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ERC: Antecedentes generales

* ERC afecta 5-7% de la poblacion mundial
* ERC es un grupo de alto riesgo de hospitalizacion

 ERC es un grupo de alto RCV (peor que tener antecedentes de
evento CV o DM)

* EI 80% de los ERC desconoce su condicion y progresa en su
enfermedad sin percatarse de ello

* La mitad de los sujetos con ERC mueren de eventos CV antes de
requerir TSR

* Dos de cada 3 sujetos con ERC mueren dentro de los primeros 5
anos de dialisis (peor expectativa de vida que la ICC o muchos
canceres)



: COMO DEFINIMOS ERC?

. Dafio renal por 23 meses, definido por anormalidades estructurales o funcionales del rfidn, con o

sin disminuc

v Anormalic

ionde la VE

100 i
v Marcadores de dafio renal,

eIl EXamenes 1magenolog COS.

ades andto

(5, ma

itestado por
stopatoldgicas, o

incluyendo anormalidades sanguineas o urinarfas, 0 anormalidades

0. VEG <60 mL/min/ .73 m’ por 23 meses, con o in daio fenal

Tomado de National Kidney Foundation KD: Clinical Practice Guidelines for Chronic Kidney Disease:
Evaluation, Classification, and Stratification. Am ] Kicney Dis 2002; 39 (suppl 1): S1-5266.




FVALUACION DE DANO RENAL

1. Proteinuria

2. Sedimento urinario

3. Estimacion de la filtracion glomerular
4. Imagenes renales

5. Evidencia histoldgica (Biopsia renal)



Proteinuria (medicién)

* Examen de orina completo (utilizando tiras reactivas)

* Determinacion de los niveles de albuminuria (ensayos

inmunologicos con mayor sensibilidad)
* Cuantificacion de la proteinuria (aislada o de 24

* Indice Albuminuria/Creatininuria en muestra ais
* Corrige los errores del volumen urinario

* Excelente correlacion con los analisis de 24 horas.

noras)

ada:



Medicidn de la albuminuria (microalbuminuria)

* NO sirve el ex de orina corriente (sensibilidad 300 mg/dia)

* Muestra aislada de orina (idealmente matinal, con medicion
concomitante de creatininuria para corregir cambios de
concentracion urinaria).

Expresar en mg albumina/g de creatinina

e Evitar toma de muestra con ejercicio e infecciones (no sélo ITU)

e Evitar el término “microalbuminuria”. (VN seria ahora hasta 10 mg/g)



Definicion de Proteinuria y Albuminuria

CATEGORIA Valor (mg/24 h) Valor (mg/ g creatinina)
Excrecion de Proteina P/C
Normal <150 <200
Proteinuria >150 >200
Proteinuria nefrotica >3.500 >3.500
Excrecion de Albumina A/C
Normal <30 <30
Microalbuminuria 30-300 30-300
Macroalbuminuria =300 =300

P/C: cuociente proteina-creatinina, A/C: cuociente albumina-creatinina.

Sociedad Chilena de Nefrologia, Enfermedad renal cronica: Clasificacion, identificacion,
manejo y complicaciones. Rev Méd Chile 2009; 137: 137-177



b [ Normal renal handling of albumin.
Parietal epithelial cell

c Kidney International (2008) 74, 22—-36
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Figura 1
Rapida aparicion de albumina
en el ribete en cepillo




Figura 2 Albumina pasa a la
base del ribete en cepillo




Figura 3 Albumina en la
base del ribete en cepillo




Figura 3 Albumina en
vesiculas
intracitoplasmaticas
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Table 1| Mechanisms of proteinuria in DKD

Site of injury Effect Underlying mechanisms

Glomerular hemodynamics Glomerular hyperfiltration Afferent arteriole vasodilatation
Efferent arteriole vasoconstriction
T glomerular capillary pressure

