 1) 

Reference molecule: Nt-! 002701.5, Region 1 to 114 
Number of sequences to align: 5 
Total leng:th ... oL.aUgO.eQ .s~ql.l~nces.wi.th .ga.Q~ :_ . .l.1.4_ .. b.R~. __ .. ; 
Settings: i_~~l.a..::i ~)' .. ~i~i~!.ca.~_cev~l~e cu.~~~~-=--~:"~~J 

Summary of Percent Matches: 
Ref: N~l 002701.5 to 114 114 bps) 

2: 1453445 OCT 4 ( 5%) 1 to aO aO bps) 
3: 1453446 OCT4(2l%} 1 to 50 5~ bps) 
4 : Oct34-F 1 to 18 18 bps) 
5: i-Ocd4-R 1 to 21 21 bps) 

i 70% I 

'-~3%-

15% 
18S; 

Gambar 15. Analisis penyejajaran didapatkan 1 data kecocokan hasil sekuens gen pengkode OCT4 
sampel dengan perlakuan low O2 tension 5% dengan whole genom di Gene Bank ( ~ 

60%). 

AGCAAAACCCGGAGGAGTCCCAGGACATCAAAGCTCTGCAGAAAGAACTCGAGCAATTTG 

CCAAGCTCCTGAAGCAGAAGAGGATCACCCTGGGATATACACAGGCCGATGTGG 

Gambar 16. Whole genom OCT4 
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Berdasarkan analisis gen pengkode OCT4 dengan PCR setelah perlakuan low ~ 

tension (~ 5%) yang dibandingkan dcngan nonnoksia (~ 21 %) dan divisualisasikan seeara 

eletroforesis pada gel agarose 2% dengan pewarnaan ethidium bromide, ketiga sampel 

menunjukkan untaian eDNA sebesar 114 bp. (Gambar 6). Namun demikian berdasarkan 

analisis penyejajaran hanya didapatkan I data kecocokan hasil sekuens gen pengkode OCT4 

sampet dengan whole genom yang ada di gene bank (Gamhar 16). Satu data yang eoeok 

tersebut adalah pada sampel yang dikultur low <h tension (~ 5%). Kecocokan data 

didasarkan pada similarity significance value cui of yang harus ~ 60% (70% pada kuttur 02 

5% ), sedangkan pada kultur normoksia (02 21 %) similarity significance value cut of < 60% 

(hanya 43%). 

HasH analisis sekuensing, anatisis penyejajaran dan whole genom SOX2 pada 

penelitian ini dapat dilihat pada Gamhar 17 - 19. 
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IWI_'" 
SO)G Io.~ 
SOX2 (OamQ 
5OlQ..f 
I-mIQ-R 

NNumllli 
SOla lo,,.) 
SOX2 lOa 2..,., 
SOXZ..f 
f.iOXHt 

• fiM_OAIOi 

SOXlP&;IM: 
SOXZ~,.t 

sma.f 
a.sox:z.a 

NM_OOHOi 
soxa (o,~ 
SOX2 [~21" 
SOJaof' 
r..5OQ.R 

RM_aanaG 
SOX2 (0a;'J'A) 
5O)Q (Oz 2UiJ 
sowa., 
I-SIDQ.R 

10 2D JO '"' ~ 60 
I I, I I I I 

1 GcrlGTCTCCAlSCIi AOiAAAAAAA1& nn AATATT16CAA6CAACTli16TAC/ii TAT 

1 ------------------------------------------- ACTTTVGTACAGTAT 
1 ----------------------------------------------------------
Il 6CTIGTCTCCAJ&<&AmAA ------- ------- -------------- --- ----- --

----------------------------------------------------------
11' ao 90 100 llO 1210 
I I I I I I 

61 nAT<&tGATAAACAlGGCAATCAAAA'iGTCCAn6mATAl'iCIGIGAATl'TGCCAAT 
16 TTATa.'iMSATAAACATGGCAATCAAAA'lGTCCAT16TTT ATAAGCTG fGAATTTGCCAAT 

130 • .to Ir .68 110 ISO 
I I I I I 

U1 ATlTTTCAPGG""AGGCTTCTlGC'l'GAAT1T1GA.TT(1'I;(I4('1GMAnTAlMAe,eGTT 
15 ATTTTTCA.l6GI6JG6CTTCTlGClGAATJ1l6ATTClGCJGClGAAATTTAiGACJGTT 

1 ---------- ------- ------ - ------- -----15C11fiC1&AAAlTTJGGACNiTT 

I'IID, • 110 1» UO -:!AU 
I I - I I I 

111 GCAAAOilGAAAltGAI4AAAATTAlTCAAAlTIaIACATTTTAA"Gli1TTAAAAATJ6TA 
Ui iCAMQi1GAAlVGIV4iMMTTAlTCAAAmwACAlTTTMMmMAMmiTA 

2A 6CAAAo;1GAAANSAJGAAAATTAlTCAAA~ACAmr.AA1SGm AAAAATT6TA 

I 160 yo yo r f 
UA4A1iCiAAAAAA1TNiAA~AA1iTAC1&GCJiAACCATCTC16166TCTnimA.Ab..6.ItifJ 
CII!IJI.A66ilAAo..u.TTIt:lJAATAASTAe1S3OSAACCATCTC16TGGTCTTGmAo AA~ 

14 CJI.~.IVG6AAAAAATT#GAATAl6TAClGIiiCliAACCATcrC16lG&TCT1GTTT AAANGi 

%41 
1M 

J1r 
sat GCAAAAGT1TIIGAC'lGTA 
Z!6 GCAAAAGTTTTIGACI&-

1M GCMA.eGTTTTI&AClG-

1 GCAAAASTnTISAClGTA 

Gambar 17. Analisissequencing SOX2 menggunakan multiple alignment. 
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AliCJIlllle1lt Results 

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

Reference molecule: NK 003106, Region 1 to 319 
Number of sequences to atign: 6 
Total lenath of alianed seauenceswitb aaDS: 319005 
Settings:· Silailar.ity_s~~i!!~e _!a!~ __ ~~()~f~_ ~ 60% 

SUnmary of Percent Hatches: 
Ref: NM 003106 Ito 319 ( 319 bps) 

2: SOX2(5%) 1 to 250 ( 250 bps) 
3: SOX2(2lt} 1 to 160 . ( 160 bps) 
4: Sox2-F Ito 20 ( 20 bps) 
5: i-Sox2-R 1 to 23 ( 23 bps) 

c-, 
\ 18% : 

41% 
6% 
7\ 

Gambar 18. Analisis penyejajaran didapatkan I data k.ecocokan basil sekuens gen pengkode SOX2 sampel 
dengan perlakuan lowOksigen tension (0:!=5%)dengan whole genom di Gene Bank ( ~ 60%). 

