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Dano renal en ratas hiperlipemicas

Glomerular Changes
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Lipidos y rinon: estudios experimentales

Deposicion de lipidos en el glomerulo y
tubulointersticio en ratas hipercholesterolemicas.

Reabsorcion de lipidos filtrados por el glomerulo
promueve dano tubulointersticial.

Ceélulas mesangiales expresan receptores LDL y
ligan tanto LDL-C como LDL-C oxidada.

Activacion de células mesangiales en respuesta
a LDL induce proliferacion, produccion de matriz
mesangial, y expresion de IL-6, MCP-1 y NF-kB.

_DL oxidada induce apoptosis de podocitos,
perdida de nefrina y altera la funcion de barrera
nodocitaria.




Esquema de como la deposicion de lipidos puede producir dafio renal

Lipid deposition in kidney Direct injury to GBM

<

Mesangial cell activation
MCP-1, GM-CSF

Recruitment of monocytes

T~

Production of proinflammatory

T Mesangial macrophages/foam cells ——  and profibrotic mediators

Oxidation of LDL
and generation of
reactive oxygen species

SN

Endothelial Cytotoxic action Mesangial cell ————3 Increased matrix
dysfunction on mesangial cells proliferation production

Renal injury

Agarwal R Mayo Clin Proc. 2007;82:1381-1390



Lipidos y rindn: estudios en humanos

Lipidos oxidados y celulas espumosas en biopsias
EEES

En FSGS las celulas espumosas son prominentes

Los pacientes con déficit de lecitin-colesterol
aclltransferasa tienen acumulacion glomerular de
lipidos y eventualmente desarrollan IR debido a
GS.

LDL-aferesis reduce la MAB en pacientes con
hipercolesterolemia severa heterozigotica familiar



Desarrollo de ERC de novo: asociacion

ESTUDIO

ARIC

Helsinky
Heart Study
Physician’s
Health Study
Framingham
Heart Study
Hsu CY

Segura J

con niveles de lipidos

Tipo N
Poblacion 12728

Dislipemicos 2702

Varones sanos 4483

Poblacion 2585
Hospital 1428
Hipertensos 281

(retrospectivo)

Seguim
2.9 a
Sa
14 a
18.5 a

5-6 6

13.2 a

Resultados

T TG {HDL

T LDL/HDL YHDL
(hipertensos)

T TCh, no HDLC
LDL/HDL, ¥ HDL
! HDL

TChT(DM, no DM)

T ChT



Plasma lipids and risk of developing renal dysfunction: The
Atherosclerosis Risk in Communities (ARIC) Study

Civerall

High TG and low HDL
Non-diabetics cholesterol, but not
Diabetics . LDL cholesterol,
predict an increased
risk of renal
dysfunction

MNormal creatinine

Hypercreatinemia

Whites

African Americans

Normotensive - 165(1.0,2.7)

Hypertensive 1.57 (1.0, 2.4)

Adjusted risk for a 3-fold increase in TG
Muntner P. Kidney Int 58: 293; 2000



Desarrollo de ERC de novo : Asociacion
con niveles de lipidos en DM

Estudio

Ravid M
Gall MA
Que T
Colhoun HM
Orchard
Watts GF

Hadjad] S

Tipo N

T2DM 574
T2DM 176
T2DM 67

T1/T2DM  959/2559

T1DM 420

T1DM NAlb 53

T1DM 297

Seguim

/7,8 a
Sa
10 a

8.4 a

10 a

10 a

/a

Resultados

T TCh (YHDL)
T TCh
Ninguno

T TG en T2DM
T TCh, TG

T TCh, no HDL

e



Risk factors for nephropathy in Type 2
diabetes mellitus
Ravid D et al. Arch Intern Med 1998;158:998-1004

574 T2DM (UAE <30 mg/day) —-5 Y-, 19% microalbuminuria
16% macroalbuminuria

Risk for microalbuminuria

Male sex 4.3(2.9-6.2)
smoking 6.0 (4.0 - 8.9)
BMI >25 9.8 (6.5-31.5)
HbA,. >0.09 8.4 (5.6-7.1)

