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Influence of B°-Thalassemia on the Phenotypic Expression of
Heterozygous Familial Hypercholesterolemia
A Study of Patients With Familial Hypercholesterolemia From Sardinia

Luca Deiana, Rita Garuti, Giovanni Mario Pes, Ciriaco Carru, Alessandra Errigo, Marina Rolleri,
Livia Pisciotta, Paola Masturzo, Alfredo Cantafora, Sebastiano Calandra, Stefano Bertolini

Abstract—One of the genetic features of the Sardinian population is the high prevalence of hemoglobin disorders. It has
been estimated that 13% to 33% of Sardinians carry a mutant allele afghebin gene ¢-thalassemia trait) and that
6% to 17% arg3-thalassemia carriers. In this population, a single mutatiog-gfobin gene (Q39X3° 39) accounts
for >95% of B-thalassemia cases. Because previous studies have shown that Sgsdingdassemia carriers have
lower total and low density lipoprotein (LDL) cholesterol than noncarriers, we wondered whether this LDL-lowering
effect of theB-thalassemia trait was also present in subjects with familial hypercholesterolemia (FH). In a group of 63
Sardinian patients with the clinical diagnosis of FH, we identified 21 unrelated probands carrying 7 different mutations
of the LDL receptor gene, 2 already known (31B g>a and C95R) and 5 not previously reported (D118N, C255W,
A378T, T413R, and Fs572). The 313 g>a and Fs572 mutations were found in several families. In cluster Fs572, the
plasma LDL cholesterol level was 5.78.08 mmol/L in subjects witlg’-thalassemia trait and 8.28.66 mmol/L in
subjects without this trait<<0.001). This LDL-lowering effect was confirmed in an FH heterozygote of the same
cluster who hag®-thalassemia major and whose LDL cholesterol level was below the 50th percentile of the distribution
in the normal Sardinian population. The hypocholesterolemic effe@’ahalassemia trait emerged also when we
pooled the data from all FH subjects with and withgfthalassemia trait, regardless of the type of mutation in the LDL
receptor gene. The LDL-lowering effect gf-thalassemia may be related to (1) the mild erythroid hyperplasia, which
would increase the LDL removal by the bone marrow, and (2) the chronic activation of the monocyte-macrophage
system, causing an increased secretion of some cytokines (interleukin-1, interleukin-6, and tumor necrosi} factor-
known to affect the hepatic secretion and the receptor-mediated removal of apolipoprotein B—containing lipoproteins.
The observation that our FH subjects wifthalassemia trait (compared with noncarriers) have an increase of blood
reticulocytes (40%) and plasma levels of interleukin+@®0%) supports these hypotheses. The lifelong LDL-lowering
effect of g°-thalassemia trait might slow the development and progression of coronary atherosclerosis in FH.
(Arterioscler Thromb Vasc Bial 2000;20:236-243.)
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Familial hypercholesterolemia (FH) is an autosomal (eg, Finns) or of European descent (eg, French-Canadians and
codominant disorder that is due to defects of the low Afrikaners of South Africa), the frequency of heterozygous
density lipoprotein receptor (LDL-R) that result in a defective FH is higher, and the LDL-R defects are caused by a small
removal of LDL from plasma. The accumulation of plasma number of mutations of the LDL-R gene (the founder efféct).
LDL is thought to be the major cause of premature coronary  Sardinia is an island in the Mediterranean with an area of
artery disease (CAD) observed in FH.he LDL-R defects 24 000 knmt and a population of~1 600 000 inhabitants.

are caused by a large number of mutations of the LDL-R Sardinians belong to a genetically deviant population (like
gene? In most white populations, the frequency of heterozy- Basques, Icelanders, and Finns) among the other European
gous FH is estimated to be 1:500 and that of homozygous FH populations They stem from various populations of the

