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Potential utility of the pan-Bcl-2 inhibitor
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An exploration of the immunotherapeutic potential of the pan-Bcl-2 inhibitor GX15-070 (GX15) has revealed that
early-activated T cells derived from human peripheral blood are more sensitive to GX15 than are prolonged-activated
T cells. Furthermore, non-memory and regulatory T cells also exhibit higher sensitivity to GX15. The implication of these
prior findings suggests that GX15 may enhance the efficacy of immunotherapies in clinical settings.

Introduction

There is general agreement that the
most successful immune-based cancer
therapies combine immunotherapy with
other treatment platforms. Such com-
binatorial approaches are designed to
overcome: (1) the host’s inherent toler-
ance of self-originating tumor-specific
T cells and/or (2) the immunosuppressive
nature of the tumor microenvironment.
Investigators continually seek the opti-
mal combination of immunotherapeutic
platforms and complementary regimens
to achieve the greatest clinical benefit for
their patients.

Our laboratory has explored the syn-
ergistic potential of targeted therapy in
combination with recombinant poxviral-
based vaccines.! One of the small molecule
inhibitors we investigated was GX15-070
(GX15; obatoclax), a pan-Bcl-2 inhibitor
that has been extensively tested in clini-
cal trials.? In a preclinical mouse model,
we found that the sensitivity of murine
lymphocytes to GX15 was dependent on
their activation status: mature T lympho-
cytes were more resistant to GX15 than
early-activated T lymphocytes in vitro.?
In addition, the suppressive function of
regulatory T cells (Tregs) isolated from
mice treated with GX15 was markedly

reduced.’ Based on these observations, we
determined that sequential treatment with
recombinant vaccine followed by GX15
resulted in the most effective reduction of
orthotopic pulmonary tumors.?

To further support the rationale for the
combination of GX15 and immunother-
apy in the clinical setting, we evaluated
the effect of GX15 on subsets of human
T lymphocytes in vitro and found that
the sensitivity of human T lymphocytes to
GX15 was dependent on their activation,
memory, and suppression status.* This was
consistent with our preclinical determina-
tion that the timing of GX15 administra-
tion in relation to an immunotherapeutic
agent would be an important factor in
clinical trials.*

Effect of GX15 on T-Cell Subsets
in Human PBMCs

To our knowledge, our study is the first
published work aiming to characterize
the effect of GX15 on subsets of human
T lymphocytes.* We initially hypoth-
esized that T lymphocytes differentially
respond to GX15 based on temporal dif-
ferences in their Bcl-2 family protein
expression levels upon activation; i.e.,

GX15 binds to Mcl-1, while other Bcl-2
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inhibitors such as ABT-737 and ABT-263
do not. In early and prolonged activation,
CD4* and CD8" T cells that express the
early-activation marker CDG69* were par-
ticularly sensitive to GX15 (Fig. 1A). We
believe that because early-activated T cells
express a high level of Mcl-1, which can be
upregulated within 10 h after T-cell recep-
tor ligation,’ they are more sensitive to the
cytotoxicity of GX15. This reasoning is
in line with a published report in which
breast cancer cell lines that expressed
higher levels of Bcl-2 family members
responded better to GX15.6

Since Bcl-2 has been shown to play a
dynamic role in T-cell differentiation,
memory formation, and survival, we
investigated the extent to which T-cell
sensitivity to GX15 is affected by T-cell
memory status in early and prolonged
activation.
express high, stable levels of Bcl-2, espe-
cially in the presence of IL-7 and IL-15,
we hypothesized that GX15 would have a
greater effect on memory (CD45RA") T
cells than on non-memory (CD45RA*)
T cells. Instead, treatment with GX15
resulted in a significant decrease in non-

Because memory T cells

memory T cells, whereas memory T cells
were preserved (Fig. 1A). Bcl-2 expression
in murine memory T cells was shown to
promote tolerance for higher expression
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effects of GX15 on Tregs may be anal-
ogous to those of cyclophosphamide,
which similarly decreases the number,
expression of canonical markers and
suppressive capacity of Tregs.” There is
evidence that cyclophosphamide pref-
erentially targets Tregs due to their
low level of intracellular ATP.!® We
have shown that Tregs express higher
levels of CD69* and thus may express
higher levels of Bcl-2 family proteins
to overcome their low energy, ren-
dering them more sensitive to GX15.
Based on these findings, we believe
that GX15 could be used in a context
similar to cyclophosphamide in cancer
immunotherapy.

Clinical Implications

Our study supports the clinical
use of GX15 in combination with an
immunotherapeutic  platform, such
as a vaccine or immune checkpoint
inhibitor. In a combination regimen,
optimum scheduling of each agent is
important since immunity induced
by immunotherapy may decrease if
GXI15 is administered during early
T-cell activation, as proliferating early-
activated T cells are most sensitive to
GX15 than are prolonged-activated
T cells (Fig. 1A). To achieve optimum
immunotherapeutic potential, admin-
istration of an immunostimulatory
agentdirected at T cells should precede

treatment with GX15 long enough for

Figure 1. The effect of the pan-Bcl-2 inhibitor GX15 on subsets of human T cells. (A) T-cell subsets in
peripheral blood showed differential sensitivity to GX15 based on their activation, memory, and prolif-
erative status. (B) GX15 preferentially reduced the proportion of Tregs in peripheral blood and altered
their phenotype and function, potentially tipping the balance of immune cells toward effector memory

T cells in the human tumor microenvironment.

T cells to mature and acquire prolif-
erative resistance to GX15 (Fig. 1A).
In addition, because Tregs are particu-
larly sensitive to GX15 while memory

T cells are preserved, the immuno-

of the pro-apoptotic molecule Bim.” In
Bcl-2 knockout mice, naive T cells were
significantly decreased, and Bcl-2 was
not required for the generation and main-
tenance of memory T cells.® We posit
that, upon GX15-mediated inhibition of
Bcl-2, human memory T cells are better
able to tolerate the pro-apoptotic effects
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of GX15 due to a compensatory survival
mechanism(s) not present in non-memory
T cells.

Finally, GX15 treatment of PBMCs
from ovarian cancer patients decreased
Tregs in proportion and function (Fig. 1B)
and also diminished the expression levels

of FOXP3 and CTLA-4 (Fig. 1B). These
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regulatory balance could tip toward

effector memory T cells in the human
tumor microenvironment (Fig. 1B).

This study provides a rationale for the
sequential combination of GX15 with an
immunotherapeutic platform—a ratio-
nale that could be extended to the use of
other Bcl-2 inhibitors, such as ABT-737
and ABT-263.
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