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The fate of albumin in the nephron
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Filtration —Binding to brush border of PTC £ndo  cytosis

Megalin-cubilin receptors .

e Lysosomal degradation

* Transcytosis, reabsorption

Russo L. Kidney Int 2007;71:504.
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Glomerular filtration barrier

Endothelial glycocalyx forms a barrier to proteins

Glycocalyx with adsorbed

r = plasma proteins, 200—-400 nm
g- } Glomerular endothelium, 200 nm
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Glomerular sieving coefficient of aloumin

concentration In filtrate

GSC = —
concentration in plasma

GSC = 0,0006: micropuncture studies , filtrate albumin: 20 mg/l
GSC =0,03: measurement based on intensity of fluores  cence

filtrate albumin: 1000 mg/I

Tojo A. Am J Physiol 1992; 263: F601
Russo L. Kidney Int 2007; 71: 504




History of albuminuria

1969: Increased urinary albumin excretion in newly detected
hyperglycemics

1981-1982: Term "microalouminuria” introduced:
UAE below the detection limit of a standard dipstick

1984-1985: Range of MAU defined as 30-300 mg /day

1989: Steno hypothesis: common process underlies both MAU and
generalised endothelial dysfunction in diabetes. This process was
suggested to be the dysregulation of enzymes involved in

metabolism of extracellular matrix.
2000: High normal albuminuria
2004-2005: New definition of microalbuminuria was su  ggested

2006: Time to abandon microalbuminuria?
Albuminuria - Proteinuria

Keen H. Guy’s Hosp Rep 1969; 118: 247.

Svendsen P. Acta Endocrinol Suppl 1981; 242:53., Viberti G, Lancet 1982;1: 1430.

Mogensen C. NEJM 1984;310:356., Uremia Invest 1985-86;9:85.

Deckert T, Diabetologia 1989;32:219.

Pinto-Siesma S-J. J Am Soc Nephrol 2000;11:1882., Klausen K. Circulation 2004;110;32

Forman J, Brenner B. Kidney Int 2006; 69: 22., Ruggenenti P, Remuzzi G. Kidney Int 2006; 70:1214.




Definition(s) of (micro)albuminuria

Dipstick

24 h
albumin (mg)

Timely coll.
(Hg/min)

Random
alb/creat
mg/mmol

24 h
protein (mgQ)

Normal

<30

<20

<25

<150

Micro-
albuminuria

30 - 300

20 - 200

2,5-25

< 500

Proteinuria

> 300

> 200

> 25

> 500

High-norm.
albuminuria

15-29

10-19

NEWY
definition

8 -300

5 -200

0,7 -25

NEY
concept

Any albuminuria

IS abnormal

(HOPE, LIFE, Framingham, HUNT II)

Klausen K.Circulation 2004;110;32, Ruggenenti P, Remuzzi G. Kl, 2006;2041




Prevention of REnal and Vascular ENd
stage Disease (PREVEND) study
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Metabolic syndrome, CKD and MAU

NHANES IIl, N = 6217

Prevalence, %
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Metabolic syndrome
* Hypertension

e Low HDL

e High TG

* High glucose

» Abdominal obesity

Chen JANnn Intern Med2004;140:167




Predictors of MAU In the non-diabetic population

*Age

Male gender

eSmoking

*Obesitly

Insulin resistance
*Hyperlipidemia
*Hypertension
*Natriuresis

*Glomerular hyperfiltration

sLow birth weight




Prevalence of MAU

General population: 5-6%
(No DM, no HTN)

Hypertensive population: 15-40 %
Diabetic population: 20 - 40 %




Mechanisms of albuminuria

Hemodinamic

- Hyperfiltration
- Diabetes, hypertension, insulin resistance, obesity

Non-hemodinamic

- Endothelial glycocalyx dysruption
- Endothelial dysfunction precedes albuminuria
- Glycocalyx volume correlates with albuminuria

- Abnormal structure of slit diaphragm, reduction of nephrin

* Reduced tubular reuptake
- Insulin resistance decreases albumin endocytosis




MAU and glomerular hyperfiltration

HARVEST
P<0.001

N=502, HTN

P<0.001
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B Normal filtration (n = 402)
|:| Hyperfiltration (n = 100)
Palatini P. Kidney Int 2006,70:578.




