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ABSTRACT

Familia hypercholesterolemiaisan autosomal dominant inherited disorder
caused by mutations in the low density lipoprotein receptor gene, the
proprotein convertase subtilisin/kexin type 9 gene, the apolipoprotein B
gene, and more rarely, the autosomal recessive hyperchol esterolemia
adaptor protein.

The worldwide prevalence is about 1 case per million for homozygous,
and 1 per 500 for heterozygous. In some population, the prevalence of FH
isgreater, presumably dueto founder effects. In Tunisia, the frequency is
about 1 per 165 for heterozygousand 1 per 125000 for homozygous.
Treatment typically involves lipid-lowering drugs as well as mechanical
removal of plasma LDL by means of apheresis. Statins are the most
prescribed drugs for HoFH. Frequently, Statins alone do not lower LDL-
cholesterol level to therapeutic level. Combination with other
pharmacological drugs such as Ezetimibe or Fenofibrate may enhancethe
LDL-cholesterol reduction. In the case of Statins intolerance, LDL
apheresis is the best treatment option.

The purpose of thisreview isto provide current perspectives on therapies
available for FH patients, particularly LDL apheresis, in an effort to
encourage the development of this therapy in Tunisia.
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INTRODUCTION

Homozygousfamilid hypercholesterolemia(HoFH)
inaninherited disorder caused primarily by mutationin
thelow dengity lipoprotein receptor (LDLR) gene. Three
other geneslead to similar phenotypewith varying se-
verity: apolipoprotein B-100 (ApoB-100), proprotein
convertase subtilisin/kexin (PCSK9), and morerarely
the autosomal recessive hyperchol esterolemia(ARH)

adaptor protein™,

TheLDL receptorismainly locatedinthelivert23,
itsmainfunctionisremovingtheLDL particlesfromthe
plasma by endocytosis?. Morethan 1200 mutations
werereported, covering theentiregene.

HoFH patientswith mutationsinthe LDLR gene
may betrue homozygous (having the samemutationin
both LDLRa el es) or compound heterozygous (having
different mutationsoneach LDLRdleles).
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HoFH patientspresent severehypercholesterolemia
andif untreated, cholesterol level srange between 580-
1160 mg/dl (15-30 mmol/L)¥. Ataclinicd level, FH is
associated with cholesterol depositsin severd tissues.
Cutaneaous deposits lead to xanthomas and
xanthelasmas, corneal depositsleadto cornea arcus
and depositsin vascular wallsareat theorigin of pre-
mature coronary heart disease (CHD)[.

In addition, HoFH patientsfrequently develop &-
ther valvular or supravalvular aortic stenosigs7.

FH isone of the most common genetic disorders.
The prevaence of HoFH isestimated to be 1 case per
1 million, whereasthe heterozygousform (HeFH) is
estimated at 1 case per 500 persond”. In some popu-
lations, theprevadenceof FH isgreater, presumably due
to founder effectd. Among French Canadians, the
prevalenceof HeFHis1in270andis1in 275000 for
HoFH®, The prevalence of HoFH is 1 in 100000
among the Lebanese. In Tunisia, the prevalence of
HoFH was estimated to be 1 in 125000 and 1in 165
for HeFH© .

Although, ahigh prevalence of FH wasreported
among Tunisian populaion, only pharmacol ogicd tregt-
mentsareavailable, and thereisno LDL apheresis. In
thisreview wefocuson treatment avail ablefor FH pa-
tients, inparticular LDL apheresis. then weexposethe
clinical and genetic characteristicsof Tunisian FH pa-
tients, and we concluded on the necessity to develop
LDL gpheresisinTunisa

CURRENT LIPID LOWERING THERAPY

Dietary treatment

For FH patients, lifestylemodificationsto lower
LDL-cholesteral level and reduce other coronary vas-
cular disease (CVD) risk factors should beintroduced
despite the modest and variable degree of LDL-cho-
lesterol reduction™. For FH patientsadiet containing
lessthan 7% saturated fat and lessthan 200 mg of cho-
lesterol isto beadvised.

