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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and cross-
referenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics research-
ers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioin-
formaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by
systems biologists building predictive models of normal and disease variant pathways.

The development of Reactome is supported by grants from the US National Institutes of Health (P41
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and
the European Molecular Biology Laboratory (EBI Industry program).
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Interleukin-4 and Interleukin-13 signaling 7
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Interleukin-4 (IL4) is a principal regulatory cytokine during the immune response, crucially important in
allergy and asthma (Nelms et al. 1999). When resting T cells are antigen-activated and expand in re-
sponse to Interleukin-2 (IL2), they can differentiate as Type 1 (Thl) or Type 2 (Th2) T helper cells. The
outcome is influenced by IL4. Th2 cells secrete IL4, which both stimulates Th2 in an autocrine fashion
and acts as a potent B cell growth factor to promote humoral immunity (Nelms et al. 1999).

Interleukin-13 (IL13) is an immunoregulatory cytokine secreted predominantly by activated Th2 cells. It
is a key mediator in the pathogenesis of allergic inflammation. IL13 shares many functional properties
with IL4, stemming from the fact that they share a common receptor subunit. IL13 receptors are ex-
pressed on human B cells, basophils, eosinophils, mast cells, endothelial cells, fibroblasts, monocytes,
macrophages, respiratory epithelial cells, and smooth muscle cells, but unlike IL4, not T cells. Thus IL13
does not appear to be important in the initial differentiation of CD4 T cells into Th2 cells, rather it is im-
portant in the effector phase of allergic inflammation (Hershey et al. 2003).

IL4 and IL13 induce “alternative activation” of macrophages, inducing an anti-inflammatory phenotype
by signaling through IL4R alpha in a STAT6 dependent manner. This signaling plays an important role in
the Th2 response, mediating anti-parasitic effects and aiding wound healing (Gordon & Martinez 2010,
Loke et al. 2002)

There are two types of IL4 receptor complex (Andrews et al. 2006). Type I IL4R (IL4R1) is predominantly
expressed on the surface of hematopoietic cells and consists of IL4R and IL2RG, the common gamma
chain. Type II IL4R (IL4R2) is predominantly expressed on the surface of nonhematopoietic cells, it con-
sists of IL4R and IL13RA1 and is also the type II receptor for IL13. (Obiri et al. 1995, Aman et al. 1996,
Hilton et al. 1996, Miloux et al. 1997, Zhang et al. 1997). The second receptor for IL13 consists of IL4R and
Interleukin-13 receptor alpha 2 (IL13RA2), sometimes called Interleukin-13 binding protein (IL13BP). It
has a high affinity receptor for IL13 (Kd = 250 pmol/L) but is not sufficient to render cells responsive to
IL13, even in the presence of IL4R (Donaldson et al. 1998). It is reported to exist in soluble form (Zhang et
al. 1997) and when overexpressed reduces JAK-STAT signaling (Kawakami et al. 2001). It's function may
be to prevent IL13 signalling via the functional IL4R:IL13RA1 receptor. IL13RA2 is overexpressed and en-
hances cell invasion in some human cancers (Joshi & Puri 2012).

The first step in the formation of IL4R1 (IL4:IL4R:IL2RB) is the binding of IL4 with IL4R (Hoffman et al.
1995, Shen et al. 1996, Hage et al. 1999). This is also the first step in formation of IL4R2
(IL4:IL4R:IL13RA1). After the initial binding of IL4 and IL4R, IL2RB binds (LaPorte et al. 2008), to form
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IL4R1. Alternatively, IL13RA1 binds, forming IL4R2. In contrast, the type II IL13 complex (IL13R2) forms
with IL13 first binding to IL13RA1 followed by recruitment of IL4R (Wang et al. 2009).

Crystal structures of the IL4:IL4R:IL2RG, IL4:IL4R:IL13RA1 and IL13:IL4R:IL13RA1 complexes have been
determined (LaPorte et al. 2008). Consistent with these structures, in monocytes IL4R is tyrosine phos-
phorylated in response to both IL4 and IL13 (Roy et al. 2002, Gordon & Martinez 2010) while IL13RA1
phosphorylation is induced only by IL13 (Roy et al. 2002, LaPorte et al. 2008) and IL2RG phosphorylation
is induced only by IL4 (Roy et al. 2002).

Both IL4 receptor complexes signal through Jak/STAT cascades. IL4R is constitutively-associated with
JAK?2 (Roy et al. 2002) and associates with JAK1 following binding of IL4 (Yin et al. 1994) or IL13 (Roy et al.
2002). IL2RG constitutively associates with JAK3 (Boussiotis et al. 1994, Russell et al. 1994). IL13RA1 con-
stitutively associates with TYK2 (Umeshita-Suyama et al. 2000, Roy et al. 2002, LaPorte et al. 2008, Bhat-
tacharjee et al. 2013).

IL4 binding to IL4R1 leads to phosphorylation of JAK1 (but not JAK2) and STAT6 activation (Takeda et al.
1994, Ratthe et al. 2007, Bhattacharjee et al. 2013).

IL13 binding increases activating tyrosine-99 phosphorylation of IL13RA1 but not that of IL2RG. IL4 bind-
ing to IL2RG leads to its tyrosine phosphorylation (Roy et al. 2002). IL13 binding to IL4R2 leads to TYK2
and JAK?2 (but not JAK1) phosphorylation (Roy & Cathcart 1998, Roy et al. 2002).

Phosphorylated TYK2 binds and phosphorylates STAT6 and possibly STAT1 (Bhattacharjee et al. 2013).

A second mechanism of signal transduction activated by IL4 and IL13 leads to the insulin receptor sub-
strate (IRS) family (Kelly-Welch et al. 2003). IL4R1 associates with insulin receptor substrate 2 and activ-
ates the PI3K/Akt and Ras/MEK/Erk pathways involved in cell proliferation, survival and translational
control. IL4R2 does not associate with insulin receptor substrate 2 and consequently the PI3K/Akt and
Ras/MEK/Erk pathways are not activated (Busch-Dienstfertig & Gonzdlez-Rodriguez 2013).
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IL4R binds JAK2 ~

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6785898

Type: binding

Compartments: cytosol, plasma membrane

IL4R

JAK2 o P | IL4R:JAK2

cytosol

cytoplasmic side of pl membrane

plasma membrane

The interleukin-4 receptor (IL4R) constitutively binds Janus kinase 2 (JAK2) (Roy et al. 2002).

Followed by: [1.4 binds [L4R:JAK2, IL13:IL13RA:TYK2 binds IL4R:JAK2

Literature references

Roy, B., Bhattacharjee, A., Xu, B., Ford, D., Maizel, AL., Cathcart, MK. (2002). IL-13 signal transduction in human
monocytes: phosphorylation of receptor components, association with Jaks, and phosphorylation/activation of
Stats. J. Leukoc. Biol., 72, 580-9. 7
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IL2RG binds JAK3 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-451895

Type: binding

Compartments: cytosol, plasma membrane

IL2RG

JAK3 @ » | IL2RG:JAKS

JAK3:JAK3
inhibitors
R

cytosol
cytoplasmic side of plasma membrane

plasma membrane

Cytokine receptor common gamma subunit (IL2RG, IL-2 receptor gamma chain, Gc) associates with Tyr-
osine-protein kinase JAK3 (JAK3). The carboxyl-terminal region of IL2RG is important for this association
(Miyazaki et al. 1994, Zhu et al. 1998, Russel et al. 2004, Chen et al.1997, Nelson et al.1994) as well as the
FERM domain in JAK3 (Zhou et al. 2001).

