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Many cells of the immune system are defined by distinct surface markers, which can be used to restrict gene delivery
exclusively to a cell type of choice. This article explains recent findings about a CD8-specific vector that enhances the
killing of tumor cells in TCR-based gene transfer strategies.

Transfer of therapeutic genes to patient
cells has great potential to cure many
types of diseases including monogenetic
disorders and cancer.! Cell type-specific
gene delivery, which restricts gene transfer
to therapy-relevant cells, hence reducing
unwanted side effects caused by the ecto-
pic expression of transgenes by off-target
cells, remains one of the biggest challenges
to improve the safety and efficacy of gene
therapy. Immune cells are a key target for
genetic modification not only for gene
therapy and immunotherapy, but also for
functional genomics studies aimed at an
improved understanding of the immune
system.”? As the various cell types of the
hematopoietic system can be readily dis-
tinguished by specific cell surface markers,
restricting gene delivery at the step of cell
attachment and entry is especially suited
for immune system-related applications.
Among currently available gene deliv-
ery vehicles, lentiviral vectors (LVs) are
unique in mediating long-term gene
expression in resting as well as prolifer-
ating cells of the hematopoietic system.
Moreover, genetic modifications intro-
duced into stem cells will be transferred
during differentiation to all their progeny.
A flexible and specific cell targeting sys-
tem for LVs is based on engineered measles
virus (MV) glycoproteins, enabling LVs to

use any surface molecule of choice for cell
entry, and hence specifically transduce a
cell type of interest. Cell type specificity is
provided through a single-chain antibody
(scFv) that recognizes a cell surface anti-
gen selectively expressed on the cell type
of interest fused to an MV hemaggluti-
nin protein engineered to be deficient in
natural receptor usage.*> Up to now, this
approach has enabled the generation of a
series of highly targeted LVs, including
some with specificity for tumor antigens®
and for different types of hematopoietic
cells. By displaying a CD20-specific scFv,
we were able to develop LVs that are highly
specific for human primary B lympho-
cytes, offering novel therapeutic options
for B-cell based disorders or lymphomas.”
LVs targeted to MHC Class II molecules
(MCH-II-LV) were very effective in deliv-
ering transgenes to dendritic cells (DCs)
upon intravenous injection. DCs trans-
duced by MHC-II-LV induced a robust
immune response suggesting that this LV
allows for the specific delivery of antigens
to specific types of DCs in vivo.® An exam-
ple for a stem cell-targeting vector is repre-
sented by CD133-LV which delivers genes
specifically to CDI133* hematopoietic
stem cells (HSCs).* CD133 defines HSCs
with excellent long-term engraftment
capabilities, which in the future may even
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be manipulated in vivo using CD133-LV.
Below, we discuss our recent work on T
lymphocyte-specific gene transfer, point-
ing to the potential usefulness of targeted
LVs for cellular immunotherapy.

In an effort to improve the safety
and efficacy of T cell receptor (TCR)-
based gene therapy, we generated a CD8-
targeted LV, termed CD8-LV, to deliver
genes exclusively and specifically to CD8*
T cells,” one of the most important type of
immune cell owing to its ability to directly
recognize and kill tumor cells. The selec-
tivity of CD8-LV for CD8* cells relies
on a scFv antibody fragment that was
derived from the monoclonal antibody
OKT8 and displayed on an engineered H
protein. CD8-LV was highly efficient in
transducing primary CD8* cells ex vivo
as well as in vivo, in humanized NOD-
scid-I[2rg”’~ mice, while CD8" cells were
protected from gene delivery. Moreover,
in delivering more complex genes such as
those coding for af TCRs, CD8-LV was
more efficient than conventional non-tar-
geted LVs (i.e., VSV-G-LV). When using
CD8-LV for the transfer of a tyrosinase-
specific TCR directed against melanoma,
CDS8-LV-transduced  peripheral  blood
mononuclear cells (PBMCs) were substan-
tially more efficient in killing melanoma
tumor cells than PBMCs transduced by
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being more efficient at tumor cell lysis.

Figure 1. Proposed mechanisms of enhanced tumor cell killing by CD8-LV-transduced T cells. For transduction with a tumor-specific TCR-coding gene,
CDB8-LV binds to CD8 via CD8-specific OKT8-derived fragments (blue triangle) displayed on the surface of the vector particle. CD8-LV-transduced cells
(upper panel) express higher levels of CD8 than cells transduced by the conventional vector VSV-G-LV, which enters cells independently of CD8 (lower
panel). The enhanced CD8 level (reflected by the number of CD8 molecules) and activation of T-cell effector functions promoted by the OKT8-derived
fragment (depicted with a color change from blue to pink), enhances the sensitivity of the TCR expressed on CD8* effector cells for peptide MHC
(p-MHC) complex recognition and reduces the cell activation threshold. Consequently, upon tumor cell restimulation, CD8-LV-transduced cells be-
come more activated (red color) than VSV-G-LV-transduced cells (orange color), producing higher levels of granzyme B (GrB) and perforin, and hence

VSV-G-LV. This activity was accompa-
nied by increased perforin and granzyme B
levels. We altered the experimental set-up
by normalizing for the number of effector
cells and/or the number of non-effector
cells in the transduced cell mixture, or
using a pure culture of CD8* T cells to
exclude any effect mediated by CD4* T
cells. Remarkably, the strong antitumor
response mediated upon CD8-LV trans-
duction was uninfluenced.

These interesting and surprising find-
ings prompted us to investigate the mech-
anisms responsible for the increased tumor
cell killing by CD8-LV-modified T cells.
Straightforward explanations including
(1) a difference in the cell surface expres-
sion levels of transduced TCRs, (2) a dif-
ference in the release of cytokines such
as interferon y (IFNvy) and tumor necro-

sis factor o (TNFa), or (3) a different
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sensitivity of modified T cells for activa-
tion-induced cell death upon tumor anti-
gen restimulation, were all excluded as
causative. Instead, we identified a small
population of CD8-LV-transduced T cells
to be more activated and to express slightly
but significantly higher levels of CD8
than their VSV-G-LV-transduced coun-
terparts. This could be due to a preference
of CDS8-LV to transduce CD8"s" sub-
populations and/or to the upregulation of
CD8 expression upon CD8-LV binding.
Since it is well established that the inter-
action between CD8 and MHC Class I
molecules is critical for T-cell activation
and hence for the lysis of target cells, we
propose that higher levels of CDS8, as
observed in a small population of CD8-
LV-transduced T cells but not among their
VSV-G-LV-transduced cells, reduced the

threshold for activation and increased lytic
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efficacy (Fig. 1). Moreover, the unique
property of OKT8 of inducing effector
functions of CD8* cells'® suggests that the
multiple OKT8-derived scFv/CD8 con-
tacts formed during the entry of CD8-LV
particles into CD8* effector cells likewise
trigger the activation of effector func-
tions and enhance the killing activity of
CD8-LV-transduced cells (Fig. 1). While
further experimental data are required to
validate this working hypothesis, our find-
ings clearly demonstrate that the delivery
of TCR-coding genes to CD8* T cells
as mediated by CDS8-LV significantly
enhances tumor cell killing and that this
vector may therefore become a promising
tool for immunotherapy.
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