GCTAGTCTCCAAGCGACGAAAAAAATGTTTTAATATITGCAAGCAAcnnTGTACAGTAT 

TTATCGAGATAAACATGGCAATCAAAATGTCCATTGTTTATAAGCTGAGAATTTGCCAAT 

ATTTTTCAAGGAGAGGCTTCTTGCTGAATTTTGATTCTGCAGCTGAAATTTAGGACAGTT 

GCAAACGTGAAAAGAAGAAAATTATTCAAATTTGGACATTTTAATGGlTTAAAAATTGTA 

CAAAAGGAAAAAATTAGAATAAGTACTGGCGAACCATCTCTGTGGTCTTGlTTAAAAAGG 

GCAAAAGTTTTAGACTGTA 

Gambar 19. Whole genom SOX2 

Berdasarkan analisis gen pengkode SOX2 dengan peR setelah perlakuan low oksigen 

tension (02 5% ) yang dibandingkan dengan nonnoksia (02 21 %) dan divisualisasikan seeara 

eletroforesis pada gel agarose 2% dengan pewamaan ethidium bromide, kedua sampel 

menunjukkan untaian eDNA 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 (Gam bar 19). Satu data yang eocok 

tersebut adalah pada sampel yang dikultur low oksigen tension (~ 5%). Keeocokan data 
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didasarkan pada similarily significance \'lillie C/il of yang hanls ~ 60% (78% pada kultur 0 ] 

5%). scdangkan pada kultur normoksia (0:1 2 1 %) similarily significance mIlle CIII of < 60% 

(= 47%). 

5.1. Luar:1I1 I'cnclitian y:lIIg I)icap:'li 

I. Mcngikuti Seminar Intcmasional Sympos ium on Natural Mcdic inc di Convcntion Center 

l3ogor yang diadakn oleh Uivcrsitas !PB pada tu ngga l 24 ~25 Agustlls 2017 sebagai 

pcmakaah poste r (Pada Tahun I). 

2. Mengikuti Seminar Inlernasiona l T he 2nd Veterina ry Medicine Inte rnati ona l Conrcrence 

20 18 in Co llabration with AI)PRC~OHCC yang d iadakan olch Faculty of Veterinary 

Meieinc, Uiversitas Airlangga pada tangga l 4-5 July 20 18 se baga i pemakaah Oral (rada 

Tahun 2). 

3. Accepted padajumal tcrindeks Scopus : 

a. Biochemical and Ce ll ular Archi ves, ISSN : 09725075, Publis her: DR. P.R.Y ADA V 

TillIe: Hypoxic Precondition for Induce Piliri polency of Rabbi t's Bone Marrow
Derived Mesenchyma l Stcm Cc ll s 

b. Veteri nary World, ISSN/ ElSSN : 0972-8988/223 1-091 6, Publisher: Veterinary 

World . 

T itlle: Quiescence cells, p63 , which is regulated by hypox ia-i nducible f..l ctor 20., very 

c ruc ia l fo r the function of spennatogon ial stem cc llio repa ir testicular failure 

and infe rtility 

c . Phi lippine Journal o f Vete rinary Sc ience 

Tillie: Viability of Rabbit Adipocyte Stem Cells (r-ASCs) C ultured Unde r Diffe rent 

Oxygen Concentrations In Vitro 

BAil 6. RENCANA TAHAJ'AN BERIKUTNY A 

Pcnclitian yang tclah dilakukan pada tahun pertama (20 17) tclah tcrse lesaik<lll 100%, 

ya itu isolasi, kultur dan karaktc risasi dari Rabbit Adi pocyte Mese nchymal Stem Ce lls (r

AMSCs) serta karaktcrisasi duri sifal pluripotcnt stem ce lls. Proses karaktcrisasi yang, te lah 

d ilakllkan be rupa obscrvasi terhadap marker pcnanda pcnnukaan, sepcrti CD44+, CD90+, 

CD34- dan CD 45- melal ui metode immuno nuoresccnce ulltlik mcmastikan bnhwa sel 
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Icrscbul adalah sc i MSCs dan juga Illclalui mctodc flUocytolllclri unluk Il1cmaslkan scI yang 

dibcripcrlakuan ow 02 5% lidak Illcngaiami pcrubahan sctclah diobscrvasi pada pasase 9. 

Sclanjulnya karaktcrisasi Icrhadap morfologi dari Colony Fa nning Uni l-Fi broblast (CFU-Fs) 

dan sifal pluripotent stem cells di lakukan sctclah diku ltur kondi si low O2 5% da n 

dibandi ngkan dcngan kult ur konvensiona l nOO1lOksia O2 2 1 %. Karaktcrisas i pluripolensi 

didasarkan pada dua marker spcs ifik, scpcrti SOX2 dan OCT4 melal ui melode 

immunoOuorescencc. 

Dcmik ian halnya pcnciitian pada tahu n kc·2 ini juga sudah tcrselesaikan 100% 

bcrupa obcrvasi tcrhadap hambatan proses mutusi gcn sClclah dikultur pada kondisi low 

oksigcn tension. Hambatan mutasi gcn didasarkan pada eksprcs i genotype gcnes OCT4, 

SOX2 da n CD44+. Eksprcsi genotypcgenes OCT4, SOX2 dan C044+ bcrturut turnl bcrupa 

untaian eDNA scbcsar 11 4 bp, 319 bp dan 55 1 bp. Kccocokan data didasarkan pada 

simi larity significancc va lue cut ofT::: 60% bcrdasarkan ana lisis pcnycjajanm dan kecocokan 

has il sckucns gen pcngkodc sampcl dengan whole genom yang ada di gene bank. 

Rcncana lahap bcrikutnya (pada tahun kc·3 dan kc-4) ada lah observas i hasi l 

transplanlasi stem cc lls yang dikultur low oksigcn tcnsion dan d ibandingkan dcngan ku ltur 

konvcnsiona l pada bewan coba tikus, baik jantan dan bctina. 

BAB7_ KESIMI'ULAN I)AN SARAN 

Kesilll P1l1:111 

Pluripotency stem cells ya ng disertai hambatan tcrhadap mulasi gen dapa! dicapai 

rnela lui pcmbcrian low oksigC11 tension 5% pada saal proses kullur in vitro 

I>ada tahlln ke· 1 : Pluripotency dilandai dcngan dua marker spcsifik, scpcrti SOX2 

dan OCT4 melalui metodc inllnunonuorescenee yang scbell/mny'-l tcJah diamali Icrhadap 

morfologi dari Colony Fonning Unit-F ibrob last (CFU-Fs) yang khas scrta undiffercnsiasi 

dari stcm ce lls mclalu i pcmcriksaan nowcytomelri tcrhadap CD90+ dan C044+ baik denga n 

C045- maupun C034· . 

I>ada tahun kc-2: Hambatan mutasi gen didasarkan pada cksprcsi genotype ge nes 

OCT4, SOX2 da n C044+. Ekspresi genotypcgcnes OCT4, SOX2 dan C044+ bcrturut turut 

berupa untaian cDNA sebcsar 114 bp, 3 19 bp dan 55 1 bp. Kccocokan data didasarkan pada 

sim ilarity significance valuc cut ofT::: 60% bcrdasarkan analis is pcnycjajaran dan kecocokan 

has il sckuens gen pcngkodc sampcl dcngan whole genom yang ada di gcne bank 

I .1 L 17'----
nutJlITUAAl< I ...... , .. _,;, ua ~ 

l IUItA'AW4 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

LAPORAN PENELITIAN PROGRAM INDUCE PLURIPOTENT... ERMA SANTRI



• • 

• 

, , 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

LAPORAN PENELITIAN PROGRAM INDUCE PLURIPOTENT... ERMA SANTRI



S:lnlll 

Perlu dilakukan pcnclitian Innjutan agar hasil Imnsplanlasi stelll cells yang dikllitur 

low oks igcn tension dan dibandingkan dengan klillUr konvensional pada hewan coba tikus, 

baik jantan dan bctina yang Illcnga lamiinfert ilitas. 
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lQl:tieseeflee eells. ~{;3, whieh is fegulaled hy hy~eKia ittdHeible feeter 2a, is efHeiaI-f&F 

SfleFm8tegeaial stem sell wastieR te impre';e testis failure and ittfeltili~Il'~" Veterinary 

World, 11(8):0-0. 