Followed by: 11.4:IL4R:JAK2 binds IL2RG:JAK3
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JAK3 binds JAK3 inhibitors 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-9679028

Type: binding

Compartments: cytosol

JAK3
inhibitors
. JAK3:JAK3
inhibitors
Rx
JAK3

cytosol

Janus Kinase 3 (JAK3) binds and is inhibited by several small molecule drugs (Clark et al. 2014, Changeli-
an et al. 2003, Flanagan et al. 2010, Dhillon 2017, Chi et al. 2020). The Janus kinases (JAKs) are a family of
intracellular tyrosine kinases that play an essential role in the signaling of numerous cytokines that have
been implicated in the pathogenesis of inflammatory diseases. Drugs that inhibit these kinases such as
baricitinib, tofacitinib, ruxolitinib and tofacitinib are thus plausible candidates for treatment of severe
host inflammatory reactions to viral infection (Peterson et al. 2020, Richardson et al. 2020).
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IL13RA1 binds TYK2 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6785762

Type: binding

Compartments: plasma membrane, cytosol

TYK2 o P | IL13RAT:TYK2

cytosol

cytoplasmic side of plasma membrane

IL13RA1

plasma membrane

Interleukin-13 receptor subunit alpha-1 (IL13RA1) constitutively associates with Non-receptor tyrosine-
protein kinase 2 (TYK2) (Umeshita-Suyama et al. 2000, Roy et al. 2002, LaPorte et al. 2008, Bhattacharjee
et al. 2013).

Followed by: [L4:1L4R:JAK2 binds IL13RA1:TYK2, IL13 binds IL13RA:TYK2
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IL4 binds IL4R:JAK2 ~

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6786101

Type: binding

Compartments: cytosol, extracellular region, plasma membrane
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| IL4R:JAK2 I o P | IL4ILIR:JAK2
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cytoplasmic side of plasma membrane

plasma membrane

The first step in the formation of both types of IL4 receptor is the binding of Interleukin-4 (IL4) with In-
terleukin-4 receptor subunit alpha (IL4R) , which has Janus kinase 2 (JAK2) constitutively associated
(Hoffman et al. 1995, Shen et al. 1996, Hage et al. 1999).

Preceded by: [L4R binds JAK?2

Followed by: IL4:1L4R:JAK2 binds IL2RG:JAK3, IL4:IL4R:JAK2 binds IL13RA1:TYK2

Literature references
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IL4:IL4R:JAK2 binds IL2RG:JAK3 7
Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6786092

Type: binding

Compartments: plasma membrane, cytosol, extracellular region

IL2RG:JAK3

. IL4:IL4R: JAK2:
IL2RG:JAK3

IL4:IL4R:JAK2

plasma membrane

Interleukin 2 receptor gamma subunit (IL2RG), with constitutively-associated Janus kinase 3 (JAK3),
binds the IL4:IL4R:JAK2 complex, interacting with IL4 and IL4R to form the ligand-bound type I IL4 re-
ceptor complex, IL4R1 (LaPorte et al. 2008).

Preceded by: 114 binds IL4R:JAK2, IL2RG binds JAK3
Followed by: JAK1 binds IL4R in IL4-bound IL4R1

Literature references
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IL4:IL4R:JAK2 binds IL13RA1:TYK2 ~
Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6786070

Type: binding

Compartments: plasma membrane, cytosol, extracellular region

IL13RA1:TYK2

. IL4:IL4R: JAK2:

IL13RA1: TYK2
IL4:IL4R:JAK2

plasma membrane

Interleukin-13 receptor subunit alpha-1 (IL13RA1), with associated Non-receptor tyrosine-protein kinase
2 (TYK2), binds the IL4:IL4R:JAK2 complex to form the ligand-bound Type II IL4 receptor complex
(IL4R2). IL4R2 is predominantly expressed on the surface of non-hematopoietic cells. It is also a recept-
or for Interleukin-13 (IL13) (Obiri et al. 1995, Aman et al. 1996, Hilton et al. 1996). Crystal structures of
the IL4:IL4R:IL13RA1 and IL13:IL4R:IL13RA1 complexes have been determined (LaPorte et al. 2008).

Preceded by: I1.13RA1 binds TYK2, IL4 binds IL4R:JAK2
Followed by: SOCS5,(SOCS1) bind IL4RA
Literature references
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JAK1 binds IL4R in IL4-bound IL4R1 7
Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6786058

Type: omitted

Compartments: cytosol, extracellular region, plasma membrane

IL4:IL4R: JAK2:
IL2RG:JAK3

IL4:IL4R: JAK2:

=]

IL2RG:JAK3:JAK1

cytosol
cytoplasmic side of plasma membrane

plasma membrane

In human blood monocytes, where the type I interleukin-4 (IL4) receptor (IL4R1) is the predominant IL4
receptor type, IL4 leads to tyrosine phosphorylation of Janus kinase 1 (JAK1), rather than constitutively
bound JAK2, JAK3 or Non-receptor associated tyrosine kinase 2 (TYK2). JAK1 was found to be essential
for IL4-mediated expression of 15-lipoxygenase while JAK2 and TYK2 antisense inhibition had no effect
(Bhattacharjee et al. 2013). As JAK1 binds IL4RA in response to IL13 binding (Roy et al. 2002), it is be-
lieved that IL4 similarly triggers binding of JAK1 to IL4 receptor complexes. The molecular trigger for
JAK1 binding is not clear.

Preceded by: [1.4:1L4R:JAK2 binds IL2RG:JAK3

Followed by: IL4R, IL2RG, JAK1 in IL4-bound IL4R1:JAK1 are phosphorylated

Literature references

Bhattacharjee, A., Shukla, M., Yakubenko, VP., Mulya, A., Kundu, S., Cathcart, MK. (2013). IL-4 and IL-13 employ
discrete signaling pathways for target gene expression in alternatively activated monocytes/macrophages. Free
Radic. Biol. Med., 54, 1-16. 7

Roy, B., Bhattacharjee, A., Xu, B., Ford, D., Maizel, AL., Cathcart, MK. (2002). IL-13 signal transduction in human
monocytes: phosphorylation of receptor components, association with Jaks, and phosphorylation/activation of
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IL4R, IL2RG, JAK1 in IL4-bound IL4R1:JAK1 are phosphorylated 7
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6786096

Type: omitted

Compartments: plasma membrane

plasma membrane

IL4:p-Y-IL4R:JAK2:

IL4:IL4R: JAK2: |

IL2RG:JAK3: JAK1

{v] p-Y-IL2RG:JAK3:p-
Y-JAK1

ATP ADP

cytosol

cytopl ic side of pl. membrane

Interleukin-4 receptor subunit apha (IL4R), Interleukin-2 receptor subunit gamma (IL2RG) and Janus
kinase 1 (JAK1), but not Non-receptor associated tyrosine kinase 2 (TYK2), JAK2 or JAK3 are tyrosine
phosphorylated in response to IL4 (Bhattacharjee et al. 2013). The order of these phosphorylation events
is not clear. Based on studies of other interleukin receptors and their associated JAKs it is likely that JAK1
autophosphorylates and then phosphorylates IL4R and IL2RG.

