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FAMILIALFAMILIAL HYPERCHOLESTEROLEMIAHYPERCHOLESTEROLEMIA

Symptoms / Phenotype:
High level of circulating cholesterol- High level of circulating cholesterol

- Xanthomas and cholesterol deposits
- Most frequent genetic cause of  premature cardiovascular disease

Autosomal dominant disease

Frequency of 1 in 500: 
- Estimated 10 million affected worldwide (WHO) and 120,000 in the UK
- Under diagnosed and only 25% effectively treated (statins)

Suitable Diagnosis?
- Clinical diagnosis: Mild phenotypes at young age go unnoticed and 

differential diagnosis from other disorders is difficultdifferential diagnosis from other disorders is difficult
- Genetic diagnosis: provides unequivocal diagnosis



HF MUTATIONSHF MUTATIONS

Mutations in few genes (LDLR APOB PCSK9 )Mutations in few genes (LDLR, APOB, PCSK9…)

> 1000 mutations described: heterogeneity

Most of the mutations are in the LDLR gene

24%

11%

DNA substitutions

65% Small insdels

Copy Number Changes

(Leigh et al., 2008)



GENETIC DIAGNOSISGENETIC DIAGNOSIS

Point mutations 
•LDLR gene : 18 exons•LDLR gene : 18 exons
•APOB gene : 2/26 exons (Ligand binding domain)
•PCSK9 gene : 12 exons (gain of function)g (g )

→ Sequencing or screening + sequencing 

Copy Number Changes

MLPA RFLP→ MLPA, RFLP…

→ Expensive, long and tedious analysisp , g y



SERVICE PLATFORM WORKFLOWSERVICE PLATFORM WORKFLOWSERVICE PLATFORM WORKFLOWSERVICE PLATFORM WORKFLOW

Sample 
delivery SecChip Report 

delivery

1 week 2 weeks 3 weeks 1 month

Chip:
Specific point mutations’ detection- Specific point mutations’ detection

- CNVs detection

Sequencing in negative samplesSequencing in negative samples
- Prom + 18 exons LDLR gene
- APOB exons 26



HISTORYHISTORY

First designed to detect the most frequent mutations in SpainFirst designed to detect the most frequent mutations in Spain

First chip with CE mark for IVD

Implementation of Copy Number Changes detection in v7 0Implementation of Copy Number Changes detection in v7.0

Implementation of detection of European mutations in v8.0

V8.0
251 CNC

V7.0
238 CNC

V5.0
234

V4.0
207

V3.0
181

V2.0
154

LIPOCHIP® VERSION
DETECTEDMUTATIONS

V1.0
118 251 + CNC238 + CNC

June 2008

234

March 2007

207181154

Dec 2003

DETECTED MUTATIONS

Dec 2002

118

July 2004 July 2005 March 2009



MOLECULAR BASIS OF HYBRIDIZATIONMOLECULAR BASIS OF HYBRIDIZATION

ATCG
TAGC5´

5´

3´

Patient DNA 

AMPLIFICATION
(PCR)

(region of interest)

3´

(region of interest)

FRAGMENTATIONFRAGMENTATION 

HYBRIDIZATION
LABELLING 

HYBRIDIZATION 

Biotin: Indirect labelling +
DNAchip 
With mutation specific probes



GENOTYPES COMPUTINGGENOTYPES COMPUTING

Based on intensity values of normal and mutated probes:
• 2 sets of probes specific of the mutated and normal allele

N l HTZ M t t d HMZ M t t d

• Normal and mutated ranges computed with at least 100 normal samples and 7 mutated 
samples

Normal 
Sample

HTZ Mutated 
Sample

HMZ Mutated 
Sample

1000 500 ≈0

≈0 500 1000

I

Inormal oligo (In)
Imutated oligo (Im) 

In
In + Im

Ratio  1 0.5 0

Automatic detection of heterozygous or homozygous 
mutants by the software

SNP i h LDLR d l fSNPs in the LDLR gene used as controls for
- capacity of genotyping
- samples identification



