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Affected or
Affected or Affected or predisposed
predisposed predisposed father with
mother with father with autosomal
faulty gene aqutosomal dominant
dominant faulty gene
faulty gene
eggs @ e sperm

W Dd
unaffected L—  offected — may be more affected or
severely affected L— uncffected I — predisposed —
1 out of 4 chance 2 out of 4 chances 1 out of 4 chance i o;gezhances 2 out of 4 chances

25% 50% 25% 50%
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affected
father

affected
mother

affected
4 out of 4 chances
100%

Genetic
carrier
mother

non-carrier

1 out of 4 chance
25%

genetic
L— carriers —
2 out of 4 chances
50%

Genetic
carrier
father

affected

1 out of 4 chance
25%



Classes of LDLR
mutations and
genotype/phenotype
correlation

The phenotype results from
non-sense mutation(s) or deletion(s) in the
promoter region within the LDLR gene

The are
synthesised normally in the endoplasmic
reticulum but fail to be transported to the
Golgi apparatus for further processing

is transported
normally to the cell membrane but binds
LDL only partially

The
reach the cell surface and bind LDL, but
fail to cluster in clathrin coated pits

NH»>

Protein
©@ © © © © © 6

Cysteine

Cell membrane

Cytosol

] L

Domain

Ligand binding
domain 292 AA

EGF precursor
homology
approx. 400 AA

O-linked sugars
58 AA

Membrane
spaning
22 AA

Cytoplasmic tail
50 AA

Gene

Exons
2-6

Exons
7-14

Exon
15

Exons
16&17

Exons
17&18



Causative Mutations

Loss of Function Mutations

Gain of Function Mutations

Other candidate Genes: ABCA1, APOA2, APOCS3,
PON2, ARH, LDLRAP1, APOC2, APOE, and LPL

Cholesterol ester

LDL particle

—>
- - -

C

RNAAAA — N/

!
B Q Inhibits  Inhibits

Coated / Recycling
vesicle vesicle

—— Apoprotein B-100

- h-
kl) Plasma membrane Coated pit @ Clathrin
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Synthesis of || Synthesis of @ Endosome
LDLR cholesterol *
\
HMG-CoA @ Lysosome
reductase
\ % * , Amino
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* ,® acids

Cell membrane
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Selection
criteria:

. Total and LDL-Cholesterol

. Tendon xanthomas in patient or 1st
(parents, sibling, children) or 2nd
(grandparents, uncle, aunt) degree
relative

. FH of myocardial infarction (Ml) <60 yrs
in 1st degree relative or FH of Ml
<50 yrs in 2nd degree relative

. FH of total cholesterol >7.5mmol/I
(>290mg/dl) in 1st or 2nd degree
relative
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Selection
criteria:

. Total and LDL-Cholesterol

. Tendon xanthomas in patient or 1st
(parents, sibling, children) or 2nd
(grandparents, uncle, aunt) degree
relative

. FH of myocardial infarction (Ml) <60 yrs
in 1st degree relative or FH of Ml
<50 yrs in 2nd degree relative

. FH of total cholesterol >7.5mmol/I
(>290mg/dl) in 1st or 2nd degree
relative

(«— Centromere («— Centromere

® N O b WN =
® N O b WN =

ny & Ellard: Emery's Elements of Medical Genetics 13e - www.studentconsult.cormery's Elements of Medical Genetics 13e - www.studentconsult.com

L ,w

H) Left Anterior Descending (LAD): mid segment significant lesion (red arrow). I) Left Anterior
Descending (LAD): post PCI and stent (red arrow). J) Right Coronary Artery totally occluded proximally.
K) Right Coronary Artery (RCA): post PCI and stent (red arrow).



Familial Hypercholesterolemia mutation detection Algorithm

Clinical suspicion of autosomal dominant hypercholesterolemia according to Simon Broome criteria