MBP >95 mmHg 9.8 (6.4-14.9)
Cholesterol > 203 mg/dl 20.5(12.6 -334
HDL-chol < 44 mg/dl 7.7 (5.1-11.5)
LDL-chol > 124 mg/dl 5.2 (4.8 - 13.5)




Lipids and progression of non-diabetic kidney disease

- Patients ‘ Duration of ' Aﬁ §- sg_c_m ion§
Author, Years n follow-up yes no

Hunscker
1967

*
840 upto 3.5yrs HDL-C C, LOL-C, ApoA-l, ApoB

Locatelll 1996 3 :‘"';(5
median C.LDL-C, HDL-C
10 yrs LDL/HDL

o TG, HDL-C, TC, apoA-]
V y 1999 [ Y ,
Massy 199 YIS apo-B, Lp(a)

Syranen 2000

Washio 1996 4.1 yIs TC 176

Samuelsson ' 3. oe TC.LDL-C, apoB TG, HDL-C, VLDL-C
1997 | ey apoA-l, A-ll, C-lII, E

apoAlapoB ratio TC, HOL-C, LOL-C
VLOL-C, TG, apoB

Mazouz 1999 2Yr1s 1C. TG

Cappelh 1992 . 12 months




LIPIDOS Y PROGRESION DE LA ENFERMEDAD RENAL
CRONICA: ESTUDIO MMKD

Tabie 2. The assodation of different variables with progression of kidney disease during the observation period
using univariate and multiple Cox proportional harards regression models*

Variable Coafficiant SEM v HR {958 1) P

Univariate Cox regression analysis
age (1 yr) ' ' 0.011 1419 21 (0999 to 1.045) 0.064
w -n'u.-l'." 103 |'|_1.:-.j='. 0,147 '_ i T ) 0.701
3 m?) (.38 0.0 167 3 y <(1.0001
24 h) 0. | | 302 (1.027 6520 0,029
II.-.'I'i' 4. .'-i.'-i &1} < (L0001
0.010 3270 2 (00964 to 1.0
0,004 0.205 2 (0,994 to 1009

1. s, 0.t 25627 0714 (L6227 o 0LE14) <7000
apoA-T 1S 0G0 0.0x2 76097 1062 (1018 to 1108} 0.006
1

(P = 097), proteimara (P = 0432), triglycerides (P = 098), HDL Apofall babow
o .5 median

177 Pacientes con ERC leve-moderada
seguidos prospectivamente durante hasta 7 a.

Renal Survival

Boes E et al. JASN 17: 528-36, 2006



Progresion de la enfermedad renal:
Asoclacion con niveles de lipidos en

Estudio Tipo
Krolewski HM T1DM
Mulec T1DM
Parving HH T1DM

Yokoyama T2DM

diabetes

439

30

RS

182

Seguim Resultados

8.9 a

TTG
T TCh
T TCh

T TCh



Polimorfismo gen de Apo Ey
progresion de la ERC

Araki S. Diabetes Care 2003. DM2

— Alelo €2 asociado con desarrollo /progresion nefropatia
Kimura H. AJKD 2006. DM2

— Alelo ¢4 asociado con desarrollo o progresion

Tien KJ. Am J Nephrol 2011. DM2
— Alelo €4 asociado con progresion

Lehtinen S et al. J Biomed Sci 2003. DM2

— Alelo €4 asociado a mayor progresion entre pacientes que progresan
Soedamah-Muthu SS et al. Diabetologia 2000. DM1

— No asociacion del alelo €2 con progresion

Hsu CC. JAMA 2005. Estudio ARIC

— Alelo €2 aumento moderadamente y alelo €4 disminuia el riesgo de
progresion

Boes E. JASN 2006. Estudio MMKD

— Genotipo £2/¢4 asociado a una mayor progresion



Statins and nephroprotection

Prevent glomerular scarring in obese Zucker rats
and Dahl salt-sensitive rats.

Reduce proteinuria and renal injury in SP-SHR.

Prevent decrease in eNOS activity and increase In
ROS In Dahl salt-sensitive rats.

Suppress mesangial cell proliferation, mesangial
matrix expansion and macrophage infiltration in a rat
model of glomerulonephritis.

Prevent glomerular macrophage infiltration and
reduce albuminuria in puromycin nephrosis.

Improve podocyte damage in obese Zucker rats

Restore the response to ACEI in severe
experimental nephropathy.