DETECTION OF COPY NUMBER CHANGESDETECTION OF COPY NUMBER CHANGES

• Specific controls included in the chip and in each PCR group:p p g p
• Normalization : Chromosome 21
• Copy number change detection : Chromosome X

• In each batch of hybridization, male and female controls are 
processedprocessed 

• Based on ratio of intensities of hybridization

Chr 21 Chr X
Normal 
exon

Deleted 
exon

Isample (male) 1000 500 1000 500

y

Isample (male)

Icontrol (female) 1000 1000 1000 1000

Ratio 1 0.5 1 0.5



DETECTION OF COPY NUMBER CHANGESDETECTION OF COPY NUMBER CHANGES



MUTATIONAL MUTATIONAL PATHOGENICITYPATHOGENICITY
ASSESSMENTASSESSMENT

• Bioinformatical analysis
Amino-acid conservation

ASSESSMENTASSESSMENT

Amino acid conservation
Nucleotide conservation
Physico-chemical distance between AA
Confirmation with 3 softwares (Polyphen/SIFT/Align GVGD)
Splicing prediction (3 softwares)Splicing prediction (3 softwares)

• Familial studies
Co segregation mutation and FH

• Protein modeling (in collaboration with Zaragoza Laboratory)
Modeling of AA change in binding domain

• Promotor mutations (in collaboration with Zaragoza Laboratory)( g y)
Electrophoretic mobility shift assay

• Patients’ receptor activity
Real-time PCR, Western blot and LDLR activity assay in cultured lymphocytes, y y y p y

• Daily update of specific literature



REPORTSREPORTS

Pathogenecity cluesPathogenecity clues



REPORTSREPORTS

Highlighting the pathogenicity of 
Null Allele / Receptor negative p g
mutations



VALIDATION STUDIESVALIDATION STUDIES

Total of point 
mutations

Total of 
CNVs

Total of 
negative 
samples

% of match
samples

Spanish validation 67 6 65 100
Italian validation 36 3 58 100
Dutch validation 65 28 11 99.03

One discrepancy during Dutch validation:
Duplication of exon 9, which can’t be detected by the chip because of exons 9 and 10 are 

lifi d t th ( ll t + 1 d 13 +14)amplified together (as well as  promoter + exon1 and exon13 +14)

Spanish services:
Versions v7 v8 and v9 used by Spanish services since July 2008: 2663 samplesVersions v7, v8 and v9 used by Spanish services since July 2008: 2663 samples

77 CNC detected (21 random MLPA verification)
1072 samples with point mutations detected by the chip (150 random fully sequenced)p p y p ( y q )
1369 negative samples (all sequenced, 100 random MLPA verification)



Mutation composition of LIPOCHIP
Gene Mutation Number
LDLR 242
APOB 3

All types of mutations can
be detected:

- Small insdel

Mutations’
pathogenicity verified
by literature orAPOB 3

PCSK9 6
Total 251

S a sde
- DNA substitutions
- CNC

by te atu e o
validation studies

D151N c.514G>A p.Asp151Asn ES NL NO
C371X c.1176C>A p.Cys371X ES NL NOC371X c.1176C A p.Cys371X ES NL NO
W556R c.1729T>C p.Trp556Arg ES NL NO
R723Q c.2231G>A p.Arg723Gln ES NL NO
T740M c.2282C>T p.Thr740Met ES NL NO

2393del9bp 3_2401delTCCTCG p.Lys778_phe780del ES NL NO
1359-1G>A c.1359-1G>A N/A ES NL NO

S156L c.530C>T p.Ser156Leu ES NL NO UK
C152X c.519C>A p.Cys152X ES NL UK
P587L c.1823C>T p.Pro587Leu ES NL UK
D200G c.662A>G p.Asp200Gly ES NL UK IT NO



Mutation composition of LIPOCHIP
Gene Mutation Number
LDLR 242
APOB 3

All types of mutations can
be detected:

