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The IDF Diabetes Atlas 9th Edition 2019
reveals global diabetes prevalence
continues to increase. Current projections
show 700 million adults will be living
with diabetes by 2045.

S INCREASE
IN PREVALENCE
2019 - 2045

i INCREASE : INCREASE i INCREASE % INCREASE
S 20192045 ¢ 201-2045 S 201-2045 *  2019-2045

MONASH
" University

NORTH AMERICA SOUTH & CENTRAL
& CARIBREAN AMERICA

™143% 1T15% ™96% 133% 155%

Diabetic Kidney Disease (DKD)

The strong association between diabetic kidney disease
and increased incidence and prevalence of other diabetic complications
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NOX5 derived oxidative stress: a major player in diabetic kidney disease
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NOX5 is upregulated in human diabetic kidney disease

Human kidney biopsies
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NOX5 transgenic mice accelerate renal injury in DKD
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Independent of Renox, NOX5 Promotes Renal
Inflammation and Fibrosis in Diabetes by Activating

ROS-Sensitive Pathways
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formation. Collectively, these findings identify NOX5 as a
superior target in human DKD compared with other NOX
isoforms such as NOX4, which may have been overdnter-
preted in previous rodent studies.

Disbetes is increasingly recognized as the leading cause of
chronic kidney disease. Despite the advent of therapies
such as blodkade of the reninangiotensin system and,
more recently, sodium-ghicase cotransparter 2 (SGLT2)
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Albuminuriaisa dinical marker of kidney dysfunc-
tion that arises in mest glomemlopathies and i
associated with poor prognoses for ESRD, hyper-
tersion, and cardiovascular mortality. Changes to
the podocyte (g, foot process effacement, hyper-
trophy, detachment, and loss) underlie the devel-
opment and progression of dbuminuria and
thereby highlight the critical role for these cells in
upholding the glomerular filtration barrier.'
Therefore, identifying factors that induce podocyte
injury and loss is essential to undestanding the
mechanisms of fltration barrier dysfunction.

Of the many factors implicated in podocyte
dysfunction, excessive producion of reactive cxygen

species (ROS; oxidative stress) may be particula
important ** Although sources of ROS are nume
ous, the NADPH oxidase (Nox) family of eraym
yields significant supercxide production in t
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Several studies support the finding that renal reactive
cseygen spacies (ROS) play a central mle in mediating renal
injury in diabetes (4-6). A mnge of enzymes are capable of
penerating ROS, but the procsidant enzyme famdy of
MADPH oxidases, Nox, are the only enzymes known to be
solely dedicated to ROS genention in the kidney (7-10).
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The effect of VEMC/mesangial cell-specific MOXS expression resulted in more pronounced renal fibrosis in with
endothelial cell-specific NOXS5 expression in diabetic mice. In addition, albuminuria was significantly increased in diabeti
VEcad " NOXS* mice (1192 = 194 ug/24 h) when compared with disbetic VEaad" NOXS™ mice (7702 98 pug/24 h). Furthamore
the regulstory companents of NOXS activation, including heat shock protein 90 and transient recepior potentisl cation channe
subfamily C member &, were upregulated only in the presence of both NOXS and disbetes.

Condusionsfinterpretation The findings from this study highlight the i FNOXS inp ing diab latcd rona
imjury and provide the rationale for the development of a selective NOXS inhibitor for the prevention and or treatment of DEKD
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renal fibrosis and
inflammation via enhanced ROS formation and the modu-
lation of EGR1, TXNIP, ERK1/2, PKG~x, and PKG-. In
‘addition, the only first-in-class NOX inhibitor, GKT 137831,
appears to be ineffective in the presence of NOX5 expres-
sion in diabetes. In vitro, silencing of NOX5 in human

jial cells ion of EGR1, PKG-a,
and TXNIP induced by high glicose levels, as well as
markers of inflammaton (TLR4 and MGP-1) and fibrosis
(CTGF and collagens | and 1) via reduction in ROS

inhibition, a number of patients with diabetes
still progress to end-stage renal disease requiring costly
dialysis and transplantation (1,2). Therefore, there is an
wurgent need to develop more effective treatments.
Enhanced generation of renal reactive oxygen species
(ROS), particularly those derived from NADFH oxidases
(NOXs), are key mediators of renal inflammation, fibrosis,
and mitochondrial dysfunction in disbetic kidney disease
(DKD) (3-5). Previous experimental research has focused
on the constitutively active NOX isoform NOX4 (Renox),
showm to be pathogenic in murine models of DKD (4-9).
Although NOX4 is deleterious in experimental DKD, it
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Schematic representing the pathogenic role of NOX5 in DKD
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Pharmacological inhibition of NOX5 in diabetic kidney disease

Hypothesis

Inhibition of NOX5 will provide renoprotection in diabetic kidney disease

Small molecule-NOX5-specific inhibitor

In collaboration with Dr. Vincent Jaquet
(University of Geneva)
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Pharmacological inhibition of NOX5 in diabetic kidney disease

!

