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and by carrying these esters within the hydrophobic cores of lipoproteins (Brown et al. 

1986). Lipoproteins are molecules that are used to transport lipids, mainly cholesterol and 

triglyceride, and fat soluble vitamins and are classified according to their densities and 

protein composition. These particles are spherical and have a central core of nonpolar 

lipids (primarily triglycerides and cholesteryl esters) and a surface monolayer of polar 

lipids (primarily phosholipids) and apoproteins. The ratio and the composition of these 

molecules determine their size and density. The density of a lipoprotein particle is 

inversely related to its size, reflecting the relative amounts of low density, nonpolar core 

lipid and high density, surface protein present (Scriver et al. 1995) . 

C1lOlesteryl 
ester 

..... ("~rC>t ... n B 

Fig. 1.1: Structure o/lipoprotein with cholesteryl ester in the core and phospholipids in the 

surface monolayer. (Reproduced from www.people. vcu. edu/~urdesailahlp. htm) 
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Fig. 1.2: A brief overview of lipoprotein metabolism in humans. (Reproduced from Broeders et 

af. /999). 

1.2.3 LDL receptor and Lipoprotein Metabolism 

The human LDL receptor (LDLr) is a transmembrane cell-surface glycoprotein and it was 

first discovered by Brown and Goldstein in 1970s. It plays an important role in 

intemalisation of LDL by binding two protein ligands: 1) ApoB-lOO (a sole protein of 

LDL) and 2) ApoE, that is found primarily in VLDL and chylomicron remnants as well 

as IDL and a subclass of HDL. LDL-receptors on interacting with their lipoprotein 

ligands, gather on the cell surface in coated pits. These pits are speciabzed regions of the 

plasma membrane that are lined on the cytoplasmic surface by a protein called clathrin. 

Clathrin is a molecule in the coated pits that is responsible for retaining the LDLr during 

receptor-mediated endocytosis. The cytoplasmic tail of the LDLr forms direct and 

indirect bonds with the heavy chain of clathrin (Kibbey et al. 1998). Within a few 

minutes of their formation, the coated pits invaginate to form coated endocytic vesicles. 

Multiple endocytic vesicles then connect to create larger structures of irregular contours 

called endosomes. Thereafter, the LDL dissociates from the receptor and is delivered to 

the Iysosomes for degradation by acid hydrolytic enzymes. The receptor in tum recycles 

6 
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Fig. 1.3: The structural domains o/the LDL-receptor and their corresponding exons. 

(Reproduced/rom Brown & Goldstein 1986) 

The concentration of plasma LDL-cholesterol (LDLc) will thus rise if there is any defect 

in the interaction of LDL with its receptor or in the clustering of occupied receptors in 

coated pits and their intemalisation. Plasma levels of LDLc are directly associated with 

the occurrence of coronary events and cardiovascular deaths. The variation of plasma 

LDLc levels in the normal population comes from polygenic genetic variation, showing 

the interactive effect of multiple gene sequence variants with environmental factors in 

any given individual. Patients with very high LDLc levels have a monogenic form of 

hypercholesterolemia that is associated with accumulation of cholesterol in tissues, skin 

and tendons called xanthomata, and atheroma in the vascular system, which causes 

atherosclerosis (Rader et al. 2003). 

1.3 FAMILIAL HYPERCHOLESTEROLEMIA 

Familial hypercholesterolemia (FH) is the most severe form of monogemc 

hypercholesterolemia and it was the first genetic disease of cholesterol metabolism to be 

clinically and molecularly distinguished. The correlation of atheromas in arteries and 

8 
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ARB locus (chromosome 1) and to a locus on chromosome 13q22-32. Mutation analysis 

in the ARB gene revealed a homozygous splice site mutation in intron 1 (AI-Kateb et al. 

2002). The nature of the gene defect on chromosome 13 is unknown but it may be 

significant that another linkage study (Knoblauch et al. 2000) has identified an 

association between a locus on chromosome 13q and a cholesterol-lowering gene in a FH 

family with unexpectedly lower concentrations ofLDL. In other Sardinian families, there 

was a strong evidence of linkage to chromosome 15q25-q26 (Ciccarese et al. 2000). 

1.4.3 LDL-receptor Adaptor (ARB) Protein 

The ARB protein is touted as a putative LDLr adaptor protein but its function is not well 

understood. It shows high sequence identity with mouse, frog and zebrafish ARH 

proteins. From this similarity, four conserved segments have been identified that are 

necessary for effective LDL intemalisation (Mishra et al. 2002). 

1. The first 44 amino acids of the N-terminaI domain 

2. A phosphotyrosine binding domain (pTB; residues 45-175) 

3. A clathrin box (pentapeptide LLDLE, residues 212-216) 

4. Adaptor-2 binding domain (residue 250-280) 

44 177 212 250 2RO 10R 

domain 

Fig. 1.5: Schematic representation of ARH showing the overall domain structures of the protein; 

The N-terminal domain 0-44), PTE domain (44-177), clathrin box (212-216) and AP-2 binding 

domain (250-280). These domains will be discussed below. (Reproduced from Mishra et al. 

2002). 

15 
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1. The N-terminal 44 Amino Acids 

This N-terminal portion of the protein consists of a highly conserved --40 amino acids 

sequence of unknown function (He et al. 2002). The amino acid sequence alignment is 

shown in figure 1.6. 

