Gyorgy Deak
Semmelwels University, Budapest
1st Dpt. of Medicine




The fate of albumin in the nephron

0 sec 40 sec 14 min 24 h
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

Glomerular basement
membrane, 350 nm
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Satchell S. Diabetologia (2008) 51:714-725
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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 "microalbuminuria” 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

NEW
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;7041




Prevention of REnal and Vascular ENd
stage Disease (PREVEND) study

A N=40619
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de Jong P. NDT 2003,18: 10.




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 JAnn Intern Med. 2004;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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Total MA Persistent MA

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




Hyperglycemia, Insulin resistance, Obesity, Hyperin  sulinemia

—

Mitochodrial superoxide production
Reactive oxigen species - ROS

4 Polyol pathway 4 Hexosamine pathway 4 Protein kinase C m
——

NF kB IGF-1, VEGF eNOS
Cytokines ET-1, PAI-1, A-ll

Glycocaiyx dysruption
Prothrombotic state
Promﬂ'aimatory state
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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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ACR > 2 mg/mmol
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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

A C-creat CV events

MAU -12 ml/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 > 4.8 Mg/min

Klausen K. Circulation 2004:110:32



Albuminuria and mortality In
hypertensive subjects

UAE 2 4,8 ug/min

&

&

UAE < 4,8 yg/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 albuminuria

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 yP 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. KI, 2006;70:1214.




Proteinuria causes progression of CKD

Saturation of transport
Toxic cell damage

Glomerular

barrier Y _
fy Chemokines
Macrophage infiltration

PDGF
ANGII, TGF-B, NF-kB

Bos\e;ggg's/ Cytokines
y Phenotype change into

_:‘!M— Tubular cells
= fibroblast:epithelial to
mesenchymal transition
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Fibrosis, tubular atrophy




Development of ESRD following appearance of
proteinuria
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Years since persistent proteinuria

Humphrey et al. Ann Int Med 1989;111:788-796.




Therapeutic strategy

No Albuminuria Proteinuria ESRD
albuminuria ‘ ‘ -

Primary prevention Secondary prevention il 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

« Hemodinamic  Non-hemodinamic
= 1t gl. caplillary pressure = + NF kB
= 1t gl. capillary = PKC
permeability TGFB, PDGF

VCAM
ECM proteins
{ proteinases
J eNOS

{f+ macrophage /
monocyte infiltration




Preventing MAU In normoalbuminuric
patients with T2DM: BENEDICT

P
T

N = 1204, F/U: 3,6 yr No ACE inhibitor

ACE inhibitor
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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




Study RR

ACE Inhibitor vs|placebo

Marre et al., 1998206 - 0.07 (0.00 to 1.20)
Mathiesen et al., 1991204 ; 0.14 (0.01 to 2.45)
Chase, 1993207 | 1.50 (0.11 to 19.64)
Bakris et al., 1994208 . 0.18 (0.01 to 3.18)
EMCSG, 199420 0.33 (0.12 to 0.96)
NAMSG, 1995202 0.32 (0.11 to 0.94)
EUCLID, 1997320 0.38 (0.10 to |.40)
IMSG, 199820 0.30 (0.07 to 1.35)
)
)

ATLANTIS, 20002%> 0.63(0.20 to 1.95
MDNSG, 200 2% 0.26 (0.03 to 2.11
Bojestig et al., 2001%%7 (Excluded)

Overall (95% Cl) i 0.36 (0.22 to 0.58)

Newman D. Health Technology Assessment 2005; Vol




. time to doubling of creatinin,
ESRD or mortality

Irbesartan . ‘

RRR 23% ‘
P=0.006  ~pR 20%

—— Amlodipin —1 P=0.02
P=NS
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Lewis EJ et al. N Engl J Med 2001;345:851-860. Months




AASK study:
Change of protein to creatinin ratio

~+ ACE Inhibitor —~DPHCCB Months
BL 6 12 18 24 30 36

N =753

Average SBP 132 mmH%
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Average SBP 133 mmHg
bt

Agodoa L et.al JAMA 2001;285:2719
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AASK Study:
Incidence of renal events and death

