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Chimeric antigenreceptors (CARs) stand out
as prominent synthetic biology tools designed
to enhance the immune response against
tumors. CARs have demonstrated impressive
efficacy, inducing remission or even providing
a cure for individuals with hematological
neoplasms. However, research regarding
their effectiveness in treating solid tumors is
somewhat limited. These limitations reveal
ongoing challenges in CARs development that
are currently being addressed. To optimize
the translational potential of these cellular
therapies, the approach should be firmly
grounded in fundamental immunology. Thus,
needing improved predictive pre-clinical
models (particularly in vivo) that closely
resemble human diseases. This approach aims
to enhance efficacy while maintaining a critical
focus on safety considerations and the ability
to overcome various inhibitory mechanisms.

When it comes to predictive models, each in
vivo model has their pros and cons since those
should incorporate humanized components
and undergo validation confirming that there
is faithful replication of human diseases,
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facilitating the rapid translation of findings
from preclinical to clinical testing'. Moreover,
there are other data-driven predictive models
that propose in silico advancements. Although
these models require experimental validation
in the laboratory, they play a pivotal role
in bridging the gap between dry and wet
lab research, expediting discoveries that
would otherwise take years and resulting
in substantial time and cost savings across
various screening processes.

Machine learning and deep learning (ML/DL)
constituteadomainthat combinesautomation,
experiential learning, and essential statistical
and computational principles*:. Over the past
two decades, ML/DL has found widespread
applications across diverse fields, achieving
remarkable success. In the realm of artificial
intelligence (Al), ML/DL has focused on
developing practical software, with diverse
applications such as computer vision, speech
recognition, natural language processing, and
robot control, among others. Similarly, the
impact of machine learning extends to fields
like biology and social
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science, where it enables the novel analysis of
high-throughput experimental data, bringing
about positive advancements. Notable recent
achievements in deep learning encompass
various milestones, such as playing Go2, natural
language processing3 (including the famous
GPT-34), detecting and identifying objects in
imagess, and predicting protein structures®.

Diverse ML/DL approaches have enhanced
cancer  biology research, particularly
in identifying target candidates for
immunotherapy predictions. Choudhry et al,
demonstrated that an epigenetic analysis,
relying on publicly available ATAC-seq and
bulk RNAseq datasets, employed a machine
learning approach based on random forest and
XGBoost ensemble techniques to successfully
predict CD38 transcriptional regulation
in myeloma cells from patient samples to
sensitize myeloma cells to current approved
immunotherapies such as Daratumumab
or lIsatuximab, both monoclonal antibodies
directed to CD38 antigen in the tumor cell
surface’.

In @ more recent study conducted by Hie
et al.,, a general protein language model
showcased the remarkable capacity of
deep learning models to efficiently guide
the evolution of human antibodies. This
was achieved through the suggestion of
evolutionarily plausible mutations, an analysis
encompassing a staggering 98 million protein
sequences, of which only a few thousand were
antibody-related. Intriguingly, this feat was
accomplishedwithoutprovidingthemodelwith
any prior knowledge about the target antigen,
binding specificity, or protein structure. To
test their hypothesis, the research team
conducted evolutionary campaigns guided by
the likelihood predictions from the language
model, to enhance the affinity of seven
antibodies. These antibodies represented
a diverse range of antigens and degrees of

maturity, including but not limited to influenza
A, ebolavirus, SARS-CoV-1, and SARS-CoV-2.
The outcome was a remarkable improvement
in the binding affinities of all clinically relevant
antibodies tested, even in cases where these
antibodies were already highly evolved,
ultimately resulting in enhanced affinity and
naturalization®.

