
Introduction

Autosomal dominant hypercholesterolemia
(ADH) (OMIM #143890) is the most common
disorder in a heterogeneous group of monogenic
hypercholesterolemias, which is caused by muta-
tions in the low-density lipoprotein receptor gene
(LDLR), the apolipoprotein B-100 gene (APOB),
or proprotein convertase subtilisin/kexin type 9
gene (PCSK9). The best characterized are muta-
tions within LDLR and APOB, causing familial
hypercholesterolemia (FH) and familial defective

APOB-100 (FDB), respectively. In most
European countries, FH and FDB occur in hetero-
zygous forms with a frequency of approximately 1
in 700 individuals.

With the exception of a few founder popula-
tions, most geographically-based surveys of FH
patients show a large number of mutations in a
given population. To date, over 1000 different
LDLR mutations spanning the entire length of the
gene have been detected (www.umd.be/LDLR;
www.hgmd.cf.ac.uk; Fokkema et al. 2005),
whereas only a limited number of mutations in
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APOB has been associated with FDB (Gaffney
et al. 1995; Nissen et al. 1995; Pullinger et al.
1995; Fisher et al. 1999; Bednarska-Makaruk et al.
2001; Boren et al. 2001; Soufi et al. 2004;
Fouchier et al. 2005). The most frequent mutation
in Western European populations is the point mu-
tation p.R3527Q, which usually accounts for
2–5% of patients with ADH phenotype (Talmud
et al. 1996; Leren et al. 1997; Heath et al. 1999;
Lombardi et al. 2000; Kalina et al. 2001).

The genetic background of ADH in Poland has
hitherto not been clearly defined, owing to a limited
number of studies and patients (Gorski et al. 1998;
Bednarska-Makaruk et al. 2001; Plewa et al. 2006;
Kubalska et al. 2008). Therefore, in this report we
examined the prevalence of both LDLR and APOB

mutations in a group of 378 unrelated Polish ADH
patients.

Materials and methods

Patients

Blood samples of 378 unrelated FH patients
(192 females and 186 males) were obtained from
the First Department of Cardiology, Medical Uni-
versity of Gdansk, Poland; Department of Meta-
bolic Diseases, Endocrinology and Diabetology,
the Children’s Memorial Health Institute; and De-
partment of Genetics, Institute of Psychiatry and
Neurology, Warsaw, Poland. In the group studied,
there were 188 adults, aged 18 years and older
(95 females and 93 males), whereas 190 patients
were diagnosed with ADH during childhood
(97 females and 93 males). The probands were
clinically diagnosed with definite, possible or
probable FH, by using a uniform protocol and in-
ternationally accepted WHO criteria (WHO
1999). In the adult group, median (±SD)
pre-treatment values were 347 (±95) mg dL–1 for
total serum cholesterol (TC), 268 (±94) mg dL–1

for low-density lipoprotein cholesterol (LDL-C),
52 (±14) mg dL–1 for high-density lipoprotein cho-
lesterol (HDL-C), and 123 (±57) mg dL–1 for tri-
glycerides (TG). In the group of children with
ADH, these values were 265 (±77) mg dL–1,
198 (±78) mg dL–1, 48 (±10) mg dL–1, and
81 (±49) mg dL–1, respectively. All pediatric pa-
tients came from families with increased risk for
CVD in at least one branch of the pedigree. This
study was approved by the ethical committee of
the Medical University of Gdañsk.

Molecular analysis

Genomic DNA was extracted from peripheral
blood leukocytes, by using a standard procedure
based on ionic detergent lysis and proteinase K di-
gestion, phenol/chloroform extraction, and
isopropanol precipitation.

All patients were screened for mutations within
LDLR and a fragment of exon 26 of APOB. On the
basis of LDLR reference sequence obtained from
the GenBank (accession no. AY324609), 16 pairs
of primers were designed to cover the promoter re-
gion and all 18 exons, including the intronic
boundaries of the LDLR gene. All primer se-
quences, annealing temperatures, and expected
PCR products are available upon request. A frag-
ment of APOB exon 26 was amplified by using
primers previously described (Schuster et al.
1992). Bidirectional sequencing analysis of PCR
products was performed by using ABI PRISM
3130 sequencer and the BigDye Terminators v.3.1
cycle sequencing kit (Applied Biosystems, Foster
City, CA, USA). Sequences were analyzed by
Sequencher v.4.7 DNA Software (Gene Codes
Corporation, Ann Arbor, MI, USA).