55 QFH event, ESRD, or death _ ESRD or death

——— Amlodipine

20/ RR= | Ramipril

Cumulative 15 |
incidence [%]
10

g

0

03 12 24 36 03 12 24
Mo, atrisk Months Months

Amlodiping 216 203 131 216 210 193
Ramipril 132 427 331 132 428 405

RR: adjusted risk reduction

*p = 0,005, % p = 0,007
AASK Study Group. J4 M4, 2001:285:2719-2728,




Reduction in albuminuria translates
to reduction in cardiovascular events: RENAAL

progression <= ==p remission
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Albuminuria reduction (%)
n=1513, Circulation 2004:;110:921




Combined ACEi and ARB therapy in non-diabetic
renal disease with proteinuria: Cooperate

N = 336
systolic

m#—q——l-' S T Shb -

g

—8— Combination
--# - Trandolapnl
—— |osartan
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Diastalic

| |
5 10 15 20 25 30
Month after randomisation

Baseline

Nakao N. The Lancet 2003; 361:117



Cooperate: proteinuria

—a— Combination
--#- Trandolapril

excretion (g/ day)
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Nakao N. The Lancet 2003; 361:117




Cooperate: renal function
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T

—+ Combination
= osartan
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Months after randomisation
Number at risk
Losartan a9 a4 79 31 50

Trandolapril A6 8.3 Fis) 72 B3
Combination 88 86 a3 76 T3

Nakao N. The Lancet 2003; 361:117




Supramaximal ARB dosing

Non-diabetic renal disease with proteinuria,
n=78, F/U: 2 yrs, Telmisartan 80 mg/d vs 160 mg/d

P< 0,01
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' HMG-CoA

Statins =¥ @G-CuAReducw
Mevalonate » PI3-kinase-Akt pathway
| | Selenoproteins ¢ Sec-tRNA [*— |sopentenyl-PP : -
f| eNOS | 1|Angiogenesis

l Ubiquinone +— Geranylgeranyl-PP [ Farnesyl-PP " Isoprenylated Proteins
p| Inflammatory. le—! Bacterial LPS |+ Cholesterol

cytokines

Ras ¢ (RhoA ! @

l Cellular l Cardiac l NFxB Cytoskeleton Stability l NAD(P)H Oxidase

Proliferation Hypertrophy 1 l

|| Inflammatory t| eNOS || Oxidative stress
cytokines




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

N =86, MAU, HT
ACE, BB, thiazide + simvastatin vs cholestiramin

F/U: 4 yrs

GFR (ml/min/1.73m?) AER (ug/mg)

Simvastatin
B 9148 77 (31-259) — —
4 years 9047 40* (10-319) 29% 49,

Cholestyramine
B 90+7 88 (34-261) — —
4 years 79 + 8*** 81 (17-399)  8%™*  15%**

Tonolo G. Kidney Int 2006;70:177.



Simvastatin improves expression of slit diaphragm
proteins in type Il diabetes

Baseline 4 yrs simvastatin 4
a o|

Cu®*ox-LDL Cu®*ox-LDL
L = — =

NPHS1

yrs cholestiramine
R
|

Cu*ox-LDL

NPHS1

Tonolo G. Kidney Int 2006;70:177.




Thiazolidindiones

Rosiglitazon, pioglitazon

Systemic effects Renal effects

Hyperinzulinemia Inflammation

PAI-1 expression

RAS and ET-1 effects

Hyperglycemia

Blood pressure

TGF- expression

Endothel dysfunction _
Extracellular matrix

U=l Lipid toxicity

Free fatty acids Renal cell proliferation

i——

& Albuminuria, fibrosis




Mg o ahors

Rosiglitazon and albuminuria

All patients

nEad by

Initial MAU
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Glyburide RSG 8 mglday
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“o=0 05 wvs ghyburide
Bakris e al Diabetologia 199842 Suppl 1):A229, Abs 365

-23%

jBoW OL «231. 5.1}

-54%
(8% Cx 778, 24T

Glyburide RSG 8 mg/day




Multifactorial therapeutic intervention

- Stop smoking
- Attain normal body mass index (BMI < 25 kg/n%)
- Reduce sodium intake (24 h urine Na < 80 mmol)

- Goal: <130/80 Hgmm
< 125/75 Hgmm in case of > 1g/day proteinuria
- ACE inhibitor or Angiotensin Receptor Blocker
(in combination with Diuretic, CaCB, vasodilating bda blocker)
- Combine ACEiI AND ARB in case of > 1g/day proteinur
(or use supramaximal ACEi or ARB doses)

- LDL goal < 2,6 mmol/l, very high risk patients: <1,8 mmol/I|

- HBAlc goal < 7 % (T2DM); HBA1c < 6,5 % (T1DM)
- Isulin sensitizers, thiazolidinedions







