Editing gene engineering to enhance function
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In this issue of Blood, Legut et al have tackled a major scientific challenge relating to T-cell engineering,
with an unexpected outcome. They have demonstrated that CRISPR-mediated knockout of the native
T-cell receptor (TCR) B chain dramatically improves the expression of inserted therapeutic aff and y6
TCRs in comparison with the same TCRs inserted without endogenous TCR-f chain knockout. Although
insertion of TCRs or chimeric antigen receptors (CARs) into the TCR locus has been reported previously,
the significant improvement in functional avidity of TCR modified T cells shown here is novel.1

Gene and cell therapy has arrived in the mainstream. With the recent US Food and Drug
Administration (FDA) approval of 2 genetically engineered T-cellproducts, tisagenlecleucel (Kymriah)2
and axicabtagene ciloleucel (Yescarta),3 cellular immunotherapy is finally coming of age. Gene-
engineered T cells are one of the “newest kids on the block,” and they are generating much
excitement. However, CD19-specific CART cells are the tip of an enormous iceberg. Following
behind in early-phase clinical trials are second- and third-generation products and a growing
number of TCR gene-modified T cells, all designed to improve both efficacy and safety profiles.
Although CAR recognition is limited to cell surface structures, TCR can recognize intracellular
proteins. This not only expands the range of tumor-associated self-antigens that are amenable
to T-cell therapy, but it also allows TCR targeting of the cancer mutagenome, which may be more
important when targeting solid tumors.

Autologous T cells isolated from the peripheral T-cell repertoire are the starting material for most
engineered T-cell products. These T cells express their own endogenous TCRs (either aBTCR or
vOTCR heterodimers) with a predetermined antigen specificity. Upon introduction of an
additional therapeutic TCR, there is competition with the endogenous TCR for self-surface
expression. During TCR assembly within the endoplasmic reticulum, both endogenous and
therapeutic TCR chains are available for assembly into the aBTCR-CD3 complex prior to
transport to the cell surface. Cell surface expression of hybrid TCRs due to mispairing of en-
dogenous a and therapeutic/introduced B TCR chains or vice versa (so-called mixed TCR
dimers) may therefore occur.

As Legut et al point out in the introduction to their article, a TCR-transduced T cell therefore has
the potential to express four distinct TCRs, only one of which is desired. Mixed TCR dimers can
exhibit unpredictable, and potentially dangerous, target specificities. Although clinical trials
have not yet demonstrated toxicity due to TCR mispairing, it is clear from murine model
experiments that it can cause severe graftversus-host disease—like pathology.>® A number of
strategies are being explored to optimize expression of the therapeutic TCR and reduce
mispairing, including the provision of additional CD3,” the modification of TCR sequences to
enhance expression, and knockdown of the endogenous TCR.

The ability to knock down or suppress the endogenous TCR repertoire during the process of T-
cell engineering to redirect antigen specificity is important to (a) increase expression of
introduced TCR, (b) reduce risk of TCR mispairing and thus generation of T cells with unknown

and potentially autoreactive specificities, and
(c) permit the safe use of third-party or
allogeneic T-cell donors (relevant for

both CAR and TCR engineering).®



Meet the other “new kids on the block”: gene editing tools such as CRISPR-Cas9, TALENs, and
MegaTAL nucleases, which are all being evaluated for their ability to reliably and efficiently edit
primary human T cells. In this issue of Blood, Legut et al describe a strategy to simultaneously
knock down the endogenous TCR-B chain in recipient T cells using CRISPR/Cas9 technology
while transducing a cancer-reactive TCR of choice.*

There have been several previously reported attempts to combine endogenous TCR
knockout, using zinc finger nucleases,® transcription activator-like effector nucleases,® or
CRISPR/Cas9,!® with redirecting the T cells to cancer, in most cases via CARs. Others have used
targeted insertion of a CAR into the TCR a locus and demonstrated improved function of the
engineered T cell.

However, this article goes further in demonstrating that the cell surface expression of introduced
antigen-specific TCRs (afTCR or y6TCR) can be significantly enhanced by the simultaneous
disruption of the endogenous TCR-b chain, in comparison with the expression levels achieved for
the same TCRs inserted without endogenous TCR-B chain knockout. This “TCR replacement”
strategy translated to an enhancement of in vitro function assessed by CD107 expression, interferon
g, and tumor necrosis factor a secretion.

The subsequent focus of this article was on therapeutic y6TCRs. The y6TCR as a cancer-reactive
reagent has a number of potential advantages over the aBTCR, including no requirement for
HLA restriction and yO6TCR targets that are expressed by a broad range of cancers. The
authors successfully redirected primary T cells with a pancancer-reactive y6TCR (y620) in
combination with endogenous TCR-B knockout and again demonstrated that removal of
the endogenous TCR-B chain led to a striking increase of surface expression of the y620 TCR and
also increased peptide sensitivity by several orders of magnitude.

Widespread clinical application of gene-editing technology is just around the corner, as is
demonstrated by the recent success of the off-the-shelf allogeneic CAR19 T cells in inducing
remission of B-ALL in an infant.® Just as we become comfortable with the idea of prescribing our
patients gene-engineered cell products, we are already looking to the future, where
combinations of gene engineering and gene editing are predicted to optimize the function and
safety of a cellular product.
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