IL4R contains 5 conserved tyrosine residues, Y497, Y575, Y603, Y631, and Y713, which can all play a role
in signaling through this receptor. Structure-function analyses have revealed that Y497 is part of the IL4R
motif that is necessary for the recruitment of IRS1 and IRS2 to IL4R and is critical for IL4-dependent cell
proliferation (Keegan et al. 1994). STAT6 signaling requires one of tyrosines Y575, Y603, and Y631 (Ryan
et al. 1996). Y713 is part of an immunotyrosine-based inhibitory motif (ITIM) shown to be important in
the negative regulation of IL4 and IL13 responses (Kashiwada et al. 2001).

Preceded by: JAK1 binds IL4R in IL4-bound IL4R1

Followed by: STAT3,STAT6 bind p-Y-IL4R

Literature references

Bhattacharjee, A., Shukla, M., Yakubenko, VP., Mulya, A., Kundu, S., Cathcart, MK. (2013). IL-4 and IL-13 employ
discrete signaling pathways for target gene expression in alternatively activated monocytes/macrophages. Free
Radic. Biol. Med., 54, 1-16. 7
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STAT3,STAT6 bind p-Y-IL4R 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6786124

Type: binding

Compartments: cytosol, extracellular region, plasma membrane

IL4:p-Y-IL4R: JAK2:
p-Y-IL2RG:JAK3:p-

Y-JAK1

IL4:p-Y-IL4R:JAK2:p-Y-
IL2RG:JAK3:p-Y-JAK1:
STAT3,STAT6

STAT6 .

v

cytosol
cytoplasmic side of plasma membrane

plasma membrane

Signal transducer and activator of transcription 6 (STAT6) binds to tyrosine-phosphorylated Interleukin-4
receptor subunit alpha (IL4R) (Hou et al. 1994, Schindler et al. 1996, Mikita et al. 1998). Binding of STAT3
has also been reported (Rahaman et al. 2005, Bhattacharjee et al. 2013) but is sometimes reported to be
dependent on interleukin-13 receptor subunit alpha (IL13RA) rather than IL4R (Umeshita-Suyama et al.
2000). Other reports have suggested that STAT3 is not phosphorylated in response to IL4 (Friedrich et al.
1999). Consistent with the fact that IL4 and IL13 receptors both incorporate IL4R, they also share com-
mon signaling pathways. IL4R is believed to be the signaling component of both IL4 and IL13 receptors
because treatment with either generates intermediates that are characteristic of IL4 responses, including
phosphorylation of IL4R, insulin receptor substrate 2 (IRS2), Janus kinase 1 (JAK1), and Non-receptor tyr-
osine-protein kinase 2 (TYK2) (Welham et al. 1995). STAT6-deficient mice suggest that IL13 signaling, like
IL4 signaling, uses STAT6 (Takeda et al. 1996, Kaplan et al. 1996). STAT1 activation in response to IL4 has
been reported (Wang et al. 2004) but also disputed (Bhattacharjee et al. 2013).

Preceded by: IL4R, IL2RG, JAK1 in IL4-bound IL4R1:JAK1 are phosphorylated

Followed by: JAK1 phosphorylates STAT3,STAT6
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JAK1 phosphorylates STAT3,STAT6 7
Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6786095

Type: transition

Compartments: cytosol, extracellular region, plasma membrane

plasma membrane

IL4:p-Y-IL4R:JAK2: p-Y-

IL2RG: JAK3: p-Y-JAK1:
STAT3,STAT6

1
ATP (I ADP

v

cytosol

ic side of plasma

IL4:p-Y-IL4R:JAK2:p-Y-

IL2RG:JAK3:p-Y-JAK1:p-
Y705-STAT3,p-Y641-STAT6

Signal transducer and activator of transcription 3 (STAT3) and STAT6 are phosphorylated by Janus kinase
1 (JAK1) in response to Interleukin-4 (IL4) (Bhattacharjee et al. 2013). STAT3 is phosphorylated on Y705,
STATS6 is phosphorylated on Y641, residues critical for their function (Schindler & Darnell 1995, Mikita et
al. 1996).

Preceded by: STAT3,STAT6 bind p-Y-IL4R

Followed by: p-Y705-STAT3,p-Y641-STAT6 dissociate
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pP-Y705-STAT3,p-Y641-STAT6 dissociate 7
Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6786072

Type: omitted

Compartments: cytosol, extracellular region, plasma membrane

IL4:p-Y-IL4R: JAK2:
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Once phosphorylated, Signal transducer and activator of transcription 3 (STAT3) and STAT6 dissociate
from the IL4 receptor/JAK1 complex.

Preceded by: JAK1 phosphorylates STAT3,STAT6

Followed by: p-Y705-STAT3, p-Y641-STAT6 dimerise
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P-Y705-STAT3, p-Y641-STAT6 dimerise 7
Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6786097

Type: omitted

Compartments: cytosol

-Y705-STAT3
p-ysai-ss'-l'ri'l-l'%p- E m | 2 z imer, p-Y614-
STAT6 dimer

cytosol

According to the classical model, phosphorylated Signal transducer and activator of transcription (STAT)
monomers associate in an active dimer form, which is stabilized by the reciprocal interactions between a
phosphorylated tyrosine residue of one and the SH2 domain of the other (Shuai et al. 1994, Mikita et al.
1996). These dimers then translocate to the nucleus (Akira et al. 1994). Recently an increasing number of
studies have demonstrated the existence of STAT dimers in unstimulated cell states, and the capability of
STATs to exert biological functions independently of phosphorylation (Braunstein et al. 2003, Li et al.
2008, Santos & Costas-Pereira 2011). As phosphorylation of STATSs is not unequivocally required for its
subsequent translocation to the nucleus, this event is shown as an uncertain process.

Preceded by: p-Y705-STAT3,p-Y641-STAT6 dissociate
Followed by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus 7
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6786293

Type: omitted

Compartments: cytosol, nucleoplasm

p-Y705-STAT3
dimer, p-Y614- W] >
STATG dimer

nucleoplasm

nuclear envelope

cytosol

Phosphorylated, dimerized Signal transducer and activator of transcription 6 (STAT6) translocates to the
nucleus where it regulates the expression of multiple genes (Mikita et al. 1996, Daines et al. 2003, Heben-
streit et al. 2006, Goenka & Kaplan 2011).

