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Diabetes is a leading risk factor for
renal impairment

Chart Title
B Diabetes

17,5%
I High blood pressure
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B Cystic diseases
Urologic diseases
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US Renal Data System 2007 Annual Data Report: Atlas of Chronic Kidney Disease and End-Stage Renal Disease in the United States. National
Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD.



Costs of complications in patients with
diabetes: the Helsinki Study
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Finnish Diabetes Association. DEHKO 2000-2010. Finnish Diabetes Association 2001



Proteinuria Is an Independent Risk Factor
for Mortality in Type 2 Diabetes
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Proteinuria based prevention of DM
nephropathy
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Albuminuria = RAS-inhibition
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RENAAL: Effects of Losartan on renal and CVD
in type 2 diabetes and nephropathy
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Natural history of diabetic
nephropathy
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Unbiased (open) search for new markers

Single marker
strategy




OMICS: from genes to metabolites
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Proteomic utility in DN

* Add to our understanding of patho-physiology

Identify patients at risk

* Monitor progression of disease and treatment efficacy

* May identify new treatment targets
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CE-MS proteomic technique -

High separation power and sensitive detection

Separation and analysis

Urine sample ?;‘fr(;)(;gi)ns and peptides
> Run time ~60 min
CE
= fast
= robust
Mass spectrometry  pata evaluation . remrodqucibie

reproducible

‘ . resolutlon

= scan speed

Capillary
electrophoresis
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Contrib Nephrol. 2008; 160: 107-126



Proteomic profile: T1DM + /- DN

K Rossing et al., JASN, 2008



Pathosphysiological suggestions

Inhibition of plasmin

Inhibition of fibrinolysis

Glomerular fibrin deposition

u-B2MG

Renal damage

Apoptosis/chronic inflammation (ROS, AGE)

Acute phase response Inhibition of matrix metalloproteases (e.g. MMP2 and MMP9)

- Increased collagen accumulation
u-Collagens| - Reduced degradation of collagens
- Excessive accumulation of ECM

Renal fibrosis

Reduced renal function / proteinuria

u-Plasma
proteins 1 Decrease of GFR Vo




Monitoring Treatment Effects by Irbesartan
microalbuminuric type 2 DM

Irbesartan Irbesartan

Visit 2 Visit 9

CE-migration time [min] CE-migration time [min]

Placebo Placebo
Visit 2 \ Visit 9
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CE-migration time [min] = CE-migration time [min]

S Andersen et al BMC Nephrol 2010



Prediction

Longitudinal analysis of non-progressors and progressors to DN

Proteome analysis and AER from diabetic normoalbuminuric patients (151
samples), assessed for progression to DN over 5 years
80
sof — AUC 95% Cl
w4 CKD model AER [pg/min] 0.648 0.566 t0 0.724
sob CKD model 0.887 0.826 t0 0.933
it N
100-Specificity Ste n 0

ZUrbig et al Diabetes 2012



CKD273 and progression to microalbuminuria

100%
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. 40%
uria) - —
00/0 7 T T T T ]
rendomationy) | 0 | 1 | 2 | 3 | & | s |
randomisation

High-risk, n (events, n) 74(0)  69(12)  58(13)  53(16)  35(19)  6(19)

Low-risk, n (events, n) 666(0) 650(25) 610(45) 570(63) 465(68) 82(72)
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The Priority Trial

PRIORITY
Type 2 DM
Normoalbuminuria
4 — Il (— R S
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Targets in Diabetic Nephropathy

Oxidative stress

NOX1/4i
Systemic Blood Pressure '775 8 - TR
All, ET1,Renin, Aldo ‘j/; | Dietary protein intake
S T Smoking
Proteinuria Uric Acid
soludexide
Vitamin D
. VDRA
Glycemic control g . _
DPP4, GLP1, SGLT2,PPARy Urinteder Hyperlipidemia
Statin? Fibrate?
Glycation Growth factors Inflammation
AGEi, RAGE blockers CTGF/TGFb/VEGF Ab CCR2/CCR5 (CCX140, NOXON),
PKCi Pentoxilfyllin, Nrf,

JAK/STAT (Baricitinip)



EMPA-REG OUTCOME

Incident or worsening nephropathy

=== Empagliflozi
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Month
No. at Risk
Empagliflozin 4124 3994 3848 3669 3171 2279 1887 1219 290
Placebo 2061 1946 1836 1703 1433 1016 833 521 106

Wanner C et al. N Engl J Med 2015; 375:323-34.
CI, confidence interval



Time to first renal event
Macroalbuminuria, doubling of serum creatinine, ESRD, renal death
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p=0.003
0~ T T T T 1
0 6 12 18 24 30 36 42 48 54

Patients at risk Time since randomization (months)
Liraglutide 4668 4635 4561 4492 4400 4304 4210 4114 1632 454
Placebo 4672 4643 4540 4428 4316 4196 4094 3990 1613 433

I EADER@ The cumulative incidences were estimated with the use of the Kaplan—Meier method, and the hazard ratios with the use of the Cox proportional-
— e hazard regression model. The data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54
Liraglutide Effect and Action in Diabetes: . . . N

Evaluation of cardiovascular outcome Results months. Cl: confidence interval; ESRD: end-stage renal disease; HR: hazard ratio.

