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Abstract
The normal clearance of LDL by the LDL receptor is
dependentuponnormalfunctionofboththeLDLreceptor
and of apoB-100. Accordingly, mutations in the LDL
receptorgeneandintheapoB-100genehavebeenfound
to cause autosomal dominant hypercholesterolemia.
Mutations in the LDL receptor gene cause familial
hypercholesterolemia, whereas mutations in the apoB-
100genecausefamilialdefectiveapoB-100.InFrontlack
ofdataongenotypeandphenotypeamongADHpatients
in Moroccan populations, we carried up this study to
determine genotype ofADH among subjects of north of
Morocco,who have increased rates ofTC,LDLc,ApoB
and TG. 46 probands were studied. Genomic DNA was
isolatedusdescribedpreviously.Directsequencingisused
to determine the mutations on genes LDLR,APOB and
PCSK9and thegenotypeof the apoE.Wehavedetected
forthefirsttimeintheMoroccanpopulationthreeknown
polymorphisms and V4238A mutation combined with

increased TG levels in three probands. This mutation
appears to be common polymorphism. Those patients
werehomozygousofallelesE3/E3.Inconclusion,further
studiesareneededtoelucidatethemolecularbasisof the
dyslipidemiaobservedinthestudiedprobands.

Keywords: Heterozygous familial hypercholesterolemia,
geneticdiagnosis,lipidphenotype,familialligand-defective
apoB100,apoEisoform.

Introduction
Autosomal Dominant Hypercholesterolemias (ADHs)
(OMIM 143890) are a group of hereditary hypercholes-
terolemias characterizedby elevated levels of low-densi-
ty-lipoprotein cholesterol (LDLc), tendonxanthomas and
increased risk of premature coronary heart disease. The
ADHsphenotype results fromdefects in theLDL recep-
torgene(LDLR)(familialhypercholesterolemia:FH),and
also defects in other genes like apolipoprotein B (apoB)
(familialdefectiveapoB:FDB)orproproteinconvertase
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subtilisin/kexintype9(PCSK9)(1,2).
ClinicalcriteriausedtoidentifypatientswithADHinclude:
high plasma levels of total and LDL cholesterol, family
history of hypercholesterolemia especially in children,
deposition of cholesterol in extravascular tissues such as
tendonxanthomasorcornealarcus,andpersonalandfamily
history of premature CVD (3). Tendon xanthomas are
pathognomonicofFH;however,theiridentificationisnot
alwayseasyandtheyareconsideredinsensitivediagnostic
markers.Therearenotabsolutelypredictiveclinicalcriteria
for the diagnosis ofADH, and arbitrary criteriamust be
used.FortheUSAMakeEarlyDiagnosistoPreventEarly
Death (MEDPED) program (4), the diagnostic criteria
focusprincipallyonhighLDLclevelsintheindividual,and
infamilyhistoryofhypercholesterolemiawithevidencefor
adominanttransmission(5).Thepresenceofchildrenwith
hypercholesterolemiaincreases thediagnosticprobability.
Recently, theDutchMEDPEDgroupdescribedaclinical
scoringsystemforthediagnosisofheFH(6).Thesecriteria
includepersonalandfamilialLDLclevels,historyofCVD
(coronary, carotid and peripheral arteries), presence of
corneal arcusbefore the ageof 45years andxanthomas.
Byweighingtheoccurrenceoftheseclinicalsigns,aloneor
incombinationwithothers,adiagnosticscoringtablehas
beenconstructedinTheNetherlands.Thesecriteriaseem
tobeeasy touse inclinicalpracticeandconsiderall the
criteriaforthediagnosisofADH.However,eventhenthe
diagnosisisnotalwaysunequivocal(7).

FewstudieshavebeencarriedoutinMoroccoandasmall
numberofmutationsforFHwereidentifiedandnovariation
inAPOBgeneweredetected(8-10).NodataaboutADH
mutations in the population from North ofMorocco are
availableso far.Therefore, thepurposeof thisstudywas
to determine the molecular basis of this disease in this
population.

