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Type 2 Diabetes

Obesity (BMI ≥ 30kg/m2)

The obesity and diabetes epidemic

1994 2000 2010

No Data         <4.5%         4.5%–5.9%           6.0%–7.4%        7.5%–8.9%            >9.0%

1994 2000 20101985

No Data       <10%      10-13.9%      <14%      14–17.9%      18–21.9%      22.0%–25.9%       26.0%



High fat diets affect the murine enteric   
microbiome differently

16S rRNA gene sequences determined by Sanger-based clone library sequencing 

Devkota et al. 
Nature (2012)

Suzanne Devkota



Western-diet induced changes in humanized 
mouse gut microbiota promote adipose tissue

Turnbaugh, et al. Sci. Transl. Med. 2010

Microbiota from 
Human subjects on 
different diets 
transferred to GF mice

LF/PP – Low fat, plant polysaccharide-rich
Western – High fat, high simple sugar



FMT from lean donors reduces insulin 
resistance in obese subjects 

Lean male 

donors
Obese male recipients

BMI ≥ 30

6 weeks

*Improved

symptoms of

Type II Diabetes 

and 

Metabolic 

syndrome

Vrieze et al., Gastro. 

(2012) 143:913-916



Hepatic genes upregulated in GF 
versus conventionalized mice

0 3 6 9

Androgen and Estrogen Metabolism

PXR/RXR Activation

Methionine Metabolism

LXR/RXR Activation

Fatty Acid Metabolism

Linoleic Acid Metabolism

Circadian Rhythm Signaling

Xenobiotic Metabolism Signaling

Metabolism of Xenobiotics by Cytochrome P450

Biosynthesis of Steroids

LPS/IL-1 Mediated Inhibition of RXR Function

p<0.05

Vanessa Leone

Leone, et al. Cell Host & Microbe (2015)



Circadian clock networks regulate daily 
metabolic functions

Bass, J. Nature 2012



Germ free (GF) mice are resistant to 
obesogenic diets

Body weight Caloric consumption

n = 17 or 18 age-matched individually housed male mice/trt group

Leone, et al. Cell Host & Microbe (2015)



Germ-free mice have altered circadian 

mediobasal hypothalamic and liver circadian 

clock gene expression profiles 

(Leone, et al., 2015)
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High fat dietary intake shifts cecal microbial 

diversity and taxonomic structure

Highfat Lowfat 

PCoA – PC1 vs. PC2 
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Shifts in microbial diversity exhibit diurnal 

oscillations that are influenced by diet

Leone, et al. Cell Host & Microbe (2015)

– 56.20%

-
1

3
.9

5
%



Enteral feeding is not the only driver of 

diurnal variations in gut microbes

Leone, et al. Cell Host & Microbe (2015)



OTU #306066 - Lachnospiraceae
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OTU #265793 - Oscillospira
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OTU #2374993 - Lachnospiraceae
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OTU #263272 - Ruminococcus
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OTU #267411 - Lachnospiraceae
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OTU #167034 - Oscillospira
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OTU #261365 - Ruminococcus
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OTU #180535 - Oscillospira
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RC oscillating OTUs

HF oscillating OTUs

OTU #306066 - Lachnospiraceae
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OTU #176691 - Clostridiales
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Oscillatory cecal OTUs found in mice fed 
regular, low fat chow (RC) diets

Leone, et al. Cell Host & Microbe (2015)

OTU #306066 - Lachnospiraceae
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OTU #2374993 - Lachnospiraceae
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OTU #263272 - Ruminococcus
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High fat diet-induced gut microbes exhibit altered 
diurnal oscillations of known microbial metabolites
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Leone, et al. Cell Host & Microbe (2015)



Effects of SCFAs and H2S 

(NaHS) on hepatocyte 

circadian clock function
Hepatic organoid
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Figure 4 
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Gut microbiota sense dietary cues and translating 
into an output that needed for Circadian networks

Microbial 

Oscillations

Gut microbiota

Microbial

signals

Metabolome

Circadian NetworksDietary intake
• When
• How much
• What
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