Glomerular endothelial cell Endothelial cell injury Hyperglycemia, AGE, ROS
Diminished endothelial glycocalyx Endothelial cell injury or enzymatic cleavage
Altered VEGF signaling Podocyte injury or loss
GBM Irregular thickening | production and/or 1degradation of extracellular matrix proteins
Decreased negative charge | production and/or T degradation of HSPG
Podocyte Podocytopenia Detachment
Apoptosis
Lack of proliferation
Loss of slit diaphragm integrity Decrease or changes in subcellular localization of nephrin
Foot process widening and effacement Disrupted actin cytoskeleton

Loss of slit diaphragm integrity
Impaired podocyte GBM interaction
Loss negative charge | Podocalyxin
Proximal tubule Decreased protein reabsorption Tubular injury and interstitial fibrosis

Proposed schema unifying the mechanisms of proteinuria and decrease in GFR in DKD
Kidney International (2008) 74, 22—-36



La naturaleza progresiva de la ERC J. Clin. Invest. 116:288-296 (2006}
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La proteinuria como el principal factor de riesgo
de progresi

on en ERC (screening de 107.192 sujetos adultos) Iseki, ki 1996

Table 3. Logistic regression analysis of clincal predictors of end-stage
renal disease over 10 years among the participants of the mass

]
screening on 1983 in Okinawa, Japan 7 3,000
- - e - o W o Proteinuria and hematuria
Odds ratio (95% confidence mterval) 3 B
Prognostic factor Not adjusted Adjusted” ﬁé‘ 2,000
= - S ke
Male (vs. female) 1.31{0.99-1.74) L4 (1.04-1.92) Eg_ Proteinuria
Age (vs. 18-3% years) 1.25(1.14-1.37) LT (0.99-1.24) E.._"vg— 1000 -
[} year increments s
Frotemurnia (vs. normal) 22.9(17.2=30.6) 149 (10.9-20L2) === .
Hematuria (vs. normal) 2.30(1.72-3.07) 2.30 (1.62-3.28) £ i Hematuria Normal
Systolic blood pressure 1.51 {1.39-1.65) L10 (096-1.26)  © 0 e
(vs. less than 119 mm Hg) 0.0 5.0 10.0
10 mm Hg increments . .
. : T ft .
Diastolic blood pressure 188 (1.68-2.11)  1.39(1.17-1.64) ime afier screening, years

(vs. less than 69 mm Hg) Fig. 4. Relationship between the cumulative incidence of ESRD and the
duration from the mass screening, in vears, Is shown according to the results

10t mm Hg increments . of the mass screening urinalysis.

* Adjusted for other prognostic factors.



Urinary protein excretion rate is the best independent
predictor of ESRF in non-diabetic proteinuric chronic
nephropathies. Ruggenenti, KI, 1998

Table 2. Univariate analysis of the correlation between baseline

parameters, decline in glﬂmcrumr filtration rate {_.-jll:] FR} and Table 3. Multivariate -EIHH]}-’SiS of the correlation between baseline
progression to end-stage renal failure (ESRF) parameters, decline in glomerular filtration rate (AGFR) and
progression to end-stage renal failure (ESRF)
AGFR ESRF
Baseline parameters r coefficient P value P value Baseline parameters AGFR ESRF
Clinical parameters Clﬁlm parameters 0.37 0.54
Age —0.03 0.62 0.72 ge : -
Sex 0.01 0.84 031 Sex 0.69 0.26
Systolic blood pressure —0.21 0.0002 0.001 Mean blood pressure 0.0002 0.0037
Diastolic blood pressure —0.17 0.003 0.003 Diagnosis 0.69 0.07
Mean blood pressure ~0.21 0.0002 00002  Laboratory parameters |
Diagnosis 0.03 0.29 0.28 Urinary protein excretion 0.0001 0.0001
Laboratory parameters GFR 008 00000
Urinary protein excretion ~0.22 0.0001 0.0001 Total cholesterol 0.3 0.06
GFR —0.044 0.46 0.0001 Triglycerides 0.87 0.54
Creatinine clearance 0.13 0.02 0.0001
Serum creatinine —(0.08 0.16 0.0001
Total cholesterol —(.048 0.41 0.23