Abstract 

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

by hypoxia-inducible factor 2« (H1F2«) is crucial for spermatogonial stem cell (SSC) 
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unction to improve testis failure and infertility. 

l1aterials and Metbods: Stem cells were transplanted into male rat which testicular failure 

las been induced infertile, compared with negative and positive control. ~n the first treatment 

:Tl) group, 10 male infertile rats were transplanted with stem cells from normoxia culture 

:~ 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 (~ 1% concentration) for 4 days with a dose of 200 million cells/rat; in the negative 

control (TO-) group, 10 normal male rats (fertile rat) were injected with 0.1 cc phosphate 

butTer saline (PBS); and in the positive control (TO+) group, 10 male infertile rats were 

injected with 0.1 cc PBslwiPS) 

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

with a dose of 200 million cells/rat (12 group) were transplanted!. is effeefi'le as a trealmeRl 

fer testis faihtre Md infertile male ef rat based en tI:Ie quiessenee sells (pe3) 8118 SSCs 

~fJFeSsjeA, whieh is reglliated by HIF2a. F'urthermere, the tubulus seminifeFtlus tubule ef 

testis alse geellrs impf9'ielllent, in eluding Serlel;, be,'Eiig, speFfllategOllium, SpeFmat9El)'te 

prilllaFy Seeefl811FY, and spermatid eell~~P7). 

Conclusion: The quiescence cells, p63, which is regulated by HIF2a. from hypoxic 

precondition culture with 1% ~ concentration for 4 days with a dose of2oo minion cells/rat 

is crucial for sse function and effectively as a treatment for testis failure and infertility in 
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lale rats. 

'eywords: hypoxia, infertility, p63, quiescence cells, spermatogonial stem cells. 

:Hl >Iotroduction 

;tem cell transplantation renders promising results for testicular tissue regeneration of male 

nfertility with testis failure [1.2]. However, ~he tFeatmeRt has limited emeaey due ta law ef 

;t;em sells viaaility ' .... 85 tmnsplante~~l [3-5]. The low viability of the stem cells is 

illegedly due to the nonnoxia culture with high oxygen tension (OY-20%). 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. )t takes effort to create compliance with the dosage through several 

times of transplantation (boosteqLEloIPII), 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 (021-3%) and maintain viable and adaptive 

conditions when transplanted [2]. This condition was caused by long-tenn maintenance 

[15.16] and called as quiescence stem cells [17-19]. The quiescence cells, p63, which is 

allegedly regulated by hypoxia-inducible factor 2a (H1F2a), is crucial for the function of 

progenitor stem cells. The quiescence cells occur when the stem cells reside in Gap zero (GO) 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

LAPORAN PENELITIAN PROGRAM INDUCE PLURIPOTENT... ERMA SANTRI



!nd do not go into the cycling state (GapI/SintesislGap2IMitosis) [20] and undifferentiated 

state [21] but arc still in the proliferation [221. 

In the testicular tissue, hypoxic conditions (1-3% O2 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 HIF2a, is 

crucial for SSC function to improve testis failure and infertility. 

<Hl>Materials and Methods 

<H2>Etbical approval 

All the experiments including animal works were approved by Ethical Committee vide 

Ethical Clearance KE (Komisi Etik Penelitian), No: 239-KE, Animal Care and Use 

Committee (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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rhe aspirate from bone marrow was transferred into sterile 15 ml tubes, then rinsed twice 

.vith sterile phosphate buffer saline (PBS) 5 ml, and filled up to a total volume of to mt. The 

:Ii luted sample was loaded over the same volume of Ficoll (Biowesl) 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-ml 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 suspensio!l. 

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) ¢;igmalEI2V1lJ). Mononucleated cells were plated in 10 cm2 with approximately 

2x 107 cell number and incubated at 37 °C in a humidified atmosphere containing 5% C~ for 

24 h to let the cells adhere. After 24 h, mcdia and non-adherent cells were discarded. 

Adherent cells were rinsed twice using 5 ml of PBS. About 10 ml offresh 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 IO-ml PBS, after which to 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 subculture [24}. Passage was conducted 3 times, and then, 

cells were divided into two hypoxia precondition treatments of 1 % in hypoxia chamber inside 

a 5% C~ incubator, while another treatment was the use of 21 % oxygen concentration 
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nonnoxia) during 4 days. 

'H2>Infertile rat model 

~at 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 [25,2tij. /The uimals 

medel was used in this skiEly afe male Fats (Re"IH5 RfJF¥egieNS), Wisler str-ain Md 23Q 3QQ g 

.. 
bedy weight eseh, 8 I Q week eld Md healthy eenditie~IbEt4{Plsl. 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 metbods 

IStem eells • .... eFe transplanted inle male Fat whish testieular failure has been indused iafeFlile. 

eempered with negative and pesiti..,e eeRtre!IHMIPI1I. In the first treatment (TI) 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 cells/rat; in the second treatment (1'2) 

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 (TO-) 

group, 10 nonnal 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. 

IAfter 33 days, male rats were e*eised Ie eelleet testiele tissU~11.l1l8~PI91. The testicular tissue 
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mprovement was observed by histopathological preparations with hematoxylin eosin (HE) 

,tai~~ Immunohlstoehemieal (1He) oeservatiofl was l'leFfol"med to detefffiille ttle eXJ3Fessiotl-&f 

)()3 as Eluieseellce cell markel/fu;2{f)P2I), HIF2-a as crucial factor for SSCs, and SSCs as 

)f()genitor 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 

Testicular tissue iml'lFa'lemellt .... <as ideRti"ed b)' speAflategellia; Sertel;, Leydig eells, and 

seminifereus tubule of Itle testes tluougtl hislepalhelegieal e*amiRatio~blmlro\. ~ 

testicular ""alion in I O~~ faFfHaliA,fIQ4l MEl elle tleuf lateF, ill mid testis was iftjeeteEi with 

feflflalin I Q%. IIbH2sJAfter that. rats' testes dehydrated in alcohol solution with a higher 

concentration gradually, i.e., from 70%, 80%, 900/0, 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 parafTm liquid. !Before staining and sectioning, an 

incision using a microtome was made and mounted on glass Objects}W6\. Furthermore, the 

staining was done by removing paraffm with xylol, then put into a solution of alcohol with 

decreased concentration. from, 96%, 900/0, 800/0, and 700/0, and then put it into HE staining 

procedure. The last stage after staining was mounting and put into alcohol to remove excess 

stain. Then, it was put into a solution of alcohol with increasing concentration, from 700/0, 

800/0, 900/0, and 96%, and then put into xylol. Preparations were then covered with a cover 
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rhe media M 16 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 prepared in a 

!letri dish with a volume of 50 JlL as a washing medium and 25 J.1L as an in vitro culture 

medium. The droplet medium was then incubated for 3 h in a 5% COz incubator at 37°C 

before being used for in vitro fertilization [30}. 