is ~1:1 000 00 In most European countries, including western and eastern basin of the Mediterranean that settled on
continental Italy, FH is characterized by large allelic hetero- the island 15 000 to 10 000 years B@lthough over the
geneity. However, in some ethnic groups living in Europe centuries Sardinians had contacts with several foreign popu-
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lations (Phoenicians, Carthaginians, Romans, Vandals, Byz-of Sardinians (as outlined above), which led us to expect to
antines, the Genoese, the Spanish, and the Piedmontese), witfind a restricted number of mutations of the LDL-R gene in
the possible exception of the Romans, these foreign popula-Sardinian FH patients, thus allowing us to compare the FH
tions seem to have made little genetic contribution to the phenotype in a relatively large number of FH patients sharing
Sardinian genetic backgrouRdGeographic isolation, in-  the same mutation at the LDL-R locus and carrying or not
breeding, genetic drift, and probably the selection induced by carrying thep®-thalassemia trait.
specific environmental factors (eg, the endemic malaria) have
contributed to the genetic diversification of Sardinians from Methods
mainland Italians and other white populations. Our original series of Sardinian FH patients included 63 unrelated
Evidence of a different genetic background for Sardinians subjects (24 males and 39 females) with the clinical diagnosis of
and other European populations, including Italians, is given, heterozygous FH. Most of them were from the northern part of
for example, by the higher prevalence of some monogenic Sardinia, and all were proven to stem from Sardinian ancestors living
and polygenic diseases (eg, Wilson disease and type |in the island for=1 century. The c!inic_:al diagnosis of heterozygous
diabetes) in Sardinia compared with continental Italy and FH was based on the following criteria: (1) plasma LDL cholesterol

her E 657 O f1h -k . level above the 95th percentile of the distribution in the Sardinian
other European countriés? One of the well-known genetic . jation, stratified for sex and age, (2) tendon xanthomatosis in the

features of the Sardinian population is the high prevalence of propand or in at least one first-degree relative or the presence of
some genetic disorders of erythrocytes, such as thalassemiassevere hypercholesterolemia in some children of the proband’s
and deficiency of glucose-6-phosphate dehydrogehase. family, and (3) identification of the LDL-R gene haplotype (at least
has been estimated that 13% to 33% of Sardinians carry 16 diallelic markers) cosegregating with hypercholesterolemia within
mutant allele of thea-globin genes, that 6% to 17% are the family. Informed consent was obtained from the patients or, in
p-thalassemia carriefsand that 4% to 19% are carriers of the case of children, from their parents. The study protocol was
. - approved by the institutional human investigation committee of each
glucose-6-phosphate thydrogenase deficién€he high participating institution.
prevalence of these disorders appears to be the result of a Fasting plasma lipids were measured before any hypolipidemic
selective advantage produced by malaria, which was endemicdrug treatment. Total cholesterol, triglyceride, and HDL cholesterol
in Sardinia up to the late 1950s. It should be stressed thatlevels were measured enzymatically with commercial kits (Boeh-
although in most Mediterranean populatighthalassemia is ~ inger Mannheim GmbH) by use of an automated analyzer; LDL
caused by several mutations of teglobin gene? in the cholesterol was calculated by Friedewald’s formula. Red blood cell

- . . . parameters, including reticulocyte count, were determined with a
Sardinian population a single mutation (Q39X) accounts for Cell-Dyn 3500 system (Abbott): hemoglobin, Avas quantified by

>95% of thep-thalassemia chromosomgskinally, in Sar- the VARIANT Hemoglobin Testing system (Bio-Rad); and plasma
dinia a vast proportion of the general population carries HLA interleukin (IL)-6 was measured by ELISA (Amersham Pharmacia
haplotypes that are very rare elsewhere and that might haveBiotech).
originated from a common ancestor (the founder effect). .

Itis well established thg-thalassemia has a major impact SSCP Analysis of LDL-R Gene
on plasma lipids and lipoproteins. In seveBethalassemia Genomic DNA was extracted from pe_ripheral_blood Ieukocyte_s_ by a
(thalassemia major and intermedia), hypocholesterolemia standard proceduié.Polymerase chain reaction (PCR) amplifica-

. tions of the promoter region and exons 1 to 18 of the LDL-R gene
caused by a marked reduction of both LDL and HDL were carried out by using the primers reported by HobbsZaha

cholesterol has been consistently repotfet®; in total volume of 50 uL containing 100 ng of genomic DNA,
B-thalassemia carriers (thalassemia minor), total and LDL 10 mmol/L Tris-HCI, 50 mmol/L KCI, 1.5 mmol/L MgG) 100 zmol
cholesterol levels tend to be lower than those found in age- of each of the 4 nucleotides, 10 pmol of each primed 2tJ of Taq
and sex-matched contrdis16 A wide study conducted inthe ~ DNA polymerase. Single-strand conformation polymorphism
Sardinian population not only showed thgtthalassemia (SSCP) analysis was performe_d by using a vertical gel unit (Hoefsr);
carriers have a lower total and LDL cholesterol than do 5 pL of PCR product was mixed with an equal amount of 95%