Hyperglycemia, Insulin resistance, Obesity, Hyperin sulinemia
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Reactive oxigen species - ROS
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Increased cardiovascular risk




MAU and CV mortality

Macleod et al., 1995%
Beilin et al., 1996
Agewall et al., 199752

Araki et al., 1997°8
Gall et al., 1998%

Casiglia et al., 200070

Valmadrid et al., 200071 -
de Grauw et al., 200172

Isomaa et al., 200176
Jager et al., 20017

Combined

Adjusted RR of CVD death
for microalbuminuria in type 2 DM
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Newman D. Health Technology Assessment 2005; Vol




The HOORN study - population based
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Jager A. Arterioscler Thromb Vasc Biol 1999;19: 617




MAU and risk of end stage renal failure

Study

Messent et al., 19924
Pedersen et al., 1992%
Rossing et al., 199633
Klein et al., 199934
EURODIAB, 199946
Muhlhauser et al., 200043
Hadjadj et al., 200 | '62
Weis et al., 200 |+

Forsblom et al., 19924
Beatty et al., | 9944

Overall (95% ClI)

T1DM

RR

3.3 (0.7 to 15.2)
_ 186 (1.1 to 323.5)

9.8 (2.0 to 48.3)
8.5 (3.8 to 19.2)

2.1 (0.4 to 12.6)
2.8(1.3 t0 5.9)

- 7.2(05t0 112.1)
3.8 (0.3 to 40.5)

(Excluded)
(Excluded)

48(3.0to 7.5)

Newman D. Health Technology Assessment 2005; Vol




Microalouminuria: independent predictor of
renal function loss and CV events In
hypertension

C-creat CV events

MAU -12 mil/min/ 7 yr 21 %
Normal - 7 ml/min/ 7 yr* 2 Y%**

*p < 0,03
** n < 0,001

Bigazzi R. J Hypertens. 1998;16:1325




Albuminuria and risk of death in the
general population
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Albuminuria : 3,0-4,8 : g/min

Klausen K. Circulation 2004:110:32



Albuminuria and mortality In
hypertensive subjects

UAE 4,8 g/min
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Klausen K. Hypertension 2005;46;33



Albuminuria and cardiovascular mortality

Nord-Trgndelag Health Study (HUNT 11)
N = 9709, F/U: 8,3 yr
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The significance of alouminuria

Sign of endothelial Sign of insulin Sign of
dysfunction resistance nephropathy

DIAGNOSIS

-

Albuminuria

P N

PROGNOSIS

CV morbidity,
mortality,
total mortality

Renal failure




Albuminuria 1s a risk factor

Normotensive population

Hypertension

Non-diabetic population

Diabetes mellitus
Loss of renal function
CV morbidity and mortality
All cause mortality

Diabetic population

Proteinuria
Loss of renal function
CV morbidity and mortality
All cause mortality



Albuminuria and progression of kidney disease

Susceptibility Initiating factors Progression factors
reduced nephron * Obesity, Insulin resistance Glycemic control, BP,
" Diabetes mellitus, Hypertension proteinuria, dyslipidemia,
number i P Ca-PO4, anemia, smoking o
! ' : }

150

1004 t +

J temporary hyperglycemia,
hypertension, protein load

GFR (ml/ min)

&0
] albuminuria proteinuria
] r : : ) 1 P -
0- Functional, potentially reversible _ rogression,
changes, normal histology irreversible changes:

glom.scler., tub.int.inf.

Time
Ruggenenti P, Remuzzi G. Kl, 2006;70:1214.




Proteinuria causes progression of CKD

Saturation of transport
Toxic cell damage

Glomerular
barrier Y _
Chemokines

Macrophage infiltration

PDGF
ANGII, TGF- , NF- B
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Development of ESRD following appearance of
proteinuria




Therapeutic strategy

No Albuminuria Proteinuria ESRD
albuminuria ‘ ‘ -

Primary prevention Secondary prevention gl Tertiary prevention

Therapeutic targets

e Intraglomerular hypertension

« Systemic hypertension

e Alouminuria

* Hyperlipidemia, Glycemic control

e Oxidative stress, inflammation, fibrosis

e Progression of CKD
« Cardiovascular morbidity, mortality l




Effets of Angiotensin |l

e Hemodinamic e Non-hemodinamic

gl. caplillary pressure NF kB

gl. capillary PKC
permeability TGFb, PDGF

VCAM

ECM proteins
proteinases
eNOS

macrophage /
monocyte infiltration




Preventing MAU In normoalbuminuric
patients with T2DM: BENEDICT
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Ruggenenti P. N Engl J Med 2004;351:1941




Study placebo vs

Marre et al., 1998206
Mathiesen et al., 1991204
Chase et al., 1993207
Bakris et al., 1994208
IMSG, 1998297
ATLANTIS, 200027
MDNSG, 200 2%
Bojestig et al., 20012%7

Overall (95% Cl)

ACE inhibitor

RR

11.0 (0.7 to 175.9)
2.7 (0.6 to 12.6)
4.3 (0.2 to 90.6)

11.6 (0.8 to 174.4)

(
(

5.3 (0.7 to 43.0)
3.7 (0.9to 15.4)
11.8(0.8to 184.7)
(Excluded)

5.32 (247 to |1.48)

Newman D. Health Technology Assessment 2005; Vol
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IDNT : time to doubling of creatinin,
ESRD or mortality



AASK study:

Change of protein to creatinin ratio




AASK Study:
Incidence of renal events and death

Amlodipine
Ramipril

RR: adjusted risk reduction

*p=0,005 p=0,007




Reduction in albuminuria translates
to reduction Iin cardiovascular events: RENAAL

progression €= == remission



N = 336

Nakao N. The Lancet 2003; 361:117




Nakao N. The Lancet 2003; 361:117




$P P QF SéndlFunction

Nakao N. The Lancet 2003; 361:117



Supramaximal ARB dosing







Simvastatin maintains steady patterns of GFR
and improves AER iIn type Il diabetes



