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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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Signaling by Erythropoietin 7

Stable identifier: R-HSA-9006335

Erythropoietin (EPO) is a cytokine that serves as the primary regulator of erythropoiesis, the differenti-
ation of erythrocytes from stem cells in the liver of the fetus and the bone marrow of adult mammals (r-
eviewed in Ingley 2012, Zhang et al. 2014, Kuhrt and Wojchowski 2015). EPO is produced in the kidneys in
response to low oxygen tension and binds a receptor, EPOR, located on progenitor cells: burst forming
unit-erythroid (BFU-e) cells and colony forming unit-erythroid (CFU-e) cells.

The erythropoietin receptor (EPOR) exists in lipid rafts (reviewed in McGraw and List 2017) as a dimer
pre-associated with proteins involved in downstream signaling: the tyrosine kinase JAK2, the tyrosine
kinase LYN, and the scaffold protein IRS2. Binding of EPO to the EPOR dimer causes a change in con-
formation (reviewed in Watowich et al. 2011, Corbett et al. 2016) that activates JAK2, which then trans-
phosphorylates JAK2 and phosphorylates the cytoplasmic domain of EPOR. The phosphorylated EPOR
serves directly or indirectly as a docking site for signaling molecules such as STATS, phosphatidylinositol
4,5-bisphosphate 3-kinase (PI3K), phospholipase C gamma (PLCG1, PLCG2), and activators of RAS (SHC1,
GRB2:S0S1, GRB2:VAV1).

EPO activates 4 major signaling pathways: STAT5-activated transcription, PI3K-AKT, RAS-RAF-ERK, and
PLC-PKC. JAK2-STATS activates expression of BCL2L1 (Bcl-xL) and therefore appears to be important for
anti-apoptosis. PI3K-AKT appears to be important for both anti-apoptosis and proliferation. The roles of
other signaling pathways are controversial but both RAS-RAF-MEK-ERK and PLCgamma-PKC have mito-
genic effects. Phosphatases such as SHP1 are also recruited and downregulate the EPO signal.

EPO also has effects outside of erythropoiesis. The EPOR is expressed in various tissues such as endothe-
lium where it can act to stimulate growth and promote cell survival (Debeljak et al. 2014, Kimdkova et al.
2017). EPO and EPOR in the neurovascular system act via Akt, Wntl, mTOR, SIRT1, and FOXO proteins to
prevent apoptotic cell injury (reviewed in Ostrowski and Heinrich 2018, Maiese 2016) and EPO may have
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therapeutic value in the nervous system (Ma et al. 2016).

Literature references

Kimdkova, P., Solar, P., Soldrova, Z., Komel, R., Debeljak, N. (2017). Erythropoietin and Its Angiogenic Activity. Int J
Mol Sci, 18. 7

Watowich, SS. (2011). The erythropoietin receptor: molecular structure and hematopoietic signaling pathways. J. In-
vestig. Med., 59, 1067-72. 7

Ingley, E. (2012). Integrating novel signaling pathways involved in erythropoiesis. IUBMB Life, 64, 402-10. 7

Corbett, MS., Poger, D., Mark, AE. (2016). Revisiting the scissor-like mechanism of activation for the erythropoietin
receptor. FEBS Lett., 590, 3083-8. 7

Debeljak, N., Solar, P., Sytkowski, AJ. (2014). Erythropoietin and cancer: the unintended consequences of anemia
correction. Front Immunol, 5, 563. 7

Editions
2017-04-22 Authored, Edited May, B.
2018-08-14 Reviewed McGraw, KL.

https://reactome.org Page 3


https://reactome.org
http://www.ncbi.nlm.nih.gov/pubmed/28703764
http://www.ncbi.nlm.nih.gov/pubmed/21307776
http://www.ncbi.nlm.nih.gov/pubmed/22431075
http://www.ncbi.nlm.nih.gov/pubmed/27490140
http://www.ncbi.nlm.nih.gov/pubmed/25426117

EPO binds EPOR:JAK2:LYN:IRS2 7
Location: Signaling by Erythropoietin
Stable identifier: R-HSA-9006325

Type: binding

Compartments: plasma membrane

Inferred from: Epo binds Epor:Jak2:Lyn:Irs2 (Mus musculus)
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Extracellular Erythropoietin (EPO) binds the EPO receptor (EPOR) located in the plasma membrane of
the target cell (Jones et al. 1990, Syed et al. 1998, Remy et al. 1999, and inferred from mouse homologs).
EPOR is a dimer that appears to be preassociated with downstream signaling proteins JAK2 (inferred
from mouse homologs) and LYN (Chin et al. 1998, and inferred from mouse homologs) and the scaffold
protein IRS2 (Verdier et al. 1997). Binding of EPO to EPOR causes a change in the conformation of the di-
mer which activates JAK2 (Syed et al. 1998, Remy et al. 1999, Kubatzky et al. 2001).

