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Malaltia renal crénica




MRC: Mecanismes de progressio

LESIO HISTOLOGICA:

Disminucio de la massa renal

Fibrosi - > Progressio IR




Estadiatges en la progressio de la MRC i
estrategies terapeutiques
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Screening Reducir el Diagnostico Estimar la TSR con
de factores rjiesgo de ERC; & tratamiento: progresion; didlisis o
deriesgo  gereening de reducir reducir complic; TR
para ERC ERC condiciones de Preparar

comorbilidad; para el TSR
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Fisiopatologia

Via final comun

DANO RENAL
'

Disminucion de la masa nefronal

Hipertension caPiIar glomerular

Factores

»
»

hemodinamicos

Aumenta la permeabilidad
glomerular a las macromoleculas

l

Elevada filtracion de pIoteinas plasmatica

Aumento PA

Proteinuria

Elevada reabsorcion tubular de proteinas

l

actores nflamacion tﬂfulointersticial

de crecimiento

FIBROSIS RENAL



IRC:Progressio

Factors Predisponents

R ReRCT = WO N =

Etiologia nefropatia
Sexe

Raca

Dislipemia

Edat

Tabaquisme
Hiperglicemia
Hiperhomocisteinemia
Hiperfosfatemia

10 Anemia
11. Factors prenatals
12.Drogues d abus

Fc Mediadors Comuns

S

Hemodinamica
Hipoxia
Proteinudria
HTA

5 Activacio del complement
CRESIRVAVAY
7. Altres mediadors clinics

-TGF-B
-PAI-1

-3 Oxid Nitric
-Endotelina
-PDGF-BB




Factores de
susceptibilidad

Factores de iniciacion

Factores de

progresion

Factores en la ERC-5

Fisiopatologia

Definicidon

Aumento de la
susceptibilidad al dano
renal

Inician el dano renal
directamente

Producen deterioro del
dafno renal y rapida
disminucion del FG

Aumentan la morbi-
mortalidad en la ERC

Ejemplos

Edad avanzada, disminucion de la
masa renal , bajo peso al nacer,
minoria racial, historia familiar,
pobreza, inflamacion, dislipemia

DM, HTA, enfermedades
autoinmunes, PQR, toxicidad
farmacoldgica

Hiperglicemia en DM, HTA,
proteinuria, tabaquismo

Baja dosis de HD(Kt/V), acceso
vascular temporal anemia,
hipoalbuminemia, derivacion
tardia




Initiating factors:

s Afe

s Gender

= Ethnicity

s Family history of CKD

= Diabetes mellitus

= Metabolic syndrome

= Hyperfitration state

= High mnomal urinary albumin excretion
s Dyslipidemia

s Mephrotoxins

= Primary Kidney disease
= Lrological disorders

» Cardiovascular disease

Traditional progression
factors or markers:

= African American ethnicity
= Proteinurna

= Hyperension

= High protein intale

= Obesity

= Anemia

s Dyslipidemia

s Smoking

s Mephrotoxins

=« Cardiovascular disease

l

Progression

of CKD:
GFR decline
T and ESRD
Emerging progression
factors or markers:
s ADMNMA
s FGF23
= Phosphate
=« PTH
s Adrenomedullin
s ANP
s NT-proBENP
s L-FABP
= KIMN-L
s MNGEAL
L] Apﬂ.‘-‘l—l"i"

s Adiponectin




Contribucio dels factors genetics i

ambientals a les patologies

Malaltia per un unic gen

Malaltia multifactorial

Malaltia no genetica

Factors | 1 factor genetic Factors genetics | Factors ambientals
factors ambientals

Gen Gen responsable Susceptibilitat no
genetica

Malaltia | Malalties hereditaries Malalties comuns accidents

(Alport, PQHR)

(HTA, DM, MRC)




MRC com a malaltia multifactorial

Environmental factors

Cenetic Tactors
e
 ——— 4
Single peme disease Chromic kidney disease Tramma
*lzA mephropathy
=IMabsctie nephrapathy
*Endl-slaze remal disiensse




Susceptibilitat genetica en MRC

Evidencies clinigues:

B NAE: susceptibilitat a desenvolupar IRT (alguns pacients
I'assoleixen malgrat bon control PA)

Evidencies experimentals:

¥ Gen RF1 arates HTArisc de IR (no efectes sobre la PA)

® Transplantament de ronyons de rates normoTA a rates
HTA — ronyons de les normotenses son mes
susceptibles al dany induit per la HTA



Potencial de la genetica de les
malalties complexes

Contribuir a la comprensio de la patogenia al definir

els mecanismes fisiopatologics primaris.
Oportunitat del diagnostic pre-clinic.

