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Background

= MRC associee de maniere indépendante a
une augmentation de la morbi-mortalite CV

= MRC associee a une accumulation de toxines:
Petites molecules (Acide guanido acetique,
meéthylguanidine, ...)
Moyennes molecules (B2M, ...)
Molécules a forte liaison proteique
(homocysteine, leptine, des metabolites du

tryptophane comme |'indoxyl sulfate (IS) et
I'indole-3-acetic acid (IAA), ...)
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Background - IS et
calcification vasculaire
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Aortic calcification - X Ray Score

Barreto FC, Barreto DV, Liabeuf S et al. Serum indoxyl sulfate is
associated with vascular disease and mortality in chronic kidney disease
patients. Clin J Am Soc Nephrol 2009; 4: 1551-1558.



Background

eDysfonction
endothéliale

eInflammation

*Etat
prothrombotique




Méthode

= Approche non a priori pangénomique

* Analyse par microarrays

= 73 patients hemodialyses

= 5o patients avec une MRC non dialyses

= Criteres dinclusion :
Age > 18 ans
Hb > 110 g/L
Pas d'’évenement CV récent
Pas d'infection récente (< 3 mois)
Pas d’intervention chirurgicale récente
En dialyse > 6 mois
Pas de traitement immunosuppresseur en cours

= 43 contrbles




Méthode

Table 3 |Baseline characteristics of controls, undialyzed CKD patients, and HD patients

Age (years)

Sex ratio (F/M)

Dialysis vintage (months)
Body mass index (kg/m?)

Kidney disease
Glomerulonephritis
PKD
Vascular nephropathy
Interstitial nephropathy
Other hereditary
Unknown

SBP (mmHg)

DBP (mm Hg)

Smokers

History of cardiovascular disease
Hypertension

Statins

Antihypertensive agents
Aspirin or antiaggregant agents
EPO therapy

Anticoagulant agents
Hemoglobin (g/dl)

Albumin (g/l)

Calcium (mmol/1)

Phosphorus (mmol/l)

Uric acid (3 mol/l)

Urea (mmol/l)

Creatinine (mol/l)

Controls (n=43)

64 (38; 78)
23/20

2512+333

1289 119.06
7549 +£10.27
0
2 (5%)

0

0
0
0
1427 £103
40 (31; 59)
2.31 (2.17; 2.52)
1.09 (0.74; 1.46)
297 (197; 451)
55 (3.2; 9.3)
69 (48; 107)*?

CKD (n=50)

63 (26; 89)
19/31

25.04t44

7 (14%)
5 (10%)
11 (22%)
15 (29%)
3 (6%)

9 (17%)

1417 £23.94°
81.18 £11.24°

37 (31; 41)°
233 (2; 2.55)
1.14 (0.65; 2.20)
438 (175; 828)°
14.8 (4.9; 44.7°
209 (84; 640)°

HD (n=73)

1444+ 24.31°°
73.26 + 15.87°
27 (36%)
25 (34%
54 (73%
25 (34%

35 (26; 46)*°
2.36 (1.84; 2.66)
146 (0.54; 3.17)*°
342 (197; 524)°
19 (7.6; 39.6)*°
783 (213; 1533)*

Abbreviations: CKD, chronic kidney disease; DBP, diastolic blood pressure; EPO, erythropoietin; HD, hemodialyzed; PKD, polycystic kidney disease; SBP, systolic blood
pressure.
Results are given as mean + s.d. if Gaussian distribution or in median (min,; max.) if not.
3Significantly different versus control.
bSignificantly different versus CKD.




Méthode : rappel

= Pour estimer |'expression d’'un gene :

ARN : Northern Blot quantitatif, short/long
nucleotide array

Proteine : Western Blot quantitatif,
chromatographie

= http://www.bio.davidson.edu/courses/genom
ics/chip/chip.html



http://www.bio.davidson.edu/courses/genomics/chip/chip.html
http://www.bio.davidson.edu/courses/genomics/chip/chip.html

Méthode : rappel

http://smd.princeton.edu/index.shtm



http://smd.princeton.edu/index.shtml
http://smd.princeton.edu/index.shtml

Résultats

= Microarray apres incubation de cellules
endotheéliales de cellules endotheliales de
veines ombilicales humaines avec de |'lS 1
mmol/l pendant 4 heures