Triglycerides —0.07 0.22 (.48



Urinary protein excretion rate is the best independent predictor of ESRF

in non-diabetic proteinuric chronic nephropaties.
Ruggenenti et al, Kidney International, Vol. 53 (1998), pp. 1209-1216

P=0.0001
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Fig. 1. Rate of glomerular filtration rate (GFR) decline per tertile of
baseline urinary protein excretion rate. AGFR for: lowest is 0.16 = 0.07;
middle is 0.55 %= 0.09; highest is 0.70 = 0.11.

La proteinuria ademas aumenta la mortalidad CV y total



Urinary protein excretion rate is the best independent
predictor of ESRF in non-diabetic proteinuric chronic
nephropathies. Ruggenenti, KlI, 1998
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A GFR, ml/min/month

Urinary protein excretion rate is the best independent
predictor of ESRF in non-diabetic proteinuric chronic
nephropathies. Ruggenenti, KlI, 1998
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En Diabetes

 UKPDS 74 (diabéticos tipo 2 sin albuminuria).
Niveles mas altos de albuminuria, dentro del rango normal,
se asocian con:
* Aparicion de microalbuminuria persistente
 Compromiso funcional renal

* En diabéticos CON nefropatia diabética:
 RAC basal es un buen predictor de ERCT



Albuminuria como marcador pronoéstico de ERCT (NKF)

400
50
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8
1
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0 10 30 300 4000
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Normal Mild High Very high
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< — s— — ———
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Renal Injury/reduced nephron mass

La naturaleza progresiva l
de la ERC

Increased glomerular caplllary pressure

!

Podocyte dysfunction/loss

!

Increased glomerular
permeabllity to macromolecules

L
Increased flitration of plasma protelns

v
Excesslve tubular reabsorption

¥
Release of vasoactive and Inflammatory proteins

L J
Tubular cell apoptosls, monocyte Inflltration, accumulation In

the Interstitium of extracellular matrix

Scarring/GFR loss

Cravedi & Remuzzi, BrJ Clin Pharmacol 2013




Mecanismos de dano por proteinuria

* Injuria o apoptosis podocitaria

* Toxicidad mesangial

* Sobrecarga tubular e hiperplasia

» Toxicidad especifica (transferrina/hierro 6 albumina/acidos grasos)

* Induccién de citoquinas proinflamatorias/profibroticas (MCP-1, TGF-p,
PDGF, etc.)

* Induccion de transicion epitelio-mesenquimatica



Transicion epitelio-mesenquimatica inducida por albumina in vitro

Untreated

CTRL BSA

HK-2 morphology

Vimentin

% Fusiform cells

: e
Aplvg TSFR 260 + 25 624 + 76* =
(pg/ ml/ mg protein ) i
K4

0

1-SMA 1.0 3.2 +0.1* 3

( fold increase ) c

[

Antihypertensive and renoprotective effect of the kinin
pathway activated by potassium in a model of salt

sensitivity following overload proteinuria - .
Leopoldo Al'it:l?lfes, Areli Cﬂl'd%nas, Maria E. BlIl)l'gOS, Alejandra Droguett, Pamela A. Cardenas et al -'III Pepndes 73 r‘zﬂ 1 EJ 7-19
Ehrenfeld, Daniel Carpio, Sergio Mezzano and Carlos D. Figueroa

Am J Physiol Renal Physiol 304:F1399-F1410, 2013. First published 3 April 2013;
doi: 10.1152/ajprenal.00604.2012




