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Thiee of the original Norwegian lecithinicholesteral acyltransferase (LCAT) deficiency families have been investignied for mutations in the gene

for lesithin:cholesterol acyltransfernse by DINA sequencing of the exons amplified by the polymerase chain reaslion. A single T—A transversion

in codon 252 in exan 6 converting Mot(ATG) to Lys(AAG) was observed in all homozygotes. In spite of the identical mutation. the discase
phenotypes differed in severity. Thix was not reflected in the expression of LCAT in the heterozygotes,

Lesithinichelesterel asetyltrunsferase (LCAT) deficiency: Mutation; Reverse cholesierol transport

. INTRODUCTION

Lecithin:cholesterol acyltransferase (LCAT) is syn-
thesized in the liver and transported in plasma com-
plexed with high density lipopratein (HDL). It partici-
pates in the reverse transport of cholesteral from pe-
ripheral tissues to the liver by catalyzing the esterifica-
tion of cholesterol, The LCAT gene consists of 6 exons
and is located in the g22.1 region of chromoseme 16
spanning approz, 4,200 bp of genemic DNA [1]. The
mature protein consists of 416 amino acids.

The LCAT gene is known to be responsible for two
heritable metabolic diseases, {ish eye disease (FED) and
familial LCAT deficiency. FED was first discovered in
Sweden by Carlson and Philipson {2]. The disease is
characterized by dyslipoprateinemia and corneal opaci-
ties. The most striking abnormality is the reduced HDL
cholesterol content {90% reduction compared to normal
values). In the Swedish FED patients the LCAT astivity
was about 15% of that of nermal plasma, However, the
percentage of esterified cholesterol in plasma was found
to be normal. Carlson et al. reported that there were two
apparently different LCAT activities involved in
cholesterol esterification, one using HDL cholesterol as
a substrate (@-LCAT activity) and another using LDL
and YLDL (low and very low density lipeprotein, re-
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spectively) cholesterol as substrates (8-LCAT activity)
[3-5). From this FED is characterized as an ¢-LCAT
deficiency. We have recently sequenced the LCAT gene
from two of the original Swedish FED patients and
found that they huve a mutation in codon 10 causing the
conversion of Pro'® (CCG) to Leu (CTG) {6].

Familial LCAT deficiency was discovered by Norum
and Gjone in 1967 [7]. To date more than 50 patients
have been identified from approx. 30 familics spread all
over the world [8]. The mode of inheritance is au-
tosomal recessive. The phenatypic expression of the dis-
ease varies widely and the clinical symptoms include
renal failure, proteinuria, ancmia, corneal epacity, lipo-
protein abnormalities, premature atherosclerosis. re-
duced levels of plasma eholestarel esters and high levels
of plasma cholesterol and lgcithin, The LCAT aectivity
in plasma is absent or extremely low in these patients
and immunological studies have revealed that the
LCAT protein mass is 0-60% of the normal values [9).

The LCAT genes from several patients have been
studied and altogether 13 mutations have been reported
(1. Albers, personal cemmunication). We report here
the mutation in patients from three of the four Norwe-
gian families. Among these is the first family deseribed
by Norum and Gjone [7). All three families criginate
from the same rather isolated area. They have been
traced back five to seven generations and ne link be-
tween chem has been found [10). As previously reported
[7,11,12] these patients have the same laboratory pheno-
type (no detectable LCAT activity and the LCAT mass
is 10-25% of centrol values), but rather variable clinicai
nictures with regard to severity. It was therefore of in-
terest to determine if they carried one or several differ-
ent mutations,
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2. MATERIALS AND METHODS

2.1, Subjeers

Fumily 1. A femule putient (M.R.) und her halfaister (K.R.) from

the futher's ficst marriage.

Family 3. A femule patient (DJ.) and her daughter (G.E.}

Family 4. A female patient ¢E.R.; and her mother (M.J.), Futher

(A1), sister (M.F.) and son (T.R.).

Clinical and Inbomtory findings of all the putienis and their celatives
have been described elsewhere (7.11.12), Albers et al. have previously
reported the LCAT ackivity and the LCAT mass for all the subjects
except G.E. and T.R. {13} Blocd sumples were dinwn inta EDTA.
containing Vagulainers and processed within 20 h,

22, BNA

Genomic DNA was extructed from blood samples by using an ABI
340A nucleic acld extractor. The cells were lysed in 9 velumes of lysis
bufler (0.32 M sucrose, 10 mM Tris.HCl pH 7.6, § mM MgCl,, 1%
Triton X:100) on ise For $ min. Nuclei and cell debris were pellsted
ul 1,500 x ¢ far 1§ mic. The peliet was washed in Smi PBS, centrifuged
at 1,500 x ¢ for 10 min and resuspended in PBS belore [ouding on the
exteactar. Ascontrois DNA snimples from 10 healthy individuals were
wquenced,