Hum .. n 

Mouse 
enopU5 

Zebr.::l fioh 

1. 

P....-rD'l'R.IJIL 

~L~~.~l~~~r.n~ 
~~uu~~~~ 'IUJ~!~G~.~~M,."~~~~l~~~r.n~ 

Fig. 1.6: The N-terminal amino acid sequence alignment of the human, mouse, frog and zebrajish 

ARH proteins. Identical amino acids in all species are boxed (He et af. 2002). 

2. The PTB Domain 

PTB domains are present in different adaptor proteins that participate in intracellular 

signaling and transport. The domain of this protein shares some similarity to the 

endocytic protein Numb (46% similarity) and disabled-2 (Dab2) (46% similarity). 

''Numb and Dab-2 are endocytic proteins that appear to expand the sorting repertoire of 

clathrin-coated regions at the cell surface" (Mishra et al. 2002). The presence of a PTB 

domain suggests that ARH binds with LDLr because the cytoplasmic tail of the receptor 

carries the hexapeptide sequence FDNPVY, where the consensus PTB hexapeptide is 

FXNPXY. Although the tyrosine residue in this sequence is normally phosphorylated it 

would appear that the LDLr interaction with the PTB domain of ARH is not dependent 

on a phosphorylated tyrosine. A similar situation exists for the ARH homologues, Dab-l 

and -2, which also bind to the non-phosphorylated hexapeptide sequence (Chen et al. 

1989). 

16 
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The understanding of the site of interaction between ARH and LDLr was based on a 

model depicting the PTB domain of XII interacting with a peptide from amyloid 

precursor protein (APP) (QNGYENPTYKFFEQ). 

Fig. 1. 7: A model structure of ARH PTB domain (green ribbon) in association with the FDNPVY 

sequence of LDL-receptor. The model is based on the structure of Xii and amyloid precursor 

protein (APP) (Taken from He et al. 2002) 

The derived model for ARH reveals that the two aromatic residues in the PTB domain, 

Tyr-118 and Phe-165 create a hydrophobic channel that cradles the peptide back bone of 

FDNPVY sequence in the APP peptide as shown in the figure 1.7. Mutagenesis and 

transfection studies in which Phe-165 has been substituted by valine or alanine show that 

while ARH synthesis is not impaired, the protein fails to interact with the LDLr. In 

addition , conversion of Tyr-118 to cysteine or alanine markedly reduced the interaction 

of the receptor with ARH (He et aI. 2002). 

The terminal tyrosine of the NPVY sequence in LDLr tail has a critical requirement for 

an aromatic side chain; amino acid substitutions other than tryptophane or phenylalanine 

impair receptor function significantly (Chen et ai. 1989). 

17 
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Fig.J.8: A schematic diagram of the major players, and their interactions, in the uptake ofLDL 

through coated pits on the cell suiface. Shown are the interactions of ARH with LDLr, Clathrin 

and AP-2, which enable the successful internalisation ofLDL (A composite diagram with some 

components taken from Rader et a1.2003; Soutar et aJ. 2003). 

Studies on fibroblasts from ARH patients have clearly shown that LDL-uptake and 

degradation is normal or only marginally impaired (Garcia et aI. 2001). This most likely 

indicates that the mechanism ofLDLlLDLr uptake differs from that ofthe uptake process 

in hepatocytes and transformed lymphocytes . To account for this, either an adaptor 

protein is not required in fibroblasts or the role of ARH is compensated for by another 

sorting protein. ARH fibroblasts have been shown to express the adaptor protein, Dab-2, 

in high concentration, suggesting that it may take on the ARB role in fibroblasts (Mishra 

et aI. 2002). 

The defect in LDLr function in ARB seems to be not only receptor-specific, but also 

tissue-specific (Garcia et al. 2001). Liver cells express a much higher amount of LDLr 

20 
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mutations: Two iirst affecting a 111 

inlron I The predicted protein is not ofunavailabdity or mRNA from 

patients ft)f analysis (AI~Kateb et 20(3), second mutation in this was 

reponed recently in two wilh Ii in Mexico After analyzIng the cX()I1-intron 
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a nm of in exon 1 run ofCs in exon 6 et a1. 2001; et 2002; 

Wilund et a1. 2002; et a1. 2003). 
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1.4.~ ARll Polymorphisms 

Several si lent and non-silent polymorphisms have been repOlted in the codi1lg sequence 

of ANH (Harada-Shiba ct al 2003, Al-Kateb et 2003), While none of these 

rolymorphisms have emerged as important genetic determinants or plasma cholesterol 

III lIol111niipidemic subjects (I Jubacek IlyaH 20(4), it is unknown whether allY of 

them have an efkcl on ARH expreSSJOIl or protem stability. 

I 04.9 Tn.~atment 

PatIenls with ARll respond to lipid-Iowellng medications resulting in noticeably greater 

reductions ill plasma cholesterol compared 10 patients with homozygous Fl!. Statms 

produce striking reductions III plasma cholesterol in some ARF! patients. The mncased 

U)Lr expression Il1duced by the drugs may somehow compensate for the defect in LDL 

uptake and degradation (Arca ct al 2002) 

DIfferent studies have been done on ARII hut the cellular ftll1ction of ARH, thc 

mechanism of the interaction and also the process of LDL uptake is still not well 

understood. A better understanding of the molecular and genetic mechanisms of this 

genetic defect may contribute to the managcment of the disorder. 

