
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Genetics and therapy of familial hypercholesterolemia

de Sauvage Nolting, P.R.W.

Publication date
2002

Link to publication

Citation for published version (APA):
de Sauvage Nolting, P. R. W. (2002). Genetics and therapy of familial hypercholesterolemia.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/genetics-and-therapy-of-familial-hypercholesterolemia(806de74a-a6c3-4cf0-8b36-6482e75a4f2c).html


CHAPTER R 

Thee effect of the LDL-receptor gene mutation on clinical 

phenotypee and response to simvastatin 80 mg treatment 

Submittedd for publication 

Pernettee R.W. de Sauvage Nolting1, Eric J.G. Sijbrands2, Sigrid W Fouchier1, 

Joepp C. Defesche1, Barbara A. Hutten3, John J.P. Kastelein1; for the ExPRESS 

investigatorss group. 

'Departmentt of Vascular Medicine, Academic Medical Center, Amsterdam, the Netherlands 

^Departmentt of Internal Medicine, Erasmus Medical Center, Rotterdam, the Netherlands 

'Departmentt of Clinical Epidemiology and Biostatistics, Academic Medical Center, the Netherlands 

10 0 



Chapterr 10 

ABSTRACT T 

BACKGROUND D 

Low-densityy lipoprotein (LDL)-receptor mutations resulting in almost absent or no 

activityy cause more severely increased cholesterol levels compared to mutations with 

residuall  activity. The nature of the mutation may be of importance for therapeutic 

response.. Our current knowledge is based on studies with relatively few mutations 

andd use of low-dose statins. We examined lipids before and during aggressive statin 

treatmentt in a large series of index cases. 

METHODSS AND RESULTS 

AA total of 321 patients from 37 Dutch Lipid Clinics with molccularly diagnosed 

familiall  hypercholesterolemia were included in the study. After a 6-week washout-

period,, patients started with simvastatin 80 mg for 2 years. A total of 71 different 

mutationss were identified. Groups were divided according to absence (<5%) or 

presencee (>5%) of residual LDL-receptor activity. At baseline, mean LDL-cholesterol 

levelss in patients without receptor-activity (<5%) were significantly higher compared 

too patients with receptor-activity (9.32  2.05 mmol /L vs. 8.21  2.00 mmol/L; 

p<0.0001).. However, no differences were found with regards to LDL-cholesterol 

reduction,, either by evaluating maximal LDL- C reduction or by mean LDL- C 

reduction. . 

CONCLUSIONS S 

Mutatedd LDL-receptors without residual activity result in higher baseline LDL -

cholesteroll  levels compared to those that retained some function. However, the 

responsee to high-dose simvastatin treatment is not influenced by the nature of the 

LDL-receptorr mutation. 
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I N T R O D U C T I O N N 

Familiall  hypercholesterolemia (FH) is an autosomal dominant disorder of lipoprotein 

metabolism.. In die Netherlands, it affects approximately 1 in 400 people.' The disorder 

iss caused by mutations in the low-density lipoprotein (LDL) receptor gene that is 

locatedd on the short arm of chromosome 19. The mutations in the LDL receptor 

genee are classified according to protein function.2'^ Class 1 mutations cause failure of 

thee production of the protein. Class 2 mutations encode proteins of which the 

transportt between the endoplasmatic reticulum and the Golgi complex is blocked 

completelyy (2A) or partially (2B). Class 3 mutations encode proteins that are 

transportedd to the cell surface but have a reduced affinity for LDL . Class 4 mutations 

producee proteins that have normal affinity for LDL , but clustering in coated pits and 

internalizationn of the receptor complex does not take place. Class 5 mutations are 

locatedd in the domain that mediates the endosomal dissociation of receptor and 

ligand,, which is essential for receptor recycling. Class 6 mutations produce receptors 

thatt fail to bind to the cell membrane and slip out of the cell. 

