How to Reverse Vascular
Damage in CKD?
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Chronic Kidney Disease (CKD)
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Three Major Causes of ESRD
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m Part 4. Dialysis Patients

o= Age Distribution of HD Pts according to Year
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Contributing factors to CKD?

® TEconomic status
® 1 Old-aged patients

® 1 Diabetes
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Cardiovascular Mortality Is Higher in
Patients With ESRD

Cardiovascular mortality in the general population (NCHS) and in kidney
failure treated by dialysis or transplant (USRDS)
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| Part 7. Causes of Death
Causes of Death (%), 1994-2009

Cardiac
Myocardial infarction
Cardiac arrest, uremia associated
Cardiac arrest, other cause
Vascular
Cerebrovascular accident
Pulmonary embolus

Gastrointactinal _hamaorrhane

a8y
AIS0

Miscellaneous 32 32 237 274 213 242 248 243 271
Cachexia 29 29 8.1 68 6.6 6.1 4 39 44 38 33
Malignant disease 21 21 44 48 35 36 64 54 5.7 46 5.7
Accident 12 12 0.9 0.5 1.1 0.9 1.4 1.6 1.2 1 1.3

Uncertain 25.8 258 103 153 101 103 123 132 134 143 168

*Number of patients :1994-1996=981,1998=911, 2001=761,2002=1,256, 2003=834, 2004=1,162, 2005=1 256, 2006=1,248, 2007=1,531,2008=1,563, 2009=1.727 /
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Cardiovascular disease in CKD

The most common cause of death

CKD

» Hypertension
» Hyperlipidemia
» Diabetes

Accelerated atherogenesis



B LB

e (AL ITRAL IS,

# 10 March 201 Protect your kidneys, Save your heart

Protect your kidneys, Save your heart.

: World
P E Kidney

** 10 March 2011




Proteinuria

A marker of kidney damage

A marker of vascular damage
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Effect of ARB on proteinuria



Protein excretion(g/day)
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Optimal RAS inhibition?

\ 4

@® Effective BP control
*
® Target organ damage

* Reducing proteinuria and optimal nephroprotection
(retardation of the loss of glomerular filtration

CCCCCCCCCC




Maximize RAS inhibition
to decrease proteinuria less than 1.0 g/day

® | ow dose ARB + diuretics
® High dose ARB

® ARB+ACEI

® ARB with T-type CCB




Plaque Stability
lInflammatory cell infiltrate
| M¢ MMP synthesis
1Collagen synthesis
1 VSMC content
1 Plaque stability in vivo

Angiogenesis
1 PI1-3 kinase/Akt activity
1 Circulating EPC

Vascular

cytoprotection
T eNOS expression
1 PI-3 kinase/Akt activity
| CRP
T DAF expression on EC
| Compl-mediated injury

Endothelial

Function
T eNOS expression
| ET-1 expression
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Anti-thrombotic

1 EC fibrinolytic activity

| Tissue factor expression
1 Ecto-5"-Nucleotidase

| Platelet activation

Anti-inflammatory

1 NO and NF-kB activation
1 EC activation

| Leukocyte-EC adhesion

| Pro-inflammatory cytokine
| CRP

Antioxidant
Inhibition of NADP(H)
oxidase
| Superoxide formation
| LDL oxidation

Immunomodulatory
| IFNr-induced MHC class Il
| Inhibition of LFA-1
| T cell activation
| Monocyte activation




Effect of Statin on CVA
in CKD patients.



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Rosuvastatin and Cardiovascular Events
in Patients Undergoing Hemodialysis

