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RESULTS METHODS
Objectives: Elevated levels of TGF-b and specifically its activated form is
regarded as one of the disease drivers in patients with idiopathic pulmonary
fibrosis (IPF). TGF-b can bind to the extracellular matrix and be subsequently
liberated and activated via interaction with aV integrins present on the
surface of epithelial and myofibroblast cells in the lungs. Blocking aV
integrin molecules with a drug prevents TGF-b liberation and activation,
however this may drive concentration of the ECM-bound latent TGF-b
higher, thus reducing the drug efficacy. The goal of this study is to model the
underlying biology and to identify optimal aV integrin inhibitor regimens
that effectively suppress TGF-b activation.

Methods: We developed a computer model describing the dynamics of the
TGF-b latent and active forms in the lung tissue that enables the
stoichiometric calculation of the inhibitor and substrate binding to aV
integrin. The model includes the following features:

• Latent TGF-b is produced by resident cells within the lungs and released
into the extracellular fluid (ECF) where a portion can be incorporated into
the extracellular matrix (ECM).

• TGF-b is released back to ECF during ongoing ECM turnover.
• Exchange between the tissue and the circulating TGF-b pools is included.
• Activated TGF-b is released upon interaction with aV integrins.
• When the drug is present it competes with TGF-b for aV integrin binding

sites and inhibits TGF-b liberation and activation.
• The drug+aV integrin complex can be internalized and degraded inside

the cell.
The above mechanisms are modelled by the set of ODEs. Parameters such as
baseline concentration of TGF-b, aV integrins, number of TGF-b binding sites
in the ECM, drug inhibition constants are taken from or estimated based on
available literature data (Balestro 2019, King 2011, Hynes 2009). Drug
concentrations are represented, including specified Cmax and Ctrough values,
based on the dosing regimen of interest.

Results: An optimal aV integrin inhibitor dosing regimen for IPF patients
would persistently decrease the activated TGF-b concentrations. We have
simulated effects of aV integrin inhibitor PK profile (Cmax and Ctrough) on
lowering activated TGF-b concentration as well as uncertainty in parameters
defining ECM turnover and aV integrins distribution in the tissue. We have
identified that 90% suppression of activated TGF-b will require maintaining
Ctrough values close to the concentration of available aV integrin molecules in
the tissue. Also we found that aV integrin inhibition drives an increase in the
latent ECM-bound TGF-b pool. The elevated levels can compete with the
drug for aV integrin binding sites. Moreover, therapy cessation will cause a
temporary spike in activated TGF-b that could lead to undesired side effects.

Conclusions: We have developed a computer model describing TGF-b
dynamics in the lung tissue in response to drugs blocking aV integrins. It was
identified that effective suppression of TGF-b activation can be achieved by
maintaining trough concentrations close to concentrations of aV integrins in
the tissue.
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• Effective, persistent suppression of active TGF-b levels can be
achieved by maintaining trough drug concentrations close to the
concentrations of aV integrins in the tissue.

• aV integrin inhibition drives an increase in the latent ECM-bound
TGF-b pool; the elevated levels can compete with the drug for aV
integrin binding sites

• Size of latent ECM-bound TGF-b pool has not been measured in
IPF patients; the size of this pool (and occupancy of ECM binding
sites) could influence the potential efficacy of integrin inhibition

• The small QSP model of integrins, ECM, and TGF-b dynamics
enables exploration of aV integrin inhibitor dosing paradigms on
TGF-b levels
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• Simulations performed in the presence of a theoretical integrin
inhibitor

‒ Full inhibition of catalytic activity when drug is bound to
integrin; magnitude of overall inhibition dictated by integrin
occupancy

‒ Theoretical drug concentrations are simulated, including Cmax

and Ctrough values; 24 hour dosing period simulated
‒ Periodic High integrin inhibition includes 100% max/0% nadir

occupancy
‒ Persistent Mid integrin inhibition includes 100% max/60% nadir

occupancy
‒ Persistent High integrin inhibition includes 100% max/90%

nadir occupancy
‒ ECM levels and latent TGF-b production rates do not change

(i.e., no influence of disease progression nor response to
treatment)

• Simulations were performed using Matlab software

INTRODUCTION

• TGF-b plays a substantial role in pulmonary fibrosis, driving
pathophysiologic levels of myofibroblasts and extracellular matrix (ECM)

• Integrins within the lungs can liberate ECM-bound TGF-b, and integrin
inhibitors may prove an effective treatment option to reduce active TGF-b

• A small QSP model has been developed to predict optimal integrin
inhibition, accounting for factors that could improve or worsen fibrosis

• The small QSP model of integrins, ECM, and TGF-b dynamics includes binding and catalysis for the relevant 
processes

• Integrin inhibition being pursued as a possible treatment for idiopathic pulmonary fibrosis (IPF)

• Predictions of TGF-b levels due to integrin inhibition helps inform potential influence on IPF disease 
progression

• A larger QSP model of IPF, IPFsym, can be informed with these simulation results

• The small QSP model of integrins, ECM, and TGF-b dynamics includes equations and parameters that allow 
simulation of:

‒ The liberation and activation of ECM-TGF (Ta) by integrin (R)

‒ Integrin (R) subtype parameterized to represent aVb6 (John 2020)

‒ Binding of inhibitor (D) to integrin 

‒ Inhibition of integrin-mediated liberation and activation of ECM-TGF by D

‒ Internalization and degradation of R after binding D

‒ Physiologic turnover of ECM, including B and Tm; Tm re-enters the Tf pool

• Parameter values taken from or derived from literature (see references)