In male rats, sperm collection was taken after the rats were killed by cervical dislocation of 

the fourth 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 free the spermatozoa, then placed on M 16, and incubated in an incubator with 

5% C02 at 37°C [31}. 

Before oocyte collection, hormone of pregnant mares' serum gonadotropin (PMSG) and 

human chorionic gonadotropin (heG) was injected intra subcutaneously to stimulate 

superovulation with sequence as follows: On the 151 day of the Oth h, female rats injected 

PMSG 5 IU 0.1 cc to stimulate the process of folliculogenesis and left for 48 h. After 48 h 

PMSG injection, female rats were injected with 5 IU 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 oocytqLElIDP32}. The female rats were killed by 

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

V1] 6 medium was rinsed. ~g ef the eeeyte en the ampe~lIe ef the fallepiBR tu~e t:lHaer 

1ft iRVeFtee miereseepe:Iy;;;fPJ4)[29j. 

c:H3>Jn vitro fertilization 

The owm and sperm were incubated using modified Pasteur pipettes transferred to Petri 

clishes containing MI6 drops fixed with minera1 oil and incubated in 5% CO2 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 sperm were statistically 

analyzed using SPSS 17 for Windows XP with the confidence level 99% (a=O.OI) and the 

level of significance 0.05 (p=O.05). The steps comparative of hypothesis testing are as 

follows: The normality data test with the Kolmogorov-Smimov test, homogeneity of variance 

test, analysis of variance (ANOVA). and post hoc test using the Tukey HSD 5% as the least 

significant difference test. 

<Hl>Results 

Data were collected from 40 male rats which were divided into four treatment: Negative 

control (TO-) group is nonnal male rat (fertile rat); positive control (TO+) 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 (Ch 21% concentration) 

or 4 days, and the second treatment (1'2) group is infertile male rats which were transplanted 

vith stem cells from hypoxia culture (02 1% concentration) for 4 days. In detail, the results 

,f the study are as follows: l=Fha effeeth'el)' ef stem eell therapy from hypoxia preeontiitiefl 

ltiltlue to impre¥e testis faill:lFtl! Md ififeFtility was based erfu:;SiP36}: (1) Expression of p63, 

2) expression of HIF2a, (3) expression of SSCs, (4) regeneration of testicular tissue (such as 

ntact of tubulus seminiferous tissue, formation, of ~ertoli cells, Leydig cells, 

;permatogonium, spermatocyte primary-secondary, and spermatid cells), and (5) 

improvement of fertility rate of sperm in vitro. 

<H2>Tbe expression o(p63 

The mean expression ofp63 in 1'2 group is 27.143b±1.433 (<30%), although the percentage 

is lower than negative control (1'0-) group with value of 51.429"±1.711 (>50%), but the 

percentage is still well higher than Tl group with value of 4286<±0.632 «5%) and the 

positive control (TO+) group was not expressed at all cf±O (0%) (Figure-I and Table-I). 

<H2>Tbe expression of HIFl-o. 

The mean expression ofHIF2-o. in 1'2 group is 31.l5a±1.35, this mean is highest compared to 

the other, respectively, TI, TO-, and TO+ =14.2Sb±0.5, O"±O, and Oe±(} (Figure-2 and Table-

1). t+he-merease of HIF2a expression, along with a decrease of the-&lE)'g6lHleneemmtion 
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lFe'liE!eE!, the lewer ef elfYgeR eeReeRtratieR is gi'/eR, the higher ef Hlf 2e 

• I !?!j3FessI9n\IP;;1I.1-:38) 

o::H2>Tbe expression orsscs 

rhe mean expression ofSSCs in 1'2 grou~is 65.714b:l:1.817 «70%), although the percentage 

is lower negative control (TO-) group with the value of 88.571·:1:1.947 (>80%), but the 

percentage is still well higher than TI group with value of 7.143c:l:O.8S4 «10%) and the 

positive control (TO +) group was not expressed at all Od:l:() (0%) (Figure-3 and Table-I). 

<H2>Regeneration ortestieular tissue 

The microscopic examination showed that the 1'2 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 (TO-) group who did not experience testicular degeneration, which 

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

occurrence of testicular tissue repair.INe! Ole impr9'1emellt iR the fOrm of eell Eiegenerfttien 

spermBlegeRia, Serteli eells aRE! be~'Elig eells aRt! semilliferells tllbliles that are Re lenget' 

iRtaef:p;91LE40)Figure of the damage can be compared with positive control (TO+) group with 

testicular degeneration (Figure-4b, 4c and Table-2). 
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:H2>lmprovemeot of fertiHty rate of sperm 

ipenn fertility of male rat was obtained by taking spenn from cauda epididymis. The spenn 

IS placed in the falcon cup containing the female rat owm that has been injected PMSG and 

~CG and incubated for 5 h in a 5% C~ incubator at 37°C. The fertility rate is calculated 

Oased on many zygote obtained divided by number of owm and muhiplied by lotfAl . .j:J:he 

feRility RUe sf male f8t spefHl after anaiy2ed ene way ANOVA, get the mean sffeRiIi~ Fate 

afSjlefHl male Fat2standaFd de.,ietion eaR be seeR as Table l.fbEUIP421. 

<Hl>DistuSSion 

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 spenn in vitro. 

The identification of protein p63 as a marker of quiescence cells was done through IHC 

methods. IThe differeatiatioa sf stem eells to regeneration based on deereased of ~G3 as 

eom~ared ..... ith the negati'Je eORtral (TIl ) grollffl~:lIP44I. This research has demons~rated that 

T2 group is lower «30%) than negative control (TO-) group (>50%). but the percentage is 

still well higher than T I group with value of <5% and the positive control (TO+) group which 

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

suppressor protein p53. IThe p63 geee has Ilfl abilil)' Ie slistaifl a't'ailability 1a regeaerate 

epithelial slem eells aRd variety ef sells frem ether tissues, is knewa as the 

riRgmasteij~p461. 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. tI"his is because 

p63 genes more directly genes sternness promotes and controlling the stem cell niche and 

undifferentiation Process~P471 ~81The p63 is a key regulator of stem cells that mai~tain a 

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

The mean identification ofHIF2-a in 1'2 group is highest compared to other.IThe iasrease ef 

HIF2a expressien, aleRg wi", a decrease erlbe oxygeR eORcefltf6lieR preYiEled, the lewer ef 

o~eR SORS8RlFatiOR is given, the higher sf HIF2a eJ(pressio~IL!;49IPSOJ. In \·;tro 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 lime by HIF-la [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 regulated by HIF2a from 

hypoxic precondition culture with 1% ~ 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.lusllPS2lThe 

iSCs are progenitors of gennline stem cells which are formed by the differentiation of stem 

;ells. In this study, identification ofSSCs can be done through IHC methods. The expression 

:>f SSCs in the 1'2 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 

Tl group with value <10% arid a positive control (T+) group which is not expressed at all 

(0%) (Figure-3 and Table-I). The previous research showed t~at 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, fonnation of Sertoli 

cells, Leydig cells, spennatogonium, spennatocyte primary-secondary, and spennatid cells. 

