Supplementary 3
Mathematical model of RasRAF/MEK/ERK and PI3K/PTEN/AKT pathway
System of ordinary differential equations

diE3] _

= : (S3.1)
df E?H] RYEVERVIERVS (S3.2)
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d[E;HC] V-V, (S3.4)
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d[Ed2t3H] RVEVIRVIRVIEVE (S3.6)
% = V-V, (S3.7)
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% = V-V -V -V -V Vg (S3.13)
d[pdSthC] v,V (S3.14)
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d[Raf*]
dt
d[MEK]
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d[pMEK]
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d[PP2A]
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d[MEKP-PP2A]
dt
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d[pPMEKPP-PP2A
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d[ppMEK
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dt
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d[PI3K
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Ejt ] =-VytVy
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d[pPTEN]
dt
d[pPTENP-PTEN
[P dt ] =V3-Vy;
d[PTEN-PTEN]
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d[PISK*-PI]
T = V31'V55

d[PI3K*-PIP3
[ dt ] = Ves-Veg
d[Akt
[dt v,
d[pAkt-PIP3]
at
d[ Akt-PIP3-PP2A]
dt
d[2C4]
e
d[E2-2C4
% = V-V
d[EZ(—ij4C] v,
d[E22
[ ot ] = V59 - Veo
d[ pE22
[ |odt v,
d[ pE22_Sch]
T at =Va
d[ pE22-pSch]
Ta e
d[ pE22-pSch-GS
P25 G,y
d[E2-Tr]
dt = Ves
d[EZj:ﬂ-Tr] _v,,
d[ pE23H-Tr]
— a Ver
d[ pE23H-Tr-Shc]
dt = Vg
d[ pE23H-Tr-pShc]
= Vo
dt
d[ pE23H-Tr-pShc-GS]
dt

= V35 'Vse

= V37 'Vas

= V4o 'V41 'V44 +V47

=Vp-Vi

= V7o - V71
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% =V,, (S3.64)
% vV, (S3.65)
d pE22(;tSch-Per] _v, (S3.66)
d[ pE22-dF:er-pSch] _v, (S3.67)
d pE22-P(e;—pSch—GS] SV -V, (S3.68)
d[Eziperz] v, (S3.60)
d[pE22-Per?] pEdet'Perz] =V, (S3.70)
d pE22—dFt>er2-Shc] _v, (S3.71)
d[ pEZZ-ZfrZ-pShc] v, (S3.72)
d pE22-Pe;t2-pShc-GS] SV, -V, (S3.73)
d pE23I—(|j—tTr-PI 3K] _ v, (s3.74)
d[EiF’er] _v,, (S3.75)
W = Vg, (S3.76)
where reaction rates V; are determined by the following equations:

V,=k, - ([E3]-[HRG] - K, -[E3H]) (S3.77)
V,=k, - ([E3H]-[E2] -K 4, -[E23H]) (S3.78)
V,=k, - [E23H]/(K,, +[E23H]) (S3.79)
V=V, aa [ [PE23H] / (K, + [PE23H]) (S3.80)
Vs=Ks - ([pE23H] -[Shc] — K, -[pE23H-Shc]) (S3.81)
V=K -[PE23H-Shc]/(K  +[ pE23H-Shc]) (S3.82)
V, =K, - ([pE23H-pShc] -[GS] - K, -[pE23H-pShc-GS]) (S3.83)

V, =k, - ([pE23H-Shc-GS] — K, -[pE23HP] - [Shc-GS]) (S3.84)
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V, =k, -[Shc-GS] - k 4 -[pShc] -[GS] (S3.85)
Vo=V a0 - [PSC] / (K 1o + [PShC]) (S3.86)

V,,=k,, - [Ras-GDP] - ([Shc-GS]+[pE23H-Shc-GS) + [ pE22-pShc-GS] +

+[ PE23H-Tr-pShc-GS)| + [ pE22-Per-pShe-GS| + [ pE22-Per2-pShe-GS|)? (S3.87)
(K ... +[Res-GDPY))

