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Reaching 1 Billion People with Obesity in the World!

NCD Risk Factor Collaboration. Lancet 403:1027-50 (2024)



Environmental

Block, J.P. et al. Am. J. Prev. Med. 27:211 (2004)

Obesity Is a Multi-Factorial Condition
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Type 2 Diabetes Is a Chronic Inflammatory and Progressive 
Metabolic Disease Led by Obesity and Insulin Resistance

Dysregulated 
Immune Cells 
& Cytokines

Kim J.K. Cell Metabolism 4:417 (2006); Circulation 125:1081 (2012)

While there are drugs to manage type 2 diabetes, there is 
no effective treatment for its comorbidities.



Metabolic Dysfunction-Associated Steatotic Liver Disease

Younossi, Z.M. et al.  J. Hepatology 71:793 (2019); Tomah, S. et al. Clin. Diab. & Endo. 6:9 (2020)  

Insulin Resistance

Fatty Liver MASH MASH with Fibrosis

3 out of 4 
obese subjects

20% of fatty liver develops MASH 
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High-Fat Intake Alters Macrophage Genes

HFD Chow



Obese StateLean State

Blue – DAPI
Red – CD11b+ Macrophages

Increased M1-Macrophages and IFNg Levels in Obesity

0

20

40

60

80

Chow

(p
g

/m
l)

*

HFD

IFNg Levels

*p<0.05 vs. Chow



Immune Cells

Tissue Cells

Ivashkiv, L.B. Nat. Rev. Immunol. 18:545-558 (2018)

Pleiotropic Effects of IFNg on Immune and Non-Immune Cells



Randall Friedline, Ph.D.

Assistant Professor

Mice with Conditional Loss of IFNg Signaling in Macrophages

Friedline, R.H. et al. Nature Communications, 15, 5506 (2024)



Lyz-IFNgR2-/- Mice Are Obese After 10 Weeks of High-Fat Diet 
But Do Not Develop Type 2 Diabetes Phenotypes
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Lyz-IFNgR2-/- Mice Are Protected from Diet-Induced
Insulin Resistance in the Liver
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Liver Insulin Signaling Associated with Akt and FoxO1 Is 
Improved in HFD-fed Lyz-IFNgR2-/- Mice 
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Improved Insulin Signaling in the Liver Despite Diet-
Induced Fatty Liver in Lyz-IFNgR2-/- Mice
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Obesity-mediated Inflammation in the Liver Is Attenuated 
in HFD-fed Lyz-IFNgR2-/- Mice 
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These results suggest that inflammation, not fatty liver, 
affects insulin resistance in the liver!



Intrahepatic IL-12 Levels Are Dramatically Decreased 
in Lyz-IFNgR2-/- Mice Following a High-Fat Diet
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Trinchieri, G. Nature Rev. Immunology 3:133-146 (2003)

Pro-Inflammatory Cytokine IL-12 Plays a Major Role in 
Bridging Innate and Acquired Immunity

IL-12 is primarily secreted by macrophages and 
stimulates the proliferation of Th1 cells and NK cells.



Lichtenauer, M. et al. Biomed. Res. Int. 940910 (2015)

Serum IL-12 Levels Are Elevated in Obese Adults and Children 
and Strongly Associated with Severity of Fatty Liver Disease

Suarez-Alvarez, K. Mediators Inflamm. 967067 (2013)

Darmadi, D. et al. Rom. J. Intern. Med. 59:66-72 (2021)



Friedline, R.H. et al. Nature Communications, 15, 5506 (2024)

Acute IL-12 Infusion Causes Insulin Resistance in the Liver
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Friedline, R.H. et al. Nature Communications, 15, 5506 (2024)
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IL-12 Activates STAT4 and p38-MAPK and Downregulates 
Insulin Signaling in the Liver
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IL-12 Is a Novel Cytokine Modulating Insulin 
Resistance in the Liver

Insulin 
Resistance
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Since Inflammation Develops During Fatty Liver Progression 
to MASH, Are There Any Implications for Liver Fibrosis?

Insulin Resistance

Fatty Liver MASH MASH with Fibrosis

Noninvasive Assessment of Liver Steatosis and Fibrosis Using 3D-Ultrasound in Mice



Shear Wave Elasticity Shear Wave Elasticity
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Mice with Conditional Loss of IFNg Signaling in Macrophages Are 
Protected from Liver Fibrosis After 4 Weeks of MCD Diet

Wild-type Lyz-IFNgR2-/-

Friedline, R.H. et al. Nature Communications, 15, 5506 (2024)



Liver Fibrosis But Not Steatosis Is Attenuated in Lyz-IFNgR2-/- Mice 
After Choline-Deficient L-Amino Acid HFD (CDAHFD) or GAN Diet
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Increased Expression of IFNgR1/R2, IL-12, and FGF21 in Human 
MASH Livers with Advancing Fibrosis Stages
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Macrophage IFNg Signaling Orchestrates Immunological Events During 
Fatty Liver Transition to Insulin Resistance and MASH in Obesity
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