3.3, Amplification of genvimic DNA

Primers (19-25 bases) (or PCR amplificution were synthesized (Fig,
1) using a Beckman Sysiem 300A DNA Synthesizer. The unplilisstion
was carried out in 100 ul using 0.8-1 up genomic DNA, 2.5 U Tag
polymerase (Promega), 0.2 mM dNTP and | u#M of each primer in 4
butfer provided wilh the enzyme (50 mM KC1, 10 mM Tris-HCl pH
9.0, 1.3 mM MgCl,, Q.01% gelatin, 0.1 % Triton X- 1G0), Emitia! denatu-
ration at 96°C was {ollowed by J6eyeles of 96°C {2 min). 56*°C Rwin)
and 723°C (3 min). The produsts were purified by clectrophoresis in
1.5-2% sgarase. The DNA was clectrophoresed an te DEAE mem-
branes (NA4S, Schicicher and Sehugll}, The membranes were wushed
in S0 mM LiCl for § min at RT and DNA was ¢luted from the
membraneinto 1.5 M LiClat 65°C in 45 min. The DNA was extractsed
onee with phenol/clitorofonm and ethanol precipitated. Alternnlively,
the DNA wax exgised from the gel and centrifuged through Whatmun
IMM [L4).

2.4, Soquencing of the PCR praducts

The sequencing primers were identieal to the primers used for PCR,
Manual sequencing by the dideoxy methed wax dsne using the Se-
quenase kit (USB) with the following madification: DNA (0.25 pmol)
was denatured in a 1otal volume of 26 2 by udding NaQH to a 0.2
M finat concentrution. After § min at RT. DINA wus presipitnied by
adding 5 ul 7.5 M ammoniura sectate und 75 ul cthanol. The DNA
wiis dissolved in Sequenase buller und primer (20 pmol) was added.
T7 polymeruse (Phacmacia} was used. Throughout all reactions NP.40
was present al a final concentralion of 0.5%.
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2.5, LCAT actitily

LCAT uctivity in plusma was measured by a method using prote-
olipssomes conluining upolipoprowcin A« (Sigme) {apo-A-[ileci-
thinicholesterel, 0,8:250:12.5 {molar ratia)) us subsirate. The subsicute
wis preinsubated for 20 min with huinan serum albumin (Sigma) (finad
coneentrition 0.5%). Plusma nnd mercaptocthanol (final coneentes-
tion 5 mM) were added, the mixture was incubated for 89 minut 37°C
and the enzyme uctivity was assuyed by mesuring (he eanversion of
chalesterol ta cholesterol ester afzer separation by thin-layer chromi-
tography {15].

3. RESULTS

3.1, Amplification anel sequencing

We have previously shown by Southern blotting anul-
ysis of genomic DNA from the Nerwegian patients that
no major insertions or deletions in their LCAT gene
existed [16]. We were therefore locking for minor
changes, single base mutation or small deletions/inser-
tions. The PCR primers (Fig. 1), gave different combi-
nations of fragments. Sequencing of all six exons and
parts of introns revealed only a single A=T transver-
sion incodon 252 in exon 6 causing a missense mutation
converting Met(ATG) 1o Lys(AAG) (Fig. 2). The se-
quencing ladder showsd only u single band in this posi-
tien (A) indicating that the patients are homozygous for
the mutation. The haifssister (K.R.} of the patient tfrom
family | (M.R.), did not have the mutatior and the
daughter (G.E.) of the patient frem Family 3 (D.J.) was
4 heterozygote, having two bands in this position
(A+T). From family 4 we sequenced DNA from the
parents of the patient (M.J, and A.L), her son (T.R.)
and her sister (M.F.}. They were all heterozygous for the
mutation, haviug two bunds in the sequencing ladder
(A+T) (data not shown).

3.2, LCAT uactivity

Albers et al. [13] have previously reported the LCAT
activity for all our subjects encept for G.E. and T.R. We
have repeated these meusurements and confirm their
results, i.e. LCAT activity was very low in the patients
(family 1, M.R.; family 3, D.J.. family 4, E.R.), and the
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Fig. 1. Sshematic representation of the LCAT gene, The exans are bored and arrows above the exons stiow the orientation and length of the sequence

readings. Qligonucleatides numbered 1-11 were used for PCR amplification and/or sequencing, The exons are 182, 157, 116, 96, 225 und 597

nucleotides, respectively. The amplified fragments were: 204 (exon 1, primers 1 and 2), 2000 (exon 1--exon 2, primers | end 4), $52 (ex0n 2-exon
4, primers 3 and 6, 620 (exen 3-gxon S, primers 5 and 7). und 603 (exon 6, primers 8 and 11,

308



Yalume 309, number 3

TGCA TGCA

——— g : E
— ™

Aia a =y
—— 1 T o apm ey .y
— ¥ nr-ﬁ g -_-‘u‘:-:-c.

LCAT deficiancy normal

Fig. 2. Direst sequencing of PCR amplificd DNA, A single-nucleotide
exchange{T—A)incedon 252 inexon 6 ol the LCAT gene is the defect
in the Norwegian LCAT delisiency putients.

heterozygotes had 44-60% of normal values in repeated
assays (Table I).

