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Chimeric antigen receptor (CAR) is a synthetic transmembrane protein expressed at 
the surface of immune effector cells (IECs) that are reprogrammed either in vitro or 
in vivo (June et al. 2018; June and Sadelain 2018). Techniques for genetic engineering 
of autologous or allogeneic IECs are described in the next chapter. The synthetic CAR 
incorporates several functional domains. The extracellular domain is composed of a 
single chain variable fragment (ScFV) of immunoglobulin and recognizes the 
“tumour” antigen. The clinical relevance of the selected tumour antigen—with a view 
to minimize “on-target/off-tumour” side effects—is discussed in the third chapter of 
this section. Bispecific and trispecific CARs are currently being evaluated in preclini-
cal and early clinical trials (Bielamowicz et al. 2018; Shah et al. 2020). The use of an 
immunoglobulin domain as the ligand of the target antigen means that recognition is 
not restricted to HLA antigens and that CAR-T cells are universally applicable as 
opposed to T cell receptor (TCR) transgenic T cells that recognize antigenic peptides 
presented in the context of a defined major histocompatibility complex (MHC), limit-
ing clinical applications to subsets of patients with defined HLA typing. The intracel-
lular domain is composed of the intracellular domain of the zeta chain of the CD3 
component of the TCR, which will trigger signalling when the CAR engages the tar-
geted ligand. The transmembrane region links the two extracellular and intracellular 
domains through the cell membrane and plays an important role in determining the 
conformation and flexibility of the CAR and its ability to efficiently bind the targeted 
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antigen/epitope. Association of only these three functional domains characterized first 
generation CARs, as described in the original publications (Kuwana et  al. 1987; 
Eshhar et al. 1993). However, full activation of T cells requires the addition of one 
(second generation CARs) or two (third generation CARs) domains from costimula-
tory molecules, such as CD28, 4-1BB/CD137, or OX40/CD134, that provide the T 
cell costimulatory signal. Currently approved CAR-T cells are second generation 
CAR-T cells; as an illustration, the CAR in tisagenlecleucel contains a 4-1BB domain, 
while the CAR in axicabtagene ciloleucel contains a CD28 domain. The nature of the 
costimulatory domain influences the ability of CAR-T cells to expand or persist (limit 
T cell exhaustion) in vivo after infusion into the patient, although it is unclear how this 
translates clinically and affects disease control, occurrence of adverse events, and 
overall survival due to the lack of head-to-head comparison between approved prod-
ucts. Finally, fourth generation CAR-T cells have been developed for preclinical proj-
ects. These cells, named armoured CAR cells or T cells redirected for universal 
cytokine-mediated killing (TRUCKS), encode not only a CAR (usually with one 
costimulatory domain, such as in second generation CARs) but also a cytokine, inter-
leukin, pro-inflammatory ligand, or chemokine that will counteract the immune sup-
pressive microenvironment that prevails in most solid tumours (Eshhar et al. 1993; 
Chmielewski and Abken 2015).

When the CAR engages its ligand, signalling involves several components of the 
naturally occurring TCR. These include molecules such as lymphocyte-specific pro-
tein tyrosine kinase (LCK). Some components of the signalling cascade are actionable 
with existing drugs, which offers opportunities for pharmacologic modulation of 
CAR activity in vivo, such as described with tyrosine kinase inhibitors (Mestermann 
et al. 2019; Weber et al. 2019); this represents an appealing alternative to the inclusion 
of a suicide gene in the CAR construct (Casucci et al. 2013; Gargett and Brown 2014; 
Sakemura et al. 2016). Synthetic biology applied to the CAR-T cell field led to engi-
neering of combinatorial antigen recognition constructs. The “OR” gate strategy (i.e., 
CD19 and CD22) allows CAR-T cell activation upon recognition of at least 1 of the 2 
targeted antigens, thus reducing the risk of cancer immune evasion. The “OR” and 
“NOT” gate strategies are designed to improve the safety profile of CAR-T cells, since 
tumour cells and healthy cells can be discriminated by CAR-T cells based on the 
expression pattern of 2 antigens (Weber et al. 2020).

Key Points
•	 A chimeric antigen receptor is a synthetic transmembrane molecule 

encoded by a DNA sequence that combines domains from immunoglobu-
lins, one chain of the T cell receptor, and typically domains from costimu-
latory molecules involved in T cell activation.

•	 Currently approved and commercially available CAR-T cells are second 
generation CAR-T cells that contain a single costimulatory domain.

•	 The machinery for cell signalling contains actionable elements, thus offer-
ing opportunities for in vivo modulation of CAR-T cell activities and miti-
gation of adverse events.
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