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GLOSSARY 

 

PCR 

 

Polymerase Chain Reaction. Molecular technique to amplify a 

single or multiple copies of a piece of DNA over several orders of 

magnitude. 

RFLP 

 

Restriction Fragment Length Polymorphism. A variation in the 

length of restriction fragments formed from a certain restriction 

enzyme in a sample of DNA 

AON 

 

Antisense Oligonucleotide. A synthetic polymers which are created 

from 15-20 chemically-modified deoxynucleotides or 

ribonucleotides in an antisense sequence (3′ → 5′), complementary 

to the sense sequence of an mRNA. 

Centrosome 

 

An organelle close to the nucleus of a cell that consist of the 

centrioles and from which the spindle fibers develop in cell 

division. 

LCA 

 

Leber Congenital Amaurosis. A genetic disorder that mainly affects 

the retina and cause severe visual impairment to blindness. 

 

 

 

 

 

 

 

 

 

 

 

 

 



xix 
 

ABSTRACT 

Background: Leber congenital amaurosis (LCA) is an autosomal recessive retinal disorder, 

characterized by an early-onset visual loss, amaurotic pupils, and retinal degeneration. Only a 

few studies have been described about Indonesian LCA patients. Pre-clinical studies have 

shown that antisense oligonucleotide (AON) restored the aberrant splicing caused by a 

recurrent intronic mutation in the CEP290 gene. This study combined diagnostic study in 

Indonesian LCA patients and in-vitro AON-based therapy for LCA.  

 

Methods: CEP290, CRB1, GUCY2D, and AIPL1 genes were screened in 4 LCA patients from 

3 unrelated families by amplification refractory mutation system (ARMS) PCR or Sanger 

sequencing. Meanwhile, 29 different AONs (GT1 to GT29) with two chemistries were 

designed and tested by RT-PCR, Western blot, and immunocytochemistry. 

 

Results: Three variants were found in AIPL1 gene: p.E318G, p.R324R, and p.G11G. 

Interestingly, p.E318G was predicted as a disease causing mutation by MutationTaster 

program while p.R324R and p.G11G were predicted to cause a splicing alteration by ESE-

finder splicing prediction. On the other hand, from 29 AON tested in this study, 4 AONs 

worked efficiently in correcting the aberrant splicing, increasing the CEP290 protein, and 

restoring the cilium length, at low concentrations. 

 

Conclusions: The molecular genetic analysis of Indonesian LCA patients in this study 

revealed three new candidate variants as a LCA causative mutation in AIPL1: p.E318G, 

p.R324R, and p.G11G. From 29 AONs tested in this study, GT2, GT3, and GT4 were the 

most efficient. Remarkably, these AONs shared the same chemical modification. 

 

Keywords: Leber congenital amaurosis, splicing mutation, antisense oligonucleotide, CEP290 

 

 

 

 

 

 

 



xx 
 

ANALISIS MOLEKULER PADA PASIEN LCA INDONESIA DAN 

KOREKSI PROSES SPLICING SECARA IN VITRO UNTUK LCA 

TERKAIT CEP290 

WIDYA EKA NUGRAHA 

ABSTRAK 

Latar Belakang: Leber Congenital Amaurosis (LCA) adalah suatu penyakit genetic yang 

diturunkan secara autosomal resesif dan ditandai dengan hilang penglihatan sejak dini, pupil 

yang amaurotik, dan degenerasi retina. Penelitian tentang pasien LCA di Indonesia masih 

terbatas. Sementara, studi pre-klinis menunjukkan bahwa penggunaan antisense 

oligonucleotide (AON) dapat mengembalikan transkrip abnormal pada mutasi gen CEP290 

yang menjadi penyebab tersering penyakit LCA. Penelitian ini menggabungkan studi 

diagnostik pada pasien LCA Indonesia sekaligus koreksi proses splicing secara in vitro 

menggunakan AON. 

Metode: Strategi identifikasi mutasi melibatkan gen CEP290, CRB1, GUCY2D, dan AIPL1 

pada 4 pasien dari 3 keluarga yang berbeda. Teknik molekuler yang digunakan yaitu 

amplification refractory mutation system (ARMS) PCR atau Sanger sequencing. Sementara 

itu, 29  molekul AON yang berbeda (GT1-GT29) diuji-coba menggunakan teknik reverse 

transcriptase (RT) PCR, Western blot, dan immunocytochemistry. 

Hasil: Ditemukan tiga varian pada gen AIPL1: p.E318G, p.R324R, dan p.G11G. Varian 

p.E318G diprediksi sebagai mutasi penyebab penyakit dengan program MutationTaster 

sementara varian p.R324R dan p.G11G diprediksi menyebabkan gangguan proses splicing 

oleh program ESE-finder splicing prediction. Studi fungsional menunjukkan bahwa dari 29 

AON yang diuji-cobakan. GT2, GT3, dan GT4 merupakan AON yang paling efisien dalam 

mengoreksi proses splicing, meningkatkan protein CEP290, dan mengembalikan panjang 

cilium pada konsentrasi minimum. 

Kesimpulan: Analisis molekuler pada studi ini mengungkapkan tiga kandidat varian baru 

sebagai mutasi penyebab LCA untuk gen AIPL1: p.E318G, p.R324R, dan p.G11G. Dari 29 

AON yang diuji, GT2, GT3, GT4 adalah yang paling efisien. Ketiga AON memiliki kerangka 

molekul yang sama. 

Kata kunci: Leber congenital amaurosis, mutasi splicing, antisense oligonucleotide, CEP290.      

 




