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Abstract Familial defective apolipoprotein B-100 (FDB) is 
characterized by a decreased affinity of low density lipoprotein 
(LDL) to the LDL receptor resulting in a dominantly inherited 
increase of plasma LDL. It is postulated that FDB is caused by 
a G to A mutation at nucleotide 10,708 in exon 26 of the apoB 
gene creating a substitution of glutamine for arginine in amino 
acid 3500. The arginine(350~'glutamine mutation has been 
identified on the same haplotype of the apoB gene in several 
populations from North America and Europe, suggesting that it 
occurred on a single ancestral gene. Independent mutations 
were not observed. I The purpose of this paper is to report on 
a family where individuals show a dominantly inherited increase 
of plasma LDL associated with an independent arginine(35oo)+ 
glutamine mutation as determined by haplotype analysis using 
polymorphic markers of the apoB gene. The identification of 
these individuals is strong evidence that the argini11e(3~~)+ glu- 
tamine mutation is causative for the defective binding of 
apoB-lOO.-Rauh, G., H. Schuster, C. K. Schewe, G. Strat- 
mann, C. Keller, G. Wolfram, and N. Zollner. Independent 
mutation of arginine(3500)+glutamine associated with familial 
defective apolipoprotein B-100. J. Lipid Res. 1993. 34: 799-805. 
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Apolipoprotein B-100 (apoB-loo), a protein of 4,536 
amino acids, plays a central role in the metabolism of low 
density lipoprotein (LDL). LDL particles, which trans- 
port about two-thirds of plasma cholesterol, are catabo- 
lized primarily by the LDL receptor pathway (1). The in- 
teraction of LDL particles with the LDL receptor is 
mediated by apoB-100, the sole protein constituent of 
LDL (2). ApoB-100 is characterized by a high degree of 
genetic heterogeneity, which has been demonstrated in 
various immunochemical polymorphisms (3) and in a 
variety of published DNA sequences (4). 

The role of apoB-100 in maintaining LDL homeostasis 
has been recently exemplified by the detection of familial 
defective apolipoprotein B-100 (FDB). FDB is character- 
ized by defective binding of apoB-100 to the LDL receptor 
resulting in an accumulation of defective LDL particles in 

plasma to approximately a 2:l ratio over normal LDL 
particles (5). Extensive sequence analysis of the apoB 
gene in affected family members revealed a mutation, 
which has not been described before (4): a G to A muta- 
tion at nucleotide 10,708 in exon 26 of the apoB gene cre- 
ating a substitution of glutamine for arginine in amino 
acid 3500 (6). FDB is inherited in an autosomal dominant 
fashion, which is consistent with the fact that each LDL 
particle contains only one apoB-100 molecule (7). 

FDB is one of the most common and widespread 
disorders resulting from a single-gene mutation. The 
arginine(3500)-+ glutamine mutation was observed with 
similar frequency of approximately 1/500 in several popu- 
lations of European origin: Austria (8), Australia (9), 
Denmark (lo), Germany (11-13), Italy (14), North 
America (15), Sweden (lo), and the United Kingdom (10). 
FDB was not identified in the Finnish population, which 
has a different ethnic origin (16). FDB is characterized by 
clinical features that are similar to familial hypercholes- 
terolemia (FH) resulting from a defective LDL receptor, 
namely elevated LDL cholesterol, tendon xanthoma, and 
premature coronary artery disease (1, 17). 

Questions concerning the origin of a mutation are 
amenable to haplotype analysis (18). Haplotype analysis 
using polymorphic markers of the apoB gene were per- 
formed in Austria (8), Germany (19), North America (20), 
and the United Kingdom (21). The arginine(3500)+ glu- 
tamine mutation was identified on the same haplotype, 
suggesting that this mutation occurred on a single ances- 
tral gene. The purpose of this paper is to report on a 
family where individuals show a dominantly inherited in- 
crease of plasma LDL associated with an independent 

Abbreviations: apoB-100, apolipoprotein B-100; ASO, allele specific 
oligonucleotide; FDB, familial defective apolipdprotein B-100; FH, 
familial hypercholesterolemia; HDL, high density lipoprotein; LDL, low 
density lipoprotein; PCR, polymerase chain reaction. 
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arginine(s5oo)-+glutamine mutation as determined by hap- 
lotype analysis using polymorphic markers of the apoB 
gene (20, 22). 