- Small insdel

Mutations’
pathogenicity verified
by literature orAPOB 3

PCSK9 6
Total 251

S a sde
- DNA substitutions
- CNC

by te atu e o
validation studies

Point 
t ti % CNC % Total % 60 00

70,00

80,00

90,00

100,00

mutations %
Spain 83.90 7.65 91.55

Netherlands 78.24 5.17 83.41
Italy 70.24 6.48 76.72

Norway 61.53 2.82 64.35 20,00

30,00

40,00

50,00

60,00

y
United Kingdom 47.62 4.77 52.39

0,00

10,00

Spain Netherlands Italy Norway United 
Kingdom



BRITISH STUDIESBRITISH STUDIES

Newcastle samplesNewcastle samples : cohort of 126 samples of previously knownNewcastle samples Newcastle samples : cohort of 126 samples of previously known 

mutational status

6 samples’ DNA quality not meeting requirements, CNVs not6 samples  DNA quality not meeting requirements, CNVs not 

analyzable

120 samples analyzed with v8.0p y

Wales samplesWales samples: : continuous sample delivery: 45 samples to date

1 sample still in process (negative in chip, being sequenced)p p ( g p, g q )

39 samples analyzed with v8.0 or v9.0

35 90

Wales samplesWales samples

35,90

64,10
% pos

% neg

pp



BRITISH STUDIESBRITISH STUDIES
Among positives samplesAmong positives samplesAmong positives samplesAmong positives samples

Newcastle samplesNewcastle samples :Newcastle samples Newcastle samples : 

• 65 positive samples:
• 52 LDLR mutations

37

28

LIPOchip

• 8 APOB mutations
• 4 PCSK9 mutations
• 1 LDLR CNV

37 p

sequencing

All results consistent with previous studies (Tepnel kit + MLPA + 
sequencing)

PCSK9 D374Y (Asp374Tyr; c.1120G>T)

LDLR D461N (Asp482Asn; c.1444G>A)

APOB R3500Q (Arg3527Gln; c.10580G>A)

0 1 2 3 4 5 6 7 8

LDLR c.1359‐31_1359‐23delinsCGGCT

LDLR R612C (Arg633Cys; c.1897C>T)

LDLR P664L (Pro685Leu; 2054C>T)



BRITISH STUDIESBRITISH STUDIES
Among positives samplesAmong positives samplesAmong positives samplesAmong positives samples

Wales samplesWales samples :Wales samples Wales samples : 

• 14 positive samples:
• 12 LDLR mutations 42,86

• 1 PCSK9 mutation
• 1 LDLR CNV

All i diff

57,14 LIPOchip

sequencing

• All mutations different



EVOLUTIONEVOLUTION
M h2010

V8 0V7 0V5 0V4 0V3 0V2 0LIPOCHIP VERSIONS V1 0

March 2010

European market

V8.0
251 + CNV

V7.0
238 + CNV

June 2008

V5.0
234

March 2007

V4.0
207

V3.0
181

V2.0
154

Dec 2003

LIPOCHIP VERSIONS
DETECTED MUTATIONS

Dec 2002

V1.0
118

July 2004 July 2005 March 2009

July 2010

UK market

July 2010

LIPOchipLIPOchip v9v9: Based on frequencies provided by European specialistspp q p y p p

LIPOchipLIPOchip v10: v10: Based on frequencies provided by University College of pp q p y y g

London



EVOLUTIONEVOLUTION
M h2010

V8 0V7 0V5 0V4 0V3 0V2 0LIPOCHIP VERSIONS V1 0

March 2010

European market

V8.0
251 + CNV

V7.0
238 + CNV

June 2008

V5.0
234

March 2007

V4.0
207

V3.0
181

V2.0
154

Dec 2003

LIPOCHIP VERSIONS
DETECTED MUTATIONS

Dec 2002

V1.0
118

July 2004 July 2005 March 2009

July 2010

UK market

July 2010

83,8%

80.5%
80,5%

76,7%

91,3%



CONCLUSIONCONCLUSION

Capacity for one tool to detect point mutations and CNC

Reproducibility, sensitivity and specificity > 99.5%

Results in less than one week with the chip

LIPOchip UK expected pick up rate around 80%LIPOchip UK expected pick up rate around 80%
confirming negatives by sequencing may only be required in

special cases

Can be applied to any kind of illness linked to both point mutations
and CNVsand CNVs




