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CHRONIC KIDNEY DISEASE: IS IT REVERSIBLE?
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• Aging AT1 antagonism Rat Kidney Int 58:2425, 2000
• NO inhibition ET-1 antagonism Mouse Hypertension 37:490, 2001
• MWF ACE in + AT1 ant Rat Kidney Int 62:885, 2002
• NO inhibition AT1 antagonism Rat JASN 14:1132, 2003
• UUO ACE inhibition Rat J Nephrol 16:203, 2003
• 5/6 nephrectomy ACE inhibition Rat JASN 14:2833, 2003
• anti-GBM BMP-7 delivery Mouse Nat Med 9:964, 2003
• 5/6 nephrectomy ACE inhibition Rat JASN 15:3063, 2004
• diabetes ACE inhibition Rat Diabetes 53:1119, 2004
• 5/6 nephrectomy Aldosterone inhib Rat JASN 16:3306, 2005
• UUO R-UUO Mouse JASN 16:3623, 2005
• NO inhibition NO re-activation Mouse NDT 21:881, 2006
• Dahl Kallikrein delivery Rat Hum Gene Ther 17:1, 2006
• RenTg AT1 antagonism Mouse PLoS One 4:e6721, 2009

HOW TO EFFICIENTLY TREAT EXPERIMENTAL CKD: THE ANG II 
ANTAGONISM OPTION



(Remuzzi )

REVERSAL OF RENAL FAILURE BY ANG II ANTAGONISM:
IS IT EFFICIENT IN HUMANS?



rREVERSAL OF RENAL FAILURE BY ANG II ANTAGONISM:
IS IT EFFICIENT IN HUMANS? (Remuzzi )

We need early biomarkers and/or additional targets for therapy



RENAL  DISEASE

Hemodynamic Factors
Arterial Hypertension
Glomerular Hypertension
Shear stress, stretch stress

Genetic Factors
ACE
ROP/Os strain

Metabolic Factors
Proteinuria
Hyperglycemia
Dyslipidemia
Oxidative Stress
Hypoxia

Paracrine Factors
Angiotensin II
Endothelin
Growth Factors

Cellular Factors
Epithelial-mesenchymal 
transition
Myofibroblasts

Inflammatory Factors
Cytokines
Chemokines
Toll-like receptors

THE CHALLENGE FOR A THERAPY OF CKD:
TARGETING THE CAUSE?



THE CHALLENGE FOR A THERAPY OF CKD:
TARGETING THE CULPRIT CELL?

Presenter
Presentation Notes
La fibrose rénale c’est l’accumulation excessive de la matrice extracellulaire comme le collageneComme vous voyer ici, dans le rein normal, la MEC quaziment n’est pas visible. Normalement, La quantité de matrice extracellulaire résulte d’un équilibre entre synthèse et dégradation des protéines de la MEC. Par contre, dans un rein très fibreuse, l’excès de MEC est visible en vert sur cette coloration de Trichrome de Masson et touche la totalité des structures rénales,  cet excès de matrice comporte des protéines matricielles constitutives  comme le collagène IV dont la synthèse est augmentée, d’autre sont synthétisées de novo comme le collagène de type I, III.Cet excès de matrice résulte soit de augmentation de la synthese ou d’une diminution de la degradation de la matrices.A cote de la modification quantitative une modification qualitative de la matrice  par le TG2  peut etre impliqier dans la development de la fibrose renale  nous reparlerons de ce mechanisme plus tard 



PLASTICITY OF RENAL CELLS: IS ANY PARTICULAR CELL TYPE
RESPONSIBLE OF RENAL FIBROSIS?

Fibrosis

Myofibroblast

E-cadhérine

Tubular Epithelial Cell

Progenitor Cell

Interstitial Fibroblast

Pericyte

Endothelial Cell

Presenter
Presentation Notes
Dans le model de obstruction urétéral  le TGFb a un rôle profibrosant en favorisant la transition EMT.L’TEM se caractérise par 1) la perte des marqueurs épithéliaux tels que la molécule d’adhésion E-cadhérine, 2) l’acquisition de marqueurs mésenchymateux comme la vimentine et l’-actine du muscle lisse des marquers utiliser pour identifier les myofibroblaste Les myofibroblastes ont d’autres origines que la cellules épithéliales… comme le rénal fibroblaste, le pericytes, les cellules souche médullaire 



Immune Aggressions

Hypertension

Ischemia

Toxic Aggressions

Genetic Deficit

Diabetes
Aging

THE CHALLENGE FOR A THERAPY OF CKD:
FINDING NOVEL MEDIATORS - WHAT STRATEGY?