Materials and Methods

Subjects
Forty-sixunrelatedprobandsfromNorth-WestofMorocco
were studied. Diagnosis criteria for ADH probands
followed the MEDPED guidelines: high plasma levels
of total cholesterol (TC) and low-density lipoprotein
cholesterol (LDLc) [TC>250mg/dl andLDLc>190mg/
dl], family history of hypercholesterolemia, presence of
xanthomas(tendom,planar,and/ortuberous),andpersonal
and/or family history of premature cardiovascular heart
disease(CHD).Secondarycausesofhypercholesterolemia,
including diabetes, hypothyroidism, nephritic syndrome,
etc.wereexcluded.

Lipid analysis
SerumTC,triglycerides(TG)andhigh-densitylipoprotein
cholesterol (HDLc)were assayed by enzymaticmethods
and apolipoproteinB (apoB) by an immunoturbidimetric
method (11). LDLc was calculated using Friedewald
formula(12).

Genetic analysis
DNAisolation:GenomicDNAfromwhitebloodcellswas
isolatedusingasalting-outprocedure(13).
To analyze the APOB gene regions where mutations
causingFDBhavebeendescribed.Exons26andexon29,
5pairsofprimersweredesignedbythesoftwarePrimer3
(14). PCR amplification was carried out with 50 ng of
genomicDNAina5µl reactionvolumecontaining10X
TaqDNApolymerasebuffer(HotStarTaqMasterMixKit),
5xQsolution (HotStarTaqMasterMixKit),50µmol/lof
each dNTP, 0.5mmol/l of each primer (Sigma)  and 1U
HotStarTaqDNApolymerase(Qiagen,Hilden,Germany).
The thermal cycling conditions were as follows: 95˚C
for12minutes, then40cyclesof20secondsat95˚C,20
secondsat62˚C,and40secondsat72˚CinaPCRapparatus
(Applied Biosystems, Veriti™ 96-Well). The sequence
reactions were performed using fluorescently labeled
dideoxy chain terminations with a Big Dye Terminator
ABI Prism kit (Applied Biosystems, Foster City, CA,
USA)accordingmanufactory’sprotocol andanalyzedon
anAppliedBiosystemsautomatedDNAsequencer(model
3730). Sequences were analyzed with the Sequencher
package (SeqScan,ABI,USA).Thepromoterand the18
exons of the LDLR gene (including about 50 bp of the
intronicboundaries)andthePCSK9gene(promoterandthe
12exonsincludingabout50bpoftheintronicboundaries)
werealsoanalyzedinallpatientsusingthesameprotocol.
ThegenotypeoftheapoEgenewasdetermined.

Results
DirectsequencinganalysishasrevealedfourLDLRmutations
inheterozygosis:onenonsensemutation(C146X)inexon
4andthreemissensemutations,oneinexon3(R57H)and
twoinexon17(V806FandW789L).Nomutationswere
identified in PCSK9 gene.After sequencingAPOB gene
regions(exons26and29)wheremutationscausingFDB
havebeendescribed,fourAPOBvariationsweredetected:
ThetwosilentmutationsT3567TandN3579Nintheexon
26andtheneutralvariationS4211Nandthepolymorphism
V4238Aintheexon29.Allvariationsweredetectedforthe
firsttimeinMoroccanpopulationbyourgroup,althoughit
hadpreviouslybeenreportedinotherpopulationsandare
considerednotresponsibleforthedisease.
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The silent mutation T3567T  is a G to A transition at
nucleotide10701(c.10701G>A)attheexon26ofAPOB
gene.ItchangescodonACC3567tocodonACAcodeforthe
sameaminoacid:thethreonine.Themutationwasfoundin
heterozygosisin22probands.ThesilentmutationN3579N
isaCtoTtransitionatnucleotide10737(c.10737C>T)at
theexon26ofAPOBgene.ItchangescodonAAC3579to
codonAATcodefor thesameaminoacid: theasparagine.
Themutationwasfoundinheterozygosisin40probands.
ThevariationS4211NisaGtoAtransitionatnucleotide
13013 (c.13013G>A) at the exon 29 ofAPOB gene. It
changes codonAGC 4211 for serine to codonAAC for
asparagine.Thevariationwasfoundinheterozygosisin46
probands.

ThemutationV4238AisasubstitutionofTtoCatnucleotide
12794 at the exon 29 ofAPOB gene. This mutation is
predictedtoresultintheproductionofa4238aminoacid
product,designatedV4238A.ItchangescodonGTA4238
forvalinetocodonGCAforalanine(Val4238Ala).Itwas
found in heterozygosis in three probands. This mutation
wasassociatedwithelevatedleveloftriglyceridesinthe3
probands.The threeprobandswerescreenedforR3500Q
mutation in theAPOB gene, but none of them had this
FDB-causingmutation.NootherLDLRgenemutationor
PCSK9genemutationwere identified in thoseprobands.
LipidprofileandtheApoEgenotypeofthethreeprobands
areshowedinTable1.

