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Chimeric antigen receptor (CAR) T cells represent a revolutionary therapy for combatting
cancers. This novel immunotherapy was only approved in 2017 for treatment of advanced
blood cancers in the US and Europe. The most frequently used vehicles for CAR gene
delivery in autologous T cells are lentiviral vectors (LVs) pseudotyped with the vesicular
stomatitis virus glycoprotein (VSV-G-LV)Ex vivo gene delivery employing these broad
spectrum LVs might however lead to off-target transduction of contaminating cancer or
antigen presenting cells with these CARs leading to severe health risks and adverse events.
In a new study published Molecular Therapy -- Methods and Clinical Devel opment, Jamali

and coworkers limit these risks by using C» CD8 T cell targeted LVs for CAR gene
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transfer’ The authors engineered human Cxhd CD8 T cell targeted LVs capable of
selective gene delivery into human CIt CD8 T cells, respectivel§.”

Targeting of LVs is based on the principle thatidnsactivation of a chimeric envelope
should be triggered by the interaction of the Idyalisplayed on the vector surface with its
specific receptor on the target cell. Buchholz aadvorkers designed a novel strategy based
on the fact that paramyxoviruses separated theftwotions, cell binding and virus-cell
fusion, into two separate glycoproteins. In thisesaredirection of the glycoprotein that
confers binding to the target cell leaves the fausgp "untouched" and functional. This
strategy was initially successful for LVs pseudegpwith measles virus (MV-LVSs)
retargeted glycoproteins, and more recently LVaugegyped with receptor-targeted Nipah
virus glycoproteins (NiV-LVs). These effectively ten into cells when using cell surface
proteins as receptors that bring them sufficiedlibge to the cell membrafie.

Jamali et al. demonstrated exclusive transductfo8@4" or CD8 T cells in total PBMCs
with an anti-CD19 CAR encoding CD4MV- or CD8NiV-aegeted LVs, respectivefy.
Moreover, in the presence of an LV facilitating aigé/ectofusin, transduction with CD19-
CAR targeted LVs was comparable to T cell transduackevels achieved with VSVG-LVs
currently used in the clinic. This was achievedhaitt compromising the specificity for the
target T cellsigure 1). Although such a targeted approach will makesivo CAR T cell
therapy safer, it remains a highly personalizedtinent that likely requires a costly clinical
manufacturing grade and labor-intensiee vivo T cell manufacturing processThese
considerations highlight the obstacles associatéth wanufacturing of this kind of
patient-specific therapyherefore, implementation of CAR T cell therapy foutine use in
the clinic remains a real challenge, and this nesvapeutic product may be out of reach for
many cancer patients in need of this novel ther@pjuture approach avoiding the above

concerns may b vivo CAR T cell generation.



The Buchholz team has very recently performedst §tep towardg vivo reprogramming
of CAR T cells using CD8NiV-targeted LVs. A singsystemic injection of CD19-CAR
encoding CD8-LVs into immune-deficient mice engedftwith a human blood system
generatedn vivo CAR T cells, which effectively wiped out the humBrcells Eigure 1).”
This outcome supports the feasibilityiofvivo CAR T cell therapy. Remarkably, NiV-LVs
could be produced at up to two orders of magnitugker titers compared to their MV-based
counterparts and were at least 10,000-fold lessc#¥kly neutralized than MV glycoprotein
pseudotyped LVs by human serum, underlining thetemtial as a medicine that is
applicable foiin vivo delivery?

However, some of the CD8NiV-LV injected humanizetcendeveloped a cytokine storm
equivalent to some CAR T cell treated patientsrardging further preclinical testing of the
vivo approach. A next logical step will be to test gerformance ofn vivo CAR T cells
therapy in mice carrying patient derived tumor »xgnafts (PDX mice models). However,
humanized mice do not recapitulate a fully funcilormmune system, and evaluation in
large animal models such as non-human primateshbeayeeded before a first clinical trial
oninvivo CAR T cell gene therapy can commenEg(re 1). Nonetheless, once these steps
have been successfully completed, future CAR T ttedrapy might consist of a single
injection of a vectorized medicine into the bloddeam, circumventing the current cost-
intensiveex vivo production of CAR T cells and thus making thisréipy more broadly

available to patients.
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Figure 1: Towardsin vivo CAR T cell therapy. Exclusive transduction of CD4r CDS T
cells in total PBMCs with an anti-CD19 CAR encodif®4®PMV- and CD8Niv-
retargeted lentiviral vectors, respectively. CARcdlls were able to specifically deplete
healthy and cancer CD1@ellsex vivo. In vivo injection of CD8NiV-retargeted lentiviral
vectors into NOD/SCID gammé&Cmice that were engrafted with hCD34tem and
progenitor cells resulted in expression of the Cllir@cted CAR solely on CD8cellsin
vivo, which upon encounter with CD1® cells were strongly expanded and resulted in B
cell depletionin vivo. This represents a first step towards in vivo CGABapy but evaluation

in non-human primates will be required before thies#s can enter the clinic for patient

treatment.
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