In one of the three families the disease phenotype is
less severe than in the remaining two. In families | and
4 dilferences in symptoms can be explained by the pa-
tients being of different ages. In fumily 3. however. the
propositus has reached the age of 77 without kidney
failure. This does not correlate with the expression of
LCAT in the heierozygotes of the various fumilies
(Tuble I) and is mast likely due to the influence of
modifying genss acting through other mechanisms. This
patient with the less severe phenotype lucks the lurge
molecular weight LDL which is typical of the other
LCAT patients [11,17] and may thus be partizlly pro-
tected.

4. DISCUSSION

We have sequenced the LCAT gene from 3 of the 4
MNorwegian fumilies suffering from familial LCAT defl-
ciency., Among these is the first family ever to be de-
scribed (7. The patients have the same mutation but
their clinical pictures vary in severity and in laboratory
findings. We were therefore interested in determining if

Tuble ]
LCAT aclivity in plasmy of hetero- and homozygoles

Family Subjeet Enzyms Esterification
aglivily
(nmol-mi™') (% of normal)
1 1-2 (normal) 82 100
1-1 (hompzygoie) o4 0.5
i 1.2 (heterozygote) 48 $0
4 4-1 (homezygole) 1.3 1.5
42 (helerczygole) 44 54
4+4 (heterozygote) k[ 44
4.5 (helerozyvgole) 49 40

Plasma wus incubated with proseoliposomnes at 37°C and cholesterol
ester was separated {rom chalesteral by thin layer chroinutography.
The results are presented as % activity relative 0 normal plasma.
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they carried more than ane mutation, We found that all
the patients had the same mutation. namely a single
base exchange in cedon 252 causing a conversion of
Met(ATG)-Lys(AAG). No other replacements were
detected. The hulf-sister (K.R.) of the patient from fam-
ily 1 (M.R.} did not have the mulation. Assuming that
their common father wis heterozygous for the mutation
and the half-sister's mother was not, the chance for her
to imherit ¢the mutation is only 25%. She also has a
normal LCAT activity. The duughter (G.E.} of the pa-
tient from tamily 3 (D.}.) was found to be heterozygous
for the mutation having two bands in the same position,
A and T. This subject has a reduced (39%) LCAT activ-
ity in plasma. This was also the case for the subjects
tested from family 4. They were all heterozygous for the
mutation and their LCAT activity was reduced to 44-
60% of normal value.

Albers et al. [13] suggested that the apparently
heslthy members of these families ware obligate
heterozygotes. The finding of redused LCAT aetivity in
plasma. indicated that they had only one normal allele
for the LCAT gene. Qur results confism this hypethesis
and show that they really are heterazygotes by the ob-
servation of two bands at the same position in the s¢-
quencing ladder.

The mutution we report here is different from those
previously reported. The two disease phenotypes associ-
ated with deficiencies in the LCAT gene, the classical
LCAT deficiency and the somewhat less serious FED,
both seem 1o be highly allelic disorders. For clussical
LCAT deficiency altogether 14 different mutations have
been reported, ten of these are point mutations, three
frameshifts and one #s a three-base insertion whicn
maintains the reading-frame. For FED three mutations
are known [6,18,19]). The LCAT amino acid sequence
is highly conserved between mouse, rat and human and
all the point mutations except one ure in fully conserved
positions. The affected positions for the homozygous
LCAT patients are L209P [20] N228K [21). R244G () J.
Albers. personal communication) M2931 [21,22], T32I1
[20] and the mulation reported here, M252K. For the
compound heterozygotes the affected positions are
A93T and R158K [20], R135W and a frameshilt at
codon 375(20], R147W and another unknown mutation
[23]. In one case the dipeptide R140-A141 is allered 1o
R140-Ci141-A142 [21). In addition two other fra-
meshilt mutations have been found associated with the
LCAT phenotype, codons 10-+16 and codons 120228
{1.J. Albers, personal communication). For FED so far,
mutations have been observed at PI10L [6], T1231[13,19)
and T347M, the [atter only in a compeund heterozygote
with T1231[19]. The active site of LCAT involves Ser'™,
Cys™, Cys'™ and an unknown histidine residue [24-27).
Nene of the muiations 5o far known to ciuse familial
LCAT deticiency are losated directly in the sequence
coding for the active site residues. The nature of the
defects in enzyme aclion caused by these mutations is
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unclear. They may be due 1o an ubnermality in npolipe-
protein binding or an(ether) alteration in secondary
structure, The first possibility is supported by the fuct
that a {rumeshift mutation in the gene for apolipopro-
wein A-1 causes LCAT deficiency [28]. There are proba-
bly sepurate binding sites on the enzyme for HDL and
LDL/VLDL particles. One might suggest that the N.
terminal region is involved in binding FDL particles
since FED is associated with mutations in codon [0 and
codon 123, Different or more complex structures ure
involved in interactions with LDL/YLDL particles. The
existence of two different disease phenotypes as well as
the variation within familiat LCAT deficiency can even.
tually be explained by the biochemical changes caused
by the various mutations. Among the Norwegian fami-
lies there is phenotypic variation in spite of identical
mutations. This clearly points to the importance of in-
teraction with other genes in the determination of the
phenotype.
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