Followed by: JAK2 transphosphorylates and is activated in response to Erythropoietin
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JAK2 transphosphorylates and is activated in response to Erythropoietin 7
Location: Signaling by Erythropoietin

Stable identifier: R-HSA-9006332

Type: transition

Compartments: plasma membrane

Inferred from: Jak2 transphosphorylates and is activated in response to Erythropoietin (Mus musculus)
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Upon binding EPO, the EPOR dimer changes conformation, resulting in activation of JAK2 associated
with box 1 and box 2 of the cytoplasmic domain of each EPOR (inferred from mouse homologs). One
JAK2 transphosphorylates 12 tyrosine residues of the other JAK2 thereby activating JAK2 to phos-
phorylate EPOR and other substrates (Arcasoy et al. 1999, Watowich et al. 1999, Erickson-Miller et al.
2000, and inferred from mouse homologs).

Preceded by: EPO binds EPOR:JAK2:LYN:IRS2

Followed by: Phospho-JAK2 phosphorylates EPOR
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Phospho-JAK2 phosphorylates EPOR 7
Location: Signaling by Erythropoietin

Stable identifier: R-HSA-9006323

Type: transition

Compartments: plasma membrane

Inferred from: Phospho-Jak2 phosphorylates Epor (Mus musculus)
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Phosphorylated JAK2 phosphorylates 8 tyrosine residues in the cytoplasmic tail of EPOR (Dusanter-Fourt
et al. 1992, McGraw et al. 2012, and inferred from mouse homologs). The phosphorylated residues then
serve as binding sites for scaffold proteins such as CRKL and GAB1 and downstream signaling proteins
such as STATS, phospholipase C, and phosphatidylinositol 3-kinase.

Preceded by: JAK2 transphosphorylates and is activated in response to Erythropoietin
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Erythropoietin activates STAT5 7
Location: Signaling by Erythropoietin

Stable identifier: R-HSA-9027283

STATS (STATSA or STATSB) directly binds the phosphorylated cytoplasmic domain of EPOR, where it is
phosphorylated by JAK2 and LYN (Oda et al. 1998, inferred from mouse homologs, reviewed in Kuhrt and
Wojchowski 2015). Phosphorylated STATS then dissociates from EPOR, dimerizes, and transits to the

nucleus where it activates gene expression.
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Erythropoietin activates Phosphoinositide-3-kinase (PI3K) 7
Location: Signaling by Erythropoietin

Stable identifier: R-HSA-9027276

-
K@
i

—

@

I -

PI3K can bind the activated EPO receptor (EPOR) by three different mechanisms: direct binding to phos-
pho-Y479 of the EPOR, indirect binding via phosphorylated IRS2 bound to the EPOR, and indirect binding
via phosphorylated GAB1 bound to the EPOR (Bouscary et al. 2003, Schmidt et al. 2004, reviewed in Kuhrt
and Wojchowski 2015). PI3K phosphorylates phosphatidylinositol 4,5-bisphosphate to yield phos-
phatidylinositol 3,4,5-trisphosphate which recruits AKT1 to the membrane.
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Erythropoietin activates RAS 7
Location: Signaling by Erythropoietin

Stable identifier: R-HSA-9027284

The RAS guanine nucleotide exchange factors SOS1 and VAV1 bind indirectly to the phosphorylated
EPOR via CRKL, SHC1, and GRB2 (Miura et al. 1994, Hanazono et al. 1996, Odai et al. 1997, Arai et al.
2001, reviewed in Kuhrt et al. 2015) . The phosphorylated cytoplasmic domain of EPOR binds CRKL,
which is then phosphorylated (Arai et al. 2001). Phosphorylated CRKL binds SHC1, which is then phos-
phorylated and binds either GRB2:S0S1 (Barber et al. 1997) or GRB2:VAV1 (Hanazono et al. 1996). SOS1
and phosphorylated VAV1 catalyze the exchange of GDP for GTP bound to RAS, that is, RAS:GDP is con-
verted to RAS:GTP.
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Erythropoietin activates Phospholipase C gamma (PLCG) 7
Location: Signaling by Erythropoietin

Stable identifier: R-HSA-9027277

PLCG1 (Phospholipase C gammal) or PLCG2 bound to the activated EPOR is phosphorylated on tyrosine
residues by the kinase LYN (Ren et al. 1994, and inferred from mouse homologs). PLCG1 and PLCG2 pro-
duce inositol 1,4,5-trisphosphate which then activates calcium signaling, and diacylglycerol (DAG) which
then activates protein kinase C (PKC).
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