The viability stem cells that differentiate into cells will be needed. lin iRH!rtile-eenditiens; 

which aFi~ EiegeRerati'/e testieular tissue will regeflemte if the stem Gells are ~'ia~ps41. 

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

The stem cell survival in animal model 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 ceU 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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)fthe testes can be observed through the method of histopathology anatomy with HE staining 

md then examined with light microscope 127]. The testicular tissue repair is identified based 

)n the regeneration of seminiferous tubule cell which intact (WSIP56I[26]. 

[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-2). !.A.S feF the T1 gFElHp Elees Ret i,ulieate the 

eeeammee eftestieular tisslltH"epai~bwJPS81. Figure of the tissue damage can be compared 

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

<Hl>Conciusion 

The quiescence cells, p63, which is regulated by HIF2a from hypoxic precondition culture 

with 1% 02 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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Table-I: The mean expression of p63. HIF2a, and SSCs in some treatments by 

immunohistochemical method. 

Treatments p63 HIF2-a SSCs 

Negative control (TO-) group: 51.429":1:1.711 2.858":1:0.5 88.571":1:1.947 

Normal male rat (fertile rat) was 

injected with 0.1 cc PBS 
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Positive control (TO+) group: Male J .429"±0.4 

infertile rats were injected with 0.1 

ccPBS 

First treatment (TI) group: Male 4.286c±0.632 

infertile rats were transplanted with 

stem cells from normoxia culture 

(~ 21% concentration) for 4 days 

with a dose of2oo million cells/rat 

Second treatment (T2) group: Male 27.143°±1.433 3I.1Sa±1.35 

infertile rats were transplanted with 

stem cells from hypoxia culture (~ 

I % concentration) for 4 days with a 

dose of200 million cells/rat 

a. ... C.uDifferent 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 spermatogonium number number 

Sertoli Leydig cellS±SD spermatocyte spennatid 

cells±SD cells±SD primary- cellS±SD 

secondary 

cellS±SD 

. 
Negative control (TO-) 30.6sa±1.70 39.5~±1.85 53.25°±2.45 74.25<1±1.65 125.55°±1.50 

group: Nonnal male 

rats (fertile rat) were 

injected with 0.1 cc 

PBS 

Positive control (TO+) 5.353±1.75 7.15a±1.75 14.359± 1.55 30.15a± 1.70 12.253±1.75 

group: Male infertile 

rats were injected with 

0.1 ccPBS 

First treatment (Tl) 12.9SO±1.60 19.35D± 1.65 28.35°±1.45 43.45D± 1.45 30.S0D±1.30 

group: Male infertile 

rats were transplanted 

with stem cells from 

nonnoxia culture (O:! 
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21 % concentration) for 

4 days with a dose of 

200 million cells/rat 

Second treatment (TI) 20.7Sc±1.80 

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 

49.9SCO±1.7S 69.8S""±1.50 8S.2Sc±1.2S 

a.D,c·<lDifferent superscripts in the same column was significantly different (P<O.OOS). PBS=Phosphate 

buffer saline, SO: Standard deviation 

Table-3: Mean fertility rate of male rat sperm±standard deviation. 

No Treatment Mean fertility rate 

(%)±SO 
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I. Negative control (TO-) group: Nonnal male rats 85.25":1:0.130 

(fertile rat) were injected with 0.1 cc PBS 

2. Positive control (TO+) group: Male were injected 0.3Sa±O.l3S 

with 0.1 cc PBS 

3. First treatment (TI) group: Male infertile rats were 18.30D:l:1.40 

transplanted with stem cells from nonnoxia culture 

(0221 % concentration) for 4 days with a dose of 200 

million cells/rat 

4. Second treatment (T2) group: Male infertile rats were 60.10":1:1.80 

transplanted with stem cells from hypoxia culture «h 

1% concentration) for 4 days with a dose of 200 

million cells/rat 

a,b,C,dOifferent superscripts in the same column was significantly different (p<O.OOS). 

PBS=Phosphate buffer saline, so: Standard deviation 

Figure Legends 
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Figure. ': (I\) 1'63 expression (brown) >50% in negati ve control (1'04
) group: Nomlal male 

rats (fertile rat) were injected with 0.1 cc phosphate burTer saline (PBS): {B} p63 expression 

(brown) <30% in sttond treatment (TI) group: Male infertile rats were transplanted with 

stem cells from hypoxia culture (02 1% concentration) for" days wilh a dose of 200 million 

cell s! rat; (C) p63 expression (brown) p63 5% in fi rst treatment (TI) group: Male infertile rats 

were Irnl1Splanled with Slem eells from nonnoxia culture (O! 21% concentration) for" days 

wilh a dose of 200 million cells/rat; (D) The ex pression of p63 is zero (0%) in positive 

control (TO+) group: M,lle infertile rats were injected with 0.\ ec PBS, testis tissue W:lS 

degenerate if. (A·D) Magnification 200x wilh the immunohistochemical method. 
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Figure-2: (A) No expression of hypoxia-inducible factor 2 alpha (I·II F2n) (0%) in negative 

control (TO-) group: Nonnal male rats (fertile mt) were injected with 0.1 cc phosphatc buffer 

saline; (3) HIF2a expression (brown) >30010 in the second treatment (1"2) group: Male 

infertilc rats were transplanted with stcm cells from hypoxia culture (O~ I % concentration) 

for" days with a dose of 200 million cells.! rat; (C) HIF2a expression (brown) <15% in the 

fi rst treatment (T I) group: Male infertile rats were transplanted with stem cel ls from 

nOrlno:.; ia cuhurc (02 21% concentration) for <I days wilh a dose of 20a mi ll ion cells/rat; (D) 

No expression of I-II F2n (0%) in positivc control (TO+) group: Male inferti le rats werc 

injccted with 0. 1 cc phosphate buffer sal ine. (A-D) ~·Iagnificalion 200 lC with the 

immunoh istochemical method. 
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ABSTRACI': UypoDcprecondition in viJro culture can beiDduc:ed of'pIuripotency from MSCsb1rehypoxia niche 1-3% in 
rabbit's boDemarrownside.. lbisstndywas done in two phast'S: First pbase,hypoxia precondition treatmeaton the stem aDs 
aJIture willi several Oz conteDtration (21, I and 3%) and several cultivation time (1, 2, 4, 8 days); SecoDd phase, abaIysis of 
pImipoaem:y based on genolJpeexpressiOD ofOCf4 and son gmes after hypoxia precondition tnatment. The analysis of 
pIuripoteDcy: expression olgenotypeOCf4and son genes from the Ihird groupssampIe,revealedcDNAcbain at 114bp 
(OCf4) and31'bp (SOXl). But iJased on analyses in lIIe SaDIe tine, only 2 groups sample wasCound result geueseqaaaof 
ocr4andSOXlcodesimilaritywith wbolegenom tbatCOUDdingeue haukwas onsample that cultured witbhyposia (I % and 
3 .. 0). The matching orocr4geneseqnenz with tbe data ~ onsimiJarity significanuvalne cot oll'that must ~ 60 .. 
(73% incolture I'll Oz and 65'11 incuJture3%0},eventhough in IIOl'IDOXia cultnre(21 'lI01) similarity signifM2DCe valne 
cutoff < 60% (only 43%). 1hemakhiug orSOXl gene sequenz with the data based on similarity significauce \'aloe cot-alJ~ 
60% (85% in cullur 1% O2 and 3'11 OJ, eventhough in normoDa mIture (21'" O) similarity significmce valne cut 011'< 
60% (only 50%). CondusiolL'i oCthls study: Hypoxic precondition (l % and 3'% 0z) and cultiYation time (2,4, 8 da;ys) in vitro 
cultarecan be induced of'pInripotency rrom rabbit'sMSCs based on genotype expression oCocr4 and son genes with 
similarity slgnificmce ulne cut off that must ~ 60%. 