Furthermore, to detect rearrangements within
the coding sequence of LDLR, the multiplex liga-
tion-dependent probe amplification (MLPA) was
performed in accordance with the manufacturer’s
protocol (Kit P062, MRC-Holland, Amsterdam,
The Netherlands).

In all cases, the presence of a sequence variant
was confirmed by a second MLPA analysis or in-
dependent PCR amplification followed by
bidirectional sequencing.

Nomenclature of the sequence variants de-
tected in this study is in accordance with the rec-
ommendations of the Human Genome Variation
Society (www.hgvs.org).

To predict the possible impact of an
amino-acid substitution on protein structure and
function, and to predict the effect of nucleotide
substitutions on splice sites, the Alamut package
version 1.4 was used (Interactive Biosoftware,
Rouen, France).

Results

In our study, pathogenic mutations were detected
in 194 patients (51%). LDLR mutations were de-
tected in 169 (45%) and APOB in 24 (6%) cases,
while in one patient mutations were found both in
LDLR and APOB. In addition, in 52 (14%)
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probands, we identified LDLR variants that are
considered nonpathogenic.

In total, we identified 99 types of the LDLR

gene variations, spanning the entire length of the
gene. All identified variants are listed in Table 1.
Forty of the detected alterations are novel, while
the others were previously described
(www.umd.be/LDLR; www.hgmd.cf.ac.uk;
www.ucl.ac.uk/ldlr). Six of our novel mutations
(p.E31K, p.D57N, p.E308K, p.E317K, p.A612S,
dup ex4–8) were also found in a group of Dutch
ADH patients (J.C. Defesche, personal communi-
cation; www.jojogenetics.nl). Our total of 99 in-
cludes 79 point mutations, 12 deletions,
7 duplications, and 1 deletion-insertion. The dis-
tribution of LDLR mutations is shown in Figure 1.

The most frequent mutations in this series were
missense mutations. Overall, we documented 41
types of substitutions, which were caused by tran-
sitions or transversions. In one case,
c.324_325delGTinsTC arose from 2-nucleotide
deletion, followed by a 2-nucleotide insertion re-
sulting in p.C109R substitution at the protein
level.

To predict the pathogenicity of the variants
found, we applied the Alamut software. A delete-
rious effect on the activity of LDL receptor was re-
vealed for the 12 novel substitutions: p.D57N,
p.G137C, p.D168G, p.C197W, p.D266V,
p.E308K, p.E317K, p.N370K, p.G373C,
p.A480P, p.D482G, and p.P526T.

Contrary data were received for p.S447P,
which is a missense mutation. The c.1339T>C
substitution was predicted by PolyPhen as “possi-
bly damaging”, while SIFT identified it as “toler-
ated”. This mutation occurred in part of the EGF
precursor homology domain, encoded by exon 9.
It is assumed that even a single amino acid substi-
tution can affect this highly conserved domain,
and therefore we classified this mutation as patho-
genic.

In silico analysis of another 4 substitutions
(p.E31K, p.T159I, p.V506M, p.A612S) showed
that these variants do not have any deleterious ef-
fect on LDL receptor activity. However, all substi-
tutions were private mutations and their vast
majority were the only genetic variants, suggest-
ing the potential pathogenic role of these alter-
ations. Only in one case was coexistence of two
LDLR variants documented (p.V506M, dup
ex3-12). It is difficult to predict the functional im-
plication of p.V506M substitution, while it is pos-
sible that this mutation has little or no effect on the
function of LDL receptor. To obtain information

about the functional implication of these
alterations or polymorphisms (which could be as-
sociated with variations in lipid levels), functional
or population studies are required.

Five of the LDLR mutations were in-frame.
Two deletions of 3 nucleotides were detected in
part of the ligand-binding domain encoded by
exon 4 (c.654_656del3, c.681_683del3), one was
located in the EGF precursor homology domain,
encoded by exon 13 (c.1871_1873del3), and
2 in-frame duplications, c.669_680dup12 and
c.664_681dup18, located within the 3’ part of
LDLR exon 4, consist of repeats of 12 and 18 nu-
cleotides, respectively.

