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I. PARAMETERS DERIVATION

We report here all the calculations performed for the derivation or estimation of the

selected parameter values. A substantial portion of these parameters are adapted from

Hubbard and Byrne’s1 model or derived from the models proposed by Lampropoulos et al.2,3

and Bull and Byrne4, as will be discussed below. For the remaining parameters, estimations35

were made based on available literature.

To determine the characteristic length of the studied domain, a few factors must be

considered. Firstly, angiogenesis typically manifests when a tumor exceeds 1 − 2mm in

diameter5–7. Furthermore, tumor spheroids typically develop necrotic zones when their

diameter reaches approximately 4mm8. Based on these factors, it is reasonable to set the40

characteristic length of the domain (the tumor seed’s diameter at t = 0) withing the range

of [100µm, 1000µm]. Therefore, the selected characteristic scale was set to Lo = 400µm.

In addition to defining the spatial characteristic unit, we define the characteristic unit

for time. As reported in Sec. 2.4, the unit selected for temporal non-dimensionalisation is

the mitosis rate of healthy cells, denoted as km,h. Typically, the life cycle of a eukaryotic45

cell lasts approximately 24h. Therefore, we define km,h = 1
24h

= 1.157 · 10−5 s−1.

The concentration of hemoglobin (Hgb) in adult humans ranged typically ranges from

12 to 18 g/dL (12− 16 g/dL for females and 14− 18 g/dL for males)9. Therefore, selecting

CHgb = 140 g/L for our calculations falls within the acceptable range. Furthermore, each

molecule of Hgb can bind up to four oxygen molecules10. Combining this information with50

the fact that oxygen content in blood is approximately 20mLO2

dL
11, we can calculate the value

of the parameter cv:

CHgb = 140
g

L

MHgb = 64458
g

mol

}
CHgb ≈ 0.00217

mol

L

4
mol O2

molHgb

}
cv ≈ 8.7 · 10−3M. (1)

Lastly, it has been previously calculated that krep = 0.0088 s−1 3.
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I.A. Basic model55

While the values for VEGF, denoted as g, were initially adopted from Lampropoulos and

Kavousanakis3, we decided to rescale it as a variable, this time using gv = 10−12M . This

decision stems from considering VEGF’s physiological range in tissue, which typically falls

within [0.59 pM, 0.65 pM ]12. Selecting a characteristic value close to the physiological range

not only makes computational sense but also enhances the interpretability of the results.60

With this rationale, we set the initial value of VEGF in the system as:

g′ (x, y, 0) =
g (x, y, 0)

gv
=

0.6 · 10−12M

10−12M
= 0.6.

Setting the value of g′ in the initial conditions necessitates considering the parameter k∗
p,g

as a variable. Solving it yieldsthe parameter’s value: k∗
p,g = 0.00959.

To calculate the dimensionless diffusion coefficients, we utilized the values reported in lit-65

erature for CSF-1 (Da = 160µm2s−1), CXCL12 (Db = 150 · 10−6 µm2s−1), EGF (Dl = 160µm2s−1),

TGF-β (Df = 21.3µm2s−1)4 and oxygen (Dc = 1.4 · 10−5 cm2s−1)3,13.

D∗
i =

Di

krepL2
o

for i = a, b, l, f ⇔ D∗
i

D∗
c

=

Di

�
��Krep��L

2
o

Dc

���Krep��L
2
o

D∗
c=1⇐==⇒ D∗

i =
Di

Dc

⇔



D∗
a = 0.11,

D∗
b = 0.001,

D∗
l = 0.11,

D∗
f = 0.5.

(2)

The values of chemotactic parameters χi, for i = a, b, l, f , were based on calculations for

χg. This parameter has been measured at χg = 2600 cm2

sM
14, thus its non-dimensionalisation70

is:

χ∗
g =

χg · gv
km,h · L2

o

=
2600 cm2

sM
· 10−12M

1.157 · 10−5 s−1 · 16 · 10−4cm2
= 0.14. (3)

Based on the calculations of χ∗
g, and considering that a, b, l, f are all non-dimensionalised

through gv, it is reasonable to assume that χi, for i = a, b, l, f , are of the same order

of magnitude, with χb being enhanced to account for the increased motility of the M275

phenotype.