Key wDTds : Hypoxia precondition, induce pluripotcncy. rabbit's BMSCs.genotypc OCT4 & SOX2. 

INTRODUCTION 

Several studies have reported that in vitro 
conventional culture of rabbit's .bone marrow 
mesenchymal stem cells (BMSc;.s) with high oxygen (02) 
tension (>20%). which have been considered as 
nonnoxia. frequently leads to the fonnation of senescence 
cells (Tsai el al. 20 II), apoptosis (Wang el al. 2008) and 
a gene mutation (G: C to T: A) (Szablowska-Gadomska 
et al. 20 II). This causes loss of stem cells viability before 
transplantation. After being transplanted. stem cells die 
between 93-99% on day 3 to 1 post-transplantation (Toma 
el al. 2002; Geng. 2003; Suzuki el al. 2004; Freyman et 

ai, 2006; Sadek el ai, 2(09). even death may reach 99% 
on the first day post-transplantation (Wang et ai, 2008). 

Therefore, low 02 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 

conditions needed in the place of the stem cells inside 
the body. The mesenchymal stem cells physiology requires 
integral components in the fonn oflow 02 tension of 1-
3% in bone marrow (Chow el aI, 2001). 10-15% in 
adipose tissue (Biuari el al. 2006) and 2-9% in almost 
alt tissues (Gruber el ai, 2010). Therefore, we need a 
conducive environment for stem cells during culture 
process through the provision of hypoxic precondition in 
order to keep its fonn 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 0] concentration of 0-5% (Arai and Suda, 2011; 
Suda et ai, 2011; Simsek el aI. 2011). later in adipose 
stem cells (ASCs) by 5% (Mantymaa, 20 10), neural stem 
cells (NSCs) of 1-5% (Mantymaa. 2010) and Human 
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Cord Blood (HCB) of 3% for 7 days (Ivanovic et al. hypoxiccondilions in several doses of02 (21, I and 3%) 
2004). At mesenchymal stem cells (MSCs). it is done in concentrations by integrating culture flask into a ° concentration of 05-3% (Tsai et al. 2011; Wang et specialized incubator for hypoxic conditions (Modular 
a/~ 2008; Rosova et al. 2008; Hu et al. 2008). Unlil now, Incubator Chamber) cultured for 1. 2, 4, 8 days 
studies are still being conducted in the search for absolute (cultivation lime). 
factor of in vitro niche that is able to control stem cells At this stage the samples MSCs were divided iDlO 

proliferation to remain viable and undifferentiated (Halim three treatment groups each of 10 replications, namely: 
etai,2010),inadditiontopreventapoptosisprocess,the TO group (Control): The third passage of MSCs. in 
formation of senescence cells or gene mutations. If it normoksia precondition (02 = 21%) for 1,2,4, and 8 
can be materialized, even with in vitro pluripotency, the days; Treatment group 1 (Tl): the third passage of MSCs 
availability of stem cells may be produced easily by were given hypoxya precondition (02 = 1 %) for 1, 2, 4, 
researchers and clinicians as a key ingredient in cell and 8 days; and the treatment group 2 (T2): the third 
transplantation therapy (Masarani et ai, 2006; Kilani, passage ofMSCs were given hypoxya precondion (02 = 
2009). 3%) for I, 2, 4, and 8 days 

However, the lack of viability in the form of short 
term maintenance conditions (Takubo, 20l1) of the stem 
cells to be transplanted to patients with degenerative 
disease or injury causes the effectiveness of thinherapy 
be limited (Masarani el ai, 2006). This can be explained 
as follows: physiological environment of stem cells in the 
body requires low ° levels (hypoxia), whereas in vitro 
culture has been carried out under normoxia. Therefore. 
a hypoxic 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, SOX2, NANOG 
(Szablowska-Gadomska et ai, 2011; Neganova et ai, 
2016), REX-I (Kolf el ai, 2007), KLF-4 and c-MYC 
(Neganova et ai, 2016; Takahashi el ai, 2007). However, 
it remains unclear how to create pluripotency cells in vitro 
hypoxic precondition culture before the stem cells are 
transplanted. Therefore, this study was conducted to 
determine 0 concentration (whether 21. I. or 3%) and 
time (whethe~ 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 ZeaIJand) 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 2x 10' cells/cm2 at 10 
dishes with a diameter of 5 cm2. The medium culture 
with IMDM, this medium was containing 15% FBS, 
BMSCs simulator supplements and antibiotics (100 U 
penicillinllOO uglmL streptomycin) at a temperature of 
37°C, 5% CO and 95% air (Rantam and Ferdiansyah. 

2 •• 
2014). Treatment at BMSC" celts was done by provldmg 

Analyses of pIuripotency induction 

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

OCT4 & SOD coding gene expression using PCR 
and DNA sequencing 

Polymerase Chain Reaction (PCR) of OCT4 dan 
SOD 

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 el ai, 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 fr07.en. Centrifugation was done at 
12,000 rpm for J 0 minules, then the supernatant was 
discarded. Furthermore, peJlct resuspension was made 
with 200 PBS and 400 J.1L of lysis buffer was added and 
vortexed for 15 seconds. Then, samples were transferred 
to the filter by pipetting, then centrifugated 8000 g for I 
minute. The next process, 90 JlL DNase was taken with 
a pipette and the buffer was incubated in sterile Eppendorf, 
then 10 f.1l..DNAse was added, mixed and put in the filter, 
and then incubated for I S. minutes at room temperature 
and added with 500 mL wash buffer I and centrifuged 
8000 g for 15 seconds. Then, 500 mL wash buffer n was 
added again and centrifuged 8000 g for 15 seconds as 
well. As much as 200 mL wash buffer II 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). using ethidium bromide staining. Furthermore, the PCR 
Spectrophotometer was done to observe RNA purity product is undergoing sequencing a process to obtain 

and RNA levels to be amplified by PCR. A total of 10 nucleotide sequences. 
mLsamples, which have been added with 690 mL distilled DNA sequencing 
water, was prepared and then vortexed. Subsequently Stages of DNA sequencing of 0CI'4 and SOX2 after 
the samples were transferred to the corresponding hypoxic preconditioning is done through several 
cuvelles of the spectrophotometer and the results were procedures. ie. PCR product purification. labeling. 
observed at wavelengths e = 260 and e = 280 (Martin et precipitation and sequensing as wen as software analysis 
ai, 2013). of the sequencing results. 

