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Abstract
Background. Familial hypercholesterolemia and familial defective apo lipoprotein B are genetic disorders caused 
by defects in the low-density lipoprotein receptor gene and apo lipoprotein B 100 genes, respectively. The clinical 
phenotype of both diseases is characterized by increased plasma levels of total cholesterol and low density lipopro-
tein cholesterol, tendinous xanthomata, and premature coronary heart disease.
Objectives. The aim of this study is to perform an association study between different gene sequence variants in 
low-density lipoprotein and apo lipoprotein B 100 genes to the clinical finding and lipid profile parameters of the 
study subjects.
Material and Methods. A group of 164 familial hypercholesterolemic patients were recruited. The promoter 
region, exon 2–15 of the low density lipoprotein gene and parts of exon 26 and 29 of apo lipoprotein B 100 gene 
were screened by Denaturating Gradient High Performance Liquid Chromatography. 
Results. For the apo lipoprotein B 100 gene, those with apo lipoprotein B 100 gene mutation have a significantly 
higher frequency of cardiovascular disease (P = 0.045), higher low density lipoprotein cholesterol and total choles-
terol: high density lipoprotein cholesterol ratio than those without mutation (P = 0.03 and 0.02, respectively). For 
the low density lipoprotein gene defect those with frame shift mutation group showed the worst clinical presenta-
tion in terms of low density lipoprotein cholesterol level and cardiovascular frequency.
Conclusions. There was a statistically significant association between mutations of low density lipoprotein gene 
and apo lipoprotein B 100 genes and history of cardiovascular disease, younger age of presentation, family history 
of hyperlipidemia, tendon xanthoma and low density lipoprotein cholesterol level (Adv Clin Exp Med 2013, 22, 
1, 57–67).

Key words: phenotypic characters, LDLR, APOB-100, familial hypercholesterolemia, premature coronary heart 
disease, polymorphism.

Streszczenie
Wprowadzenie. Rodzinna hipercholesterolemia i rodzinnie uszkodzona lipoproteina apo B są to genetyczne zabu-
rzenia spowodowane przez uszkodzenie odpowiednio genu receptora lipoprotein małej gęstości i genów apo B 100. 
Kliniczny fenotyp obu chorób charakteryzuje się zwiększeniem stężenia cholesterolu całkowitego i cholesterolu 
lipoprotein małej gęstości, żółtakami ścięgna i przedwczesną chorobą wieńcowej.
Cel pracy. Ocena związków między różnymi wariantami sekwencji genów lipoprotein o małej gęstości i genów apo 
B 100 a rozpoznaniem klinicznym i parametrami profilu lipidowego badanych chorych.
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Autosomal dominant hypercholesterolemia 
(ADH) is a frequent genetic disorder. It is char-
acterized by increased levels of low density lipo-
protein cholesterol (LDL-C) in plasma, which can 
produce skin and tendon xanthomas (TX) and, 
overall, premature cardiovascular disease (PCVD). 
It results from genetic defects in the pathway of 
hepatic clearance of low density lipoprotein (LDL) 
particles [1]. Up to now, ADH is known to result 
from mutations at three main loci, although oth-
er loci could also be involved. Two loci are well 
characterized, the low density lipoprotein recep-
tor (LDLR) gene and apolipoprotein B100 (APOB-
100) gene; mutations in these genes cause familial 
hypercholesterolemia (FH) and familial defective 
apolipoprotein B (FDB) (clinically indistinguish-
able from FH) [2], respectively. Recently, it has 
been demonstrated that specific mutations in-
creasing activity in proprotein convertase subtili-
sin/kexin type 9 precursor (PCSK9) are responsible 
for ADH, whereas those reducing PCSK9 activity 
are associated with a lower LDL-C levels and pro-
tection from PCVD [3].

The term FH homozygote, in a phenotypic 
sense, is a distinct clinical syndrome characterized 
by the following three features: marked hypercho-
lesterolemia, i.e., serum cholesterol levels greater 
than 15.5 mmol/l, the childhood onset of cutane-
ous planar xanthomas, and PCVD [4]. The patients 
with homozygous FH may die due to myocardial 
infarction in early childhood [5]. 

The plasma level of LDL-C in FH heterozy-
gotes is lower than the FH homozygotes; it is 
typically elevated to 2–3 times the normal values 
and much more dependent on other genetic and 
environmental factors than are those in FH ho-
mozygotes. In FH heterozygotes with the same 
LDLR mutation can have widely different plasma 
levels of LDL-C. Like FH; FDB is characterized by 
elevated plasma LDL-C levels with normal trig-
lyceride (TG), TX, and premature atherosclerosis 

[6]. The homozygotes FDB have levels of plasma 
LDL-C comparable to those in FH heterozygotes 
rather than those in FH homozygotes [7]. The 
development of cardiovascular disease (CVD) is 
slower in FDB homozygotes than in FH homozy-
gotes, since most FDB homozygotes identified to 
date are between 40 and 60 years of age [8].

