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Abstract: The ability of FasL/CD95L to induce apoptosis in various Fas/CD95-expressing
cells has been described in the context of hematopoiesis or thymic elimination of self-
reactive T cells and resolution of an acute immune response under physiological conditions.
At the same time, non-apoptotic CD95 activation is widely described in cancer and shown to
stimulate invasiveness of cancer cells, promote cancer progression as well as stemness of
cancer cells. This paper puts emphasis on the evolving understanding of expression and the
non-apoptotic activities of the CD95/CD95L signaling pathway on the function of tumor
cells, tumor microenvironment and immune cells. The emerging evidence to support the role
of CD95/CD95L signaling in the anti-tumor immune response will be presented in the
context of various malignancies and the modalities of potential therapeutic interventions
via selective CD95L inhibition in combination with traditional interventions such as RT,
chemotherapy and immune checkpoint inhibitors.

Keywords: FasL/CD95L, anti-tumor immune response, immune checkpoint, tumor

microenvironment, novel therapeutic target

Introduction

The textbook prototype of pro-apoptotic signaling pathways is the Fas/CD95
and FasL/CD95L (also termed APO-1 and Apol-L, respectively) system.
Apoptosis is induced by binding of CD95L to CD95 and orchestrated at the
CD95 intracellular death domain (DD) through assembly of the death-inducing
signaling complex (DISC). DISC assembly either leads to activation of
a caspase-dependent (type I) cellular suicide program or cross-induction of
the mitochondrial (type II) pathway, depending on the cell type and the extent
of DISC activity." The ability of CD95L to induce apoptosis in various CD95-
expressing cells has been described in the context of hematopoiesis® or thymic
elimination of self-reactive T cells’ and resolution of an acute immune
response’” under physiological conditions.

However, despite the finding that most cell types constitutively express CD95,
many are resistant to apoptosis induction by CD95L. Especially in cancer, non-
apoptotic CD95 activation is widely described and shown to stimulate invasiveness
of cancer cells,*’ promote cancer progression® as well as stemness of cancer
cells.”'” Interestingly, synthetic knockout of CD95 or CD95L has been demon-
strated to induce cell death by a process termed DICE (death induced by CD95R/L
elimination).!" Extensive studies of CD95/CD95L interactions have expanded and
diversified our understanding of this multi-faceted couple, for example:
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e CD95 and CD95L are both present in membrane-
anchored and soluble forms, but are created differ-
ently: sCD95 is generated by alternative splicing'? in
contrast to sCD95L, which is produced by shedding
through metalloproteases. '

e Soluble CD95L has no proapoptotic activity,'* but
acts as a chemoattractant for T cells.'

e The intracellular domain of CD95L possesses back-
signaling activity.'®'”

e Posttranslational modifications of both CD95
CD95L their

function.

and

change
18-21,52-54

stability and biological

In this review, we put emphasis on understanding the
expression and non-apoptotic activities of CD95/CD95L
signaling in the context of various malignancies and mod-
alities of potential therapeutic interventions.

Emerging Evidence of the Role
CD95 and CD95L Play in the

Anti-Tumor Immune Response

CD95 and CD95L are expressed on multiple cell popula-
tions found in the tumor tissue (Table 1) and they are often
both expressed on the same cell. In the following section,
we will describe the role of the CD95/CD95L signaling
pathway on the function of tumor cells, other cells found
in the tumor microenvironment (TME) and, ultimately,
immune cells.

CD95/CD95L Expression on Tumor Cells

Tumor cells have been shown to express both CD95 and
CD95L. Interestingly, our understanding of the contribu-
tion of each pathway towards cancerogenesis has signifi-
cantly changed over the last 10 years. Originally, it was
thought that CD95L-mediated killing of CD95-expressing
tumor cells was an important mechanism used by the
immune system to eliminate cancer cells. In fact, and as
described below, it seems to be just the other way around.
First of all, the literature is filled with examples of cancers
reducing surface expression of CD95 in order to evade
immune cell-mediated killing. Recently published evi-
dence has shed light on the specific mechanisms used by
these tumor cells to escape death. This includes changes in
endo-lysosomal trafficking that result in feedback loops
decreasing CD95 expression as well as enrichment of
CDO95L-insensitive tumor cells following treatment with

immune checkpoint inhibitors.****

Furthermore, although often associated with apoptosis,
CD95/CD95L signaling in tumor cells also has many
direct pro-tumor functions, including the generation of
survival signals.”* For example, CD95L signaling contri-
butes to the metastatic spread of cancer cells.”” The
mechanisms of these pro-survival signals have been
recently described where it was shown that CD95-
CDO95L interactions mediate a paracrine signal that is
essential for cancer cell survival.’® In addition, chronic
signaling through CD95 was shown to increase the cancer-
initiating capacity in breast cancer.'® It has been found that
CD95 is part of a larger regulatory network that drives
cancer stemness and contributes to anti-cancer therapy
resistance. Furthermore, the 3D-organization of the CD95-
ligand and -receptor complexes determines whether signal-
ing leads to apoptosis or survival.”” These results are
consistent with the activity of other members of this pro-
tein superfamily.