METHODS 

Subjects 

In previous studies we have detected 12 unrelated FDB 
heterozygotes in Munich (11, 19, 23). The identification of 
the propositus of this family resulted from further screen- 
ing of 95 hypercholesterolemic individuals in Munich, 
whose total cholesterol levels were above the 95th percen- 
tile and whose triglyceride levels were below the 95th per- 
centile of normal individuals from Munich (24). The eth- 
nic origin of the family reported is German. 

Lipid determination 

Blood samples were taken 12 h after the last meal. Lipid 
levels were determined following a period of at least 
6 weeks without drug treatment or when the patients 
came to the lipid clinic for the first time and before ther- 
apy. Secondary hyperlipidemia was excluded in all sub- 
jects having normal levels of blood glucose and normal 
tests for hepatic, renal, thyroid, and pancreatic function. 
Cholesterol and triglycerides were determined by en- 
zymatic assays (Boehringer, Mannheim, Germany, Kit 
No. 236 691). HDL-cholesterol was determined after 
precipitation of apoB-100-containing lipoproteins and 
LDL-cholesterol was calculated by the Friedewald for- 
mula when triglycerides were below 200 mg/dl. Lipopro- 
teins were separated by preparative ultracentrifugation 
according to Havel, Eder, and Bragdon ( 2 5 ) ,  if triglycer- 
ides were above 200 mg/dl. 

Detection of arginine(3500)-+glutamine mutation 
by oligomelting technique 

Genomic DNA was prepared from total blood cells by 
using a Triton X-100 lysis method (26). The arginine(ss~)+ 
glutamine mutation was detected by amplifying a seg- 
ment of genomic DNA spanning the site of the mutation 
in the apoB gene by polymerase chain reaction (PCR) 
(27), followed by hybridization with radioactive allele- 
specific oligonucleotide (ASO) probes. The conditions 
used were the same as in previous studies (11, 19). 

Detection of arginine(ssoo)+ glutamine by 
DNA sequencing 

Asymmetric amplification was performed to produce sin- 
gle stranded DNA (28). One pg of genomic DNA was ampli- 
fied as described above with the modification that the primer 
5' -AGGATCCTGCAATGTCAAGGTGEAATTT - 3'r 
was limited to 0.01 pM. Sequencing was performed on 
purified DNA (Geneclean I1 kit, Bio 101, La Jolla, CA) 
using 3 5 s  dATP (Amersham International) and T7 DNA 

polymerase (Sequenase Version 2.0, US.  Biochemical, 
Cleveland, OH) following the protocol as previously de- 
scribed (29). DNA was electrophoresed on 6% denaturing 
polyacrylamide gel. Gels were dried for 1 h at 80% and 
exposed to X-ray films (Kodak X-Omat AR) for 48 h. 

Determination of genotypes 

The specific DNA segment was amplified by PCR (27). 
The conditions used for analysis of the Xba I, Msp I,  and 
Eco RI restriction sites and the hypervariable region in the 
3' end of the apoB gene (3'HVR) were the same as 
reported previously (19). Three known DNA markers 
(3'HVR36/34, 46/32, and 30/28) were a kind gift from 
Prof. S. E. Humphries, London. The nomenclature ap- 
plied for the 3'HVR is that of Ludwig and McCarthy (20). 