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 1 o minutes to denature the RNA. 
The next process to obtain._cDNA was that each sample 
was added with 10 pi MMX, which consists of tube 11 = 
4.4 J.lI tubes; tube I =4pl; tube'2= 0.2pl; tube3=0.4 J.l1; 
tube 4 = 0.4 pi; tube 5 = 0.6 J.lI, mixed up down. not 
vortexed (Rantam and Ferdiansyah. 2014).-

peR 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 accumulation of specific target DNA. Three 
stages in the amplification are: I. 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 J.ll. 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 '(21 mer) and SOX2 primer 
(Oligo-Macrogen) with SOX2f = 5'-'ITG CTG CCT CIT 
GAC TAA TAG GA-3' (23mer) and SOX2r = 'S-CTG 
GGG AAA CIT CTC CTC TC-3' (20mer) respectively 
of 2.5 J.lI; 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 el al. 2014). 

Analysis ofPCR 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 

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 S. 
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 I minute at a speed of 14,000 rpm. QIA quick column 
was placed in 1.5 ml Eppendorf tube, then added with 30 
pi 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 AmpJi Tag RNA polymerase, sequencing buffer, 
dNTPs, dye labeled terminators. 21 mL of purified PCR 
product, 1.5 mL primers and coupled with ddH20 up to 
volume 15 pl. then vortexed. 

During precipitation. sequencing product of 15 J.l1 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 tjom 
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 
Bioedit 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 to assist 
in differentiating bases. The program used for sequence 
alignment is Bioedit and BLAST. The funclion 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 thls 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 ocr4 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 of0CT4 
and SOX2-encoding genes. which were expressed in 
imunofluorescence at 48 bours of treatment (I % and 3% 
°2), but were not expressed at 21 % 02. 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. I) 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 

method, a method that uses the tennination 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 ocr4 and SOX2 coding genes nucleotide base 
art"cUlgement expressed by MSCs. 

The results of the visualization of raw sequencing 
electropherogram results of sequencing using the primer 
OCT4 (Oligo-Macrogen) with S'-AGe OCT4f = AAA 
ACC CGG AGG AGT-3 '(lSmer) and OCT4r=' S-CCA 
GTG CCT TAT CAT CGG ATC-3 '(2Imer) and SOX2 
primer (Oligo-Macrogen) with S'-GCT SOX2f= CTC 
CAA AGT GCG ACG AA-3' (20mer) and SOX2r = '5-
AAG AAAAGT GGC TIT CTG AGA TA-3' (23mer ). 

Nucleotide bases arrangement shown in 
electropherogram 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 
al~gnment 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 (I % and 3% °2), 

which was compared to normoxia (21 % O2) and 
visualized using electrophoresis on 2% agarose gel by 
with ethidium bromide. three samples showed cDNA 
stnmd 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% 02 and 3% O2). 
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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% 02 and 65% at 3% 02 culture), whereas in 
norrnoxia culture (21% 02) similarity significance cut
off value <60% (only 43%). The resullo; of sequencing 
analysis, aljgnment 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 (I % and 3% 02)' 
compared to norrnoxia (21 % O2) 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 resulting 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 % 02 and 3% O2). 

Data matching was based on similarity significance cut
off value that should be ~60% (85% in cultures of 1 % 
O2 and 85% at 3% O2 culture). whereas in normoxic 
culture (21 % 02) similarity significance cut-off value was 
< 60% (only 50%) (Fig. 4). 

In this study. the expression ofOCf4 and SOX2 in 
hypoxic preconditioning 1 % and 3% 02' 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 OCf4 and SOX2 as a transcription factor 
so that MSCs became pluripotential. PCR result of 0Cf4 
revealed 114 ba.o;e pair (bp) (Fig. I) 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 (I % 
and 3% 02) compared to normoxia (21% O2) and 
visualized in electrophoresis on 2% agarose gel with 
ethidium bromide staining. three samples showed the 
cDNA strand of 114 bp (Fig. I) and 319 bp (Fig. 2). 
However, based on the analysis of the data alignment 
revealed only 2 results of OCf4 and SOX2 encoding 
gene sequences samples matched with whole genome in 
the gene bank (Fig. 3). Both matches are on samples 
with hypoxic culture (I % 02 and 3% 02)' Compatibility 
data was based on significance value similarity that must 
have cut-off value ~ 60%. In 0Cf4 sample. 73% in 1% 
02 culture and 65% at 3% 02 culture, in nonnoxia culture 
(21 % O2) similarity significance cut offvalue was < 60% 
(only 43%). In SOX2 sample. 85% in 1% 02 culture and 
3% O2, whereas in nonnoxia culture (21 % O2) similarity 
significance cut-off value was < 60% (only 50%). 

DISCUSSION AND CONCLUSSION 

The results of pluripotency analysis based on 
genotype expression of OCf4 and SOX2 gene.~ by PeR 
and DNA sequencing and phenotypically with 
imunoOuorescence in this study were in line with the 
results of the study of Covello el al (2006) and Forristal 
et al (20)0). 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 OCf4 transcription factors, which is essential for 
maintaining pluripotency. Likewise. another transcription 
factor, such as SOX2 and Nanog, are also regulated by 
lDF2-a (Forristal et ai, 20 I 0). Furthermore. Yu et al 
(2007)wrote that these three transcription factors, 0Cf4. 
SOX2 and Nanog, maintain sternness and suppre.o;s genes 
that cause differentiation. OCT4 and SOX2, two of the 
four transcription factors introduced by Takahashi et ql 
(2006), were firstly found in iPS (induced Pluripotent 
Stem) cells program. 

According to Yoshida et al (2009). the relationship 
between hypoxia, HJF2-a and pluripotency genes such 
as OCT4, SOX and Nanog are crucial to induce 
pluripotent stem cells. because it has been proved that 
hypoxia increases 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 et al. 2008) and the 
dependence on oxygen levels in the appropriate 
environmental conditions. There is a clear functional 
relationship between hypoxia inducible factor and 
sternness with transcription factors altogether in vivo. 
The niche ofNSCs 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 OCf4 
and SOX2 expression, genetically support one of the main 
focuses in the research of adult stem cells in 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 Barna 
el 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 I and 3%. 
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Fig. 4 : SOX2 sequencing analysis using multiple alignmenL NM 003106 -+ SOX2 whole genome. 