Thee relation between the nature of the mutation and the lipid profile has been studied 

inn untreated patients. In most studies, mutations with negligible residual function 

weree associated with a lipid profile that may be more atherogenic. The clinical value 

off  this phenomenon remains uncertain, because mortality from these FH patients 

didd not differ between carriers of mutations with and without residual function,4 

althoughh a more severe cardiovascular risk has been observed among the carriers of 

nul l -mutat ions// The type of mutation may also be of importance from a 

pharmacogeneticc perspective. It has been suggested that specific mutations H '2 with 

residuall  protein function interfere with statin treatment,1314 whereas others showed 

thatt the response was similar in carriers of mutations with and without residual 

function.1"* '' Moreover, the variation of the response to statin treatment was larger 

amongg carriers of an identical mutation than between carriers of different types of 

mutations.166 Hence, factors outside the LDL receptor locus may be of greater 

significancee with regards to the response to cholesterol-lowering therapy. 

Soo far, we have identified over 170 different LDL receptor mutations in our National 

Molecularr Screening program for FH.1K In previous studies, a relatively small number 

off  specific mutations were analyzed and therefore these findings may not be 

representativee for the majority of FH patients. Moreover, the treatment response 

hass previously been analyzed with low dosages of statins, whereas present-day 

treatmentt consists of aggressive lipid lowering.19 
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Therefore,, in the present study, we compared the effects on the lipid profile of LDL 

receptorr mutations with and without residual function in a large series of index cases 

fromm 37 Lipid Clinics. In addition, we analyzed whether or not the nature of the 

LD LL receptor mutation exerts an influence on the response to aggressive lipid lowering 

treatment. . 

M E T H O D S S 

In-- and exclusion criteria 

Thee present study is a molecular substudy of a multicenter FH study (ExPRESS: 

Examinationn of Probands and Relatives in Statin Studies with Familial Hyper-

cholesterolemia).. FH patients were recruited from 37 Lipid Clinics in the Netherlands. 

Inn the present study, only apparently unrelated patients were included whose LDL 

receptorr mutation had been identified. They had been recruited on clinical criteria 

forr the ExPRESS by using an algorithm (to allow standardization of the diagnosis 

off  I ;H based on clinical findings, personal and familial clinical history and biochemical 

parameters).3'' Al l patients were at least 18 years of age. The patients with a history 

off  myocardial infarction (MI) , coronary artery bypass graft, or percutaneous 

transluminall  coronary angioplasty- could be included if the physician thought it was 

medicallyy allowed for the patient to have a washout period. Patients were excluded if 

theyy were pregnant or nursing women, or pre-menopausal women not using adequate 

contraceptives;; had acute liver disease, hepatic dysfunction, or persistent elevations 

off  serum transaminases; had hypersensitivity or intolerance to simvastatin or any of 

itss components; were carriers of apolipoprotein B mutations; had homozygous or 

compoundd heterozygous FH; had a recent history of alcohol or drug abuse; had 

secondaryy hypercholesterolemia due to any cause; unstable angina or intermediate 

coronaryy syndrome, or clinically significant ventricular arrhythmia at study entry, or 

MII  within the past 3 months; were on concurrent use of erythromycin and similar 

drugss affecting the cytochrome P450 enzyme; or had a history of cancer. 

Thee Ethics Institutional Review Boards Committees of all the 37 centers approved 

thee protocol and written informed consent was obtained from all participants. The 

investigationn conformed to the principles outlined in the Declaration of Helsinki. 

Studyy design 

Afterr a washout period of six weeks, patients started monotherapy with 80 mg 
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simvastatinn daily for the duration of 2 years. No other lipid lowering medication was 

allowed.. The patients and physicians were unaware of the specific nature of the 

LD LL receptor mutation during treatment. After finishing the trial, two groups were 

madee based on the residual function of the mutated LDL receptor: with (>5%) and 

withoutt residual function (<5%). 

Biochemicall analysis 

Bloodd samples were taken in the morning after an overnight fast. Total plasma 

cholesteroll  (TC), HDL-cholesterol (HDL-C) and triglycerides (TG) were determined 

accordingg to routine procedures. LDL- C was calculated using the Friedewald 

formula.211 The biochemical analyses of lipid levels and safety parameters were 

performedd in the local hospitals. From all these laboratories the different test 

proceduress were standardized by a central laboratory. 

D N AA analysis 

Genomicc D NA was prepared from peripheral blood leucocytes using the salt-

chloroformm extraction method, as previously described.22 All 18 exons of the LDL 

receptor,, including the exon-intron boundaries, were analyzed using denaturing gel 

electrophoresiss (DGGE) followed by direct sequencing of exons with aberrant 

patternss as described previously.21 Long-segment PCR and Southern blotting 

techniquess were used to identify large deletions and insertions in the LDL receptor 

gene.244 The binding domain of apolipoprotcin B100 was also screened by D G GE 

followedd by direct sequencing of exons with aberrant patterns to exclude carriers 

withh apolipoprotein B mutations from the study. 