The production rate constants k∗
p,i, for i = a, b, l, f , are estimated based on k∗

p,g = 0.00959:

k∗
p,i = 0.00959, for i = a, l, f . The production of CXCL12 occurs in cells adjacent to the

vasculature4, but not by endothelial cells themselves. Therefore, to decouple the rate at
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which CXCL12 is secreted in the system from the concentration of the vasculature while80

maintaining the spatial correlation between the two, k∗
p,b was re-scaled using θv(x, y, 0):

k∗
p,b =

k∗
p,g

θv(x, y, 0)
≈ 0.55. (4)

The remaining rate constants related to each chemical species are kd,i and kassoc,i

(i = a, b, l, f); the former represents the decay rate constant and the latter represents the

molecule-cell binding rate constant. For the decay rate constants, the dimensionless values85

are determined based on measurements reported in the literature (kd,a = 1.9 · 10−4s−1,

kd,b = 2 · 10−5s−1, kd,l = 1.9 · 10−4s−1, kd,f = 0.23min−1)15–17:

k∗
d,i =

kd,i
krep

for i = a, b, l, f ⇔



k∗
d,a = 0.0216,

k∗
d,b = 0.227 · 10−2,

k∗
d,l = 0.0216,

k∗
d,f = 0.436.

(5)

On the other hand, the association rate constants are assumed based on the value of kassoc.g:

k∗
assoc,i ≈ 7 · 10−6 for i = a, b, l, f. (6)90

The values for the macrophage death rate constant are defined based on measurements

of macrophage life expectancies in the simulated conditions18,19.

Lastly, the saturation parameters θM , ap and fp are selected based on the values of the

variables θM1 , θM2 , a and f , over the course of a simulation.

I.B. Immunotherapy parameters95

The newly introduced parameters pertain to the immunotherapeutic drug and the drug-

bound macrophages, which are considered a separate sub-population in the model. Firstly,

we will present the calculations performed for determining the parameters associated with

the drug. The drug’s diffusion coefficient is determined through its hydrodynamic radius

(calculated equal to rd ≈ 0.659nm20, based on vactosertib’s molecular weight, Mvac =100

399.4 g
mol

21), using the Stokes - Einstein equation:

D =
kBT

6πηr
⇒ D∗

d

�
�D∗
c
1
=

��kBT

��6πηrc

��kBT

��6πηrd

=
rc
rd

⇒ D∗
d = 0.23. (7)
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The drug’s elimination rate from the vasculature, as well as the drug’s absorption rate,

are based on measurements reported by Jung et al22:

k∗
el,d =

kel,d
km,h

=
1
5h
1

24h

= 4.8, (8)105

k∗
assoc,d =

kassoc,d
krep

=
1
2h

0.0088 s−1
= 0.016. (9)

The calculation of the therapy’s period, Tpill, is based on both the regimen administered in

the experiments reported by Jung et al.22, and the ongoing clinical trials23. The latter are

also considered for the determination of the number of therapeutic administrations (N = 10).110

Lastly, we make the following assumptions based on the results reported by Jung et al22:

k∗
assoc,M1

= 2, k∗
assoc,d = 0.016.
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II. NON-DIMENSIONALISED MODEL

In this section, we present the process of non-dimensionalisation that leads to the finalised

expressions based on which calculations are performed. In order to non-dimensionalise the115

system’s equations, the variables are rescaled using the following characteristic quantities:

t′ = km,h · t c′ =
c

cv
l′ =

l

gv

x⃗i
′ =

x⃗i

Lo

g′ =
g

gv
f ′ =

f

gv
120

u⃗i
′ =

u⃗i

km,hLo

a′ =
a

gv
d′ =

d

dmax

p′i =
pi
Λ

b′ =
b

gv

The phase concentrations are non-dimensionalised by the sum of all fluid/cellular concen-

trations at t = 0. There is no influx of mass in the system for t = 0:125 ∑
i

qi = kext,M1θv
�a 0

ap +�a 0
= 0.