Table 1: BMSCs PCR cycle in the heating block (Safim el oJ, 2014). stem cells, in particular ESCs, has potential far greater 
differentiation_ ESCs. derived from the inner cell mass 
(lCM) 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 et ai, 20) 6; 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 confinned by the opinion of some studies 
(Takahashi et ai, 2007; Yu et ai, 2007; Takahashi and 
Yamanaka, 2006; Moheyldin et ai, 2010), that the 
effiCiency of reprogramming in iPS cells in hypoxic 
conditions is very high_ 

No Temperature Time Notes 

I. Room IS minutes RNA Predenaturation 

2. 65°C 10 minutes RNA Denaturation 

3. 37°C 60 minutes DNA Denaturation 

4. 6S°C 10 minutes Advanced DNA 
Denaturation 

S. 6S°C 2 hOUTS 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 (ectodenn, 
mesodenn and endodenn)_ Potential to become these 
three embryonic layers is in general are characteristics 
possessed by embryonal stem celts (ESCs) (Szablowska
Gadomska, 2011). According to Halim et al (2010), 
compared to progenitor cells that have unipotent properties. 
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SUMMARY 
Hypoxic precondition in vitro culture can be induced 

of pi uri potency from MSCs like hypoxia niche 1-3% in 
rabbit's bone marrow reside. The matching of 0Cf4 gene 
sequenz with the data based on similarity significance 
value cut off 73% in culture 1 % 01 and 65% in culture 
3% °1, eventhough in normoxia culture 21 %0, 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 % 02 and 3% °1, eventhough in normoxia culture 21 % 01 similarity 
significance value cut off only 50%. Conclusions of this 
study : Hypoxic precondition 1 % and 3% °1 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 
significance value cut off that must ~ 60%. 
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VIABILITY OF RABBIT ADIPOCYTE STEM CELLS CULTURED 
UNDER DIFFERENT OXYGEN CONCENTRATIONS IN VITRO 
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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% 0: concentration). Samples were divided 
into two groups, one under hypoxic preconditioning and the other in hyperoxia 
(20% 0, concentration). Observations were made through flow cytometry, 
immunofluorescence and immunocytochemical analyses. Flow cytometric analysis 
showed that in r-ASCs hypoxic 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 
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INTRODUCTION 

1 

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. 

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 results of the study by Geng (2003) 
showed that the viability of mesenchymal stem 
cells (MSCs) injected in rats was very low, 990.4, 
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, 

*FOR CORRESPONDENCE: 
(email: rberu...J)rasetyo@yaboo.co.id) 

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 eonCer viability 
and adaptability but also allowed stem cells 
to express quiescence in uitro as observed in 
uioo. Stem cell quiescence in uioo 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 0/., 
2011), and apoptosis (Wang et 0/., 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 or 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 arc repeatedly until 
clear. The funnel was reversed for"'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 

buffer containing 500 CDU/ml (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 20::1:5 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 
liquid. 

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 opene~ and 
the non-floating fraction, through a sterile 265 
mm filter, was obtained in a sterile beaker. 
Aliquots of the non-Hoating solution were then 
collected in a beaker glass and placed in a 50 
m1 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. Ymally, the suspension was filtered 
in a 100 mm cell strainer and collected in a 
sterile tube (Bantam et. 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 pi 
stromal inoculation o£"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% anboiotic 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 
was 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 pI of cells 
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VIABILITY OF RABBIT ADIPOCYTE STEM CELLS 3 

were added to the sterile warm PBS, letting the 
PBS be above the cell for 2 min. Furthermore, 
PBS was mixed with 500 pI trypsinlEDTA 
solution (0.5%) and incubated for 5-10 min. At 
this point, observation under the microscope 
showed that 900;{' of the cells were removed. 
Five hundred pI 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 pI cell suspension 
was added for every 87.5 pI trypan blue. Cells 
were counted using a hemocytometer. After 
this. cells were placed back in the appropriate 
culture plate cells (Rantam et 01., 2009). 
Passage was conducted thrice, then cells were 
subjected to two preconditioning treatments: 
(1) hypoxic chamber with only 3% OJ! placed in 
an incubator with 5% CO2; and (2) hyperoxic 
environment with 200,(, 02 concentration. 

Flow cytometry observation of CD90+ 
and CD44+ expression 

Flow cytometry analysis was utilized 
to determine the expressions ~f CD90+ and 
CD44+. First, fat-free aspirate was centrifuged 
at 6000 rpm for 15 min at 4°C:"The precipitate 
was mixed with cytopermlcytofix 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 ceIl 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). 

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 Rudb~ 
2009). 

Immun08uorescence ~ysis 
Immunofluorescence analysis was 

performed to determine the expression 
of quiescent stem cells using p63 protein 
as marker (Safitri et 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 
Expressions of CD90+and CD44+ with flow 

cytomctry 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 KoImogorov
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 ex pressions of CD90+, CD44+, 
and CD45- in ccUs ana lyzcd with flowcytometry 
showed tha t under hyp0:\-lc preconditioning 
in 3% 0 :,t concentration, r·ASes culture were 
undilTeren t. ia ted. Mcanwhjle. under 20% 0 2 
concentration, cells differentia ted, ns indica ted 
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by the decreased expression of CD90+ a nd 
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Based on Figure 1, the phenotype showed 
no significa nt. differences bet.ween hypoxic 
t reatments a nd control, suggesting that. 
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undifferentia ted. Atlaining undifferentiated 
cc l1s was one of the main objectives of thi s 
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study, since this is a key characteristic of 
long-term maintenance in stem ceDs. 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 s~m cell 
cultures to ensure the viability of transplanted 
stem ceDs. 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 (GllSl 
G2IM) (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. 

The unique feature of stem cells is its ability 
to make it possible for ~y 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 (multipotentJpluripotent). 
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 viability factor of 
mesenchymal stem cells. This positive 
expression was evident in r-ASCs cultured in 
hypoxic preconditioning at 3% 02 concentration 
(F!~. 2A and 2B). Meanwhile, p63 expression 
was absent in cultured cells subjected to 20% 
0 3 concentration (Fig. 3A and 3B). 

Hypoxic preconditioning at 3% 02 
concentration caused r-ASCs to remain 
undifferentiated and viable. This feature in 

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% 02 concentration in vitro niche resembles 
the in vivo microenvironment. Specifically, 
under hypoxic preconditioning, inducible 
factor-l0 (HIF-lo), a transcription factor, is 
stabilized. This means that H1F-l0 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 0 
subunit of the hypoxia-inducible transcription 
factors (lDFs) (Watt et al.. 2009). The 
activity and stability of HIF-lo protein 
subunits eventually allow their targeting for 
proteosomal degradation. In this study, as 
oxygen levels drop below 3%, hydroxylation 
becomes inhibited. stabilizing the HIFlo 
subunits to bind with HIFIB, and then bind 
to hypoxia response element (lIRE) in target 
genes, and, in association with transcriptional 
co-activators. tum these genes on. 

Genes activated by HIFs include those 
encoding proteins involved in cell proliferation, 
selfrenewaland survival. Selfrenewal 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% 02 concentrations showed positive 
expression of CD90+ and CD44+ (85.50%) 
(Fig. lA), 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. IB). Meanwhile, under 
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Fig. 2. Rabbit adipocytc stem cells (r·ASes) cultured under hypoxic preconditioning (3% 0 :r 
concentration). A: Immunocytochcm ic1l J a.nalysis: pos itive expression of p63 (red arrow 
head) expression of p63 (red arrow head); B: Immunofluorescence analysis: positive 
expression of p63 u:reen fluorescence). 

Fig. 3. Rabbit adipocytc stem cells (r-ASes) cultured under hyperoxia (20% 0 .. concentration). 
A: Immu nocytochemica l analysis: negative expression of p63 (red ~rrow head); B: 
Immunofluorescence annlysis: nega tive expression of p63 (absence of green fluorescence). 
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hyperona (20% 02 concentration). CD90+ 
and CD44+ expression was less pronounced 
(51.91%) (Fig. Ie). 

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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