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Global burden of diabetes and current therapies

1. NCD Risk Factor Collaboration Lancet. 2016
2. Adapted from Naaman et al. diabetes care 2023 

• Current global prevalence is 564 million and is expected to reach 600 million by 2035[1] 

GLP-1RAs
• Decrease body weight
• Decrease dyslipidaemia
• Decrease hyperglycaemia 

SGLT2 Inhibitors
• Decrease hyperglycaemia 
• Decrease hyperfiltration
• Decrease proteinuria 

Renin Angiotensin system 
(RAS) Inhibition
• Decrease body weight
• Decrease hyperfiltration
• Reduce blood pressure 



Adapted from Young et al. Biochem Pharmacol 2023

Targeting the AT2R for treating cardiac and renal disease

• AT2R knockdown increases the severity of the 
disease in animal models 

• A number of AT2R agonist have been 
developed to target the receptor including 
Compound 21 (C21)

AT2R as a therapeutic target

RAS



1. Bosnyak et al. Clin Sci 2011
2. Del Borgo et al. Clin Sci 2015

Targeting the AT2R for treating cardiac and renal disease

• Compound 21 (C21) is in clinical trials 
for treating fibrosis

• C21~4000 fold selective for AT2R 
over AT1R[1]

• β-Pro7AngIII >20,000 fold selective for 
AT2R over AT1R[2]

• −Pro7AngIII protects from IRI

AT2R agonist in clinical trials and pre-
clinical models



N-Ac-β-Pro7Trp8AngIII (N-Ac): A New AT2R Agonist
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• Acetylation at the N terminus increases stability 

• β amino acid and Tryptophan substitutions increases 
AT2R selectivity

Peptides Amino Acid Sequence AT2R:AT1R 
Selectivity

AngIII H2N -  RVYIHPF   - 
COOH 15[1]

β-Pro7AngIII HN -  RVYIHβPF -COOH ~21,000[1]

N-Ac-βPro7 Trp8 Ang III H3C-CO HN -  RVYIHβPW   

-COOH >120,000[2]

1. Del Borgo et al.  Clin Sci 2015
2. Wang et al. 2018 Unpublished Data



STZ (55mg/kg/day)
5 x i.p. injections

N-Ac intervention in ApoE-/- STZ mouse model of T1D

6

perindopril (2mg/kg/day)

N-Ac (0.1mg/kg/day)

Groups

1. ApoE-/- control

2. ApoE-/- STZ diabetic

3. ApoE-/- STZ + N-Ac

4. ApoE-/- STZ + perindopril

Kidney function
Blood pressure

Body weight, weekly
Blood glucose, fortnightly (insulin >30mM)

Cull

6–8 week old, ApoE-/- mice
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Two-way ANOVA and Tukey’s post hoc test *P < 0.05, n=10-13 per group
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N-Ac treatment reduces collagen in diabetic hearts

Picrosirius red staining - collagen

One-way ANOVA and Tukey’s post hoc test **P < 0.01 n=10-13 per group

diabetic +perindopril+N-Accontrol
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• N-Ac treatment reduces collagen in cardiac tissue

Base
Aortic sinus

Mid-section

Taken from Nagpal et al. Insights Imaging 2020 

Cardiac collagen 



N-Ac treatment increases plaque stability and decreases 
plaque area in the aortic sinus

One-way ANOVA and Tukey’s post hoc test *P < 0.05 n=7-11 per group
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• Thick fibrous cap
• Small necrotic core
• Resolving 

inflammation

• Thin fibrous cap
• Large necrotic core
• Unresolving inflammation

Kljajic et al. Int J Cardiol. 2013 

• N-Ac treatment restores plaque stability

Stable plaque

Unstable plaque



CD68

N-Ac treatment reduces inflammation in the sinus

MCP-1

diabetic +perindopril+N-Accontrol

One-way ANOVA and Tukey’s post hoc test **P < 0.01, ****p < 0.0001, n=10-13 per group

co
nt

ro
l

di
ab

et
ic

+N
-A

c

+p
er

in
do

pr
il

0

5

10

15

20

%
 a

re
a
 o

f 
fl
u
o
re

s
c
e
n
c
e

✱✱

CD68 MCP-1
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• N-Ac treatment reduced CD68 positive macrophages in the aortic sinus at 30 weeks
• N-Ac treatment reduced MCP-1 positive staining in the aortic sinus of diabetic mice