Possibilitat de desenvolupar terapeutiques

especifiques al identificar vies | dianes d’intervencio



Polimorfisme

* Importants en I'estudi de patologies amb patrons
hereditaris complexes

« Canvi en la segtiencia de DNA (desde 1 nucleotid fins a
cents de pb) ==) Allels

Detectable en > 1% de la poblacio

Pot influir en el fenotip o ser un marcador d"utilitat clinica

A Introns o exons

Per a detectar-los: PCR o Southern Blotting



Estudis genetics en MRC

1- Estudis d’associacio utilitzant polimorfismes genetics




Gens implicats en la progressio de la MRC

GEN Polimorfisme

ECA Intron 16 I/D

Angiotensinogen Met235Thr

Receptor tipus 1 angiotensina | A1166C

Aldosterona sintasa -344C/T

IL-1beta -511T/C, -31C/T

Antagonista receptor IL-1 Intro 2

IL-2 -330 T/G

IL-4 Intro 3

IL-6 -174 G/IC

IL-10 -1082 A/G,

TGF-betal Codo 10, codo 25, -509 C/T

TNF-alfa -308G/A

MYH9 Rs7078, rs12107, rs735853, rs5756130, rs4821480, rs2032487,
rs4821481, rs3752462, rs5756152, rs1557539, rs1005570,
rs16996674,rs16996677

APO E Epsilon 2/epsilon 4

TCF7L2 Rs12255372, rs7903146, rs7901695, rs11196205

MTHFR Ce77T




SRAA

@iotensino@

Prorenina > | Renina ” l

Angiotensina |
ECA - |

Angiotensina
Receptors vasc Adrenal
Angiotensina ll

<AIdosteronD




SRAA | ronyo

endocri autocri- paracri
regulacio aguda | regulacio cronica
concentracid << | concentracio >>

: | :

Vasoconstrictor Factor de creixement




Angiotensina |l

Infilt. i activac. / \ \\'
TR Proteindria TTGF-B i MEC| |1 PAI-1 | |t Aldosterona
t Citoquines P | Degradacio MEC

N

EXxposicio endot.

| mesangi
a estimul fisic
Inflamacio Lesio cel. glomerulars Acumulacio MEC

T~ 1 —

Fibrosi glomerular i tubul-intersticial

Kidney Int 2000; 57: 1803



SRAA | Ronyd: evidencies experimentals

Transferencia de gens de renina i angiotensinogen humans
a ronyons de rates indueix glomeruloesclerosi (no canvis PA)

Progressio IR

Edema
fibrosi vascular

\ /
Aldosterona

Excitabilitat / \ \ Fibrosi |

cardiaca
remodelatge
cardiac

Lesio |

Trombogenesi

Kidney Int 57: 1408, 2000



Gen de |"angiotensinogen: variants
genetiques M235T (MM MT TT)

TT Associat a: Cromosoma 1q 42-43
—N- Nivells plasma d"AGT ALB G B G
—p- Preeclampsia s e B e
—r- Risc de HTA | T Ta—
| 5.5 kb | .
- Patologia coronaria s | |
- Exons: 1,2,3,4,5

Llocs de restriccio:; A,B,G,L

- Progressio rapida a IRT R —
(nefropatia IgA)
M235 M235T T235

303 pb e

266 pb | =—




Gen de la ECA

2 3 4567 8910 12 14 1516 1718 1920 21 23 242526

11 13 22

Cromosoma 17 16 7
: ; | I ID DD |l ID DDDD

Associacions:
Nivells plasmatics d"ECA: DD>DI>II
Hipertensid: alguns estudis negatius.
Fenotips HTA: sensibilitat a la sal, lesié endotelial, insulinR.
Complicacions HTA: HVE, palbuminuria, NAE.

Patologia cardiovascular: 1AM, HVE, miocardiopatia dilatada,
aterosclerosi carotidea, ACV.

RonyO: major dany renal i progressio IRC (DM, HTA, IgA, PQR).




Gen de la ECA T resposta al tractament amb
TECA-ARA-II

Nakayama Y et al. Nephron Clin Pract 2009; 111: c240.



