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A B S T R A C T

The transcriptional regulator STAT3 has key roles in vertebrate development and mature tissue function
including control of inflammation and immunity. Mutations in human STAT3 associate with diseases such
as immunodeficiency, autoimmunity and cancer. Strikingly, however, either hyperactivation or
inactivation of STAT3 results in human disease, indicating tightly regulated STAT3 function is central
to health. Here, we attempt to summarize information on the numerous and distinct biological actions of
STAT3, and highlight recent discoveries, with a specific focus on STAT3 function in the immune and
hematopoietic systems. Our goal is to spur investigation on mechanisms by which aberrant STAT3
function drives human disease and novel approaches that might be used to modulate disease outcome.

ã 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

1.1. STAT3 discovery, structure and transcriptional function

STAT3 was discovered over 20 years ago as a component of the
interleukin-6- (IL-6) activated acute phase response factor (APRF)
complex [1–3], which has a crucial role in stimulating expression
of innate immune mediators in liver. This discovery led to rapid
identification of STAT3 as a member of the STAT (Signal Trans-
ducers and Activators of Transcription) family, based on size
similarity, antigenic and structural relatedness, as well as
comparable DNA binding activity, to the interferon (IFN)-respon-
sive STAT proteins. Subsequent work identified 7 members of the
STAT protein family in mammals [3–6]. Activation of STAT3 is
elicited by numerous cytokines and growth factors, including
cytokines utilizing the IL-6 signal-transducing receptor chain
gp130 (e.g., IL-6, oncostatin M, interleukin-11) or homodimeric
cytokine receptors (e.g., granulocyte colony-stimulating factor, G-
CSF), as well as growth factors that act through protein tyrosine
kinase receptors (e.g., epidermal growth factor) [2,3,7,8]. Moreover,
STAT3 mediates important signal transduction cascades elicited by
intracellular proteins such as activated Ras or tyrosine kinase
oncoproteins (e.g., Src) [9–14]. Many early studies foreshadowed
the multiple and distinct biological roles for STAT3 that are
appreciated today. Accordingly, interest in STAT3 has risen
substantially since its discovery, as judged by a survey of STAT3-
immune system-related publications (Fig. 1).

The primary amino acid sequence of STAT3 revealed a
conserved Src homology 2 (SH2) domain and a C-terminal tyrosine
residue (Y705 in mice) that becomes phosphorylated by Jak
kinases upon cytokine stimulation, protein tyrosine kinase
receptor signaling or intracellular protein tyrosine kinase

activation [5,9]. STAT3 forms homodimers by reciprocal SH2
domain-phosphotyrosine interactions between 2 monomers; this
was identified as a key activating mechanism leading to stimula-
tion of STAT3 transcriptional function. STAT3 also undergoes serine
phosphorylation at position 727 (S727), a modification that
enhances transcriptional activity [15–18]. STAT3 DNA association
is mediated by a central DNA-binding region (Fig. 2), while protein:
protein association domains located at the STAT3 N- and C-
terminal regions are also involved in transcriptional regulation.
Numerous approaches including sequence comparisons, muta-
tional analyses, biochemical and structural studies of STAT3 and
other family members led to these important discoveries [19–31].
Further posttranslational modifications such as acetylation and
methylation have been implicated more recently in STAT3
transcriptional function [32–35]. Moreover, STAT3 can be activated
constitutively by engineered introduction of cysteine residues,
which drive cytokine-independent dimerization, rendering onco-
genic activity [36]. Several excellent reviews summarize the
discovery of STATs and the intense work to characterize their
signaling mechanisms and functions in the early days of the field
[37–42].

More recently, unphosphorylated STAT3 (uSTAT3) has been
recognized as an important transcriptional regulator [43–45]. In
the unphosphorylated state, uSTAT3 binds similar DNA sites as
tyrosine-phosphorylated and dimerized STAT3 (e.g., IFN-g-acti-
vated sequence (GAS) elements), yet uSTAT3 works in collabora-
tion with transcriptional regulators such as NF-kB to control a
cadre of genes not normally affected by tyrosine-phosphorylated
STAT3 [34,44,46]. STAT3 also induces its own gene expression via a
STAT3-Stat3 positive autoregulatory loop [47]. Thus, STAT3
homodimers activated by cytokine or growth factor receptors, as
well as intracellular protein tyrosine kinases, have potential to
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Fig. 1. STAT3-immune publication numbers. The number of publications listed in PubMed with the query “STAT3 immune” is shown for each year between 1994 and 2015.

2 E.J. Hillmer et al. / Cytokine & Growth Factor Reviews 31 (2016) 1–15



Download	English	Version:

https://daneshyari.com/en/article/5531238

Download	Persian	Version:

https://daneshyari.com/article/5531238

Daneshyari.com

https://daneshyari.com/en/article/5531238
https://daneshyari.com/article/5531238
https://daneshyari.com/