This implies that for t = 0, the system can be considered closed, and the concentrations

θi (x, y, t = 0) are defined as volume fractions of a fluid of constant volume. Therefore, the

concentrations θi are non-dimensionalised as follows:θ′i =
θi∑6

i θi(x,y,t=0)∑6
i θi (x, y, t = 0) = 1

⇔ θ′i = θi.130

II.A. Mass balances

Firstly, we present the mass balance non-dimensionalisations for both the fluid/cellular

phases and the chemical species. Healthy cells mass balance:

∂θh
∂t

+∇ · (u⃗hθh) = km,hθhθint
c

cp + c
− kd,hθh

cc1 + c

cc2 + c

× 1
km,h⇐===⇒

1

km,h

∂θh
∂t

+
1

km,h

Lo

Lo

∇ · (u⃗hθh) =
�

��km,h

���km,h

θhθint
c/cv

cp/cv + c/cv
+

kd,h
km,h

θh
cc1/cv + c/cv
cc2/cv + c/cv

⇔

∂θh
∂t′

+∇′ ·
(
u⃗′
hθh

)
= θhθint

c′

c∗p + c′
− k∗

d,hθh
c∗c1 + c′

c∗c2 + c′
.

(10)
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Cancer cells mass balance:135

∂θc
∂t

+∇ · (u⃗cθc) + χl∇ · (θc∇l) =(
km,c + kc,M2

θM2

θM + θM2

)
θcθint

c

cp + c
− kd,cθc

cc1 + c

cc2 + c
− kc,θc

θM1

θM + θM1

× 1
km,h⇐===⇒

1

km,h

∂θc
∂t

+
1

km,h

Lo

Lo

∇ · (u⃗cθc) +
1

km,h

L2
o

L2
o

χl
gv
gv
∇ · (θc∇l) =(

km,c

km,h

+
kc,M2

km,h

θM2

θM + θM2

)
θcθint

c/cv
cp/cv + c/cv

− kd,c
km,h

θc
cc1/cv + c/cv
cc2/cv + c/cv

− kc,M1

km,h

θc
θM1

θM + θM1

⇔

∂θc
∂t′

+∇′ ·
(
u⃗c

′θc
)
+ χ∗

l∇′ · (θc∇′l′) =(
k∗
m,c + k∗

c,M2

θM2

θM + θM2

)
θcθint

c′

c∗p + c′
− k∗

d,cθc
c∗c1 + c′

c∗c2 + c′
− k∗

c,M1
θc

θM1

θM + θM1

(11)

Capillaries mass balance:

∂θv
∂t

+∇ · (u⃗vθv) + χg∇ · (θv∇g) = kangθvg
θint

ϵ+ θint
− koccθvH (pcell − pcrit, h)

× 1
km,h⇐===⇒

1

km,h

∂θv
∂t

+
1

km,h

Lo

Lo

∇ · (u⃗vθv) +
1

km,h

L2
o

L2
o

gvχg∇ ·
(
θv∇

g

gv

)
=

kang · gv
km,h

θv
g

gv

θint
ϵ+ θint

− kocc
km,h

θv
Λ

Λ
H (pcell − pcrit, h) ⇔

∂θv
∂t′

+∇′ ·
(
u⃗v

′θv
)
+ χ∗

g∇′ · (θv∇′g′) = k∗
angθvg

′ θint
ϵ+ θint

− k∗
occθvH (p′cell − p∗crit, h

∗)

(12)

M1 mass balance:

∂θM1

∂t
+∇ · ( ⃗uM1θM1) + χa∇ · (θM1∇a) = kext,M1θv

a

ap + a
− kd,M1θM1 − kaaθM1

f

fp + f

× 1
km,h⇐===⇒

1

km,h

∂θM1

∂t
+

1

km,h

Lo

Lo

∇ · ( ⃗uM1θM1) +
1

km,h

L2
o

L2
o

gvχa∇ ·
(
θM1∇

a

gv

)
=

kext,M1

km,h

θv
a/gv

ap/gv + a/gv
− kd,M1

km,h

θM1 −
kaa
km,h

θM1

f/gv
fp/gv + f/gv

⇔

∂θM1

∂t′
+∇′ ·

(
⃗uM1

′θM1

)
+ χ∗

a∇′ · (θM1∇′a′) = k∗
ext,M1

θv
a′

a∗p + a′
− k∗

d,M1
θM1 − k∗

aaθM1

f ′

f ∗
p + f ′

(13)140
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M2 mass balance:

∂θM2

∂t
+∇ · ( ⃗uM2θM2) + χb∇ · (θM2∇b) = kaaθM1

f

fp + f
− kd,M2θM2

× 1
km,h⇐===⇒

1

km,h

∂θM2

∂t
+

1

km,h

Lo

Lo

∇ · ( ⃗uM2θM2) +
1

km,h

L2
o

L2
o

gvχb∇ ·
(
θM2∇

b

gv

)
=

kaa
km,h

θM1

f/gv
fp/gv + f/gv

− kd,M2

km,h

θM2 ⇔

∂θM2

∂t′
+∇′ ·

(
⃗uM2

′θM2

)
+ χ∗

b∇′ · (θM2∇′b′) = k∗
aaθM1

f ′

f ∗
p + f ′ − k∗

d,M2
θM2

(14)

M1p mass balance:

∂θM1p

∂t
+∇ ·

(
⃗uM1p

θM1p

)
+ χa∇ ·

(
θM1p

∇a
)
= kassoc,M1θM1

d

dp + d
− kd,M1p

θM1p

× 1
km,h⇐===⇒

1

km,h

∂θM1p

∂t
+

1

km,h

Lo

Lo

∇ ·
(

⃗uM1p
θM1p

)
+

1

km,h

L2
o

L2
o

gvχa∇ ·
(
θM1p

∇ a

gv

)
=

kassoc,M1

km,h

θM1

d/dmax

dp/dmax + d/dmax

−
kd,M1p

km,h

θM1p
⇔

∂θM1p

∂t′
+∇′ ·

(
⃗uM1p

′θM1p

)
+ χ∗

a∇′ ·
(
θM1p

∇′a′
)
= k∗

assoc,M1
θM1

d′

d∗p + d′
− k∗

d,M1p
θM1p

(15)

Oxygen mass balance:145

Dc∇2c+ krepθv (cv − c)− c
∑
i=h,c

kc,iθi − θint
c

cp + c

∑
i=h,c

kcm,iθi = 0
× 1

krepcv⇐====⇒

Dc
1

krep

L2
o

L2
o

∇2 c

cv
+ �

��krep

�
��krep
θv
(cv − c)

cv
− c

cv

∑
i=h,c

kc,i
krep

θi − θint
c/cv

cp/cv + c/cv

∑
i=h,c

kcm,i

krep
θi = 0 ⇔

D∗
c∇2c′ + θv (1− c′)− c′

∑
i=h,c

k∗
c,iθi − θint

c′

c∗p + c′

∑
i=h,c

k∗
cm,iθi = 0

(16)

VEGF mass balance:

Dg∇2g + kp,g (θh + θc + θM2)
c

(ca + c)2
− kassoc,gθvg − kd,g · g = 0

× 1
krepgv⇐====⇒

Dg
1

krep

L2
o

L2
o

∇2 g

gv
+

kp,g
krepcvgv

(θh + θc + θM2)
c/cv

(ca/cv + c/cv)
2 − kassoc,g

krep
θv

g

gv
− kd,g

krep
· g

gv
= 0 ⇔

D∗
g∇2g′ + k∗

p,g (θh + θc + θM2)
c′

(c∗a + c′)2
− k∗

assoc,gθvg
′ − k∗

d,g · g′ = 0

9



(17)

CSF-1 mass balance:

Da∇2a+ kp,aθc
c

(ca + c)2
− kd,a · a− kassoc,aθM1a = 0

× 1
krepgv⇐====⇒

Da
1

krep

L2
o

L2
o

∇2 a

gv
+

kp,a
krepcvgv

θc
c/cv

(ca/cv + c/cv)
2 − kd,a

krep
· a

gv
− kassoc,a

krep
θM1

a

gv
= 0 ⇔

D∗
a∇2a′ + k∗

p,aθc
c′

(c∗a + c′)2
− k∗

d,a · a′ − k∗
assoc,aθM1a

′ = 0

(18)150

CXCL12 mass balance:

Db∇2b+ kp,bθv − kd,b · b− kassoc,bθM2b = 0
× 1

krepgv⇐====⇒

Db
1

krep

L2
o

L2
o

∇2 b

gv
+

kp,b
krepgv

θv −
kd,b
krep

· b

gv
− kassoc,b

krep
θM2

b

gv
= 0 ⇔

D∗
b∇2b′ + k∗

p,bθv − k∗
d,b · b′ − k∗

assoc,bθM2b
′ = 0

(19)

EGF mass balance:

Dl∇2l + kp,lθM2 − kd,l · l − kassoc,lθc · l = 0
× 1

krepgv⇐====⇒

Dl
1

krep

L2
o

L2
o

∇2 l

gv
+

kp,l
krepgv

θM2 −
kd,l
krep

· l

gv
− kassoc,l

krep
θc

l

gv
= 0 ⇔

D∗
l ∇2l′ + k∗

p,lθM2 − k∗
d,l · l′ − k∗

assoc,lθc · l′ = 0

(20)

TGF-β mass balance:155

Df∇2f + kp,fθc − kd,f · f − kassoc,fθM1f = 0
× 1

krepgv⇐====⇒

Df
1

krep

L2
o

L2
o

∇2 f

gv
+

kp,f
krepgv

θc −
kd,f
krep

· f
gv

− kassoc,f
krep

θM1

f

gv
= 0 ⇔

D∗
f∇2f ′ + k∗

p,fθc − k∗
d,f · f ′ − k∗

assoc,fθM1f
′ = 0

(21)

Drug’s mass balance:

Dd∇2d+ krep,dθv (dc − d)− kassoc,dθM1 · d− kd,d · d = 0
× 1

krepdmax⇐=====⇒

Dd
1

krep

L2
o

L2
o

∇2 d

dmax

+
krep,d
krep

θv
(dc − d)

dmax

− kassoc,d
krep

θM1 ·
d

dmax

− kd,d
krep

· d

dmax

= 0 ⇔

D∗
d∇2d′ + k∗

rep,dθv (d
∗
c − d′)− k∗

assoc,dθM1 · d′ − k∗
d,d · d′ = 0

(22)

where:

d∗c =
���dmax

���dmax

N∑
i=1

H
(
t′ − t∗pill,i

)
· e−

kel,d
km,h

(km,h·t−km,h·tpill,i)
=

N∑
i=1

H
(
t′ − t∗pill,i

)
· e−k∗el,d(t′−t∗pill,i).

(23)160
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II.B. Momentum balances

∑
j,j ̸=i

d∗i,jθiθj

(
u⃗′

j − u⃗′
i

)
− θi∇ · (Λ∗p′iI) +∇ ·

[
θi

[
µ∗
i

(
∇u⃗′

i +
(
∇u⃗′

i

)T)
− 2

3
µ∗
i

(
∇ · u⃗′

i

)
I

]]
= 0⃗,

(24)

for i, j = h, c, v, int,M1,M2,M1p , with d∗i,j =
di,j
dh,c

,Λ∗ = Λ
dh,ckm,hL2

o
, µ∗

i =
µi

dh,cL2
o
.

II.C. Auxiliary expressions

Equation of continuity:165

∂

∂t

∑
i

θi +
∑
i

∇ · (θiu⃗i) + χl∇ · (θc∇l) + χg∇ · (θv∇g) + χa∇ · (θM1∇a) + χb∇ · (θM2∇b) = kext,M1θva
× 1

km,h⇐===⇒

1

km,h

(
∂

∂t

∑
i

θi +
∑
i

∇ · (θiu⃗i) + χl∇ · (θc∇l) + χg∇ · (θv∇g) + χa∇ · (θM1∇a) + χb∇ · (θM2∇b)

)
=

kext,M1

km,h

θva

∂

∂t′

∑
i

θi +
∑
i

∇′ ·
(
θiu⃗i

′)+ χ∗
l∇′ · (θc∇′l′) + χ∗

g∇′ · (θv∇′g′) + χ∗
a∇′ · (θM1∇′a′) + χ∗

b∇′ · (θM2∇′b′) = k∗
ext,M1

θva

(25)

Equations of state:

ph = pc = pM1 = pM2 = pint + Σ(θh + θc + θM1 + θM2)
× 1

Λ⇐=⇒

ph
Λ

=
pc
Λ

=
pM1

Λ
=

pM2

Λ
=

pint
Λ

+
1

Λ


Λ(θh+θc+θM1

+θM2
−θ∗)

(θv+θint)
2 , if θh + θc + θM1 + θM2 ≥ θ∗

0, otherwise.
⇔

p′h = p′c = p′M1
= p′M2

= p′int +


(θh+θc+θM1

+θM2
−θ∗)

(θv+θint)
2 , if θh + θc + θM1 + θM2 ≥ θ∗

0, otherwise.

