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INTRODUCTION

Familial defective apolipoprotein B-100 (FDB) is
an autosomal co-dominant genetic disorder of lipid
metabolism characterized by increased serum concen-
tration of low-density lipoprotein (LDL) and elevated
risk for premature atherosclerosis."*® FDB arises from
a pathogenic mutation that alters the native confor-
mational structure of apolipoprotein B-100, thereby
decreasing its affinity for the LDL receptor.* The reduc-
tion in LDL to LDL receptor ligand-binding affinity
observed in FDB leads to insufficient endocytosis and
degradation of LDL particles through a well-described
clathrin-pit mediated mechanism in hepatocytes."” In
contrast to the more than 1300 mutations in LDLR
that cause autosomal dominant hypercholesterolemia,
the vast majority of FDB cases worldwide are caused by
a low number of common mutations in a small region
of APOB known as a “mutational hotspot.”®!! By far
the most frequent of these mutations is the missense
substitution of glutamine for a wild-type arginine at
codon 3527 of APOB, known as p.Arg3527GIn or
R35000Q.1213

PREVALENCE

Investigators have detected the R3500Q muta-
tions in over thirty countries worldwide, with
a high concentration of carriers in central and
northern Europe.*?! Switzerland, Germany, the
Czech Republic, and Slovenia are thus areas with
a high prevalence of R3500Q,%? but the area that
probably has the highest incidence worldwide is
not in Europe, but in our own Lancaster County,
Pennsylvania. In 2010, population screening of
members of the Old Order Amish community
revealed that approximately 12% of the general
Amish population carries R3500Q. This rate is con-
sistent with a genetic “founder effect,” whereby a
population bottleneck reduces genetic diversity and
increases the frequency of otherwise rare alleles.?®
As the authors of the 2010 study observe, the muta-
tion was likely carried to Lancaster County by one

of three hundred German-speaking Swiss members
of the Old Order Amish Church. The gene flow rate
of R3500Q into the wider Lancaster County com-
munity and its incidence among Lancastrians of
Mennonite or Germanic heritage is at the moment
undetermined. Still, other recessive genetic dis-
orders associated with the Amish have previously
been found in non-Amish Lancastrians, and all
newborns in the state are screened for diseases asso-
ciated with the Amish such as glutaric aciduria and
maple syrup urine disease.?’ As an analogous yet
dominantly inherited disorder, the effect of FDB
due to R3500Q on countywide health has consider-
able significance for the ongoing Lancaster General
Health Familial Hypercholesterolemia Initiative.

CONSEQUENCES

In addition to the increased risk from elevated
LDL-C, R3500Q has been independently associated
with increased coronary artery calcification (CAC),
and it appears at a higher rate among patients with
ischemic heart disease than in the general popula-
tion.?®?8 Carriers of R3500Q) tend to display greater
CAC even at lipid levels equivalent to those of
their non-R3500Q peers. Population testing in
Switzerland determined that carriers of R3500Q
had rapid increases in LDL-C beginning early in
life, leading to longer arterial exposure to hyper-
lipidemia.”” Furthermore, the R3500Q genotype
is associated with reduced LDL particle size and
increased LDL circulation time, a marker for the
oxidative state of LDL particles.?>*® An atherogenic
shift in lipid profile markers may also contribute to
the independent association of R3500Q with CAC
and ischemic heart disease.

Due to the similar clinical presentation of FDB
and familial hypercholesterolemia (FH) associated
with mutations in LDLR, the genetic locus encod-
ing the low-density lipoprotein receptor protein
(LDLR), standard diagnostic criteria for FH often
include the molecular determination of a mutation
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in APOB as diagnostic of FH. Phenotypic screening
performed using the aforementioned standard crite-
ria also utilizes identical criteria for the assessment
of the probability of carrying a mutation in APOB
and LDLR.* Despite this conflation of APOB and
LDLR mutations as “familial hypercholesterol-
emia,” population testing and family screening have
frequently shown that FDB presents with milder
and more variable hypercholesterolemia than that
often observed in carriers of mutations in LDLR,
in younger patients.’*?’
Therefore, phenotypic criteria designed for the
detection of FDB as opposed to LDLR-caused FH
may be necessary to diagnose a greater share of FDB
carriers.

an effect accentuated
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CONCLUSIONS

R3500Q represents an opportunity for a para-
digm shift in public health within and outside of
Lancaster County. Wider-scale genetic testing,
rather than reliance on fluctuating and imprecise
phenotypic markers, will undoubtedly contrib-
ute to higher quality patient care and improved
outcomes in R3500Q carriers. This opportunity
follows the long-theorized yet infrequently realized
trend towards genomic or individualized medi-
cine. Lancaster General Health may now improve
the health of the patients we serve and become a
global leader in public health genomics by increas-
ing awareness of, and screening for, R3500Q.