Pharmacological treatments
(a) Satins

Statinsare Hydroxy-3-MethlyGlutaryl-Coenzyme
A (HMG-CoA) reductaseinhibitor. They inhibit the
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rate-limiting step in cholesterol synthesisby reducing
theconversion of HM G-CoA to meval onate. Thecon-
sequently decreased intracellular cholesterol levelsin-
ducean upregulation of the LDL receptor which leads
to an increased clearance of LDL-cholesterol and a
decreased plasmalL DL-cholesterol level™,

Statins are the most commonly prescribed drugs
for FH patientd*?. and may be started early inthefirst
year of age or at initial diagnosis in patients with
HoFH!*3, Observational datafrom large FH cohorts
suggest that |ong-term statin trestment removestheex-
cesslifetimerisk of CVD dueto FH and reducesittoa
level smilar to that of thegeneral population*4.

(b) Bileacid sequestrants

Useof bileacid sequestrantssuch ascholestyramine
showed that they only have minor effectson lowering
cholesterol level§%9,

Fenofibratefrom thefibrate classisanother drug
with thelicensefor useon children®. It works by acti-
vating the peroxisome proliferator-activated receptor
typedpha. Fenofibratewas assumedto beableto lower
LDL-cholesteral; however, Tonstad et al. reported that
therewaslittle evidencefor its effectivenesson chil-
dren, dthough it waswell tolerated*¢l.

(c) Ezetimibe

Ezetimibe represents the first of a new class of
agents, thecholesterol absorptioninhibitors. It bindsto
aprotein called Niemann-Pick C1-like 1 (NPC1L1)
protein transporter, which reducesthe delivery of in-
testinal cholesterol to theliver. Asaresult, the LDL
receptor expression isupregul ated and the clearance
of LDL-cholesterol from plasmaisincreased*”.

Ezetimibeisableto reducethe LDL-cholesterol
level by 15-25% from basdlinein monotherapy*®. The
combination with s mvastatin representsthe most com-
mon combined therapy, dueto thefact that ezitimibe
can add an extra20% reductionin LDL-cholesterol to
that seenwith Statinsalong™.

Lipid apheresis

Hypercholesterolemic patientswith high level of
LDL-cholesterol cannot betreated sufficiently by diet
and drugs. Lipid agpheresiscan reducethisatherogenic
lipoprotein. Moreover, lipoprotein (a) (Lp(a)), a
prothrombotic proatherogeni clipoprote n,whichisnot
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amenableto any conservativetreatment, isco-elimi-
nated by LDL apheresig?.

Since 1975, LDL-cholesterol has been removed
from patients’ blood with a treatment called “plasma
exchange” (plasma apheresis)?.

Since 1981, Stoffel et al.[?? combined thesetwo
concepts by using acell separator to perfuse plasma
through acolumn containing anti-L DL antibodies, apro-
cedurecalled LDL apheresis.

Today LDL apheresisisthe mgjor indication for
performing extracorporeal blood purification. In many
countries, including the Unites States, Jgpan and many
European countries, LDL apheresisisatreatment of
choicefor patientswith HoFH, particularly thosere-
fractory to Stating®.

Fivedifferent techniquesof LDL apheresisarein
current use: immunoadsorption (I1A), dextran sulphate-
cellulose adsorption (DSA), heparin extracorporeal
LDL precipitation sysem (HELP), doublefiltration plas-
mapheresis(DFPP) or lipidfiltration and direct adsorp-
tion of lipoprotein using hemoperfusion (DALLI).

(&) Immunoadsor ption (1A)

Thecommercidly availablesystem cond stsof acon-
tinuousflow cdll separator which pumpsplasmathrough
twin columns containing polyclona sheep antibodiesto
human apoB-100 coupled with sepharose4B gd. The
resultisan acutereductionin LDL-cholesterol and Lp(a)
of about 55% after each procedure 4,

(b) Dextran sulphate-cellulose adsor ption (DSA)

Dextran Sul phate-covalently bound to cellulose
beads sel ectively bindsvery low density lipoprotein
(VLDL) and LDL but not high density lipoprotein
(HDL)®, Studiesin FH patients showed an acutere-
ductionin LDL-cholesterol of 75-80% andin Lp(a) of
65-70%281,

