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Thomas et al; Nature Reviews Disease Primers (2015)

Diabetic Kidney Disease (DKD)

~40%

Current therapies 
▹ Antihypertensive drugs

▹ RAAS-blockade

▹ ACE inhibitors

▹ ARB 

▹ Glucose lowering agents

▹ SGLT-2 inhibitors 

▹ GLP-R1 agonists 

Kidney failure Kidney transplantDialysis

Death

537 
million

adults are living
 with diabetes 

worldwide

1.8 m

7%

Australia



Jha et al, ARS (2016) and Clinical Science, 2018

NOX5 derived oxidative stress: a major player in diabetic kidney disease

Renal
InflammationDKD

Kidney injury
Albuminuria

eGFR

Renal fibrosis

Diabetic milieu 

Renal
ROS

Chronic hyperglycaemia
Dyslipidaemia
Insulin resistance

Renal
Oxidative 

stress NOX5



Human kidney biopsies 

Jha, Diabetes, 2017

NOX5 is upregulated in human diabetic kidney disease

NOX5 silencing on ROS formation, inflammation and fibrosis

(ROS)

Upregulation of Nox5 in human renal cells exposed to high glucose

NG (5mM)
HG (25mM)

*p<0.05, **p<0.01

Pod          MC              EC              PTC             



NOX5 transgenic mice accelerate renal injury in DKD



Holterman et al, JASN (2014) and ARS (2019)    Jha et al, Diabetes (2017), Diabetologia (2019) and Diabetes (2022)



Pharmacological inhibition of NOX5 in diabetic kidney disease

Hypothesis

Inhibition of NOX5 will provide renoprotection in diabetic kidney disease

In collaboration with Dr. Vincent Jaquet 

(University of Geneva)

Small molecule-NOX5-specific inhibitor



Pharmacological inhibition of NOX5 in diabetic kidney disease

Experimental Plan (in vitro)

Human renal cells
- Podocytes

- HK2 (proximal tubular cells)

Human iPSC derived-
Kidney organoid model

- Incubated in glucose (5 mM or 25 mM)
± NOX5i (1uM or 2uM)
for 2, 4, 24 and 48 hrs



Effect of NOX5 inhibition on ROS formation in renal cells exposed to diabetic milieu
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Human podocytes
          ROS

HK2 cells
     ROS

** ** ** *

*p<0.05, **p<0.01

Normal glucose (NG, 5mM)
High glucose    (HG, 25 mM)
Mannitol   (MN, NG+20mM)
NOX5i (1uM)



HK2 cells
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Effect of NOX5 inhibition on fibrosis and inflammation exposed to diabetic milieu
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* *

** **

*p<0.05, **p<0.01



M Takasato and  MH. Little, Developmental Biology (2016) 

Protocol for generating human iPSCs derived 3D Kidney Organoid in a dish 

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

± NOX5i (2uM)
for 2, 24, 48 and 72 hrs



Characterisation of Human iPSC- derived 3D Kidney Organoid model 

RT-PCR
(mRNA level)

Confocal Microscopy
(protein level)

Renal cell markers

FACS
(cell population variability)



RT-PCR  (mRNA level)
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Characterisation of Human iPSC- derived 3D Kidney Organoid model 

Renal cell markers

Podocytes                                     Proximal tubular cells                                Endothelial cells



Confocal Microscopy (protein level)

SM22-α +LTL CD31 +VEGF

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

(WT-1/LTL)

Podocytes/PTC

Characterisation of Human iPSC- derived 3D Kidney Organoid model 

Renal cell markers

Lotus tetragonolobus lectin (LTL)





FACS (cell population variability)

Renal Organoid Cells
(Total cell populations) 
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Renal Organoid cell population (%)

47 ± 6% 

18 ± 4% 

8 ± 2% 

Characterisation of Human iPSC- derived 3D Kidney Organoid model 

Renal cell markers



Effect of NOX5 inhibition on ROS formation in kidney organoids exposed to high glucose
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NG HG HG+NOX5i

DHE (ROS)+DAPI

Jha et al (unpublished data)**p<0.01
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Effect of NOX5 inhibition on markers of inflammation and fibrosis in kidney organoids 
exposed to high glucose

Pro-fibrotic/EMT pathway Pro-inflammatory pathway

**

Jha et al (unpublished data)*p<0.05, **p<0.01
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NOX5: a potential biomarker for diabetic kidney disease

NOX5 in human urine by ELISA

Normo 
(n=27)

Micro 
(n=26)

Macro 
(n=6)

uACR (mg/mM) 1.2 ± 0.54 8.6 ± 6.9 43.2 ± 10.2 

eGFR (ml/min) 72 ± 16.6 81 ± 15.8 80  ± 11.8 

Jha et al (unpublished data)
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NOX5 in circulating PBMCs by FACS

p=0.007
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Conclusion

❖        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



Future direction

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

❖ Performing single cell-RNA sequencing

❖ 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

*

Jha et al (unpublished data)*p<0.05, **p<0.01
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