1 PROJ ECT AILVI 

The allns of tillS project were two fold. The !'irst being to confmn the provlslonal 

diagnOSIs or ARtl in two patients who presented with the clinical and laboratory features 

of AI<1I def'lclCncy 'rhls ,um focused em determming the cellular actiVity of ARII in skin 

['ilnoblasts and Iransforrncd lymphocytes ['rom the patients and llormal controls Further 

confirmation of :lll ARff defect was to be SOLlghl by sequence analysis or eDNA and 
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2.1 PATIENTS 

All the patients and family members in this study gave informed consent for genetic and 

molecular studies performed. 

PATIENT I 

The first patient examined in this study is a Zulu male who was first seen at the Lipid 

Clinic of the Johannesburg General Hospital in 1993, at the age of 27years. He had a 

normal history but was aware of lumps (xanthomata) on the elbows, ankles and hands 

from the age of 8 years. As an adult he presented to the lipid clinic with; 

• Bilateral arcus comealis 

• Thickened achilles tendons (Figure 2.1.A) and ligamentum patellae xanthomata 

• Tuberous xanthoma on left elbow (Figure 2.1.B) 

• Planar xanthoma on right antecubital fossa 

B 

Fig. 2.1: Physical signs of the subject. A) Tuberous xanthoma on elbow B) Thickened achilles 

tendons. 

Plasma lipid levels on presentation are not available but reference to laboratory 

evaluations in 1992 show plasma total cholesterol of 14 mmol/l with LDLc of 12 mmoVI, 

fasting triglycerides and HDL-cholesterol were in the normal range. The patient's highest 

28 
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VLDL 

LDL 

LPDP 

Fig. 2.4: Separation of plasma lipoproteins by density gradient ultra centrifugation. The left tube 

contains the unlabelled LDL while the right one contains the Dilfluorescent probe. 

To slice out the marked LDL band, the tubes were put into the slot of the cutting device 

and positioned such that the top of the LDL band was just above the surface of the cutting 

blade. After cutting, the LDL layer was collected by aspiration using a pasteur pipette. 

The very bottom layer, which represented the lipoprotein deficient plasma, (LPDP) was 

also collected by aspiration. KBr was removed by dialysis using dialysis tubing 

(exclusion size 10 OOOda; 6mm and 43mm diameter) and cold salinelEDTA (200rnJ for 

the LDL prep and 400ml LPDP prep), with stirring and a change of dialysis fluid every 

4hrs for 16 hrs (Chung et al. 1980). 
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the amplified product. This created a Bg/ I cutting site (GCCN5GGC) in the PCR product 

ofnonnal ARH, and which would be destroyed by the 'G' insertion mutation. 

Amplification was effected by using the mismatch forward primer with the previous 

reverse primer, giving a PCR product of ~ 170bp. 

S' ... GciGGGGGGGC ... 3' W S'.··GCiGGGGGGGC ... 3' 

Previous sequence Mismatched sequence 

Exon I mismatched forward primer: 

S' -CCAGCTTGGCCAAGCAGAGCCGG -3 ' 

Table 2.8: Digestion mix for exon 1 mutation detection. 
Components Stock concentration Final concentration or volume 

PCR product 

SuRE/Cut Buffer H 

Distilled water 

Restriction enzyme (Bgll) 

lOx Ix 

7.S III 

SU 

Complete digestion of the PCR product of the nonnal allele was found to occur on 

overnight digestion at 37°C. This gives a two-banded pattern on electrophoresis with 

fragment lengths of ISO and 20 bp. 

The estimated frequency of this mutation III the black community was sought by 

analyzing blood spots from 400 newborns collected as part of a newborn bloodspot 

banking exercise carried out at the Red Cross Children's Hospital, Cape Town. Small 

disks (3mm) were punched from the blood spots and were fixed with methanol for S 

minutes. After air-drying, the blood spot was incubated in 60111 of distilled water (for IS 

minutes at 9S0C), with Sill of the mix being taken for PCR. The same PCR components' 

concentrations (Table 2.6) and conditions (Table 2.7) were used except the final number 

of cycles was increased by 10 as the blood spots contain low number of templates. 
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2.3.6 Single Nucleotide Polymorphism (SNP) 

2.3.6.1 Exon 6 SNP (C>T) NCBI ss# 35032447 

Another change was detected in the cDNA sequence of patient 1. This proved to be a 

polymorphism in exon 6 at position 604 (CCC7 TCC), which substitutes proline for 

serine. This SNP was first reported in a Japanese study (Harada-Shiba et aI. 2003) who 

recorded frequencies of 0.55 and 0.45 for 'C' and 'T ' alleles, respectively, in a cohort of 

20 nonnal subjects. 

A PCR assay to detect this SNP was set up by designing a mismatch reverse primer that 

is specific for the variation to create a cutting site for Bsi YI (CCN7GG) . 

5' ... ... 3' ~ 5' ... CCC1TG~ ... 3' 5' ... ~CAAGGG ... 3' 

Previous sequence Mismatched sequence Reverse of mismatch seq. 

Primers : Forward: 5' ACATGTTGTGCCTTGGTCCTGC-3' 

Mismatched reverse: 5' GTCAGGACTCACAGCCTTTCAAG -3 ' 

Length ofPCR product: 120 bp. 

The PCR details are shown in table 2.9. 