Discussion
ThefourLDLRmutationsinheterozygosis:onenonsense
mutation(C146X)inexon4andthreemissensemutations,
one in exon 3 (R57H) and two in exon 17 (V806F and
W789L)aredescribedinourpreviousreport(15).
Moreover,wehaveidentified,forthefirsttime,inMoroccan

population four APOB gene variations considered not
responsibleforthedyslipidemia.Thetwosilentmutations
T3567T and N3579N in the exon 26 and the variation
S4211Nintheexon29wereidentifiedinthemajorityof
patients studied with or without cardiovascular disease.
Those variations were although described previously in
otherspopulations(16-18).Theywereidentifiedinpatients
withcardiovasculardiseasebutstudieswereshowedthat
theynotresponsibleofdisease(16-18).

ThevariationV4238A in theAPOBgene isdetected for
thefirsttimeintheMoroccanpopulation.Oneimportant
resultwasthatthethreeprobandsshowedincreasedlevels
of TG. No one of them shows ischemia complications.
Inthesameway,weanalyzed89healthysubjectsforthe
presence of the identifiedmutation. None of themwere
carrieroftheV4238AmutationintheAPOBgene.None
of three probands had FDB-causing mutation (namely
R3500Qmutation in theAPOB gene). No other LDLR
genemutation,northePCSK9genemutation,havebeen
identifiedinthoseprobands.
The missense mutationV4238A in theAPOB gene has
beendescribed,infirst time,inNorwegianpopulationas
mutation causing hypercholesterolemia. The prediction
program PolyPhen (19) was employed to assess the
pathogenicitieofthemissensemutation.Theseprediction
indicated that themutation do not affect the function of
apoB-100. In fact, the authors considered the V4238A
mutationasacommonpolymorphismthatnotaffectsthe
APOBfunction(20).
Assuming that theV4238A isacommonpolymorphism,
the increasedTG level in our patients can be explained
bytheage.Indeed,probandswere79old,70oldand65
old andprevious studies showed thatTG levels increase

Table1.lipidprofileandtheApoEgenotypeofthethreeprobandswithV4238A variation

Probands Age(ans) TC LDLc HDLc TG apoB BMI apoE
genotype

1 69 487 300 0.36 228 127 26 E3/E3

2 70 269 200 0.81 225 128 27 E3/E3

3 65 310 250 0.75 219 131 29 E3/E3

ValueLimits <250 <200 >40 <160 135 <30

TC: Total cholesterol; HDLc: HDL cholesterol; TG: Triglycerides; LDLc: LDL cholesterol; ApoB: Apolipoprotein B; All units 
are mg/dl, except for BMI (kg/m2).
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with age (21). Previous studies are showed that elevated
triglyceridelevelsinsomepatientswithFHhave,explained
in part by the interaction with other genes as E2/E2
genotypeorenvironmentalfactorsasalcohol,overweight
and diabetesmellitus. In our study, Secondary causes of
hypercholesterolemia such as diabetes, hypothyroidism,
nephritic syndrome, alcoholic patients, were excluded.
Consequently,  the influenceof theenvironmental factors
inphenotypewouldbeeliminating.We,also,determined
the apoE genotype, in order to assess its contribution to
phenotype.Lipidicprofile and theApoEgenotypeof the
three probands are showed in table 1. The presence of
homozygous apoE3 genotype in patients heterozygous
of V4238A variation would exclude this gene in their
phenotypesuppression(22,23).Indeed,itwasshownthat
theageispositivelycorrelatedwiththetotalcholesteroland
withthetriglyceridesanditisthefactorhasmostinfluence
onthelipidparameters(24).Thisapproachcannotexclude
theinfluenceoftheothergeneticfactors.
In conclusion, we have identified for the first time in a
Moroccan population, three known variations in APOB
gene without influence in lipidic profil and variation in
APOB gene combined with hypertriglyceridemia but it
appearstobeacommonpolymorphism.Furtherstudiesare
neededtoelucidatethemolecularbasisofthedyslipidemia
observedinthestudiedprobands.
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