V,,=V,, -[Ras-GTPJ/(K,, ,+[Ras-GTP]) (S3.89)
V,;=k,; -[Raf]- [Ras-GTPI/(K, ,,+[Raf]) (S3.89)
V,,=k,, -[Raf*]- ([ppAkt-PIP3]+Eq, 1)/([Raf*]+K ..,) (S3.90)
V,5=k,5 -[MEK]-[Raf*]/(K , ;s +[MEK]) (S3.91)
Vis=Ky - [PMEK]-[PP2A] (S3.92)
V,; =K 16 - [PMEK-PP2A] (S3.93)
V,,=K,; - [MEK-PP2A] (S3.94)
Vo =K,s -[PMEK] -[Raf*]/(K , ;s +[PMEK]) (S3.95)
Vo=Kis - ([PP2A]-[pPMEK] - K, ;5 -[PPMEK-PP2A]) (S3.96)
V1=K 16 - [PPMEK-PP2A] (S3.97)
V,,=K,, -[PMEK-PP2A] (S3.98)
V3 =K 5 -[ERK]-[pPMEK]/(K ,, ,5+[ERK]) (S3.99)
Vs =Via2a - [PERKI/(K 5, +[PERK]) (S3.80)
Vo5 =Ky - [PPMEK] - [PERK]/(K ;s +[PERK]) (S3.81)
Vo6 =V 20 - [PPERK]/(K 1, 2, +[PPERK]) (S3.82)
V,, =K, - ([PE23H] - [PI3K] — K, -[pE23H-PI3K]) (S3.83)

V5 =K., -[PE23H-PI3K] (S3.84)
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Vo =K., -[PE23H-PI3K*]

V=K, - [PE23H-PI3K]

V=K, -[PI] - ([PE23H-PI3K] + [ pE23H-Tr-PI3K | /(K 4y +[P1])
V,, =K, - ([PIP3]-[PTEN] - K , , -[PTEN-PIP3])
V=K, -[PTEN-PIP3]

V,, =k, -[PTEN-PI]

V=V, o -[PTENJ/(K ., 55 +[PTEN])

Vs =K - (IPTEN]-[pPTEN] - K , 5 - [PTENP-PTEN])
V,;=K o 5 -[PPTENP-PTEN]

V,3=K,, -[PTEN-PTEN]

V=Ko - ([PIP3]-[Akt] — K 5 - [Akt-PIP3])

Vo =V,aio [AKE-PIPI]/(K o +[AKE-PIP3])

max,40
V=K, - ([PAKt-PIP3] - [PP2A] - K ,, -[pPPAkt-PIP3-PP2A])
V =Ky 1 ‘[ PAKE-PIP3-PP2A]

V,,=k,, -[Akt-PIP3-PP2A]

V=V w0 - [PAKE-PIP3)/(K o +[PAKL-PIP3])

V57K s - ([PPAKt-PIP3] - [PP2A] - K, . -[ ppAkt-PIP3-PP2A])
V 467K a6 ' [PPAKL-PIP3-PP2A]

V,,=k,, - [pAkt-PIP3-PP2A]

V=K 45 -[PE23H]

V=K, - ([2C4] - [E2] - K, 4 -[E2-2CA4])

V=K, -[E2-2C4] -k , -[E2-2C4,]
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V,, =K., -[E3H]

Vg, =k, - ([E3H,]-[E2] - K, -[E23H])

V=K, -[E23H]

Vg, =K, - ([E23H,] - K, - [PE23H])

V=K - [PI3K-PI]

V=K -[PI3K-PIP3]

Vy, =K, - [PTEN]-[bpV] - K45, -[PTEN_bpV])

Vg =Kgg - ([PI3K]-[LY] = K g -[PIBK_LY])

Vso =kso: ([E2]-[E2] - Kaso-[E22])

Veo= k3 - [E22]/(Kg3+ [E22]) — Vinex.a [PE22]/(K ma+ [PE22])
Ve1=ks -(2- [pE22]- [Shc] - Kgs: [pE22-Shc])

Ve2=Ks - [PE22-Shc])/(K 46+ [PE22-Shc])