Major rearrangements, frameshift, and non-
sense mutations are almost certain to destroy pro-
tein function. In the current study, we revealed the
presence of 8 major rearrangements. There were
5 deletions and 3 duplications affecting more than
one exon. These include c.314-?_1186+?dup,
leading to duplication of exons 4–8. It was one of
the most common mutations identified in this
study. Moreover, the mutation screening showed
9 nonsense and 5 frameshift mutations producing
a premature stop codon downstream of the dele-
tion or duplication. In addition, in one case, a dele-
tion across the boundary between intron 13 and
exon 14 was found. It results in deletion of accep-
tor site at position 1988 (c.1988-52_2006del70).

In this study, 2 novel (p.A501A, p.A612A) and
2 previously described (p.N169N, p.N515N) si-
lent mutations were found. To predict the possible
impact of detected variants on consensus donor or
acceptor sites, Alamut software was applied. The
p.N169N, p.N515N and p.A612A substitutions
were predicted to have no effect on consensus
splice sites. In contrast, in silico analysis revealed
that p.A501A is creating a de novo acceptor site
within exon 10, and this can have an implication
on the activity of LDL receptor. This substitution
was the only variant detected within LDLR and
exon 26 of APOB in the patient, further indicating
the importance of this mutation.

In our group, 26 intronic variants were de-
tected, some of which might be of substantial im-
portance for LDL receptor activity. There were
7 mutations located within a consensus splice do-
nor or acceptor site (c.190+1G>A, c.313+1G>A,
c.941-2A>C, c.1187-1G>T, c.1705+1G>A,
c.1846-2A>C, c.2390-2A>G), which we consid-
ered to be disease-causing. In addition, we indi-
cated another 2 intronic mutations as pathogenic
mutations. Both c.941-13T>A and c.1187-10G>A
substitutions resulted in deletion of consensus ac-
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ceptor site and formation of de novo acceptor site.
According to in silico analysis, the remaining
17 intronic alterations had no effect on acceptor or
donor site, and these variants are presented as non-
pathogenic. However, to document the pathologi-
cal role or possible impact of all intronic mutations
on variations in the lipid levels, additional studies
are required.

Finally, 25 (6.6%) patients presented a hetero-
zygous substitution at codon 3527 of APOB

(p.R3527Q). In one individual, we found coexis-
tence of APOB and LDLR pathogenic mutations.

In the studied cohort, one patient was homozy-
gous, while 27 individuals with 2 or more variants
were characterized. Three patients presented in
this study were previously described (Kubalska
et al. 2008). All patient carriers of more than one
mutation are presented in Table 2.

Discussion

In studied group, LDLR pathogenic mutations
were detected in 169 (45%) and APOB in 24 (6%)
cases. In one patient coexistence of LDLR and
APOB mutations was detected. The overall muta-
tion rate was 52%, which is in agreement with pre-
vious studies of European populations (Kuhrova
et al. 2002; Fouchier et al. 2005; Brusgaard et al.
2006; Civeira et al. 2008). In the current study, we
used fewer strict inclusion criteria. Therefore, the
moderate detection rate might be due to the pres-
ence of the mutations in other exons of APOB or in
other genes leading to ADH (Abifadel et al. 2003;
Liyanage et al. 2008).

In this report, we describe 40 novel and 59 pre-
viously described LDLR sequence variations. The
alterations represented all types of mutations and
spanned the entire length of the gene. As it was
mentioned, 6 of the novel mutations detected in
the current study were also observed in a group of
Dutch ADH patients (J.C. Defesche, personal
communication; www.jojogenetics.nl). To predict
the pathogenicity of all identified variants, we ap-
plied the Alamut software. Based on in silico analy-
sis results, 71 LDLR sequence variations found in
170 (45%) patients were classified as pathogenic.
In 52 (14%) probands, we documented nonpatho-
genic LDLR variants. However, to document the
pathological role or possible impact of all intronic
mutations on the lipid levels, additional studies are
required.

Although there is a broad spectrum of LDLR

mutations in the Polish population, 3 alterations

were common: c.1775G>A, c.314-?_1186+?dup,
and c.662A> G. They jointly accounted for 36% of
all disease-causing LDLR mutations. The most
frequent was the c.1775G>A point mutation in
exon 12, resulting in p.G592E substitution, which
was detected in 38 (21.6%) patients. This mutation
was previously reported elsewhere
(www.umd.be/LDLR; www.hgmd.cf.ac.uk;
www.ucl.ac.uk/ldlr; Górski et al. 1998). In 16
(9.1%) probands, a novel c.314-?_1186+?dup mu-
tation, leading to duplication of exons 4–8 was ob-
served, whereas in 9 (5.1%) individuals we found
the p.D221G mutation located within exon 4. In-
terestingly, nearly all probands (N = 8) with the de-
tected p.D221G mutation (except one such
proband) originated from the Kashubian region in
the northern part of Poland. The majority of the re-
maining mutations were detected in unique cases.

