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Editorial

Linking Metabolism and Immunology: Diabetic
Nephropathy Is an Inflammatory Disease

Katherine R. Tuttle

Providence Medical Research Center, The Heart Institute and SacrediHeart Meédigal Center, Spokane, Washington
J Am Soc Nephrol 16:1537-1538, 2005. doi: 10.1681 / ASN.2005040393

“... diabetic nephropathy can be viewed as an
inflammatory disease triggered by disordered
metabolism.”



Protein Kinase CB Inhibition Attenuates Osteopontin
Expression, Macrophage Recruitment, and Tubulointerstitial
Injury in Advanced Experimental Diabetic Nephropathy
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Reactive Oxygen Species — NOX inhibitors

PNAS 2000

Identification of Renox, an NAD(P)H oxidase in kidney

Miklos Geiszt*, Jeffrey B. Kopp®, Péter Varnai*, and Thomas L. Leto*S

*Laboratory of Host Defenses, National Institute of Allergy and Infectious Diseases, 'Kidney Disease Section, National Institute of Diabetes and Digestive
and Kidney Diseases, and *Endocrinology and Reproduction Branch, National Institute of Child Health and Human Development, National Institutes of

Health, Bethesda, MD 20892
Edited by Irwin Fridovich, Duke University Medical Center, Durham, NC, and approved May 3, 2000 (received for review March 27, 2000)



NAPDH Oxidases — phagocytosis of microbes

The NOX Family of ROS-Generating NADPH Oxidases: Physiology and Pathophysiology
Bedard and Krause Phyvsiological Reviews 2007



NAPDH Oxidases — non-phagocytic

Resting Activated
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McCann and Roulston, Brain Sci. 2013
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In kidney Nox 4 is the most important, ROS is important in regulation of cell
cycle, also involved in renal haemodynamics and renal ion transport

NOX 4 may be mechanosensitive
- excess of ROS - = disease.

Bedard and Krause Physiological Reviews 2007



ROS-Regulated Signaling Pathways in Diabetic Nephropathy
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BASIC RESEARCH | wavw.jasn.org J Am Soc Nephrol. 2010

NAD(P)H Ox_idase Mediatgg TGF-B1-Induced

BASIC RESEARCH @ www.jasn.org JASN June 2014 vol. 25 no. 6 1237-1254

Genetic Targeting or Pharmacologic Inhibition of

Interstitial CD68*
(Cells/mm?)

FVB OVE26 OVE26 OVE26

+ +
GKT  GKT
10 mg/kg 40 mg/kg

orin et al., Am J Physiol Renal Physiol (epublished Feb 2015)




genkyotex

the nox company

Genkyotex Completes Enroliment into Phase 2 Trial of NOX1&4
Inhibitor GKT137831 in Diabetic Nephropathy

Safety Monitoring Board Recommends Trial Continues as Planned

Top-line data expected mid-2015

Geneva, Switzerland, and Archamps, France, 13 November 2014 — Genkyotex,
the leading developer of selective NOX inhibitors, today announced the completion
of patient enroliment into its Phase 2 trial of GKT137831 in diabetic nephropathy. In
addition, the trial's independent Safety Monitoring Board has conducted its first
scheduled safety review and recommended that the trial should continue as
planned.

Safety and Efficacy of Oral GKT137831 in Patient With Type 2 Diabetes and Albuminuria
NCT02010242

12 weeks, bd dose of GKT137831, 100mg bd and 200mg bd,

Endpoints UACR, delta UACR, secondary endpoints erectile dysfunction and neuropathic
pain.

www.genkyotex.com



American Journal of Respiratory Cell and Molecular Biology, 2012

LR UG

iver Diseases

Hepatology 2012
Dav

o4 Nicotinamide Adenine Dinucleotide Phosphate Oxidase
in Experimental Liver Fibrosis: GKT137831 as a Novel

NADPH Oxidase 4 Induces Cardiac Fibrosis and Hypertrophy Through

Activating AKUmTOR and NFxB Signaling Pathways

Circulation — online Jan 2015

Running title: Zhao et al.; Nox4-Associated Signaling Pathways in Cardiac Remodeling