Vez=k7 - ([pE22-pShc][GS]-K ¢ 7[pE22-pShc-GS] )

Ves=ks - ([PE22-pShc-GS] - K gg[pE22-Per][Shc-GS] )

Ves =Keo - ([Tr]- [E2] - Kaeo - [E2-TT])

Ves=kz - (([E3H] -[E2-Tr] — Kg2 - [E23H-TT])

Ver= k3 - [E23-Tr]/(Kg3 + [E23-Tr]) = Vinaxa [PE23-Tr]/(Kma+ [PE23-Tr])
Veg=Ks - ([pE23H-Tr] -[Shc] - Kg5 -[pE23H-Tr-Shc])
Veo=Kg - [PE23H-Tr-Shc])/(Kgs+ pE23H-Tr-Shc)

V70=k7 - ([pE23H-pShc-Tr] -[GS] — Kq7 -[pE23H-Tr-pShc -G9))
V71=Kg - ( [PE23H-Tr-pShc-GS] - K gg[pE23H-Tr][Shc-GS] )

V72=kso - ([E2] -[E2-Per] - Kyso -[E22-Per])

V3= ks - [E22-Per]/(Kd,3 + [E22-Per]) — V mex 4 [PE22-Per]/(K ma+ [pE22-Per])
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V74=ks - (2 [pE22-Per] -[Shc] - Kgs -[pE22-Per-Shc])

V75 =Ke - [pE22-Per-Shc])/(K g6 + [pE22-Per-Shc])

V76 =K7 - ([pE22-Per-pShc][GS]-K 4 7[pE22 -Per-pShc-GS))
V77=Kg - ([pE22-Per-pShc-GS] - K gg[pE22-Per][Shc-GS])

Vg =ksg - ([E2-Per] - [E2_Per] - Kgso -[E22-Per2])

V79 =kz[E22-Per2]/(K g3+ [E22-Per2]) -- Vmax 4 [PE22-Per2]/(K m4+ [PE22-Per2))
Veo=ks - (2 -[pE22-Per2] -[Shc] - Kgs -[pE22-Per2-Shc])

Vg1 =k - [pE22-Per-Shc])/(K 4 + pE22-Per-She)

Vg2=k7 - ([pE22 -Per2-pShc][GS]-K 4 7[pE22 -Per2-pShc -GS) )
Vg3 =Ksg - ([PE22-Per2-pShc-GS] - K 4g[pE22-Per2][Shc-GS))
Vs =Koz - ([PE23H-Tr] -[PI3K] - Kg27 -[pE23H-Tr-PI3K])
Ves=ks - ([E2] -[Per] - Kgs -[E2-Per])

Vge :ks . ([E2-Tr] [Per] - Kd,5 [E2-Tr-Per])
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Table 1. Abbreviations used in the model

Abbreviationsin ODEs Protein names

E2 ErbB2 (HER2) receptor
E3 ErbB3 (HERS3) receptor
HRG Heregulin
E3H ErbB3/HRG ligand/receptor complex
E3H, ErbB3/HRG ligand/receptor complex
E23H Heterodimer of ErbB3/HRG with ErbB2
E23H. Heterodimer of ErbB3/HRG with ErbB2
pE23H, pHER2 Phosphorylated heterodimer of ErbB3/HRG with ErbB2
Grb2 growth factor receptor-binding protein 2
Ras-GDP Ras-GDP protein
Ras-GTP Ras-GTP protein
Raf Raf protein
Raf Activated Raf
PTEN Phosphatase and tensinhomol og deleted on chromosome ten
pPTEN Phosphorylated PTEN
AKT AKT protein
2C4 Pertuzumab
MAPK Mitogen-activated protein kinase
MEK MAPK/ERK kinase
pMEK Phosphorylated MEK
pPPMEK Doubly phosphorylated MEK
ERK extracellular signal-regulated kinase
pPERK Phosphorylated ERK
PPERK Doubly phosphorylated ERK
MKP3 MAPK phosphatase 3
PDK1 3-phosphoinositide-dependent kinase 1
PI Phosphatidylinositol
PIP3 phosphatidylinositol-3,4,5-trisphosphate
PI3K phosphatidylinositol 3'-kinase
PI3K Activated PI3K
PP2A protein phosphatase 2A
She Srchomology and collagen domain protein
pShc Phosphorylated Shc
Sos Son of Sevenless homolog protein
GS Grb2—Sos complex
pPE23H-Shc Complex of pE23H with Shc
pE23H-pShc Complex of pE23H with pShc
She-GS Complex of Shc with GS
pE23H-pShc-GS Complex of pE23H-pShc with GS
AKT-PIP3 Complex of AKT with PIP3
PAKT-PIP3 Complex of pAKT with PIP3