Ravid et al., 1993237
Sano et al., 1996240

Ahmad et al., 199722

Overall (95% ClI)

ACE Inhibitor vs|placebo

0.29 (0.13 to 0.66)
0.08 (0.00 to 1.30)

0.33 (0.11 to 0.95)

0.28 (0.15 to 0.53)

Newman D. Health Technology Assessment 2005; Vol




504

N = 2966, Framingham offspring
10%: GFR < 60 ml/min
12,2%: MAU
d0 -
© GFR < 60 ml/mi
= . & MAU
Ic .
S GFR < 60 m/min
S
-|C_E 210 - f
S ~MAU
© -
c
] = o
g
C 104 o
)
o =
; 27 R > 60 ml/min
O —— normoalbuminuria
Y g
0 2 4 6 8 yr

Levey A, Kidney Int, 2005;67:2089




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

End point Relative risk (95% CI) D

Doubling of 0.71 (0.49-1.04) 0.07
creatinine

11 studies
N = 3376

End-stage 0.87 (0.75-0.99) 0.04
renal disease

13 studies
N = 37089

Casas JP et al. Lancet 2005: 366: 2026-2033




Flow-mediated
endothelium-dependent relaxation

Monilor Brachlal artery diameter

o9 5

Cecelusion Heflow i




Impaired endothelial function in unstable angina

HTN, TCholesterol Smokers Unstable  Unstable
Obesity angina angina
reassessed

Esper RJ, et al.Clin Cardiol 199%2:699-703.




Endothelium dependent vasodilation in hypercholeste rolemic

patients with CAD: effects of enalapril or simvasta  tin therapy
%

14

12+ p<0,05 p<0,001
p<0,001

p<0,01

1 | . | | | 1
i | 1 [ 1 I

No risk Hyper Gl Gl (S) Gll(E) GI(S+E) Gl (E+S)

factor  cholesterolemic

patients®  patients!) Baseline 8 weeks 16 weeks
Esper RJ,et aAm Heart J 2000,140:684-689.




Table 9: THE RAAS ACRONYM: GLOBAL RISK REDUCTION

R

Reductase inhibitors (HMG-CoA). Decreasing modified LDL-cholestercl, i.e. oxidized, acetylated LDL-cholesterol. Decreasing

triglycerides and increasing HDL-cholesterol Improving endothelial cell dysfunction. Restoring the abnormal Lipoprotein fractions. Thus,
decreasing the redox and oxidative stress to the arterial vessel wall and myocardium. Redox stress reduction.

Angll inhibition or blockade: ACEi-prils. ARBS-sartans. Both inhibiting the effect of angiotensin-Il locally as well as systemically.
Affecting hemodynamic stress through their antihypertensive effect as well as the deleterious effects of angiotensin Il on cells at the local
level — injurious stimuli -decreasing the stimulus for O4* production. Decreasing the A-FLIGHT toxicities. Plus the direct-indirect
antioxidant effect within the arterial vessel wall and capillary.

Antioxidant effects.

Aspirin antiplatelet, anti-inflammatory effect.

Adrenergic (non-selective blockade) in addition to its blockade of Prorenin — Renin

Amlodipine with its calcium channel blocking antihypertensive effect, in addition to its direct antioxidant effects. Redox stress
reduction.

Aggressive control of diabetes to HbA | of less than 7. (This usually requires combination therapy with the use of: Insulin secretagogues,
insulin sensitizers (thiazolidinediones), biguanides, alpha-glucosidase inhibitors, and ultimately exogenous insulin.) [36-38]

Decreasing medified LDL cholesterol, ie. glycated — glycoxidated LDL cholesterol. Improving endothelial cell dysfunction. Also decreasing
glucotoxicity and the oxidative — redox stress to the intima and pancreatic islet.

Aggressive control of blood pressure, which usually requires combination therapy, including thiazide diuretics to attain [NC 7 guidelines.
Aggressive control of Hey with folic acid and its associated pleiotropic positive effect on re-coupling the eNOS reaction by restoring the
activity of the BH4 cofactor to run the eNOS reaction and once again produce eNO, as well as, its direct antioxidant effects: BH4 and
eNOS stabilization Redox stress reduction.