Statins for Improving Renal Outcomes: A Meta-Analysis

Sabrina Sandhu,* Natasha Wiebe
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Reduccion 1.22 ml/min/afio de la progresion vs controles. Significativo
para enfermedad CV, pero no para DM, HTA o GN. Reduccion modesta
pero significativa de albuminuria/proteinuria.

JASN 17: 2006-16, 2006




Annals of Internal Medicine

Meta-Analysis: The Effect of Statins on Albuminuria

Kevin Douglas, MD; Patrick G. O'Malley, MD, MPH; and Jeffrey L. Jackson, MD, MPH

tudy, Year (Reference)

Excretion < 30 mg/d
Asselbergs et al., 2004 (18)
Dalla Nora et al., 2003 (20)
Fried et al., 2001 (21)

Subtotal of WMD

Excretion, 30-299 mg/d
Buemi et al., 2000 (19)
Lintott et al., 1995 (26)
Nakamura et al., 2001 (28)
Nielsen et al., 1993 (29)
Tonolo et al., 1997 (31)
Zhang et al., 1995 (32)

Subtotal of WMD

Excretion > 300 mg/d
Hommei et al., 1992 (22)
Lam et al., 1995 (23)

Lee et al., 2002 (25)

Lee et al., 2005 (24)

Nakamura et al., 2002 (27)

Thomas et al., 1993 (30)
Subtotal of WMD

Statin

Pravastatin
Atorvastatin

Simvastatin

Fluvastatin
Fluvastatin
Cerivastatin
Simvastatin
Simvastatin

Pravastatin

Simvastatin
Lovastatin
Pravastatin
Pravastatin
Cerivastatin

Simvastatin

vampie

Size, n

N

(95% CI), %

12 (-1 to 25)
=70 (<171 to 31)
-5 (-90 to 81)

2 (-32 to -35)

-73 (=136 to -10)
-81 (-217 to 55)
-61 (106 to -16)
-44 (<113 to 25)
=50 (-93 to -7)
-8 (-61 to 45)
-48 (-71 to -25)

-5 (=137 to 128)
-32 (-102 to 38)
47 (-64 to -29)
-62 (-79 to —45)
-67 (-87 to —48)
20 (-28 to 67)

47 (-67 to -26)




Effects of statins in patients with chronic kidney disease:
meta-analysis and meta-regression of randomised
controlled trials

Giovanni F M Strippoli, editor of Cochrane Renal Group,™*2 Sankar D Navaneethan, clinical fellow in
nephrology,® David W Johnson, professor of nephrology,® Vlado Perkovic, associate director (clinical
research),® Fabio Pellegrini, biostatistician,? Antonio Nicolucci, head,? Jonathan C Craig, editor in chief of
Cochrane Renal Group and associate professor of epidemiology™

Table 2| Effects of statins on lipid concentrations and renalfunction in patients with chronic kidney disease

Weighted mean difference (95%

Outcome Mo of trials (No of patients) Cl) Heterogeneity (12; %)
Total cholesterol (mg/dl* 42 [6350) 42,28 [(=47.25 to=-37.32) 04,9
LDL c holesterol (mg/d)* 39 (6216) 43,12 (=47.85 to =38 .40) 94,1
HOL cholesterol (mg/d)* 0 (5621) 0.41 (=0.78 to 1.60) G848
Triglycerides (mg/dt 39 [5569) 23.71 =33.52 to=13.90) B9.5
Glomerular filtration rate (ml/min or 11 (548) 148 (-2.32 to 5.28) 620

ml/min/1.73m%)

Urinary protein excretion (g/ 24 h) Bi311) 0.73 [=0.95% to=0.52) BB

HOL=high density lipoprotein: LOL=low density lipoprotein.
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Pitavastatina en el paciente con ERC

Aumenta el filtrado glomerular en pacientes con IR

Change in eGFR Means + SD
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P <0.001 (Repeated measures ANOVA)

Kimura K et al. J Ath Throm 2010;17: 601-9



Estudio SHARP: Eventos renales

Ezel/simva Placebo

(n=3117) (n=3130)
Evento renal primario

Insuficienciarenal terminal 1057 (33.9%) 1084 (34.6%)
(IRCT)