• Active TGF-b levels predicted to be reduced compared to pre-treatment levels
when integrins persistently inhibited (mid or high)

• High fraction of drug occupancy of integrins associated with reduced active TGF-b

• Periodic high (100%) integrin inhibition does reduce nadir active TGF-b levels, but
not average concentrations

• Persistent integrin inhibition is predicted to increase size of ECM-TGF pool (reduced
exit from pool) and to increase latent TGF-b levels (reduced entrance into pool)

• Note that this small QSP model of integrins, ECM, and TGF-b dynamics does not
include changes to ECM or TGF-b production rates due to disease progression or
treatment; each could influence results and could be evaluated by implementing
this small QSP model into the larger QSP model, IPFsym

QSP Model Simulation Results: Treatment

1.
ⅆ𝑅

ⅆ𝑡
= 𝑟𝑠𝑦𝑛

𝐸𝐶50
𝐸𝐶50 + 𝑅𝑡𝑜𝑡

− 𝑘𝑇,𝑜𝑛(𝑇𝑓 + 𝑇𝑚)𝑅 − 𝑘𝐷,𝑜𝑛 ∙ 𝐷 ∙ 𝑅 + 𝑘𝑇,𝑜𝑓𝑓( 𝑇𝑓𝑅 + 𝑇𝑚𝑅 ) + 𝑘𝐷,𝑜𝑓𝑓∙ 𝐷𝑅 − 𝑘𝑅,𝑑𝑒𝑔𝑟 ∙ 𝑅 + 𝑘𝑎𝑐𝑡( 𝑇𝑚𝑅 + 𝑇𝑚𝑅 )

2.
ⅆ𝑇𝑓

ⅆ𝑡
= 𝑞𝑠𝑦𝑛 +∝∙ 𝑇𝑝𝑙𝑎𝑠𝑚 − 𝑇𝑓 − 𝑘𝑇𝑓,𝑐𝑙𝑒𝑎𝑟 ∙ 𝑇𝑓 − 𝑘𝑎𝑡𝑡 ∙ 𝑇𝑓 ∙ 𝐵 + 𝑘𝑇𝑚,𝑑𝑒𝑔𝑟 ∙ 𝑇𝑚

3.
ⅆ[𝑇𝑓𝑅]

ⅆ𝑡
= 𝑘𝑇,𝑜𝑛 ∙ 𝑇𝑓 ∙ 𝑅 − 𝑘𝑇,𝑜𝑓𝑓 ∙ 𝑇𝑓𝑅 − 𝑘𝑎𝑐𝑡 ∙ 𝑇𝑓𝑅

4.
ⅆ𝑇𝑎
ⅆ𝑡

= 𝑘𝑎𝑐𝑡 ∙ 𝑇𝑓𝑅 + 𝑇𝑚𝑅 − 𝑘𝑇𝑎,𝑑𝑒𝑔𝑟 ∙ 𝑇𝑎

5.
ⅆ𝐷

ⅆ𝑡
= 𝛽 ∙ 𝐷𝑝𝑙𝑎𝑠𝑚 − 𝐷 − 𝑘𝐷,𝑜𝑛 ∙ 𝐷 ∙ 𝑅 + 𝑘𝐷,𝑜𝑓𝑓 ∙ 𝐷𝑅 − 𝑘𝐷,𝑐𝑙𝑒𝑎𝑟 ∙ 𝐷

6.
ⅆ[𝐷𝑅]

ⅆ𝑡
= 𝑘𝐷,𝑜𝑛 ∙ 𝐷 ∙ 𝑅 − 𝑘𝐷,𝑜𝑓𝑓 ∙ 𝐷𝑅 − 𝑘𝐷𝑅,𝑖𝑛𝑡 ∙ 𝐷𝑅

7.
𝑑𝑇𝑚

𝑑𝑡
= − 𝑘𝑇,𝑜𝑛 ∙ 𝑇𝑚 ∙ 𝑅 + 𝑘𝑇,𝑜𝑓𝑓 ∙ 𝑇𝑚𝑅 − 𝑘𝑇𝑚,𝑑𝑒𝑔𝑟 ∙ 𝑇𝑚 + 𝑘𝑎𝑡𝑡 ∙ 𝑇𝑓 ∙ 𝐵

8.
ⅆ[𝑇𝑚𝑅]

ⅆ𝑡
= 𝑘𝑇,𝑜𝑛 ∙ 𝑇𝑚 ∙ 𝑅 − 𝑘𝑇,𝑜𝑓𝑓 ∙ 𝑇𝑚𝑅 − 𝑘𝑎𝑐𝑡 ∙ 𝑇𝑚𝑅

9.
ⅆ𝐵

ⅆ𝑡
= 𝑏𝑠𝑦𝑛 − 𝑘𝐵,𝑑𝑒𝑔𝑟 ∙ 𝐵 − 𝑘𝑎𝑡𝑡 ∙ 𝑇𝑓 ∙ 𝐵

𝑇𝑚 = [𝑇𝑓𝐵]

𝑅𝑡𝑜𝑡 = 𝑅 + [𝑇𝑓𝑅] + [𝑇𝑚𝑅] + 𝐷𝑅 ;
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Model of integrins, ECM, TGF-b dynamics IPFsym

Tf – latent TGF-b in ECF
Tm – latent TGF-b in ECM
Ta – activated TGF-b
R – receptor (aVb6 integrins)
D – drug
B – ECM binding sites (fibronectin)