The most frequent APOB mutation in Western
European populations is the point mutation
p.R3527Q, which usually accounts for 2–5% of
patients with the ADH phenotype (Talmud et al.
1996; Leren et al. 1997; Heath et al. 1999;
Lombardi et al. 2000; Kalina et al. 2001). How-
ever, in Finnish and Russian populations, usually
no mutations were detected, while in Belgian and
Swiss populations, APOB mutations were re-
ported in 8% and 12% of ADH patients, respec-
tively (Hamalainen et al. 1990; Schwartz et al.
1991; Kotze et al. 1994; Miserez et al. 1994). Only
3 studies evaluating the frequency and type of
APOB mutations in the Polish population were
published so far. Górski et al. (1998), in a group of
30 ADH patients, detected the p.R3527Q mutation
in 5 patients (17%), while Bednarska-Makaruk
et al. (2001) reported sequence variations in 7 out
of 64 studied individuals (10.8%). In one case, the
authors demonstrated a novel mutation located in
codon 3519, resulting in p.T3519I substitution
(Bednarska-Makaruk et al. 2001). In a group of
190 unrelated patients with cholesterol levels over
200 mg dL–1, studied by Plewa et al. (2006), APOB

mutations were carried only by 3 individuals
(1.6%). They included a patient with the
p.R3527Q mutation, whereas in 2 cases, novel ge-
netic variants were detected (p.P2739L, p.I3559I).

In our cohort, which to date is the biggest stud-
ied group of ADH patients in the Polish popula-
tion, the p.R3527Q APOB mutation was observed
in 25 patients (6.6%). On the basis of our results,
we conclude that the p.R3527Q mutation is a fre-
quent genetic event involved in the pathogenesis
of ADH, while other APOB variants previously re-
ported in the Polish population seem to be rare.
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Table 1. LDLR and APOB variants identified in this study

No. DNA level Protein level Position Functional domain Country of origin N PolyPhen
prediction

SIFT
prediction

Prediction
of effect on splice

sites

1 2 3 4 5 6 7 8 9 10

APOB

1 c.10580G>A p.R3527Q [R3500Q] exon 26 ligand-binding general 25 probably
damaging

not tolerated no effect

LDLR

Major rearrangements

2 c.(?_-70)_190+?del p.? del prom-ex2 – ES, IT 4 n.a. n.a. n.a.

3 c.191-?_1845+?dup p.? dup ex3-12 – novel 1 n.a. n.a. n.a.

4 c.191-?_940+?dup p.? dup ex3-6 – IT, NL 3 n.a. n.a. n.a.

5 c.314-?_1186+?dup p.? dup ex4-8 – novel (NL, PL) 16 n.a. n.a. n.a.

6 c.941-?_1186+?del p.? del ex7-8 – BE, DK, KR, NL, NO,
ZA

1 n.a. n.a. n.a.

7 c.941-?_1845+?del p.? del ex7-12 – novel 1 n.a. n.a. n.a.

8 c.1587-?_1845+?del p.? del ex11-12 – IT 1 n.a. n.a. n.a.

9 c.2312-?_(*3429_?)del p.? del ex16-18 – FI, JP, NL, NO, US 5 n.a. n.a. n.a.

Nonsense and frameshift mutations

10 c.131G>A p.W44X [W23X] exon 2 ligand-binding repeat 1 BE, DE, DK, NL, US 2 n.a. n.a. no effect

11 c.253C>T p.Q85X [Q64X] exon 3 ligand-binding repeat 2 DE, ZA Jewish 1 n.a. n.a. no effect

12 c.460C>T p.Q154X [Q133X] exon 4 ligand-binding repeat 3 ES 3 n.a. n.a. no effect

13 c.526_533dupGGCTCGGA p.D178fs [FsD157] exon 4 ligand-binding repeat 4 DE 1 n.a. n.a. no effect

14 c.666C>A p.C222X [C201X] exon 4 ligand-binding repeat 5 BG, CA, NL 2 n.a. n.a. no effect