Preceded by: p-Y705-STAT3, p-Y641-STAT6 dimerise

Followed by: Expression of STAT3-upregulated cytosolic proteins, Expression of STAT3-upregulated nuc-
lear proteins, Expression of HSP90B1, Expression of NDN,TP53, Expression of SOCS1, Expression of
STAT3-upregulated plasma membrane proteins, Expression of STAT6-upregulated extracellular proteins,
Expression of FASLG, Expression of GATA3, Expression of STAT3-upregulated extracellular proteins, Ex-
pression of STAT6-upregulated plasma membrane proteins, Expression of PTGS2, Expression of BCL2,
BCL2L1
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Expression of SOCS1 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6785860

Type: omitted

Compartments: cytosol, nucleoplasm

\ | socs1

M\

SOCS1 gene

| p-Y641-STAT6 dimer |

nucleoplasm
nuclear envelope
cytosol

Phosphorylated Signal transducer and activator of transcription 6 (STAT6) dimers translocate to the nuc-
leus and activate the transcription of several genes. In experimental models, targeted gene disruption of
STATS6 inhibited airway hyper-responsiveness, airway inflammation, and fibrosis (Blease et al. 2002).
STAT6 promotes transcription of the cytoplasmic protein Suppressor of cytokine signaling 1 (SOCS1)
(Hebenstreit et al. 2003).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
Followed by: SOCS5,(SOCS1) bind IL4RA
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Expression of GATA3 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6793975

Type: omitted

Compartments: nucleoplasm

N\

GATA3 gene

GATA3

>[=]
v

p-Y641-STAT6 dimer

nucleoplasm

Phosphorylated Signal transducer and activator of transcription 6 (STAT6) dimers translocate to the nuc-
leus and activate the transcription of several genes including the nuclear protein Trans-acting T-cell-spe-
cific transcription factor GATA-3 (Takeda et al. 1994, Park et al. 1998).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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Expression of STAT6-upregulated extracellular proteins 7
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6793978

Type: omitted

Compartments: extracellular region, nucleoplasm

STAT6 upregulated
extracellular proteins

STATG6 upregulated
extracellular protein
genes

p-Y641-STAT6 dimer

nucleoplasm

Phosphorylated Signal transducer and activator of transcription 6 (STAT6) dimers translocate to the nuc-
leus and activate the transcription of several genes. In experimental models, targeted gene disruption of
STAT6 inhibited airway hyperresponsiveness, airway inflammation, and fibrosis (Blease et al. 2002).
STAT6 promotes transcription of the extracellular proteins C-C motif chemokine 11 (CCL11, Eotaxin)
(Matsukura et al. 1999), Ig epsilon chain C region (IGHE) (Stiitz & Woisetschlager 1999), Ig gamma-1
chain C region (IGHG1) (Warren et al. 1999) and Ig gamma-4 chain C region (IGHG4) (Hebenstreit et al.
2006).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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Expression of STAT6-upregulated plasma membrane proteins 7
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6793958

Type: omitted

Compartments: nucleoplasm, plasma membrane

STAT6 upregulated STAT6 upregulated
plasma protein plasma
genes proteins

>[-]
v

P-Y641-STAT6 dimer

cytoplasmic side of plasma membrane

nucleoplasm
nuclear envelope

cytosol

plasma membrane

Phosphorylated Signal transducer and activator of transcription 6 (STAT6) dimers translocate to the nuc-
leus and activate the transcription of several genes. In experimental models, targeted gene disruption of
STAT6 inhibited airway hyperresponsiveness, airway inflammation, and fibrosis (Blease et al. 2002).
STAT6 promotes transcription of the cell surface proteins Interleukin-4 receptor alpha (IL4R) (Matsukura
et al. 1999) and Low affinity immunoglobulin epsilon Fc receptor (FCER2) (Takeda et al. 1994, Park et al.
1998). IL4 links the immune system to the opioid system by inducing transcription of the mu- and delta-
opioid receptors (MOR, DOR) (Borner et al. 2004, Kraus et al. 2001) and pro-opiomelanocortin (POMC)
(Busch-Dienstfertig et al. 2012). Opioid receptor gene expression in T cells is STAT6-dependent while
POMC gene expression in lymphocytes is mediated by STAT3 (Busch-Dienstfertig & Gonzalez-Rodriguez
2013).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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Expression of STAT3-upregulated extracellular proteins 7
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6789615

Type: omitted

Compartments: extracellular region, nucleoplasm

STAT3-upregulated
extracellular proteins

STAT3-upregulated
genes for extracellular
proteins

p-Y705-STAT3 dimer

nucleoplasm

Signal transducer and activator of transcription 3 (STAT3) is a key regulator of gene expression in re-
sponse to signaling of many cytokines including interleukin-6 (IL6), Oncostatin M (OSM), and leukemia
inhibitory factor (LIF). Using microarray techniques, hundreds of genes have been reported as potential
STAT3 target genes (Dauer et al. 2005, Hsieh et al. 2005). Some have been confirmed as direct STAT3 tar-
gets using genome-wide chromatin immunoprecipitation screening (Snyder et al. 2008, Carpenter & Lo
2014).

Genes for extracellular proteins that are upregulated by STAT3 include Lipopolysaccharide-binding pro-
tein (LBP) (Schumann et al. 1996), IL10 (Schaefer et al. 2009), IL23A (Kortylewski et al. 2009), Transform-
ing growth factor beta-1 (TGFB1) (Kinjyo et al. 2006), Matrix metalloproteinase-1 (MMP1, Interstitial col-
lagenase) (Itoh et al. 2006), MMP2 (Xie et al. 2004), MMP3 (Liu et al. 2013), MMP9 (Song et al. 2009), Neut-
rophil gelatinase-associated lipocalin (LCN2) (Jung et al. 2012, Xu et al. 2015), Pro-opiomelanocortin
(POMC) (Bosquet et al. 2000), Serum amyloid A-1 protein (SAA1) (Hagihara et al. 2005), Vascular en-
dothelial growth factor A (VEGFA) (Niu et al. 2002), Fibroblast growth factor 2 (FGF2) (Huang et al. 2013),
Hepatocyte growth factor (HGF) (Hung & Elliot 2001), IL17A, IL17F (Durant et al. 2010) and Metallopro-
teinase inhibitor 1 (TIMP1) (Adamson et al. 2013).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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Expression of STAT3-upregulated plasma membrane proteins 7
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6790022

Type: omitted

Compartments: nucleoplasm, plasma membrane
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genes for plasma plasma membrane
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Signal transducer and activator of transcription 3 (STAT3) is a key regulator of gene expression in re-
sponse to signaling of many cytokines including interleukin-6 (IL6), Oncostatin M, and leukemia inhibit-
ory factor. Using microarray techniques, hundreds of genes have been reported as potential STAT3 target
genes (Dauer et al. 2005, Hsieh et al. 2005). Some of these genes have been proven to be direct STAT3 tar-
gets using genome-wide chromatin immunoprecipitation screening (Snyder et al. 2008, Carpenter & Lo
2014). Genes for plasma membrane proteins that are upregulated by STAT3 include Intercellular adhe-
sion molecule 1 (ICAM1) (Scuringa et al. 2001), Tumor necrosis factor receptor superfamily member 1B
(TNFRSF1B, TNFR2) (Hamilton et al. 2011), Sphingosine 1-phosphate receptor 1 (S1PR1, EDG1) (Lee et al.
2010), Interleukin-6 receptor subunit alpha (IL6R), Interleukin-23 receptor (IL23R) (Durant et al. 2010)
and Mucin-1 (MUC1) (Gaemers et al. 2001).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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Expression of STAT3-upregulated cytosolic proteins 7
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6790041

