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Supplementary Figure 1. Loss of ACE2 results in reduced obesity but increased glucose 

intolerance. Body weight at 6 months of age (A) showing reduced obesity in the ACE2KO-HFD mice 

compared with the WTHFD mice. Body mass composition showing decreased total fat mass (B) in the 

ACE2KO-HFD mice with no difference in the %fat (C) and %lean (D) mass composition in the 

ACE2KO-HFD mice compared with the WT-HFD mice. Fasting plasma glucose (E) and area under 

curve (AUC; F) from the IPGTT showing increased hyperglycemia and glucose intolerance in the 

ACE2KO-HFD mice compared with the WT-HFD mice. Epicardial adipose tissue (EAT) mass showing 

equivalent increase in the WT and ACE2KO mice in response to HFD feeding (G). *P<0.05 compared 

with the respective CON groups. #P<0.05 compared with WT-HFD group. 
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Supplementary Figure 2. Loss of ACE2 worsened EAT inflammation in response to diet-induced 

obesity. Representative hematoxylin & eosin staining (A) and wheat-germ agglutinin staining (B) 

showing increased adipose tissue inflammation (arrows; A), crown-like structures (CLS; arrowheads; A 

and C) and increased adipocyte cross-sectional area (ACSA) in the ACE2KO-HFD EAT (D). Taqman 

mRNA expression analysis showing increased expression of pro-inflammatory cytokines including 

MCP-1 (E), IL-1β (F) and IL-6 (F) in the EAT from ACE2KO-HFD compared with WT-HFD. *P<0.05 

compared with the respective CON groups. #P<0.05 compared with WT-HFD group. Scale bar indicates 

25 μm (B). 
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Supplementary Figure 3. Diet-induced obesity worsened cardiac insulin resistance and heart 

failure with preserved ejection fraction (HFPEF) in the ACE2KO mice. Total ATP (A) and %ATP 

production (B) showing ATP production via glucose oxidation was stimulated by insulin in WT-CON 

and ACE2KO-CON hearts which was suppressed in WT-HFD hearts and was markedly blunted in 

ACE2KO-HFD hearts. Cardiac function analysis from pressure-volume loops showing preserved 

ejection fraction (C),greater impairment in active relaxation with markedly increased Tau (Weiss; D) 

and equivalent increase in passive stiffness (EDPVR; E) in the ACE2KO-HFD mice compared with the 

WT-HFD mice. *P<0.05 compared with the respective CON groups. #P<0.05 compared with WT-HFD 

group. 
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Supplementary Figure 4. Assessment of molecular signaling pathways and components of the RAS 

involved in the metabolic modulation in the heart. Western blots greater increase in myocardial 

PDK4 levels (A) with no difference in the PDK2 protein expression (B) in the ACE2KO-HFD hearts 

compared with the WT-HFD hearts. No difference in the SIRT1 (C) and SIRT4 (D) protein expressions 

in between all the 4 groups were observed. Western blots analyses showing equivalent decrease in 

SIRT3 (E) and equivalent increase in PGC-1α (F) levels in the WT-HFD, ACE2KO-CON and 

ACE2KO-HFD hearts compared with the WT-CON hearts. Western blot analysis showing no change in 

AT1 receptor (G), angiotensin converting enzyme (ACE) (H) and Mas receptor (I), except for a 

significant reduction in ACE levels in WT mice in response to DIO (H). *P<0.05 compared with the 

respective CON groups. #P<0.05 compared with WT-HFD group. $P<0.05 compared with the WT-

CON group. 

 

 



SUPPLEMENTARY DATA 
 

©2015 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db15-0399/-/DC1 

Supplementary Figure 5. Lack of an effect of ACE2 deficiency on cardiac inflammation and 

myocardial fibrosis. Taqman mRNA expression analysis showing increased no change in the 

expression of proinflammatory cytokines including TNF-α (A), MCP-1 (B) and IL-6 (C) with equivalent 

increase in the IL-1β (D) in the hearts from ACE2KO-HFD compared with WT-HFD. Representative 

picro-sirius red (PSR) staining images (E) and quantification of myocardial collagen fraction (F) 

showing equivalent increase in myocardial fibrosis in the hearts from ACE2KO-HFD compared with 

WT-HFD. *P<0.05 compared with the respective CON groups. Scale bar indicates 25 μm (B). 

 

 
 



SUPPLEMENTARY DATA 
 

©2015 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db15-0399/-/DC1 

Supplementary Figure 6. Angiotensin (Ang) 1-7 treatment reduced the glucose intolerance and 

reversed the pro-inflammatory changes in the ACE2KO-HFD mice. Intra-peritoneal glucose 

tolerance test (A-B) and body weight measurements (C) showing suppression of DIO-induced glucose 

intolerance without effects on body weight in Ang 1-7 treated ACE2KO-HFD mice. Body mass 

measurement showing reduced %fat mass (D) with no change in the %lean mass (E) in Ang 1-7 treated 

ACE2KO-HFD mice. Histological analysis by H&E staining (F) and wheat-germ agglutinin staining 

(G) showing significantly decreased crown-like structures (H) and adipocyte area (I) in the Ang 1-7 

treated ACE2KO-HFD EAT. *P<0.05 compared with all the other groups. $P<0.05 compared with the 

ACE2KO-CON group. Scale bar indicates 25 μm (B). 
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Supplementary Figure 7. Angiotensin (Ang) 1-7 treatment reduced the oxidative stress and myocardial fibrosis, and prevented the 

obesity-induced HFPEF in ACE2KO mice. DHE staining images (A) and the quantification of DHE fluorescence (B) showing the Ang 1-7 

treatment mediated reduction in the oxidative stress in the hearts from ACE2KO-HFD mice. Representative picro-sirius red (PSR) staining 

images (C) and quantification of myocardial collagen fraction (D) showing anti-fibrotic effect of Ang 1-7 in the ACE2KO-HFD hearts. 

Decreased mRNA expression of cardiac disease markers ANF (E), BNP (F), β-MHC (G) and α-skeletal actin (H) in the Ang 1-7 treated 

ACE2KO-HFD hearts showing attenuation of cardiac disease progression in ACE2KO-HFD hearts in response to DIO. Pressure-volume 

loops (I) showing cardioprotective effects of Ang 1-7 treatment on DIO-induced HFPEF in the ACE2KO-HFD hearts. Quantification of 

diastolic indices from pressure-volume loop analysis showing Ang 1-7 treatment mediated decrease in LVEDP (J), Tau (Glantz; K) and 

EDPVR (L) in the ACE2KO-HFD mice. *P<0.05 compared with all the other groups. $P<0.05 compared with the ACE2KO-CON group. 

Scale bar indicates 100 μm (A) and 25 μm (C). 
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Supplementary Figure 8. Schematic representation of the effect of diet-induced obesity on the 

ACE2KO mice. Diet-induced obesity (DIO) leads to increased epicardial adipose tissue inflammation in 

the ACE2KO mice which is associated with increased resident CD11c+ Mφ. Increased EAT 

inflammation in ACE2KO-HFD mice is also associated with increased adipocyte necrosis and “crown-

like structures” reflective of advanced inflammation. DIO also resulted in increased myocardial insulin 

resistance, altered metabolic signaling, increased lipotoxicity and decreased myocardial adiponectin 

levels culminating in worsened heart failure with preserved ejection fraction (HFPEF). Ang 1-7 

treatment prevents EAT inflammation, alterations in cardiac metabolic signaling and lipotoxicity 

resulting in the prevention of DIO-induced heart failure. 

 

 


