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RINGKASAN 
 
DWI BUDIONO. Perkembangan Embrio Partenogenetik Mencit yang Dikultur 
pada CHIR99021 sebagai Sumber Koloni Primer Parthenogenetic Embryonic Stem 
Cells (pESC). Dibimbing oleh ARIEF BOEDIONO, MOKHAMAD FAHRUDIN, 
dan NI LUH PUTU IKA MAYASARI. 
 

Parthenogenetic embryonic stem cell (pESC) merupakan sel punca (stem cell) 
yang berasal dari inner cell mass (ICM) embrio partenogenetik fase blastosis. 
Kelebihan stem cell ini dibandingkan dengan stem cell lainnya adalah sifat 
pluripotensi dan self renewal yang baik. Kendala kultur pESC adalah kemampuan 
embrio partenogenetik untuk membentuk blastosis masih rendah. Selain itu, 
blastosis partenogenetik yang dihasilkan memiliki kualitas yang rendah. Hal ini 
tentunya memengaruhi efektivitas kultur koloni primer dan cell line dari pESC. 

Tujuan penelitian ini melakukan produksi blastosis partenogenetik dengan 
penambahan CHIR99021 sebagai inhibitor glycogen synthase kinase 3 (GSK3) 
yang berkaitan dengan mekanisme aktivasi jalur Wnt/β-catenin. Tujuan kedua 
adalah membandingkan kuantitas dan kualitas blastosis partenogenetik yang 
dikultur pada CHIR99021 dengan konsentrasi 0 μM, 3 μM, dan 10 μM. Tujuan 
ketiga adalah melakukan kuantifikasi terhadap sekretom basic fibroblast growth 
factor (bFGF), epidermal growth factor (EGF), dan insulin like growth factor 1 
(IGF1) yang dihasilkan oleh sel rat embryonic fibroblast (REF) pada pasase 3, 10, 
dan 16. Tujuan keempat adalah menganalisis kemampuan blastosis partenogenetik 
yang dihasilkan dari kultur yang menggunakan CHIR99021 sebagai sumber koloni 
primer pESC. Tujuan kelima adalah menganalisis kualitas dan pluripotensi koloni 
primer pESC mencit yang dihasilkan. Tujuan keenam adalah menganalisis 
kemampuan koloni pimer pESC yang dihasilkan untuk berdiferensiasi menjadi sel 
somatis. 

Mencit betina berusia 3 bulan disuperovulasi menggunakan penyuntikan 
pregnant mare serum gonadotropin (PMSG) dan human chorionic gonadotropin 
(HCG). Sebagian dari mencit yang disuperovulasi dikawinkan dengan pejantan dan 
sisanya dibiarkan tanpa perkawinan. Oosit mencit dikoleksi 14 jam 
pascapenyuntikan HCG. Oosit yang dikoleksi kemudian diaktivasi menggunakan 
medium yang mengandung strontium klorida (SrCl2) 10 mmol/l dan sitokalasin B 
5 μg/ml. Zigot partenogenetik kemudian dikelompokkan menjadi 3 berdasarkan 
medium kulturnya (kelompok CHIR99021 0 μM, CHIR99021 3 μM, dan 
CHIR99021 10 μM). Zigot hasil fertilisasi digunakan sebagai kontrol positif. Kultur 
dilakukan selam 4 hari. 

Sel REF dihasilkan dari metode kultur eksplan. Conditioned medium (CM) 
sel REF pasase 3, 10, dan 16 dikoleksi kemudian dilakukan enzyme-linked 
immunosorbent assay (ELISA) untuk mengukur konsentrasi bFGF, EGF, dan IGF1. 
Tingkat pasase sel REF dengan nilai sekretom terbaik akan digunakan sebagai 
feeder cell pada kultur koloni primer pESC. 

Blastosis kelompok kontrol, CHIR99021 0 μM, dan CHIR99021 3 μM 
kemudian dikultur menggunakan feeder cell REF. Kelompok CHIR99021 10 μM 
tidak digunakan sebagai sumber koloni primer pESC karena memiliki kualitas yang 
tidak berbeda nyata dibandingkan dengan kelompok CHIR99021 0 μM dan lebih 
rendah dari kelompok CHIR99021 3 μM. Koloni primer dikarakterisasi dengan 



 

 

metode pewarnaan imunositokimia menggunakan antibodi anti-Nanog, Oct4, dan 
SSEA1. Selain itu, karakterisasi juga dilakukan menggunakan pewarnaan terhadap 
alkaline phosphatase (ALP). Koloni primer didiferensiasikan dengan cara 
memperpanjang masa kultur tanpa menggunakan leukemia inhibitory factor (LIF).              
Diferensiasi dilakukan selama 14 hari. 