L . formamide, 20 mmol/L EDTA, 0.1% bromophenol blue, and 0.1%
controls but also showed a small but significant reduction of xylene cyanol, denatured at 96°C for 5 minutes, snap-cooled in 4°C

apoB and apoA-I levels and borderline changes in lipid and ice water, and then loaded onto an 8% polyacrylamide gel containing
protein composition in LDL and HDES17 |t has been 5% glycerol. Electrophoresis was performed at room temperature in
suggested that the mild hypocholesterolemia found in carriers a standard Tris-borate-EDTA buffer, pH 8.0, at 150 V for 2 hours.
of B-thalassemia might contribute to the protection of these After electrophoresis, gels were stained with silver stain.
individuals from the development of premature CAD2° . .
Retrospective studies showed that the prevalence of thalas-Dm:"Ct Sequenqng of DNA

semia carriers among patients with myocardial infarction was The samples showing an abnormal SSCP pattern were sequenced by

. . . using an automated fluorescent ABI Prism 310 Genetic Analyzer
much less than expectédand that in Italian males with (Applied Biosystem Inc) according to the manufacturer’s recommen-

B-thalassemia minor, myocardial infarction occurred.0 dations. Mutations identified by automated sequencer were con-
years later than in nonthalassemic subjéets. firmed by manual sequenciffywith the use of appropriate primers.
The observed LDL-lowering effect g8-thalassemia trait )

raises the question as to whether this effect is maintained in Hapllotype .Ana|y5'3 of LDL-R LQCUS.

FH heterozygotes. We decided to investigate this problem in The intragenic haplotypes cosegregating with mutant alleles were

Sardinian FH patients for the following reasons: (1) the constructed by use of 10 diallelic markers associated with the LDL-R

presence in Sardinia of a single mutation®flobin gene gene. The genotyping was performed by using Southern blotting of
. . . 0 genomic DNA BstEll, 5'Apall, Pvdl, and 3ApaLl), by restriction

(Q39X), a null allele with a strong biological effecBt  enzyme digestion of amplified exonst(, Hincll, Aval, and 5

thalassemia), which accounts for 95% of Sardinian Msp), or by SSCP analysislé13G/Ain exon 10,2635G/Ain exon

B-thalassemia cases, and (2) the specific genetic backgroundL8)2z-27
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TABLE 1. Mutations of LDL-R Gene Causing FH in Northern Sardinia

Newly or Previously Detected

Nucleotide Position Codon/Intron Mutation Mutation by Population and
Exon/Intron in cDNA Change Designation Reference No.
Intron 3 313+1 g>a Aberrant splicing FH Elverum Norwegian,?® Dutch,3* English,35
Danish,3¢ Swedish,37 and Korean38

Exon 4 346T>C C95R FH Alghero Spanish3?

Exon 4 415 G>A D118N FH Sassari-2 New

Exon 6 828C>G C255W FH Sassari-3 New

Exon 9 1195G>A A378T FH Nuoro New

Exon 9 1301C>G T413R FH Sassari-4 New

Exon 12 1778delG Fs572>Term643 FH Sassari-1 New
Rapid Screening Methods for Detection of our series); theg>-thalassemia carrier status was scored 1; and the
Some Mutations noncarrier status was scored 0. The comparison between FH subjects

The rapid screening method for the D118N mutation, which elimi- with and without t_he Q39X mutation of thg-globin gene was
nates aDdd site in exon 4, was based on the amplification of the 5 Performed after adjustment for mean age, sex, mean BMI, and apoE
half of exon 42 followed by the digestion withDdd. For the genotype and for the effect of each LDL-R gene mutation on lipid

screening of C255W and T413R mutations, we amplified exon 6 and Values (ié, the lipid values for each mutation were adjusted to the
exon 9 by using 2 sense-mismatched primers'- 5 grand mean of the whole sample). BMI values were adjusted for sex

CTCTGGCTCTCACAGTGACACTCCG-3 and 5-CTGAGG-  and age; IL-6 levels were adjusted for age.
AACGTGGTCGCTCTGGCC-3 respectively, and SP65 and SP71 Th(_e statistical significance of the differences betwee_n the means
as antisense primers, respectively. In the presence of the mutation, thes@f adjusted values was assessed by Stutiessit for unpaired data.
mismatched primers introduce &fisp and anEcdRV cutting site in A value of P<0.05 was considered significant.