Presented at the American Diabetes Association 761 Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA.
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PROTON
PeRsOnalising Treatment Of diabetic Nephropathy

Moving from albuminuria to multidimensional characterisation and intervention

Sponsored by Novo Nordisk Foundation
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From albuminuria to profile-omics

Albuminuria == RAS-inhibition
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Pilot studies,

based on target/intervention

24 weeks treatment

:| Placebo NEW DRUG

{| NEW DRUG Placebo

P >e >:
week 12 week 24 :

End of study

e UAER: Randomization, week 12 and week 24

e 24h BP: Randomization, week 12 and week 24

¢ Kidney function (sicr GFr): week 12 and week 24

e Markers of inflammation: Randomization, week 12 and week 24

Potential targets:
fibrosis, glucose
inflammation,
oxidative stress
RAS/bradykinins
Microbiome (diet,
probiotica, adsorption)
etc.
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GUT MICROBIOTA

Anxiety

Depression

Gut microbiota

Pain

Autism

Multiple
sclerosis

Cardiovascular
risk

From Frontiersin.org
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References A Ramezani et al Am J Kid Dis 2016
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Symbiotic gut microbiota

+ Commaensal bacteria
+ Barrier integrity

1681 ."
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References A Ramezani et al Am J Kid Dis 2016



Dysbiotic CKD gut microbiota

Y

References A Ramezani et al Am J Kid Dis 2016



LPS induces progression of diabetic

nephropathy in type 1 DM

Serum LPS activity and diabetic nephropathy
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Figure 1—A high LPS-to-HDL ratio was associated with both the development of microalbumin- '
uria in the normoealbuminuric (NA) group and with the progression of kidney disease in the P
macroalbuminuria (MA) group. non, nonprogressors; prog, progressors. Steno
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LPS acting via TLR pathway
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Indoxyl Sulfate related to GFR
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Structural features of AST-120 and activated charcoal (United States Pharmacopeia).

AST-120

High-resolution transmission electron microscopic picture

Gerald Schulman et al. JASN 2015;26:1732-1746

JASN

©2015 by American Society of Nephrology



Gastrointestinal binding of Indoxyl

Sulfate with AST 120
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AST 120 reducing loss of GFR in CKD

1.0
AST-120

Estimated glomerular filtration
rate relative to baseline
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EPPIC trial of AST-120 in CKD

B Pooled Analysis

Design assumption:

1.0 9 31 months (124 weeks)

0.1 9 HR, 0.97 (95% CI, 0.83-1.12)
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TMAO cause platelet hyperreactivity

A Adverse cardiac event

Stroke

Heart Attack

Intracoronary
| thrombus

Phosphatidylcholine
Gut microbiota —8» Ll

Altered bile acid and
sterol metabolism

Altered bile acid and
cholesterol transport

| Adverse

o : . N \4 é . | ventricular
Atherosclerosis S : t » r remodeling

Platelet

Hyper-reactivity : 5 HeartEailure

1 M® scavenger 2 o9 |
receptors and g IS 4 Enhanced
foam cell formation g thrombosis

R iy
c:ﬁ;stgrm Vulnerable Plaque Vulnerable Patient

transport
f EC activation

References W Zhu et al Cell 2016
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TMAO and CKD

Figure 1
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TMAO induce renal damage in experimental
setting
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Modification of Gutmicrobiota
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Personalised treatment in the future

/[ High-risk profile 1

Randomised

Low-risk ]
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Steno Diabetes Center

"My Steno” — web-based diabetes care
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Steno-2 post-trial:

Sustained effect of multifactorial intervention

_— %:ntensive
onventional

Kaplan-Meier Estimates Survival
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‘© 0.50 -
2
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0 .25 4
0.00 - 7.9 years
0 4 8 12 16 20
Number at risk: Years since randomization
Intensive 80 76 66 58 54 43
Conventional 80 78 65 45 34 24
teno

Gaede P, @lgaard J et al Diabetologia 2016; Epub ahead of print



Achievement of Goals in U.S. Diabetes Care,
1999—-2010

Mohammed K. Ali, M.B., Ch.B., M.B.A., Kai McKeever Bullard, M.P.H., Ph.D.,
Jinan B. Saaddine, M.D., M.P.H., Catherine C. Cowie, M.P.H., Ph.D.,
Giuseppina Imperatore, M.D., Ph.D., and Edward W. Gregg, Ph.D.

However, -33 4 to 48. ?q;'o of persons with diabetes S-tﬂl did not n;eet the lzgirglets for
olycemic control, blood pressure, or LDL cholesterol level. Onlvy 14.3% met the tar-

gets for all three of these measures and for tobacco use.

Ali et al. N Engel J Med 2013:368:1613-24



Diabetic nephropathy remains a major challenge

New treatments are needed, new targets necessary

Systems medicine with multidimensional characterisation can
identify targets and select patients for interventions

Gut microbiota may be both a target and a culprit

Personalising treatment may optimise efficac%/ and reduce
adverse events, thereby improving outcome for patients
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