Gen de la ECA T resposta al tractament
amb TECA-ARA-IT
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Nakayama Y et al. Nephron Clin Pract 2009; 111: c240.



Gen del AT1R: Cromosoma 3

Regid codificant

-l [
- |

87 133 186 573 1062 1166
A 8 0 L
e S L R
— - ——————— - =
ATR3 ATRA4
e e -
ATR1 ATR2

Polimorfisme A1166C associat a: Al.lel C

« HTA, HTA greu, HTA precocg, HTA a I'embarac
* Nefropatia diabetica

* Rigidesa aortica

* HVE

« > VVC arterial a I'angiotensina Il

 Progressio més rapida de la MRC



Polimorfisme del promotor al

AngiOTeﬂSinogen i ATR'I nucleotid -6 GA

L'al-lel A augmenta la transcripcio
basal de ATG, incrementant nivells
AT Gi-5) ) de ATG.

0.26

| i . i Al.lel G progressio més lenta de la
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Gen de la aldosterona sintasa

(CYP11B2)
Variantes genetiques: Fenotips associats amb -344C/T:
. « HVE (C)!
Promotor L SRR U aldo (1)
-344 C/T * HTA rénina baixa (C)?
eIntron 2 * JAM (CC)3 sols si

Fumador RR 3,51
HDL baixa RR 3,20
PAS alta RR 2,21

conversido/no conversio
(insercio sec. CYP11B1)

MRC*
-344 Intré 2 Cromosoma 8, banda 8922
T 1(conversio)
1 2 , 3 4 56 7 8 9
C 2 (no conversio)
S — Wit ICirculation 1998;97:569
Wit/con ?Hypertension 2000;35:699
Trerce - 3Circulation 1999;100:2213

4J Nephrol 2004



TGF-p

nhormal tissue healed tissue

protease inhibitor

|r||ur, H—'FI-IIT

—_— =

. actions of tgf-beta

\J [ T matrix proteins

| |, proteases

T protease inhibitors
I prot hibit

|| integrins

protease T tgf-beta




TGF-p i ronyé

Evidencies experimentals:

- rates amb sobreexpressio de TGF-beta wp fibrosi renal
rapida

- Injeccid antiserum que neutralitza TGF-beta a rates amb
GN blogueja I'acumul de la MEC

Evidencies clinigues:

- augment de produccid de TGF-beta a GN, ND, NAE |
nefropatia de |'empelt



Interaccions SRAA i TGF-p

® Fluid “shear stress” t I'expressié TGF-beta i (+)
SRAA de les cel. endotelials

® Hipovolemia i hipokaliemia augmenten la
oroduccio de renina i TGF-beta a |"aparell
juxtaglomerular

® A-|l activa la produccié de TGF-betai t la seva
activacio a cultius cel-lulars



Interaccions SRAA i TGF-p

t P capilar glomerular Isquemia/fibrosi
‘ { Coef. UF glom. ‘
t R arteriola glomerular Contraccié mesangial

-
t Permeabilitat MBG ~ 1 ~ t Sintesi TGF-B

l Hiperplasia i l
Hipertrofia cel. mesangials

Proteindria 1 Produccié MEC

~ —

Glomeruloesclerosi




SRAA- resposta inflamatoria

Endothelial cells

{uflammarary
infilrearing celis
Proliferation
Migration
Difterentiation
RAS activation

Circulating Cells
Chemotaxis

Proliferation

Adhesion to endothelium
Differentiation
Production of AT2

Production of proinflammatory mediators

Cytokines: IL-1, IL-6. TNFo
Chemokines: MCP-1, IL-8, RANTES
Growth factors: TGFB, CTGF, PDGF, VEGF

Activation of signaling systems

Small G proteins, Rho, Rac
Transcription factors (NF-KB, NF-AT, HIF, STAT)

Inflammatory response


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2413095/figure/Fig1/

8 polimorfismes:
2 situats a la sequencia peptidica del senyal: {

Gen del TGF-p

LeulOPro
Arg25Pro

Ex6 1

N

Codo 25

Pro/pro

@ Genotip Arg/Arg (codo 25) mes freqtient a HTA
@ Genotip Pro/Pro (codo 10) associat a > [ | de TGF-beta en IAM
@ Al.lel Pro (25) associat a > risc de IAM
@ Al.lel Leu (10) associat a IAM, nef.diabetica, IgA
® PLM codo 101 25 associats a MRCT
=~
Codo 10
Codo6 10 (MSPA1)
l Leu/leu Leu/pro
F1 F2
0 100 200 300 | 400 500 27350 I
Pro/pro

Cromossoma 1913

Codo 25 (Fsel)

Arg/arg

Arg/pro

500 pb

318 pb

182 pb



Citokines /Inflamacio

Les citokines s6n moduladors de la inflamacio.