(c) Heparin extracorporeal LDL precipitation
(HELP) system

Thissysteminvolveson-line precipitation of LDL
through theaddition of heparinto plasma Precipitation
of LDL occurswithout addition of cationsif thepHis
aufficiently low, the precipitate being removed by filtra-
tion. Thenet resultsof thisprocedureare acute reduc-
tionsin LDL-cholesterol and Lp(a) of around 60% 7.
Sideeffectsweremild and infrequent and hemorrhagic
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complications were not observed despite a 50%de-
creaseinfibrinogen®,
(d) Doublefiltration plasmapheress(DFPP) or lipid
filtration

In thisprocedure plasmais separated from blood
cellsby ahollow first fiber filter and then perfused
through asecond filter which selectively retainsuseful
plasmacomponents, suchasHDL, but discardslarger
molecular weight components including LDL.
Thermdfiltrationinvolveswarming plasmato 38°C prior
to DFPP, whichincreasestheamount of LDL removed
and reducesthe amount of HDL lost (%, In compara-
tivestudiesDFPPwasamost asefficientasDSA in
lowering both LDL cholesterol andtheLDL/HDL ratio
and as effectiveas HELPin removing Lp(a) and fi-
brinogen®.
(e) Direct adsorption of lipoprotein using
hemoperfusion (DALI)

DALI LDL-apheresisisthefirst LDL-adsorption
systemwhich directly adsorbsatherogenic lipoproteins

fromwholeblood®. Thus, no plasmaseparationisnec-
essary, which smplifiestheextracorpored circulation

and markedly improvestheuser-friendlinessof thesys-
tem. The adsorbent consists of modified polyacrylate
ligandsimmobilizedon Eupergit®. Itsmechanism of ac-
tion hingeson the e ectrogtatic interaction of the nega-
tively charged polyacrylate adsorber ligandswith the
positively charged Apo B moiety of LDL, Lp(a)and
VLDLEY, Treatment of alarge volume of blood (1.6
blood volumes) acutely reduced L DL -cholesterol by
66-77% and Lp(a) by 59-73%"2 without reducing
HDL-cholesteral or fibrinogen.

Direct adsorption of LDL fromwholeblood can
also beachieved with dextran sul phate, using larger
beads than those used in the standard Liposorber col-
umns developed for plasma?®3. Thissystemisnow in
clinica use.

TABLE 1 comparesthe efficacy of the different
techniques described bel ow.

Acute decreasein LDL-cholesterol rangefrom 49
to 76%, averaging over 60% and differ little between
various methods. The data suggest that |A and DFPP
decrease HDL -chol esterol morethan other methods.

Described methodsare usudly performed to lower
theLDL-cholesterol level. After 2 to 4 weeks patients
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TABLE 1: Mean percentagereduction of plasmalipopro-
teins and fibrinogen with different methods of LDL
apher esig?®

IA. DSA HELP DFPP DALI

(%) () (%) (%) (%)
LDL-cholesterol  62-69 49-75 5561 56-62 53-76
HDL-cholesterol  9-27  4-17 517 2542 529
Lp (a) 51-71 19-70 5568 5359 2874
Triglycerides 34-49 2660 20-53 37-49 29-40
Fibrinogen 15-21 17-40 51-58 52-59 13-16

will return to the baselinelevel and regular sessions of
apheresisareso required to lower levelsof cholesterol
after rebounds.

LDL apheresishasbeen showntohaveabeneficid
effect on aortic and coronary atherosclerosson HoFH
patientsand a soto reducetherisk of CAD on patients
with HeFH™.,

Studieshaved so shown that HoFH petientstreated
by LDL apheresiscan befreefrom cardiovascular dis-
eased ™. Furthermore, two clinical studieswith event-
based assessment have demonstrated remarkably ben-
eficid outcomesof long-term LDL apheresisusing dex-
tran sulfate cellulose columns plus adjunctive choles-
terol-lowering drug therapy in the prevention of car-
diovascular eventsin HeFH with CAD4.

Sideeffectsof LDL apheresisareinfrequent, mild,
and have mainly cons sted of lightheadedness, nauses,
vomiting, and hypotenson.