exon 6 and exon 9, respectively. The mutation Fs572, caused by a G

deletion in exon 12, was easily detectable by heteroduplex analysis of Results

the amplified exon 12 on 10% polyacrylamide gel. In brigfl10f 0.25 The systematic analysis of the LDL-R gene, which was
mol/L EDTA was added to the amplification product, which was completed in 21 unrelated probands (20 heterozygotes and 1

submitted to the thermal treatment mentioned below to obtain comple- . I . .
tion of heteroduplex formation that was begun during PCR cycles. The homozygote), led to the identification of 7 point mutations of

incubation conditions were 95°C for 3 minutes, followed by a slow this gene, 5 of Whic_h have: not begn reported previously
cooling to room temperature over a 40-minute period. Nept, &f the (Table 1)2934-39By using rapid screening methods, we have

product was mixed with 2L of gel loading buffer and electrophoresed  been able to collect several families carrying 2 specific

on 10% polyacrylamide gel, which was made from a stock solution 1, tations. namely. 3181 g>a and Fs572. These 2 clusters
containing acrylamide and,N’-methylene-bis-acrylamide (49:1) irx1 ' Y, g i

Tris-borate-EDTA buffer. After the run (40 minutes at 180 V), the gel have been Iocate_d i_n the eastern (313 _g_>a) and the
was stained with ethidium bromide and UV-visualized. The C95R and Western (Fs572) districts of northern Sardinia, respectively.
A378T mutations were screened by SSCP analysis and confirmed by  Unadjusted plasma total and LDL cholesterol levels found

direct s_equencing. 'I_'he 333 g>a mutation was screened with the use  jn our FH patients (Table 2) were within the range previously
of a mismatched primer, as suggested by Leren#t al. reported in molecularly defined FH heterozygotes, with the
Screening for Familial Defective ApoB-100 possit_JIe exception of a single subject carrying the A378T
Familial defective apoB-100, resulting from R3500Q substitution in mutation, whose plasma total cholesterol and LDL cholester-
apoB-100, was ruled out in all probands by using the method of Ol levels were 5.43 and 3.54 mmol/L, respectively. This subject
Motti et alz°0 (a 14-year-old girl) was the daughter of a patient with severe
hypercholesterolemia (LDL cholesterol 10.11 mmol/L), consis-
tent with the diagnosis of heterozygous FH, who had developed
CAD at the age of 42 and underwent coronary bypass surgery

Screening for Mutation Q39X in B-Globin Gene
The presence of the Q39X mutation in tieglobin gene was
investigated in all FH families with the identified LDL-R gene

mutation by using the allele-specific amplification metffad. for single-vessel disease. DNA analysis revealed that this subject
was homozygous for the A378T mutation, whereas the LDL-R
Screening for Mutations in a-Globin Gene activity in his skin fibroblasts was 55% of the value found in

The presence of the most common mutations ofdkglobin gene control cell lines. One factor that might play a role in reducing
present in the Mediterranean area were investigated in 1 homozygousihe clinical expression of FH in the A378T proband and his
FH patient and his daughter by using a PCR-based method reported . : .
by Foglietta et af? daughtgr is the presengg of a 3.7-kb dgletlon pf one copy of the
a,-globin gene ¢ —/—a*’, a,-thalassemia carrier). It is likely

ApoE Genotyping thataz-thalasgemia} trait reduces plasma LDL cholesterol as does
The apoE genotype was determined by PCR amplification of B>-thalassemia trait (see below).
genomic DNA according to the procedure of Hixon and Verfter.

o _ Effect of B°-Thalassemia Trait on FH Phenotype
Statistical Evaluation ~ The systematic screening of the Q39X mutation of the
Lipid values were adjusted for mean age, sex, mean body mass '”dexﬁ-globin gene in all probands and their FH relatives with

(BMI), and apoE genotype by multiple linear regression analysis. . . .
Lipid values were also adjusted for tig&-thalassemia carrier status. identified mutations of the LDL-R gene revealed the presence

We arbitrarily scored apoE genotypes as folloe®3 was scored 2,  Of 19 carriers of thg8-globin gene mutation of 73 FH subjects
€3/3 was 3, ana2/4+€3/4 was 4 €2/2 ande4/4 were not found in investigated. The distribution of thg-thalassemia carriers
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TABLE 2. Clinical Features of FH Subjects With Identified Mutations of LDL-R Gene