Statins. Improving plague stability (pleiotropic effects) independent of cholesteral lowering. Improving endothelial cell dysfunction. Plus,
the direct — indirect antioxidant anti-inflammatary effects within the islet and the arterial vessel wall promoting stabilization of the
unstable, vulnerable islet and the arterial vessel wall.

Style: Lifestyle modification: lose weight, exercise, and change eating habits. Stop Smoking Redox stress reduction




METABOLIC SYNDROME

hs-CRP |,

4ADMA :
Asymmetrical
Dimethylarginine.

MICROALBUB«IIT\ URIA

HYPERU RICEMIA ~ o

PAI-1»

¢ PCOS

IR

Fibrinogen /‘/Iscemmcﬂn u A ROS

- H}Iey
Decreased WO -

HYPERLIPIDEMIA




‘THE ROS - INFLAMMATORY CYCLE \
o.-

FLIGHT Oxidative Stress (upstream from inflammation)

2
OH" A
H202 - Redox Stress: A FLIGHT
HCLO

Reactive OI}'gen Species

|

NF kﬂ a B - redox sensitive
hs-CRP «— Cytokines = TNF alpha IL-6, IL-8
Selectins hs-CRP

\ CAMs, MCP-1 e
Inflammation

_ eNO is an inflammatory cycle breaking —
Macrophage denved. chain breaking — antiinflammatory
antioxidant — wondrous gas !

ACE 1 ,Statins, Folic Acid and PPARS break the inflammatory cycle




Hcy a competitive inhibitor of PPAR alpha
agonist: ciprofibrate and PPAR gamma

agonist: 15d-PGJ,
TZDs:

Decreased effect of
FPAR ® PPAR alpha and gamma.

All contributing to
Endothelial Cell
Dysfunction

1214103

No CBS enzyme in Vascular

cells.
Relative Ecnothelial Folate

Deficiency.
ROS increasing Hcy.




Diabetes a net producer of: [02° | Due to an uncoupling of the
eNOS enzyme
ENDOTHELIAL CELL

VFAD e’ pv

| Uncoupling |

FOLIC ACI!; @

[02°] Re - Couple eNO
02 NAD(P)H
ADMA (2) eNOS Gene Polymorphism or Uncoupling

(1)L-arginine = NO + L<citrulline + NADP+
(3) BH4 Oxidative Stress BH2, BH3




Obesity
= Genetic factors
* Environmental factors

(diet/physical activity)

Central obesity

b Insulin resistance
hypertension

Dysfunctional adipose tissue
*[ncreased production of adipokines
*Low-grade inflammation
s|L-1, 6, TNF-at
*|ncreasad RAS
*Reduced adiponectin

TGF-p, 1 ET-1
Leptin Aldosterone = + pajq1 /TPA
L1, IL-6 (Impaired fibrinolysis
CRP vasoconstriction)
T Systemic and renal RAAS = — Oxidative stress
activation * Angiotensin [IY/AT1R,
1. : , *NADPH Oxidase
i *BOS production
f NO  —»NOO-
T .
Reduced NO 1. Glomerular hyperfiltration
production 2. Matrix expansion/fibrosis
Endathelial 3. Tubular/interstitial damage
dysfunction 4, Albuminuria

Microalbuminura

Metabolic syndrome

Chronic kidney disease/ESRD
Cardiovascular disease-stroke

. Proteinuria
&. Chronic renal disease




tHCY in micromol/liter Relative risk of all cause death. Relative risk of CAD death
<9 1.0 1.0
9-14.9 1.9 (0.7 -5.1) 2.3(0.7-7.7)

15-19.9 2.8 (0.9 — 9.0) 2.5 (0.6 — 10.5)
> 20 4.5 (1.2 - 16.6) 7.8 (1.7 — 35.1)
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Inulin Clearance

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




T Angiotensin Il

l

Oxidative Stress

l

Endothelial Dysfunction
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FaN A
ET-1 L Tissue ACE Other Mediators
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PAI-1 VCAM Endothelin Growth MMPs

Platelet NF-«B catecholamines factors
aggregation MCP-1
Tissue factor Cytokines
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Thrombosis Inflammation Vasoconstriction Remodelling Plagque
rupture




Remodelling

Myocardial

infarction

and stroke  picro-
albuminuria

Atherosclerosis

iy Endothelial
dysfunction

Hypertension and
risk factors:
diabetes, obesity, elderly

Ventricular dilation/
cognitive dysfunction

Congestive
heart failure/

Macro- secondary stroke

proteinuria

Nephrotic End-stage
proteinuria  heart disease/
brain damage and
dementia

End-stage

renal disease . 4o

cerebrovasculz
death




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?