Approximately > 50% of males by the age of 
50 years and > 30% of females by the age of 60 
years with FH will be at a high risk of PCVD if left 
untreated [9]. For that reason the diagnosis of FH 
is important not only for the prognosis of patients, 
but also has implications for the family members 
who may have the same inherited disorder [6]. For 
all patients with FH caused by LDLR gene defects, 
environmental factors seem to be more impor-
tant than the type of mutation in determining the 
phenotype severity [10]. These are often the same 
factors that predispose people to coronary heart 
disease (CHD) in the general population. Patients 
with FH typically presented with premature CHD 
in the past but today with greater awareness, sim-
ple chemical assays that are widely available, the 
diagnosis was made earlier [11]. 

So the aim of this study is to determine the 
association of different gene variants in LDLR and 
APOB-100 genes to the medical history, clinical 
finding and lipid profile parameters of the study 
subjects.

Material and Methods
Subjects 
The target population includes patients attend-

ing the Cardiology Clinic in hospital University 
Sains Malaysia (HUSM). One hundred and sixty 
four subjects gave a written informed consent to 
participate in this study. The study subjects were 
patients who fulfilled the Simon Broome Familial 
Hypercholesterolemia Register diagnostic criteria 

Materiał i metody. Do badań włączono grupę 164 pacjentów chorych na hipercholesterolemię rodzinną. Region 
promotora, ekson 15/2 lipoprotein o małej gęstości i części eksonu 26 i 29 genu apo B 100 przeszukiwano metodą 
wysokosprawnej chromatografii cieczowej z czynnikiem denaturującym.
Wyniki. Dla genów apo lipoproteiny B 100, w pacjentów z mutacją genu apo lipoproteiny B 100 choroby serco-
wo-naczyniowe występują częściej (p = 0,045), stężenie cholesterolu lipoprotein małej gęstości jest większe i sto-
sunek całkowitego cholesterolu do cholesterolu lipoprotein dużej gęstości niż u pacjentów bez mutacji (P = 0,03 
i 0,02 odpowiednio). W przypadku wady genetycznej lipoprotein małej gęstości u pacjentów z mutacją zmiany fazy 
odczytu ich stan kliniczny był najgorszy pod względem stężenia cholesterolu lipoprotein o małej gęstości i często-
tliwości występowania chorób krążenia.
Wnioski. Stwierdzono statystycznie istotny związek między mutacjami genu lipoprotein małej gęstości i genów 
lipoprotein apo B 100 oraz chorobami układu krążenia w wywiadzie, młodszym wiekiem wystąpienia chorób, 
rodzinną hiperlipidemią w wywiadzie, żółtakami ścięgna i stężeniem cholesterolu lipoprotein małej gęstości (Adv 
Clin Exp Med 2013, 22, 1, 57–67).

Słowa kluczowe: cechy fenotypowe, LDLR, APOB-100, rodzinna hipercholesterolemia, przedwczesna choroba nie-
dokrwienna serca, polimorfizm.
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for FH. Those criteria for FH include cholesterol 
levels, clinical characteristics, molecular diagnosis, 
and family history. A “definite” diagnosis of FH 
is made if a patient has elevated cholesterol levels 
(note that the cut point differs for children under 
the age of 16 years) and tendinous xanthomata, or 
if the patient has an identified mutation in the LD-
LR gene or the APOB-100. A “probable” diagnosis 
is made if the patient has elevated cholesterol lev-
els and a family history of hypercholesterolemia or 
heart disease [12]. Patients with suspected causes 
of secondary hyperlipidemia were excluded from 
the study [13]. Demographic data, history of CVD, 
lipid-lowering therapy, and physical examination 
for detection of the presence of TX, xanthelasma, 
and arcus cornealis were also determined. Pre-
treatment lipid profiles were obtained from the 
patients’ records and family history of PCVD, hy-
perlipidemia and TX were taken from all patients 
using a standardized form.

Eighty control healthy subjects were collected 
in order to look for the presence of single nucle-
otide polymorphism (SNP) in normal individuals.

Experimental Procedures 
Peripheral venous blood (3 ml) was collected 

from patients and controls into potassium Ethyl-
ene diamine tetraacetic acid tubes, and genomic 
DNA extracted by (QIAGEN, Hilden, Germany) 
kit. The samples were then stored at –20°C until 
further analysis.

