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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 researchers, and molecular biologists to interpret the
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining
knowledge from genomic studies, and by systems biologists building predictive models of hormal 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 ERBB2 ECD mutants 7
Stable identifier: R-HSA-9665348

Diseases: cancer

ERBB2 extracellular domain (ECD) mutants harbor missense mutations that lead to substitutions of amino acid
residues in the heterodimerization arm contact surface, involved in formation of ERBB2 heterodimers. The
functionally studied ERBB2 ECD mutants, ERBB2 G309A (Bose et a. 2013), ERBB2 G309E (Greulich et a. 2012)
and ERBB2 S310F (Greulich et al. 2012) seem to preferntially heterodimerize with EGFR. Heterodimerization of
ERBB2 G309E involves formation of disulfide bonds (Greulich et al. 2012). ERBB2 S310F shows stronger
activation of downstream signaling than ERBB2 G309A and ERBB2 G309E, and is hyperphosphorylated on
tyrosine residues in the C-tail (Greulich et al. 2012), while the C-tail phosphorylation of ERBB2 G309A (Bose et al.
2013) and ERBB2 G309E (Greulich et al. 2012) is comparable to the wild type ERBB2.

RAS signaling and PLCgammal signaling are activated dowsntream of all three ERBB2 ECD mutants, ERBB2
G309A (Bose et al. 2013), ERBB2 G309E (Greulich et al. 2012) and ERBB2 S310F (Greulich et al. 2012), as
evidenced by activating phosphorylation on ERKs (MAPK 1 and MAPK3) and PLCGL1, respectively. ERBB2 G309E
and ERBB2 S310F also activate PI3BK/AKT signaling, demonstrated by activating phosphorylation of AKT1
(Greulich et a. 2012). Activation of PISK/AKT signaling downstream of ERBB2 G309A has not been tested.
Signaling downstream of ERBB2 S310Y has been poorly characterized and it is annotated as a candidate. Many
regulators of cell migration show increased phosphorylation in cells expressing ERBB2 G309E and ERBB2 S310F
(Greulich et al. 2012).

Comapred with the wild type ERBB2, ERBB2 G309E, ERBB2 S310F and ERBB2 S310Y are more sensitive to the
ERBB2-directed therapeutic antibody trastuzumab (herceptin) and to tyrosine kinase inhibitors lapatinib, neratinib
and afatinib (Greulich et al. 2012). ERBB2 G309A was also responsive to trastuzumab, lapatinib and neratinib (Bose
et a. 2013).
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ERBB2 ECD mutants heterodimerize with EGFR 7
Location: Signaling by ERBB2 ECD mutants

Stable identifier: R-HSA-9665388

Type: dissociation

Compartments: plasma membrane

Diseases: cancer
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ERBB2 extracellular domain (ECD) mutants harbor missense mutations that lead to substitutions of amino acid
residues in the heterodimerization arm contact surface, involved in formation of ERBB2 heterodimers. The
functionally studied ERBB2 ECD mutants, ERBB2 G309A (Bose et a. 2013), ERBB2 G309E (Greulich et a. 2012)
and ERBB2 S310F (Greulich et al. 2012) seem to preferntially heterodimerize with EGFR. Heterodimerization of
ERBB2 G309E involves formation of disulfide bonds (Greulich et a. 2012).

Followed by: Heterodimers of ERBB2 ECD mutants and EGFR trans-autophosphorylate
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Heterodimers of ERBB2 ECD mutants and EGFR trans-autophosphorylate 7
Location: Signaling by ERBB2 ECD mutants

Stable identifier: R-HSA-9665389

Type: transition

Compartments: plasma membrane, cytosol

Diseases: cancer
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ERBB2 S310F shows stronger activation of downstream signaling than ERBB2 G309A and ERBB2 G309E, and is
hyperphosphorylated on tyrosine residues in the C-tail (Greulich et al. 2012), while the C-tail phosphorylation of
ERBB2 G309A (Bose et a. 2013) and ERBB2 G309E (Greulich et a. 2012) is comparable to the wild type ERBB2.
Phosphorylation of EGFR was demonstrated in the presence of ERBB2 G309A (Bose et al. 2013). Except for
ERBB2 C-tail tyrosine residues Y 1221 and Y 1222, which were shown to undergo trans-autophosphorylation in
ERBB2 G309E, ERBB2 S310F and ERBB2 S310Y (Greulich et al. 2012), phosphorylation of specific tyrosine
residues in ERBB2 and EGFR has not been examined and they are assumed to be the same as in the wild type
ERBB?2 heterodimers with EGFR.