No. of Families
Mean=SD, mmol/L With Clinical Feature
No. of
Mutation Families No. of Subjects TC LDL-C HDL-C TG Tx pCAD
313+1 g>a 7 20 Het (7 M, 13 F) 8.37+1.71 6.51+1.69 1.21+0.24 1.44+0.86 0 1
C95R 1 6 Het 3 M, 3F) 8.28+1.26 6.72+1.36 1.03+0.15 1.17+0.50 0 0
D118N 2 4 Het 2 M, 2 F) 8.64+1.06 6.82+1.24 0.89+0.38 2.15+0.97 1 2
C255W 1 1 Het(1F) 10.57 9.07 1.06 1.21 1 0
A378T 1 1 Hom (1 M) 11.74 10.11 0.98 1.43 1 1
1Het(1F) 5.43 3.54 1.24 1.80

T413R 1 1Het(1F) 12.93 11.53 0.88 1.13 1 1
Fs572 8 39 Het (12 M, 27 F) 9.19+2.31 7.56+2.19 1.15+0.23 1.10+0.62 7 6

TC indicates total cholesterol; LDL-C, LDL cholesterol; HDL-C, HDL cholesterol; TG, triglyceride; Tx, tendon xanthomatosis; pCAD, premature CAD
(before 55 y in males or 65 y in females); Het, heterozygote; Hom, homozygote; M, male; and F, female. One patient heterozygous for Fs572 and
homozygous for Q39X mutation of the B3-globin gene is not included in the table.

was as follows: 3 cases in 2 families with the 31Bg>a (e3€3, n=37; €3e4, n=3), plasma total and LDL cholesterol
mutation, 4 cases in a single family with the C95R mutation, levels in g°thalassemia carriers were 27% and 30% lower
and 12 cases in 2 families with the Fs572 mutation. In than those in noncarriers (Table 4#f-Thalassemia trait had
addition, in 1 family with Fs572, 1 FH subject was homozy- no effect on HDL cholesterol and triglyceride levels (Table
gous for the Q39X mutation of thes-globin gene B- 4). In the FH patient affected by thalassemia major, plasma
thalassemia major). The hematologic parameters of these FHtotal and LDL cholesterol levels were below the 50th percen-
patients with and withoup®-thalassemia trait are shown in tile of the distribution in subjects of the same sex and age

Table 3. from the general population.

The FH heterozygote wittB-thalassemia major was a In view of the LDL-lowering effect associated with the
27-year-old female in a good clinical state who had been g°-thalassemia trait observed in the Fs572 cluster, we decided
receiving red blood cell transfusions since infaney36 to adjust the lipid values found in all FH patients not only for

transfusions per year). Her hematologic parameters are showrage, sex, BMI, and apoE genotype but also for the presence of
in Table 3. All routine laboratory tests (blood glucose, g°thalassemia. This adjustment was adopted to eliminate the
prothrombin time, blood urea nitrogen, serum creatinine, interference of these parameters with the effect of LDL-R
alanine aminotransferase, aspartate aminotransferasemutation per se on the plasma lipid profile. The adjusted lipid
y-glutamy! transpeptidase, alkaline phosphatase, albumin,values are shown in Table 5. The analysis of these data
and fibrinogen) were within the normal range. Serum biliru- allowed us a more accurate comparison of the phenotypic
bin was 1.4 mg/dL; serum iron, 1959/dL; and ferritin, 1435 expression of FH in the 2 clusters identified in our series.
mg/dL. At the age of 10 years, she had had hepatitis B, from Carriers of the Fs572 mutation were found to have higher
which she fully recovered. Liver ultrasound examination did total and LDL cholesterol levels than carriers of the 313

not reveal abnormalities in organ size and structure. g>a mutation. These differences are not so striking in the
To ascertain the effect off®-thalassemia trait on FH  unadjusted lipid data shown in Table 2 because of the uneven
phenotype, we compared plasma lipids betwegh number ofg’-thalassemia carriers in the 2 clusters.

thalassemia carriers and noncarriers in the Fs572 cluster. To define the effect of thg-thalassemia trait on plasma
After adjustment for age, sex, BMI, and apoE genotype lipids in all FH subjects, regardless of the type of LDL-R