REFERENCES

1. Innerarity TL, Weisgraber KH, Arnold KS, et al. Familial defective
apolipoprotein B-100: low density lipoproteins with abnormal recep-
tor binding. Proc Natl Acad Sci U S A. 1987;84(19):6919-6923.

2. TybjaergHansen A, Humphries SE. Familial defective apolipo-
protein B-100: a single mutation that causes hypercholesterolemia
and premature coronary artery disease. European Heart Journal.
1992,96(2-3):91-107.

3. Innerarity TL, Mahley RW, Weisgraber KH, et al. Familial defective
apolipoprotein B-100: a mutation of apolipoprotein B that causes
hypercholesterolemia. J Lipid Res. 1990;31(8):1337-1349.

4. Boren ], Ekstrom U, Agren B, Nilsson-Ehle P, Innerarity TL. The
molecular mechanism for the genetic disorder familial defective apo-
lipoprotein B100. ] Biol Chem. 2001;276(12):9214-9218.

5. Brown M, Goldstein, J. . Familial hypercholesterolemia: a genetic
defect in the Low-Density Lipoprotein Receptor. The New England
Journal of Medicine. 1976;294(25):1386-1390.

6.  Liyanage KE, Hooper AJ, Defesche JC, Burnett JR, van Bockxmeer
FM. High-resolution melting analysis for detection of familial ligand-
defective apolipoprotein B-100 mutations. Ann Clin Biochem.
2008;45(Pt 2):170-176.

7. Whitfield AJ, Barrett PH, van Bockxmeer FM, Burnett JR.
Lipid disorders and mutations in the APOB gene. Clin Chem.
2004;50(10):1725-1732.

8.  Gaffney D, Reid JM, Cameron IM, et al. Independent mutations at
codon 3500 of the apolipoprotein B gene are associated with hyper-
lipidemia. Arterioscler Thromb Vasc Biol. 1995;15(8):1025-1029.

9. Soufi M, Sattler AM, Maerz W, et al. A new but frequent muta-
tion of apoB-100-apoB His3543Tyr. European Heart Journal.
2004;174(1):11-16.

10.  Soutar AK, Naoumova RP. Mechanisms of disease: genetic causes
of familial hypercholesterolemia. Nat Clin Pract Cardiovasc Med.
2007;4(4):214-225.

11.  Usifo E, Leigh SE, Whittall RA, et al. Low-density lipoprotein recep-
tor gene familial hypercholesterolemia variant database: update and
pathological assessment. Ann Hum Genet. 2012;76(5):387-401.

12.  Hansen PS. Familial defective apolipoprotein B-100. Dan Med Bull.
1998;45(4):370-382.

13.  Fouchier SW, Kastelein JJ, Defesche JC. Update of the molecular
basis of familial hypercholesterolemia in The Netherlands. Hum

Mutat. 2005;26(6):550-556.

14.  Castillo S, Tejedor D, Mozas P, et al. The apolipoprotein B R3500Q
gene mutation in Spanish subjects with a clinical diagnosis of familial
hypercholesterolemia. European Heart Journal. 2002;165(1):127-135.

15. McClean E, Graham CA, Ward AJ, Young IS, Martin S, Nicholls
DP. Familial defective apolipoprotein B-100 (R3500Q) in Northern
Ireland. Br J Biomed Sci. 1999;56(4):258-262.

16.  Teng YN, Pan JP, Chou SC, Tai DY, Lee-Chen GJ. Familial defec-
tive apolipoprotein B-100: detection and haplotype analysis of the
Arg(3500)->Gln mutation in hyperlipidemic Chinese. European
Heart Journal. 2000;152(2):385-390.

17. Grombirikova H, Freiberger T, Kuhrova V, Soska V, Nedomova K.
[Screening for mutations in apolipoprotein B genes in a group of
patients with hyperlipoproteinemial. Cas Lek Cesk. 2001;140(1):18-21.

18.  Horvath A, Savov A, Kirov S, et al. High frequency of the ApoB-
100 R3500Q mutation in Bulgarian hypercholesterolaemic subjects. ]
Med Genet. 2001;38(8):536-540.

19.  Brusgaard K, Jordan P, Hansen H, Hansen AB, Horder M. Molecular
genetic analysis of 1053 Danish individuals with clinical signs of
familial hypercholesterolemia. Clin Genet. 2006;69(3):277-283.

20. Horvath A, Ganev V. The mutation APOB-100 R3500Q in Eastern
Europe. European Heart Journal. 2001;156(1):241-242.

21. Humphries SE, Cranston T, Allen M, et al. Mutational analysis in
UK patients with a clinical diagnosis of familial hypercholesterolae-
mia: relationship with plasma lipid traits, heart disease risk and utility
in relative tracing. ] Mol Med (Berl). 2006;84(3):203-214.