Preceded by: ERBB2 ECD mutants heterodimerize with EGFR

Followed by: GRB2:SOS1 binds to phosphorylated heterodimers of ERBB2 ECD mutants and EGFR, Phos-
phorylated heterodimers of ERBB2 ECD mutants and EGFR bind PLCG1, Phosphorylated heterodimers of
ERBB2 ECD mutants and EGFR bind SHC1, Phosphorylated heterodimers of ERBB2 ECD mutants and
EGFR bind GRB2:GAB1
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Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR bind SHC1 7~
Location: Signaling by ERBB2 ECD mutants

Stable identifier: R-HSA-9665416

Type: binding

Compartments: plasma membrane, cytosol

Diseases: cancer
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RAS signaling is activated dowsntream of ERBB2 ECD mutants ERBB2 G309A (Bose et a. 2013), ERBB2 G309E
(Greulich et al. 2012) and ERBB2 S310F (Greulich et al. 2012), as evidenced by activating phosphorylation of ERKs
(MAPK1 and MAPK3). It is assumed that phosphorylated heterodimers of ERBB2 ECD mutants and EGFR, like
phosphorylated heterodimers of the wild type ERBB2, bind to SHCL1.

Preceded by: Heterodimers of ERBB2 ECD mutants and EGFR trans-autophosphorylate

Followed by: Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR phosphorylate SHC1
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Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR phosphorylate SHC1
2

Location: Signaling by ERBB2 ECD mutants
Stable identifier: R-HSA-9665406

Type: transition

Compartments: plasma membrane, cytosol

Diseases: cancer
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RAS signaling is activated dowsntream of ERBB2 ECD mutants ERBB2 G309A (Bose et a. 2013), ERBB2 G309E
(Greulich et al. 2012) and ERBB2 S310F (Greulich et al. 2012), as evidenced by activating phosphorylation of ERKs
(MAPK1 and MAPK3). It is assumed that phosphorylated heterodimers of ERBB2 ECD mutants and EGFR, like
phosphorylated heterodimers of the wild type ERBB2, can bind to and phosphorylate SHC1.

Preceded by: Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR bind SHC1

Followed by: Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR recruit GRB2:SOS1 through
SHC1
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Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR recruit GRB2:S0S1
through SHC1 ~

Location: Signaling by ERBB2 ECD mutants
Stable identifier: R-HSA-9665413

Type: binding

Compartments: plasma membrane, cytosol

Diseases: cancer
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RAS signaling is activated dowsntream of ERBB2 ECD mutants ERBB2 G309A (Bose et a. 2013), ERBB2 G309E
(Greulich et al. 2012) and ERBB2 S310F (Greulich et al. 2012), as evidenced by activating phosphorylation of ERKs
(MAPK1 and MAPK3). It is assumed that phosphorylated heterodimers of ERBB2 ECD mutants and EGFR, like
phosphorylated heterodimers of the wild type ERBB2, can recruit the GRB2:SOS1 complex through phosphorylated
SHCL.

Preceded by: Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR phosphorylate SHC1

Followed by: RAS guanyl nucleotide exchange mediated by the p-6Y- ERBB2 ECD mutants:EGF:p-6Y-
EGFR:p-SHC1:GRB2:SOS1
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RAS guanyl nucleotide exchange mediated by the p-6Y- ERBB2 ECD mutants:EGF:p-
6Y-EGFR:p-SHC1:GRB2:S0S1 7

Location: Signaling by ERBB2 ECD mutants
Stable identifier: R-HSA-9665404

Type: transition

Compartments: plasma membrane, cytosol

Diseases: cancer
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RAS signaling is activated dowsntream of ERBB2 ECD mutants ERBB2 G309A (Bose et al. 2013), ERBB2 G309E
(Greulich et a. 2012) and ERBB2 S310F (Greulich et al. 2012), as evidenced by activating phosphorylation of ERKs
(MAPK1 and MAPK3). It is assumed that phosphorylated heterodimers of ERBB2 ECD mutants and EGFR, like
phosphorylated heterodimers of the wild type ERBB2, can recruit the GRB2:SOS1 complex through phosphorylated
SHC1, leading to guanyl nuclectide exchange on RAS and activation of RAS signaling.

