
0
50

10
0

15
0

20
0

25
0

Oxid
oreducta

se

Membrane

Mitochondrio
n

Transfe
rase

Glyc
oprotein

Transport
Signal

Disu
lfid

e Bond

Acetyla
tion

Gene Counts for Each 
Functional Category Using PIRVehicle Leptin

0
20

40
60

80
10

0
12

0
14

0

0
20

0
40

0
60

0
80

0

0
1

2
3

4

Vehicle Leptin Vehicle Leptin

Leptin

G6pc Fbp1 Slc2a5

N
um

be
r o

f G
en

es

FP
KM

FP
KM

FP
KM

Investigating the Mechanism of Leptin Therapy in Type 1 Diabetes
Michelle M. Kwon, Nelly Saber, Mitchell Braam, Min Feng, Gal Av-Gay

Aim 3: To compare the transcriptome profile 
between leptin and insulin treatment

Aim 2: To identify the metabolic pathways that 
are altered with leptin-therapy
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Hypothesis: Decreased hepatic gluconeogenesis 
drives the anti-diabetic actions of leptin

Aim 1: To identify the genes that are differentially 
expressed between vehicle and leptin-treated mice

Aim 4: To search for small molecules that can 
mimic the differential expression profile of leptin-

treatment using the CMAP database

128 genes are differentially expressed between leptin- and insulin-treated 
mice with a false-discovery rate equal to or less than 0.05. 77 genes are 
under-expressed while 51 genes are over-expressed in the leptin group 
compared to the insulin group. 

Right: Functional annotation was 
implemented with the protein 

information resource database, 
DAVID. A bar graph of functional 

categories which contained 60 
or more differentially expressed 

genes is shown.

Left: 770 genes were identified 
as differentially expressed using 
Cuffdiff between vehicle and 
leptin-treated mice. Three genes 
were identified as being involved 
in gluconeogenesis. The FPKM 
(fragments per kilobase of transcript 
per million mapped reads) of these 
genes is shown. 

The hormone leptin regulates body weight; leptin deficient humans and mice are obese. Leptin is also emerging as an important regulator of glucose metabolism. Underlining this, leptin administration to mice rendered diabetic with streptozotocin (STZ, 
a beta-cell toxin) can normalize blood glucose levels, without increasing plasma insulin levels. Yet, the mechanism for these profound effects on glucose metabolism are unclear. Leptin-treated STZ-mice cannot maintain stable blood glucose levels during 
prolonged fasting and fall into life threatening hypoglycemia, suggesting that leptin-treated STZ-mice may be unable to sustain endogenous glucose production (gluconeogenesis) and this may be the mechanism by which leptin lowers blood glucose levels. 
The liver is the major site for gluconeogenesis. We have sequenced the hepatic transcriptome of leptin-treated STZ-mice and controls, and have completed four complementary analyses  to elucidate the mechanism of leptin-therapy in diabetic rodents.

Left: Voom normalization and limma analysis were used 
to determine genes that are differentially expressed 
between vehicle and leptin groups. Expression of 143 
genes were significantly altered with leptin (P<0.05) 
and 9 of these genes had an absolute fold change >2. 
Above: Top ten differentially expressed genes.
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Aim 5: To Identify genes involved in 
gluconeogenesis that are differentially expressed 

between vehicle and leptin-treated mice

A: Study design to investigate the mechanism of leptin-therapy in 
streptozotocin (STZ; a beta-cell toxin)-induced diabetic mice. B: Blood 
glucose tracking in leptin-treated and control mice. C: Fasting tolerance 
test in leptin-treated mice and non-diabetic controls. D: An illustration of 
the hypothesis

Differential expression profile obtained with leptin-treatment in the liver (relative 
to vehicle) was compared to differential expression profiles obtained with small 
molecule treatment (relative to controls) of human cell lines. Each point represents 
an individual small molecule treatment and is coloured red if that small molecule 
was an overall hit in the CMAP database (p < 0.05).
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Left: 8 genes from gluconeogenesis 
pathway identified by differential 
expression analysis were highlighted 
by red stars. 

Top: Genes differentially expressed 
between leptin and vehicle groups were 
functionally enriched in 12 pathways. 
The cutoff of enrichment was set to be 
8 genes in David. 

Glycolysis/Gluconeogenesis