Table 2.9: PCR component concentrations for ex on 6 and ex on 7. 
Component Stock concentration Final concentration 

MgCh 

Primers each 

oNTPMix 

Reaction buffer (15 mM 

MgCh added) 

Hotstar Taq polymerase 

DNA 

25mM 

20 pmol/Ill 

2.5mM 

lOx 

1.0mM 

0.4 pmol/Ill 

O.2mM 

I x 

0.025 u/Ill 

O. 0061lg/ III 
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l027bp 

Fig. 3.1: Amplification of ARH cDNA following RT-PCR. A) Standard Taq polymerase and PCR 

conditions B) Hotstar Taq enzyme with touch down PCR. In both cases Lane 1, blank; Lane 2, 

DNA molecular weight Marker VIII (Roche); Lane 3-6 PCR product from 32, 34, 36 and 38 final 

number of cycles respectively. 

3.1.2.2 Confirmation of the PCR product 

Given the presence of so many non-specific bands it became necessary to confirm the 

ARH identity of the major band, which was ~ 1 OOObp in size. This was carried out by 

comparison of the Taq 1 restriction pattern with that of the ARH sequence. Taq 1 cuts the 

cDNA of ARH three times giving four bands with lengths of 91, 108, 356 and 472 bp. 

After the incubation of the peR product with the enzyme, the mix was run on a 4% 

agarose gel to visualize the digestion reaction. 

l027bp 

472bp 

356bp 

Fig. 3.2: Confirmation of ARH sequence in the PCR product by restriction mapping using Taq 1 

digestion. Lane 1, Marker VIII (Roche); Lane 2, undigested RT-PCR product (1027 bp); Lane 3, 

digested RT-PCRproduct (472 & 356 bp). The 91 and 108bp digestion bands are not shown. The 

doublet bands are artifactual. Digestion products were run on a 2% agarose gel. 
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C T GGGGGGGG C GG T GG CC G 230 

A G C T GGGGGG G C GG T 

1 

230 230 

GGGGGG C GG T C Y KGGGGGG G C G G T 

Fig. 3.3: Sequence traces of the PCRproduct spanning the run of 'G' residues from 65 to 71 of 

ARH eDNA. The complementary sequence of the reverse strand is given here. 1) Part of eDNA of 

ARH from patient 1 with 8 Gs 2) Part of exon 1 of ARH from the patient I with 8 Gs 3) Part of 

exon 10f ARHfrom a control subject with 7 Gs 4) Part of ex on 1 of ARHfrom the mother with a 

heterozygous pattern. 

3.1.2.4 Mutational AnaJysis 

The mutation was confirmed by Bg/ I digestion of exon 1 PCR amplicons derived from 

the use of the mismatch primer pair, which introduces a Bg/ I cutting site into the product 

from the normal ARH allele. Overnight digestion at 37°C thus gives two bands of 1 50 and 

20bp for the product of the normal allele and an undigested product from the mutant 

allele. These data are shown in figure 3.4. Patient I is homozygous for the mutation and 
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shows only a non-restricted band, while his parents are clearly heterozygous with both 

the undigested 170bp and the 150bp restricted fragment (the 20bp band is not shown). 

1:1 1:2 

170bp 
150bp 

Fig. 3.4: Mutation detection by PCR and product restriction using Bgll. Lane 1, Marker VIII 

(Roche); Lane 2, undigested control (170 bp); Lane 3, digested Control (150 bp); Lane 4, patient 

1(170 bp) ; Lane5 and 6, father and mother respectively (1 70 and 150 bp) . Digestion products 

were run on a 4% agarose gel 

Some indication of the carrier frequency in black South Africans was sought by screening 

400 cord-blood spots from a collection banked at the Red Cross Children's Hospital. 

These samples were amplified for exon 1 and the PCR product was digested with Bg/ I. 

An agarose gel showing results from 10 of these cord-blood spots is given in figure 3.5, 

as an example. None of the 400 bloodspots tested positive for the insertion mutation. 
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150bp 

1 

Fig. 3.5: A typical gel and fragmentalion pattern observed in the screening of cord-blood spots 

for the insertion mutation. Shown are the digested peR products from 10 blood spots run on 4% 

agarose. Lane 1 & 8, 100 bp DNA ladder; Lane2 &7, patient 1 (170bp; homozygous for the 

mutation) and Lanes 3-6 & 9-14, cord-bloods from black newborns (150 bp; the 20bp fragment is 

not visible in these gels). 

3.1.2.5 Single Nucleotide Polymorphism (SNP) 

Sequencing of patient 1 ARH cDNA, also revealed two single nucleotide polymorphisms, 

one in exon 6 and one in exon 7. These SNPs fall within the coding region and are of 

special interest in this study as they can be employed in haplotype analysis to define the 

genetic background of the mutant alleles in ARH patients. 

3.1.2.5.1 Exon 6 SNP (C>T) NCB I ss# 35032447 

Patient I was also found to be homozygous for a nucleotide change CCC7TCC at 

position 604 that codes for a serine instead of proline at amino acid position 202 of ARH. 

This SNP has been reported previously (Harada-Shiba et al. 2003) but had not been 

lodged in any of the SNP databases. This has now been done (NCBI ss# 35032447) with 
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the entry also containing details of the PCR assay developed for it in this study, as well as 

the frequency data in black South Africans. 

