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Chimeric antigen receptor (CAR) T cells
represent a revolutionary therapy for
combatting cancers.1 This novel immuno-
therapy was only approved in 2017 for treat-
ment of advanced blood cancers in the US
and Europe. The most frequently used vehi-
cles for CAR gene delivery in autologous
T cells are lentiviral vectors (LVs) pseudo-
typed with the vesicular stomatitis virus
glycoprotein (VSV-G-LV). Ex vivo gene de-
livery employing these broad spectrum LVs
might, however, lead to off-target transduc-
tion of contaminating cancer or antigen-pre-
senting cells with these CARs leading to
severe health risks and adverse events.2 In a
new study published in Molecular Therapy
– Methods and Clinical Development, Jamali
et al.3 limit these risks by using CD4+ or
CD8+ T cell targeted LVs for CAR gene
transfer. The authors engineered human
CD4+ and CD8+ T cell-targeted LVs capable
of selective gene delivery into human CD4+

or CD8+ T cells, respectively.4,5

The targeting of LVs is based on the principle
that fusion-activation of a chimeric envelope
should be triggered by the interaction of the
ligand displayed on the vector surface with
its specific receptor on the target cell. Buch-
holz and co-workers3 designed a novel strat-
egy based on the fact that paramyxoviruses
separated the two functions, cell binding
and virus-cell fusion, into separate glycopro-
teins. In this case, redirection of the glyco-
protein that confers binding to the target
cell leaves the fusion glycoprotein (gp) “un-
touched” and functional. This strategy
was initially successful for LVs pseudo-
typed with measles virus (MV-LVs) retar-
geted glycoproteins and more recently LVs
ican Society of Gene and Cell Therapy. 707
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Figure 1. Toward In Vivo CAR T Cell Therapy

Exclusive transduction of CD4+ or CD8+ T cells in total PBMCs with an anti-CD19 CAR encoding CD4darpinMV- and CD8scFvNiV-retargeted lentiviral vectors, respectively.

CAR T cells were able to specifically deplete healthy and cancer CD19+ cells ex vivo. In vivo injection of CD8scFvNiV-retargeted lentiviral vectors into non-obese diabetic/

severe combined immunodeficient (NOD/SCID) gC�/� mice that were engrafted with hCD34+ stem and progenitor cells resulted in expression of the CD19 directed CAR

solely on CD8+ cells in vivo which, upon encounter with CD19+ B cells, were strongly expanded and resulted in B cell depletion in vivo. This represents a first step toward

in vivo CAR therapy but evaluation in non-human primates will be required before these tools can enter the clinic for patient treatment.
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pseudotyped with receptor-targeted Nipah
virus glycoproteins (NiV-LVs). These effec-
tively enter into cells when using cell surface
proteins as receptors that bring them suffi-
ciently close to the cell membrane.6

Jamali et al.3 demonstrated exclusive trans-
duction of CD4+ or CD8+ T cells in total pe-
ripheral blood mononuclear cells (PBMCs)
with an anti-CD19 CAR encoding
CD4MV- or CD8NiV-retargeted LVs,
respectively. Moreover, in the presence of
an LV facilitating agent, Vectofusin, trans-
duction with CD19-CAR-targeted LVs was
comparable to T cell transduction levels
achieved with VSVG-LVs currently used in
708 Molecular Therapy Vol. 27 No 4 April 201
the clinic. This was achieved without
compromising the specificity for the target
T cells (Figure 1). Although such a targeted
approach will make ex vivo CAR T cell ther-
apy safer, it remains a highly personalized
treatment that likely requires a costly clinical
manufacturing grade and labor-intensive
ex vivo T cell manufacturing process.
These considerations highlight the obstacles
associated with manufacturing of this kind
of patient-specific therapy. Therefore, imple-
mentation of CAR T cell therapy for routine
use in the clinic remains a real challenge and
this new therapeutic product may be out of
reach for many cancer patients in need of
this novel therapy. A future approach avoid-
9

ing the above concerns may be in vivo CAR
T cell generation.

The Buchholz team7 has very recently per-
formed a first step toward in vivo reprogram-
ming of CAR T cells using CD8NiV-targeted
LVs. A single systemic injection of CD19-
CAR-encoding CD8-LVs into immune-defi-
cient mice engrafted with a human blood
system generated in vivo CAR T cells, which
effectively wiped out the human B cells (Fig-
ure 1).7 This outcome supports the feasibility
of in vivo CAR T cell therapy. Remarkably,
NiV-LVs could be produced at up to two or-
ders of magnitude higher titers compared to
their MV-based counterparts and were at
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least 10,000-fold less effectively neutralized
than MV glycoprotein pseudotyped LVs by
human serum, underlining their potential
as a medicine that is applicable for in vivo
delivery.4

However, some of the CD8NiV-LV injected
humanized mice developed a cytokine storm
equivalent to some CAR T cell treated pa-
tients, which warrants further preclinical
testing of the in vivo approach. A next logical
step will be to test the performance of in vivo
CAR T cells therapy in mice carrying patient
derived tumor xenografts (PDX mice
models). However, humanized mice do not
recapitulate a fully functional immune sys-
tem and evaluation in large animal models
such as non-human primates may be needed
before a first clinical trial on in vivo CAR
T cell gene therapy can commence (Figure 1).
Nonetheless, once these steps have been
successfully completed future CAR T cell
therapy might consist of a single injection
of a vectorized medicine into the blood
stream, circumventing the current cost-
intensive ex vivo production of CAR
T cells, and thus making this therapy more
broadly available to patients.
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