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STATS3 sensitizes insulin signaling by negatively regulating GSK-3p.
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ABSTRACT

Objective: Glucose homeostasis is achieved by triggering regulation of glycogen synthesis genes
in response to insulin when mammals feed, but the underlying molecular mechanism remains
largely unknown. The aim of our study was to examine the role of the signal transducers and

activators of transcription 3 (STAT3) in insulin signaling.

Research Design and Methods: We previously generated a strain of mice carrying a targeted
disruption of Stat3 gene in the liver (L-Stat3'/' mice). Hepatocytes of the L-Stat3” mice were
isolated to establish cell lines for mechanistic studies. Nuclear translocation and DNA-protein
interaction of STAT3 was analyzed with immunofluorescent and chromatin immunoprecipitation
methods, respectively. Levels of glucose, insulin, leptin, and glucagon were profiled and putative
downstream molecules of STAT3 were examined in the presence of various stimuli in the L-Stat3™

and control mice.

Results: STAT3 was found to sensitize the insulin signaling through suppression of GSK-38, a
negative regulator of insulin signaling pathway. During feeding, both mRNA and protein levels of
GSK-3p decreased in Stat3" mice, which reflected the need of hepatocytes for insulin to induce
glycogen synthesis. In contrast, the L-Stat3” mice lost this control and showed a monophasic
increase in the GSK-3f level in response to insulin. Administration of a GSK-3f inhibitors,
lithium chloride and L803-mts, restored glucose homeostasis and rescued the glucose intolerance

and impaired insulin response in L-Stat3” mice.

Conclusions: These data indicate that STAT3 sensitizes insulin signaling by negatively regulating
GSK-3p. Inactivation of STAT3 in the liver contributes significantly to the pathogenesis of insulin
resistance.



he hallmark of type 2 diabetes, the

most common metabolic disorder, is a

defect in the insulin—signaled glucose
metabolism  of  peripheral tissues, a
phenomenon defined as insulin resistance.
Physiologically, insulin signals through a
pathway involving protein kinases including,
but not limited to, phosphoinositide—3—kinase
(PI3K), AKT or protein kinase B (PKB), and
glycogen synthase kinase-3p3 (the
PI3K/Akt/GSK-3f pathway) (1).

Unlike the other members of the pathway,
GSK-3p is a key negative regulator in insulin
signaling (2) GSK-3p is a ubiquitous cytosolic
serine/threonine protein kinase that has been
implicated in multiple receptor-mediated
intracellular processes (3) The unique feature
which distinguishes GSK-3f3

protein kinases is that it is constitutively active

from other

in resting conditions and acts as a suppressor
in the insulin signaling pathway (2). The fact
that the function of two key targets of insulin
action, glycogen synthase and insulin receptor
substrate-1 (IRS-1), are suppressed by
GSK-3B (4-6), as well as the fact that GSK-3f3
activity is higher in diabetic tissues (7), make it
a promising drug discovery target for insulin
resistance and Type 2 diabetes.

Signal transducers and activators of
transcription (STAT) proteins comprise a
family of transcription factors latent in the
cytoplasm that consists of seven different
members: STATI, 2, 3,4, 5A, 5B, and 6 (8; 9).
Unlike all other members of the STAT gene
family, the ablation of STAT3 leads to

embryonic lethality (10). This finding, along
with evidence of its activation by a wide
variety of cytokines, growth factors, and other
stimuli (11; 12), implies that STAT3 might be
more generally deployed than its relatives and
suggests that it might represent a primordial
STAT protein.

It is now clear that STATSs can be activated
to participate in gene control when cells
encounter various non-cytokine polypeptides
(13). Earlier studies have shown that STAT3
could be phosphorylated by insulin in vitro
(14; 15). However, the biological effect of the
activation remains unknown, probably due to
the lack of an animal model resulting from
embryonic lethality in generalized STATS3
ablation. Recently, other investigators and
our group have succeeded in removing STAT3
Cre/LoxP

method (16), which circumvents the problem

from individual tissue by the

of embryonic lethality and has demonstrated
roles for STAT3 in a wide variety of tissues
(17). Interestingly, liver-specific ablation of
STAT3
gluconeogenic genes and insulin resistance,

which was attributed to the disruption of IL6

led to an increase in hepatic

signaling either directly (18) or through a
brain-mediated release of IL6 from the liver
(19). However, the role of STAT3 in insulin
signaling per se is still not clear. The aim of
our study was to examine the primary role of
STAT3 in signaling in these
gene-targeted mice. We found STATS3

contributes to sensitizing insulin signaling by

insulin

negatively regulating GSK-38, which is a key



negative regulator of insulin signaling (2).

METHODS

Generation of transgenic mice expressing
Cre-recombinase in the liver. Details of
generating the TTR transgenic mice are
described in a previous study by Moh, A et al
(16). vector TTRI1ExV3, which

contains  the transcriptional

Briefly,
upstream
regulation region, the first exon and intron, and
a partial second exon of the TTR gene (20),
was digested with Stul. A fragment containing
the ORF of the Cre gene was recovered from
the mammalian expression vector pBS185
(GIBCO BRL®, Life Technologies, Grand
Island, NY) by digestion with Xhol and Mlul
and inserted into the Stul site of TTR1ExV3 to
get the final construct pTtr-Cre. The plasmid
pTtr-Cre was digested with HindIII to generate
a transgene fragment, which was isolated by
The purified

transgene fragment was injected into fertilized

agarose gel electrophoresis.

eggs as described previously (21).

Creation and genotyping of tissue specific
L-Stat3-/- mice in the liver. Generation of
mice with a conditional Stat3 allele has been
described previously (22). Exons 18-20 which
contained the SH2 domain of Stat3 were
flanked by two loxP sites (Stat3”). Two
Ttr-Cre transgenic mouse strains (10-3 and
19-1) were crossed with Stat3”" mice. The
genotype was determined by PCR as described
previously (22). Mice for experiments were
produced by the breeding of male Stat3""; Cre
and female Stat3"" in most cases or Stat3”" in

some occasions. Male L-Stat3” and littermate

Stat3"" control mice at the age of 8-12 weeks
were used for experiments.

Hepatocyte culture, immortalization and
insulin treatment. Hepatocytes were isolated
by in situ perfusion as previously described
(23) with minor modifications. Briefly, the
liver was perfused with EGTA (0.5 mM) and
collagenase (0.15 g/L) via the inferior cava.
Following perfusion, the dissociated liver was
minced and suspended in HBSS solution. Cells
were centrifuged twice at 500x g and
hepatocytes were separated by centrifugation
through a Percoll layer. Cells were counted
and plated onto @10 cm dishes with 2x10°cells.
Three cell established by

immortalization of hepatocytes from L-Stat3™”

lines were
and littermate wild type mice with Simian
virus 40 (SV40) T antigen. The cell lines were
screened for STAT3 and hepatocyte markers.
Line 2F4 of STAT3 null hepatocytes was used
in most experiments and results were
confirmed with the other two lines. All
hepatocytes were cultured in DMEM (high
glucose, 4.5g/1) enriched with 10% FBS. 100
nM insulin was added to 80% confluent
hepatocytes after serum starvation for 4 hours.
The cells were scalped and collected at the
indicated time point after been washed with
PBS 3 times.

Cell transfection. The plasmid constructs of
Stat3 were gifts from Dr. JE Darnell of
Rockefeller Stat3-CA
construct was made by substituting cysteine
residues for A661 and N663 of murine Stat3.
This renders the STAT3-CA molecule capable

of dimerizing without a phosphate on Y705

University.  The


































