CD95/CD95L Expression on Other Cells

in the Tumor Microenvironment

More evidence is emerging describing the importance of
the TME in determining which role CD95/CD95L plays in
the anti-tumor response.”® While tumor cells themselves
can directly express both the CD95 receptor and ligand, it
has been shown that tumor-derived factors such as vascu-
lar endothelial growth factor A (VEGF-A), interleukin 10
(IL-10) and prostaglandin E2 (PGE2) cooperatively induce
CDY5L expression on other cells in the TME.? 2

For example, CD95L has been detected in the vascu-
lature of both human and murine tumors.’'*’”> These
CDO95L-expressing endothelial cells create a barrier to
CD8+ T cell infiltration and tumor cell elimination.
Interestingly, genetic or pharmacological blockade of
CD95/CD95L signaling increased T cell infiltration lead-
ing to tumor growth inhibition.>!

It has also been shown that polymorphonuclear mye-
loid-derived suppressor cells (MDSC) found in the TME
express high levels of CD95L and contribute to apoptosis
of tumor-specific CD8+ T cells.*° In this model, blockade
of CD95/CD95L signaling also conferred a beneficial
effect by reducing T cell apoptosis and increasing the
efficacy of immune checkpoint inhibitor therapy.

Finally, cancer-associated fibroblasts (CAF) can be edu-
cated by the tumor cells to express high levels of CD95L
and contribute to the elimination of tumor-specific CD8+
T cells.’? CAF, purified from human tumor tissue, were
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Table 1 CD95 and CD95L Expression in Tumors

Tumor Type Cell Type Expressing CD95L

The Role of CD95-CD95L Signaling Pathway in Cancer Pathogenesis

® Cancer cells
® Effector T cells (CD8+)

® Melanoma
® |ung carcinoma

® Hepatocellular ® Regulatory T cells (CD4+,
carcinoma CD25+)
® Oesophageal ® Tumor endothelial cells
carcinoma ® Myeloid-derived suppressor |®
® Colon carcinoma cells (MDSC) o
® Ovarian ® Monocyte-derived human |e®
carcinoma macrophages (MDM) °
® Glioblastoma ® Cancer-associated  fibroblasts

® Pancreatic (CAF)
adenocarcinoma |® Cancer stem cells (CSC)
® Head and neck

carcinoma

High malignancy of FasL/CD95L tumor cell (growth and invasion)

Pro-tumoral role of CD95L

CD95L mediated apoptosis of CD8 T cells by CD95L — expressing endothelial cells
Poor CD8 T cell infiltration association with CD95L—expressing endothelial cells
(extravasation and infiltration)

Apoptosis of Fas/CD95-expressing anti-tumor immune effector cells

T cell deletion mediated by CD95L-expression by MDSC

Apoptosis of CD8 T cells by CD95L and PD-L2 expressed on CAFs

Tregs expressed high level of CD95L (observed in cancer patients) — might suppress
proliferation and induce CD8 T cell apoptosis

shown to present tumor-derived antigens to CD8+ T cells
and kill them in the process via PDL-2 and CD95L-
dependent mechanisms. Once again, inhibition of CD95/
CD95L signaling reactivated T cell-mediated killing of
tumor cells both in vivo and in vitro.

CD95/CD95L Expression on Immune
Cells

CD95L is classically associated with the effector function
of cytotoxic T cells. Cytotoxic T lymphocytes (CTL) use
multiple partially redundant pathways, including the cyto-
toxins perforin, multiple granzymes, and granulysin as
well as cytolytic cytokines interferon-gamma, tumor
necrosis factor-alpha and lymphotoxin-alpha, to eliminate
their targets.***

In fact, CD95/CD95L signaling has been shown to play
less of a role in eliminating foreign antigens and more of
a role in resolving acute immune responses, limiting over-
shooting immune responses and maintaining peripheral
immune tolerance through a mechanism commonly called
activation-induced cell death (AICD).*?33¢

In the context of cancer cell’s resistance to therapy, it
has been described that these mechanisms are being
exploited to limit (stall) the anti-tumor immune response.
In fact, intra-tumoral apoptosis of tumor-specific T cells is
a major limitation to the development of effective immu-
notherapeutic strategies.>® As mentioned above, multiple
different stromal cell populations contribute to increase
expression of CD95L and directly enhance T cell
death.**?