Activaciéon de cascada TGF-B/Smad en células TCP por proteina in vitro

d
BSA (mg/ml)
0 5 10 20 30

50 TGF-B
i pSmad3
Smad7
a-SMA
GAPDH

A. Cardenas et al. / Peptides 73 (2015) 7-19



Inmunohistoquimica alfa actina musculo liso (ratas)
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A. Cardenas et al. / Peptides 73 (2015) 7—19




Proteinuria

4

TGF-B1
™ MRNA
T~ protein

1 active peptide

4

Active TGF-B1

\ 4

TRRI/TRRII

4

pSmad2/3/4

\ 4

T a-SMA, vimentin

| E-cadherin, cytokeratin

\ 4

Tubulointerstitial
fibrosis

\ 4

Chronic Kidney Disease

A. Cardenas et al. / Peptides 73 (2015) 7-19



and proteinuria

1. Glomerular hypertension

* Albumin

* Transferrin

* Angll

* ROS oxidants

Sequential pathophysiology
of renal progression

2. Proteinuria-linked
interstitial mononuclear cell
accumulation
r——
« NF-xB 5. Epithelial-mesenchymal transition (EMT)
« 1L-8
* RANTES
e Q ’ vy
. ET-1 +TGF-EGF. mnl-'sn
« MIF ‘
~HGF- BMM
6. Fibrosis
« FSP1/pS3
‘ « PAL1 + Collagens (T and 111)
. * Fibronectin
4. Nephritogenic T:WB':“ . chm?t‘eAnun alyize nect
T lymphocyte * TGFp « Thrombospondin 1
activation * Proteases « MMP-29
* Toll-like receptors 3. Cytokines s T:fc L ‘u_ -
* Co-recognition + MCP-1 -
* MHC-restricted chemokines + RANTES .
* Antigen-specific + yIFN L .

\~



Nephron Clin Pract 2010;116:c81-c88

Tubulointerstitial inflammation

Lymphs
M@
w % |
Postglomerular
\ ischemia
Tubular encroachment, Afferent
atrophy and disconnection arteriolopathy
(atubular glomeruli)
EMT, fibrosis Loss of glomerular ‘
blood flow, -+

autoregulation

l Tubuloglomerular

J_ feedback resetting
T SNGFR, SNBF

glomerulosclerosis

l

* | Number of nephrons

a End-stage kidney disease




Proteinuria

Tubular epithelial cell
proteolysis, complement activation
oxidative stress

Activation of
MAC, NF-«B, STAT

v

MCP-1, CCL5
fractalkine, IL-8, TNF-w
osteopontin, ICAM,
VCAM,
angiotensin ||

v

Inflammatory cell infiltration <--""

Antigenic peptides?

Myofibroblasts
collagen deposition
reduced matrix degradation

v

Tubulointerstitial
fibrosis



Renal injury,

Bedipadinephioriiibar -3 Increased glomerular ——=3  Glomerular capillary wall

capillary pressure dysfunction
Increased glomerular ‘L
permeability to macromolecules

| ~N 4
Progenitor cell

Increa.sed‘ load of tubqle cells dysregulation
with filtered proteins

<€— Podocyte dysfunction/loss

¢ Glomerular sclerosis
Excessive reabsorption/ catabolism
Nuclear signals for gene expression
. / Activation of complement \
Relegse of |r'1ﬂamm.atory Inflammasome Tubule cell apoptosis
and fibrogenic mediators Autophagy ¢
& \ Glomerular-tubule
Recruitment of mononuclear Fibroblast proliferation and disconnection
cells into interstitium = extracellular matrix accumulation

interstitial fibrosis

@al scarring/GFR Io@

Nephrology Dialysis Transplantation, Volume 30, Issue 5, 02 August 2014, Pages 706—712, https://doi.org/10.1093/ndt/gfu261

The content of this slide may be subject to copyright: please see the slide notes for details.