N = 250, DM2T, GFR > 70 ml/min, MAU: 81 %, MAC: 18%

B8 Enalaprl
a—s-a Talmisartan
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gﬁ"‘
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B
e
T E
3£
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2
2




Systolic Blood Pressure

[mm Hg)

155—

150+

145-

140

1354

Wi

B-8—+& Enalapril
4—e+ Ta|misartan

Yoar

Diastolic Blood Pressura

(mm Hg)

90

B0—

754

o

e Enalapril
+-++ Telmisartan

Yoar




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

« ACE gatl6 ES ARB
e Szupramaximalis adagu ACE gatlo vagy ARB




Fél adag ACE gatlo és angiotensin receptor blokkold
kombinalasa diabeteses nephropathiaban

Vizelet protein/creatinin

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

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

> 3 hénap (X=8 hé)

iy

A kombinacio mellett a
vernyomas valtozatlan.
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Fujisawa T et al. Am J Hypertens, 2005;18:13




Multifaktorialis intervencio6

1

Glycosylated Cholesterol  Triglycerides Systolic BP Diastolic BP
Hemoglobin <175 mg/dl <150 mg/dl <130mm Hg <80 mm Hg

<6.5%
Gaede P, N Engl J Med 2003;348:383-93.




Multifaktorialis intervencioé

60+

N 1

Conventional therapy .*

40-

30+

204

10+

(=]
>
)
C
@)
o
(@)
‘O
>
>
A'd
=
()
e}
)
N
7))
7))
He)

0+ |
0 12 36
No @ risk

Months of Follow-up

&0 72 63 59 50

80 /8 71 66 63

Gaede P, N Engl J Med 2003;348:383-93.



Multifaktorialis intervencio6

Relative Risk
Variable (95% Cl) P Value

Nephropathy 0.39 (0.17-0.87) 0.003

Retinopathy ~ 0.42 (0.21-0.86) 0.02

Autonomic 0.37 (0.13-0.79) 0.002
neuropathy

Peripheral 1.09 (0.54-2.22) 0.66
neuropathy

| | | |
0.0 0.5 1.0 1.5 2.0

Intensive Conventional

Therapy Therapy
Better Better

Gaede P, N Engl J Med 2003;348:383-93.




Szekunder prevencid, GFR: Normotonia, MAU, DM1T

ACE gatlo vs placebo

Mathiesen et al., 1991204 . ~0.80 (~3.04 to 1.44)
Chase et al., 1993207 . 3.90 (-21.12 t0 28.92)

MCSG, 1996203 5.00 (-2.48 to 12.48)

IMSG, 199820° 0.40 (-3.49 to 4.29)
MDNSG, 20012% 0.30 (-2.96 to 3.56)

Overall (95% Cl) ~0.03 (~1.65 to 1.60)

| |
10 20




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

Chan et al., 1992343 : 0.21 (0.01 to 4.08)

Lacourciere et al., 993344 0.26 (0.01 to 4.83)

Agardh et al., 1996345 0.54 (0.21 to 1.43)

ABCD, 200033 ' 0.95 (0.50 to 1.81)

Overall (95% Cl) b 0.74 (0.44 to 1.24)
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AR SDH

Glucose === Sorbitol === Fructose
A&7 =2 & =a-

NADPH NADP NAD* NADH
F-3-P

GSSG —= 2GsH } / N TN
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AGE
Glucose Glucose receptor .
| R
Matrix plasma
proteins
AGE
receptor
Integrins
Growth factors

and cytokines

Macrophage/
mesangial cell

Endothelial cell

Saurca: Diabatas & 20056 Amancan iabatas Assadcation, Inc.
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¥
Blood-flow Vascular Capillary Vascular ~ Pro-inflammatory . Muitiple
abnormalities permeability occlusion occlusion  gene expression effects

Sourca: Diabates & 2005 Amancan iabates Association, Inc.
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Type 1 diabetes Type 2 diabetes

N7\

tGlumse Insulin resistance
l syndrome

Effector pathways - _

N

Endothelial (including .
glycocalyx) dysfunction .

r \t-\. :
4 7

Card!.:waswlar Microalbuminuria
disease

Satchell S. Diabetologia (2008) 51:714—725
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Glucose