Antibody maturation is a field that
numerous research groups have been
actively pursuing, aiming to enhance binding
properties. This pursuit involves improving
monoclonal antibodies for various indications
and enhancing binders for cell therapies
as well. Therefore, it comes as no surprise
that the application of ML/DL and Al has
permeated the realms of immunotherapy, cell
engineering, and cell therapy. Particularly in
the field of CAR-T and CAR-NK cells, ML/DL can
aid in addressing various challenges related
to activation, exhaustion, persistence, tonic
signaling, on-target off-tumor effects, and
synapse interactions with tumor cells.®*

One of the primary challenges in CAR-T
design lies in ensuring the CAR-T’s precise
discrimination between normal and cancerous
tissues. An in-silico screening approach aimed
at identifying multiple antigen signatures
capable of enhancing CAR-T’s tumor
recognition abilities through the integration
of various antigen inputs using Boolean logic
(AND / NOT). Dannenfelser and colleagues
analyzed and screened over 2.5 million dual
antigens and 60 million triple antigens across
33 different cancer cell types and 34 normal
tissues. Their findings revealed that dual
antigens significantly outperformed the best
single clinically investigated CAR targets,
while triple antigens were predicted to be
the most effective discriminators between
tumor and normal tissue in several tumor
types. This underscores the importance of
utilizing Boolean logic gates, employing
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2- to 3 antigens, to enhance CAR-Ts’ tumor
recognition capabilities based on bioinformatic
analyses that predict the effect of cellular
immunotherapy.”

As overall survival rates in cancer patients
have improved, resistance to cornerstone
therapies has become more prevalent. This
is particularly evident in cases of multiple
myeloma. To address this challenge, there has
been a proposal to explore pharmacological
strategies that can enhance vulnerabilities to
immunotherapy in resistant diseases. Such
an approach may offer a unified perspective
for overcoming resistance to Proteasome
Inhibitorsinthe new era of myelomatreatment.
The characterization of surface proteomic
changes in these contexts holds the potential
to unveil novel strategies for diagnosing and
specifically treating drug-resistant diseases.”

In a study conducted by Ferguson et al.,
a bioinformatic approach was employed
to analyze a vast array of genes/proteins,
totaling more than 33,654. They devised a five-
criteria scoring system that integrated surface
proteomics data with publicly available mRNA
transcriptome data. This innovative approach
ledtotheidentification of new potential surface
targets for antigen-specific immunotherapies
in myeloma, including targets such as CCR1o0,
TXNDC11, LILR4B, and SEMA4A. The expression
of these targets was validated in both cell lines
and primary samples.” This predictive model
facilitated the design of a novel anti-CCR10
CAR-T therapy, leveraging its natural ligand
(CCL27), and demonstrating activity against
cell lines in vitro.=*

Beyondthebindersexpressed onthesurface
of CAR-T cells, the costimulatory domains
typically reside intracellularly, responsible
for initiating downstream signals to activate
and co-stimulate ultimately enhancing the
killing of tumors. This costimulatory domain

stands as a pivotal component within the CAR
construct, regardless of the specific binder
employed. Its role extends beyond bolstering
the function and efficacy of CAR-T cell therapy,
encompassing the determination of T-cell
fate, including aspects related to memory
phenotype, exhaustion, and persistence.
These factors are closely linked to improved
antitumor activity, enhanced persistence, and
efficient cytotoxicity against tumor cells, both
in vitro and in vivo.>*®

Daniels et al., embarked on the construction
of a library of CARs, encompassing
approximately 2300 synthetic costimulatory
domains, created through combinations of
13 signaling motifs. These CARs facilitated
diverse outcomes in human T cells, with
outcomes sensitive to variations in motif
combinations and  configurations. The
utilization of neural networks, trained to
decipher the combinatorial language of CAR
signaling motifs, allowed for the extraction
of key design principles. For instance, non-
native combinations of motifs, binding tumor
necrosis factor receptor-associated factors
(TRAFs) and phospholipase C gamma 1 (PLCg1),
were found to enhance cytotoxicity and
stemness, factors associated with effective
tumor eradication. Consequently, libraries
constructed from fundamental signaling
building blocks, complemented by machine
learning, can effectively guide the engineering
of receptors tailored to exhibit desired
phenotypes™.

Indeed, as mentioned, it’s clear that
synthetic biology is progressively relying on
computational predictions through ML/DL and
Al to enhance living therapies. Rather than
undergoing painstaking and time-consuming
laboratory screenings, bioinformatic analyses
empower the identification of promising
candidates based on predictive models,
which can then be validated in vitro or in
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vivo. This methodology undeniably expedites
the discovery of novel targets and pathways,
thereby facilitating the progression and
refinement of the next generation of cellular
therapies. Moreover, it preserves both time
and resources, a particularly valuable asset in
low to middle income countries.
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