v

APOB genotype ? is performed for the common APOB 100 mutations R3500Q and R3500W

v v

APOB mutation(s) detected Interpretive No APOB mutations detected
report is provided LDLR gene sequencing ® is performed
Consider testing at-risk relatives for the No LDLR gene mutations detected by sequencing. LDLR large LDLR gene mutation(s) detected by
familial mutation(s) deletion/duplication analysts ¢ performed using MLPA sequencing.
| Interpretive report is irovided
v \%
LDLR large deletion or duplication No LDLR large deletion or duplication mutations detected.
mutation(s) detected. PCSK9 mutation analysis or NGS analysis using lon torrent Consider testing at-risk relatives for the
Interpretive report provided. custom made chips familial mutation(s)
v v l \%
Consider testing at-risk relatives for the . .
familial mutation(s) PCSK9 gene mutation(s) detected by LDLR gene mutation(s) detected by NGS.
capillary sequencing. Mutation(s) re confirmed by capillary sequencing.
Interpretive report is provided Interpretive report is provided
\ \%
Consider testing at-risk relatives for the Consider testing at-risk relatives for the
familial mutation(s) familial mutation(s)




|dentification of Novel
nhonsense mutation
p.D445X in LDLR gene
causes familial
hypercholesterolemia

OPEN Citation: Human Genome Variation (2014) 1, 14021; doi:10.1038/hgv.2014.21
© 2014 The Japan Society of Human Genetics All rights reserved 2054-345X/14

www.nature.com/hgv

ARTICLE
Identification of a novel nonsense variant c.1332dup,

p.(D445%*) in the LDLR gene that causes familial
hypercholesterolemia

Faisal A Al-Allaf'**%, Mohammad Athar'~®, Zainularifeen Abduljaleel’?, Abdellatif Bouazzaoui', Mohiuddin M Taher'?, Rakan Own’,
Ahmad F Al-Allaf®, Iman AbuMansour’, Zohor Azhar’, Faisal A Ba-hammam’, Hala Abalkhail® and Abdullah Alashwal®

Familial hypercholesterolemia (FH) is an autosomal dominant disease predominantly caused by a mutation in the low-density
lipoprotein receptor (LDLR) gene. Here, we describe two severely affected FH patients who were resistant to statin therapy and were
managed on an apheresis program. We identified a novel duplication variant c.1332dup, p.(D445") at exon 9 and a known silent
variant c.1413A>G, p.(=), rs5930, NM_001195798.1 at exon 10 of the LDLR gene in both patients.

Human Genome Variation (2014) 1, 14021; doi:10.1038/hgv.2014.21; published online 20 November 2014
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Development of Next
Generation Sequencing
chip to Identify Genetic
Variants Causative of FH

Gene

EL.SFE \ IER journal homepage: www.elsevier.com/locate/gene

1 Research paper

o Next generation sequencing to identify novel genetic variants causative of
s autosomal dominant familial hypercholesterolemia associated with

1+ increased risk of coronary heart disease

Faisal A. Al-Allaf *P<*1 Mohammed Athar *>*1, Zainularifeen Abduljaleel *>*:1, Mohiuddin M. Taher *?,

Q3
6 Wajahatullah Khan Falsal A. Ba- hammam Hala Abalkhail ¢, Abdullah Alashwal i
7 * Department of Medical Genetics, Faculty of Medicine, Umm Al-Qura University, P.O. Box 715, Makkah 21955, Saudi Arabia
8 ® Science and Technology Unit, Umm Al-Qura University, P.O. Box 715, Makkah 21955, Saudi Arabia
9 € Molecular Diagnostics Unit, Department of Laboratory and Blood Bank, King Abdullah Medical City, Makkah 21955, Saudi Arabia
10 4 Department of Basic Sciences, College of Science and Health Professions, King Saud Bin Abdulaziz University for Health Sciences, PO Box 3124, Riyadh 11426, Saudi Arabia
11 € Department of Pediatrics, MBC 58, King Faisal Specialist Hospital and Research Centre, P.O. Box 3354, Riyadh 11211, Saudi Arabia
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Identification of a
novel causative frame
shift mutation at the
LDLR Exon 14
(c.2027delG, p.
Gly676fs)

z =
GENOMICS

Genomics

Contents lists available at ScienceDirect

ELSEVIER journal homepage: www.elsevier.com/locate/ygeno

Identification of a recurrent frameshift mutation at the LDLR exon 14
(c.2027delG, p.(G676Afs*33)) causing familial hypercholesterolemia in

Saudi Arab homozygous children

Faisal A. Al-Allaf *><*! Abdullah Alashwal ¢!, Zainularifeen Abduljaleel *>!, Mohiuddin M. Taher *P,

