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This document updates the mathematical model of the IL6 signal transduction pathway presented by Singh et al.,
2006. A MATLAB program for the updated IL6 model is also included in this work.

The model presented by Singh et al., 2006, is based upon the model structure proposed by Heinrich et al., 2003,
where the dynamic model of Jak-STAT signaling is adopted from Yamada et al., 2003, and parts of the detailed
kinetic model of Erk-C/EBP signaling proposed by Schoeberl et al. 2002, are also used.

In the model presented by Singh et al., 2006, SOCS3 can bind to the receptor complex that may have STAT3 or
SHP2 bound to it. The reason for including these mechanisms is that Singh er al.’s Jak-STAT model is based upon a
dynamic model of the Jak-STAT pathway stimulated by IFN-y (Yamada et al., 2003). However, the binding sites of
the IL-6 receptor complex have different characteristics than the one for the IFN-y complex as SOCS3 and SHP2
compete for the same binding site and SOCS3 also inhibits activation of STAT3 (Fischer and Hilfiker-Kleiner, 2008).
As a result of this Eq. (1) ~ (4) from Singh et al., 2006’s model are replaced with the reaction shown in Eq. (5) in
this work.

STAT3C + (IL6-gp80-gp1 30-JAK) ,-SOCS3 == (IL6-gp80-gp130-JAK) - STAT3C-SOCS3 (1

SHP2 + (IL6-gp80-gp130-JAK) »-STAT3C-SOCS3 == (IL6-gp80-gp130-JAK) ,-STAT3C-SOCS3-SHP2 2
(IL6-gp80-gp130-JAK) -STAT3C-SOCS3-SHP2 — (IL6-gp80-gp130-JAK)", + STAT3C + SOCS3 + SHP2 )
(IL6-gp80-gp130-JAK) »-STAT3C-SOCS3-SHP2 — (IL6-gp80-gp130-JAK) ,-STAT3C-SHP2 + SOCS3 4)
(IL6-gp80-gp130-JAK)",-SOCS3 —> (IL6-gp80-gp130-JAK) ", + SOCS3 (5)

This document is structured as follows: Section 1 presents the updated structure of the IL6 signal transduction
pathway. Section 2 contains an ordinary differential equation (ODE) model for the updated IL6 signaling. Based
upon this ODE model, a MATLAB program is developed and briefly described in Section 3.

1. IL-6 signal transduction pathway
1) gp80+IL6 = IL6-gp80
kri

2) gp130+JAK§ gp130-JAK

3)  IL6-gp80 + gp130-JAK Zﬁ IL6-gp80-gp130-JAK

4) IL6-gp80-gp130-JAK + IL6-gp80-gp130-JAK Zﬁ‘* (IL6-gp80-gp130-JAK),

5)  (IL6-gp80-gp130-JAK), S (IL6-gp80-gp130-JAK)*,

6) (IL6-gp80-gp130-JAK)*, + STAT3C = (IL6-gp80-gp130-JAK)*, - STAT3C
7) (IL6-gp80-gp130-JAK)Y*, - STAT3C ¥ (IL6-gp80-gp1 30-JAKY:, + STAT3C*
8)  (IL6-gp80-gp130-JAK)*, + STAT3C* ';:f: (IL6-gp80-gp130-JAK)*, - STAT3C*

9) STAT3C*+ STAT3C* % STAT3C*-STAT3C*

kro
10) (IL6-gp80-gp130-JAK)*, + SHP2"2 (IL6-gp80-gp130-JAK)*,-SHP2
krio

k11

11) (IL6-gp80-gp130-TAK)*,-SHP2 3 (IL6-gp80-gp130-JAK), + SHP2
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12) PP1+ STAT3C* % PP1-STAT3C*