Type: omitted

Compartments: cytosol, nucleoplasm
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Signal transducer and activator of transcription 3 (STAT3) is a key regulator of gene expression in re-
sponse to signaling of many cytokines including interleukin-6 (IL6), Oncostatin M, and leukemia inhibit-
ory factor. Using microarray techniques, hundreds of genes have been reported as potential STAT3 target
genes (Dauer et al. 2005, Hsieh et al. 2005). Some of these genes have been proven to be direct STAT3 tar-
gets using genome-wide chromatin immunoprecipitation screening (Snyder et al. 2008, Carpenter & Lo
2014). Genes for cytoplasmic proteins upregulated by STAT3 include Suppressor of cytokine signaling 3
(SOCS3) (He et al. 2003), Induced myeloid leukemia cell differentiation protein Mcl-1 (MCL1) (Becker et
al. 2014), Heat shock protein HSP 90-alpha (HSP90AA1) (Chen et al. 2007), Fascin (FSCN1) (Snyder et al.
2011), Vimentin (VIM) (Wu et al. 2004), Rho-related GTP-binding protein RhoU (RHOU) (Schiavone et al.
2009), RAC-alpha serine/threonine-protein kinase (AKT1) (Xu et al. 2005), Cyclin-dependent kinase inhib-
itor 1 (CDKN1A) (Bellido et al. 1998), Phosphatidylinositol 3-kinase regulatory subunit alpha (PIK3R1)
(Abell et al. 2005), Signal transducer and activator of transcription 1 (STAT1) (Han et al. 2013), Interferon
regulatory factor 4 (IRF4) (Durant et al. 2010) and Nitric oxide synthase, inducible (NOS2) (Lo et al. 2005).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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Expression of STAT3-upregulated nuclear proteins 7
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6790036

Type: omitted

Compartments: nucleoplasm

STAT3-upregulated STAT3-
genes for ' upregulated
proteins nuclear proteins

p-Y705-STAT3 dimer

nucleoplasm

Signal transducer and activator of transcription 3 (STAT3) is a key regulator of gene expression in re-
sponse to signaling of many cytokines including interleukin-6 (IL6), Oncostatin M, and leukemia inhibit-
ory factor. Using microarray techniques, hundreds of genes have been reported as potential STAT3 target
genes (Dauer et al. 2005, Hsieh et al. 2005). Some of these genes have been proven to be direct STAT3 tar-
gets using genome-wide chromatin immunoprecipitation screening (Snyder et al. 2008, Carpenter & Lo
2014). Genes for nuclear proteins upregulated by STAT3 include CCAAT/enhancer-binding protein delta
(CEBPD) (Hutt et al. 2000), B-cell lymphoma 6 protein (BCL6) (Reljic et al. 2000), Myc proto-oncogene
protein (MYC) (Kiuchi et al. 1999, Bowman et al. 2001), Proto-oncogene c-Fos (FOS) (Yang et al. 2003),
Hypoxia-inducible factor 1-alpha (HIF1A) (Niu et al. 2008), Transcription factor SOX-2 (SOX2) (Foshay &
Gallicano 2008), the homeobox protein NANOG (Okumura et al. 2011), Twist-related protein 1 (TWIST1)
(Lo et al. 2007, Cheng et al. 2008), Zinc finger E-box-binding homeobox 1 (ZEB1) (Xiong et al. 2012), POU
domain, class 2, transcription factor 1 (POU2F1) (OCT1) (Wang et al. 2013), Baculoviral IAP repeat-con-
taining protein 5 (BIRCS5, Survivin) (Gritsko et al. 2006), G1/S-specific cyclin-D1 (CCND1) (Leslie et al.
2006), Serine/threonine-protein kinase PIM1 (Przanowski et al. 2014), Forkhead box protein O1 (FOXO01),
FOXO03 (Oh et al. 2011), Nuclear receptor ROR-alpha (RORA), RORC, Basic leucine zipper transcriptional
factor ATF-like (BATF) (Durant et al. 2010) and Transcription factor JUNB (Coffer et al. 1995).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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Expression of BCL2, BCL2L1 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6790025

Type: omitted

Compartments: mitochondrial outer membrane, nucleoplasm

Bcl-2/Bcl-
X(L)

mitochondrial outer membrane

BCL2gene,
BCL2L1 gene

p-Y705-STAT3 dimer

nucleoplasm

Signal transducer and activator of transcription 3 (STAT3) is a key regulator of gene expression in re-
sponse to signaling of many cytokines including interleukin-6 (IL6), Oncostatin M, and leukemia inhibit-
ory factor. Using microarray techniques, hundreds of genes have been reported as potential STAT3 target
genes (Dauer et al. 2005, Hsieh et al. 2005). Some of these genes have been proven to be direct STAT3 tar-
gets using genome-wide chromatin immunoprecipitation screening (Snyder et al. 2008, Carpenter & Lo
2014), including the mitochondrial outer membrane protein genes Apoptosis regulator BCL2 (Bha-
ttacharya et al. 2005) and Bcl-2-like protein 1 (BCL2L1, Bcl-XL) (Catlett-Falcone et al. 1999).

Severe acute respiratory syndrome coronavirus type 1 (SARS-CoV-1) E protein was reported to induce ap-
optosis by sequestering anti-apoptotic BCL2L1 to membranes of the endoplasmic reticulum (ER) and
Golgi, where viral E protein is located (Yang Y et al. 2005).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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Expression of HSP90B1 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6790038

Type: omitted

Compartments: endoplasmic reticulum lumen, nucleoplasm

—v] P |  HsP90B1

endoplasmic reticulum lumen

p-Y705-STAT3 dimer

nucleoplasm

Signal transducer and activator of transcription 3 (STAT3) is a key regulator of gene expression in re-
sponse to signaling of many cytokines including interleukin-6 (IL6), Oncostatin M, and leukemia inhibit-
ory factor. Using microarray techniques, hundreds of genes have been reported as potential STAT3 target
genes (Dauer et al. 2005, Hsieh et al. 2005). Some of these genes have been proven to be direct STAT3 tar-
gets using genome-wide chromatin immunoprecipitation screening (Snyder et al. 2008, Carpenter & Lo
2014), including the gene which encodes the endoplasmic reticulum lumen protein Endoplasmin
(HSP90B1) (Madamanchi et al. 2001).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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Expression of PTGS2 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6790029

Type: omitted

Compartments: endoplasmic reticulum membrane, nucleoplasm

\ > PTGS2

endopl. ic reticulum

"\

PTGS2 gene

p-Y705-STAT3 dimer

nucleoplasm

Signal transducer and activator of transcription 3 (STAT3) is a key regulator of gene expression in re-
sponse to signaling of many cytokines including interleukin-6 (IL6), Oncostatin M, and leukemia inhibit-
ory factor. Using microarray techniques, hundreds of genes have been reported as potential STAT3 target
genes (Dauer et al. 2005, Hsieh et al. 2005). Some of these genes have been proven to be direct STAT3 tar-
gets using genome-wide chromatin immunoprecipitation screening (Snyder et al. 2008, Carpenter & Lo
2014), including the gene which encodes the endoplasmic reticulum membrane protein Prostaglandin
G/H synthase 2 (PTGS2, COX2) (Lo et al. 2010).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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Expression of NDN,TP53 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6789960