All patients and controls were screened for 
gene variants within the LDLR and APO B-100 
genes. In order to distinguish FH from FDB pa-
tients for purpose of genotype phenotype compar-
ison, thirteen sets of forward and reverse primers 
were used to amplify the promoter and 14 out of 
18 exons and its intronic flanking region of LDLR 
(accession no. NT_011295). The selected exons 
were exon 2 to exon 15 [14]. On the basis of APO 
B-100 reference sequence obtained from the Gen-
Bank (accession no. NM_000384). Three sets of 
primers were designed to amplify all previously re-
ported mutations associated with FDB in the APO 
B-100 gene as one amplicon in exon 29:12452-
13113 nucleotides corresponding to 4151-4372 
codons and 2 amplicons in exon 26:10352-11632 
nucleotides corresponding to 3451-3878 codons 
and 7328-7818 nucleotides corresponding to 2443-
2606 codons. 

Briefly, samples were analyzed by PCR that 
was standardized using genomic DNA and primer 
pairs to amplify the target exons individually. PCR 
was performed in 20 µl reactions. Each reaction 
contained 0.5 µM of each forward and reverse 
primer, 0.16 mM dNTPs, 2.5 mM MgCl2, 1x PCR 

buffer, 0.75 U Taq DNA polymerase and diluted 
DNA template (~50 ng). Before DHPLC analysis, 
5 µL of the PCR reaction was run on a 2% agarose 
gel with a 100bp marker for comparison.

All the patients and controls were screened 
for point mutations using Denaturating High 
Performance Liquid Chromatography (DHPLC). 
Mutational analysis was run on a partially inert 
analysis system from Helix system (Varian, Inc. 
USA). Prediction of the melting temperature for 
the DNA fragments was performed by the proce-
dure discussed at http://insertion.stanford.edu./
melt.html, where the recommended melting tem-
perature can be identified. The PCR products were 
denatured at 95°C for 5 min and cooled to 65°C at 
a temperature ramp rate of 1°C/min. After slow re-
annealing the sample was injected directly at the 
optimum temperature that was identified by map-
ping and the elusion profile of the samples were 
compared to the elusion profile of the control. The 
single peak pattern of the sample at a partial dena-
turation condition indicated the absence of mis-
match, and so any mutation. In contrast, samples 
that demonstrated a different peak pattern were 
considered as having the heteroduplexes gene var-
iants, for such cases bidirectional sequencing was 
performed on a purified PCR product to confirm 
the results of the DHPLC. PCR fragments were 
sequenced with the ABI PRISM BigDye termina-
tor cycle model ABI Prism 3100 Genetic Analyzer 
(Applied Biosystems, California, USA) according 
to the manufacturer’s recommendations.

To detect large rearrangements within the coding 
sequence of the LDLR gene, samples were analyzed 
using Multiplex Ligation Dependent probe Amplifi-
cation (MLPA), in accordance with the manufactur-
er’s protocol (Kit P062, MRC-Holland, Amsterdam, 
The Netherlands). The mutations were designated 
following the system of the Human Genome Varia-
tion Society (HGVS) (http://www.hgvf.org).

Pre-treatment TC (total cholesterol), HDL-C  
(high density lipoprotein cholesterol), TG, LDL-C  
and TC/HDL-C ratio were used for statistical anal-
ysis. All lipid levels are expressed in SI units.

Statistical Analysis
Data is presented as means (SD) for continu-

ous variables (after checking the normal distribu-
tion) and as percentages for categorical variables. 

Differences between two mean values were as-
sessed using independent t-test, while differences 
among more than two mean values were assessed 
using one way ANOVA. The exact difference 
among the groups was checked by Post hoc test 
(Bonferroni). Categorical variables were compared 
using chi-square test.
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In all analyses carried out, a global significance 
level of p < 0.05 was considered. Statistical analyses 
were performed by using the SPSS v 17.0 program. 
Pre-treatment TC, HDL-C, TG, LDL-C and TC/
HDL-C ratio were statistically analyzed.

Results
According to the score system of Simon 

Broome Register Group, patients were categorized 
into two groups: 100 probable and 64 definite FH 
cases. Table 1 shows the proportion of patients in 
each category with the clinical and biochemical 
manifestations. Those with definite FH have a sig-
nificantly higher prevalence of CVD, xanthelasma 

and TX (P < 0.001 each). A significant higher sys-
tolic blood pressure, TC and LDL-C were reported 
among definite than probable FH patients (P = 
0.026, 0.006 and 0.01, respectively).