I ndicationsand guidelinesfor therapeuticusefor
LDL apheresis

Theindicationsfor LDL apheresishavebeenre-
viewed recently. Andinthe USA® the Food and Drug
Adminigtration (FDA) have approved theuseof DSA
and HEL P apheresisin 3 categoriesof patients:

a) Functiona FH homozygotes, with LDL -cholesterol
>13mmol/L

b) Functional FH heterozygotes, with L DL -cholesterol
>7.8mmol/L

¢) Functiond FH heterozygotes, with documented CHD
and LDL-cholesterol >5.2 mmol/L.

Liver transplantation

Operative strategiesto reduce blood cholesterol
have been proposed previoudy. However, asitisknown
that most of the LDL receptorsarelocated intheliver,
this procedure has become atreatment of choicefor
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affected, non-respons veto routine pharmacol ogic treet-
ments patientg*.

Liver transplantationispossibly curativefor HoFH
and may bebest performed asearly aspossibleto limit
vascular complicationg® ¥, Giventhereductionsinrisk
and thepotentia for curefor HoFH, severa successful
liver transplantationsfrom non-FH donors have been
conducted in patients before appreciable vascular le-
sionsagppeared®1. However, liver trangplantationislim-
ited by alack of donor organsand the need for ongoing
postoperativeimmunosuppression.

Other potentid trestment optionsfor HoFH, includ-
ing portacava shunting, partia iled bypasssurgery, and
genetherapy are proposed but have not been shownto
beeffective.

FUTURE THERAPIES

Severd therapiesunder investigation may beproved
beneficia for treatment of HoFH.

Mipomersen (I1SIS 301012) is a therapeutic
antisense that targets Apo B-100 mRNA. Thelong-
term safety and effects of this medication are being
evaluated not only in HoFH but also in subjectswith
severe HeFH and in subjectsintol erant to statin treat-
mentt49,

Lomitapide (AEGR-733; BMS-201038), ami-
crosomd triglyceridetransfer protein (MTPor MTTP)
inhibitor, interruptsVLDL assembly and secretionin
theliver. Lomitapide current testsdemonstrated that it
reduced L DL -cholesterol levelsand Apo-B levelsby
50.9% and 55.6%, respectively, from base-lineafter 4
weeks of treatment(!,

Other potentid thergpiesinclude PCSK 9inhibitors,
whichtarget wild-type PCSK9 and may leadtoanin-
creased expression of the LDL receptor. Published re-
sultsof PCSK9inhibitors (antisense and monoclonal
antibodies) in non-human primates demonstrate 50—
70% reductionsincirculating LDL that wastransient
with theantibody inhibitor“44,

CLINICALANDBIOLOGICALASPECTS
OFADH INTUNISIAAND CASCADE
SCREENING

StudiesonADH in Tunisastarted in 1993 with the
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work of NM Slimane and coworkers. They estimated
ahighfrequency of thisdiseasefor heterozygous (about
1/165). Beside they noted an attenuated phenotypic
expression of ADHP4,

Indeed, theanalysisof 91 ADH patients showed
that theprevaenceof CHD in TunisanADH heterozy-
gous after 30 yearsold was 23.5% for men and 29.4%
for women. All of themwent through lifewithout deve -
oping any tendon xanthomas (except onefema e aged
62). Themeantota cholesterol leve for heterozygous
was 7.04 £ 1.40 mmol/L and was higher than the one
reported in China (6.1 + 1.2 mmol/L) 8. but lower
than in Japan (8.8+2.0 mmol/L)“", or in ltaly
(8.49+1.66 mmol/L)%, The same observation was
made concerning LDL-cholesterol levels.

Concerning homozygous patients, xanthomaswere
present for al of them, CHD was present for 10% of
them before 9 yearsold, for 71% between 10 and 19
y.0. and for 100% above 20 y.0.. Therefore, CHD in
Tunisian ADH homozygous gppearsto havealater on-
st thanin other homozygous populations. Indeed, CHD
occursfor 50% of theAfrikanersADH homozygous
patients before 9y.0.54 .and for 25% in Japan before
10y.0.4, Their mean life expectancy was 13y.0. com-
pared with 17 y.0. in Japan*” .and 21 y.0. in Italy!d,
Themeantotal cholesterol level for homozygotesre-
ported was 17.52+3.12 mmol/L*). similar tothosere-
ported in other popul ations.