15 c.693C>A p.C231X [C210X] exon 4 ligand-binding repeat 5 GB, IE 3 n.a. n.a. no effect

16 c.914G>A p.W305X [W284X] exon 6 ligand-binding repeat 7 FI 1 n.a. n.a. no effect

17 c.1048C>T p.R350X [R329X] exon 7 EGF precursor homology repeat A CA, GB, NL, NO, PL 1 n.a. n.a. no effect

18 c.1328G>A p.W443X [W422X] exon 9 EGF spacer RU 1 n.a. n.a. no effect

19 c.1478_1479delCT p.S493fs [FsS472] exon 10 EGF spacer AU, DE, DK, GB, IR,
IT, NL, TR

1 n.a. n.a. no effect

20 c.1784_1790delGGAAGAC p.R595_T597delfs [FsR574] exon 12 EGF spacer DE 1 n.a. n.a. no effect

21 c.2056C>T p.Q686X [Q665X] exon 14 EGF precursor homology repeat C CR, PL 1 n.a. n.a. no effect

22 c.2175delC p.S725fs [FsS704] exon 15 O-linked sugars novel 2 n.a. n.a. no effect

23 c.2296_2297delAC p.N766fs [FsN745] exon 15 O-linked sugars novel 1 n.a. n.a. no effect

Probably pathogenic

24 c.58G>A p.G20R [G-2R] exon 1 signal sequence FR, NL, NZ 3 possibly
damaging

tolerated no effect
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Table 1 cont.

1 2 3 4 5 6 7 8 9 10

25 c.169G>A p.D57N [D36N] exon 2 ligand-binding repeat 1 novel (NL, PL) 1 probably
damaging

not tolerated no effect

26 c.265T>C p.C89R [C68R] exon 3 ligand-binding repeat 2 IT, NL 2 probably
damaging

not tolerated no effect

27 c.324_325delGTinsTC p.C109R [C88R] exon 4 ligand-binding repeat 3 DE, GB, NL 1 probably
damaging

not tolerated no effect

28 c.326G>A p.C109Y [C88Y] exon 4 ligand-binding repeat 3 GB 1 probably
damaging

not tolerated no effect

29 c.409G>T p.G137C [G116C] exon 4 ligand-binding repeat 3 novel 1 probably
damaging

not tolerated no effect

30 c.420G>C p.E140D [E119D] exon 4 ligand-binding repeat 3 CZ, DE, NL, US, 4 probably
damaging

not tolerated no effect

31 c.503A>G p.D168G [D147G] exon 4 ligand-binding repeat 3 novel 1 probably
damaging

not tolerated no effect

32 c.530C>T p.S177L [S156L] exon 4 ligand-binding repeat 4 CN, CZ, DE, ES, FR, GB, NL,
NO, PL, PR, US

1 possibly
damaging

not tolerated no effect

33 c.591C>G p.C197W [C176W] exon 4 ligand-binding repeat 5 novel 3 probably
damaging

not tolerated no effect

34 c.654_656delTGG p.G219del [G198del] exon 4 ligand-binding repeat 5 CZ, DE, GB, IL, NL, PL, RU,
US

2 n.a. n.a. no effect

35 c.662A>G p.D221G [D200G] exon 4 ligand-binding repeat 5 AT, DE, ES, FR, GB, HR, IR,
IT, NL, NO, SE, US, ZA

9 probably
damaging

not tolerated no effect

36 c.665G>A p.C222Y [C201Y] exon 4 ligand-binding repeat 5 FI, IT 1 probably
damaging

not tolerated no effect

37 c.664_681dup18 p.C222_D227dup [dupC201-D206 ] exon 4 ligand-binding repeat 5 DE, IT, ZA 1 n.a. n.a. no effect

38 c.681_683del3 p.D227del [D206del] exon 4 ligand-binding repeat 5 novel 1 n.a. n.a. no effect