Human iPSC derived-

Experimental Plan (in vitro)

Human renal cells
- Podocytes

Kidney organoid model

- HK2 (proximal tubular cells)

- Incubated in glucose (5 mM or 25 mM)
+ NOX5i (LuM or 2uM)
for 2, 4, 24 and 48 hrs
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Effect of NOX5 inhibition on ROS formation in renal cells exposed to diabetic milieu

Human podocytes HK2 cells
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Effect of NOX5 inhibition on fibrosis and inflammation exposed to diabetic milieu
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Protocol for generating human IPSCs derived 3D Kidney Organoid in a dish

Monolayer (2D) 3D kidney organoids Nephron-like
< > < - structures
Primitive streak/Intermediate Nephrogenesis- Self organisation
mesoderm development
hiPSCs Nephrogenic :
= factors Ne?;wg?g:esmc Nephrogenic
/ \‘\ CHIR

factor withdrawal /

(FGF-9, Heparin)

induction induction

Day O Day 4 Day 7

Incubated with custom made media- NG (5.5 mM) and HG (25 mM)

+ NOX5i (2uM)
for 2, 24, 48 and 72 hrs
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Characterisation of Human IiPSC- derived 3D Kidney Organoid model

Renal cell markers

. AN

RT-PCR Confocal Microscopy FACS
(mRNA level) (protein level) (cell population variability)
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Characterisation of Human IPSC- derived 3D Kidney Organoid model

Renal cell markers

v
RT-PCR (mRNA level)

Podocytes Proximal tubular cells Endothelial cells
Nephrin SGLT-2 CD-31 (PECAM-1)
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Characterisation of Human IPSC- derived 3D Kidney Organoid model

Renal cell markers
v

Confocal Microscopy (protein level)

Podocytes/PTC Smooth muscle cells (MC)/PTC Endothelial cells/VEGF

(WT-1/LTL) SM22-a +LTL CD31 +VEGF

Lotus tetragonolobus lectin (LTL)
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Characterisation of Human IPSC- derived 3D Kidney Organoid model

Renal cell markers

v
FACS (cell population variability)

Renal Organoid cell population (%)
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NOX5 mRNA

Effect of NOX5 inhibition on ROS formation in kidney organoids exposed to high glucose

NO X5
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CTGF mRNA
(relative expression)

Collagen 1 mRNA
(relative expression)
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Effect of NOX5 inhibition on markers of inflammation and fibrosis in kidney organoids

exposed to high glucose
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NOX5: a potential biomarker for diabetic kidney disease

PREDICT STUDY

NOXS5 in circulating PBMCs by FACS NOXS5 in human urine by ELISA
p=0.0034 5 5007 .
% %k — p=0.007
~ 80 © 400 A
S | e mE
8 £ 3007 °® .:. -
(@)]
= 60- 2 200" . o
E % 1001 ﬁ i ‘77‘
® 40- ®
s 40 o . |
g ° 0 O O
X9
o 20 —— o N e
wH
>
o
< 0 :t
(GEPY))
eGFR (mlimin) 754 16.6 81+15.8 80 +11.8

=D

RN M%Efé?t{/_l Jha et al (unpublished data)




Conclusion

N/

"o In vitro pharmacological inhibition of NOX5 attenuates high glucose
induced upregulation of markers of fibrosis and inflammation via reduction
in ROS formation

" NOX5 may represent a potential biomarker for individuals with DKD
including those with normo-albuminuria
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Future direction

\/

s* Examining the effect of NOX5 inhibition on structural injury in a
organoid model of DKD

** Performing single cell-RNA sequencing

el J *¢* In vivo assessment of NOX5 inhibition in a rabbit model of DKD
“' ~
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Effect of NOX5 inhibition on ROS formation in kidney organoids exposed to high glucose
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Effect of NOX5 inhibition on markers of kidney organoid cells exposed to high glucose
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