This SNP was further detected by PCR amplification of a mismatch forward primer, to 

give a product of 120 bp, which on digestion with the restriction enzyme Bsi Y1 

(CCN7GG) gives two fragments of 102 and 18 bp for the 'T' allele. The digestion mix 

was loaded onto a 4% agarose gel, electrophoresed and the fragments visualized by UV. 

120bp 

102bp 

Fig. 3.6: Genotyping of the C -)T SNP, in exon 6 of the ARH gene, by PCR and amplicon 

digestion with Bsi YI. Lane 1, Marker VIII (Roche); Lane 2, undigested control (120 bp); Lane 3, 

digested control (CC); Lane 4, patient 1, digested (TT); Lane 5, paternal, digested (CT) and Lane 

6, maternal, digested (TT). PCR products were run on a 4% agarose gel; the 12bp fragment is 

not visible. 

The father of patient I is clearly heterozygous for the SNP (CT) (lane 5; Figure 3.6), 

while patient I and his mother are homozygous for the 'T' allele (TT). The 'T' allele is 

thus associated with the mutation in this family. 
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85bp 

Fig. 3.7: Genotyping of the G -7A SNP, in exon 7 of the ARH gene, by PCR and amplicon 

digestion with Alu I. Lane 1, Marker VIII (Roche); Lane 2, undigested control (214 bp); Lane 3, 

digested control (GG); Lane 4, digested Patient 1 (AA); Lane 5 and 6, digested paternal (GA) 

and maternal (AA), respectively. PCR products were run on a 4% agarose gel. 

The band patterns in figure 3.7 show clearly that patient I and his mother are both 

homozygous for the 'A' allele, while his father is heterozygous. Frequency data was 

derived from genotyping 100 normal cord-bloods from the Red Cross Hospital cord-

blood collection. 

Total alleles no analyzed =200 

Frequency ofG 163/200= 0.815 

A 37/200= 0.185 

Hardy-Weinberg analysis 

Observed no 

Expected no * 

GG 

74 

67.24 

GA 

16 

29.52 

AA 

10 

3.24 
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* p= (74 x 2 + 16) / 200 = 0.82 (and hence q = I-p = 0.18) 

Therefore frequency ofGG = p2 = 0.822 = 0.6724 

No of expected GG = 0.6724 x 100= 67.24 

Chi2 =% (Observed -Expectedi I Expected = 20.150 (df=l, p= 7.161 E-06) 

3.1.2.6 Haplotype Analysis 

Haplotype analysis was carried out in order to contrast the genetic backgrounds of the 

South African 'G' insertion with that of the Iranian ARH patient, earlier reported with the 

same mutation. DNA from this patient was obtained as a kind gift from Prof John 

Kastelein, University of Amsterdam. The mutation was confirmed in the Iranian sample 

using the peR assay described earlier (Section 2.3.5). These data are shown in Figure 3.8 

and it can clearly be seen that the Iranian proband has the 'G' insertion, while his father is 

heterozygous. 

150 
70bp 

Fig. 3.8: Validation of the exon 1 'G' insertion mulation in the Iranian patient and his parents. 

peR product digestion is carried out with Bgll, which digests the product from the normal A RH 

allele only. Lane 1, iOO bp DNA ladder (promega); Lane 2, control (150 bp); Lane 3, paternal 

(170 & 150); Lane 4, iranian patient (l70bp). Digestion products were run on a 4% agarose 

gel; the 20bp fragment is not shown. 
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To compare the genetic background of the African and Iranian mutations, haplotype 

analysis was done using the two exonic SNPs. Both exons were amplified and digested 

using their respective restriction enzymes. The genotyping data from the Iranian kindred 

are shown in figures 3.9 and 3.10. Haplotypes were constructed using mutation status and 

the two genotypes from the SNPs. 

120bp 
102bp 

Fig. 3.9: Genotyping of the C~T SNP, in exon 6 of the ARH gene, in the Iranian kindred. 

Digestion was carried out with the enzyme Bsi YI with the PCR digestion products being run on a 

4% agarose gel. Lane 1, 100 bp DNA ladder; Lane 2, patient I (TT); Lane 3, digested control 

(CC); Lane 4, Iranian patient (CC) ; Lanes 5-7, father, mother and brother of the Iranian patient 

respectively (CT) . 

The 'G' insertion mutation in the Iranian patient is shown to associate with the 'c' allele 

of the exon 6 SNP. 
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84bp 

285bp 

201bp 

Fig. 3.10: Genotyping of the G-7A SNP, in exon 7 of the ARH gene, in the Iranian kindred. 

Digestion was carried out with the enzyme Alu I and the digestion products were run on a 4% 

agarose gel. Lane 1, 100 bp DNA ladder (promega); Lane 2, undigested control (285 bp); Lane 

3, patient 1 (AA); Lane 4, Iranian patient (GG); Lanes 5-7, father, mother and brother of the 

Iranian patient (GA). 

The 'G' insertion mutation in the Iranian patient is shown to associate with the 'G' allele 

of the exon 7 SNP. 

Kindred I (patient I) 

A partial family tree for this kindred is given in figure. 3.11. This tree only shows those 

individuals for whom DNA was available. 
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Kind red-I 

Exon 1 Mutation 
Exon 6SNP 
Exon 7SNP 

II 

1:1 

Exon 1 Mutation 
Exon 6SNP 
Exon 7SNP 

1:2 

illi 

~ 11 :1 

illi 
Fig. 3.11: A limited family tree ofkindred-l showing the ARH gene haplotypes for the proband 

and his parents. The genotypes used to construct the haplotypes are listed on the left. The red 

bar marks the haplotype associated with the ARH mutation. 