Preceded by: Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR recruit GRB2:S0OS1
through SHC1

Literature references
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GRB2:S0S1 binds to phosphorylated heterodimers of ERBB2 ECD mutants and EGFR
2

Location: Signaling by ERBB2 ECD mutants
Stable identifier: R-HSA-9665409

Type: binding

Compartments: plasma membrane, cytosol

Diseases: cancer
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RAS signaling is activated dowsntream of ERBB2 ECD mutants ERBB2 G309A (Bose et a. 2013), ERBB2 G309E
(Greulich et a. 2012) and ERBB2 S310F (Greulich et al. 2012), as evidenced by activating phosphorylation of ERKs
(MAPK1 and MAPK3). It is assumed that phosphorylated heterodimers of ERBB2 ECD mutants and EGFR, like
phosphorylated heterodimers of the wild type ERBB2, can directly recruit the GRB2:SOS1 complex.

Preceded by: Heterodimers of ERBB2 ECD mutants and EGFR trans-autophosphorylate

Followed by: RAS activation by SOS1 bound to phosphorylated heterodimers of ERBB2 ECD mutants and
EGFR through GRB2

Literature references
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RAS activation by SOS1 bound to phosphorylated heterodimers of ERBB2 ECD
mutants and EGFR through GRB2 7

Location: Signaling by ERBB2 ECD mutants
Stable identifier: R-HSA-9665408

Type: transition

Compartments: plasma membrane, cytosol

Diseases: cancer
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RAS signaling is activated dowsntream of ERBB2 ECD mutants ERBB2 G309A (Bose et al. 2013), ERBB2 G309E
(Greulich et a. 2012) and ERBB2 S310F (Greulich et al. 2012), as evidenced by activating phosphorylation of ERKs
(MAPK1 and MAPK3). It is assumed that phosphorylated heterodimers of ERBB2 ECD mutants and EGFR, like
phosphorylated heterodimers of the wild type ERBB2, can directly recruit the GRB2:SOS1 complex, leading to
guanyl nucleotide exchange on RAS and activation of RAS signaling.

Preceded by: GRB2:S0S1 binds to phosphorylated heterodimers of ERBB2 ECD mutants and EGFR

Literature references
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Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR bind GRB2:GAB1 7
Location: Signaling by ERBB2 ECD mutants

Stable identifier: R-HSA-9665417

Type: binding

Compartments: plasma membrane, cytosol

Diseases: cancer
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ERBB2 G309E and ERBB2 S310F activate PI3K/AKT signaling, demonstrated by activating phosphorylation of
AKT1 (Greulich et a. 2012). Activation of PI3K/AKT signaling downstream of ERBB2 G309A has not been tested.
It is assumed that phosphorylated heterodimers of ERBB2 ECD mutants and EGFR, like the wild type heterodimers
of ERBB2 and EGFR, can bind to the GRB2:GAB1 complex.

Preceded by: Heterodimers of ERBB2 ECD mutants and EGFR trans-autophosphorylate

Followed by: Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR, in complex with
GRB2:GABI, bind PI3K
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Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR, in complex with
GRB2:GABI, bind PI3K #

Location: Signaling by ERBB2 ECD mutants
Stable identifier: R-HSA-9665415

Type: binding

Compartments: plasma membrane, cytosol

Diseases: cancer
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ERBB2 G309E and ERBB2 S310F activate PI3K/AKT signaling, demonstrated by activating phosphorylation of
AKT1 (Greulich et a. 2012). It is assumed that phosphorylated heterodimers of ERBB2 ECD mutants and EGFR,
like the wild type heterodimers of ERBB2 and EGFR, can bind to the GRB2:GAB1 complex, leading to the
recruitment of the PI3K complex.