Another approach to classifying FH subjects 
was used. This was according to LDLR gene defect 
in order to assess the importance of the mutation 
group to the clinical appearance of the disease. The 
mutation categories are shown in Table 2. Patients 
with no mutation were included for evaluation. 
Missense mutations were reported in 56 subjects 
(34.1%) of the FH cases i.e. the biggest group. 
Carriers of frame shift mutation represent the 
most severely affected group, on the basis of pre 
treatment lipid profiles as the TC was the highest 
(mean = 9.1 mmol/l) with highest LDL-C (mean = 

Table 1. Comparison of demographic, clinical and biochemical characteristics between definite and probable FH subjects

Tabela 1. Porównanie cech demograficznych, klinicznych i biochemicznych pacjentów z pewnym i prawdopodobnym roz-
poznaniem hipercholesterolemii rodzinnej

Variables (n = 164)
(Zmienne)

Subjects with definite FH
(Pacjenci z pewnym 
rozpoznaniem  
hipercholesterolemii 
rodzinnej)
n = 64

Subjects with probable FH 
(Pacjenci z prawdo-
podobnym rozpozna- 
niem hipercholeste- 
rolemii rodzinnej)
n = 100

P value 95% CI

A. Background characteristics
   Age (year)* 
   Sex n (%)
     female  
     male 
   Smoking n (%)
     current 
     ex-smokers

 46.5 (10.3)

 31 (48.4)
 33 (51.6)

 18 (28.1)
 10 (15.6)

 43.3 (13.2)

 58 (58.0)
 42 (42)

 18 (18)
 13 (13.0)

0.10a

0.23b

0.2b

–7.0, 0.6

B. Medical history 
   CVD n (%)
   age of onset of CVD n (years)* 

   hypertension n (%)
   family history of PCVD n (%)
   family history of hyperlipidemia n (%)
   family history of tendon xanthoma n (%)

 57 (89.1)
 41.3 (8.2)
 15 (23.4)
 42 (65.6)
 38 (59.4)
 15 (23.4)

 55 (55)
 41.4 (7.6)
 23 (23.0)
 53 (53.0)
 56 (56.0)
 36 (36.0)

< 0.001b

0.9a

0.94b

0.1b

0.6b

0.11b

–2.9, 3.0

C. Clinical examination 
   SBP (mm Hg)* 

   DBP (mm Hg)* 

   BMI (kg/m2)* 

   tendon xanthoma (%)
   arcus (%)
   xanthelasma (%)

131.6 (20.5)
 78.4 (11.5)
 27.3 (4.8)
 64 (100)
 36 (56.3)
 26 (40.6)

124.8 (13.4)
 77.0 (10.6)
 28.0 (5.6)
  3 (3.0)
 47 (47.0)
 16 (16.0)

0.026a

0.4a

0.3a

< 0.001b

0.24 b

< 0.001b

–12.1, 
–0.8
–5.0, 2.0
–0.8, 2.4

D. Lipid profile parameters 
   TC (mmol/l)*
   TG (mmol/l)*
   HDL-C (mmol/l)*
   LDL-C (mmol/l)*
   TC/HDL-C ratio*

  7.9 (1.4)
  1.9 (1.0)
  1.3 (0.4)
  5.1 (0.9)
  6.8 (3.2)

  7.4 (0.8)
  1.8 (0.7)
  1.2 (0.3)
  4.7 (0.9)
  6.0 (1.4)

0.006a

0.6a

0.7a

0.01a

0.08a

–0.9, –0.16
–0.32, 0.2
–0.11, 0.09
–0.7, –0.09
–1.6, 0.1

* Data are expressed as mean (SD).
a independent t-test.
b Chi square test.

* Dane wyrażone jako średnia (SD).
a test t dla grup niezależnych.
b test χ2.
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5.8 mmol/l), the frame shift mutation group also 
appears to be the most severely affected in term 
of CVD frequency (100%), with age of presenta-
tion around 43.5 years. Interestingly, the large 
rearrangement group appear to be the least se-
verely affected group with lowest presenting TC, 
low LDL-C level, and lowest frequency of CVD 
(33.3%) but at a young age (18 years old). Only 
1 patient (0.6%) carried a silent mutation, pre-
sented with pretreatment TC = 7.7 mmol/l and 
LDL-C = 5.0 mmol/l. Carriers of polymorphisms 
represent about one third of FH group (30.5%) with 
TC = 7.7 mmol/l and LDL-C 4.9 mmol/l, around 
72.0% have CVD and 44% presented with TX. For 
purpose of comparison silent mutation group was 
excluded and ANOVA test was done and revealed 
a significant difference among the sub-groups (P = 
0.04, <0.001for TC and LDL-C, respectively), post 
hoc test revealed a significant difference between 
frameshift and none mutated group (P = 0.042) 
for TC. For LDL-C a significant differences were 
noticed also between non mutated and frameshift 
groups (P = 0.03), between missense and none 
mutated (p = 0.002) and between polymorphisms 
and none mutated (P = 0.005).

Thirty FH patients were found to have a muta-
tion in the APO B 100 gene.

Patient subjects were separated according to 
the presence of gene mutations into two groups in 

order to evaluate the phenotype of those with and 
without mutations.

All the clinical parameters, except CVD (P = 
0.045), show a non-significant difference between 
those with and without mutations in APOB-100 
gene. In term of lipid profile parameters, those 
with mutation show a higher LDL-C and TC: HDL 
ratio than those without mutation (P = 0.03 and 
0.02, respectively) (Table 3).