Statisticall analysis 

Dataa are expressed as mean  standard deviation (SD). Skewed data distributions 

aree presented as median and interquartile range. Mean values in lipids, age and BMI 

betweenn subgroups were compared using the independent sample t-test. TG and 

maximall  TG reduction were compared by the non-parametric Mann-Whitney U 

test.. ~fj tests were applied for comparison of distributions of dichotomous data 

(gender,, presence of xanthomas or cardiovascular disease (CVD)). The differences 

inn maximal and mean change of LDL- C or HDL-C relative to the baseline variables 

betweenn the two groups were analyzed using the independent sample t-test. All 

statisticall  analyses were performed using the SPSS package (version 10.1, Chicago, 

Illinois).. A p-value of less than 0.05 was considered to be statistically significant. 
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RESULTS S 

Baselinee characteristics and lipid levels 

AA total of 321, apparently unrelated, FH patients with an identified LDL receptor 

mutationn were included into the present study. The mean age was 46.3 (  SD)  13.3 

years,, ranging from 18 to 80 years. Slightly more males (52.0%) than females were 

present.. A total of 34% had a history of CVD with a mean age of onset of symptoms 

att 46.4  10.0 years (50.6 years in women and 42.9 years in men). Xanthomas were 

presentt in 45.2% of patients. 

Afterr a six-week washout period, we were able to obtain lipid levels in 315 patients. 

Meann TC and LDL- C levels were, as expected, severely elevated (10.93 7 mmol/ 

I ,, and 8.88  2.10 mmol /L, respectively). In comparison, TC and LDL- C levels were 

5.499 and 3.56 mmol/L, respectively, in 3403 Dutch controls.2"1 High-density lipoprotein 

cholesteroll  (HDL-C) levels (1.22 + 0.34 mmol/L) were in the normal range as 

comparedd to the controls (1.20 mmol/L). Triglyceride (TG) levels did not differ 

significantlyy between our patients (median 1.60 mmol/L) and the control population 

(meann 1.66 mmol/L). 

Mutationss in the LDL-receptor gene 

Thee LDL receptor mutations are listed in table 1 and table 2. A total of 71 different 

mutationss had been identified: 53 point mutations, 7 small deletions, 7 splice site 

mutations,, 1 large insertion, and 3 large deletions. Out of these mutations, 17 were 

neverr reported before and 15 other mutations had not been reported in the Netherlands. 

Wcc performed 3 separate analyses to compare the lipid profiles between different 

typestypes of LDL receptor mutations: (1) mutations with and without residual activity; 

(2)(2) class 2B-5 mutations and null mutations (class 1 and 2A); and (3) point mutations 

andd large rearrangements. 

(1)(1) Mutations with and without residual activity 

Inn the upper part of table 3, the results for the mutations without (n—195) and with 

measurablee activity of mutated receptor (n—126) are given. Mean baseline total 

cholesteroll  levels (11.34  2.15 mmol /L and 10.31  2.05 mmol/L; p<0.0001) and 

LDL- CC levels (9.32  2.05 mmol/L and 8.21  2.00 mmol /L; p<0.0001) were 

significantlyy higher in the group with compared to the group without residual receptor 

activity?? The groups had similar mean concentrations of HDL-C and TG. Moreover, 

xanthomass and a history of CVD were not significandy more frequent in the group 

withoutt residual mutated receptor function. 
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Tablee 1. LDL receptor gene point mutations, small deletions and insertions. 