Hasil penelitian ini menunjukkan bahwa aktivasi partenogenesis 
menghasilkan zigot partenogenetik diploid yang ditandai dengan 2 pronukleus. 
Senyawa CHIR99021 3 μM mampu meningkatkan pembentukan blastosis 
partenogenetik secara nyata (p < 0,05) bila dibandingkan dengan kelompok 
perlakuan yang lain. Kualitas blastosis yang dihasilkan juga meningkat secara nyata 
(p < 0,05). Tingkat pembentukan dan kualitas blastosis partenogenetik mengalami 
penurunan (p < 0,05) karena peningkatan CHIR99021 menjadi 10 μM. Sekresi 
growth factor bFGF sel REF pasase 10 dan 16 lebih tinggi (p < 0,05) dari pasase 3. 
Sel REF pasase 16 mensekresi EGF paling tinggi dibandingkan pasase 3 dan 10 (p 
< 0,05). Konsentrasi IGF1 yang dihasilkan oleh sel REF pada semua tingkat 
pasase tidak berbeda nyata (p > 0,05). 

Kelompok CHIR99021 3 μM mampu menghasilkan nilai AR dan PR yang 
tidak berbeda nyata dibandingkan dengan kelompok kontrol (p > 0,05). Hasil 
karakterisasi menunjukkan bahwa semua kelompok perlakuan mengekspresikan 
Nanog, Oct4, dan SSEA1. Kelompok CHIR99021 3 μM mengekspresikan ALP 
paling baik. Hasil diferensiasi menunjukkan bahwa semua kelompok mampu 
membentuk embryoid body-like, sel-sel neuronal, dan sel-sel glia. Sel 
cardiomyocyte-like hanya terbentuk pada kelompok CHIR99021 3 μM. 

Simpulan dari penelitian dalam disertasi ini adalah penambahan CHIR99021  
3 μM dalam media kultur memberikan hasil peningkatan blastocyst rate yang 
efisien. Penambahan CHIR99021 sebanyak 3 μM pada medium kultur mampu 
meningkatkan kualitas blastosis partenogenetik yang dihasilkan. Sel REF pasase 16 
menghasilkan bFGF dan EGF yang cukup tinggi untuk mendukung kultur koloni 
primer pESC. Blastosis partenogenetik yang dikultur menggunakan CHIR99021 3 
μM mampu menghasilkan koloni primer yang sama baiknya dengan blastosis 
fertilisasi. Koloni primer pESC yang dihasilkan mengekspresikan pluripotensi yang 
baik dan mampu berdiferensiasi menjadi embryoid body like, sel-sel neural, dan sel- 
sel cardiomyocyte-like. 
 
Kata kunci: blastosis, CHIR99021, embryonic stem cells, koloni primer, 

partenogenetik, rat embryonic fibroblast 



 

SUMMARY 
 
DWI BUDIONO. Development of Mice Parthenogenetic Embryos Cultured at 
CHIR99021 as a Source of Primary Colonies of Parthenogenetic Embryonic Stem 
Cells (pESC). Supervised by ARIEF BOEDIONO, MOKHAMAD FAHRUDIN, 
and NI LUH PUTU IKA MAYASARI. 
 

Parthenogenetic embryonic stem cells (pESC) are stem cells derived from the 
inner cell mass (ICM) of the blastocyst phase of parthenogenetic embryo. The 
advantages of this stem cell compared to other stem cells are its pluripotent and 
self renewal properties. The obstacle of pESC culture is blastocyst rate of 
parthenogenetic embryo is still low. In addition, the resulting parthenogenetic 
blastocysts are of poor quality. This low quality of blastocysts eventually affects 
the effectivity of the primary colony culture of pESC. 