Altered Renal Hemodynamics
Ischemia - Endothelial Damage

Tubulointerstitial and Glomerular Damage

Progressive Fibrosis
(Chronic Inflammation?)

Reparatory Fibrosis
(Acute Inflammation?)

Inflammation
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CB1: Fibrotic Receptor
DDR1: Collagen Receptor

Notch3: Remodeling Receptor
Periostin: ECM Ligand

Sema3C: Growth Ligand
EPAC1: Energy provider 
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STRATEGY TO IDENTIFY NOVEL DIAGNOSTIC MARKERS
AND/OR TARGETS OF THERAPY OF CKD

Genetically-controlled slowly
progressive model of CKD

Transcriptomic Analysis 
Reversal vs Progression

Identification of Candidate Markers/Targets
of Progression/Regression

Serial Biopsies of Transplants 
Protein Expression Analysis

(Tenon)

Biopsies, Serum, Urine samples
(Corirla, Tenon)

Proof of Concept: Pharmaco/
Genetic Manipulation

Validation in Additional
Models of Renal Disease

Selection of Genes not
Described in the Kidney

Proteins easy to Detect
and/or Target



USING A SLOWLY PROGRESSIVE MODEL OF CKD 
(TRANSGENIC MICE OVEREXPRESSING RENIN) TO IDENTIFY

NOVEL MARKERS OF RENAL DISEASE

Ang II-induced Nephropathy
(slow and progressive)

Index of Progression
(Proteinuria, GFR, Collagen Synthesis, Tubint. Fibrosis)

Treatment
(ARB or ACEI)

Reversal
Reversal AND
Escape

Initial        Early      Established     End stage

Transcriptomic analysis of phases:
One, not previously suspected, gene
was highly induced with the disease
and was decreasing with therapy

Presenter
Presentation Notes
Longer duration of LNSecondary association with LOS (LN pursued)
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One, not previously suspected, gene
was highly induced with the disease
and was decreasing with therapy
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Periostin in Physiology

- A 90 kDa protein involved in cell adhesion

- Secreted after synthesis to be deposited within extracellular matrix

- Involved in embryonic and dental development (periosteum, periodental ligament)

Periostin in Pathophysiology

- Higly induced after myocardial injury

- Interacting with the TGFb signaling

- Involved in cell phenotype alterations

REVISITING PERIOSTIN, A DENTIST’S PROTEIN

Presenter
Presentation Notes
FIGURE 1. PERIOSTIN AND CARDIAC REMODELING.A recent study by Kuhn et al.1suggests that the application of periostin can enhance cardiac repair after myocardial infarction in the rat. Whereas the endogenous production of periostin by myocardial fibroblasts is stimulated by cardiac injury and promotes healing by activating αvβ1, αvβ3, or αvβ5 integrins on myocytes and vascular endothelial cells, long-term release of recombinant periostin from a Gelfoam patch on the epicardium was found to stimulate the same pathways to promote cardiomyocyte regeneration and angiogenesis, thus minimizing remodeling. TGF-β denotes transforming growth factor β, and PI3K–Akt phosphatidylinositol 3′-kinase–protein kinase B.



PERIOSTIN IS HIGHLY INDUCED IN ALL TESTED MODELS OF CKD 

Real-Time PCR  
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PERIOSTIN EXPRESSION IS FOCAL, AROUND THE DAMAGED TISSUE
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(MAEL-AININ, JASN 2014)



PERIOSTIN CORRELATES INVERSELY TO RENAL FUNCTION DURING
PROGRESSION/REGRESSION OF CKD (GUERROT, PLOS 2012) 
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CAN WE USE PERIOSTIN AS A MARKER OF RENAL DISEASE?

- Which cells are producing periostin following injury?