Immunofluorescence microscopy  



N-Ac intervention improves renal function in diabetes

10

Urinary albumin 
(ug/24hr) week 30

Urinary albumin 
(ug/24hr) week 22
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Mann Whitney test ** p < 0.01,  n=10-13 per group
One-way ANOVA and Dunnett’s post hoc test *P < 0.05, ** p < 0.01,  n=10-13 per group
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diabetic +perindopril

N-Ac reduces collagen accumulation in diabetic kidneys

One-way ANOVA and Tukey’s post hoc test *P < 0.05, **P < 0.01, n=10-13 per group

+N-Accontrol

Picrosirius red staining - collagen
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• N-Ac treatment reduced glomerulosclerosis scoring in diabetic kidneys at 30 weeks

Kidney collagen 



GS score = 1 
(<25%)

GS score = 0 
(0%)

GS score = 3-4 
(50-100%)

GS score = 2 
(25-50%)

One-way ANOVA and Tukey’s post hoc test **P < 0.01, ****p < 0.0001, n=8 per group

N-Ac treatment reduces glomerulosclerosis
Masson’s trichrome staining  
- extracellular matrix

control diabetic +perindopril+N-Ac

co
nt

ro
l

di
ab

et
ic

+N
-A

c

+p
er

in
do

pr
il

0

1

2

3

4

g
lo

m
e
ru

lo
s
c
le

ro
s
is

 s
c
o
re

✱✱

✱✱✱✱

• N-Ac treatment reduced glomerulosclerosis in diabetic kidneys at 30 weeks

Glomerulosclerosis score0 1 2 43

None Severe



N-Ac treatment reduces inflammation

                

One-way ANOVA and Tukey’s post hoc test *P < 0.05, n=6-7 per group

diabetic +perindopril+N-Accontrol

• F4/80 positive macrophages were increased in diabetic kidneys at 30 weeks

• N-Ac treated diabetic kidneys showed reduced macrophage infiltration at 30 weeks 

Immunohistochemistry - macrophages 
F4/80
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N-Ac treatment reduces fibrosis marker α-SMA

One-way ANOVA and Tukey’s post hoc test *P < 0.05, **P < 0.01, ***P < 0.001, n=6-7 per group

                

α-SMA
Immunohistochemistry - α-SMA 
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• Myofibroblast marker α-SMA was increased in diabetic kidneys at 30 weeks

• N-Ac treated diabetic kidneys showed reduced α-SMA positive staining at 30 weeks

diabetic +perindopril+N-Accontrol



    
            

One-way ANOVA and Tukey’s post hoc test **P < 0.01, n=6-7 per group

N-Ac treatment reduces fibrosis marker fibronectin

Immunohistochemistry - fibronectin Fibronectin

diabetic +perindopril+N-Accontrol
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• Extracellular matrix marker fibronectin was increased in diabetic kidneys at 30 weeks 

• N-Ac treated diabetic kidneys showed a reduction in fibronectin positive staining at 30 weeks
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N-Ac treatment increases matrix metalloproteinases

MMP-2 MMP-9

Gelatin zymography 
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One-way ANOVA and Dunnett’s post hoc test *P < 0.05, n=6 per group

+perindoprildiabetic +N-Ac

• MMP-2 and MMP-9 were increased in diabetic kidneys at week 30



One-way ANOVA and Tukey’s post hoc test *P < 0.05, * *P < 0.01 n=6 per group
Kruskal-Wallis for ratio*P < 0.05, **P < 0.01 n=6 per group

N-Ac treatment restores MMP-2: TIMP-2/MMP-9:TIMP-1 
balance back to control levels in diabetic kidneys 

TIMP-2 TIMP-1 MMP-2:TIMP-2 MMP-9:TIMP-1
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• N-Ac treatment increased MMP-2 and MMP-9 activity independent of TIMP regulation 

Western Blotting



Conclusions

• N-Ac shows exceptional selectivity for its target, the AT2R

• N-Ac intervention was protective in the kidneys, heart, and vasculature

• Immunostaining showed a reduction in collagen accumulation in cardiac 
tissue and improved plaque stability 

• Immunostaining in the kidneys showed a reduction in both fibrotic and 
inflammatory markers

• N-Ac improved renal function

• The anti-fibrotic mechanism may be through increasing MMP-2 and MMP-9 
activity

• The study highlights N-Ac as both anti-inflammatory and anti-fibrotic
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