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Familial Hypercholesterolemia (FH)

increased levels of LDL-cholesterol

* premature atherosclerosis and increased cardiovascular risk
* Tendon xanthomas, corneal arcus

* autosomal dominant and rarely autosomal recessive

* 2 forms
* heterozygous

* homozygous/compound heterozygous



Genetics of Familial Hypercholesterolemia
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Molecular and clinical diagnosis

o Varret et al. 2008 (several studies) 2 12-72%
- 20".30 ° van der Graaf et al. 2011 (The Netherlands) =2 5%

Clinical diagnosis Patient: treat LDL
without mutation Family: monitor LDL and consider treatment

Patient: treat LDL
Family: mutation test, monitor LDL,
and consider treatment

sisoubeip [eaiun

=
s
o
=
S

Q.
o
Qe

2

2

Mutation without Patient: monitor LDL and consider treatment
clinical diagnosis Family: monitor LDL and consider treatment

Nordestgaard BG, et al; European Atherosclerosis Society Consensus Panel. Eur Heart J. 2013;34:3478-90a.



Causes of mutation absence

Methodological
limits

Defects in other

genes

Polygenic
hypothesis

Additional genetic

mechanisms

Patient recruitment
Research of known mutations
Large rearrangements/Splicing alterations

Cholesterol 25-Hydroxylase (CH25H)
Insulin induced gene 2 (INSIG2)
Signal transducing adaptor family
member 1 (STAP1)

Gene scores calculated on the basis of
the genotype at specific loci

Regulation of gene expression:
» Epigenetics
+ mMIRNA alterations



miRNA synthesis and action
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Aim of the project

|dentify molecular alterations responsible of FH in patients
without mutations by a combined approach of:

1. Functional characterization and expression
quantification of LDLR

2. ldentification of miRNA alterations



Functional assay of LDLR

Control

Incubation of T-lymphocytes with mitogens Incubation with Dil-LDL i
and lipoprotein deficient serum for 48h for 3 hours at 37°C




Evaluation of LDLR expression

* Quantification of membrane LDLR
4°C

/f} Incubation with

\ anti-LDLR

S g antibody

Incubation of T-lymphocytes with mitogens and
lipoprotein deficient serum for 48h

* Quantification of LDLR mRNA

* real time PCR with a TagMan® probe spanning exons 2-3

 analysis by comparative Ct method



Functional characterization and
expression of LDLR

* Verify if the disease is due to altered LDLR function

 Divide the population in 3 groups:
1. normal LDLR activity
2. decreased activity with decreased expression of LDLR

3. decreased activity with normal expression of LDLR

* Allow a better evaluation of results from miRNA
analysis



smallRNA-Seq

Small RNA analysis by massive parallel sequencing

Purified Small RNA Fragments

Total RNA or ]

Y "

Total RNA Library

isolation / preparation
: RNA 3 Adapter

3' Ligation

mirVana TruSeq Small RNA3' Adapter
miRNA RNA Library RNAS' Adapter
Isolation Kit Prep Kit

5' Ligation

RNA 5" Adapter RNA 3’ Adapter

RT-PCR - 1st Strand Synthesis

PCR Amplification

Gel Purification
(Pooled Indax Ontion)

Index Saquence




smallRNA-Seq

Small RNA analysis by massive parallel sequencing

Massive Data
sequencing Analysis

mirVana TruSeq Small  MiSeq 2500 iMir
miRNA RNA Library (lllumina)
Isolation Kit Prep Kit




Bioinformatic analysis — iMir software

Giurato et al. BMC Bioinformatics 2013, 14:362
http/fwww biomedcentral. com/1471-2105/14/362

Bioinformatics

iMir: An integrated pipeline for high-throughput

analysis of small non-coding RNA data obtained
by smallRNA-Seq
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Bioinformatic analysis - iMir software

Al

Module 1: Pre-process analysis

+  Adapter cleavage (Cutadapt)
*  Quality filter analysis (Cutadapt)

* Length distribution analysis

s |

Module 2: Detection of known miRNAs

«  Map nput reads agamst known
miRMNAs from miRBage v. 20
(miFAnalyzer)

C | SN E
Module 3 (optional): Detection of D l l

other sncRNAS and novel miRNA
prediction (miRAnalyzer -miRDeep2)

Muodule 5: Differential
Module 4 (optional): Statistical expression analysis
analysis to remove low expressed
sncRNAs

+ DESeq

Map input reads against
various sncRMNA libraries

Uses the remainimg reads to s L i e Fisher's exact test
predicti novel miBNAs
F «

*  Quaniile nommalization and

Module 6: Target prediction
+  TargeScan

« miRanda




miRNome sequencing

Evaluate all miRNAs present in cells:

* Quantify miRNA’s amounts in cells

» Increased levels of a miRNA cause the expression decrease of
the target genes and vice-versa

* Analyse alterations of miRNA sequences

» A variant in a miRNA sequence can result in a different match
with the mRNA sequence leading to

= Degradation instead of translational repression (or the opposite)

= Different target genes



Identification of pathways and
quantification of target gene expression

1. Pathway identification
* Ingenuity Pathway Analysis (IPA) platform

* Analysis taking into account the LDLR
function/expression

2. Quantification of:
*  mRNA of target genes by real time PCR

* proteins by western blot



Possible expected outcomes

* ldentify new genetic markers of the FH to improve the
molecular diagnosis

* miRNA levels

* alterated miRNA sequences

* |dentify new players in the development of FH that
could be used as target for innovative therapy

* MiRNAs

» genes identified by pathway analysis
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