Lastly the study subjects were classified accord-
ing to the presence of mutations in LDLR gene and 
APOB-100 gene. Those with mutations showed 
a significantly higher frequency of CVD, family 
history of hyperlipidemia and TX (P<0.001, 0.03 
and 0.01, respectively). Those with mutations were 
younger than those without (P = 0.047) and showed 
younger age of presentation of CVD (p = 0.018). 
For lipid profile parameters, those with mutations 
showed a significant higher LDL-C level than those 
without mutations (P = 0.001), (Table 4). 

Discussion 
Despite the monogenic nature of the disorder, 

heterozygous FH shows large variability in phe-
notypic expression [15]. This great variability in 
phenotypic expression may occur in terms of lipid 
profile, frequency of xanthomas, onset and severity 

Table 2. Different mutation categories of LDLR gene, age of presentation of CVD and pre-treatment lipid profile parameters 
among FH subjects (n = 164)

Tabela 2. Różne kategorie mutacji genu LDLR, wiek wystąpienia CVD i parametry profilu lipidowego u pacjentów chorych 
na hipercholesterolenemię rodzinną przed leczeniem (n = 164)

Mutation categories in LDLR 
gene 
(Kategorie mutacji genu 
LDLR)

n (%)* Age of pre-
sentation 
of CVD 
(Wiek 
wystąpienia 
CVD)

Pre treatment lipid profile parameters
mean (SD)
(Parametry profilu lipidowego  
przed leczeniem)

CVD%*** TX%***

TC
(mmol/l)

TG 
(mmol/l)

LDL 
(mmol/l)

HDL 
(mmol/l)

No gene variants
(Brak wariantów genów)
Silent 
(Mutacja cicha)
Missense
(Mutacja typu missense)
Frame shift 
(Mutacja zmiany fazy odczytu)
Large rearrangement 
(Duże przekształcenie)
Intronic 
(Mutacja w obrębie intronu)
Polymorphisms
(Polimorfizmy)

41 (25.0)

 1 (0.6)

56 (34.1)

 4 (2.4)

 3 (1.8)

 9 (5.5)

50 (30.5)

44.8 (6.1)

42.0**

39.7 (8.0)

43.5(14.3)

18**

45.5(1.2)

41.5(7.1)

7.3 (0.6)

7.7**

7.6 (1.3)

9.1 (1.5)

7.1 (1.1)

7.5 (0.5)

7.7 (1.0)

1.8 (0.7)

1.1**

1.7 (0.9)

2.4 (0.7)

1.3 (0.7)

1.8 (0.8)

1.9 (0.8)

4.2 (0.9)

5.0**

5.0 (0.8)

5.8 (2.2)

4.4 (1.0)

5.0 (0.4)

4.9 (0.9)

1.3 (0.3)

1.2**

1.3 (0.4)

1.2 (0.1)

1.3 (0.3)

1.2 (0.2)

1.2 (0.3)

 46.3

100

 80.4

100

 33.3

 77.8

 72.0

 7.3

 0

62.5

50

66.7

33.3

44.0

* Percentage within the study group 164 subjects.
** Groups with one patient are presented without mean (SD).
*** Percentage of CVD and TX within each variant group.

* Odsetek badanej grupy 164 osób.
** Grupy z jednym pacjentem są prezentowane bez średniej (SD).
*** Odsetek CVD i TX w grupie z każdym wariantem.
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Table 3. Relevance of category of mutations in APOB-100 gene among study subjects to their demographic characteristics, 
medical history, clinical findings and lipid profile parameters (n = 164)

Tabela 3. Znaczenie kategorii mutacji w genie apoB-100 wśród badanych osób dla ich cech demograficznych, historii choro-
by, rozpoznania klinicznego oraz parametrów profile lipidowego (n = 164)

Variables 
(Zmienne) 
n = 164

Subjects with mutations
(Pacjenci z mutacjami)
n = 30

Subjects without mutations 
(Pacjenci bez mutacji)
n = 134

P value

A. Background characteristics
   Age (year)*, a

   Sex n (%)b

     male
     female 

 44.0 (12.6)*

  3 (43.3)
 17 (56.7)

 46.7 (10.5)

 62 (46.3)
 72 (53.7)

0.200

0.800

B. Medical history 
   CVD (%)b

   age of onset of CVD
   family history of PCVD (%)b

   family history of hyperlipidemia (%)b

   family history of TX (%)b

 25 (83.3)
 41.1 (8.1)
 17 (56.7)
 16 (53.3)
  8 (26.7)

 87 (64.9)
 41.4 (7.9)
 78 (58.2)
 78 (58.2)
 42 (31.3)