Qingwei David Zhao, MD, PhD; Suryavathi Viswanadhapalli, PhD; Paul Williams, BS;
Qian Shi, PhD; Chunyan Tan, MD; Xiaolan Y1, MD, PhD; Basant Bhandari, PhD;

Hanna E. Abboud, MD




MicroRNA-21 — a potential anti-fibrotic

s "% NIH Public Access

E AN

BASIC RESEARCH | wwwasn.org
Lai et al., JASN 2014

MicroRNA-21 in Glomerular Injury

Jennifer Y. Lai,* Jinghui Luo,*" Christopher ©‘Connor,* Xiaohong Jing,* Viji Nair,*
Wenjun Ju,* Ann Randolph,* Iddo Z. Bén-Dov, Regina N. Matar,* Daniel Briskin,’

Jiri Zavadil,' Robert G. Nelson,” Thomas Tuschl,® Frank €. Brosius IIl,* Matthias Kretzler,*
and Markus Bitzer**

*Internal Medicine, University of Michigan, AnfArbor, Michigan; "Department of Pharmaceutical Sciences, Nanfang
Hospital, Southem Medical University, Guangzhou, China; *Department of Medicine, Albert Einstein College of Medicine,
Bronx, New York; *Howard Hughes Medical Institute, The Rockefeller University, New York, New York; 'Department of
Pathology and NYU Center for Health Informatics and Bioinformatics, New York University School of Medicine, New York;
and National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, Phoenix, Arizona

Vd-HIN

USA
“4Division of Transplantation, Lahey Clinic Medical Center, Burlington
STufts University, Boston, Massachusetts, USA

®Division of Nephrology, University of Arkansas for Medical Sciences, Little Rock, Arkansas, USA




Monocyte infiltration — CCL2




CCL2 (MCP-1)

Recruits monocytes, memory T-cells and dendritic cells to sites of
inflammation produced either by tissue injury or infection.

Receptors — CCR2 and CCR4 (G-protein coupled receptors)

?Role of hypomethylation of CpG sites within the CCL2 promoter
region in increased CCL2 levels in'serum of patients with
diabetes.

Well-described role in experimental renal fibrosis, also is involved
in the inflammatory milleau of diseases of neurodegeneration

Bindarit (Phase 2a) reduction in CCL2 production (NCT01109212)



CCR2 antagonist

J About Us Product Pipeline Chemokines & Disease
ChemoCentryx
B \\ \

CCX-140, completed and reported phase 2

— 52 week data from Ph Il clinical trial — oral
— 332 patients, placebo, 5mg, 10mg.
— 5mg daily, reduction in UACR (p<0.0148)

— Attenuated annual decline eGFR (1.3 vs 2.3)
— NCT01440257
— http://www.chemocentryx.com/product/CCR2.html




CCR2 antagonist

Emapticap pegol (NOX-E36) e i

NOXXON Pharma
Phase 2A, presented ERA/EDTA 2014

RCT phase 2a, 72 patients with Type 2 diabetes and
albuminuria

SC administration, twice a week, reduction in ACR
(32% lower at 12 weeks), 50% reduction 31% v6%)

Benefits on glucose control
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Drug Discovery Today

Vater and Klussman, Drug Disc Today, Jan 2015

Spieglemer — RNA, DNA based aptemers, 3D structure, stabilised against cleavage
by naturally occurring endo and exonucleases. ..