The haplotype characterizing the mutant allele in this family is (+, T, A). 

Iranian Kindred 

The proband in this kindred, was born of a consanguineous marriage. Haplotypes were 

constructed from both SNPs and it is clear that the mutant allele in this family is 

characterized by the (C, G) haplotype (Figure 3.12). Interestingly, the haplotype cr, A) 

that showed association with the disease in Kindred-I is associated with the normal locus 

in this family. 
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Iranian Kindred 

Exon 1 Mutation 
Exon6 SNP 
Exon 7 SNP 

II 
Exon 1 Mutation 

Exon 6 SNP 
Exon 7 SNP 

1:1 1:2 

11 :2 

Fig. 3.12: The family tree of the Iranian kindred showing an arbitrary allocation ofhaplotypes. 

The genotypes used to constrnct the haplotypes are listed on the left· 

3.2 PATIENT II (KINDRED II) 

This patient, who was of coloured ancestry, also presented with clinical signs suggestive 

of homozygous FH. An indication that ARH may be the underlying defect came from the 

lipid profiles of his parents, which were slightly higher than normal but regarded as being 

too low for heterozygous FH (Table 2.1). It was decided to forgo LDLr functional studies 

in this patient and to first screen for the 'G' insertion mutation and determine the SNP 

haplotypes, and then to look directly for ARH synthesis in lymphocytes using the 

Western blotting technique. 

3.2.1 DNA screening 

DNA from patient n and his parents was screened for the 'G' insertion mutation as 

described previously (Section 2.3 .5). AJI samples tested negatively for this mutation 

(Figure 3.13). 

67 



Univ
ers

ity
 of

 C
ap

e T
ow

n

170b 
150bp 

Fig. 3.13: Screening for the Exon 1 'G' insertion mutation in patient 1/ and his parents. 

peR products were digested with Bgl I and run on a 4% agarose gel. Lane 1, 100 bp DNA ladder 

(Promega); Lane 2, undigested control (170bp); Lane 3, digested control (J 50bp); Lane 4, 

patient I (J 70bp); Lane5, patient 11 (J 50bp); Lanes 6 and 7, paternal and maternal amplicons 

respectively (J 50bp). 

It is clear from the above gel that patient II does not have the 'G' insertion mutation as 

the products from both ARH alleles are fully digested, giving the nonnal 150 & 20bp 

banding pattern. 

3.2.2 SNP analysis 

Indirect support for an ARH defect in this patient was sought through haplotype analysis. 

In autosomal recessive disorders, patients are usually homozygous for SNPs found in the 

mutated gene because of consanguinity in the family or the inheritance of founder 

mutations. All family members were genotyped (figures 3.14 and 3.15) for the exon 6 

and exon 7 SNPs, as previously described. 
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l02bp 
bp 

Fig. 3.14: Exon 6 SNP genotyping of DNA samples from kindred II. PCR products were digested 

with Bsi YI and run on a 4% agarose gel. Lane 1, 100 bp DNA ladder; Lane 2, undigested control 

(120 bp); Lane 3, digested control (CC); Lane 4, Patient J (FT); Lane 5, patient JJ (CT) ; Lanes 6 

& 7, paternal and maternal amplicons respectively (CT). 

285bp IIII! 
201bp 

Fig. 3.15: Exon 7 SNP genotyping of DNA samples from kindred II. PCR products were digested 

with Alu I and run on a 4% agarose gel. Lane 1, undigested control DNA (285 bp); Lane 2, 

heterozygous control (GA); Lane 3, patient I (AA); Lane 4, palientlI (GA); Lanes 5 & 6, 

paternal and maternal amplicons, respectively (GA); Lane 7, 100bp DNA ladder. 

Patient II and his parents were found to be heterozygous for the two SNPs (CT and GA 

for exon 6 and exon 7 respectively; figure 3.14 and 3.15) giving four possible haplotypes 

for each member. An arbitrary allocation of haplotypes is shown in figure 3.16. What 
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ever the trlle allocalion of haplotypes IS, It is clear that palient II is not homozygous !lH 

these Iv/O genetic markers <II the AUI! loclis . 

I": inl! red-II 

Exon 1 Mutation 
Exon 6 SNP 
Exon 7 SNP 

11 

II 
Exoll 1 Mutation 

Exon 6 SNP 
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~lIl 

Fig 3./6 'lhe jhmily IreI' oj"f.:.indred-f! Sh 'Jlr/I'I,!.!. (lJ] arhilrwy (If/ricol/on (~jh{lf)I(JI.\jJe .\ . Jll e 

f!, l'I1(Jf\j'c'S liS cd (() CU/'l.y/mel /hl" /iol, /u l)'!'cs orc IISlcd Or! Ihl ' Ie/i . 