The objective of this study was to produce parthenogenetic blastocysts with 
the addition of CHIR99021 as a glycogen synthase kinase 3 (GSK3) inhibitor 
associated with the activation mechanism of the Wnt/β-catenin pathway. The 
second objective was to compare the quantity and quality of parthenogenetic 
blastocysts cultured on CHIR99021 at concentrations of 0 μM, 3 μM, and 10 μM. 
The third objective was to quantify basic fibroblast growth factor (bFGF), 
epidermal growth factor (EGF), and insulin like growth factor 1 (IGF1) produced 
by rat embryonic fibroblast (REF) in passages 3, 10, and 16. The fourth objective 
was to analyze the ability of parthenogenetic blastocysts produced from cultures 
using CHIR99021 as the source of pESC primary colonies. The fifth  objective 
was to analyze the quality and pluripotency of the primary colonies of mice pESC 
produced. The sixth objective was to analyze the ability of the pESC primary 
colonies to differentiate into somatic cells.  

The three months old female mice were superovulated. Some of the 
superovulated mice were mated with males and the others were left without 
mating. The mice oocytes were collected 14 hours after HCG injection then 
activated using a medium containing 10 mmol of SrCl2 and 5 μg/ml of 
cytochalasin B. The parthenogenetic zygotes were then classified into 3 groups 
based on the culture medium used (group CHIR99021 0 μM, CHIR99021 3 μM, 
and CHIR99021 10 μM). Fertilized zygote was used as a positive control. Culture 
was  carried out for 4 days.  

REF cells were produced using the explant culture method. Conditioned 
medium from REF cells of passage 3, 10, and 16 were collected then ELISA was 
performed on bFGF, EGF, and IGF1. The passage level of REF cells with the best 
secretome values will be used as feeder cells in pESC primary colony cultures. 

Blastocysts from control group, CHIR99021 0 μM group, and CHIR99021 3 
μM group were then cultured using feeder cells REF. The CHIR99021 10 μM 
group was not used as a source of pESC primary colonies because it had a quality 
that was not significantly different from the CHIR99021 0 μM group and was 
lower than the CHIR99021 3 μM group. Primary colonies were characterized by 
immunocytochemical staining method using anti-Nanog, Oct4, and SSEA1 
antibodies. In addition, characterization was also carried out using alkaline 
phosphatase (ALP) staining. Primary colonies were differentiated by extending 
the culture period without using LIF. 



 

 

The results of this study indicated that activation of parthenogenesis 
produces a diploid parthenogenetic zygote characterized by 2 pronuclei. 
CHIR99021 3 μM was able to significantly increase the formation of 
parthenogenetic blastocysts (p < 0,05) when compared to other treatment groups. 
The quality of blastocysts produced also significantly improved (p < 0,05). The 
formation rate and quality of parthenogenetic blastocysts were decreased (p < 0,05) 
due to the increase in CHIR99021 to 10 μM. The secretion of bFGF in REF cells 
passage 10 and 16 were higher (p < 0,05) than in cells passage 3. REF cells 
passage 16 secreted the highest EGF compared to REF cells passage 3 and 10 (p < 
0,05). The concentration of IGF1 produced by REF cells at all levels of passage 
was not significantly different (p > 0,05).  

CHIR99021 3 μM group was able to produce AR and PR values that were 
not significantly different from the control group (p > 0,05). The characterization 
results showed that all treatment groups expressed Nanog, Oct4, SSEA1. The 
CHIR99021 3 μM group expressed the best ALP. The differentiation results 
showed that all groups were able to form embryoid body-like, neuronal cells, and 
glial cells. Cardiomyocyte-like cells only formed from the CHIR99021 3 μM 
group. The conclusion from the research in this dissertation is that the addition of 
CHIR99021 3 μM in the culture medium resulted an efficient increase in the 
blastocyst rate. The quality of the parthenogenetic blastocysts produced by the 
culture system is improved. The REF cells passage 16 produce high enough bFGF 
and EGF to support pESC. Parthenogenetic blastocysts cultured using 
CHIR99021 3 μM were able to produce primary colonies as well as fertilized 
blastocysts. The resulting pESC primary colony expresses good pluripotency and 
is able to differentiate into embryoid body-like, neural cells, and cardiomyocyte-
like cells. 