Proximagen

http://proximagen.com/

Novel GPCR ?type

-has other CCR2 antagonist for neurodegen disease

RESEARCHERS _CHARITIES™ UNIVERSITIES INDUSTRY

Cytokine & Growth Factor Reviews 24 (2013) 23-40

Contents lists available at SciVerse ScienceDirect

Cytokine & Growth Factor Reviews

journal homepage: www.elsevier.com/locate/cytogfr

Survey

MIF, CD74 and other partners in kidney disease: Tales of a promiscuous couple

M.D. Sanchez-Nifio *!, A.B. Sanz®!, O. Ruiz-Andres ?, ]. Poveda ®?, M.C. Izquierdo ”?, R. Selgas ®>,
J. Egido >“%%, A. Ortiz >~



VAP-1 inhibitor

)aslcllas

VAP-1 is expressed in pericytes and vascular endothelium and is involved
in leukocyte extravasation to inflammed tissues

It is an enzyme (monoamine oxidase)and an adhesion molecule for

lymphocytes.
ASP8232 - a novel VAP-Linkibitor @ 15" @ .
H \@ H
Phase 1 clinical trial, oral drug Er:miag O QQ @® o
NCT02218099
@ Leukocyte

Granules with VAP-1

VAP-1




Second messengers
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CLINICAL RESEARCH | www.jasn.org
February 2015, 26 (2)

Effect of Pentoxifylline on Renal Function and Urinary
Albumin Excretion in Patients with Diabetic Kidney

Disease: The PREDIAN Trial

Juan F. Navarro-Gonzalez,*™ Carmen Mora-Fernandez,'* Mercedes Muros de Fuentes,*S
Jesis Chahin,* Maria L. Méndez,* Eduardo Gallego,* Manuel Macia,* Nieves del Castillo,*
Antonio Rivero,* Maria A. Getino,* Patricia Gareia,* Ana Jarque,* and Javier Garcia*

*Nephrology Service, TResearch Unit, $Clinical Analysis Service, and *GEENDIAB (Spanish Group for the Study of
Diabetic Nephropathy), University Hospital Nuestra Sefiora de Candelaria, Santa Cruz de Tenerife, Spain

40 -
Open-label, prospective RCT ~ =l
n=169, PTF 82, control 87 g oo
E —— FIF
, r O] . ; .
* smaller decrease in eGFR and a greater " o ’ oA
reduction of residual albuminuria. "
* Reduction in TNF alpha Bed 6 12 18 24

Months of follow-up



cAMP preservation — PDE inhibitors

Hypertension, 2009

Phosphodiesterase-S

Blood Pressure Lowering Effects of a New Long-Acting
Inhibitor of Phosphodiesterase S in Patients With Mild to
Moderate Hypertension

Robert Wolk, William B. Smith, Joel M. Neutel, John Rubino, Dawei Xuan, James Mancuso,
James Gilbert, Milton L. Pressler

— Blood vessel relaxation, improved blood flow
— Phase 2, NCT01200394

* Finished phase 2a, 16 weeks, UACR, eGFR




cAMP — PDE inhibitors

e CTP-499
— PDE3,4 and 5
— Concert pharma

— Poster, Phase 1, phase 2 active in Type 2 CKD, abstract
NKF spring meeting

 Roflumolast (Takeda GmbH), Daliresp
— PDE4
— Approved for COPD
— Preclinical efficacy in STNX model of CKD



Intracellular steroid receptors
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BAY 94-8862 - Finerenone

Discovery of BAY 94-8862: A Nonsteroidal Antagonist of the
Mineralocorticoid Receptor for the Treatment of Cardiorenal Diseases

Dr. Lars Bz'a'lrfacker1 Dr. Alexander Kuh|1,

Prof. Dr. Alexander HiIIisch1, Dr. Rolf
1

: ~ 5 CHEMMEDCHEM ChemMedChem
Grosser', Dr. Santiago Flgueroa-Perez1, - — ——

Dr. Heike Heckroth!, Adam Nitsche', Dr.
Jens-Kerim Ergi]den1, Dr. Heike Gielen-
Haertwig1, Dr. Karl-Heinz Schlemmer?,
Prof. Dr. Joachim Mittendorf', Dr. Holger
Paulsen’, Dr. Johannes Platzek® and Dr.