Eventos renales terciarios
IRCT o muerte 1477 (47.4%) 1513 (48.3%)

IRCT o 2 x creatinina 1190 (38.2%) 1257 (40.2%)

Risk ratio (95% Cl)

o 0.97 (0.89-1.05)

o 0.97 (0.90-1.04)

=1 0.94 (0.86-1.01)
| |

06 08 10 12 14

Eze/simva mejor Placebo mejor

Presented at the Am. Soc. Nephrology, Denver, Nov 20t 2010



Progresion de la ERC en pacientes diabéticos
tratados con atorvastatina: Estudio CARDS

i Atorvastatin normoalbuminuric - & =Placebo normoalbuminuric

i Atorvastatin albuminuric - & =Placebo albuminuric
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Colhoun HM et al. American Journal of Kidney Diseases 2009: 54:810-819



http://www.ajkd.org/article/S0272-6386(09)00711-2/abstract
http://www.ajkd.org/article/S0272-6386(09)00711-2/abstract
http://www.ajkd.org/article/S0272-6386(09)00711-2/abstract

Efecto aditivo de estatinas con inhibicion
de RAS

 Reduccion de la proteinuria en pacientes HT bien
controlados o pacientes con IRC

— Efecto aditivo de pravastatina con losartan. Lee TM
Hypertension 2002

— Efecto aditivo de atorvastatina sobre inhibicion de RAS.
Bianchi S. AJKD 2003

— NO efecto antiproteinurico aditivo de fluvastatina en
pacientes que reciben doble bloqgueo IECA/ARAII.
Ruggenenti P (estudio Splanade). CJASN 2010

« Mejora la progresion de la IR en pacientes con
IRC tratados con inhibidores de RAS

— Bianchi S. AJKD 2003



EFFECT OF STATINS ON THE MEVALONATE SYNTHETIC ROUTE.

ACETYL-CoA

l

HMG-CoA

HMG-CoA ) STATINS
REDUCTASE l

MEVALONATE

A 4

ISOPENTENYL-PP

FARNESYLATED PROTEINS
RAS

FARNESYL-PP =y GERANYLGERANYL-PP

l

GERANYLGERANYLATED

Activation target genes ESQUALENE PROTEINS (Rho, Racl, Cdc42)
CTK / \
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Isoprenilation of proteins: postranslationnal
modification of GTPases Rho, Ras and Rac

« Cell differentiation and proliferation

« Cell migration

« Smooth muscle contraction
 Endothelial function

« Cytoskeleton dynamics

« Stress fiber formation

 Production of inflammatory mediators



Efecto de las estatinas en la IRC

- I T | Statlns B
~ Statins

oxLDL

mesangial cell activation and proliferation
chemokine (NFkB, IL-6) T
monocyte — macrophages

podocyte stimulation

foam cells

podocyte apoptosis 1 bt L N
nephrin 4, Aktl,
slit diaphragm proteins |

oxidative stress T I '

l -~ Statins

endothelial cell activation

Amann K , Benz K Nephrol. Dial. Transplant. 2011;26:407-410




Beneficlios del tratamiento con
estatinas sobre la funcidon renal

Table 1. Summary of specific renal effects of statins (modified from
[14])

l. Effects on renal cells

Anti-proliferative effect on mesangial cells (inlubition of mesangial cell
proliferation)

Podocyte-protective effects via anti-apoptotic effects, and cytoskeletal
and barrier preservation

Stem cell-activating effects

Anti-fibrotic effect via mhibition of TGF-beta and extracellular matrix
production by mesangial cells and renal fibroblasts

2. Effects on regulatory systems mvolved in kidney disease

Anti-inflammatory effect via inhibition of MCP-1 gene expression and
decreased macrophage and T-cell mmfiltration

Intrarenal immunomodulatory effects

Beneficial haemodynamic effects by vasodilative and anti-constrictive
mechanisms

Anti-oxidative effect via imcreased NOS activity




Proteinuriay hematuria con
Rosuvastatina
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10 20 40 80
Rosuvastatin dose (mg’

Food and Drug Administration Center for Drug Evaluation and Research (CDER). Endocrinologic
and Metabolic Drugs Advisory Committee Meeting, July 9, 2003.