Exon/ / 

Intron n 

Exonn 1 

Exonn 2 

Intronn 2 

Exonn 3 

Intronn 3 

Exonn 4 

Exonn 5 

Exonn 6 

Exonn 7 

Exonn 8 

Intronn 8 

Exonn 9 

Mutation n 

M-21V V 

F11C C 

D15E E 

W23X X 

A29S S 

148delG G 

191-2 2 

P63S S 

313+1/2 2 

C88R R 

R103G G 

C122X X 

Y124A A 

C146X X 

C152W W 

C163R R 

E187K K 

645delCT T 

C201F F 

D206E E 

E207K K 

C215R R 

D245E E 

E256K K 

877delG G 

S285L L 

C317G G 

G322S S 

R329X X 

E332K K 

1085delA A 

G352D D 

A378D D 

D394G G 

Y408M M 

A410T T 

T413K K 

T413R R 

Effect t 

Translationn signal 

deletion n 

Phe-*Cyss at 11 

Asp-»Gluu at 15 

TTG-*stopp at 23 

Ala->Serr at 29 

Stopp at 148 

3'' splice acceptor 

Pro-»Serr at 63 

5'splicee donor 

Cys-»>Argg at 88 

Arg-»Glyatt 103 

Cys-*stopp at 122 

Val-**  Ala at 124 

Cys-»stopp at 146 

Cys-*Trpatt 152 

Cys-*Argg at 163 

Glu-»Lyss at 187 

Stopp at 195 

Cys->Phee at 201 

Asp-*Gluu at 206 

Glu-»Lyss at 207 

Cys-»Argatt 215 

Asp-*Gluu at 245 

Glu-*Ly ss at 256 

Stopp at 348 

Ser-*Leuu at 285 

Cys-»Glyy at 317 

Gly-*Serr at 322 

Arg-»stopp at 329 

Glu->Lyss at 332 

Stopp at 348 

Gly-*Aspp at 352 

Ala-»» Asp at 378 

Asp-*Glyy at 394 

Val-**  Met at 408 

Ala-*Thrat41<) ) 

Thr->Lyss at 413 

Thr-*Argatt 413 

Activity y 

2-5% % 

5-15% % 

5-15%. . 

<2% % 

15-30% % 

2-5% % 

15-30% % 

<2% % 

5-15% % 

5-15% % 

FSS /S /T 

noo protein 

Stop p 

FS S 

Stop p 

Trunc c 

Stop p 

Stop p 

FS S 

FS S 

Stop p 

I S S 

Class s 

1 1 

2B B 

2B B 

1 1 

2B B 

1 1 

1 1 

3+5 5 

2 2 

2B B 

2B B 

1 1 

2B B 

1 1 

2B B 

2B B 

2B B 

1 1 

2B B 

2B B 

2B B 

2B B 

2B B 

2B B 

1 1 

2B B 

2B B 

2B+5 5 

1 1 

2B+5 5 

1 1 

2B+5 5 

2B B 

2B B 

5 5 

5 5 

5 5 

5 5 

Novel l 

novel l 

novel l 

novel l 

novel l 

novell  NL 

novel l 

novel l 

novell  NL 

novel l 

novell  NL 

novel l 

novell  NL 

novell  NL 

novell  NL 

novell  NL 

n n 

2 2 

1 1 

1 1 

25 5 

1 1 

1 1 

18 8 

1 1 

39 9 

1 1 

1 1 

1 1 

1 1 

5 5 

3 3 

2 2 

2 2 

1 1 

1 1 

2 2 

17 7 

1 1 

2 2 

1 1 

1 1 

5 5 

1 1 

2 2 

3 3 

1 1 

2 2 

1 1 

1 1 

1 1 

14 4 

4 4 

1 1 

1 1 
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Tablee 1. continued. 

Exon/ / 

Intron n 

Intronn 9 

Exonn 10 

Exonn 11 

Exonn 12 

Exonn 13 

Exonn 14 

Intronn 14 

Exonn 15 

Exonn 16 

Intronn 16 

Exonn 17 

Mutation n 

V415A A 

I420T T 

W422C C 

1358+1 1 

1359-1 1 

Q453X X 

D461N N 

W462X X 

1466 7T 

K488E E 

P542H H 

N543H* * 

S551N' ' 