Peter Kolkhof*

Volume 7, Issue 8, pages
1385-1403, August 2012

Article first published online: 12 JUL 2012
DOI: 10.1002/cmdc.201200081



BAY 94-8862 - Finerenone

Nepﬁrﬁalaac‘y Table of Contents « previous Article next »

Vol. 40, No. 6, 2014
Issue release date: February 2015

Section title: Original Report: Patient-Oriented,
Translational Research

7 Free Supplementary Material

Am J Nephrol 2014;40:572-581
(DOI:10.1159/000371497)

Rationale, Déesign, and Baseline Characteristics of
ARTS-DN: A Randomized Study to Assess the Safety and
Efficacy of Finerenone'in Patients with Type 2 Diabetes
Mellitus and a Clinical Diagnosis of Diabetic
Nephropathy

Ruilope L.M.2 - Agarwal R.P - Chan J.C.€ - Cooper M.E.9 - Gansevoort RT.¢ - Haller H.f -

Remuzzi G.% |- Rossing P.M - Schmieder R.E.9 - Nowack C."- Ferreira A.C." - Pieper A.[-
Kimmeskamp-Kirschbaum NJ - Bakris G.L.°

ARTS-DN; NCT01874431



Mineralocorticoid receptors.. MT-3995

\///' Mitsubishi Tanabe Pharma

Safety, Tolerability and Pharmacokinetic Study of MT-3995 at a Low Dose in Subjects With Diabetic Nephropathy

This study is currently recruiting participants. (see Contacts and Locations) ClinicalTrials.gov Identifier:
NCT02205372

First received: July 27, 2014
Lastupdated: July 30, 2014
Last verified: July 2014
Information provided by (Responsible Party): History of Changes
Mitsubishi Tanabe Pharma Corporation

Verified July 2014 by Mitsubishi Tanabe Pharma Corporation

Sponsor:
Mitsubishi Tanabe Pharma Corporation

Full Text View  Tabular View  No Study Resuits Posted Disclaimer  [E] How to Read a Study Record

P Purpose

The purpose of this study is to evaluate safety, tolerability and pharmacokinetics of MT-3995 in Subjects with Diabetic Nephropathy.

Condition Intervention Phase

Diabetic Nephropathy Drug: MT-3995 Phase 1
Drug: Placebo Phase 2




Inflammatory cytokine cascade
JAK-STAT pathway inhibitors




_ ‘ STAT3 .

STAT4

PISK/AKT




Stat-4 antagonist

DiaKine — oral drug, DT 22669
JAK Tyrosine kinases

Acquired by Islet Sciences;interest in
prevention of isiet cell senescence

preclinical studies failed to prevent rodent
diabetes

Retinopathy/nephropathy DT 23552



JAK1/JAK2 inhibitor baricitinib

* Oral agent

* Phase lll development as a potential treat
rheumatoid arthritis.

This study has been completed. ClinicalTrials.gov Identifier:
NCT01683409

Sponsor:

Eli Lilly and Company First received: September 7, 2012

Last updated: January 16, 2015

Collaborator: Last verified: January 2015

Incyte Corporation

History of Changes
Information provided by (Responsible Party):
Eli Lilly and Company
Full Text View  Tabular View  No Study Resuits Posted Disclaimer  [&] How to Read a Study Record

P Purpose

This is a dose ranging study to evaluate the safety and efficacy of baricitinib in the treatment of participants with mild to moderate diabetic kidney disease.

Condition Intervention Phase

Diabetic Kidney Disease Drug: baricitinib Phase 2
Drug: Placebo



Aerpio

* Tie2Rec activator — angiopoietin receptor, tyrosine

o o _h_c°h_°*ax _ __

BASIC RESEARCH | www.jasn.org

Targeted Glomerular Angiopcietin-1 Therapy for Early
Diabetic Kidney Disease

Cecile Dessapt-Baradez,* Adrian S. Woolf, Kathryn E. White,* Jiagi Pan,* Jennifer L. Huang,§
Anthea A. Hayward,* Karen L. Price,’ Maria Kolatsi-Joannou,® Maelle Locatelli,*

Marine Diennet,* Zoe Webster,! Sarah J. Smillie,* Viji Nair,7 Matthias Kretzler,"

