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Structural Conservation: ACE-ACE2

Monika Rella, Richard Jackson, Tony Turner



Eriksson et al. Current Biology, Vol. 12, R745ïR752, 2002



Objectives 

¶ACE2 localization within the kidney

¶Alteration in ACE2 expression in mouse models of 

diabetic kidney disease.

¶ Impact of ACE2 inhibition and genetic ablation on 

diabetic kidney disease.

¶Effect of recombinant ACE2 on blood pressure and 

Angiotensin II metabolism.

¶Potential therapeutic effect of ACE2 amplification.
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Glomerular Cell Markers

Podocyte
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Batlle  D, Soler MJ, Wysocki J, 

Curr Opinion Nephrol and Hypertension2008
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Objectives 

¶ACE2 localization within the kidney

¶Alteration in ACE2 expression in mouse models of 

diabetic kidney disease.

¶ Impact of ACE2 inhibition and genetic ablation on 

diabetic kidney disease.

¶Effect of recombinant ACE2 on blood pressure and 

Angiotensin II metabolism.

¶Potential therapeutic effect of ACE2 amplification.
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Ye et al. JASN 2006



Control Diabetic nephropathy

Mizuiri S Am J Kidney disease 2008



HYPOTHESIS

High ACE

Low ACE2 = ¬ANG II = Albuminuria

Glomerular Expression



Objectives 

¶ACE2 localization within the kidney

¶Alteration in ACE2 expression in mouse models of 

diabetic kidney disease.

¶ Impact of ACE2 inhibition pharmacologically and 

genetic ablation on diabetic kidney disease.

¶Effect of recombinant ACE2 on blood pressure and 

Angiotensin II metabolism.

¶Potential therapeutic effect of ACE2 amplification.
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Rescue of effect of ACE2 inhibition (MLN 4760) on 

albuminuria by Angiotensin II blockade(Telmisartan)
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Effect of ACE2 inhibition ( MLN4760) on albuminuria in 

Streptozotocin(STZ) model 
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Summary 

¶ACE2 is localized in the glomerular epithelial cell 

(podocyte)

¶ACE2 expression is down-regulated whereas ACE is 

up-regulated in glomeruli from diabetic mice

¶ACE2 inhibition exacerbates kidney disease in 

diabetic mice.

¶Studies in ACE2 knockout.
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Heart NADPH oxidase activity in male mice
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P<0.05 P<0.01

n=9 n=9 n=4 n=9

Wysocki et al. unpublished



Objectives 

¶ACE2 localization within the kidney

¶Alteration in ACE2 expression in mouse models of 

diabetic kidney disease.

¶ Impact of ACE2 inhibition and genetic ablation on 

diabetic kidney disease.

¶Effect of recombinant ACE2 on blood pressure and 

Angiotensin II metabolism.

¶Potential therapeutic effect of ACE2 amplification.



serum ACE2 after 3 and 14 days of treatment
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Wysocki et al Hypertension 2010







ANGIOTENSIN-(1-7)ANGIOTENSIN II

vasoconstrictor vasodilator

Exogenous ANG II

Exogenous 

ACE2

Effect of rACE2 on blood pressure
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Objectives 

¶ACE2 localization within the kidney

¶Alteration in ACE2 expression in mouse models of 

diabetic kidney disease.

¶ Impact of ACE2 inhibition and genetic ablation on 

diabetic kidney disease.

¶Effect of recombinant ACE2 on blood pressure and 

Angiotensin II metabolism.

¶Potential therapeutic effect of ACE2 amplification.



Copyright É2009 American Physiological Society

Soler, M. J. et al. Am J Physiol Renal Physiol 296: F398-F405 2009;

doi:10.1152/ajprenal.90488.2008

Fig. 1. Angiotensin-converting enzyme (ACE) and ACE2 localization in renal vasculature: 
immunofluorescence staining of ACE (green; A) and ACE2 (red; B) in a kidney arteriole 

from mouse kidney



Soler et al AJP 2008



Structure-based identification of an ACE2 activator



Blockade of the Renin Angiotensin System: ARB
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Only Direct Renin Inhibition Inhibits the 

Entire Renin Angiotensin System1-6 

Diuretic

ACEI

ARB

Direct Renin Inhibitor (DRI)



An Efficient Strategy to Achieve Interruption of the 

Renin Angiotensin System Is Direct Renin Inhibition1-3



ACE Escape With Long-Term ACEI Treatment

*



Potential ACE2 targets:  a large repertoire  of disease 
entities 

ÅAcute Lung Injury 

ÅPulmonary Hypertension

ÅCongestive Heart Failure

ÅDiabetic Retinopathy

ÅDiabetic Kidney Disease 

ÅBrain injury ςStoke 

ÅRenin Dependent Hypertension

ÅAny Angiotensin II excess Syndrome
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Methods of ACE 2 amplification

ÅHuman Recombinant ACE2 (IP, minipumps, i.v)

ÅMurine Recombinant ACE2 (IP, minipumps, i.v)

ÅLentivirusDNA delivery/Adeno-associated Virus delivery

ÅACE2 transgenic models

ÅACE2 Activators ( XNT /DIZE/NCP-2454 )

ÅMinicircle DNA delivery

ÅBioencapsulationof ACE2

ÅModified rACE2 with enhanced duration of action
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What is the target of ACE 2 amplification

ÅACE2  deficiency ( relative if inadequate compensation)

ÅExcess Angiotensin II (1-8)

ÅDeficiency of Ang ( 1-7)

All of the above ?

None of the above ? 
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Less Ang II or more Ang 1-7? Evidence for the model of 
Ang II-induced hypertension
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Jan WysockiPhD



Ang 1-7 independent action of ACE2 on blood pressure 
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Acute Lungs Injury- Human Recombinant ACE2

Imai et al, Nature,2005



Ang II-Induced Cardiac Fibrosis - Studies with Lentivirus 
ACE2

Huentelman, M. J.,et al Experimental 

Physiology2005



Lung Fibrosis-Asthma model- ACE2 activator (DIZE)

VaibhavShrirangDhawaleet al, In Toxicology and Applied 
Pharmacology, 2016



Diabetic Retinopathy- Studies with AAV ACE2

AmrishaVermaet al ACE2 and Ang 1-7 diabetic 
retinopathy. 2012 



Mini-circles ACE2 DNA delivery by hydrodynamic 
injection



Minicircle ACE2 delivery in the STZ model



Minicircle ACE2 delivery in the STZ model



Minicircle ACE2 delivery in the STZ model



Wysockiet al, KI, 2017



Albumin excretion Rates in different model of Kidney 
Diseases



Recovery of ACE2 protein in the urine in the Alport 
Mice Model



Alport Syndrome- Murine Recombinant ACE2
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Bae et al, Kidney International, 2017
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Extending ACE2 half life by Fc-fusion
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Extending ACE2 half life by Fc-fusion
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Extending ACE2 half life by Fc-fusion



Effect of rACE2-Fc on Ang II-induced cardiac 
hypertrophy 
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Pan liu et al, unpublished 



Renin Transgenic Mice
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Effect of  rACE2-Fc in the Renin transgenic mice  
(RnTgMK)



Renin Transgenic Model Untreated and Treated with 
rACE2-Fc
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