W556S S 

G571K K 

L590F F 

E594K K 

1865dclAT T 

R612C C 

2()50dell4bp p 

P664L L 

P678L L 

A684P P 

2140+5 5 

T705I I 

Y776L L 

2389+1 1 

2390-2 2 

2393del9bp* * 

Effectt Activiry 

Yal-»Alaat415 5 

Ile-*Thrr at 420 5-15% 

Trp-Cyss at 422 5-15% 

5'splicee donor signal 

3'splicee acceptor 

Glu-»stopp at 453 

Asp-»Asnn at 461 

Trp-»stopp at 462 

Ile-*Thrr at 467 

Lys-»Gluu at 488 

Pro-»Hiss at 542 

Asn-»Hiss at 543 

Ser-»Asnn at 551 

Trp-»Serr at 556 

Gly-»Gluu at 571 

Leu-»Phee at 590 

Glu-»Lyss at 594 

Stopp at 622 

Arg-»Cyss at 612 

Stopp at 690 

Pro-*Leuu at 664 

Pro-»Leuu at 678 

Ala-»Proo at 684 

5'splicee donor signal 

Thr-»Ilee at ALS 

Yal-»Leuu at 776 

5'splicee donor signal 

3'splicee acceptor 

dell  Leu-Val-Phe at 25% 

778-780 0 

FSS /S /T 

Stop p 

Stop p 

Stop p 

Stop p 

25% % 

5-15%. . 

FS S 

FS S 

20% % 

Trunc/Stop p 

2-5% % 

'Frunc/Stop p 

Trunc/Stop p 

Class s 

5 5 

5 5 

2B/5 5 

1 1 

1 1 

2B B 

2B+5 5 

1 1 

2B B 

2B B 

2A A 

2B B 

2B B 

2A A 

5 5 

2B+5 5 

2B B 

1 1 

2B B 

1 1 

2B B 

2B B 

2B B 

2B B 

2A A 

2B B 

Novel l 

novel l 

novell  N'L 

novell  XL 

novel l 

novell  XL 

novell  XL 

novel l 

novell  NL 

novell  XL 

novel l 

novel l 

novel l 

novel l 

novell  NL 

novel l 

n n 

1 1 

1 1 

2 2 

2 2 

28 8 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

58 8 

1 1 

1 1 

2 2 

8 8 

1 1 

1 1 

1 1 

1 1 

5 5 

1 1 

3 3 

1 1 

1 1 

3 3 

1 1 

1 1 

58 8 

FS,, frameshift; S, stopcodon; T, truncation; Novel, mutation not described before; Novel NL, mutation 
nott described before in the Netherlands. +'lhe most common mutation (n=58) is a combination of the 
defectss N543H and 2393del9bp, present on the same allele. Classification has been given for definite and 
probablee mutation classes. If wo classes arc given tor 1 mutation the worst class has been taken. 
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Tablee 2. Large rearrangements of the LDL-receptor gene. 

Event t Mutation n Activit y y 

Receptor r 

Negativee Class Novell  n 

Insertionn of 10 kb, exon 3-8 

inn intron 8 FH Alkmaar-1 

Deletionn of 2.5 kb, exon 7-8 FH Cape Town-2 2-5% 

Deletionn of 4 kb, exon 7-8 FH Leiden-1 <2% 

Deletionn of 4 kb, exon 13-14 FH Amsterdam-4 

Trunc c 

Trunc c 

Trunc c 

Trunc c 

3+5 5 

3+5 5 

3+5 5 

novell  NL 4 

17 7 

1 1 

novell  1 

Novel,, mutation not described before; Novel NL, mutation not described before in the Netherlands. 
Classificationn has been given for definite and probable mutation classes. If two classes are given for 1 
mutationn the worst class has been taken. 

(2)(2) Class /-2M versus Class 2B-5 

Additionally,, in the lower part of table 3 mutations with a probable or definite 

classificationn were divided into class 1-2A (n=97) and class 2B-5 (n=181). Patients 

withh 313+1/2 mutations could not be included in this analysis, as the subclassification 

off  this mutation is unknown. Mean baseline total cholesterol levels (11.40  2.08 

mmol /LL vs. 10.63  2.22 mmol/L; p=0.006) and LDL- C levels (9.36  1.89 mmol/ 

LL vs. 8.56 9 mmol/L; p=0.003) were significantly higher in the class 1-2A 

mutationss compared to the class 2B-5 mutations. None of the other parameters 

weree significandy different between the two groups. 