= |S associe a l'augmentation de |'expression de
5O genes




Résultats

Table 1| Upregulated genes identified by microarray analysis
after incubation of HUVECs with IS (1 mmol/l) for 4h

Gene
symbol Description

CYPIB1  Cytochrome P450, family 1, subfamily B, polypeptide 1

NPTX1 Neuronal pentraxin |

CYPIA1  Cytochrome P450, family 1, subfamily A, polypeptide 1

F2RL3 Coagulation factor Il (thrombin) receptor-like 3

VIPR1 Vasoactive intestinal peptide receptor 1

AHRR Aryl-hydrocarbon receptor repressor

SERPINB2 Serpin peptidase inhibitor, clade B (ovalbumin), member 2

GAD1 Glutamate decarboxylase 1 (brain, 67 kDa) (GAD1), transcript
variant GAD25

TIPARP  TCDD-inducible poly(ADP-ribose) polymerase

CYP26B1 Cytochrome P450, family 26, subfamily B, polypeptide 1

ITGAT1 Integrin, %11

APOLD1  Apolipoprotein L domain containing 1, transcript variant 2

SECTM1  Secreted and transmembrane 1

F3 Coagulation factor Il (thromboplastin, tissue factor)

PTGS2 Prostaglandin G/H synthase and cyclooxygenase

CCR7 Chemokine (C-C motif) receptor 7

PPMIE Protein phosphatase 1E (PP2C domaincontaining)

MITF Microphthalmia-associated transcription factor,transcript variant 2

RAB11FIP4 RAB11 family interacting protein 4 (class II)

TCHH Trichohyalin

ROR1 Tyrosine-protein kinase transmembranereceptor ROR1 precursor

RAB38 RAB38, member RAS oncogene family

CYPIA2  Cytochrome P450, family 1, subfamily A, polypeptide 2

TNS4 Tensin 4

GPR68 G protein-coupled receptor 68

RND1 Rho family GTPase 1 (RND1)

ST8SIA5  ST8 a-N-acetyl-neuraminide =-2,8-sialyltransferase 5

SHISA2 Shisahomolog 2 (Xenopus laevis)

SAMD12  Sterile o-motif domain containing 12, transcript variant 1

POU4F3  POU class 4 homeobox 3

BMF Bcl2 modifying factor, transcript variant 1

FOXF1 Forkhead box F1

LAMB4 Laminin, 4

SLC16A6 Solute carrier family 16, member 6

LIF Leukemia inhibitory factor (cholinergic differentiation factor)

KCTD12  Potassium channel tetramerization domain containing 12

NALCN Sodium leakchannel, nonselective

CDC42EP3 Cdc42 effector protein 3 (binder of Rho GTPases 2)

XKRX XK, Kell blood group complex subunit-related, X-linked

NROB1 Nuclear receptor subfamily 0, group B, member 1

TNIP3 TNFAIP3 interacting protein 3, transcript variant 1

OSGINT  Oxidative stress-induced growth inhibitor 1

DNAH12 Dynein, axonemal, heavy-chain 12, transcript variant 1

TAS2R50 Taste receptor, type 2, member 50

ADM2 Adrenomedullin 2

TGFB3 Transforming growth factor, -3

KCTD16  Potassium channel tetramerization domain containing 16

NR4A3 Nuclear receptor subfamily 4, group A, member 3, transcript
variant 2

EDC3 Enhancer of mRNA decapping 3 homolog (S. cerevisiae), transcript
variant 3

PRKG1 Human mRNA for type | 3-cGMP-dependent protein kinase
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Résultats
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Résultats

Table 1| Upregulated genes identified by microarray analysis
after incubation of HUVECs with IS (1 mmol/l) for 4h

Gene
P-value symbol

NPTX
CYPIAT

ITGAT1
APOLD1
SECTM1

Description

ducible poly
Integrin, %11
Apolipoprotein L domain containing 1, transcript variant 2
Secreted and transmembrane 1
Coagulation factor Il (thromboplastin, tissue factor)
Prostaglandin G/H synthase and cyclooxygenase
Chemokine (C-C motif) receptor 7

factortranscript variant 2

Microphthalmia-associated transcription

RAB11FIP4 RAB11 family interacting protein 4 (class II)

