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Overview 
•  Obesity & Renal Failure 

§  Epidemiology 

§  Risk Factor for Renal Failure 

•  Lipotoxicity & Renal Failure 

•  Hypothesis 

•  Experimental Design & Methods 

•  Results 

•  Summary & Conclusions 
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Global Obesity Prevalence, 2010 

•  More than 1.4 billion adults were overweight 
•  More than half a billion obese (WHO, 2008)   

www.oecd.org/health/49716427.pdf 
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Global Obesity Prevalence, 2012 

http://www.indexmundi.com/g/r.aspx?v=2228 
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Obesity in Qatar 

71% Overweight 

28% Childhood Obesity 

32% Obese 

17% Diabetes 
(# 4 in the world) 
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United States Renal Data System, 2006 IV - 4 

Obesity causes:  

1.  ~ 90% Diabetes 

2.  65-75% Hypertension 

Obesity & End-Stage Renal Disease (ESRD) 

↔ < 10% baseline renal function 

‘Dialysis’ or ‘kidney transplant’ 

⇒
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Hsu, C.-Y. et. al. Ann Intern Med 2006;144:21-28 

<18.5    18.5-24.9    25-29.9    30-34.9    35-39.9    >40 kg/m2 

Obesity causes renal injury through mechanisms 
in addition to hypertension and diabetes. 
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Body Mass Index (BMI) Category  
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Stern et al. J. Nutrition 2001; 131:913s-917s 

Caloric restriction slows the onset of renal 
disease & increases lifespan in rodents. 

Obese 

Caloric restriction 
(~ 18 %)  
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Concept of “Lipotoxicity” 

9 
Redrawn from McGavock, J. M. et. al. Ann Intern Med 2006;144:517-524 
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Obesity 

   Free Fatty Acids 

Mitochondrial 
Dysfunction 

    Mitochondrial  Respiration 

    ATP levels 

Lipid 
Accumulation 

    Protein Misfolding 

    Protein load 

    ER Stress Markers 

Renal Injury 

ER Stress 

Potential Mechanisms of “Lipotoxicity”: 
Mitochondrial Dysfunction and ER stress 

    Oxidative Stress 
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Leptin & Energy Homeostasis 
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MC4R 
MC4R; Melanocortin 4 Receptor 

aa 

Body Weight  

- 

•  Genetic Mutations in 

a)  Leptin gene → Leptin Deficiency    
– Severe obesity (Rare in humans) 

b)   Leptin receptor → MC4R deficiency 
– More common (~ 10% of obesity) 
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Anti-steatotic Effects of Leptin 

12 

- 

MC4R 
MC4R; Melanocortin 4 Receptor 

Peripheral Tissues 

(Liver, Skeletal muscle) 

+ 
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Hypothesis 
§  Obesity-induced dyslipidemia → Lipid accumulation in kidney → 

Mitochondrial dysfunction & ER stress ⇒ Renal injury. 

§  Leptin protects against lipid accumulation & renal injury in obesity. 

Obesity 
Renal Injury 

ER Stress 

Renal Lipid 
Accumulation 

⊕ 

Fatty Acids 

⊕ 

Lipotoxicity 
  

  
    

Leptin 

X 
X 

X 

X 
X 

(Normotensive) 

Mitochondrial 
Dysfunction 
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Transgenic Mouse Models of Obesity 

Ob/Ob-/- mice 

Absent High Leptin Levels: 

MC4R-/-  mice WT mice 
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Experimental Design & Methods 

-10 

Telemetry Probe 
implantation  

0 12 days 

Telemetry  

Urine & blood 
collection 

5 

Sacrifice & Harvest 

36-42 weeks old  
Male Mice (n = 6-8) 

Renal Triglycerides 

ER Stress (GRP78, 
XBP-1, CHOP) 

Histological Damage 
(PAS, F4/80 Staining) 

Mitochondrial Dysfunction 
(FA Oxidation, ATP levels, 

Oxidative Stress) 