Simvastatin improves expression of slit diaphragm
proteins in type Il diabetes



Thiazolidindiones

Rosiglitazon, pioglitazon

Systemic effects Renal effects




Rosiglitazon and albuminuria

All patients Initial MAU



Multifactorial therapeutic intervention

Lifestile

Blood pressure

Statins

Strict glycemic control

Aspirin






ACE inhibitor vs placebo RR



N = 2966, Framingham offspring
10%: GFR < 60 ml/min
12,2%: MAU

GFR < 60 ml/min
& MAU

GFR < 60 ml/min

MAU

GFR > 60 ml/min
normoalbuminuria

CV events- and total mortality, %

Levey A, Kidney Int, 2005;67:2089



Effect of therapy with ACE inhibitors/ARBsS vs
other antihypertensive drugs on renal disease
progression

11 studies
N = 3376

13 studies
N = 37089




Flow-mediated

endothelium-dependent relaxation



HTN,
Obesity



p<0,05 p<0,001
p<0,001







Hayden M. Nutrition Journal 2004, 3:4












Sowers J. Kidney International (2007) 71, 719-720.



Ridker PM, Morrow DA: Cardiol Clin 2003, 21(3):315-325.



PPARg)
agonist



Rodriguez W. Int. J. Biol. Sci. 2008, 4:236.









Data from the HOPE, LIFE, RENAAL, IDNT, and
AASK studies have demonstrated that a
reduction in albuminuria correlated, in a wide
range of hypertensive patients with a decrease
In the risk of end-stage renal disease, CV
events, and death.



ACE gatlo vagy ARB?






Maximalis adagu ACE gatlo
vagy ARB mellett a
proteinuria > 1g /nap !



Fél adag ACE gatld és angiotensin receptor blokkolo
kombinalasa diabeteses nephropathiaban

ACE gatld: N= 18
(10 mg/d imidapril)

ARB: N=9
(8 mg/d candesartan)




Multifaktorialis intervencioé



Multifaktorialis intervencioé

No @ risk



Multifaktorialis intervencioé



Szekunder prevencid, GFR: Normotonia, MAU, DM1T
ACE gatlo vs placebo



Szekunder prevencio, proteinuria: Normotonia, MAU, DM2T
ACE gatl6 vs egyeb antihypertensivum















glutamine:fructose-6
phosphate
amidotransferase

uridine
diphosphate) N -
acetyl glucosamine
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Reduction in Albuminuria Translates to Reduction in Cardiovascular Events in
Hypertensive Patients: Losartan Intervention for Endpoint Reduction in Hypertension

Study

8206 patients with hypertension
ACR:

losartan- or atenolol-based
antinypertensive treatment and
followed for a mean of 4.8 years.



STUDY

Population

Albuminuria

Risk
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A mikroalbuminuria a morbiditas és mortalitas
prediktora

Nephropathia

Retinopathia Kardiovaszkularis
betegsegek

Periférias / Balkamra

CHeIefi] dysfunkci6
neuropathia

Parving H-H. J Hypertens 1996;14(suppl 2):589-5S94.






O’Riordan E. et al.Kidney International, Vol. 67 (2005), pp. 1654-1658
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O’Riordan E. et al.Kidney International, Vol. 67 (2005), pp. 1654-1658



Thus, the HOPE study suggested that a 0.4-mg/mmol increase in the ratio of urinary
albumin to creatinine concentration led to a 5.9% higher age- and sex-adjusted risk of
CHD. :Gerstein HC, Mann JF, Yi Q, et al. Alouminuria and risk of cardiovascular
events, death, and heart failure in diabetic and nondiabetic individuals.

JAMA. 2001;286:421-426.

The Irbesartan in Patients

with type Il Diabetes and Microalbuminuria showed that
inhibition of the RAS by the angiotensin Il receptor blocker
irbesartan slowed the progression to overt nephropathy and
was associated with a reduced number of cardiovascular
events as compared to non-RAS inhibitor antihypertensive
therapy.9

ACR RR of CV events
0,4 mg/mmol 5,9%



IRMA: An improvement of the normalization rate to approximately 33% occurred when
the full dosage (300 mg) of the renin-angiotensin system blocking drug irbesartan

(an angiotensin Il receptor blocker) was used as part of the Bplowering regimen to
140/90 mmHg.

Cost-effectiveness of screening for alouminuria with subsequent fosinopril treatment to
prevent cardiovascular events: A pharmacoeconomic analysis linked to the Prevention
of Renal and Vascular Endstage Disease (PREVEND) study and the Prevention of
Renal and Vascular Endstage Disease Intervention Trial (PREVEND IT). Clin Ther 28:
432-444, 2006

IMPROVE trial: HTN and increased CV risk: ACE or ARB monother enough: Bakris