TABLE 3. Hematological Parameters of FH Patients With and Without 3°-Thalassemia

Males Females
*B°-Thalassemia
Noncarriers Carriers Noncarriers Carriers Homozygote
(n=16) (n=8) (n=36) (n=11) P (n=1)
RBC, x10%/uL 5.07+0.37 6.30+0.45 <0.001 4.86+0.32 5.82+0.16 <0.001 4.46
Hb, g/dL 14.4+0.6 13.5+1.0 <0.001 13.9+0.9 11.8+0.7 <0.001 13.20
Ht, % 42.3+2.0 41.8+3.5 <0.001 40.9+2.9 36.3+1.6 <0.001 37.60
Reticulocytes, % 1.44+0.13 2.01+0.10 <0.001 1.43+0.18 1.94+0.12 <0.001 0.27
MCv, fL 83.9+4.6 66.1+3.4 0.001 84.6+5.4 62.3+2.5 <0.001 84.40
MCH, pg 28.5+2.0 21.4+1.4 <0.001 28.7+1.9 20.2+0.9 <0.001 29.70
MCHC, g/dL 34.0+1.2 32.4+0.7 <0.05 33.9+0.9 325+1.2 0.001 35.20
HbA,, % 2.45+0.57 5.07+1.15 <0.001 2.67+0.29 5.67+0.49 <0.001 2.90

RBC indicates red blood cell; Hb, hemoglobin; Ht, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular Hb; and
MCHC, mean corpuscular Hb concentration.
*RBC transfusions every 10—12 d.
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TABLE 4. Plasma Lipid Values in Heterozygous FH Subjects With Fs572 Mutation
of LDL-R Gene With and Without Q39X Mutation in B-Globin Gene

Noncarriers Q39X Heterozygotes Q39X Homozygote
(n=27) (n=12) P (n=1)
BMI, kg/m? 22,725 22.3+2.3 NS 18.7
TC, mmol/L 9.96+1.71 7.25+0.99 <0.001 3.67
LDL-C, mmol/L 8.25+1.66 5.76+1.08 <0.001 2.61
HDL-C, mmol/L 1.19%0.21 1.10+0.23 NS 0.67
TG, mmol/L 1.20+0.51 0.86+0.61 NS 0.87

BMI values (mean=SD) are adjusted for sex and age; lipid values (mean=SD) are adjusted for age,
sex, BMI, and apoE genotype. NS indicates not significant.

mutation, we arbitrarily adjusted plasma lipids for age, sex, LDL cholesterol level found in Fs572 carriers (Table 5),
BMI, and apoE genotype:2/3, n=5; €2/4, n=2; €3/3, n="56; strongly suggest that the latter mutation is more severe than
ande3/4, n=8) as well as for the effect of the LDL-R gene the 313+1 g>a mutation.

mutations (see Methods for details). This analysis showed

that plasma total and LDL cholesterol levels in FH patients Haplotypes Cosegregating With 313-1 g>a and

with g°-thalassemia trait were 23% and 27% lower than those Fs572 Mutations

observed in FH patients withoy’-thalassemia. In absolute Intragenic haplotype analysis showed that the 813>a
terms, this corresponds to a reduction~62.0 mmol/L of mutation cosegregated with haplotype A in 4 families and
total and LDL cholesterol (Table 6). In addition, we looked at with haplotype B in 3 families. Haplotype A was as follows:
the effect ofg’-thalassemia in all unrelated FH heterozygotes sty (+), G/A nt 1413(G), Hincll (-), Aval (+), Msp 5’

of our series (62 subjects), with and without identified (+) Apall 5’ (+), Pvul (=), Ncd (+), andApaLl 3’ (+).

mutations of the LDL-R gene. In carriers gf-thalassemia, Haplotype B was as followsStu (+), G/A nt 1413(A),
plasma total and LDL cholesterol levels were 74% and 68%, Hincl| (+), Aval (), Mspl 5’ (=), ApaLl 5 (=), Pvul (+),

respectively, of the values observed in noncarriers (Table 7). Ncg (+), andApaLl 3’ (+).

The Fs572 mutation cosegregated with a single haplotype
in all families. This haplotype was as followStu (+), G/A
nt 1413(G), Hincll (=), BsEIl (=), Aval (+), Msp 5’ (+),
Apall 5' (+), Pvdl (=), G/A nt 2635A), andApaLl 3’ (+).

Clinical Features of FH

We tried to quantify the prevalence of tendon xanthomatosis
and premature CAD in the families belonging to the 2 clusters
identified in the present study. Families were considered
positive for tendon xanthomatosis and premature CAD if one . .
or both these clinical features were present in at least 1 family Discussion o