PPAKT-PIP3

Complex of ppAKT with PIP3
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Table 1. Cont.

Abbreviationsin ODEs

Protein names

ppAKT-PIP3-PP2A
AKT-PIP3-PP2A
pAKT-PIP3-PP2A
E2-2C4
E2-2C4,
PTEN-PTEN
pPTEN-PTEN
PTEN-PIP3
PTEN-PI
PMEKP-PP2A
MEK-PP2A
ppM EK PP-PP2A
pE23H-PI3K
PI3K -PI
pE23H-PI3K
Eret
bpVv
LY
PTEN-bpV
PI3K-LY
E22
E2-Tr
E2-Per
E22-Per2
E2-Tr-Per

Complex of ppAKT-PIP3 with PP2A
Complex of AKT-PIP3 with PP2A
Complex of pAKT-PIP3 with PP2A
Complex of E2 with 2C4
Complex of E2 with 2C4
Complex of PTEN with PTEN
Complex of pPTEN withPTEN
Complex of PTEN with PIP3
Complex of PTEN with Pl
Complex of pMEKP with PP2A
Complex of MEK with PP2A
Complex of ppMEK PP with PP2A
Complex of pE23H with PI3K
Complex of PI3K with PI
Complex of pE23H with PI3K
Phosphatase dephosphorylating Raf
Bisperoxovanadium compound, bpV (pic), PTEN inhibitor
LY 294002, PI3K inhibitor
Enzyme-inhibitor complex of PTEN and bpV (pic)
Enzyme-inhibitor complex of PI3K and LY 294002
HER2 homodimer
HER2-trastuzumab complex
HER2-pertuzumab complex
HER2-pertuzumab- HER2-pertuzumab complex
HER2-pertuzumab- HER2- trastuzumab complex

S10
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Table 2. Kinetic parameters of the model. k; , ki—rate constants of forward and reverse
reactions ("M min™, min™?); Kg; , Kmi — dissociation and Michaglis constants (nM).

Reaction Kinetic Valuesin
Rate Parameters  Our Modé€
HER3 and HERZ2 binding

Remarks Valuesfrom [1] Valuesfrom [2]

v Ky 0.005 estimation 0.001 0.003
! Kz 600; 0.2" estimation 0.6 20
Vs1 ks1 0.01 estimation
V, ko 10 estimation 0.01 0.01
Vs, K2 10 estimation 10 10
Vs3 Ksa 0.01 estimation
Vs ks 1 estimation 1 1
Kaz 0.1 estimation 0.01 0.01
v, Virax.4 10 estimation 62 450
Kma 50 estimation 50 50
Shc and GS binding
Ve Ks 0.06 estimation 0.1 0.09
Kas 1 estimation 1 6
Ve Ks 12 estimation 20 6
Kase 3 estimation 5 0.06
v, ks 36 estimation 60 0.009
Ka7 9 estimation 9 4.3
Ve ke 12 estimation 2040 0.12
Kas 0.1 estimation 7.8 0.002
Ve Ko 35 estimation 40.8 0.1
ko 0 estimation 0 0.2
Vi Virax 10 0.0154 estimation 0.0154 17
Km0 340 estimation 340 340
E23HP binding with PI3K and PI3K activation
Vs Ko7 3 estimation 0.1
Ka27 1 estimation 20
Vi Kog 300 estimation 9.85
Kos 0 estimation 0.1
Voo kog 13500 estimation 45.8
Kog 0 estimation 0.047