kri2
k13

13) PP1-STAT3C*— PP1 + STAT3C
14) PP1+ STAT3C*-STAT3C* %14 PP1-STAT3C*-STAT3C*

kri4

15) PP1-STAT3C*-STAT3C* X2 PP1 + STAT3C-STAT3C*
16) STAT3C + STAT3C”‘%16 STAT3C-STAT3C*

krie

17) STAT3C*-STAT3C* ] STAT3N*-STAT3N*
18) STAT3N*-STAT3N* %13 STAT3N* + STAT3N*

kris

19) PP2+ STAT3N* = PP2-STAT3N*
kri9
k20

20) PP2-STAT3N* = PP2 + STAT3N
21) PP2+ STAT3N*-STAT3N* % PP2-STAT3N*-STAT3N*

kr21
k22

22) PP2-STAT3N*-STAT3N* = PP2 + STAT3N-STAT3N*
kf23

23) STAT3N-STAT3N* __ STAT3N + STAT3N*

kr23

k24
24) STAT3N — STAT3C
Michaelis Menten,k25a,k25b

25) STAT3N*-STAT3N* mRNA-SOCS3N

k
26) MRNA-SOCS3N 5 mRNA-SOCS3C
27) MRNA-SOCS3C ——5 SOCS3

kf28
28) SOCS3 + (IL6-gp80- gp130-JAK)*, _ (IL6-gp80- gp130-JAK)*, -SOCS3

kr28

29) mRNA-SOCS3C ——3 mRNA-SOCS3C
30) SOCS3 —3 SOCS3
k31
31) (IL6-gp80- gp130-JAK)*,-SOCS3 —> SOCS3 + (IL6-gp80- gp130-JAK),

kf32
32) (IL6-gp80- gp130-JAK)*,-SHP2 _ (IL6-gp80- gp130-JAK)*,-SHP2*
kr32
kf33
33) (IL6-gp80- gp130-JAK)*2-SHP2* + Grb2 _ (IL6-gp80- gp130-JAK)*,-SHP2*-Grb2
kr33
kf34
34) (IL6-gp80- gp130-JAK)*,-SHP2*-Grb2 + SOS __ (IL6-gp80- gp130-JAK)*,-SHP2*-Grb2-SOS
kr34
kf35
35) (IL6-gp80- gpl130-JAK)*,-SHP2*-Grb2-SOS + Ras-GDP __ (IL6-gp80- gp130-JAK)*,-SHP2*-Grb2-SOS-Ra-GDP
kr3s
kf36
36) (IL6-gp80- gpl130-JAK)*,-SHP2*-Grb2-SOS-Ra-GDP __ (IL6-gp80- gp130-JAK)*,-SHP2*-Grb2-SOS + Ras-GTP
ka7 kr36
37) Raf+Ras-GTP __ Raf-Ras-GTP
krao
38) Raf+ Ras-GTP __ Raf* + Ras-GTP*
kr38
kf39
39) Ras-GTP* + (IL6-gp80- gp130-JAK)*,-SHP2*-Grb2-SOS __ (IL6-gp80- gp130-JAK)*,-SHP2*-Grb2-SOS-Ras-GTP
kr39
kfao
40) (IL6-gp80- gp130-JAK)*,-SHP2*-Grb2-SOS-Ras-GTP __ (IL6-gp80- gp130-JAK)*,-SHP2*-Grb2-SOS + Ras-GDP
krao
kfa1
41) (IL6-gp80- gp130-JAK)*,-SHP2*-Grb2-SOS _ (IL6-gp80- gp130-JAK)*, + SHP2*-Grb2-SOS
kra1
kfaz
42) SHP2*-Grb2-SOS __ Grb2-SOS + SHP2*
ks kra2
43) Grb2-SOS __ Grb2 + SOS
Mich):;;;is Menten,Vm,Km

44) SHP2* SHP2




45)
46)
47)
48)
49)
50)

51)
52)

53)
54)

55)
56)

57)
58)

59)
60)

61)
62)

63)
64)

65)
66)

67)

kfas
(IL6-gp80- gp130-JAK)*,-SHP2* _ (IL6-gp80- gp130-JAK)*, + SHP2*
kras
kf46

SHP2* + Grb2 __ SHP2*-Grb2

krae
kfa7
(IL6-gp80- gp130-JAK)*,-SHP2*-Grb2 __ SHP2*-Grb2 + (IL6-gp80- gp130-JAK)*,
kr47
kfas

SHP2*-Grb2 + SOS __ SHP2*-Grb2-SOS

krag
kf49
(IL6-gp80- gp130-TAK)*,-SHP2* + Grb2-SOS _ (IL6-gp80- gp130-TAK)*,-SHP2*-Grb2-S0S
krao
kfs0

Raf* + Phospl __ Raf*-Phospl
kst
Raf*-Phospl — Raf + Phosp1

kf52
MEK + Raf* __ MEK-Raf*
kr!
k53 ”
MEK-Raf* — MEK-P + Raf*
kfsa
MEK-P + Raf* _ MEK-P-Raf*
kr
k55 *
MEK-P-Raf* — MEK-PP + Raf*

