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ABSTRACT  

Mutations in the APC tumour suppressor gene cause Familial Adenomatous 

Polyposis (FAP), a predisposition to colorectal cancer. This condition is characterized 

by adenomatous polyp formation in the colon and rectum which may advance to 

malignancy if not detected and treated early. FAP is 100% penetrant and segregates in 

an autosomal dominant manner. Screening for mutation in the APC gene is part of the 

preemptive genetic screening and risk assessment efforts for individuals with high risk 

of FAP. Knowledge of mutation spectrum that is prevalent in a certain population is 

essential to ensure precise prognosis of FAP by genetic testing. As such, this study was 

done to screen for pathogenic APC mutations in a set of Malaysian FAP patients and to 

reveal more information on the local APC mutation spectrum. DNA from each patient’s 

blood sample were purified and subjected to PCR-SSCP analysis. Each exon of the APC 

gene was amplified by PCR using exon-specific primers. PCR-amplified products were 

then denatured and separated on MDE gel for approximately 16 hours. The gel was later 

stained by silver staining. Samples with distinct band mobility shift were sent for DNA 

sequencing to determine the nature of the sequence variation. Three truncating 

mutations and a single nucleotide polymorphism (SNP) were detected from the 

screening. Two of the mutations detected (c.847C>T and c.1690C>T) are point 

mutations that created premature stop codons while another mutation (c.875-876insT) is 

a frameshift mutation. c.847C>T and c.1690C>T mutations have been reported 

extensively in many cohorts while mutation c.875-876insT is believed to be novel. The 

SNP detected in this study (c.1635G>A), on the other hand, has been reported in SNP 

databases. c.847C>T, c.1690C>T and c.875-876insT are expected to cause truncation of 

the APC protein, which is consistent with other previously reported APC gene 

mutations. Truncated APC protein can only weakly maintain cytoplasmic β-catenin 

concentration at the baseline level. This condition promotes hyperactivation in the 
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transcription of Wnt target genes en route to colorectal carcinogenesis. The novel 

mutation detected here has expanded the knowledge of the APC mutations in the 

multiracial population of Malaysia. This would further assist in the establishment of a 

local APC mutation database that would benefit genetic testing and risk assessment 

strategies of FAP in the future.  

A splicing assay using a minigene expression system was also carried out to 

investigate the effect of c.847C>T (p.R283X) mutation on exon splicing in vitro since 

the mutation was found to reside in an exonic splicing enhancer (ESE) motif. A 

minigene carrying the mutation was constructed using splicing by overlap extension–

PCR (SOE-PCR) technique and cloned into a mammalian expression vector. The vector 

was then transfected into HepG2 cultured cells. mRNA was later extracted from the 

cells 48 hours after incubation and subjected to reverse transcription PCR (RT-PCR) for 

analysis. The mutation was expected to cause skipping of exon 8 from the mature 

minigene transcript. cDNA analysis showed that the expected transcript sans exon 8 

was absent. Instead, five transcripts of variable length were observed. Sequencing of 

these variants revealed that they were the minigene’s mRNA products of variable 

degree of splicing. The absence of the expected splicing product was thought to be due 

to the strength of the intron 7-exon 8 junction to define the boundary without 

necessitating the function of the adjacent ESE motif during splicing of exon 8, hence 

preserving exon 8 in the mature transcript. 
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ABSTRAK  