Haplotype analysis 

Haplotypes for each individual were constructed by 
analysis of segregation of the polymorphic sites in all 
members of each pedigree (18, 30). Construction of the 
haplotypes was based on the assumption that there had 
been no recombination event within the apoB gene. 
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Fig. 1. Pedigree of FDB family. Haplotypes were constructed by analy- 
sis of segregation of following polymorphic sites: Xba I, Mfp I ,  Eco RI, 
and the hypervariable region in the 3 '  end of the apoB gene (3'HVR). 
Construction of the haplotypes was based on the assumption that there 
had been no recombination event within the apoB gene. The number of 
the individual is shown below the symbol (according to Table 1). The 
haplotype of the mutant allele is characterized by following polymorphic 
sites: presence of Xba I restriction site, absence of the Msp I restriction 
site, presence of the EGO RI restriction site, and 30 repeats in S'HVR; 
+, proband of FDB family; (+), presence of restriction site; (-), 
absence of restriction; (0, n), normal; (0, E), elevation of LDL- 
cholesterol. 
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In the propositus of the family (individual 11-1) the 
defective LDL binding was determined by reduced 
proliferation of U937 cells. Fig. 3 demonstrates the cell 
number after incubation in RPMI 1640 medium supple- 
mented with 1% serum as a function of LDL cholesterol 
concentrations. Three unrelated FDB patients including 
the propositus 11-1 are compared to eight individuals 
without the mutation. In the hypercholesterolemic in- 
dividuals without this mutation, an LDL receptor defect 
was excluded by tissue culture biochemistry (17). 

The cell number after incubation with serum from 
FDB patients is below the regression curve of the controls, 
indicating that LDL from these individuals induced a 
decreased growth of U937 cells compared to individuals 

4 

T G C A without this mutation. 
Fig. 2. Sequencing ladder of the antisense strand obrained from a FDB 
heterozygote. T in the antisense strand at nucleic acid 10,708 cor- 
responds to A in the sense strand, confirming the G to A mutation at 
nucleotide 10,708. A, adenine; C, cytosine; G, guanine; T, thymine. 

Evaluation of LDL-binding 
Defective LDL-binding was evaluated using a modified 

proliferation assay first described by Frosteg2d et al. 
(31). U937 cells were grown in RPMI 1640 medium 
(Gibco, United Kingdom) supplemented with 10% heat- 
inactivated fetal calf serum (Gibco, United Kingdom). 
Serum-starved cells were seeded in multiwell plates 
(Becton Dickinson, USA) at a density of lOO/pl and were 
kept in RPMI 1640 medium supplemented either with 
1% serum of patients with the arginine(s500)+glutamine 
mutation or with 1% serum of individuals lacking this 
mutation. After 4 days the cell number was determined by 
sixfold counts using a computerized cell counter analyzer 
system (CASY-I, Scharfe System, Reutlingen, Germany). 

RESULTS 

The family study detected among 11 family members, 
6 normolipidemic individuals, and 5 hypercholester- 
olemic individuals (Fig. 1). The hypercholesterolemia 
was inherited in an autosomal dominant fashion and re- 
sulted from an increase of plasma LDL. A defect of the 
LDL receptor was excluded by tissue culture biochemis- 
try (17) and by linkage analysis with polymorphic sites in 
the LDL receptor gene (data not shown). 

The arginine(3500)+glutamine mutation was present in 
all hypercholesterolemic individuals as determined by 
oligomelting technique, while in normocholesterolemic 
individuals the mutation was absent. The DNA segment 
in the vicinity of the mutation was sequenced in the 
propositus of the family (individual 11-1) in order to 
confirm the G to A mutation at nucleotide 10,708. Fig. 2 
demonstrates a sequencing ladder of the antisense strand. 
T in the antisense strand at nucleic acid 10,708 cor- 
responds to A in the sense strand. 

Table 1 summarizes the biochemical and clinical char- 
acteristics of all family members. Arcus lipoides, tendon 
xanthoma, plaques in the carotid artery as determined by 
duplex scan, and coronary artery disease as determined 
by coronary angiography were only observed in FDB 
heterozygotes. No data were available on the FDB hetero- 
zygote in the first generation (individual I-l), who was 
hypercholesterolemic and died of a myocardial infarction 
at age 52. 

The genotype was determined directly from an ethidium 
bromide-stained agarose gel as described above. Fig. 4 
demonstrates the five different 3'HVR alleles observed in 
this family. All 3'HVR alleles consist of an even number 
of repeats (3'HVR30, 32, 34, 36, and 48). 