0.045
0.800
1.000
0.600
0.300

C. Clinical examination 
   SBP (mm Hg)*, a

   DBP (mm Hg)*, a

   BMI (kg/m2)*, a

   TX n (%)b

   arcus n (%)b

   xanthelasma n (%)b

128 (16.4)
 79 (10.2)
 27.2 (4.9)
 13 (43.3)
 18 (60.0)
  6 (20.0)

126 (20.0)
 77 (12.2)
 27.9 (5.8)
 54 (40.3)
 65 (48.5)
 36 (26.9)

0.700
0.300
0.500
0.800
0.300
0.500

D. Lipid profile parameters a

   TC (mmol/l)*, a

   TG (mmol/l)*, a

   HDL-C (mmol/l)* a

   LDL-C (mmol/l)*, a

   TC/HDL-C ratio * a

  7.9 (1.2)
  2.1 (0.8)
  1.2 (0.3)
  5.2 (0.9)
  7.2 (2.0)

  7.5 (1.1)
  1.8 (0.7)
  1.3 (0.3)
  4.7 (0.9)
  6.1 (2.3)

0.060
0.080
0.050
0.030
0.020

* Data are expressed as mean (SD).
a  ANOVA test.
b  Chi square test.

* Dane wyrażone jako średnia (SD).
a  Test ANOVA.
b  Test χ2.

of CHD [1, 16]. The phenotypic expression of the 
mutation is due to interactions with other genes 
and/or environmental factors that regulate the cir-
culating lipid levels [17]. The present study exam-
ined the influence of LDLR and APO B 100 genes 
mutations on the variation of clinical phenotypes 
of FH. For such purpose, carriers of mutations and 
polymorphisms were included for comparison.

In this study those with definite FH have a sig-
nificantly higher prevalence of CVD, xanthelasma 
and TX. A significant higher TC and LDL-C were 
reported among definite than probable FH pa-
tients this may related to the high specificity of the 
inclusion criteria.

Plasma levels of TC and LDL-C were uniform-
ly high in all mutation groups, Statistical analysis 
of present study data showed a significant associa-
tion between LDLR gene mutations with the oc-
currence of CVD and TX, which is in consistent 
with the report of Khoo and his co investigators in 
a study among South East Asian FH subjects [18].

The highest levels of lipid profiles were seen 

in frameshift group; interestingly the lowest levels 
were seen in large rearrangement group, although 
both of these mutations types were classified as 
a null allele group [19]. This finding is in contrast 
to another study which showed that FH patients 
with large rearrangements are associated with 
more severe biochemical phenotype compared to 
other mutation types [20]. The present research 
results may be explained by the small sample size 
in the large rearrangement group. Variability in 
LDL-C level was observed in FH subjects, suggest-
ing that other genetic or environmental factors 
may play a role in plasma LDL-C level in FH sub-
jects [21]. In addition, there may be other genes, 
capable of modifying LDL-C regulation [22] that 
were not analyzed in this study. Moreover, the 
growing awareness in Malaysian society of lipid 
disorders may have persuaded hypercholestero-
laemic patients to avoid risk factors by assuming 
a better life-style. This may be applicable to large 
rearrangement group as they have positive family 
history of PCVD which may increase their aware-
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ness about their life styles. For LDL-C significant 
differences were noticed between those with un-
detected variants group and the frameshift group, 
between undetected variants group and missense 
group. No significant difference in serum lipid 
profiles was noticed between large rearrangement 
group (null allele) and missense (defective allele); 
this is similar to Chiou and Charng findings who 
reported that mean serum LDL-C in subgroup car-
rying abnormal MLPA results was similar to that 
of carriers of frameshift and carriers of missense 
mutations [23]. Studies on the activity of LDLR 
showed that class 1 (null alleles) has less than 2% 
of the normal LDLR activity. On the other hand, 
the class 2A defective-transport mutation, also 
showed LDLR activity of less than 2% [24]. Thus, 
it is not surprising that these two different muta-
tions types may have a similar phenotypic expres-
sion of the disease. This theory may explain why 
a significant difference in serum lipid profiles was 

not found between large rearrangement group 
(null allele) and missense group (defective allele). 
These findings are further more suggestive that the 
mutations are pathogenic, but further family and 
in-vitro studies are needed for confirmation.

In the present study one silent mutation was 
reported in a forty-two year old Malaysian male 
with CVD. His father died at 40 years of age from 
CVD. Examination revealed no TX, arcus or xan-
thelasma. His pretreatment TC and LDL-C were 
7.7 and 5.5 mmol/l, respectively and no other 
mutation was reported in the LDLR and APOB-
100 genes. Although silent mutations are gener-
ally considered to be harmless, they may cause 
splicing defects, affect transcription or alter RNA 
stability [25]. To confirm the pathogenicity, Defe-
sche’s group suggested that mRNA study is needed 
[26]. 