Bengt C. Fellstrdm, M.D., Ph.D., Alan G. Jardine, M.D., Roland E. Schmieder, M.D.,
Hallvard Holdaas, M.D., Ph.D., Kym Bannister, M.D., Jaap Beutler, M.D., Ph.D.,
Dong-Wan Chae, M.D., Ph.D., Alejandro Chevaile, M.D., Stuart M. Cobbe, M.D.,
Carola Grénhagen-Riska, M.D., Ph.D., José J. De Lima, M.D., Ph.D.,
Robert Lins, M.D., Ph.D., Gert Mayer, M.D., Alan W. McMahon, M.D.,
Hans-Henrik Parving, M.D., D.M.Sc., Giuseppe Remuzzi, M.D.,
Ola Samuelsson, M.D., Ph.D., Sandor Sonkodi, M.D., Ph.D., D. Sci.,
Gultekin Stleymanlar, M.D., Dimitrios Tsakiris, M.D., Ph.D.,
Vladimir Tesar, M.D., Ph.D., Vasil Todorov, M.D., Ph.D., Andrzej Wiecek, M.D., Ph.D.,
Rudolf P. Wiithrich, M.D., Mattis Gottlow, M.Sc., Eva Johnsson, M.D., Ph.D.,
and Faiez Zannad, M.D., Ph.D., for the AURORA Study Group*
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Atorvastatin in Patients with Type 2 Diabetes
Mellitus Undergoing Hemodialysis
Christoph Wanner, M.D., Vera Krane, M.D., Winfried Marz, M.D.,

Manfred Olschewski, M.Sc., Johannes F.E. Mann, M.D., Gunther Ruf, M.D.,
and Eberhard Ritz, M.D., for the German Diabetes and Dialysis Study Investigators>

[ Statin for CV events J
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Heart and Renal Protection
Study(SHARP)

 Included patients: History of CKD

— not on dialysis: elevated Cr on 2 occasions
* Men: 21.7 mg/dL (150 ymol/L)
« Women: 21.5 mg/dL (130 pmol/L)

— on dialysis: HD or PD
* Age 240 years
* No history of M| or coronary revascularization




Proportion suffering event (%)

SHARP: Major Atherosclerotic Events

25 -~

20 - Risk ratio 0.83 (0.74 — 0.94)
Logrank 2P=0.0022
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Results of statin trial in CKD
patients

® Use of statin in patients with dialysis is not
effective to prevent CVA.

® Early control of dyslipidemia is essential to
prevent cardiac damage in CKD patients



Cardio Renal Anemia Syndrome

CHF

CKD Anemia




Hematocrit and the risk of cardiovascular disease--
the Framingham study: a 34-year follow

Age-adjusted death rate/1000 2-year exam periods

[0 All other death cause
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Gagnon et al. Am Heart J 1994:127:674



As the CHF worsens, the mean Hb conc.
decreases because...

® Combined CKD-|EPO level

® Plasma cytokine:T TNF alpha & IL-6
® Malabsorption

® ACEIl or ARB

® hyperglycemia- EPO-producing cells
® Antiplatelet drugs

Khan NA, et al. Kidney function and mortality among patients with left
ventricular systolic dysfunction. J Am Soc Nephrol 2006;17:244 —253.
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EPO has renal and cardiac
protective effect




UREMIC TOXIN

Uremic toxin according to CKD stage
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Clin J Am Soc Nephrol 4: 1351-1358, 2009



Uremic toxm and kidney injury

Luminal

Basolateral membrane
membrane

—

] Indoxyl sulfate
ree radicat

Indoxyl sulfate
Tubular cell injury

ICAM-1
MCP-1 ET-1 " 1GF.31  Myofibroblast

Osteopontin
] / TIMP-1 \

Macrophage Collagen

Interstitial fibrosis

Role of Indoxyl Sulfate and OAT in Renal Tubular Cell Injury



uremic toxins and vascular stiffness

Indo xy| sulfate {logarithmic tranformed)
Indoxyl sulfate (logarithmic tranformed)
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Clin J Am Soc Nephrol 4: 1351-1358, 2009



Uremic toxin and bone disease

®Indoxyl sulfate — PTH receptor | — Impair osteoblastic function
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T Nii Kono et al, Kidney int 2007; 71:738-743



Spectrum of Uremic toxicity

Impaired
Anti-oxidant system

Celluar toxicity

Tubular cells VSMC Osteoblast
Mesangial cells Endothelial cells
Chronic kidney disease Cardiovascular disease Osteodystrophy

Nagoya J Med Sci 72:1-11, 2010



Original Articles

Serum Indoxyl Sulfate Is Associated with Vascular Disease
and Mortality in Chronic Kidney Disease Patients