‘ Tubular atrophy and




INFLAMMATORY /

MEDIATORS
|

TNF-a

IL-6

VEGF

NFxp

TGF-B
Complement
Adipokines
Hyperglucemia
Angiotensin Il

TGF-B

ALTERATION IN
GLOMERULAR
FILTRATION BARRIER \

- Podocytes

- Endothelium & glycocalyx
—- Glomerular basal membrane

Inflammatoryl

CHANGES IN TUBULAR CELLS

S

DYSFUNCTION IN TUBULAR
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endocytosis

N
r
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FIBROSIS
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Inflgmmatory mediators
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Transplantation Reviews 2012, Gorriz % Martinez-Castelao




Long-term (=6 months) change in GFR

(mL/min) per month

Reduccion en la proteinuria induce renoproteccion

o-50  -50t0-20 -20t0+25 ~-25t0100  >100
Proportional Change in UP.Cr, %

r=—0-355, p=0-035
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GFR (ml/min/1.73 m?)

:

8

8

Treatment

‘\’\‘ ° *—g DM-2 nephropathy

(remission — DETAIL)

Non-DM nephropathy
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DM nephropathy (remission)
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SLE - chronic nephropathy
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Microalbuminuria: A manifestation
of diffuse endothelial cell injury

Systemic Injured Endothelium Renal
Vasculature Vasculature
L’,d.“‘ .

2 LR e
> L7

Microalbuminuria

| A risk marker for:
Interstitial ;
Albumin Leak * Hypertension
progression

« Cardiovascular
disease

» Chronic kidney
disease

S
|




A All-cause mortality; ACR studies
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Cardiovascular events

Hazard ratio (95% CI)

Hazard ratio (95% CI)

4.0 7| Every 104old increment in baseline UACR 4.0 1 Every halving of baseline GFR
HR 1.58 (95% CI 1.32-1.89) HR 1.50 (95% C11.05-2.14)
3.0 - After comecting regression dilution bias 3.0 Afer comracting regression diluion bias
HR 248 (95% Cl 1.74-3.52) HR 2.20 (95% CI 1.09-4.43)
2.0
p for trend <0.0001
0.7 1 0.7 -
T T T 1T TT1TT11 T T T T T T 111 T T T T T T 111 T T T T T T
30 45 60 75 a0 120
Baseline UACR (mg/g) Baseline eGFR (ml/min/1.73 m?)
Cardiovascular death
5.0 Every 104old increment in baseline UACR 5.0 Every hahving of baseline GFR
40 HR1.99(95% Cl1.752.26) 40 HR 1.91 (95% CI11.46-2 50)
After correcting regression dilution bias Afer comacting regression diluion bias
304 HR392(95% Cl3.04-504) 3.0 HR 3.55 (95% C12.1046.00)
2.0 20—
p for trend <0.0001
1.0 1.0
0.7- 0.7
I 1T T 1Tl I I | L L I I T T T TTTI | I I I I I
0 45 60 75 a0 120

Baseline UACR (mg/g)

Baseline eGFR (ml/min/1.73 m?)

ERCy eventos CV
JASN 20: 1813-1821, 2009



MICROALBUMINURIA AND CARDIOVASCULAR EVENTS Park et al 1

Table 1. Association Between Microalbuminuria and Cardiovascular Events in Studies of Patients with Diabetes
Mellitus and Hypertension

Time Frame of

No. of Diabetes  Hypertension Evaluation

Patients (%) (%) (yrs) End Point Results?

102* 100 100 Baseline Composite [ =0.002; CV outcomes

158+ 100 53 2 Composite RR 4.5, 95% CI 2.0-10.3,"¢
CV outcomes

683%° 100 68.1 6 CV mortality RR 2.0, 95% CI 1.2-3.7"

138% 100 62.5 5 All-cause mortality RR 2.8,95% CI1 0.6-11.6"

141% 100 > 50 3.4 All-cause mortality RR 7.9,95% CI 2.5-25.3

218% 100 51 7.59-9.25 All-cause mortality RR 1.6,95% CI 1.2-2.2

400" 100 51 5.9 All-cause mortality RR 1.87, 95% CI 1.27-2.76

Pharmacotherapy 2003



La presencia de albuminuria en HTA
esencial anormal predice la presencia de
otros daifos en drganos blanco