22. Klancar G, Groselj U, Kovac ], et al. Universal Screening for
Familial Hypercholesterolemia in Children. ] Am Coll Cardiol.
2015;66(11):1250-1257.

23. Miserez AR, Laager R, Chiodetti N, Keller U. High prevalence of
familial defective apolipoprotein B-100 in Switzerland. ] Lipid Res.
1994;35(4):574-583.

24. Tichy L, Freiberger T, Zapletalova P, Soska V, Ravcukova B, Fajkusova
L. The molecular basis of familial hypercholesterolemia in the Czech
Republic: spectrum of LDLR mutations and genotype-phenotype cor-
relations. European Heart Journal. 2012;223(2):401-408.

25. Fisher E, Scharnagl H, Hoffmann MM, et al. Mutations in the apo-
lipoprotein (apo) B-100 receptor-binding region: detection of apo
B-100 (Arg3500->Trp) associated with two new haplotypes and evi-
dence that apo B-100 (Glu3405->Gln) diminishes receptor-mediated
uptake of LDL. Clin Chem. 1999;45(7):1026-1038.

The Journal of Lancaster General Hospital = Spring 2016 = Vol. 11 - No. 1



26.

21.

28.

29.

30.

Shen H, Damcott CM, Rampersaud E, et al. Familial defective
apolipoprotein B-100 and increased low-density lipoprotein cho-
lesterol and coronary artery calcification in the old order amish.
Arch Intern Med. 2010;170(20):1850-1855.

Morton DH, Bennett M], Seargeant LE, Nichter CA, Kelley RI.
Glutaric aciduria type I: a common cause of episodic encepha-
lopathy and spastic paralysis in the Amish of Lancaster County,
Pennsylvania. Am ] Med Genet. 1991;41(1):89-95.
Tybjaerg-Hansen A, Steffensen R, Meinertz H, Schnohr P,
Nordestgaard BG. Association of mutations in the apolipopro-
tein B gene with hypercholesterolemia and the risk of ischemic
heart disease. N Engl ] Med. 1998;338(22):1577-1584.
Fernandez-Higuero JA, Etxebarria A, Benito-Vicente A, et
al. Structural analysis of APOB variants, p.(Arg3527GlIn),
p.(Arg1164Thr) p.(Gln4494del),  causing
Hypercholesterolaemia provides novel insights into variant patho-
genicity. Sci Rep. 2015;5:18184.

Marz W, Baumstark MW, Scharnagl H, et al. Accumulation of
"small dense" low density lipoproteins (LDL) in a homozygous

and Familial

patients with familial defective apolipoprotein B-100 results from
heterogenous interaction of LDL subfractions with the LDL
receptor. ] Clin Invest. 1993;92(6):2922-2933.

FAMILIAL DEFECTIVE APOLIPOPROTEIN B-100

31.

32.

33.

34.

35.

Goldberg AC, Hopkins PN, Toth PP, et al. Familial hypercho-
lesterolemia: screening, diagnosis and management of pediatric
and adult patients: clinical guidance from the National Lipid
Association Expert Panel on Familial Hypercholesterolemia. ]
Clin Lipidol. 2011;5(3 Suppl):S1-8.

Pimstone SN, Defesche JC, Clee SM, Bakker HD, Hayden MR,
Kastelein JJ. Differences in the phenotype between children with
familial defective apolipoprotein B-100 and familial hypercholes-
terolemia. Arterioscler Thromb Vasc Biol. 1997;17(5):826-833.
Miserez AR, Keller U. Differences in the phenotypic characteris-
tics of subjects with familial defective apolipoprotein B-100 and
familial hypercholesterolemia. Arterioscler Thromb Vasc Biol.
1995;15(10):1719-1729.

Ejarque I, Real JT, Martinez-Hervas S, et al. Evaluation of clini-
cal diagnosis criteria of familial ligand defective apoB 100 and
lipoprotein phenotype comparison between LDL receptor gene
mutations affecting ligand-binding domain and the R3500Q
mutation of the apoB gene in patients from a South European
population. Transl Res. 2008;151(3):162-167.

Rauh G, Keller C, Schuster H, Wolfram G, Zollner N. Familial
defective apolipoprotein B-100: a common cause of primary

hypercholesterolemia. Clin Investig. 1992;70(1):77-84.

Lars Andersen, B.A.

Research Assistant

The Heart & Vascular Institute
131 E. Frederick St.

Lancaster, PA 17602
landersen4@lghealth.org
Phone: 717-544-1777

The Journal of Lancaster General Hospital

Spring 2016 Vol. 11 = No. 1




	jlgh11_1 March2016 JK 15
	jlgh11_1 March2016 JK 16
	jlgh11_1 March2016 JK 17