TCHH

ROR1

RAB38
0.025 CYP1A2
GPR68
RND1
ST8SIAS
SHISA2
SAMD12
POU4F3
BMF
FOXF1
LAMB4
SLC16A6
LIF
KCTD12
NALCN

Trichohyalin

Tyrosine-protein kinase transmembranereceptor ROR1 precursor
RAB38,_member RAS oncogene famil

Cytochrome P450, family 1, subfamily A, polypeptide 2

G protein-coupled receptor 68

Rho family GTPase 1 (RND1)

ST8 a-N-acetyl-neuraminide z-2,8-sialyltransferase 5
Shisahomolog 2 (Xenopus laevis)

Sterile a-motif domain containing 12, transcript variant 1
POU class 4 homeobox 3

Bcl2 modifying factor, transcript variant 1

Forkhead box F1

Laminin, 4

Solute carrier family 16, member 6

Leukemia inhibitory factor (cholinergic differentiation factor)
Potassium channel tetramerization domain containing 12
Sodium leakchannel, nonselective

CDC42EP3 Cdc42 effector protein 3 (binder of Rho GTPases 2)

XKRX
NROB1
TNIP3
OSGINT
DNAH12
TAS2R50

XK, Kell blood group complex subunit-related, X-linked
Nuclear receptor subfamily 0, group B, member 1
TNFAIP3 interacting protein 3, transcript variant 1
Oxidative stress-induced growth inhibitor 1

Dynein, axonemal, heavy-chain 12, transcript variant 1
Taste receptor, type 2, member 50

Potassium channel tetramerization domain containing 16
Nuclear receptor subfamily 4, group A, member 3, transcript
variant 2

Enhancer of mRNA decapping 3 homolog (S. cerevisiae), transcript
variant 3

Human mRNA for type | 3-cGMP-dependent protein kinase




Résultats

e Dioxins |
* PCBs \
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Endogenous
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» Xenobiotic metabolism genes

% { * Genes required for development,
= = i immunity or reproductive
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Nature Reviews | Cancer




Résultats

Table 2 |Upregulated genes identified by RT-PCR after

incubation of HUVECs with IS (1 mmol/l) or IAA (50 pmol/l)
for 4 h

Fold change of expression  Fold change of expression after
Gene after incubation with IS incubation with IAA

CYPIB1 200.1+£915 101.8+£30.3
CYPIAT 214179 149+52
CYPIAZ2 4120 40+06
AHRR 73119 45+10
CCR7 6.314.2 31207
TIPARP 6.1+£55 281+0.2
PTGS2 3./£1.2 22+04
TGFB3 21209 1.8£0.1

Abbreviations: HUVECs, human umbilical vein endothelial cells; 1AA, indole-3-acetic
acid; 15, indoxyl sulfate; RT-PCR, reverse transcriptase PCR.




Les solutés indolés augmentent
1’ expression du gene F3
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es solutés indolés augmentent
a production de TF in vitro
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Les solutés indolés augmentent 1’activité pro coagulante de

TF dans les cellules endothéliales et les microparticules
endothéliales
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Implication de la voie AHR dans la production de
TF par les cellules endothéliales
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Confirmation TCDD
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Résultats
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Discussion

= Solutesindolés modulent la production de TF
ERRVA SIS

» |S et |AA sont des ligands recemment decrits
de 'AHR

= Autre ligand connu de 'AHR : TCDD (Dioxine)

* |nhibition de la production de TF par
'inhibition de Nfk-B est incomplete




Discussion - Perspectives

= Autre ligand de ’AHR et toxine uremique :
acide kynurenique.

Nature Volume: 478, Pages: 197—203.
= Concentrations toxiques d'IAA et d’IS restent
a determiner in vivo.

= Certaines toxines uremiques pourraient avoir
un effet « dioxin like ».



Discussion - Perspectives

» Effets d'une activation de I'AHR rapportés dans
la littérature

“Chef d'orchestre” de la toxicite a la dioxine

Effet sur la differentiation en Thi7 et Treg

Effet direct sur I'expansion et la différentiation des
cellules hematopoiétiques progeénitrices.

Effet sur la differentiation et la progression
tumorale.

Nouvelle cible d'immunomodulation en transplantation?



Discussion - Limites

= Surestimation in vitro versus in vivo.







Merci ©