member (Table 2). For this comparison, we considered only In @ group of 63 FH probands of Sardinian ancestry, we
FH subjects>40 years of age (because tendon xanthomatosis identified 21 unrelated FH patients carrying 7 mutations of
and premature CAD usually occur after that age) who were the LDL-R gene (Table 1). Against our predictions, these
not carriers of thegg®-thalassemia trait. Cluster Fs572 included findings suggest that in Sardinians, as in other populations,
15 FH subjects (mean age 56.8 years) belonging to 8 families FH is caused by many mutations of the LDL-R gene. In the
(1.87 subjects per family). Nine (60%) of these subjects had present study, we have been able to investigate the clinical
tendon xanthomatosis, and 7 (47%) had premature CAD. phenotype of 71 molecularly defined FH heterozygotes (52 of
Cluster 3131 g>a included 12 FH subjects (mean age 59.3 whom belonged to 2 major clusters of mutations: 313>a
years) belonging to 7 families (1.71 subjects per family). and Fs572) and to demonstrate the LDL-lowering effect of
None of them had tendon xanthomatosis, and only 1 (8%) had g°-thalassemia. The analysis of the 2 clusters deserves some
premature CAD. These findings, in addition to the higher consideration.

TABLE 5. Clinical Features and Lipid Parameters of Heterozygous FH Subjects With Identified
Mutations of LDL-R Gene

Mean=SD, mmol/L

No. of No. of Heterozygous

Mutation Families Subjects TC LDL-C HDL-C TG
313+1 7 20 8.48+1.50* 6.63+1.44* 1.22+0.19 1.45+0.61
g>a

C95R 1 6 9.87+0.64 8.28+0.59 1.07+0.12 1.18+0.41
D118N 2 4 8.86+0.76 7.04+1.03 0.94+0.33 2.01+0.53
C255W 1 1 10.20 8.70 1.00 1.26
T413R 1 1 12.29 11.02 0.86 0.90
Fs572 8 39 10.03+1.57 8.36+1.55 1.16+0.23 1.18+0.55

Lipid values are adjusted for age, sex, BMI, apoE genotype, and B°-thalassemia carrier status.
*P<0.01 vs Fs572.
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TABLE 6. Plasma Lipids in Heterozygous FH Subjects With same LDL-R mutation (ie, Fs572, FH Sassari-1), which is
and Without Q39X Mutation of -Globin Gene expected to result in a receptor-negative phenotype. We then
Heterozygous determined that the phenotypic expression of FH Sassari-1 is
Noncarriers Carriers strongly affected by the presence of a specific mutation of the
(n=>52) (n=19) P B-globin gene (Q39X), known to caugs-thalassemia in the
BMI, kg/m? 298430 299+38 NS homozygous statgs{ 39). The mean LDL_choIesteroI level in
16, mmollL 0.4841.73 7974108 <0001 FH patients who ar@o-thalass_emla carriers was 30% onver
LDL-C. mmolL 7784153 5.64116 0001 thqn that observed in the_patlents Wlt_hout B?ethala_ssemla
’ trait (Table 4). Further evidence of this LDL-lowering effect
HDL-C, mmol/L 1.15£0.19 1.120.25 NS is given by the observation of an FH patient heterozygous for
TG, mmol/L 1.30+0.52 1.19+0.59 NS FH Sassari-1 who was affected IBP-thalassemia major.
BMI values (mean=SD) are adjusted for age and sex; lipid values Plasma LDL cholesterol of this patient, who had no clinical or
(mean=SD) are adjusted for age, sex, BMI, and apoE genotype and for effect laboratory signs of liver disease (a condition that might have
of LDL-R gene mutations. The patient heterozygous for A378T mutation and reduced the hepatic production of apoB-containing lipopro-

carrier of a-thalassemia trait and the patient heterozygous for Fs572 mutation

and affected by §'-thalassemia maior were not included. teins), was much lower than that observed in the FH patients

of the same cluster and was below the mean LDL cholesterol
level found in the Sardinian population. A similar LDL-
lowering effect induced by’-thalassemia trait was observed
when all FH patients with identified mutations of the LDL-R

S > gene were considered together (Table 6) and when we
from Norway (FH Elverum}? and it was subsequently observed analyzed the entire group of 62 unrelated FH subjects,