3.2.3 \Vcstcrll Blotting 

Western blotting was used to look lor the prescnce of' AI{l r in transformed lymphocytes 

from patient 11 alld to confirm the predicted absence of AI-HI III cultured fibroblasts from 

patient I, control ribrobbsts and transl'orl1lcd IYlllphocytes were rUIl 11\ paralleL the 

protocol followed IS described in detail In tHe methods section . Shown in figure 3.17{A) 

IS the nitrocellulose membranc containing the proteins translerred from the 

polyacrylamide gel The proteins have been st:J111cd withPonccau stalll and it is clear that 

all isolates contain cellular proteins, and in simJlar amounts . Figure 3l7(B) shows the 

rcsultlng Westem blot and clearly indicates lhe presence of ARH in the lymphocyte 

extract of palient 11, w/lIie confimling the absence of ARH ill the fibroblast extract frolll 

p:ltientl 
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SOKD 

37KD 

B 

ARH 

Fig. 3.17: lmmunoblot analysis oj ARH protein in cultured fibroblasts and transformed 

lymphocytes. A) A Ponceau stain oJthe nitrocellulose membrane post transJer. B) A Western blot 

probed with anti-ARH antibody. Lane 1, Protein standards (BIO-RAD); Lane 2, control 

fibroblasts; Lane 3, fibroblasts from FH homozygote; Lane 4, fibroblasts oj patient I; Lane 5, 

lymphoblasts, Jather oj Patient II; Lane 6, lymphoblasts, patient II. 

71 



Univ
ers

ity
 of

 C
ap

e T
ow

n

(FH) is one most common severe monogenic 

LDL 

a mutation III LDL or Hl 

100. Ovcr years, rare cases of autosorna! 

receSSl havc a clmical 

in cultured libroblasts while 

transformed ct al 

with 

III and was recessive 

gene. 

the the by with oC 

.-
were two fdd, Iy to con the ofAR11 

111 two of 

Fil but with lhmily levels not 

to set up the to 

tnARH 

I, 

I; I [ ARB at the LDL uptake 

OIl culll! 

Ive III cell Ihe 



Univ
ers

ity
 of

 C
ap

e T
ow

n

only Attempts to in cells patient 17 were 

phenomenon 

has ftlnction of ARH 

HI on 

on 

Illto ARB function Linton Traub, of 

,"n,,, .. 'c,. Pittsburgh) 

LDI on cultured from an average 

to ]. I). 

Illternallsalion of 

I'u of revealed 

an ora (bp 6) 

to 71) in exon I of tor 

arc to slippage IS by 

strand the nascent DNA by an pamllg 

(I.lwinson IS as two out of the 13 mutations 

are found in runs of nm in eXOll I and HI exon 

et I ; 

I" .) an at JJ 

24 amino of sequence. The the 

enUre domain and other normal 

ARB IS of 

73 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to nOllSe]nSe-m,~d 

elimination of mutant 

we were 

a phenomenon that 

translatable pools (Wilund et aL 

nalneru does not exclude 

NMD,as 

Final 

\W':>lUWCU mRNA would to the sensitivity 

in ~nr'0L>~1 I was Vl"CQ.Hl\wU from 

to a probed with antibodies to 

ARB; i were UQ.llL.\CU in both extracts 

3.17). 

paucity of ARB ,","'_>'"'U_"'O described in South and worldwide would SUf!!!Cst 

that 

were 

frequency is low, \WVIHIJUU!lIU~AI by 

Hl"'I",\.,U1\,,, are typically more 

was by 

ne\'Voo,ms were all descent and while our patient was 

the 

screen would 

the H"A~U"'1 

polymotphism 

None of 

is 

is /400. 

of both SNPs in the 

exon 7 

with a 

in black South 

were 

was and 

I is a 

to 

were 

IS not a 



Univ
ers

ity
 of

 C
ap

e T
ow

nwas from 

whom a 

same mutational event that to ARH 

m identical run of 

two ... ." <AM"'" SNPs was employed to 

in the kindreds were """ .. "'1 .... 

and their HIU'UUIVU status (+, Both vu,.,",u""" 

unequivoeal assagIlm'Cm ofthe haplotypes to 

African Iranian val""'1":>, 

IS 

the "",>rtp,r'( G was ~v""'u.'-'u as there are 

It is 

likely 

seven 

Kindred II, Patient n 

to he 

our 

Iranian 

SNPs 

the 

to 

for run 

wa<> 

m 

have 



Univ
ers

ity
 of

 C
ap

e T
ow

n

common in 

wa<; .... U~HU 

the patient the ''''''''Prt'A" 

deficiency 

exon 6 and exon 7 

should the 

are often in 

). 

vlV'''''''''' to 

Hnding thus 

"",.,..,,,,E> out. was 

of ARH deficiency 

' .. '''A'''',....,.'' would most likely 

finding most amOS()m;al 

a 

lymphocytes of patient 

that Western LH"HH",,-

both was 

was 

_'''''_,.,.., .. very 

comment on function 

on the 

the 

to 

proteins. The rare "U''''''''''''H renlalllS a "",,,",,,,,,,n 

protein involved un''''''lV'' IS 

now 

extracts. The 

VV .... UlH (Wi lund et 

et aL 

lymphoblasts. It is 

is 

none 

mass, 

et 



Univ
ers

ity
 of

 C
ap

e T
ow

n

most IS one 

low 

Inr'hn,YI with 

a Inl'",n" mutations in 

assoclatc:a with 40% of 

reduce pJasma 

rVU'""Ml'" with 

an insertion 

ARB which is most 

other 

patient provided a new PVT~pr1,"'nl treatment of nVIDel'CnOl()st{~ro 



Univ
ers

ity
 of

 C
ap

e T
ow

n

lJE 

Tns 

NaCI 

Triton 

Fluon'sc:ent 

Ilallks 

fluid 

A 

NaOli 

Na2 

Btl 

No 33258 

50mM 

201M 

80m\1 

salt solution 100ml 

1;>0 

solution I 

(JIM 

O.2M 

1 :3 

0.1 

up to IOOml5. 