Type: omitted

Compartments: nucleoplasm

NDN gene,
TP53 gene

P || NDN, TP53

p-Y705-STAT3 dimer

nucleoplasm

Signal transducer and activator of transcription 3 (STAT3) is a key regulator of gene expression in re-
sponse to signaling of many cytokines including interleukin-6 (IL6), Oncostatin M, and leukemia inhibit-
ory factor. Using microarray techniques, hundreds of genes have been reported as potential STAT3 target
genes (Dauer et al. 2005, Hsieh et al. 2005). Some of these genes have been proven to be direct STAT3 tar-
gets using genome-wide chromatin immunoprecipitation screening (Snyder et al. 2008, Carpenter & Lo
2014). Genes encoding nuclear proteins that are downregulated by STAT3 include Necdin (NDN) (Havi-
land et al. 2011) and Cellular tumor antigen p53 (TP53) (Niu et al. 2005).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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Expression of FASLG 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6797245

Type: omitted

Compartments: extracellular region, nucleoplasm

\ P | FASLG(1-281)

M\

FASLG gene

p-Y705-STAT3 dimer

nucleoplasm

Signal transducer and activator of transcription 3 (STAT3) is a key regulator of gene expression in re-
sponse to signaling of many cytokines including interleukin-6 (IL6), Oncostatin M, and leukemia inhibit-
ory factor. Using microarray techniques, hundreds of genes have been reported as potential STAT3 target
genes (Dauer et al. 2005, Hsieh et al. 2005). Some of these genes have been proven to be direct STAT3 tar-
gets using genome-wide chromatin immunoprecipitation screening (Snyder et al. 2008, Carpenter & Lo
2014). Genes that are downregulated by STAT3 include the extracellular protein Tumor necrosis factor
ligand superfamily member 6 (FASLG) (Ivanov et al. 2001).

Preceded by: p-Y705-STAT3 dimer, p-Y641-STAT6 dimer translocate to nucleus
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SOCS5,(SOCS1) bind IL4RA 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6785821

Type: binding

Compartments: cytosol, plasma membrane, extracellular region

IL4:IL4R: JAK2:
IL13RA1:TYK2

IL4:IL4R: JAK2:

IL13RA: TYK2:
SOCS5,(SOCS1)

(socst) @

cytosol

cytopl. ic side of pl: b

plasma membrane

SOCS5 can bind the type I IL4R, reducing its association with JAK1, which results in the inhibition of IL4-
mediated STAT6 activation (Seki et al. 2002). Similarly SOCS1 serves as a regulator of IL-4 signaling, di-
minishing the magnitude and duration of STAT6 activation (Dickensheets et al. 2007).

Preceded by: IL4:1L4R:JAK2 binds IL13RA1:TYK2, Expression of SOCS1
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IL13 binds IL13RA2 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-449818

Type: binding

Compartments: extracellular region

IL13

o P | IL13:L13RA2

IL13RA2

Interleukin-13 receptor alpha 2 (IL13RA2), sometimes called Interleukin-13 binding protein (IL13BP) is a
high affinity receptor for IL13 (Kd = 250 pmol/L) but is not sufficient to render cells responsive to IL13,
even in the presence of IL4R (Donaldson et al. 1998). It is reported to exist in soluble form (Zhang et al.
1997); overexpression reduces STAT6 signaling (Kawakami et al. 2001). Its function may be to prevent
IL13 signaling via the functional IL4R:IL13RA1 cell surface receptor. IL13BP is overexpressed in some
human cancers and enhances cell invasion (Joshi & Puri 2012).
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IL13 binds IL13RA:TYK2 ~

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6786118

Type: binding

Compartments: cytosol, extracellular region, plasma membrane

IL13

| IL13RA1:TYK2 I o IL13:IL13RA:TYK2

cytosol

cytoplasmic side of plasma membrane

plasma membrane

The type II Interleukin-13 (IL13) receptor complex (IL13R2) forms with IL13 binding to Interleukin-13 re-
ceptor alpha subunit 1 (IL13RA1), which is constitutively bound to Non-receptor tyrosine kinase 2
(TYK2), followed by recruitment of Interleukin-4 receptor subunit alpha (IL4R), which is associated with
Janus kinase 2 (JAK2) (Wang et al. 2009). IL13RA1 binds IL13 with low affinity (Kd = 2-10 nmol/L) (Miloux
et al. 1997).

Preceded by: IL.13RA1 binds TYK2
Followed by: I1.13:IL13RA:TYK2 binds IL4R:JAK2
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IL13:IL13RA:TYK2 binds IL4R:JAK2 7
Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6786114

Type: binding

Compartments: cytosol, extracellular region, plasma membrane

IL13:IL13RA: TYK2
. IL13:IL13RA: TYK2:
IL4R:JAK2
| IL4R:JAK2 I

cytosol
cytoplasmic side of plasma membrane

plasma membrane

Interleukin-13 receptor alpha subunit (IL13RA1) binds Interleukin-13 (IL13) with a relatively low affinity,
but when paired with Interleukin-4 receptor subunit alpha (IL4R), binds with much higher affinity (Kd =
400 pmol/L) and forms a functional IL13 receptor that is capable of signaling (Miloux et al. 1997). This
type II IL13 receptor complex is also the alternative type II receptor for IL4.

Preceded by: I1.13 binds IL13RA:TYK2, IL4R binds JAK2
Followed by: JAK1 binds IL4R in IL13-bound IL13R type II
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JAK1 binds IL4R in IL13-bound IL13R type II 7
Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6786110

Type: omitted

Compartments: cytosol, extracellular region, plasma membrane

IL13:IL13RA: TYK2:
IL4R:JAK2

IL13:IL13RA: TYK2:

=]

IL4R:JAK2: JAK1

cytosol

cytoplasmic side of plasma membrane

plasma membrane

In response to Interleukin-13 ( IL13) binding, Janus kinase 1 (JAK1) binds to Interleukin-4 receptor alpha
subunit (IL4R) (Roy et al. 2002). IL4R has 2 JAK binding motifs so it is believed that IL4R can bind JAK2
constitutively and additionally bind JAK1 upon ligand binding. The molecular trigger for JAK1 binding is
not clear.