Figure 1. Unmary albumin excretion and target organ damage 1 279
patients with essential hypertension. Uninary albumin excretion was
analyzed on the basis of the presence/absence of left ventnicular
hypertrophy (LVH+/LVH—-) and increased intima-media thickness
(= 1.1 mm) (IMT+/IMT—). The prevalence of microalbuminuria (%)
1s reported 1n each group. The odds ratio for a mucroalbumunuric
patient of having both LVH and increased IMT 1s 21 (CI. 5.4 to 190;
P < 0.0001).

IMT +
IMT -

PONTREMOLI et al, ] Am Soc Nephrol 13: S169-5172, 2002
Microalbuminuria and Primary Hypertension




A All cause mortality decrease >50% vs. minor change

minor change

0.026 I—O—c

increase >100% vs. minor change ' O { <0.0001
B cardiovascular death decrease >50% vs. minor change 0.140 } O i
minor change C)
; ; . T2 )
increase >100% vs. minor change I {
u “ ~7 <0.0001
omposite ecrease >50% vs. minor change :
Cc ' d 50% inor ch 0.032
cardiovascular
endpoint
g minor change <)
increase >100% vs. minor change l—o—" <0.0001
D combined decrease >50% vs. minor change 0.019 | O {
renal endpoint
minor change <>
. . . : M\ ;
increase >100% vs. minor change I @, 1 0.005
_ » - 1 1 1 1 T 1 T 1 |
Cambios en la excrecion RAC y RCV en 2 afios:
seguimiento prom 32 meses 0.0 0.2 0.4 0.6 0.8 10 1.2 14 1.6 1.8
Roland E. Schmieder et al. JASN 2011;22:1353-1364 decrease Hazard increase
>50% ratio* >100%

2.0



Albuminuria Regression and All-Cause Mortality among Insulin-Treated
Patients with Type 2 Diabetes: Analysis of a Large UK Primary Care Cohort
(Am J Nephrol 2019)

Cohorte de 11,074 DM2 usuarios de insulina y con nefropatia (ACR =300 mg/g) en
tratamiento.

Se separan en dos grupos

1. <300 mg/g (con regresidon de albuminuria)
2. >300 mg/g ((sin regresion de albuminuria)

Seguimiento por 5 anos :

La regression de la albuminuria se asocial con REDUCCION EN LA MORTALIDAD POR
CUALQUIER CAUSA

Conclusion: Albuminuria no solo es un marcador de riesgo renal y resgo CV, sino que es
un objetivo terapéutico independiente



Unadjusted Kaplan-Meier estimates for all-cause mortality

1.00

0.95

Estimated probability of survival

0.80

ACR 300 and above
ACR below 300

0 1 2 3 4 5

Years of follow-up

0.75

MNo at risk (failure)
ACR 300 and above 9,522 (14) 9,032 (187) 7,827 (140) 6,880 (153) 5,983 (127) 5,171
ACR below 300 1,552 (2) 1484 (15) 1,322 (14) 1,180 (20) 1,052 (10) 925

Mortalidad por cualquier causa p<0.05



1.00

0.95

0.90

Estimated probability of survival

0.80

0.75

Unadjusted Kaplan-Meier estimates for all-cardiovascular events

ACR 300 and above
ACR below 300

No at risk (failure)
ACR 300 and above 8,564
ACR below 300 1,409

1 2 3 4 5

Years of follow-up

(120) 8,012 (105) 6,899 (82)
(17) 1,331 (8 1,177 (13)

6,020 (66) 5,205 (65) 4,493
1,039 (99 921 (3) 817

Eventos CV (p<0.05)
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Years of follow-up

IAM no fatal (sin diferencias)

AVE no fatal (p<0.05)
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