(3)) Point mutations and large rearrangements 

Mutationss were divided into point mutations (n—141) and large rearrangements 

(n=23).. Mean baseline total cholesterol levels (10.89  2.24 mmol /L vs. 12.43  2.72 

mmol /L;; p=0.003) and LDL- C levels (8.80  2.15 mmol /L vs. 10.45  2.59 mmol/ 

L;; p=0.001) were significandy lower in carriers of point mutations compared to 

largee rearrangements. No other parameter significandy differed between the two 

groups,, however baseline HDL-C levels tended to be lower in padents with large 

rearrangementss compared to point mutations (1.10  0.29 mmol /L vs. 1.25  0.37 

mmol/L;; p=0.07). 
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Tablee 3. Characteristics of patients with LDL-receptor mutations divided into 2 different groups. 

1 1 

Receptor-activityy <5°o Receptor-activity >5°o 

Variabless (n = 195) (n-126) p-value 

Agee (yrs) 

Malee gender {"«) 

BMII  (kg/m2) 

Xanthomaa (°o) 

CVDD (%) 
Agee onset CVD (yrs) 

TCC (mmol/L) 

LDL- CC (mmol/L) 

HOL-C]]  (mmol/L) 

TGG (mmol/L) 

Maximall  LDL- C reduction 

46.33  13.5 

49.2 2 

2577 + 3.8 

49.2 2 

33.8 8 

45.55  9.7 

11.344 5 

9.322  2.05 

1.222 4 

1.500 (1.10-2.20) 

54.44  9.2 

46.11  13.0 

56.3 3 

25.77  3.3 

38.9 9 

34.1 1 

48.11  10.4 

10.311  2.05 

8.211  2.00 

1.233  0.35 

1.600 (1.10-2.30) 

53.77  10.7 

0.9 9 

0.2 2 

0.9 9 

0.07 7 

1.0 0 

0.2 2 

<0.0001 1 

<< 0.0001 

0.9 9 

0.4 4 

0.5 5 

2 2 

Classs 1-2A Class 2B-5 

Variabless (n-97) (n=181) p-value 

Agee (yrs) 

Malee gender (°») 

BMII  (kg/m2) 

Xanthomaa (%) 

CVDD C"o) 

Agee onset CYD (yrs) 

TCC (mmol/L) 

LDL- CC (mmol/L) 

HDL-CC (mmol/L) 

TGG (mmol/L) 

Maximall  LDL-C reduction 

45.44  13.9 

53.6 6 

25.88  3.5 

50.5 5 

34.0 0 

45.11  10.5 

11.400 8 

9.366  1.89 

1.244 5 

1.355 (1.00-2.20) 

54.88  8.3 

46.55  12.9 

53.0 0 

25.66  3.4 

40.3 3 

36.5 5 

47.33  9.8 

10.633  2.22 

8.566 9 

1.222  0.35 

1.600 (1.10-2.30) 

54.11  10.6 

0.5 5 

0.9 9 

0.6 6 

0.1 1 

0.7 7 

0.3 3 

0.006 6 

0.003 3 

0.6 6 

0.3 3 

0.6 6 

LDL-C,, low-density lipoprotein cholesterol; HDL-C], high-densitv lipoprotein cholesterol; T( J, triglycerides. 
Alll  values are given as mean + standard delation, onh' triglycerides arc given as median with the interquartile 
rangee between brackets. 

LDL-receptorr mutation and response to therapy 

Primaryy analyses were done on the maximal LDL- C reduction to reduce the influence 

off  non-compliance. The maximal LDL- C reduction was defined as the maximal 

percentagee reduction of LDL- C at one of the 6 visits after initiation of therapy. 

Compliancee was assessed by tablet counting; no differences were found between 

groups.. As shown in table 3, mean maximal LDL- C reduction did not differ between 
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thee groups without and with mutated receptor activity (54.4  9.2% vs. 53.7  10.7%, 

respectively;; p=0.5) or between class 1-2A and class 2B-5 (54.8  8.3% versus 54.1

10.6,, respectively; p=0.6). Neither differed maximal LDL- C reduction between point 

mutationss and large rearrangements (54.4 1 vs. 54.5  8.6 %; p=1.0). Secondary 

analysess using the mean LDL- C reduction of the last three visits yielded identical 

resultss (data not shown). 

Thee 147 women had a significandy greater maximal LDL- C reduction compared to 

thee 162 men (-56.2  10.4% vs. -52.2  8.7%; p<0.0001). In a linear regression 

model,, the change in maximal LDL- C was explained for 13% by baseline LDL- C 

andd gender. In effect, each mmol increase of baseline LDL- C was related with 1.4% 

moree reduction on simvastatin (95% CI -1.9 to -0.9; p<0.0001). In this model women 

hadd 3.4% more reduction of LDL- C compared to men (95% CI -5.5 to -1.3; p=0.001). 