MEK-PP + Phosp2 Zi% MEK-PP-Phosp2
756
MEK-PP-Phosp2 Iﬂ MEK-P + Phosp2
MEK-P + Phosp2 S MEK-P-Phosp2
758
MEK-P-Phosp2 5 MEK + Phosp2
ERK + MEK-PP I::’GO ERK-MEK-PP
60
ERK-MEK-PP }g ERK-P + MEK-PP
ERK-P + MEK-PP? ERK-P-MEK-PP
762
ERK-P-MEK-PP s ERK-PP + MEK-PP
ERK-PP + Phosp3 Zﬁﬂ ERK-PP-Phosp3
—
ERK-PP-Phosp3 Iiﬁ ERK-PP + Phosp3
kfé6

ERK-PP + Phosp3 __ ERK-P-Phosp3

kre6

k67
ERK-P-Phosp3— ERK + Phosp3
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Figure 1, Schematic diagram of IL-6 signal transduction pathway

2. Ordinary differential equation (ODE) model of IL-6 signaling
dx;/dt =0

dXQ/dt = kﬂxlu - krIXQ - kﬂXzXS + kr3x6
dey/de =0
dX4/dt = -kQJC3X4 + kr2x5

dX5/dt kﬁX3X4 - kr2X5 - kf}XzXS + kr3x6
dxe/dt = kpxoxs - kisXe - 2kpxexs + 2kux;
des/dt = kuxexe - knaxy - ksxy + kixis + kaixzo

dxg/dt = ksxy - kxsxo + kieX10 + k710 - ksxsxi) + ksXin - koXsxia + keioX1s - kpexaoxs + kogxso + kiiXss
~kra1X8Xa4 T kasX31 - KeasXsXae  Ky7X33 - krazXazxs
dxo/dt = -kgexsxo + kigx1o + ki3x17 - KiexoxXiy + keiexXio + kaaxos

dxyo/dt = kgexgxo - kyeX10 - kaxio
dxy/de = kaxo - kg + kigxio - 2kpx X1+ 2kex13 - kXX + KroXis - KneXoxyn + krieXio



dx,o/dt
dx,a/dt
dx,4/dt
dx,s/dt
dx,e/dt
dx,/dt
dx,g/dt
dx,o/dt
dy/dt
dy /dt
dxp/dt
dxyy/dt
daa/dt
d,s/dt
dye/dt
dxy,/dt
dyg/dt
dao/dt
duso/dt
dos /dt
dxs,/dt
dy/dt
dusa/dt
duss/de

duse/dt
dso/dt
dusg/dt
dxso/dt
do/dt
d /dt
dxpo/dt
dxy/dt
dxa/dt
dx,s/dt
de/dt
dx o/ dt
dg/dt
do/dt
duso/dt
dxs,/dt
dxs,/dt
dxsy/dt
dxsa/dt
dxss/dt
duse/dt
dxsy/dt
dusg/dt
dxso/dt
dxgo/dt
dxg,/dt
dxo/dt
dxy/dt
dxga/dt
dxgs/dt

= kggxgxy - ksxio

= kpxy1x11 - koX13 - knaxi6X13 + keaxis - kiaxis

= -kpioxsX14 + keoxXis + kixis + ViXae/ (ki + X46)

= kpoxgxis - keoxis - kiixis - kgoxis + kaoxs

= -kpoxi16X11 + kX7 + kisxig - kpaxiexis + knaxig + kisxig

= kpox16X11 - ko1 - kisxg

= knax16%13 - kriaxis - kisxig

= kysxig + kpeXoxiy - knexio

= ks - kpigxoo + krigxaixar - kpixonxag + kio1xas

= 2kpx20 - 2knX01X01 - kpoXooXo) + KioXa3 + kiosXog - KpsXaaxan

= -kpioXpXa1 + kpioXoz + koo - kpp1xoaXog + kioixas + kopxos

= kpoX2Xs1 - kr1oX23 - ko3

= kooxas + kiasXos - kpaXosXa) - koaxos

= kp1X20Xp0 - kio1Xs - kpoXos

= kX5 - kiosxoe + kipsXosxng

= kasaXa0/(Kasy T X20) - kaeXa7

= kaeXp7 - knoXog

= ka7x28 - kipgXa0Xs + kogxso - ko0 + k3130

= kigXaoXs - KiogX30 - k31X30

= koxis - ksoxar - ksaxaixag + kissXss - ksxar + KusXsXae - KpoX3iXas + KuaoXss

= -kpax31x3 + KiasXas T kusXas - krasxsnxss - kpeXaeXss + KueXa

= k33x31X32 - ki3sxss - Ksaxasxsg T kisaxss - kppxss + karxanxg

= -kpax3axss + kagXas T kusXas - krasxsnxss - kpgXarxss + kusXas

= ki3aX33X34 - ke3aX3s - kzsxssxse + Kiasxar + keXa7 - kseX3rXag - kizoXaoXss + KizoXaz + kigoXas - KraoX35X36 -
kepanx3s + ke XgXag + KeaoX31X45 - kraoXss