Preceded by: Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR bind GRB2:GAB1

Followed by: PI3K bound to phosphorylated heterodimers of ERBB2 ECD mutants and EGFR converts
PIP2 to PIP3

Literature references
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PI3K bound to phosphorylated heterodimers of ERBB2 ECD mutants and EGFR con-
verts PIP2 to PIP3 ~

Location: Signaling by ERBB2 ECD mutants
Stable identifier: R-HSA-9665407

Type: transition

Compartments: plasma membrane, cytosol

Diseases: cancer

plasma membrane

p-6Y-ERBB2 ECD mutants:

EGF:p-6Y-EGFR:GRB2:
GAB1:PI3K

» | PI(345P3

(]

PI(4,5)P2

ATP ADP

cytosol

cytoplasmic side of plasma membrane

ERBB2 G309E and ERBB2 S310F activate PI3K/AKT signaling, demonstrated by activating phosphorylation of
AKT1 (Greulich et a. 2012). It is assumed that phosphorylated heterodimers of ERBB2 ECD mutants and EGFR,
like the wild type heterodimers of ERBB2 and EGFR, can bind to the GRB2:GAB1 complex, leading to recruitment
of the PI3K complex, which resultsin conversion of PIP2 to PIP3 and activation of the AKT signaling.

Preceded by: Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR, in complex with

GRB2:GABI, bind PI3K

Literature references
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Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR bind PLCG1 7
Location: Signaling by ERBB2 ECD mutants

Stable identifier: R-HSA-9665410

Type: binding

Compartments: plasma membrane, cytosol

Diseases: cancer

p-6Y-ERBB2 ECD

PLCG1 O mutants:EGF:p-6Y-
EGFR:PLCG1

cytosol

cytoplasmic side of plasma membrane

p-6Y-ERBB2ECD
EGF:p-6Y-
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plasma membrane

PLCgammal signaling is activated dowsntream of ERBB2 ECD mutants ERBB2 G309A (Bose et a. 2013), ERBB2
G309E (Greulich et al. 2012) and ERBB2 S310F (Greulich et al. 2012), as evidenced by activating phosphorylation
of PLCGL. It is assumed that heterodimers of ERBB2 ECD mutants and EGFR, like the wild type heterodimers of
ERBB2 and EGFR, bind to PLCGL.

Preceded by: Heterodimers of ERBB2 ECD mutants and EGFR trans-autophosphorylate

Followed by: Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR phosphorylate PLCG1

Literature references
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Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR phosphorylate
PLCG1 7

Location: Signaling by ERBB2 ECD mutants
Stable identifier: R-HSA-9665411

Type: transition

Compartments: plasma membrane, cytosol

Diseases: cancer

plasma membrane
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PLCgammal signaling is activated dowsntream of ERBB2 ECD mutants ERBB2 G309A (Bose et a. 2013), ERBB2
G309E (Greulich et al. 2012) and ERBB2 S310F (Greulich et al. 2012), as evidenced by activating phosphorylation
of PLCGL. It is assumed that heterodimers of ERBB2 ECD mutants and EGFR, like the wild type heterodimers of
ERBB2 and EGFR, bind to and phosphorylated PLCG1, leading to activation of PLCG1 signaling.

Preceded by: Phosphorylated heterodimers of ERBB2 ECD mutants and EGFR bind PLCG1

Literature references
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ceptor tyrosine kinase mutations in lung cancer identifies oncogenic extracellular domain mutations of ERBB2.
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ERBB2 ECD mutants bind trastuzumab 7
Location: Signaling by ERBB2 ECD mutants
Stable identifier: R-HSA-9665405

Type: binding

Compartments: plasma membrane

Diseases: cancer

trastuzumab

RY

ERBB2 ECD ERBB2 ECD mutants:
mutants:ERBIN: O p| ERBIN:HSP90:CDC3T:
HSP90:CDC37 trastuzumab

plasma membrane

Comapred with the wild type ERBB2, ERBB2 G309E, ERBB2 S310F and ERBB2 S310Y are more sensitive to the
ERBB2-directed therapeutic antibody trastuzumab (herceptin) (Greulich et al. 2012). ERBB2 G309A was also
responsive to trastuzumab (Bose et al. 2013).
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ERBB2 ECD mutants bind TKIs 7
Location: Signaling by ERBB2 ECD mutants
Stable identifier: R-HSA-9665412

Type: binding

Compartments: plasma membrane, cytosol

Diseases: cancer
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Comapred with the wild type ERBB2, ERBB2 G309E, ERBB2 S310F and ERBB2 S310Y are more sensitive to
tyrosine kinase inhibitors lapatinib, neratinib and afatinib (Greulich et al. 2012). ERBB2 G309A was also responsive
to lapatinib and neratinib (Bose et al. 2013).
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