   Oct. 7, 2014; SM 
16 

Characterization of Mouse Models 

Ob/Ob-/- mice MC4R-/-  mice 

Vs. 
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•  MC4R-/- & Ob/Ob-/- 
mice → Obese 

*P < 0.05 as compared to WT; # P < 0.05 as compared to WT-LoxTB; @ P< 0.05 as compared to MC4R-/- 

•  MC4R-/- →  Hyperleptinemic 
•  Ob/Ob-/- → Leptin deficient 
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Telemetry 

•  MC4R-/- & Ob/Ob-/- mice → “Normotensive” 

WT	
   Ob/Ob	
   WT-­‐LoxTB	
   MC4R-­‐/-­‐	
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Validation of Mouse Models 

Ob/Ob mice MC4R-/-  mice 

Vs. 

Absent High Leptin Levels: 

Obese Obese Body Weight: 

Normotensive Normotensive Blood Pressure: 
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A. Does obesity promotes lipid accumulation in kidney? 

If so, do high leptin levels prevent lipid accumulation. 

Obesity 
Renal Injury 

ER Stress 

Fatty Acids 

Lipotoxicity 
  

  
    

Leptin 

X 

(Normotensive) 

Mitochondrial 
Dysfunction 

Renal Lipid 
Accumulation 

A 
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ü  Obesity → Renal Lipid Accumulation 
Х  High Leptin ⇒ No protection 

Chloroform-
Methanol Extraction 

“Triglyceride levels” 
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*P < 0.05 as compared to WT; #P < 0.05 as compared to WT-LoxTB 
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ü Obesity promotes lipid accumulation in kidney. 

But high leptin levels do not prevent lipid accumulation. 

Obesity 
Renal Injury 

ER Stress 

Fatty Acids 

Lipotoxicity 
  

  
    

Leptin 

X 

(Normotensive) 

Mitochondrial 
Dysfunction 

Renal Lipid 
Accumulation 
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B. Does obesity promotes renal mitochondrial dysfunction? 

Whether leptin prevents mitochondrial dysfunction? 

Obesity 
Renal Injury 

ER Stress 

Fatty Acids 

Lipotoxicity 
  

  
    

Leptin 

X 

(Normotensive) 

Mitochondrial 
Dysfunction 

Renal Lipid 
Accumulation 
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Obesity 

Leptin and Mitochondrial Respiration 

Renal Dysfunction 

No Leptin 

Leptin 

Ob/Ob-/- 

MC4R-/- 
X 
? 

? 
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Mitochondrial Respiration 
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#P < 0.05 as compared to WT-LoxTB 

ü  MC4R-/- Obesity → Impaired Glucose and Fatty acid 
Oxidation in kidney 

Clark Oxygen Electrode 

“Glucose and Fatty acid 
Substrate Oxidation” 
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*P < 0.05 as compared to WT; #P < 0.05 as compared to WT-LoxTB 

ü  Ob/Ob and MC4R-/- Obesity → Impaired 
mitochondrial coupling (efficiency) under glucose 
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ü  MC4R-/- Obesity →  ↑ Complex-IV activity 

Clark Oxygen Electrode 

Ascorbate, 
TMPD & 

Cytochrome c 

“Complex-IV Activity” 

#P < 0.05 as compared to WT-LoxTB
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ü  MC4R-/- Obesity → ↑ Oxidative Stress in Kidney 

Spectrophotometry 

Phenyl 
hydrazine  

“Protein Carbonyl Levels” 

#
P < 0.05 as compared to WT-LoxTB 
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ü  Obesity → Impaired Energy Status in Kidney 

Luminometer 

Homogenate 

“ATP levels” 
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Obesity 

Renal Injury 

Mitochondrial 
Dysfunction 

ER Stress 

Renal Lipid 
Accumulation 

? 

Free Fatty Acids 

Lipotoxicity 
  

  
    

Leptin 

X 

 Obesity 

ü 	
  	
  
Mitochondrial 
Dysfunction 

(Normotensive) 

⊕ 

ü  Obesity → Mitochondrial Dysfunction 
Х  High Leptin ⇒ No protection 
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Obesity 

Renal Injury 
ER Stress 

Renal Lipid 
Accumulation 

⊕ 

Fatty Acids 

⊕ 

Lipotoxicity 
  

  
    

Leptin 

C	
  

X ER Stress 
 Obesity 

?	
  