A recent study in Tunisiashowed that 24% (9 out
38) of theADH patients carrying an heterozygous mu-
tationinthe LDLR genehaveal DL-cholesterol level
under the 60" percentile of an age-and gender-matched
reference population™. Thisdiscrepancy betweenthe
clinico/biologica and molecular phenotypeobservedre-
ved stheexistence of factorsthat decreasethe severity
of thedisease. In aprevious study, weidentified one of
thesefactorsasthetraditional Tunisandiet whichis
enriched in polyunsaturated fats9.

GENETIC DEFAULTSCAUSING
ADH INTUNISIA

Primary genetic sudieswerefocused on LDLRgene.
Recently, we started research on PCSK9 gene varia-
tion. Concerning APOB gene, studieswererealized to
search for the p.Arg3500GIn mutation. Studieswere
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TABLE 2: Molecular defectsreported in Tunisan ADH pa-

tients
Exon CDNA ‘ Mutation at peptide Type_of
modification level mutation
On LDLR gene
25 g; 1222252_11217736 p.Gly23_Arg 271de pggngemmt
3 c.267C>G p.Cys89Trp Missense
4 c.443G>C p.Cys148Ser Missense
5 C.796G>A p.Asp266Asn Missense
5 6* g;géﬁg%—ﬂzlgz“g p.Ala231_Cys312dd ?g;‘jfarngemmt
* ¢c.1027G>T p.Gly343Cys Missense
8-9* c.1186+1G>A p.Glu380_Gly396del  Splice site
10 ‘i‘j;ggé nAGAGACA P-Sr493Argisxdd  Frameshift
g €.1845+1G>A ? Splice site
15*  ¢.2299de A p.Met767CysfsX21 Frame shift
17*  c.2446A>T p.Lys816X Non sense
On PCSK9 gene
1 €.63 64insCTG p.leu2l1 dup/Tri Insertion
3* c.520C>T p.Prol74Ser Missense
9 c.1420A>G p.lled74Val Missense
12 ¢.2009G>A p.Gly670Glu Missense

* Mutations identified only in Tunisian patients.

carried on 102 patientsfrom 19 unrdaed ADH families.

Mutationsidentifiedin TunisanADH patientsare
presented in TABLE 2.

IntheLDLRgene, weidentified 11 mutationsinthe
different exonsof the gene, from them 7 were novels.
M utations were nonsense, frame shift, missense and
mgor rearrangement. Themutation p.Ser493ArgfsX44
in exon 10 appears to be the most frequent muta-
t| 0n[9,45,50—52] .

Concerningthe PCSK9 gene, our teamidentifieda
novel missense mutation named c.520C>T
(p.Prol74Ser) locdizedin exon 3. Study indicatesthat
thisnew PCSK9 variant isableto reducethe severity
of FH, very probably acting asaloss-of-function vari-
ant. Thisfunding should be confirmed by in vitro ex-
perimentg®,

CONCLUSION

Familia hypercholesterolemiaisaseriousgenetic
disorder affecting patientsat an early age.

InTunisia, itiswell demonstrated the high preva-
lence of HOFH with a 1 case per 125000. Special ef-
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fortsarerequired to identify individualswithADH in
Tunisiaasthey areat highrisk of premature coronary
heart disease.

Patients can benefit only from medica drugs, be-
causeno LDL-gpheresisisavailableinthe country.

Therefore, thereisagreat need for the devel op-
ment of such technique in Tunisia. Indeed, LDL
apheresisisavery important therapeutic tool for man-
aging patientsat high risk for premature CAD, and it
represents the best option for HoFH patientsin par-
ticular who areres gant to or intolerant of statin therapy.

Thedecisontostart LDL gpheresisshould bemade
carefully, with every attempt given to maximizedrug
therapy options, and guided by regular and detailed car-
diovascular assessments.
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