Haplotypes based on polymorphic sites in the vicinity 
of the arginine(g5Oo)+glutamine mutation could be con- 
structed unambiguously for each member of the pedigree. 
Recombinations within the apoB gene were not observed. 

,900 7 Number 

eOOl + 

*O0& roo 0 60 KH) 150 200 250 300 360 400 

LDL Cholesterol (ug/dl) 

Fig. 3. Cell number of U 937 cells after incubation in RPMI 1640 
medium supplemented with 1% serum as a function of LDL cholesterol 
concentrations. Three unrelated FDB patients (propositus 11-1. A, B) 
are compared to eight individuals without the mutation. The cell 
number after incubation with serum from FDB patients is below the 
regression curve of the controls; (0). individuals without the 
arginine(,m,-'glutamine mutation; (+). FDB patients. 
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TARLE I .  Riochemical and clinical characteristics of all family membcn 

Amino Lipid Levtli Plaques Coronay 
Acid Camid Anery 

Patient Gender A- 8" X T G  1.DL.C HDL-C Arcus Xanthoma Ancry Discax 

P meld/ 

1-1 M 52' NA 411 122 NA NA NA NA NA NA 
1-2 F 89 AQ? 2 m  78 I22 61 
11.1 F 62 Cln 406 154 307 68 + + + + 
11-2 F 65 Ars 212 106 I37 64 
11-3 M 63 241 139 I36 47 
11.4 F (io Gln 332 R6 263 52 + + + + 
11-5 M 55 AQ? 245 121 I59 46 
111-1 M 38 <;In 387 182 29 1 42 + + 
111-2 M 3 3 AQ? 209 IRR 137 48 
111-3 F 30 Gln 336 76 274 47 
111-4 F 29 242 89 I49 58 
111-5 F 28 Gln 2RI I89 200 36 

HDL-C. HDL cholesterol; LDL-C. LDL cholmterol; NA. not available; Tc, total cholesterol; TG. triglyceride: + , presence of a specific clinical 
feature. The 95th percentile total cholesterol as determind in the Munich population ranges fmm 231 mq/dl ( a p  group 20-30 yean) to 285 mg/d(/dl 
(age p u p  60-70 years) (24). 

*Died of a myocardial infarction at aqe 52. 

Using cosegrcgation analysis, we followed the autosomal 
dominant inheritance of the mutant allele, i.e., the allele 
carrying the arginine(3m)+glutamine mutation. The  
haplotype of the mutant allele is characterized by the fol- 
lowing polymorphic sites (Fig. 1): Xba I'lMsp I-IEco RI'l 
3'HVR30. 

DISCUSSION 

The  arginine(sm)+gIutamine mutation associated with 
FDR (6) is the only known mutation of the apoR gene that 
can virtually abolish the receptor binding activity of LDL 
(32). The  first evidence of defective binding of LBL came 
from tum-over studies (33); later the defective binding 
was demonstrated using cultured human fibroblasts (5). 
Haplotype analyses performed in Austria (8). Germany 
(19), North America (20). and the United Kinqdom (21) 
dcmonst rated the arginine(sm)+ glutamine mutation on 
the same chromosomal b a c k p u n d  (Table 2). The  haplo- 
tvpc with the mutation is characterized by following poly- 
morphic sites: 5' HVR14ISP+/Apa LI'lHinc 11-lfuu 11-1 
Alu I-lXba I-lMsp I'lEco RI-/3'HVR48. In studies using 
less polymorphic sites or in FDR heterozygotes where the 
haplotype was not unequivocally deduced from the com- 
bination of ,genotypes, the results were consistent with the 
combination of genotypes, with one exception: an  FDR 
heterozygote from North America demonstrated 3'HVRM. 
This has been attributed to unequal crossing-over or slip- 
page during DNA replication within the J'HVR itself, 
which is known from other hypervariable loci in the hu- 
man genome (34). Therefore, all reported haplotypes are 
consistent with the notion that the arginine(,m)+glu- 
tamine mutation occurred on 5'HVR14ISP+lApo LI'l 
Hint II'lAu II'lAlu I'lXba I'lMsp I'lEco RI-/3'HVR48. 

