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In the field of immunotherapy, mRNA-encoded monoclonal antibodies
(mRNA-mAbs) have emerged as a promising treatment for several conditions
– in particular, for cancer, infections and inflammatory diseases. Importantly,
the successful use of mRNA-mAbs has been made possible by the development
of efficient RNA delivery systems, such as Lipid Nanoparticles (LNPs), which
protect mRNA from enzymatic degradation and enable targeted intracellular
delivery.

Despite great achievements in this field, the mechanistic understanding un-
derlying the metabolism of mRNA-LNP therapeutics remains poorly under-
stood. To address this gap, we developed a ODE-based model that describes
the principal events occurring after IV injection of mRNA-LNPs based on the
most recent findings in literature, namely their adsorption in the liver, their
clearance and subsequently their escape from the endosomes and translation.
This mechanist layer is also equipped with a Physiologically Based Pharma-
cokinetic (PBPK) model, based on the work of Sepp et. al. (2019) [1], which
describes the kinetics of mRNA-mAbs throughout 15 different organs and tis-
sues.

To fit the unknown parameters in the model, we leveraged three preclinical
studies in mice that report the concentration time-profile of mRNA-mAbs of

https://biomath.math.bas.bg/biomath/index.php/bmcs
mailto:elisa.pettina@unitn.it
mailto:chiara.rosati@unitn.it
mailto:luca.marchetti@unitn.it
mailto:pettina@cosbi.eu
mailto:giampiccolo@cosbi.eu
mailto:marchetti@cosbi.eu
mailto:stefano.giampiccolo@unitn.it


BIOMATH 2025 Conference Abstracts

different sizes, all delivered with LNPs [2, 3, 4] and targeting cancer cells. Our
multi-scale PBPK model accurately predicts the concentration-time profiles of
both the mRNA-encoded therapeutics and the relative recombinant proteins.
The model was also validated on unseen data presented in the reference liter-
ature [2, 3, 4], demonstrating high accuracy also in different dosing schedules
and dosages.

Our model can predict mAbs disposition in remote tissues, which experi-
mentally would require the sacrifice of the animal, and their kinetics in different
animal models, including humans. Moreover, its inherent modularity enables
the exploration of different routes of administration and tropisms of the mRNA-
LNPs therapeutic of interest, offering a valid support to the development of these
ground-breaking therapies.
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