V39 V3o 900 estimation Vm'26=2620
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Table 2. Cont.
Res;:;on PaI:;rrL\etelt((:ers C;/uar] LIJ\A&:J:;;I Remarks Valuesfrom [1] Valuesfrom [2]
RagRaf/MEK/ERK cascade
Vi ki1 6 estimation 0.22
Km11 0.18 estimation 0.18
Vi Vimax .12 3 estimation 0.3
Kmi2 0.1 estimation 0.06
Vi kis 1 estimation 1.53
Kmi3 11.7 estimation 11.7
Via Kaa 0.6 estimation 6.710°
Km14 30 estimation 8
kis 2.1 estimation 35
V15 V19 . .
Kmis 1 estimation 317
Vie kis 0.06 estimation
V17,V Keat 16 0.6 estimation
Vig kig 3 estimation
Voo kis 0.06 estimation
Ka1s 1 estimation
) Koo 0.06 estimation
Koz 12 estimation 9.5
V23 Vas . - 5
Kmz23 10 estimation 1.4 10
Vimax 24 18 estimation 0.3
V24 Vs ' —
Kmz24 10 estimation 160
PIP3 — PI
Vay ka1 0.03 eﬂi mal? on
Kz 140 estimation Km=40
Vss Kss 30 estimation k,;=16.9
Vs Kss 30 estimation
Vi Kso 8000 est? mati on
Ka,z2 0.01 estimation Km2s=9
Va3 kas 1545 estimation
Va4 Kaa 3.6 estimation
PTEN — pPTEN
Vae Vimox35 150 estimation
Kmas 2 estimation
Kss 1 estimation
V36 . .
Kaz3s 2.2 estimation
Va7 ks7 150 estimation
Vg Kas 150 estimation
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Table 2. Cont.
Res;:;on Paf;rr;etelc(;rs C;/uar] llj\/leitljnel Remarks Valuesfrom [1] Valuesfrom [2]
AKT activation pathway
Kag 15000 estimation 507
Vas Ko 20 estimation 234
Virex40 1.5.10° estimation 2-10"
Vao Vg : — 7
Kmao 0.1 estimation 810
Vay Ka1 3 estimation
Va2, Vs Ka2 45 estimation
Va3 Kz 30 estimation
Ky 3 estimation
Vs P
Kga1 0.1 estimation
V47 K47 0.3 estimation
Receptor internalization
Vg Kug 0.001 estimation 0.001
2C4 binding with HER?2
Kag 0.003 estimation
Vas Kaas 2.10% 79 Kggf;\;’ n[,3]
Vg kso 0.6 estimation
Kso 0.012 estimation
PTEN inhibition by bpV (pic)
ks7 100 estimation
Vs7 estimation
Kas7 10 |Cso=31 nM [4]
PI3K inhibition by LY 294002
ksg 100 estimation
Vsg estimation,
Kase 80 K;=1600 nM [5]
HER2 homodimerisation
Kso 1 estimation
V59 . .
Ka,s9 100 estimation
Trastuzumab binding with HER2
Ve Keo 0.003
Kaeo 2.10% 77

Y the value of the parameters after rescaling of HRG and 2C4, trastuzumab concentrations
to extracellular volume [2].
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Table 3. Initial concentrations of the metabolites in the model, nM.
Species  Valuesinthemodel Remarks Valuesinthemodd [1] Valuesin the model [2]

HER3 80 estimation HER4 =80 EGFR =100
50 for MCF7 cells N
HERZ2 " 800 for SKOV3 calls  SSHMatioNn
HRG 100 estimation 100
She 100 estimation 100 150
GS 100 estimation 10
RasGDP 120 estimation 120
Raf 100 estimation 100
Era 7 estimation 7
MEK 100 estimation 120
ERK 100 estimation 1000
PI3K 200 estimation 10
AKT 100 estimation 10
PP2A 10 estimation 11.4
PI 300 estimation 800
PTEN 50 estimation
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