Fellype C. Barreto,*" Daniela V. Barreto,*" Sophie Liabeuf,*" Natalie Meert,} Griet Glorieux,*
Mohammed Temmar," Gabriel Choukroun,*s Raymond Vanholder,* and Ziad A. Massy*'s
on behalf of the European Uremic Toxin Work Group (EUTox)

*INSERM ERI-12 (EA 4292), Amiens, France; "Clinical Research Centre, Division of Clinical Pharmacology, Amiens
University Hospital, and the Jules Verne University of Picardy, Amiens, France; *Nephrology Section, Department of
Internal Medicine, University Hospital, Gent, Belgium; and $Division of Nephrology, Amiens University Hospital,
Amiens, France
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“Indoxyl sulfate is considered to be key target uremic toxin
for AST-120

Indoxyl sulfate

Intestine

AST-120

Tryptophan > Indole

Intestinal ,
\/W Urine

(Yamagishi, Nakamura et al. 2007 Journal/Med Hypotheses)




S5/6 Nephretomized Uremic Mode
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Cardiac fibrosis in the control and AST-120-treated CKD, and sham-
operated rats

A
Control
AST-120
Sham
(x20) Cardiomyocyte (X 400) Perivascular ( X 400)
B
Score Score
s 5 -
4 4 1 |
3 3 - t
..'-
2t 2 *
*
1 1
(1]
Control AST-120 Sham Control AST-120 Sham
Cardiomyocyte Perivascular

F: AST-120 v.s Control. p < 0.05, *;Sham v.s Control. p - 0.05

Fujii H, et al., Nephrol Dial Transplant 24:2089-2095, 2009



Removal of uremic toxin

\ 4

| Oxidative stress

\ 4

|Progression of CKD and CHF




KLOTHO, anti-aging gene
Suppressor of multiple aging phenotypes

Mutation of the mouse Klotho gene leads to a
syndrome resembling aging.

klotho gene ,
Wild Type >o XX 7

klotho

mutant > X OOC"“’///

= Shortened lifespan

= Infertility

= Arteiosclerosis

= Mitral annular calcification
= Skin atrophy

= Osteoporosis emphysema

(Makoto Kuro-o et al., nature 390: 45-51, 1997)



Current understanding of KLOTHO

Overexpression of KLOTH expands lifespan

: : Cofactor for Fibroblast growth
Xl IV r
O ; dat i © S.t eS.S and factor (FGF23)
insulin S'Qnalmg : Ca, P and vitamin D

Ectopic vascular
calcification
Coronary artery disease?

Protects against
endothelial dysfunction



Response of KLOTHO against cyclosporine-
induced oxidative stress

Klotho
B-actin
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Nephrol Dial Transplant (2010) 1 of 14

doi: 10.1093/ndvgfg537 N D '
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Angiotensin Il blockade upregulates the expression of Klotho
the anti-ageing gene, in an experimental model of chronic
cyclosporine nephropathy

Hye Eun Yoon , Jung Yeon Ghee ShangGuo Plao Ji-Hyun Song®, Dong He Han”, Sol Kim?,
Naro Ohashi”®, Hiroyuki Kobori*, Makoto Kuro-o” and Chul Woo Yang

'Division of Nephrology, Department of Internal Medicine, Incheon St. Marys Hospital, College of Medicine, The Catholic
University of Korea, Incheon, South Korea, “Transplant Research Center, Division of Nephrology, Seoul St. Mary’s Hospital, The
Catholic University of Korea. Seoul. South Korea. *Universitv of Pennsvlvania. Philadelphia. PA. USA, “Department of Physiology
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Effect of Statin on KLOTHO expression
In normal mice kidney

VH PRVT5 PRVT2 PRVT4
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Angiogenesis and Vasculogenesis Are Impaired in the Precocious-Aging klotho
Mouse
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Summary

® Maximal RAS inhibition is needed to reduce target organ injury.
® Statin is effective in early CKD patients with hyperlipidemia.

® rHEPO is recommended in anemic patients with CHF

® Uremic toxin itself is responsible for vascular damage.

® KLOTHO is the promising gene for protecting vascular injury
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