Clemens D. Cohen,** David A. Long,§ and Luigi Gnudi*

*Cardiovascular Division, King's College London, London, United Kingdom; fInstitute of Human Development,
Faculty of Medical and Human Sciences, University of Manchester, Manchester, United Kingdom; *Electron
Microscopy Unit, University of Newcastle upon Tyne, Newcastle upon Tyne, United Kingdom; *Nephro-Urology Unit,
University College London, Institute of Child Health, London, United Kingdom; IMRC CRB, ICSM Hammersmith
Hospital, Imperial College London, London, United Kingdom; YInternal Medicine/Computational Medicine and

Bioinformatics, University of Michigan, Ann Arbor, Michigan; and **Division of Nephrology, University Hospital Zurich,
b ST PO SR WDt PSR



The dilemma...

* Multiple pathways

* Risk of redundancy when one pathway is
blocked

* |PF an epithelial-fibroblastic disease —
inflammation is a secondary event



Understanding disease pathophysiology — network analysis

:

i

Primary exit

Alternative exit
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A Study to Evaluate ASP8232 in Reducing Central Retinal Thickness in Subjects With Diabetic Macular Edema (DME)
(VIDI)

This study is currently recruiting participants. (see Contacts and Locations) ClinicalTrials.gov Identifier:
NCTO02302079

First received: November 24, 2014
Lastupdated: January 30, 2015
Last verified: January 2015
Information provided by (Responsible Party): History of Changes

Astellas Pharma Inc ( Astellas Pharma Europe B.V. )

Verified January 2015 by Astellas Pharma Inc

Sponsor:
Astellas Pharma Europe B.V.

Full Text View Tabular View No Study Results Posted Disclaimer  [E] How to Read a Study Record

¥ Purpose

The purpose of this study is to evaluate efficacy and safety of ASP8232 in subjects with diabetic macular edema (DME). This study will evaluate the percent
change from baseline in excess central subfield thickness (CST) in the study eye as assessed by spectral domain-optical coherence Tomography (SD-OCT) for
ASP8232 monotherapy at Month 3.

Condition Intervention Phase
Diabetes Mellitus Drug: ASP8232 Phase 2
Diabetic Macular Edema Drug: ranibizumab

Drug: Placebo

Other: Sham intravitreal (IVT) injection
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Tranilast — a known but old anti-fibrotic
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= 002 —
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Before During

Tranilast halts the progression of Tranilast slows the progression of

albuminuria in diabetic Ren-2 rats

diabetic nephropathy in humans
(100mg/day TID)

A. Mifsud et al, Nephron Physiol 2003 B. Soma et al., Nephron 2002
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Fibrotech compounds
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FT-011

Tranilast
n-(3,4-dimethyoxycinnamoyl) anthranilic acid

>130 Fibrotech compounds

{ Lead compound - FT-011 J

* Novel, synthesized on a kilogram scale,
orally bioavailable, stable and crystalline.

e CMC - AMRI, New York

Extensive preclinical studies, at 50-1000mg/kg/

day with no aberrant pathology seen in any

organ, normal FBE, normal renal function. FT-011

better tolerability than Tranilast



Preclinical studies — FT011 and DN

FTO11 has been studied in the Ren(2) diabetic rat, Dose dependant reduction in urinary ACR

and other STZ rat models with both early and later 25
|‘ h L 1 I

intervention demonstrating a dose dependant
reduction in urinary ACR, reduction in tubulo-
ControlsCMC  DiabetessCMC DnabetenFTD'Il Dacbetes+FTO'|1 nux(:%g:gmn D»c\betenFTO'II Dicbetes+FTO|'I

#

20—

interstitial fibrosis, glomerulosclerosis and

abrogation of GFR decline. (*Gilbert et al, PLoS
One, 2012). Efficacy has also been demonstrated in

the STNx model of CKD.