Shahid S. Siddiqui ¢, Abdellatif Bouazzaoui *°, Hala Abalkhail ¢, Rakan Aun ¢, Ahmad F. Al-Allaf,
Iman AbuMansour ¢, Zohor Azhar °, Faisal A. Ba-Hammam °, Wajahatullah Khan #, Mohammad Athar
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Current Vascular Pharmacology, 2015, 13, 1-12 1

i : Identification and Treatment of Patients with Homozygous Familial
Identlflcathn and Hypercholesterolaemia: Information and Recommendations from a

treatment Of Middle East Advisory Panel

pat I e nts Wlt h Abdullah Al-Ashwal', Fahad Alnouri’, Hani Sabbour’, Abdulraof Al-Mahfouz®, Nasreen Al-SayedS,
Maryam Razzaghy-Azar®, Faisal Al-Allaf 7, Khalid Al-Waili®, Yajnavalka Banerjee’, Jacques Genest'’,

h O m Ozygo u S F H Raul D Santos'' and Khalid Al-Rasadi®"

PCSK9 Exonl, ¢.158C>T, p.AS3V
> p.Ads A B

X-ray diffraction resolution of 4.2 A

The PDB 3P5C structure of the LDLR/PCSK9 complex reveals the receptor
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Compound heterozygous
mutation with  novel
missense/frameshift DNA
sequence variants in the
LDLR in Saudi patients
suffering sever
hypercholesterolaemia

= Epub: No 2016_1283

- Vol. 63,2016

B'gfgmgﬁ https://doi.org/10.18388/abp.2016_1283
Regular paper

Compound heterozygous LDLR variant in severely affected
familial hypercholesterolemia patient

Faisal A. Al-Allaf123#= AbduIIah Alashwal4# Zainularifeen Abduljaleel'2, Mohiuddin M.
Taher'2, Abdellatif Bouazzaoui'? , Hala Abalkha|I4 Ahmad F. Al- AIIaf5 and
Mohammad Athar.2#

'Department of Medical Genetics, Faculty of Medicine, Umm Al-Qura University, Makkah, Saudi Arabia; 2 Science and Technology Unit,
Umm Al-Qura University, Makkah, Saudi Arabia; *Molecular Diagnostics Unit, Department of Laboratory and Blood Bank, King Abdullah
Medical City, Makkah, Saudi Arabia; 4 King Faisal Specialist Hospital and Research Centre, Riyadh, Saudi Arabia; 5 Faculty of Medicine, Alfaisal
University, Riyadh, Saudi Arabia
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€.1477_1479delTCTinsAGAGACA, p.(S493Rfs*44) (FH-
Souassi), Slimane et al., 2001

c.1845+1G>A(FH-Tunis), Jelassi et al., 2009
c.1186+1G>A, p.(E380_G396), Jelassi et al., 2008
c.267C>G, p.C89W, Jelassi et al., 2009

C.443G>C, p.(C148S), Jelassi et al., 2009
C.796G>A , p.(D266N), Jelassi et al., 2009
C.1027G>T, p.(G343C), Jelassi et al., 2009
C.2446A>T, p.(K816*), Slimani et al., 2009
c.2299delA, p.(M767Cfs*21), Jelassi et al., 2012
12684 bp del (ex2-5), Jelassi et al., 2012

2364 bp del (ex5-6), Jelassi et al., 2012

c.1545T>G, p.(F515L), Jelassi et al., 2011
c.2009A>G, p.(G670E), Jelassi et al., 2011
c.520C > T, p.(P174S), Jelassi et al., 2012

c.1222G>A, p.(E408K) (FH Algeria-1), Hobbs et al. 1992
c.1291G>A, p.(A431T) (FH Algeria-2), Hobbs et al. 1990
c.1301C>A, p.(T434K) (FH Algeria-3), Hobbs et al. 1992

FH-Moroco-1, El Messal et al., 2003
FH-Moroco-2, El Messal et al., 2003

c.682G>T, p.(E228%*), Hobbs et al., 1992
c.400T>C, p.(C134R), El Messal et al., 2003
c.859G>T, p.(G287C), El Messal et al., 2003
c. 1171G>A, p.(A391T), El Messal et al., 2003
c. 2054C>T, p.(P685L), El Messal et al., 2003
c. 2132C>T, p.(C711S), El Messal et al., 2003
c.138C>A, p.(C46*), Chater et al., 2006
c.313+5G>T, Chater et al., 2006

c.1736A>C, p.(D579A), Chater et al., 2006
c.514G>A, p.(D172N), Chater et al., 2006
c.1502C>A, p.(A501E), Chater et al., 2006
€.756_762delCCGGCAG, Chihab et al., 2007