39 c.669_680dup12 p.D227delinsEDKSD [insDKSE
K202-D203]

exon 4 ligand-binding repeat 5 DE 1 n.a. n.a. no effect

40 c.692G>A p.C231Y [C210Y] exon 4 ligand-binding repeat 5 KR 3 probably
damaging

not tolerated no effect

41 c.797A>T p.D266V [D245V] exon 5 ligand-binding repeat 6 novel 1 probably
damaging

not tolerated no effect

42 c.798T>A p.D266E [D245E] exon 5 ligand-binding repeat 6 AT, CZ, DE, DK, NL, NZ US 3 probably
damaging

not tolerated no effect

43 c.922G>A p.E308K [E287K] exon 6 ligand-binding repeat 7 novel (NL, PL) 1 probably
damaging

not tolerated no effect

44 c.949G>A p.E317K [E296K] exon 7 ligand-binding repeat 7 novel (NL, PL) 1 probably
damaging

tolerated no effect

45 c.1066G>C p.D356H [D335H] exon 8 EGF precursor homology re-
peat B

JP 3 probably
damaging

not tolerated no effect
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Table 1 cont.

1 2 3 4 5 6 7 8 9 10

46 c.1110C>G p.N370K [N349K] exon 8 EGF precursor homology repeat B novel 1 probably damaging not tolerated no effect

47 c.1117G>T p.G373C [G352C] exon 8 EGF precursor homology repeat B novel 1 probably damaging not tolerated no effect

48 c.1339T>C p.S447P [S426P] exon 9 EGF spacer novel 1 possibly damaging tolerated no effect

49 c.1438G>C p.A480P [A459P] exon 10 EGF spacer novel 2 probably damaging not tolerated no effect

50 c.1445A>G p.D482G [D461G] exon 10 EGF spacer novel 1 probably damaging not tolerated no effect

51 c.1576C>A p.P526T [P505T] exon 10 EGF spacer novel 1 probably damaging not tolerated no effect

52 c.1691A>G p.N564S [N543S] exon 11 EGF spacer PL 2 possibly damaging tolerated no effect

53 c.1720C>T p.R574C [R553C] exon 12 EGF spacer DE, DK 2 probably damaging not tolerated no effect

54 c.1775G>A p.G592E [G571E] exon 12 EGF spacer AT, BE, CZ, DE, DK, ES,
GB,GR, IT, NL, PL, PO,
RU,

38 probably damaging not tolerated no effect

55 c.1822C>A p.P608T [P587T] exon 12 EGF spacer JP 1 probably damaging not tolerated no effect

56 c.1871_1873delTCA p.I624del [I603del] exon 13 EGF spacer ES, JP 1 n.a. n.a. no effect

57 c.2483A>G p.Y828C [Y807C] exon 17 cytoplasmic IT, SY 2 probably damaging not tolerated no effect

Splice-site mutations

58 c.190+1G>A p.? intron 2 – BE, ZA 2 n.a. n.a. deletion of donor site at
190

59 c.313+1G>A p.? intron 3 – AT, BE, CA, CN, DE, DK,
ES, FR, GB, IE, IT, KR,
NL, NO, NZ, RU, SE, ZA

1 n.a. n.a. deletion of donor site at
313

60 c.941-13T>A p.? intron 6 – novel 1 n.a. n.a. deletion of acceptor site
at 941 and new acceptor
site at 941-11

61 c.941-2A>C p.? intron 6 – novel 1 n.a. n.a. deletion of acceptor site
at 941

62 c.1061A>G p.D354G [D333G] exon 8 EGF precursor homology repeat B DE, GB, NL 1 probably damaging not tolerated creation of donor site at
1061

63 c.1061A>C p.D354A [D333A] exon 8 EGF precursor homology repeat B AT 1 probably damaging not tolerated creation of donor site at
1061

64 c.1187-10G>A p.? intron 8 – CA, FR, PH 4 n.a. n.a. deletion of acceptor site
at 1187 and new accep-
tor site at 1187-8

65 c.1187-1G>T p.? intron 8 – novel 1 n.a. n.a. deletion of acceptor site
at 1187

66 c.1503G>A p.A501A [A480A] exon 10 EGF spacer novel 1 n.a. n.a. creation of acceptor site
at 1504

67 c.1705+1G>A p.? intron 11 – DK 3 n.a. n.a. deletion of donor site at
1705
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Table 1 cont.