Statins and proteinuria

Proteinuria can occur during treatment with
high doses of statins

Mechanism:

— Inhibition of receptor mediated endocytosis (RME)
— Dose-dependent effect of statins on RME

— Related to the lipophilicity of the statin

— Impairment of prenylation of GTP-binding proteins
* Reversed by mevalonate or geranylgeranyl PP
* Induced by farnesyl or geranylgeranyl trasnferase inhibitors
 Addition of cholesterol did not correct RME

No deleterious effect of high-dose statins on
renal function



Atorvastatina vs. Rosuvastatina: PLANET | & Il trials

PLANET I (325 diabéticos tipo 1y 2) y PLANET Il (220 pacientes
no diabéticos) con proteinuria 500-5000 mg/g, con IECAs o ARA2
durante la menos 3 meses antes, FGe > 40 ml/min

» Atorvastatina 80 mg/dia redujo significativamente la proteinuria en un ~
20%.

* Rosuvastatin 10 or 40 mg/dia no tuvo un efecto significativo sobre la
proteinuria.

* Rosuvastatina 40 mg/dia se asocio con un descenso significativo del
FGe de ~ 8 mL/min por 1.73 m? por afio.

« Atorvastatina 80 mg/dia no tuvo efecto sobre FGe.

« Atorvastatina 80 mg/dia tuvo un efecto claramente beneficioso sobre
Rosuvastatina 40 mg/dia en términos de proteccion renal y dano renal.

de Zeeuw D. 2010 European Renal Association-European Dialysis and
Transplant Association Congress; June 27, 2010; Munich, Germany.



Estatinas en el paciente con ERC

PLANET I: Resumen de efectos adversos renales (%)

RosuvastatinRosuvastatin Atorvastatin
10 mg/dia 40 mg/dia 80 mg/dia
Eventos adversos (n=116) QIERYX) (n=110) p

Cualquier EA renal 7.8 9.8 4.5 NS
IRA 0.0 4.1 0.9 <0.05
Doblar creatinina 0.0 4.9 0.0 <0.01
sérica

Doblar creatinina 0.0 7.3 0.9 <0.01
sérica o IRA

de Zeeuw D. 2010European Renal Association-European Dialysis and
Transplant Association Congress; June 27, 2010; Munich, Germany



Pitavastatina en el paciente con ERC

Reduce la proteinuria en pacientes con ERC no
diabéticos (n=10 en cada brazo)

1600
1400
1200
1000
800
600
400+
200

E PreT

PITA PITA+EZE

El efecto
antiproteinurico
se incremento
con la adicion de
ezetimiba.

Nakamura T. Pharmacological Research 2010;61(1):58-61



Progresion de la enfermedad renal: efecto
de los fibratos

Estudio
VA-HIT

DAIS

Helsinki HS
Nagal T

FIELD

ACCORD

Tipo
CHD
IRC

DM2+CHD

Dislipémicos
DM2

DM2

DM2

N

AV
399

312

2702
37

9795

5518

Seguim. Resultados

61 m

38 m

60 m

4 a

5a

4.7 a

Ninguno

 aparicion
MAB

Ninguno
No A UAE

Menor caida
FGe, mayor 4
ACR
lincidencia
MAB/Prot



Aféresis de LDL y funcidn renal

SN corticoresistente
— Reduce UAE. Musso E 1994 and 2001

GSSF

— Reduce UAE. Yorioka N Ther apheresis 1997
— T GFR ¥ UAE. Yokohama. Clin Nephrol 1998
DM2+SN

— | Cry UAE. Nakamura T. AJKD 2005
— 1 1/Cr. Nakao T. Kidney Int 1999

Hipercolesterolemia heterozigota familiar
— | UAE. Sinzinger H. Atherosclerosis 1999



CONCLUSIONES

Hay evidencias de que la dislipemia puede
ser un factor de desarrollo y progresion de
la ERC en humanos.

El tratamiento con estatinas reduce la
proteinuria y podria retrasar la progresion
de la ERC.

Queda por establecer si ello es debido al
efecto hipolipemiante o a sus efectos

P

elotropicos.
eterogeneidad entre estatinas ?

El efecto de los fibratos sobre la funcidon
renal: resultados no concluyentes