- Is periostin expression relevant to human CKD?

- Is periostin a better marker than the already existing?



PostnLacZ mice : Periostin cell tracing  lacZ reporter gene 

PostnLacZ mice : LacZ expression following UUO 

WT UUO D15WT UUO D5WT UUO D2

Postn expression following UUO in WT mice

WHICH CELLS ARE PRODUCING PERIOSTIN FOLLOWING INJURY? 
(MAEL-AININ JASN 2014, EDITORIAL)



IS PERIOSTIN RELEVANT TO RENAL DISEASE IN HUMANS?

Normal Human Kidney Chronic Allograft Nephropathy



Vimentin Periostin(n=216)

IS PERIOSTIN A BETTER MARKER THAN THE ALREADY EXISTING? 
TO PREDICT RENAL GRAFT OUTCOME, POSSIBLY YES (ALFIERI, REVISION)



PERIOSTIN AND INFLAMMATION: A READ OUT MARKER OF THERAPY
EFFICIENCY IN ASTHMA



CAN WE USE PERIOSTIN AS A MARKER OF RENAL DISEASE?

- Does inhibition of periostin expression protect animals against renal disease?

- What are the mechanisms of action of periostin?

- Can we develop a therapy based on periostin inhibition?

CAN PERIOSTIN BE A TARGET FOR THERAPY OF CKD?

- Which cells are producing periostin following injury?

- Is periostin expression relevant to human CKD?

- Is periostin a better marker than the already existing?
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PERIOSTIN SILENCING BY ANTISENSE ODNS PREVENTED
THE PROGRESSION OF L-NAME-INDUCED RENAL INJURY
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(MAEL-AININ JASN 2014)
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PROOF OF CONCEPT FOR THERAPY: PERIOSTIN SILENCING
PROTECTS AGAINST NTS-INDUCED CKD (PRAKOURA JASN 2017)
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Periostin

Proliferation

CKDNFκB Inflammation

Matrix remodelling
COL1, COL3, TGF-β1

STAT

AP1

PERIOSTIN MECHANISMS INDUCING CKD
(PRAKOURA JASN 2017)

Initial Aggression



PERIOSTIN IS A KEY PLAYER IN PHENOTYPE CHANGE OF
MACROPHAGES TO INDUCE INFLAMMATION, TUMOR GROWTH AND

METASTASIS

Nat Cell Biol, 2015 



ASO pharmacokinetic feature
n Distribute out of plasma and into tissues
n Majority of drug localizes within cells in tissues
n Multiple routes of delivery
n Strong PK/PD correlation demonstrated in tissues 

such as:
・Kidney ・Lung (aerosol)
・Liver ・CNS (ICV or IT)
・Bone marrow ・Human cancer
・Adipose tissue ・Sites of inflammation
・Spleen, lymph nodes 

(C. Frank Bennett, Isis Pharm.)

The 2nd Generation ASO “Gapmer”
l Uniformly modified with PS (phosphorothioate) in the 

backbone
l 2’-deoxyribose gap is essential for recruitment of 

endonuclease (RNase H), and minimum gap size of 7-
10 residues is necessary.

l The gap is flanked by 2’-modified residues, such as 2’-
O-Me, 2’-MOE or LNA.

l 2G ASOs are significantly better in their potency, 
stability and tolerability compared with 1G PS ASO.

(Yogesh S Sanghvi, 2013 Future science)

Clinical status of ASOs
u Among all oligo-based technology, ASO has the 

largest portfolio in active clinical trials.
u Consistent PK PD profiles regardless of size and 

sequence composition
u Good number of ASOs have sailed through Ph1 safety 

studies without serious concern.
u Two out of three market approved drugs are ASO, and 

the most recently approved (mipomersen) is a 2G 
ASO (Gapmer).