We observed the arginine(,m)+ glutamine mutat ion 
on a different haplotype: Xba I'IMsp I-lEco R14/3'HVR30. 
There are tw alternatives to explain this finding: an in- 
dependent arginine(3m)+glutamine mutation occurred 
on haplotype Xba I'lMsp I-lEco RI'/3'HVR30 or the 
arginine(~~)+glutamine mutation o c c u d  once on h a p  

M 1 2 3 4 5 6  

bP 

8 7 2  

6 0 3  

36 4 6  3 0  3 2  3 4  4 8  
3 4  3 2  28 30 32 34 

P i p  4. Polymorphic bands ofthe hypervariable re ion in the 3' end of 
thr apoR gene (3'HVR). 'Ihc polymorphic hinds w r e  analyzed on an 
ethidium hmmidc-stained agarcnc PI. All 3'H\'R alleles consisted of an 
even numtxr of repits. The size of thr 3 'HVR allele fmm FI)R pa- 
tients (lanes 4-6) was itlentifid by comparison with I)SA sizc standards 
(lane 31) and thrw known marken (ha 1-3). lane M contains DNA 
size standards from 6x174 tligmtd with Hac 111 (872 bp corrcsponcling 
to 3'H\'K48.603 hp corresponding to 3'HVR30). Lana I. 2. and 3 con- 
tain typrcl marken (3'H\'R36/14. 46/32. and 30128). The nomenclature 
applied for the 3'HVR is chat of I,udwip and McCanhy (20). 
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lotype Xba I-lMsp I'JEGo R1-/3'HVR48 and subsequently 
spread by two recombination events in the same exon to 
Xba I'IMsp I-/EGO RI'/3'HVR30. 

Recombination events have not been observed in the 
apoB gene. Recently Dunning et al. (35) observed com- 
plete allelic association between the antigen group (xly) 
and polymorphism at sites encoding amino acids 2712 and 
4311 in 688 chromosomes where phase could be deter- 
mined unambiguously. This indicates that there has been 
no recombination event within a distance of approxi- 
mately 7,000 base pairs. This finding argues against the 
hypothesis that the arginine(sm)+glutamine mutation 
spread by two recombination events from haplotype 
Xba I-IMsp I'lEco RI-/3'HVR48 to haplotype Xba I+/ 
Msp I-IEco RI'l3'HVRSO. 

We therefore favor the hypothesis of independent 
arginine(3500)+ glutamine mutation on haplotype Xba 1'1 
Msp I-/EGO RI+/3'HVR3O. The occurrence of an indepen- 
dent mutation is consistent with the finding that the CG 
dinucleotide at amino acid 3500 is a potential hotspot for 
mutation. The CG dinucleotide is known to be frequently 
associated with point mutations in other genes, like the 
hemoglobin gene cluster and the factor VI11 gene (36). 
The vast majority of CG mutations are CG+TG or 
CG+CA mutations. This is consistent with methylation- 
induced deamination of 5-methylcytosin (37). 

The present results for the arginine(35oo)+glutamine 
mutation are similar to those reported for the hemoglobin 
gene cluster: most point mutations are associated with a 
single haplotype (38), only a few point mutations were ob- 
served on different haplotypes (39). The finding for the 
arginine(35oo)+glutamine mutation may be contrasted 
with the most common mutation leading to a defect in the 
adenosine deaminase where the mutation occurs on 
different haplotypes (40). 

The identification of a family with a dominantly in- 
herited increase of plasma LDL resulting from indepen- 

dent arginine(ssoo)+ glutamine mutation is another line 
of evidence that this mutation is causative for the defec- 
tive binding of apoB-100. However, the final proof re- 
quires identification of the functional defect in expressed 
full-length apoB-100 gene constructs, differing only in 
amino acid 3500. * 

We wish to thank Prof. S. E. Humphries, London for helpful 
discussion. This work was supported by a grant from the 
Deutsche Forschungsgemeinschaft. 
Manuscript received 13 August 1992 and in revised form 25 November 1992. 
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