Satchell S. Diabetologia (2008) 51:714—725



Vasodilation
Thrombolysis

Flatelet disaggregation
Antiproliferation
Antiinflammation
Antioxidant

Vasoconstriction
Thrombosis
Adhesion molecules
Growth factors
Inflammation
Oxidant activity

Figure 3

Regulatory functions of the endothelium. Normal or anti-
atherogenic vs dysfunction or atherogenic propierties. Fro
Esper R], et al.[5]




8206 patients with hypertension
ACR:

losartan- or atenolol-based
antinypertensive treatment a
followed for a mean of 4.
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Time {months)

Ibsen H. Hypertension. 2005;45:198




PREVEND 2810 75 yr UAE 20 to 200 mg/L CV death: RR 1.29
(n=40,548)

EPIC-Norfolk 40 to 79 yr ACR 2.5 to 25 mg/mmol | Fatal stroke: HR 1.58
(n=20,911) CAD death: HR 2.01

Danish No CAD, ACR > 0,65 mg/mmol CAD: RR 2.3

MONICA No DM.

No CKD
(n=2085)

No DM ACR > 0,75 mg/mmol All-cause
No HT mortality: RR 2.3
(n=2089)

Weir M. Clin J Am Soc Nephrol 2007;2: 581.




A mikroalbuminuria a morbiditas es mortalitas
prediktora

Nephropathia

Retinopathia _ Kardiovaszkularis
Diabetes betegségek
+

MAU

Periférias / Balkamra

CHeIei] dysfunkcit
neuropathia

Mortalitas

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




Therapeutic agents (examples)  Molecules targeted  Phases of endothelial activation affected Clinical indications

Non-steroidal anti-infllammatory COX1 and COX2 Type | and lireduces local blood flow) Pain, fever and inflammation

agents (ibuprofen, ASA, celecoxib®)

Anti-histamines Hi-histamine receptors  Type | reduces local blood flow and local Allergic rhinitis and others

(diphentydramine, fexofenadine') vascular permeability)

TNF-specific antibodies or soluble TNF Type Il (all aspects) and chronic {reduces Arthritis, psoriasis and

TNF receptor (etanercept®) inflammatary angiogenesis) inflammatary bowel disease

VEGF-specific antibodies or VEGF VEGFA Type Land Il ireduces vascular permeability Cancer and macular

receptor antagonists (bevacizumab') and blood flow), and chronic (reduces degeneration {wet)

anglogenesis)
Statins (simvastatin®, atorvastatin®)  HMG-CoA reductase Type Il: decreases IFNyinduced MHC class I Hyperlipidaemia and
and protein prenylation  expression and adhesion molecules atherosclerosis

IL-1RA (anakinra**) IL-1 Type Il {all aspects) systemic-onset juvenile

idiopathic arthritis and

autoinflammatory disorders

Rapamycin (sirolimus'?) mTOR Angiogenesis Immunosuppression in
transplantation
*Celebrex; Plizer, "Allegra; Aventis, * Enbrel; Amgen, Wyeth, ! Avastin: Genentech. Y Zocor; Merck, * Lipitor; Plizer. **Kineret; Amgen. ¥ Rapamune: Wyeth.

ASA, acetylsalicylic acid: COX, cyclooxygenase; HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A; IFNY, interferon-1; IL-1, interleukin-1: [L- 1RA, IL-1 receptor
antagonist; mOR, mammalian target of rapamycing THF, tumour-necrosis factor; VEGF, vascular endothelial growth factor




Meointimal Reduced
formation neovascularization
Heduced
intima:media \ f
I/ Endothelial
HTN ; lipidosis
[FlatsistGhEN g%m VCAM-1, MCF, NO|
L sl T Atheroma
Thrombosis formation

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




Angiogenic  Lipidosis Chemotaxis Impaired  Oxidant stress  Fibrosis

incompetence  (LOX-1, vasorelaxation

HMG-CoAR) (uncoupled
and inhibited

eNOS, NO
scavenging)

/




LDL/oxLDL

ADMA
Hyperglyce

AGEs
Smoking

Hypercholesterolemia

Hyperhomocysteinemia

Genetic factors

mia

Vascular i
endothelium in vascular endothelium cell cycle

Functional changes Perturbed

Moxious stimuli

AN

Superoxide anions
Peroxynitrite
Proinflammatory state
Procoagulant state
Profibrotic state
Impaired permeability

Premature

Vascular
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senescence




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




