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The synergistic effects of leptin lowering
and FGF21 on body weight
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Making the ligand rate limiting

Relevant for Insulin?

V59M gain-of-function mutation in Kir 6.2

• Gain-of-function mutations in the gene encoding the ATP-sensitive K+ (KATP) channel 
subunits Kir6.2 (KCNJ11)

• Glucose metabolism stimulates insulin secretion from pancreatic b-cells by closing 
KATP channels, causing plasma membrane depolarization

• Gain of function mutations keep the KATP channel open, thus making b-cells always 
hyperpolarized and unable to secrete insulin in response to glucose stimulation.



Mip-rtTA TRE-Kir6.2 (V59M)

+DOX

beta cell specific rtTA/TRE-Transgene expression

Transgene

Transgenic Mouse Strategy

Kir6.2 (V59M) 

Expression

Kir6.2 the pancreatic beta cell KATP channel that is involved in regulation of insulin secretion



FemaleKir6.2 Partial insulin deficiency improves insulin sensitivity
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Improving insulin sensitivity reduces liver steatosis

Kir6.2 Female

Liver Histology
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Lower circulating insulin levels protect against diet-induced obesity

Kir6.2

Mip-rtTA

16 weeks old 
Control or TG 

HFD

Dox1.5

Kir6.2 Male
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Selective Manipulation of Insulin Sensitivity 

at the Level of Peripheral Target Tissues



ADNp

PTEN as a Modulator of Insulin Signaling

in Adipose Tissue





The Brown Adipocyte
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Insulin sensitization of BAT causes global 
glucose tolerance and insulin sensitivity
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TRE-ePTEN: a hyperactive PTEN

• PTEN is a PI(3,4)P2 3-phosphatase

• We generated TRE-ePTEN mice, which in combination with the

appropriate tissue-specific promoter-rtTA mouse, allows us to

overexpress PTEN in any target tissue.

• ePTEN is a potent mutant version of PTEN in which

we introduced six point mutations (“enhanced PTEN or ePTEN”)

Nguyen et al., Proc Natl Acad Sci U S A. 2014;111(26):E2684-93



Manipulating Insulin Signaling Trough PTEN



Insulin desensitization of BAT causes global 
glucose intolerance and insulin resistance
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TRE-ePTEN in the Liver

Insulin Resistance “Spills Over”



Even small amounts of transplanted dysfunctional
adipose tissue can negatively impact systemic insulin sensitivity

Even small amounts of transplanted insulin sensitive
adipose tissue can positively impact systemic insulin sensitivity



Improved Glycemia Improved Insulin Improved OGTT Improved ITT

Even small amounts of transplanted insulin sensitive
adipose tissue can positively impact systemic insulin sensitivity

Zhu and Scherer, in revision



Metabolically

favorable

phenotype can be

transplanted!

Joffin, Gliniak et al., Nature Metabolism, 2022, Nov;4(11):1474-1494



Metabolically

unfavorable

phenotype can be

transplanted!

Joffin, Gliniak et al., Nature Metabolism, 2022, Nov;4(11):1474-1494



Bottom Line:

Hyperinsulinemia triggers insulin resistance

even in the absence of hyperglycemia

Adipocyte/Adipose Tissue is the central

player in systemic insulin sensitivity
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