The intronic mutations were found among 
4 FH subjects (2.4%) not in the control. Previ-

Table 4. A comparison of clinical and biochemical findings between subjects with and without gene mutations

Tabela 4. Porównanie wyników klinicznych i biochemicznych pacjentów z i bez mutacji genetycznych

Variables
(Zmienne) n = 164

With mutation
(Z mutacją)
n = 87

Without mutation
(Bez mutacji)
n = 77

P value* 95% CI

A. Background characteristics
   Age (year)*, a 
   Sex (%)b

     female  
     male
   Smoking (%)b

     current 
     ex-smokers 

 42.8 (12.7)

 47 (54.0)
 40 (46.0)

 18 (20.7)
 12 (13.8)

 46.5 (11.5)

 42 (54.5)
 35 (45.5)

 18 (23.4)
 11 (14.3)

0.047

0.53

0.9

0.05, 7.5

B. Medical history
   history of CVD (%)b

   age of onset of CVD a

   hypertension (%)b

   family history of PCVD (%)b

   family history of hyperlipidemia (%)b

   family history of TX (%)b

 70 (80.5)
 39.9 (8.6)
 16 (17.4)
 53 (60.9)
 56 (64.4)
 24 (27.6)

 42 (54.5)
 43.5 (6.3)
 22 (26.8)
 42 (54.5)
 38 (49.4)
 26 (33.8)

< 0.001
0.018
0.08
0.25
0.03
0.24

0.6, 6.5

C. Medical examination
   SBP (mm Hg)*, a

   DBP (mm Hg)*, a

   BMI (kg/m2)*, a

   TX (%)b

   arcus (%)b

   xanthelasma (%)b

126.9 (16.4)
 78.2 (10.4)
 27.9 (5.9)
 44 (50.6)
 44 (50.6)
 25 (28.7)

128.0 (17.3)
 76.9 (11.5)
 27.5 (4.4)
 23 (29.9)
 39 (50.6)
 17 (22.1)

0.700
0.500
0.623
0.01
1.0
0.3

–4.2, 6.4
–4.6, 2.3
–2.0, 1.2

D. Lipid profile parametersa

   TC (mmol/l)*
   TG (mmol/l)*
   HDL-C (mmol/l)*
   LDL-C (mmol/l)*
   TC/HDL-C ratio*

  7.7 (1.2)
  1.9 (0.9)
  1.3 (0.4)
  5.1 (0.9)
  6.5 (2.0)

  7.6 (0.9)
  1.9 (0.8)
  1.3 (0.3)
  4.6 (0.9)
  6.2 (2.6)

0.500
0.719
0.46
0.001
0.46

–0.4, 0.22
–0.14, 0.38
–0.06, 0.14
–0.77, –0.16
–0.9, 0.44

* Data are expressed as mean (SD).
a independent t-test.
b Chi square test.

* Dane wyrażone jako średnia (SD).
a test t dla grup niezależnych.
b test χ2.
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ously, it was reported that a significant proportion 
(approximately 6%) of the gene sequence variants 
observed among FH patients, do not affect the 
protein coding sequence [27]. In a cited study [28], 
nearly 27% of FH patients have intronic muta-
tions, although the functional significance of these 
mutations is still to be validated.

The present study results, therefore, underline 
the importance of using primers located far from 
the exon–intron boundaries during screening of 
FH patients.

It is important to note that the present study 
did not include FDB subjects with moderate or 
normocholesterolemia, as the patient subjects 
were included from hospital based not population 
based. 

In Cardiovascular Münster (PROCAM) study 
population, the incidence of myocardial infarction 
was 17.3% in patients who had a TC:HDL-C ratio 
of > 5.0 [29]. This ratio was also found to be a better 
predictor of CAD than TC, LDL-C, HDL-C and TG 
in the Physician’s Health Study [30]. In this study 
TC: HDL-C ratio was significantly higher among 
carrier of APOB-100 gene mutations than the non 
carriers. This together with the higher LDL-C level 
may explain the higher CVD frequency (83.3%) 
among the mutated group. Clinical expression of 
FDB extends along a broad spectrum from severe 
hypercholesterolemia, similar to that seen in FH 
and responsible for PCVD, to no lipid abnormali-
ties at all [8]. Those with APOB-100 gene mutation 
have TC and LDL-C which is high according to 
NCEP ATPIII [31] but it is still lower than FDB in 
The Netherlands [32] and South European popu-
lation [33]. 

The clinical expression of ADH is influenced 
by genes affecting lipoprotein metabolism such as 
APOE, Microsomal Triglyceride Transfer Protein 
(MTP), Hepatic Lipase (HL), and ABCA1 genes. In 
unrelated FH patients, the plasma LDL-C level is in-
fluenced by APOE, MTP and APOB-100 polymor-
phism, and the plasma HDL-C level is influenced 
by HL, Fatty acid Binding Protein -2 (FABP-2) and 
lipoprotein lipase (LPL) polymorphism [22]. Com-
parison of the lipid profile parameters of the FDB 
and non-FDB subjects revealed that LDL-C was 
significantly higher among the FDB as mentioned 
above, this is in agreement to what was reported 
by Ejarque et al. (2008) in a comparison between 
those with and without APOB-100 mutation where 
they found a significant difference in LDL-C levels 
between the two groups [33].