a final toaOml) 

to a final of I aOml) 



Univ
ers

ity
 of

 C
ap

e T
ow

n

c 
A 

lution B 

blue 

FF 

sucrose In water 

blue 

Sllcrose 

EfJl'A 

Tris 

acetIc 

(O.5M) 

Adjust volume with 

Tl'is-EOTA 

Adjust to 7.6 with 

\V(~stel'n 

Na sulph 

Ammonium 

in 0.5ml 

Tween 20 m PBS 

1 part 

025 

40% 

57.1 ml 

100m! 

water 

ImM 

(pll 

and store in a 

up 

to a vo of 

pnor to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

sus 

s 

milk 

buffer 

AmmoHlum 

nux 

Ammonium 

TEMED 

Tris 

20 

( 10(%) 

( I 

late (I 

GR.l 

o {Adjust 

0.1 

\6pJ 

607ml 

112~tI 

SIt! 

mM 

IOOmM 

OJ12'iM 

O.192M 

of this and 

111 

100 

to 8.8 and 

befbre 

to 4 L 

200 rnl 

store at 

it 

800 ml 

when 

80 



Univ
ers

ity
 of

 C
ap

e T
ow

n

·1 COO 
., 9("jJJ 

·· mY...) 

APPENDIX B: 

MOLECULAR \V EIGHT MAR~ERS 

} -

1114 

900 

692 

501 
489 
404 

320 

242 

190 

147 
124 
110 

fj] 

3JfSIU 

100 bp ON A ladd~, '00-1 .S()O (Pro ll1cga) ON/\ lllokclIlar m:igitt Marker VIII ( ROC r - fl -~ ) 

XI 



Univ
ers

ity
 of

 C
ap

e T
ow

n

REFERENCES: 

A, G, Ju .... "uu M, et 

in a new 1-

M, Wilund F, FeHin R, et al 

111 

-847 

CM, MC, A, ct 

al a 

mutation 

N, (1999) treatment N j 

(1986) A eccotoir-meOllueo namwav 

mutation a kindred 

1 J 

eM, 

18, 8-100. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

(1977) detection 

found 

IS 

(l metnoa of RNA Isolatlcm by F,U,,,U"-UULU' 

Biochem 1 

Wilkinson T 

AmJHum 

IK, Graham 

mutations in 

M, 

rccenn)f function in cells from IJ<U''-'U'" 

that causes 

AmjHum 

M, 

quantitative 

gradient 

et al 

to 

BB (2005) 

nonsense 

P, et al 

autosomal 

110:1 

a detectIVe 

two ULU'-'LU.'''", 

83 



Univ
ers

ity
 of

 C
ap

e T
ow

n
M, M 

Brown MS (1974) 

cultured human a 

with 

shows 

Miyamoto 

ARH is a 

and J 



Univ
ers

ity
 of

 C
ap

e T
ow

n

John E 

J 

et al ( 

: 1 

WP, "'~'V''''''''u 

low 

hypercholesterolemia. J 

(1 

SM(l 

,"""',"'''.1<11«. A 

WJ, Krick 

B 

(1991) 

J but 

mIce 

cases 

a reverse turn {'{Unn,crn<1'~l J 

Thromb 



Univ
ers

ity
 of

 C
ap

e T
ow

n

H, Mul1er-Myhsok Avi L, 

ct al (2000) A 

66:1 

to chromosome 1 Am J Hum 

Gutman GA (1987) a mechanism 

evolution. Mol I. 

M, Rudling B 

m conJom treatment. J 

apolipoprotein Res 40:1-16 

Markwell, Tolbert (1 

10 

~ IrnOOO~TI~ 

but not J Bioi Chem 

Mishra MA, Dupin AL, Owen 

2 within the uu .. ",'>Jj,,,,,,, 

(ARB) protein. J BioI 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Mishra 

J 21 

Mishra 

Paul j. (1 

MJ, 

LM (2002) 

(ARB) protein 

Bourbon M, 

J Clin I 

'AUIJ""I~P, Abdallah M, D'Adarni L 

~L~""";0 with 

"W'~'A"" J 

SC, TraubLM 

with 

(1 

Autosomal 

level 

RW(1 lipoproteins 

vitro 

HH Monogenic tnrr"' .. "hn .. ",."'." .... new in 

treatment. J 111 :1 

, Maniatis T (1989) Molecular ~C""UU""" Manual 

Cold Spring 

AL. Metaholic and Molecular 

1-." .. ,.tol1 LJhJ"-U.,' ..... (ill edition). &1 850 

Inc. 

87 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Grubb J (1 

AK, RP, 

ter 

van 

Wilund KR, 

11 

M, 

aractenzlltlOln of a new 

from PUU'\dUJ. Methods 

(2003) 

hh".ie"",,, T (2000) l·enitl(lf~-lll··rrroove lllte.ractllOi 

Proc Natl Acad 

IP, 

G, 

Thromb BioI 1 

97:1096-100 

W, 

ct a] (1 