= -kpysx35%36 + KiasX37 T kpaoXas - kraoXssxse

= k3sx35X36 - ki3sx37 - kppeXsr + kiseXzsxss

= kieX37 - kiseX3sX3s - ksrxsexss + kizeXao

= -kppx3oxsg + KiarXao + ksiXag

= kg37%30X38 - Ke37X40 - kzsXao + Ke3gXa1Xa2

= k3sXao - ki3sXaiXay - KesoXaiXag T kisoXao - kisoXsoxar + Kespxs) + Ks3xsy - ksaxsyxar + ksaxss + kssxss

= kisgXao - kzgXarXan - ksoXarxss + KizoXas

= ki3oXanX3s - ki3oXas - kaoxas + KuaoXasxse

= ka1 X35 - kearXeXas - KpgoXas + keaoXasXag + kagXarXss - kragXaa

= kepaoXas - kraoXasXae - KiasXas + krasXsoXsg - KaoXsiXas + KaoXss

= keaoXas - kraoXasXas - VinXae/ (ki + Xag)t KeasXa1 - KeasXsXag - KeaeXas¥32 + KeasXar

= kiaeXa6X32 - kragXar + kenXaz - KearXanXy - KuusXarxzs + keygXay

= -kpsoxa1Xag + KesoXao T ks1X49

= kisoXa1X43 - KesoXao - ks1Xa9

= -kpsaXsoxXar + kisaxXsi + ksoxsy

= ksoxsoXa) - kesoXs) - ks3xs)

= ks3Xs) - kisaxsoXar + Ksaxss + ksyXse - kisgXsoXss + kisgXs

= kisaxsoXa) - kisaXss - kssxs3

= kssXs3 - keseXsaXss + kiseXse - KesoXssXsa + kieoXso T ko1Xso - kieoXeoXsa + KaXer + ke3Xer

= -kpseXsaXss + KiseXse T ks7Xse - kisgXsaXss + kissxsy + ksoxsy

= kiseXs4Xs5 - KeseXs6 = ks7Xse

= kysgXsXss - krsgXsy - ksoxsy

= -kpgoxsgXsa + kieoXso + k7Xes

= kooXs58X54 - KreoXs90 - Kig1Xs9

= ke1Xs9 - kgeaXe0Xs4 + KrgaXe1 + KosXes - kiseXe0X63 T KroeXos

= kgsaXe0X54 - KreaXe1 - Ke3Xel

= ke3Xe1 - KioaXe2X63 T KrsaXoa

= -kpoaxeaXe3 + KioaXos T KosXea - ktoeXo0X63 T KroXos + kerXes

= kgoaXe2X63 - KroaXoa - KosXea

= kis6X60%X63 - Kro6X6s = Ke7X6s



Tabel 1, State variables of the model and their initial values

Name Component Initial value
(nM)
u IL6 3.83 (100 ng/ml)
X gp80 8
X IL6-gp80 0
X3 gpl130 0.8
X4 JAK 12
Xs gpl130-JAK 0
X6 IL6-gp80- gp130-JAK 0
X7 (IL6-gp80- gp130-JAK), 0
Xg (IL6-gp80- gp130-JAK)*, 0
X9 STAT3C 1000
X10 (IL6-gp80- gp130-JAK)*, -STAT3C 0
X1 STAT3C* 0
X12 (IL6-gp80- gp130-JAK)*, -STAT3C* 0
X13 STAT3C* -STAT3C* 0
X14 SHP2 100
X15 (IL6-gp80- gp130-JAK)*, —SHP2 0
X16 PP1 50
X17 PP1-STAT3C* 0
X18 PP1-STAT3C*- STAT3C* 0
X19 STAT3C -STAT3C* 0
X20 STAT3N*- STAT3N* 0
X1 STAT3N* 0
X2 PP2 60
X23 PP2-STAT3N* 0
X4 STAT3N 0
X25 PP2-STAT3N*- STAT3N* 0
X26 STAT3N- STAT3N* 0
X27 mRNA-SOCS3N 0
Xog mRNA-SOCS3C 0
X29 SOCS3 0
X30 (IL6-gp80- gp130-JAK)*, —SOCS3 0
X31 (IL6-gp80- gp130-JAK)*, —SHP2* 0
X3 Grb2 85
X33 (IL6-gp80- gp130-JAK)*, —SHP2*-Grb2 0
X34 SOS 34
X35 (IL6-gp80- gp130-JAK)*, —SHP2*-Grb2-SOS 0
X36 Ras-GDP 19000
X37 (IL6-gp80- gp130-JAK)*, —SHP2*-Grb2-SOS-Ras-GDP 0
X33 Ras-GTP 0
X39 Raf 67