¢c.550T>C, p.(C184R), Hobbs et al. 1992
c.827G>A, p.( C276Y), Vergopoulos et al. 1998
c.1027G>A, p.(G343S), Vergopoulos et al. 1998
c.1172dell, p.(A370fs), Reshef et al., 1996
c.2043C>A, p.(C681*), Vergopoulos et al. 1998
c.1999T>C, p.(C667R), Lehrman et al. 1987
c.2483A>G, p.(Y828C), Vergopoulos et al 1997
c.89-1G>C, p.(K30T*3), Al-Kateb et al., 2002
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c.272delG, Al-Hinai et al., 2013
p.(V4741), Al-Waili et al., 2013

c.1706-2A>T in SA site of intron 11, Shawar et al., 2012
C.2439G>A, p.(W813*), Lehrman et al., 1985

c.2027delG, p.(G676Afs*33), Al-Allaf et al., 2015b

c.2026delG, p.(G676Afs*33), Al-Allaf et al., 2015a

c.1332dup, p.(D445%*), Al-Allaf et al., 2014

c.1731G>T, p.(W577C), Al-Allaf et al., 2016 (Unpublished data)
c.2416_2417insG, p.(V806Gfs*11), Al-Allaf et al., 2016 (Unpublished
data)

c.622G>A, p.(E208K), Al-Allaf et al., 2016 (Unpublished data)
c.1474G>A, p.(D492N), Al-Allaf et al., 2016 (Unpublished data)
c.1429G>A, p.(D477N), Al-Allaf et al., 2016 (Unpublished data)
c.185C>T, p.(T62M), Al-Allaf et al., 2016 (Unpublished data)
c.1783C>T, p.(R595W), Al-Allaf et al., 2016 (Unpublished data)
c.1706-2A>T in SA site of intron 11, Al-Allaf et al., 2016 (Unpublished
data)

C.2439G>A, p.(W813*), Lehrman et al., 1985

c.313C>T, p.(P105S), Alharbi et al., 2015

c.1171G>A, p.(A391T), Alharbi et al., 2015

Cc.9835A>G, p.(S3279G), Al-Allaf et al., 2016 (Unpublished data)
c.158C>T, p.(A53V), Al-Allaf et al., 2016 (Unpublished data)
c.658-7C>T, Al-Allaf et al., 2016 (Unpublished data)
C.799+3A>G, Al-Allaf et al., 2016 (Unpublished data)

C€.2043C>A, p.(C681*), Lehrman et al. 1987
c.761A>C, p.(Q254P), Abifadel et al., 2009
c.1066G>T, p.(D356Y), Abifadel et al., 2009
c.1073G>A, p.(C358Y), Abifadel et al., 2009
c.1329G>A, p.(W443*), Abifadel et al., 2009
€.1352T>G, p.(I1451T), Abifadel et al., 2009
€.2476C>T, p.(P826S), Abifadel et al., 2009
c.1171G>A, p.(A391T), Fahed et al., 2011

c.406C>T, p.(Q136%*), Garcia et al., 2001
c.[605C>A, p.(P202H), Garcia et al., 2001
748-608G>A, (W249ins62*), Wilund et al 2002
c.89-1G>C, p.(K30T*3), Lind et al., 2004
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Clinical suspicion of autosomal dominant
hypercholesterolemia

LDLR gene sequencing (Capillary; Sanger) is performed for the common tribes associated mutations

panel/hotspot
I

No LDLR gene mutations detected by sequencing. LDLR gene mutation(s) detected

NGS (lon torrent) analysis for customized FH associated genes by sequencing.

(LDLR, APOB, PCSK9 and LDLRAP1) Interpretive report is provided

¢ \l/ . Consider testing at-risk relati

Gene mutation(s) detected by No gene mutation(s) detected in fc:'ntsl::i;nfisii:;i'naut;;ot:?s? ves
NGS. customized genes by NGS.
Mutation(s) reconfirmed by Whole exome analysis by NGS
capillary sequencing. N

Interpretive report is provided Gene mutation(s) detected by NGS.

Mutation(s) reconfirmed by capillary
sequencing.

Consider testing at-risk . ) )
Interpretive report is provided

relatives for the familial
mutation(s) \l/
Consider testing at-risk relatives for
the familial mutation(s)
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