in other populationd*-380ne of the interesting clinical features irespective of whether the molecular defect of LDL-R gene
of the Sardinian patients with the 32 g>a mutation is the had been identified (Table 7).
relatively mild elevation of LDL cholesterol (6.511.69 Two major mechanisms might account for the LDL-
mmol/L) compared with the corresponding value found in lowering effect of g%-thalassemia in FH. First, the mild
Norwegian patients (7.961.65 mmol/L)® This difference,  anemia, frequently observed pi-thalassemia carrietsand
which is not explained by the presencegbtthalassemia carriers  gocumented in Table 3, is expected to induce the secretion of
among the Sardinian patients (only 3 of 20 of these patients Wereerythropoietin, which stimulates the differentiation of the
p*thalassemia carriers), suggests that other genetic or environgrythroid progenitor cells in the bone marrow and promotes
mental factors have a strong influence on the phenotypic their proliferation, leading to a mild erythroid hyperplaia.
expression of this mutation. Because cell proliferation is associated with an increased
The Fs572 mutation in exon 12 (FH Sassari-1) is a novel requirement for cholesterol, as documented in several cell
mutation consisting of a single nucleotide deletion, which systems in vitrd-4¢one way to meet these requirements is
leads to the formation of a truncated protein of 642 amino to increase the expression of the LDL-R (ie, the number of the
acids (receptor-negative phenotype). Compared with the pa-LDL-Rs on the cell surfacel®4° In this context, it is
tients with the 313-1 g>a mutation, Fs572 subjects have reasonable to assume that in heterozygous FH gith
higher total and LDL cholesterol levels and a higher preva- thalassemia trait, the proliferation of erythroid progenitor
lence of tendon xanthomatosis and premature CAD (Tables 2¢cells might be associated with an overexpression of the
and 5). normal LDL-R allele. The combined effect of erythroid
In the present study, we have had the chance to ascertaimhyperplasia and the increased number of wild-type LDL-R
whether the mild LDL-lowering effect produced by the per cell might increase the receptor-mediated removal of
B°-thalassemia trait in the general population of Sardfia plasma LDL in the bone marrow, thus reducing the expected
was still effective in heterozygous FH. Because different elevation of plasma LDL caused by the presence of a mutant
LDL-R mutations are associated with different phenotypic allele of the LDL-R gene. A similar overexpression of the
expression of FH (producing a mild, moderate, or severe LDL-R has been postulated to cause hypocholesterolemia in
phenotype}! at first we looked at the patients carrying the patients with some forms of leukemia or myeloproliferative
disorders0-53
TABLE 7. Plasma Lipids in Unrelated Heterozygous FH With The second mechanism may be related to the activation of
and Without Q39X Mutation of B-Globin Gene the monocyte/macrophage system in various districts of the
: body. Erythrokinetic measurements indicate that gf
Noncarriers . thalassemia carriers, red blood cell survival is slightly short-
(n=47; 18 M, Heterozygous Carriers .
29 F) (n=15: 5 M, 10 F) p enoo, presomably because abnorma_ll red blood c_eIIs (a_nlso-
poikilocytosis) are removed more rapidly from the circulation

The 313+1 g=>a in intron 3, which is associated with a
receptor-defective phenotypewas first reported in FH patients

TC, mmol/L 9932146 730080 <0001 by the macrophages in spleen, bone marrow, and 4&/€his
LDL-C, mmollL  8.06+1.51 5.44:0.88 <0.001 chronic mild activation of the macrophage system might be
HDL-C, mmol/L 1.2120.28 1.31+0.26 NS associated with an increased release of some cytokines,
TG, mmol/L 1.47+0.49 1.27+0.47 NS generating a situation similar to that found in a mild chronic
IL-6, pa/mL 2.06+0.42 3.30+0.46 <0.001 inflammation. It is well established that chronic inflammation
Lipid values (mean=SD) are adjusted for age, sex, and BMI; Il-6 values causes hypocholesterolemia through a reduction of LDL and,
(mean=SD) are adjusted for age. The patient homozygous for A378T mutation to some extent, HDE? There is evidence that some cytokines

(Table 2) was not included. like, IL-1, IL-6, and tumor necrosis factet; may contribute
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to these lipoprotein changésin HepG2 cells, the effect of 16
these cytokines is 2-fold: they reduce the secretion of apoB-
containing lipoproteins and increase the expression of the 5
LDL-R.55-58The observation that in our probands the plasma
levels of IL-6 was higher ing°-thalassemia carriers than in
noncarriers (Table 7) and the previous report of an increased
tumor necrosis factos- in B°-thalassemia homozygous pa-

tient$? indicate that the overproduction of some cytokines by 19.

macrophages is a plausible mechanism for the LDL-lowering
effect of B°thalassemia. 20

The LDL-lowering effect of 8%thalassemia trait in het-
erozygous FH raises the question as to whether this effect
might slow down the progression of coronary atherosclerosis ,,;
and delay the occurrence of myocardial infarction. The
answer to this question requires a well-designed prospective
study of a large number of molecularly defined FH patients
with and without theg’-thalassemia trait.
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