Preceded by: 11.13:IL13RA:TYK2 binds IL4R:JAK2

Followed by: IL4R, IL13RA, JAK2 and TYK?2 are tyrosine phosphorylated
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monocytes: phosphorylation of receptor components, association with Jaks, and phosphorylation/activation of
Stats. J. Leukoc. Biol., 72, 580-9. 7
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IL4R, IL13RA, JAK2 and TYK2? are tyrosine phosphorylated 7
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6786050

Type: omitted

Compartments: cytosol, extracellular region, plasma membrane

IL13-bound tyrosine-
phosphorylated IL13R type
]

IL13:IL13RA:TYK2:
IL4R:JAK2: JAK1

=]

[4}—» ADP

cytosol
cytoplasmic side of plasma membrane

plasma membrane

Interleukin-4 receptor alpha subunit (IL4R) and Interleukin-13 receptor subunit alpha 1 (IL13RA1) are
phosphorylated on tyrosines in response to Interleukin-13 (IL13) in human blood monocytes (Roy et al.
2002, Bhattacharjee et al. 2013). The associated Janus-kinase (JAK) family kinases JAK2 and TYK?2 are also
phosphorylated (Roy & Cathcart 1998, Bhattacharjee et al. 2013). Although JAK1 binds to IL4R in re-
sponse to IL13, it does not appear to be phosphorylated in response to IL13 (Roy & Cathcart 1998, Bhat-
tacharjee et al. 2013).

Preceded by: JAK1 binds IL4R in IL13-bound IL13R type II

Followed by: STAT1,STAT3,STAT6 bind IL13:IL13R type II
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STAT1,STAT3,STAT6 bind IL13:IL13R type II #
Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6788571

Type: binding

Compartments: cytosol, extracellular region, plasma membrane

IL13-bound tyrosine-

phosphorylated IL13R type
[}

IL13-bound tyrosine-
STAT1,STAT3, . phosphorylated IL13
STAT6 receptor type Il with STAT1,

STAT3,STAT6

cytosol
cytoplasmic side of plasma membrane

plasma membrane

Characterisation of Signal transducer and activator of transcription 6 (STAT6)-deficient mice suggests
that Interleukin-13 (IL13) signaling, like Interleukin-4 (IL4) signaling, uses STAT6 (Takeda et al. 1996, Ka-
plan et al. 1996). In humans STATS6 is activated in response to IL4 and IL13 (Wang et al. 2004) and can
bind tyrosine-phosphorylated Interleukin-4 receptor subunit alpha (IL4R) (Hou et al. 1994, Schindler et
al. 1996, Mikita et al. 1998), but in response to IL13, STAT6 binds Interleukin-13 receptor subunit alpha 1
(IL13RA1), to be phosphorylated by Non-receptor associated tyrosine kinase 2 (TYK2) (Bhattacharjee et
al. 2013).

Binding and phosphorylation of STAT3 has been reported in response to IL13 (Rahaman et al. 2005, Bhat-
tacharjee et al. 2013) but not IL4 (Friedrich et al. 1999), suggesting that STAT3 binding might depend on
IL13RA, but recently STAT3 was reported to associate with IL4R and be phosphorylated by Janus kinase 2
(JAK2) (Umeshita-Suyama et al. 2000, Bhattacharjee et al. 2013).

STAT1 is activated in response to IL13 (Wang et al. 2004) and reported to bind IL13RA1 and be phos-
phorylated by TYK?2 (Bhattacharjee et al. 2013).

Preceded by: IL4R, IL13RA, JAK2 and TYK2 are tyrosine phosphorylated

Followed by: STAT1,STAT3,STAT6 phosphorylation
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STAT1,STAT3,STAT6 phosphorylation 7
Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6788582

Type: transition

Compartments: plasma membrane, cytosol, extracellular region

plasma membrane

IL13-bound tyrosine- ] IL13-bound tyrosine-
phosphorylated IL13 [ phosphorylated IL13 receptor
receptor type Il with STATA1, L d type Il with phosphorylated
STAT3,STAT6 STAT1,STAT3,STAT6
ATP ADP

cytosol

cytoplasmic side of plasma membrane

Once bound to the Interleukin-13 (IL13) type II receptor, Signal transducer and activator of transcription
3 (STATS3) is tyrosine phosphorylated by Janus kinase 2 (JAK2), while STAT1 and STAT6 are phos-
phorylated by Non-receptor tyrosine kinase 2 (TYK2) (Bhattacharjee et al. 2013).

Preceded by: STAT1,STAT3,STAT6 bind IL13:IL13R type II

Followed by: p-Y-STATSs dissociate
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p-Y-STATSs dissociate 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6788628

Type: omitted

Compartments: cytosol, extracellular region, plasma membrane

IL13-bound tyrosine-
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. 1\ | | Y705-STAT3,p-
type Il with phosphorylated ol
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cytosol

cytoplasmic side of plasma membrane

plasma membrane

Once phosphorylated, Signal transducer and activator of transcription family members (STATs) dissoci-
ate from the receptor complex and translocate to the nucleus.

Preceded by: STAT1,STAT3,STAT6 phosphorylation
Followed by: p-Y-STATs dimerize
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p-Y-STATs dimerize 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6788622

Type: omitted

Compartments: cytosol

p-Y701-STAT1,p- p-Y701-STAT1 dimer,p-
Y705-STAT3,p- [2] [n} P ||  Y705-STAT3 dimer,p-
Y641-STAT6 Y641-STAT6 dimer
cytosol

Phosphorylated Signal transducer and activator of transcription 3 (STAT3) dimerizes after dissociating
from the interleukin-19 (IL19) receptor complex (Akira et al. 1994) or Interleukin-22 (IL22) receptor com-
plex (Lagos-Quintana et al. 2003, Sestito et al. 2011).

According to the classical model, phosphorylated Signal transducer and activator of transcription (STAT)
monomers associate in an active dimer form, which is stabilized by the reciprocal interactions between a
phosphorylated tyrosine residue of one and the SH2 domain of the other monomer (Shuai et al. 1994).
These dimers then translocate to the nucleus (Akira et al. 1994). Recently an increasing number of stud-
ies have demonstrated the existence of STAT dimers in unstimulated cell states and the capability of
STATs to exert biological functions independently of phosphorylation (Braunstein et al. 2003, Li et al.
2008, Santos & Costas-Pereira 2011). As phosphorylation of STATSs is not unequivocally required for its
subsequent translocation to the nucleus, this event is shown as an uncertain process.

Preceded by: p-Y-STATSs dissociate

Followed by: p-Y-STATSs translocate to nucleus
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p-Y-STATSs translocate to nucleus 7
Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6788623

Type: omitted

Compartments: cytosol, nucleoplasm

p-Y701-STAT1 dimer,p- p-Y701-STAT1 dimer,p-
Y705-STAT3 dimer,p- [} P || Y705-STAT3 dimer,p-
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nucleoplasm
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cytosol
The classical model of JAK-STAT signaling suggests that phosphorylated Signal transducer and activator
of transcription (STAT) translocates to the nucleus (Akira et al. 1994) where it binds DNA to mediate the
effects of Interleukin-13 (IL13) on expression of cytokines, soluble mediators and cell surface molecules
by cells of myeloid origin, with important consequences for their ability to activate and sustain immune
and inflammatory responses.

Recently, STATs have been shown to shuttle freely between the cytoplasm and the nucleus, independent
of tyrosine phosphorylation (Liu et al. 2005, Li 2008, Reich 2013). Binding of unphosphorylated STAT3 to
DNA has been reported (Nkansah et al. 2013). As it is not clear what triggers nuclear accumulation of
STATs in response to IL13, this event is shown as an uncertain process.