 
Keywords: blastocyst, CHIR99021, embryonic stem cells, parthenogenetic, 

primary colonies, rat embryonic fibroblasts 
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BSA : Bovine Serum Albumin 
BSC : Biosafety Cabinet 
CDK : Cyclin-dependant Kinase 
CM : Conditioned Medium 
COC : Cumulus Oocyte Complex 
CSF : Cytostatic Factor 
DDR2 : Discoidin Domain Receptor 
DG : Diacylglycerol 
DPBS : Dulbecco's Phosphate Buffered Saline 
EGF : Epidermal Growth Factor 
ELISA : Enzyme-linked Immunosorbent Assay 
ESC : Embryonic Stem Cell 
ES-NP : Embryonic Stem Cell-Derived Neural Progenitors 
FBS : Fetal Bovine Serum 
FGF : Fibroblast Growth Factor 
FSP1 : Fibroblast Specific Protein-1 
GCNF : Germ Cell Nuclear Factor 
GFAP : Glial Fibrillary Acidic Protein 
GM-CSF : Granulocyte-macrophage Colony-stimulating Factor 
GPI : Glycosyl Phosphatidyl Inositol 
GSK-3 : Glycogen Synthase Kinase 3 
gtl2 : Glycosyltransferase-like Protein 2 
HCG : Human Chorionic Gonadotropin 
hESC : Human Embryonic Stem Cell 
ICC : Immunocytochemistry 
ICM : Inner Cell Mass 
IGF-1 : Insulin-like Growth Factor 1 
IGF-2 : Insulin-like Growth Factor 2 
Igf2r : Insulin-like Growth Factor 2 Receptor 
IL : Interleukin 
IP3 : Inositol 3-Phosphate 
iPS : Induced Pluripotent Stem Cell 
ITS : Insulin Transferin Selenium 
IU : International Unit 
JAK : Janus Kinase 
kDA : Kilo Dalton 



 

 

KLF4 : Krupple-like Factor 
LH : Luteinizing Hormone 
LIF : Leukemia Inhibitory Factor 
MAPK : Mitogen-Activated Protein Kinase 
MEF : Mouse Embryonic Fibroblast 
Mest : Mesoderm Specific Transcript 
ml : Mili liter 
mmol : Mili mol 
MPF : Maturation Promoting Factor 
mR1ECM : Modified Rat 1-Cell Embryo Culture Medium 
MZT : Maternal-to-zygote Transition 
NAC1 : Nucleus Accumbens-1 
NEAA : Non Essential Amino Acid 
NeuN : Neuronal Nuclear Antigen 
Oct : Octamer-binding Protein 
OD : Optical Density 
PAF : Platelet Activating Factor 
PBS : Phosphate Buffered Saline 
PBTDK : Pusat Biomedis dan Teknologi Dasar Kesehatan 
PCNA : Proliferating Cell Nuclear Antigen 
PEDF : Pigment Epithelium-Derived Factor 
pESC : Parthenogenetic Embryonic Stem Cell 
pg : Pico gram 
PKC : Protein Kinase C 
PLC : Phospholipase C 
PMSG : Pregnant Mare Serum Gonadotropin 
PR : Primary Rate 
PVS : Perivitelline Space 
qPCR : Quantitative Polymerase Chain Reaction 
RE : Retikulum Endoplasma 
REF : Rat Embryonic Fibroblast 
Rex1 : Reduced Expression 1 
SDF-1 : Stromal Cell Derived Factor 1 
Snrpn : Small Nuclear Ribonucleoprotein Polypeptide N 
Sox : Sry-related High Mobility Group (HMG) Box Containing 
SrCl2 : Strontium Chloride 
SSEA1 : Stage Specific Embryo Antigen 1 
STAT3 : Signal Transducer and Activator of Transcriptation 3 
STO : SIM Mouse Embryo-derived Thioguanine and Oubain Resistant 
TE : Tropectoderm 
Tfcp2l1 : Transcription factor CP2-like Protein 
TGF : Transforming Growth Factor 
TGF-β : Transforming Growth Factor β 
TJ : Tight Junction 
TNAP : Tissue Nonspecific Alkaline Phosphatase 
UTF1 : Undifferentiated Embryonic Cell Transcription Factor 
ZFX : X-linked zinc finger protein 
ZGA : Zygotic Genome Activation 



 

ZO : Zonula Occludens 
μg : Mikro gram 
μM : Mikro molar 
μm : Mikro meter 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