El balanc¢ entre les CK pro | antiinflamatories determina si la
Intensitat de la resposta inflamatoria es troba dins del rango fisiologic
0 patologic.

MRC es caracteritza per nivells elevats de CK proinflamatories | altres
marcadors de la inflamacio.

Les CK modulen el risc de progressio de la MRC I la susceptibilitat a
la malaltia CV.



PLM de citokines i fenotips

Table 3 |Cytokine gene polymorphisms known to be related to progression and severity of renal and cardiovascular diseases
Authors Genotype Clinical significance
IL-1
Amoli et al*® =511 CT Severity of renal involvement in Henoch-5chonlein purpura
IL-TRa
Blakemore et al*® ILTRM*2 Development of diabetic nephropathy in type | and type |l diabetes
Shu et al ™" ILZRM*2 Frogression in IgA nephropathy and risk for ESRD
IL-6
Kitarmura et al, " —634 G Frogression of diabetic nephropathy
Liu et al.® —174 GfC Risk for CVD among dialysis patients
Losito et al.?? —174 G/C LVH in hemodialysis patients, especially those with diabetes
TGF-fi _
Khalil et al® Arg® Associated with severity of proteinuria and glomerulosclerosis
Sato et al¥’ —509 CC and 869 CC Heavy proteinuria and mesangial cell proliferation
Rao et al.* G/C substitution at Risk for prevalent vascular disease, new onset cardiac morbidity and cardiac
codon 25 martality in HD patients
TNF-2
Thibaudin et al.* —308 G/A
THFdZ allele Susceptibility to idiopathic membranous nephropathy
iL-10
Girndt et al™ —1082A% Lower production of IL-10 and increased OV morbidity
CVD, cardiovascular disease; ESRD, end-stage renal disease; HD, hemodialysis; IL, interleuking LVH, left ventricular hypertrophy.

Rao M et al. Kidney Int 2007; 72: 549



Polimorfismes de la PCR \%
\* e ‘::.::'

Table 2 CEP SMP allele frequencies for African Armericans from MHARES 1T and AASK participants

Allele Fraquaniles
i_EF 5FPs Loecaiion Alklss MHANES OI

= = 450
F-flanking region
r=]1205 F-flanking regiom
rs MG 00G F-flanking region
rs 14179235 Introm 1
rs MRG00S F-flanking region

ra ] S0 Exom 2

Hung A M et al. CJASN 2010;5:24-33



Genotip rs2808630 de la PCR

1.0
|
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| | |
30 45 60
Follow-up Time (months)
Number at risk
AA 464 412 293

AG 191 101
GG 15

Hung A M et al. CJASN 2010;5:24-33




Efecte de diferents hipotensors sobre la
progressio en portadors de genotip

rs2808630GA

Genotip AA Genotip GG

Hung A M et al. CJASN 2010;5:24-33



Polimorfismes del gen MYH9

Situat al cromossoma 22

Caodifica la cadena pesada d’'una proteina no muscular de la miosina |IA
En fases inicials la miosina IlA es situa a nivell podocitari i indueix
alteracions estructurals

Recentment NAE hipertensiva: lesio estructural disminucio n° total de
podocits | de I'expressioé intrarrenal de gens de proteines com la nefrina,
la podocina i la sinaptopodina, relacio amb el FG | el grau de fibrosi
renal. B




Frequencies de 4 genotips i 1 haplotip del
gen MYH9 segons raga i patologia

Haplotype Block E

rs4821480 rs2032487 rs4821481 rs3752462 Haplotype E-1
FSGS

PPOI

Controls

D

2 10-18 110770

FSGS

DD

Controls

0

0.02 0.02

Copies of risk allele: | |O | |1
Kopp et al., Nat Genetics 2008




Progressio de la MRC en africans-americans:
polimorfismes del gen MYH9

Freedman BlI, et al: Non muscle myosin heavy chain 9 gene MYH9
associations in African Americans with clinically diagnosed type 2 diabetes
mellitus-associated ESRD. NDT 2009; 24: 3366-3371.