Mutasi dalam gen Adenomatous Polyposis Coli (APC) menyebabkan penyakit 

Familial Adenomatous Polyposis (FAP) yang merupakan penyakit yang boleh 

membawa kepada pembentukan barah usus besar. Penyakit ini dapat dikenalpasti 

melalui pembentukan adenoma berbentuk polip di mana-mana kawasan sepanjang 

dinding usus besar dan rektum. Kegagalan dalam mengesan dan merawat pembentukan 

polip di peringkat awal akan meningkatkan risiko pembentukan barah usus di lewat 

usia. Penyakit FAP adalah penyakit yang boleh diwarisi secara autosom dominan 

dengan kadar ‘penetrance’ 100%. Pengenalpastian mutasi dalam gen APC adalah salah 

satu cara dalam strategi pengurusan risiko bagi individu berisiko tinggi menghidap 

penyakit FAP. Pengetahuan tentang jenis-jenis mutasi yang terdapat dalam gen APC 

bagi populasi masyarakat di Malaysia adalah sangat penting bagi memastikan prognosis 

terhadap penyakit FAP secara ujian genetik dapat dilakukan dengan tepat. Sehubungan 

dengan itu, kajian ini telah dijalankan bagi mengenalpasti jenis mutasi gen APC yang 

terdapat dalam pesakit-pesakit FAP di Malaysia. Asid deoksiribonukleik (DNA) 

daripada sel-sel darah putih pesakit FAP yang dikaji telah diasingkan dan dianalisa 

menggunakan teknik PCR-SSCP. Setiap salinan ‘exon’ dalam gen APC telah 

digandakan bilangannya secara PCR sebelum salinan-salinan DNA ini dipisahkan 

melalu teknik SSCP menggunakan gel MDE sebagai media pemisah selama 16 jam. Gel 

tersebut telah diwarnakan dengan menggunakan larutan perak nitrat. Pemerhatian dibuat 

bagi mengenalpasti kehadiran bentuk jaluran DNA yang berbeza apabila perbandingan 

dibuat antara sampel DNA pesakit dan sampel DNA bukan pesakit. Sampel yang 

didapati berbeza jaluran daripada sampel bukan pesakit akan dihantar untuk proses 

penjujukan nukleotida bagi mengenalpasti jenis mutasi yang terdapat di dalam sampel 

tersebut. Daripada analisis, kajian telah menjumpai dua mutasi titik (point mutation), 

setiap satu di dalam ‘exon’ 8 dan 13. Satu mutasi selitan (insertion) telah dijumpai juga 
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di dalam ‘exon’ 8 manakala satu nukleotida ‘polymorphic’ juga telah dikenalpasti. Dua 

mutasi titik tersebut (c.847C>T dan c.1690C>T) telahpun dilaporkan dalam penerbitan 

sebelum ini. Namun, didapati tiada penerbitan yang melaporkan tentang mutasi selitan 

(c.875-876insT) yang telah dijumpai dalam kajian ini. Ini menunjukkan bahawa mutasi 

ini mungkin merupakan mutasi baru.  

Satu ujikaji kesan mutasi c.847C>T ke atas proses penyambatan ‘exon’ 8 telah 

dijalankan melalui kaedah pengekspresan gen APC mini di dalam kultur sel hepatosit 

mamalia secara in vitro. Bahagian gen APC yang mengandungi ‘exon’ 7, 8 dan 9 telah 

diklon ke dalam ‘plasmid vector’ pengekspres khusus bagi sel mamalia dan telah 

dipindahmasuk ke kultur sel hepatosit mamalia. Selepas 48 jam, mRNA yang dihasilkan 

daripada gen APC mini ini telah diasingkan dan dimurnikan sebelum bilangan salinan 

mRNA tersebut digandakan melalui kaedah ‘reverse transcriptase-PCR’ menggunakan 

oligonukleotida atau ‘primer’ yang spesifik kepada gen APC mini tersebut. Hasil 

daripada ujikaji ini menunjukkan bahawa produk pengekspresan gen APC mini tersebut 

hadir dalam pelbagai saiz. Kesimpulan yang dapat dibuat daripada pemerhatian ini 

adalah  kehadiran mutasi c.847C>T tidak memberi kesan terhadap penyambatan ‘exon’ 

8 dan pada masa yang sama proses penyambatan ‘exon’ di dalam kultur sel hepatosit 

mamalia tidak menghasilkan produk penyambatan yang spesifik.  
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