X40 Raf-Ras-GTP 0

X41 Raf* 0

X4 Ras-GTP* 0

X43 (IL6-gp80- gp130-JAK)*, —SHP2*-Grb2-SOS-Ras-GTP 0

Xa4 SHP2*-Grb2-SOS 0

X45 Grb2- SOS 0

X46 SHP2* 0

X47 SHP2*-Grb2 0

X48 Phospl 67

Xa9 Raf*- Phospl 0

Xs0 MEK 41667

X51 MEK-Raf* 0

X572 MEK-P 0

Xs53 MEK-P-Raf* 0

Xs4 MEK-PP 0

Xss Phosp2 67

Xs6 MEK-PP-Phosp2 0

Xs57 MEK-P-Phosp2 0

Xsg ERK 35000

Xs9 ERK- MEK-PP 0

X60 ERK- P 0

Xe1 ERK-P- MEK-PP 0

Xe2 ERK- PP 0

X63 Phosp3 16667

Xoa ERK-PP- Phosp3 0

X65 ERK-P- Phosp3 0

Table 2, Values of the parameters

Name Value Name Value Name Value
ke 0.1 ko3 0.2 kigs 0.3
ki 0.05 ko4 0.05 ks 0.0009
ke 0.1 kasa 0.01 ks 0.01
ko 0.05 kasp 400 ks 0.55
ke 0.02 ko 0.001 k7 0.3
ke 0.02 ka7 0.01 ka7 0.0009
ke 0.04 kis 5 ks 0.03
kea 0.2 kos 0.1 kg 0.064
ks 0.005 koo 0.0005 ko 0.03
kss 0.008 k3o 0.0005 ka9 0.0429
ke 0.8 k31 0.003 keso 0.0717




i 0.4 ks 6 Fiso 0.2
s 0.005 ks 0.06 s: 1

ks 05 kiss 0.01 kes 0.011
ke 0.02 s 0.55 ks 0.001833
ko 0.1 kisa 0.01 ks 35
kero 0.001 foss 0.0214 Kisa 0.011
Kero 0.2 kiss 0.015 Fusa 0.001833
¥ 0.003 s 13 ks 29
ki 0.001 ks 05 Kess 0.0143
ke 0.2 kess 0.0001 Kass 0.8
ks 0.003 Ky 0.001 ks7 0.058
keia 0.001 kes? 0.0053 Kess 0.00025
ket 0.2 ks 1 Fuss 0.5
ks 0.003 kss 0.0007 ks 0.058
kere 0.0000002 keso 0.0079 Kiso 0.00011
Kets 0.2 fso 0.4 [ 0.033
ks 0.005 Kexo 0.023 ko1 16
ko 0.1 Keso 0.00022 ki 0.00011
Kors 0.02 ke 0.1 ke 0.033
koo 0.001 Fean 0.000245 ks 6.7
Kero 0.2 ke 03 Kisa 0.014
f 0.005 fea 0.021 Ko 0.6
ko1 0.001 Jears 0.0015 Kes 0.27
ko 0.2 [ 0.0045 Kiss 0.005
ko 0.005 Vin 1.7 [ 0.5
ks 2E-7 fom 340 ker 03

Note: First order rate constants have units of 1/s and second order rate constants of [nM's™'].

MATLAB program for the model of IL6 signaling

The ODE model of IL6 signaling is contained in the document ‘pathway model.m’, and the program ‘Main.m’
is used to run the program. Please follow the following procedures to run the program:

1) Place both programs, ‘pathway model.m’ and ‘Main.m’, in the same folder;

2) Type Main in the command window to run the simulation.

Simulation results for nuclear STAT3 and SOCS3 for stimulation with 100 ng/ml IL6 are shown in Figure 2 and
Figure 3, respectively.
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Figure 2, Simulation result for STAT3N*-STAT3N* with 100 ng/ml IL6 stimulation
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Figure 3, Simulation result for STAT3N*-STAT3N* with 100 ng/ml IL6 stimulation
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