Kopp, et al: MYH9 is a major-effect risk gene for focal segmental
glomerulosclerosis.
Nature Genetics 2008; 40:1175-1184

Kao, et al: MYH9 is associated with nondiabetic end-stage renal
disease in African Americans.
Nature Genetics 2008; 40:1185-1192

Freedman Bl, and Sedor JR: Hypertension-associated kidney
disease: Perhaps no more.
J Am Soc Nephrol 2008; 19:2047-2051



Nefropaties associades al MYH9 -
mecanismes postulats

MYH9-risk allele carriers

| | |

Absence of environmental trigger Risk variant in another gene
Absence of interacting risk alleles Predisposing environmental factors
Protective alleles including HIV1 viral infection l

l

| _— ! .
Normal Phenotype MYH9-nephropathy MYHQS?::::;?:MOQ":

Tissue specific functions

noma!g:%d pressure - Fechtner syndrome

normoalbuminuria - Sebastian syndrome

s T

-

T

Sporadic idiopathic (FSGS) Focal Global Glomerulosclerosis Collapsing Glomerulopathy
(FGGS)
- Focal segmental glomerulosclerosis - Global glomerulosclerosis - Podocyte proliferation
- Low level or nephrotic proteinuria - Marked interstitial fibrosis - Glomerular collapse
- Secondary hypertension common - Low level proteinuria - Nephrotic proteinuria
- Progressive renal failure - Secondary hypertension - Variable hypertension
- Progressive renal failure - Rapidly progressive renal failure

Murea M. Curr Opin Nephrol Hypertens 2010; 19: 235.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2904692/figure/F1/

Altres polimorfismes

Hsu CC et al. Apolipoprotein E and progression of chronic kidney disease.
JAMA 2005; 293: 2892

Alel €4 i alzheimer

Alel 82 i h|per||poprote|nem|a tlpus | | | -Rricbulf 2. Adjusted Relative Risk of CKD Progres y APOE Alleles, Summary Score, and

Relative Risk

Dades ARIC study (95% CI Por i fogeee

Figure 1. Incidence Rates of Chronic Kic se P by APOE Genotype and
Race

African Amarican White




Altres polimorfismes

Estudi ARIC
Polimorfismes del gen del TCF7L2 associats a DM2.

Table 2.
wanarts in 10786 white and 3599 black ARIC participants®
White Black
Marker _— :
HRE 25% €l P Events ' 95% Cl P Events

rs12255372

cverall A3 o 1.28 525 A7 2 A50

no diabetes A2 0 1.29 : A5 B47 217

diabstes Ja SFldto 1.49 AFT T . Ak 057 13
rs7P03144

cwerall A7 0 o 1,32 ] £3C O ATE ] 349

no diabetes Ja 7

A9

cwverall Nk O&to 1.3 -' &35 527 A7 o 1.48
no diabetes 1.20 . 2613 01 1o 1.48
1.21 P& to 152 , 214 36 05t 176

1.15 .0 52 Rl 0.8 to 1.28
n< diabetes 1.12 ?
dla 1.24

diabstes in tha cwarall analysss.
“HR are for esach copy of the krown diabstes-ssceptibiity allele (12255372 [T rs72023144 [T]; rs 7901655 [T rs 11196205 [C].

Kottgen A et al. JASN 2008; 19; 1989



Altres polimorfismes

» Crawford A et al. Glutation peroxidase, superoxide dismutase and
catalase genotypes and activities and the progression of CKD. NDT
20011

 Narita | et al. Role of uteroglobin G38A polymorphism in the
progression of IgA nephropathy in Japanese patients. Kidney int 2002; 61.:
1853.

* Prasad et al. association of TGF beta 1, TNF alpha, CCR2 and CCR5
gene polymorphisms in type 2 diabetes and renal insufficiency among
Asian Indians. BCM Med Genet 2007; 8:20.

* Tripathi G et al. Role of thrombotic risk factors in ESRD. Clin Appl
Thromb Hemost 2010; 16: 132. MTHFR genotypes and Factor V leiden
mutation.



Conclusions

m EXxisteix una susceptibilitat genetica a
desenvolupar insuficiencia renal terminal.

m EXxisteix una susceptibilitat genetica a una
progressio mes rapida cap a la HD.

B | aprogressio de la IR és un procés multifactorial
en el que interaccionen factors clinics amb
genetics.
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Gracies per la vostra atencio