1 2 3 4 5 6 7 8 9 10

68 c.1846-2A>C p.? intron 12 – novel 1 n.a. n.a. deletion of acceptor
site at 1846

69 c.1988-52_2006del70 p.? intron 13-exon14 – novel 1 n.a. n.a. deletion of acceptor
site at 1988

70 c.2000G>A p.C667Y [C646Y] exon 14 EGF precursor homology repeat C CA, ES, NL, US 2 probably damaging not tolerated deletion of donor
site at 1997

71 c.2389G>A
p.V797M [V776M]

exon 16 membrane spanning CU, CN, FR, MX, NL,
RU

1 benign tolerated creation of acceptor
site at 2389+1

72 c.2390-2A>G p.? intron 16 – BE, NL, SE 2 n.a. n.a. deletion of acceptor
site at 2390

Nonpathogenic

73 c.91G>A p.E31K [E10K] exon 2 ligand-binding repeat 1 novel (NL, PL) 1 benign tolerated no effect

74 c.148G>T p.A50S [A29S] exon 2 ligand-binding repeat 1 DE, DK, NL, CA 1 benign tolerated no effect

75 c.476C>T p.T159I [T138I] exon 4 ligand-binding repeat 3 novel 1 benign tolerated no effect

76 c.507C>T p.N169N [N148N] exon 4 ligand-binding repeat 3 ES 1 n.a. n.a. no effect

77 c.1066G>A p.D356N [D335N] exon 8 EGF precursor homology repeat B GB 1 benign tolerated no effect

78 c.1133A>C p.Q378P [Q357P] exon 8 EGF precursor homology repeat B ES GB, ZA 1 benign tolerated no effect

79 c.1291G>A p.A431T [A410T] exon 9 EGF spacer CN, DZ, GB, GR, JP, NL 2 benign tolerated no effect

80 c.1516G>A p.V506M [V485M] exon 10 EGF spacer novel 1 benign tolerated no effect

81 c.1545C>T p.N515N [N494N] exon 10 EGF spacer RU 4 n.a. n.a. no effect

82 c.1834G>T p.A612S [A591S] exon 12 EGF spacer novel (NL, PL) 1 benign tolerated no effect

83 c.1836C>T p.A612A [A591A] exon 12 EGF spacer novel 1 n.a. n.a. no effect

84 c.190+34T>C p.? intron 2 – novel 1 n.a. n.a. no effect

85 c.313+69C>T p.? intron 3 – novel 3 n.a. n.a. no effect

86 c.695-105G>C p.? intron 4 – novel 1 n.a. n.a. no effect

87 c.940+16G>A p.? intron 6 – novel 1 n.a. n.a. no effect

88 c.941-39C>T p.? intron 6 – ES, FR 3 n.a. n.a. no effect

89 c.1060+40G>A p.? intron 7 – novel 3 n.a. n.a. no effect

90 c.1060+59A>C p.? intron 7 – novel 3 n.a. n.a. no effect

91 c.1061-8T>C p.? intron 7 – CA, DK, ES, FR, GB, NL 5 n.a. n.a. no effect

92 c.1186+29C>A p.? intron 8 – novel 1 n.a. n.a. no effect

93 c.1706 -10G>A p.? intron 11 – DK, ES, GB, GR, IT, NL,
NZ

3 n.a. n.a. no effect

94 c.1988-42G>A p.? intron 13 – novel 1 n.a. n.a. no effect
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95 c.2140+5G>A p.? intron 14 – AT, CA, DK, ES, GB, NL 6 n.a. n.a. no effect

96 c.2389+5G>A p.? intron 16 – RU 1 n.a. n.a. no effect

97 c.2389+41C>A p.? intron 16 – novel 5 n.a. n.a. no effect

98 c.2389+57C>T p.? intron 16 – FR 3 n.a. n.a. no effect

99 c.2390-16G>A p.? intron 16 – FR 4 n.a. n.a. no effect

100 c.2547+3G>C p.? intron 17 – novel 1 n.a. n.a. no effect

The nomenclature of the variants follows recommendations of the Human Genome Variation Society. Countries are represented by the ISO country codes. The novel variants are listed in boldface. DNA level = variants iden-

tified at the DNA level; Protein level = variants deduced at the protein level, N = number of patient carriers of the sequence variation.
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Figure 1. Distribution of LDLR variants. Exons are shown as vertical boxes and introns as the lines connecting them.



In summary, major rearrangements of LDLR as
well as 2 point mutations, one located within exon
12 of LDLR (p.G592E) and the other detected
within exon 26 of APOB (p.R3527Q), predomi-
nate in the Polish population. However, despite
the broad spectrum of observed LDLR mutations,
complex molecular studies are required to explain
the molecular basis of ADH patients in the Polish
population.
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