Those with mutation whether in LDLR gene or 
APOB-100 gene have a higher frequency of CVD 
and TX than those without, together with exhibi-
tion of higher LDL-C level. Similar results were ob-
tained from another study conducted by Punzalan 

et al. (2005) [34]. Also, these findings are consis-
tent with a study done among south East Asians 
with FH [34]. Nutritional habits in both groups of 
patients are assumed to be similar, which makes 
environmental factors less likely to explain the 
differences [35]. Therefore, the differences in lipid 
profiles levels and CHD incidence could be more 
easily explained by a different geographic or ge-
netic origin and type of mutation [34].

Phenotypic variability in patients with FH has 
been reported [36] and can be due to genetic fac-
tors especially polymorphisms in modifier genes. 
The identification of genes that modify the phe-
notype of FH is very difficult because more than 
1000 LDLR mutations have been reported with 
different impact on the severity of the disease. 
The high prevalence of the same LDLR mutation 
in certain FH population and the homogeneous 
genetic background facilitate the investigation of 
genes that might influence FH phenotype. Poly-
morphism of PCSK9, known to be associated 
with lower LDL-C levels in general populations, 
was found also to be associated with a reduction 
of LDL-C levels in FH patients sharing the same 
LDLR mutation [37–38]. Such finding may explain 
the phenotypic variation among the subgroups, al-
though investigation of such modifier gene among 
a group carrying the same mutation is difficult be-
cause of the genetic heterogeneity among Malay-
sian FH patients. 

With regard to subjects with clinical mani-
festations of FH but no gene mutation that can 
be detected in the present study (47.0%), the fol-
lowing possibilities were postulated: (1) they are 
linked to the LDLR gene but the defect is in the 
non-coding region that may affect expression or 
splicing of the gene; for LDLR gene, only 30–50 
bps of the introns were examined by the primers 
used here, and mutations in regions not covered 
may exist, although few have been reported [39] 
(2) Also, in the current study, several exons where 
a low mutation detection rate has been reported 
were not examined as mentioned previously. The 
detection rate will be expected to be increased if 
all exons had been included (3) the defect lies in 
other genes involved in LDLRs or LDL-C metab-
olism, like PCSK9 or LDLRAP1 leading to ADH 
phenotype (4) Environmental factors can lead to 
a scientific appearance that mimic FH phenotype 
[40]. Within the none mutated (wild type) group, 
the search for new genes that may be responsible 
for FH phenotype in all non-LDLR/non-APOB-
100 FH patients is needed, since identification of 
these genes will also result in early molecular di-
agnosis and treatment, and eventually prevention 
of CVD. In most populations, only about 70–80% 
of heterozygous FH phenotypes are explained by 
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mutations in the LDLR and APO B-100 genes, 
while PCSK9 accounts for a small percentage of 
the remaining non-LDLR/non-APOB-100 cases 
[41–42]. 

In conclusion there was an association be-
tween mutations of LDLR and APOB-100 genes 
and the following variables: history of CVD with 
younger age of presentation among mutations’ 
carriers, family history of hyperlipidemia, TX and 
LDL-C level.

This study involved patients with clinical ex-
pression of FH from adult Cardiology Clinic. The 
sample does not characterize the general popu-
lation, thus some bias could be present because 
subjects were selected from reference center. In 
more general terms, the effects of mutations on 
phenotype may be overestimated when mutation 
carriers are identified – as is most often the case 
– among patients when the same phenotype is ei-
ther a risk factor for the disease or one of the clini-
cal criteria used for diagnosis. As a consequence, 
determination of relative effects of different mu-

tations requires comparison with carriers identi-
fied from same background population. In addi-
tion, FH patients were seen by cardiologists when 
cardiovascular complications appear, but the dis-
ease’s etiology was not always investigated. This 
could explain the limited number of FH patients 
that could be recruited within the decided time of 
the present study sample. 

Additional work that will currently spotlight 
the occurrence of these gene defects in the general 
population and its physiological and functional task 
in an in vivo and in vitro lipoprotein metabolism 
in human is crucial. A population-based study is 
recommended to further screen other gene defects 
that may predispose people to FH phenotypes and 
to look for any over estimation of the phenotype in 
terms of lipid profiles and clinical stigmata of FH. 

The present study results suggest the likeli-
hood of additional FH causative genes. Hence, 
Malaysian FH cases may be an adequate popula-
tion for the long-pursued identification of new 
genes related to ADH.
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