Preceded by: p-Y-STATs dimerize

Followed by: Expression of IL13-upregulated plasma membrane proteins
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Expression of IL4, IL13-upregulated extracellular proteins 7
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6785895

Type: omitted

Compartments: extracellular region, nucleoplasm

IL4,IL13-up lated iy [ IL4,IL13-upregulated
extracellular genes L ' extracellular proteins

nucleoplasm

IL4,1L13

In human peripheral blood monocytes IL4 and IL13 significantly upregulate the levels of several extra-
cellular proteins involved in inflammatory resolution including fibronectin (FN1), coagulation factor XIII
(FXIII), annexin 1 (ANXA1), collagen type 1 alpha 2 (COL1A2), laminin alpha-5 (LAMAS5) and C-C motif
chemokine 22 (CCL22) (Chaitidis et al. 2005, Jinnin et al. 2004, Yakubenko et al. 2011).
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Expression of HSPAS, ALOX15 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6797269

Type: omitted

Compartments: cytosol, nucleoplasm

HSPAS gene, |T| [ HSPAS,
ALOX15 gene IKI 4 ALOX15
nucleoplasm
nuclear envelope
cytosol
IL4,IL13

In human peripheral blood monocytes Interleukin-4 (IL4) and IL13 significantly upregulate the levels of
proteins involved in inflammatory resolution including the cytoplasmic proteins 15-lipoxygenase
(ALOX15) and heat shock protein 8 (HSP8) (Chaitidis et al. 2005, Yakubenko et al. 2011).
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Expression of CD36 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6797267

Type: uncertain

Compartments: plasma membrane, nucleoplasm

P\

nucleoplasm
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cytoplasmic side of plasma membrane

plasma membrane

IL4,1L13

In human peripheral blood monocytes Interleukin-4 (IL4) and IL13 significantly upregulates the levels of

proteins involved in inflammatory resolution including the cell surface protein CD36 (Berry et al. 2007).
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Expression of HMOX1 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6797268

Type: omitted

Compartments: nucleoplasm, endoplasmic reticulum membrane

| \ [} p|  Hmox1
YA\

endoplasmic reticulum membrane

HMOX1 gene

nucleoplasm

IL4, 1L13

In human peripheral blood monocytes Interleukin-4 (IL4) and IL13 significantly upregulate the levels of
proteins involved in inflammatory resolution, including the ER membrane protein 15-lipoxygenase
(ALOX15) (Chaitidis et al. 2005).
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Expression of MAOA 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6797271

Type: omitted

Compartments: mitochondrial outer membrane, nucleoplasm

| Y [} »|  MmAaoA
N

nucleoplasm

MAOA gene

mitochondrial outer membrane

IL4,1L13

In human peripheral blood monocytes Interleukin-4 (IL4) and IL13 significantly upregulate the levels of
proteins involved in inflammatory resolution including the mitochondrial outer membrane protein
monoamine oxidase-A (MAOA) (Chaitidis et al. 2005).
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Expression of IL4,IL13-downregulated extracellular genes
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6789524

Type: omitted

Compartments: extracellular region, nucleoplasm
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In human peripheral blood, monocytes Interleukin-4 (IL4) and Interleukin-13 significantly downregulate
the expression of classical proinflammatory signal transducers, such as Interleukin-1 (IL1), Interleukin-
6, Interleukin-8, Interleukin-18, C-C motif chemokine 2 (CCL2) and Tumor necrosis factor (TNF). Expres-
sion of Prostaglandin G/H synthase 2 (PTGS2, COX2) and Arachidonate 5-lipoxygenase (ALOX5), enzymes
involved in the biosynthesis of the proinflammatory eicosanoids, is also attenuated (Chatidis et al. 2005).

This is a black box event because the mechanism of gene regulation is not fully defined.

Literature references

Chaitidis, P., 0'Donnell, V., Kuban, R]., Bermudez-Fajardo, A., Ungethuem, U., Kiihn, H. (2005). Gene expression al-
terations of human peripheral blood monocytes induced by medium-term treatment with the TH2-cytokines in-
terleukin-4 and -13. Cytokine, 30, 366-77. 7

Editions
2015-07-01 Authored Jupe, S.
2016-09-02 Edited Jupe, S.
2016-09-02 Reviewed Leibovich, SJ.

https://reactome.org Page 54


https://reactome.org
https://reactome.org/content/detail/R-HSA-6789524
http://www.ncbi.nlm.nih.gov/pubmed/15869882

Expression of IL18, ALOX5 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6797293

Type: omitted

Compartments: cytosol, nucleoplasm

IL18 gene, ALOX5 M 1 »
gene 1\ | P | | IL18, ALOXS
nucleoplasm
nuclear envelope
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IL4,1L13

In human peripheral blood, monocytes Interleukin-4 (IL4) and Interleukin-13 significantly downregulate
the expression of classical proinflammatory signal transducers, such as Interleukin-1 (IL1), Interleukin-
6, Interleukin-8, Interleukin-18, C-C motif chemokine 2 (CCL2) and Tumor necrosis factor (TNF). Expres-
sion of Prostaglandin G/H synthase 2 (PTGS2, COX2) and Arachidonate 5-lipoxygenase (ALOX5), enzymes
involved in the biosynthesis of the proinflammatory eicosanoids, is also attenuated (Chatidis et al. 2005).

This is a black box event because the mechanism of gene regulation is not fully defined.
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Expression of IL13-upregulated plasma membrane proteins 7
Location: Interleukin-4 and Interleukin-13 signaling

Stable identifier: R-HSA-6788346

Type: omitted

Compartments: nucleoplasm, plasma membrane

IL13-upregulated genes
for plasma
proteins

IL13-up
proteins

v

>[=]

nucleoplasm
nuclear envelope
cytosol
cytoplasmic side of plasma membrane

plasma membrane
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In monocytes and macrophages Interleukin-13 (IL13) enhances the expression of many members of the
integrin family including Integrin alpha M (ITGAM, CD11b), Integrin alpha-X (ITGAX, CD11c), Integrin
beta 2 (ITGB2, CD18) and Integrin beta 1 (ITGB1, CD29) (Zurawski & de Vries 1994), MHC class Il and ow
affinity immunoglobulin epsilon Fc receptor (FCER2, CD23) expression (de Vries 1998). In endothelial
cells IL13 induces expression of Vascular cell adhesion protein 1 (VCAM1), which is important in the re-
cruitment of eosinophils (Bochner et al. 1995).

Preceded by: p-Y-STATS translocate to nucleus
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Expression of IL13-downregulated extracellular proteins 7

Location: Interleukin-4 and Interleukin-13 signaling
Stable identifier: R-HSA-6789325
Type: omitted

Compartments: extracellular region, nucleoplasm

IL13-downregulated
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genes for extracellular
proteins

nucleoplasm

IL13

IL13-
downregulated
proteins

IL13 inhibits monocyte and macrophage production of Interleukin-1 (IL1), IL6, IL8, Tumor necrosis

factor (TNF) and IL12 (de Vries et al. 1998), through a mechanism that partially involves suppression of

Nuclear factor NF-kappa-B.
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