(26)
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III. PARAMETRIC ANALYSIS

In this section we present complementary results from the parametric analysis presented170

in the main manuscript. We begin with Fig. 1 (a) and χa. Increasing this parameter

has a substantial impact on tumor growth. Enhancing the penetrative tendency of M1

Fig. 1 Temporal evolution of cancer cell average concentration, θc, for parametric analysis of the

parameters: (a) χa and χb, and (b) kext,M1 .

macrophages increases the number of cells that reach the tumor’s interior, where they are175

alternatively activated towards the M2 phenotype. A similar effect is observed in Fig. 1 (a)

with χb. This time, it is the increased attraction of M2 macrophages towards CXCL12 that

allows them to reach the tumor’s exterior, where they can more effectively exploit their pro-

tumor phenotype more in a nutrient-rich environment and attract cancer cells toward it. In

Fig. 1 (a) the presented times are cut short in comparison to the other figures. The reason180

behind that is the explosive nature of tumor expansion which makes computations severely

harder. Lastly, Fig. 1 (b) shows the temporal evolution of θc for tumors with different kext,M1

values. This figure is particularly interesting as it suggests that an initially strong immune

response can paradoxically assist the tumor by increasing the number of macrophages that

are alternatively activated (towards M2). However, beyond a certain point, the influx of185

new immune cells overwhelms the tumor’s ability to influence them.

In Fig. 1 (b), we observe that all θc curves converge around t ≈ 140. To further investigate

this behavior, Fig. 2 (a) presents the θc evolution but this time with the alternative activation

12



Fig. 2 (a) Temporal evolution of cancer cells average concentration, θc, with varying kext,M1

and kaa. (b) Temporal evolution of the total M2/M1 macrophages phenotype ratio for the same

simulations. (c) Corresponding temporal evolution of the ratio of the alternative activation term,

qaa ≡ kaaθM1

f
fp+f (see Eq. (8) third term) to extravasation term, qext,M1 ≡ kext,M1θv

a
ap+a (see

Eq. (8) first term), for each calculation.

rate doubled. As expected, increasing the alternative activation rate accelerates tumor190

growth rate overall. What is particularly interesting is the emergence of a new convergence

point between the two scenarios sharing the same kaa (one with the default kext,M1 value and

the other with 10 times that value). This convergence occurs later, at t ≈ 245 suggesting

that an enhanced ability to shift macrophages towards the pro-tumor state influences the

system’s behavior as kext,M1 changes.195

Figure 2 (b) supports these findings by presenting the M2/M1 ratio for the scenarios

described. In cases with elevated kaa, the resulting ratios are more than double those

observed previously. However, by increasing the macrophage influx rate constant, kext,M1 ,

the relative contribution of M1 macrophages steadily rises over time; this takes place as the

system’s capacity to convert incoming macrophages reaches its limit.200
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Figure 2 (c) provides further insight into the underlying mechanisms that produce these

outcomes. The relative contributions and numbers of the two macrophage phenotypes are

governed by two dominant processes: alternative activation and macrophage extravasation.

When comparing the curves in Fig. 2 (c) with the macrophage ratios shown in Fig. 2 (b),

it becomes apparent that they share many qualitative similarities. The equilibrium be-205

tween these two processes ultimately determines the balance of macrophage phenotypes and

significantly influences patient prognosis.

III.A. Parametric analysis for the immunotherapy model

This paragraph presents a complementary analysis for the parametric study of krep,d,

conducted in the main manuscript. Figure 3 presents these distributions for: (a) t = 150210

and default krep,d values, (b) t = 150 and krep,d increased tenfold, (c) t = 250 and default

krep,d values and, (b) t = 250 and krep,d increased tenfold. The purpose of this figure is
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Fig. 3 Average radial distributions of M1 macrophages, TGF-β and, vactosertib for: (a) t = 150

and default krep,d, (b) t = 150 and increased krep,d, (c) t = 250 and default krep,d and, (d) t = 250

and increased krep,d.

to present the distribution and abundance of vactosertib in relation to TGF-β and -most215

importantly- M1 macrophages. Here, we can better observe how increased vactosertib influx

results in almost all macrophages having their phenotype frozen early on, leading to new

14



macrophages gradually being separated from the drug’s supplus due to the wall of TGF-β

that is located between them.
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