Noo other parameter proved to be significant in the model. 

Maximall  HDL-C increase was defined as the maximal HDL-C increase at 1 of the 6 

visits.. In a linear regression model, maximal HDL-C increase could be explained for 

17%% by baseline HDL-C levels. Each mmol increase of baseline HDL-C was inversely 

relatedd with 27.2% increase of HDL-C (95% CI 20.5 to 33.9; p<0.0001) No other 

parameterr proved to be significant in the model. Maximal changes in TG were not 

significandyy related to any other parameter but baseline TG levels. 

DISCUSSION N 

Inn the present study, we have analyzed a large series of index cases in whom 71 

differentt LDL receptor mutations were identified. The baseline lipid analyses showed 

thatt carriers of mutations with almost absent or no receptor activity had more severely 

increasedd LDL- C levels compared to carriers of mutations that retained receptor 

activity.. In contrast, the response to aggressive lipid-lowering treatment was not 

influencedd by the nature of the LDL receptor mutation. 

Thee strength of the present study is that it is representative for the wide variety of 

FHH patients. The considerable heterogeneity of LD L receptor mutations is 

characteristicc of FH patients in general. The present study also enabled to make 

comparisonss of mutation types based on residual receptor activity', pooled functional 

mutationn classes, and between point mutations and large rearrangements. The results 

off  these analyses are very consistent. This suggests that uncertainties about the exact 
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residuall  function of some mutations could not have had a substantial influence on 

ourr analyses. Moreover, our treatment study has greater clinical relevance than earlier 

studies,, because we analyzed the influence of the type of mutation on the response 

too the present-day standard of aggressive cholesterol-lowering therapy However, we 

cannott exclude that rare specific LDL receptor mutations exist that arc able to reduce 

thee response to statin treatment. 

Inn line with previous results and as expected, we found that baseline LDL- C levels 

weree significantly more elevated in carriers of mutations without activity of the 

mutatedd receptor compared those with residual receptor activity.:''f,''J,1'','2'',":*<' Only two 

studiess in much smaller study cohorts did not reveal such a difference.*-1 In contrast 

too previous results 'KU'-2H we did not observe a higher prevalence of xanthomas among 

thee carriers of mutations without residual function. Although the mean age was 

comparable,, the overall frequency of xanthomas was lower in the present study 

comparedd to earlier studies. The routine measurement of cholesterol has probably 

becomee a more frequent reason for referral and this has decreased the proportion of 

severee index cases with xanthomas, having a 'classical' phenotype. 

Thee HDL-C concentration was similar in both groups, in contrast to three previous 

studiess that suggested that HDL-C levels were lower in carriers of mutations without 

residuall  function.6" lf ' These studies were performed in smaller cohorts, ranging from 

277 to 185 FH patients. A possible mechanism to explain the differences in HDL-C 

levelss relates to the clearance of remnant chylomicrons and VLD L particles in FH 

patients.. However, we could recently not observe differences in baseline levels of 

remnant-likee particles cholesterol between carriers of mutated receptors with and 

withoutt activity.-*1 The HDL-C levels may not be influenced by the LDL receptor 

mutationn type and the previously observed variation could have been based on the 

presencee of additional lipid disorders. Hence, the discrepancy with some earlier studies 

maybee explained by differences in selection on additional risk factors for CVD. 

Inn contrast to other studies," n we did not find a significant difference in LDL- C 

reductionn by statin therapy between the mutation classes. Three other studies had 

similarr findings.1"1 We performed analyses with both maximal and mean LDL- C 

reductionn showing identical results. Therefore, we argue that our results were not 

influencedd by substantial non-compliance. Moreover, linear regression analyses showed 

thatt baseline LDL- C levels and female gender could only explain up to 13% of the 

variancee of the maximal LDL- C reduction. Probably, other not yet identified 

mechanismss are more relevant for the individual therapeutic response. 

142 2 



LDL-receptorr mutations and therapy response 

Inn conclusion, the type of LDL-receptor gene mutation to a certain extent determines 

baselinee TC and LDL- C levels, but it does not influence the therapeutic response to 

statins. . 
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