(Normotensive) 

C. Does obesity promotes ER Stress in the kidney? 

Whether leptin prevents renal ER stress? 

Mitochondrial 
Dysfunction 
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Adapted from: http://www.pdbj.org/eprots/index_en.cgi?PDB%3A2RIO.	
  

GRP78, XBP-1, CHOP Marker	
  of	
  ER	
  Stress	
  	
  

Endoplasmic Reticulum (ER) Stress 
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WT-LoxTB MC4R -/- 
XBP-1 (S) 

β-Actin 
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ü  MC4R-/- Obesity → CHOP induction in Kidney 

# P< 0.05 as compared to WT-LoxTB  
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Obesity 

Renal Injury 

ER Stress 

Renal Lipid 
Accumulation Fatty Acids 

Lipotoxicity 
  

  
    

Leptin 

ER Stress 
 Obesity 

⊕ 

(Normotensive) 

? 

? 

ü  MC4R-/- Obesity → ER Stress activation in Kidney 

Mitochondrial 
Dysfunction 
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Obesity 

Renal Injury 
ER Stress 

Renal Lipid 
Accumulation Free Fatty Acids 

Lipotoxicity 
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Renal Injury 
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D. Does obesity promotes renal injury? 

Whether leptin protects against renal injury? 

Mitochondrial 
Dysfunction 
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ü  Obesity → Albuminuria 

*P < 0.05 as compared to WT; # P< 0.05 as compared to WT-LoxTB  

Urine 
Albumin (ELISA) Blood & Urine 

Creatinine (HPLC) 

 & Hyperfiltration 
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Does obesity cause histopathological changes 
in kidney? (Periodic acid-Schiff Staining) 

WT	
  Mouse	
  Kidney	
   ob/ob	
  Mouse	
  Kidney	
  

MC4R	
  -­‐/-­‐	
  Mouse	
  Kidney	
  WT-­‐LoxTB	
  Mouse	
  Kidney	
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Does obesity promote macrophage infiltration 
in kidney? (F4/80 Staining) 
WT	
  Mouse	
  Kidney	
   ob/ob	
  Mouse	
  Kidney	
  

MC4R	
  -­‐/-­‐	
  Mouse	
  Kidney	
  WT-­‐LoxTB	
  Mouse	
  Kidney	
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Obesity 

Renal Injury 
ER Stress 

Renal Lipid 
Accumulation 

⊕ 

Free Fatty 
Acids 

⊕ 

Lipotoxicity 
  

  
    

X 

 Obesity 

Renal Injury 

(Normotensive) 

ü 	
  	
  

Leptin 

Mitochondrial 
Dysfunction 

ü  Obesity → Mild Renal Dysfunction 
Х  High Leptin ⇒ Doesn’t alter renal injury 
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Summary 

Mild Renal Injury 

    

Obesity 

No Leptin 

     Leptin 

MC4R-/- 

Ob/Ob-/- 

? 

? 

(Normotensive) 

 ATP levels 

Mitochondrial 
Dysfunction 

ER Stress 

+ 

Renal Lipid 
Accumulation 
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ü  Obesity (in absence of hypertension) causes lipid accumulation & 
mild renal dysfunction. 

Х  High leptin levels (in MC4R deficiency) do not protect against the 
development of renal injury during obesity. 

Ø  Obesity due to MC4R deficiency is associated with impairments in 
mitochondrial respiration, Oxidative stress & ER stress in kidney. 

Conclusions 

Obesity 
Renal Injury 

“Lipotoxicity” 
  

  
    

Leptin 

(Normotensive) 

? 

? ER Stress 

Mitochondrial 
Dysfunction 

X 

Renal Lipid 
Accumulation MC4R-/- 
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Thank You! 
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Our Beautiful Qatar! 