(Yogesh S Sanghvi, 2013 Future science)

NOVEL APPROACHES FOR THERAPY : ANTISENSE
OLIGONUCLEOTIDES



n Contrast agent properties :
Magnetic (NPs Fe2O3, Gd, …)
Optical Imaging
Electronic Density (I, Gd, …)
Thermical Imaging

n Therapy properties :
Site specific targeting
Drug Storage
Controlled release
Local Hyperthermia

n Physical properties :
Biocompatible
Simple
Stable
Big scale use
Biodegradable

40-400 nm

NOVEL APPROACHES FOR PRECISION MEDICINE : NANOPARTICLES



Advantages
- It is ‘silent’ during adulthood under physiological conditions.
- It is highly induced and released early from the suffering cells.
- It is induced by the activation of inflammatory pathways, such as NFkB.
- Its levels are well correlated with the degree of damage.
- Its activation induces phenotype changes further increasing inflammation
AND inducing fibrosis.

- Pharmaco-genetic inhibition of its synthesis protects kidneys in experimental
models AND does not affect physiological functions.

CAN AN AGENT LIKE PERIOSTIN BE A BIOMARKER AND A
TARGET FOR THERAPY OF CKD? 
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Advantages
- It is ‘silent’ during adulthood under physiological conditions.
- It is highly induced and released early from the suffering cells.
- It is induced by the activation of inflammatory pathways, such as NFkB.
- Its levels are well correlated with the degree of damage.
- Its activation induces phenotype changes further increasing inflammation
AND inducing fibrosis.

- Pharmaco-genetic inhibition of its synthesis protects kidneys in experimental
models AND does not affect physiological functions.

Scientific Interest:
- Rapidly expanding field
- Commercially available kits

for detection in plasma exist

Next Step (for Nephrology):
- Define the category(ies) of patients to be used.



2013: Winner “New Therapy Strategies” (for targeting glomerulonephritis)

2015: Winner “Fast Track Drug Discovery” challenge (for targeting CAN)

Last min info: Sanofi Innovation Awards “Periostin as target of Therapy” (June
2018)

BUT, IS THE THERAPY OF CKD A PRIORITY FOR THE PRIVATE
SECTOR TODAY? 



BUT, IS THE THERAPY OF CKD A PRIORITY FOR THE PRIVATE
SECTOR TODAY? 

2013: Winner “New Therapy Strategies” (for targeting glomerulonephritis)

2015: Winner “Fast Track Drug Discovery” challenge (for targeting CAN)

Last min info: Sanofi Innovation Awards “Periostin as target of Therapy” (June
2018)

ΣΥΜΠΕΡΑΣΜΑ ΓΙΑ ΤΗΝ ΑΝΑΠΤΥΞΗ ΝΕΩΝ ΘΕΡΑΠΕΥΤΙΚΩΝ ΑΓΩΓΩΝ:

«ΜΑΣ ΕΡΩΤΕΥΟΝΤΑΙ, ΑΛΛΑ ΔΕΝ ΜΑΣ ΝΥΜΦΕΥΟΝΤΑΙ »
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ΣΑΣ ΕΥΧΑΡΙΣΤΩ ΓΙΑ ΤΗΝ ΠΡΟΣΟΧΗ ΣΑΣ





Chronic Kidney Disease: a Major Public Health Issue

- 3 000 000 people in France with some degree of renal disease
- 80 000 people in France with End Stage Renal Failure  (> 350 000 in EU)
- 7-8% annual increase rate (Hypertension, Diabetes, Aging)
- No therapy; available options : Dialysis and/or Transplantation 
- 2-3% of Health Budget



Ang II signaling pathways inducing renal fibrosis

Activation of Col Promoter

-COL1

Decorin,
Anti-TGFbTGFb

BMP-7, HGF

SMAD 2/3
SARA

SMAD 2/3
SMAD 4

AT1 antagonist
Ang II

ERK inhib

PDGF, EGF receptor

ras
raf

MEK

ERK

c-fos c-jun
AP-1

EGFR
PDGFR
antagonist

ET-1 ETA/B antagonist

TGFa?

Transactivation?



POSTNITGβ3 POSTNITGβ3

RELEVANCE : PERIOSTIN AND ITS RECEPTOR INTEGRIN b3 
ARE INDUCED AND CO-LOCALIZED IN GLOMERULONEPHRITIS

Periostin

Proliferation

CKDNFκB Inflammation
Matrix remodelling

COL1, COL3, TGF-β1

STAT

AP1

PERIOSTIN MECHANISMS INDUCING CKD
Initial Aggression
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