In head to head studies,
demonstrated to be more potent

* p<0.05 versus confrol = p<0.05 versus diabetes  # p<0.01 versus diabetes

- B. Glomeruloscler03|s

12 =

rstitial fibrosis*

1

Control Conlrol+F1011 Diabetes Ciabeles+F101

Ciabetes Dicbetes+FT011

Cenfrel+FTON

m Diabetes + Fron )| ‘P<005versusconfiol * p<005versusdidbefes _ 'P<0OSversus control * p<0.05 versus dlcbetes




Phase 1 clinical trial summary

FTO11 has been tested at up Lo 1gm as a single
dose with no adverse effccts

FTO11 dosed &t 500mag/cay for 14 day period
with no adverse avents

FTO11 has excellent PK with half life of ~10
hours
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|dentification of Cross-Species Shared Transcriptional Networks of

Diabetic Nephropathy in Human and Mouse Glomeruli

HUMAN:

Type 2 diabetic,
High albuminuria
(Halb) vs. Low
abluminuria (Lalb)

MOUSE:

DBA STZ

BKS db/db

BKS eNOS-/- db/db

[each vs. nondiabetic]

Differentially
expressed
_glomerular genes

Species-Specific
Transcriptional
Networks

4606 genes

4220 genes

4168 genes

3797 genes

Hodgin et al, Diabetes 2013

3213
nodes

3296
nodes

3169
nodes

2910
nodes

Human-Mouse Shared
Transcriptional
Networks

Human-

: DBASTZ
"~ 143 nodes

Human-
BKS db/db

97 nodes

. Human-
- BKS eNOS-/-

db/db
162 nodes




The Molecular Phenotype of Endocapillary Proliferation: Novel

Therapeutic Targets for IgA Nephropathy
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The Molecular Phenotype of Endocapillary Proliferation: Novel

Therapeutic Targets for IgA Nephropathy

Rank Cmap name P

1 Hydroquinine 0.0002
3 Resveratrol 0.0003
8 guaifenesin 0.0016
10 methotrexate 0.0025
12 genistein 0.0061
24 ciclosporin 0.0148
64 corticosterone 0.0324
72 methylprednisolone 0.0405
These are bioactive compounds that would.be predicted to have favorable biologic activity to modulate the transcriptional responses associated with endocapillary
proliferation. Full results of the analysis are available in Table Sé.

doi:10.1371/journal.pone.0103413.t004

Drug Pair —
Seeker . e . .
* Defined distinct molecular profile of a pathologic
i phenotype associated with progressive renal
e ™ LI insufficiency in IgAN.

Drug Pair Seeker (DPS) is a Java program that attempts to predict and prioritize pairs of drugs using the
Connectivity Map dataset. Users can enter lists of up and down differentially expressed genes from
their own experiments to receive a ranked list of drug combinations that would either reverse or
aggravate the condition of their cells or tissue using a simple formula shown below.

Owarw

&

L
I I I I I httpt//www.maayanlab.net/DPS/ Hodgin et al, PlosOne 2014

* Identification of new therapeutic strategies for IgAN.




Top 10 pathways differentially regulated by FT011 in

treated and untreated diabetic animals.

Analysis: D+VvsD+FT-q5% - 2013-05-15 05:40 PM

B D+VysD+FT-q5% - 2013-05-15 05:40 PM | - Ratio |
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Network analysis of FTO11 pathway mechanisms

Network 1 : D+VvsD+FT-q5%-withFC - 2013-05-16 09:42 AM : D+VvsD+FT-q5%-withFC.txt : D+VvsD+FT-q5%-withFC - 2013-05-16 09:4.
AM
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7 of 10 pathways common in human and animal DN is

are affected by FTO11

Analysis: 37 overlap-rat-humanDN - 2013.08-14 09:20 AM

M 37overlap-rat-humanDN - 2013-06-14 09:20 AM | | -#- Ratio

-log(p-value)
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Role of NFAT in Regulation of the Immune Response
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New therapies - ?the future

* Return to the renal biopsy

— Pharmacotranscriptomics

e Alternate dosing schedules

— Rest periods, prevent saturation/adaptation