Recent developments in the field of chimeric antigen
receptor (CAR) T cells have provided direct evidence of
the role that CD95L plays in T cell survival. By having the
ability to genetically and pharmacologically modify and
later monitor specific T cell populations over time, it has
been possible to show that CD95L-mediated signals are
able to promote T cell dysfunction and death, predomi-
nantly via apoptotic mechanism, in vivo and in vitro. It
was shown that CD95-mediated signaling impaired anti-
tumor immunity by inducing precocious differentiation in
CAR T cell preparations.®” In these heterogeneous T cell
environments, existing memory T cells, expressing
CD95L, accelerate the maturation of tumor-specific naive
T cells through a PI3K-mediated pathway. This accelerated
maturation promotes differentiation of these T cells into
effector memory cells that have reduced proliferative and
anti-tumor activity. Subsequent results have confirmed that
CAR T cells are highly sensitive to CD95L-mediated cell
death.***! In fact, CAR T cells significantly upregulate
expression of both CD95 and CD95L as well as other
important proteins associated with apoptotic cell death
and AICD such as DR5 and TRAIL.*' In this context,
blocking CD95/CD95L signals also increased the survival
of these CAR T cells. Finally, in experiments that highlight
the utility of these models, engineered CD95-deficient
CAR T cells showed increased survival and developed
superior efficacy against both solid and hematologic
tumors.”’ One additional factor that seems to make CAR
T cells especially good models to dissect the role that
CD95/CD95L signals play in the anti-tumor immune
response has to do with the affinity of CAR T cell
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receptors. Classically, T cell exhaustion, AICD and
CD95L-mediated cell death are associated with chronic
(or tonic) stimulation. This is especially true for CAR
T cells which have additional co-stimulatory domains,
such as CD28 and 4-1BB, engineered into the construct.
These CAR T cells show increased sensitivity to CD95/
CD95L-mediated cell death due to the tonic signals com-
ing from the co-stimulatory domains.*’

Finally, recent data investigating natural anti-tumor
immune cells have also provided evidence supporting the
importance of TCR affinity, CD95/CD95L and T cell sur-
vival. The responses to immune checkpoint inhibitors vary
depending on many factors. One relevant factor seems to
be T cell sensitivity to apoptosis in low tumor burden
states.*” In the context of low tumor burden, elevated IFN-
gamma production leads to a change in the sensitivity of
anti-tumor T cells possibly due to CD95 expression. In
addition, experiments that directly alter TCR sensitivity by
genetically or pharmacologically inhibiting CD95 signal-
ing in the context of anti-tumor immunity and AICD have
shown that these high-affinity T cells undergo CD95-
mediated cell death and this cell death can be blocked
with multiple inhibitors of CD95/CD95L signaling.*****

Selective Blockade of CD95L as

Novel Potential Therapeutic Target
The recent advances in the understanding of the CD95/
CD95L signaling pathway in cancer progression might
represent a potential approach for cancer immunotherapy
via selective inhibition of this interaction, particularly in
combination with Immune Checkpoint Inhibitors (ICIs).

It has been shown that selective blockade of CD95L by
the fully humanized recombinant fusion protein (APG101/
Asunercept) inhibits CD95L-mediated invasion of glioma
cells in vitro and in vivo.*> Such selective inhibition of
CDO95L by this therapeutic agent, in combination with
focal radiotherapy (RT), resulted in substantial reduction
of tumor growth, fewer tumor satellites, reduced activity
of matrix metalloproteinase as well as prolonged survival of
tumor-bearing mice compared with RT alone.*®

As a clinical implication, selective CD95L inhibition
improved 6-month progression-free survival in combina-
tion with re-irradiation (rRT) when compared with rRT
alone in a randomized Phase II proof-of-concept study
conducted in patients with recurrent glioblastoma.*’ In
a post hoc analysis, an overall survival benefit for recur-
rent glioblastoma patients with low methylation of the

CD95L promoter was demonstrated with the selective
CDO95L inhibitor plus rRT compared to rRT alone. In
addition, such therapeutic combinations significantly pro-
longed time-to-deterioration and maintained the quality of
life beyond progression of the disease versus rRT alone.*®
Similar approaches to selectively inhibit CD95/
CD95L signaling have been tested in Myelodysplastic
syndromes (MDS) where increased CD95L activity has
been shown to result in apoptotic cell death of precursor
cells and reduced hematopoiesis.*’ In transfusion-
dependent low- and intermediate-risk MDS patients, the
CDOS5L inhibitor APG101 preserved the capacity of ery-
throblasts to differentiate and reduced apoptosis of CD34
+ erythrocyte precursors.’® That resulted in a decrease in
transfusion need and frequency in transfusion-dependent
low- and intermediate-risk MDS patients resistant to
treatment with erythropoiesis-stimulating agents.>'

Conclusion/Opinion

Over the recent years, more and more evidence has been
published to better understand and unveil the role of the
CD95/CD95L signaling pathway on the function of tumor
cells, immune cells and other cells involved in cancero-
genesis, qualifying this pathway as another important
immune checkpoint.

Targeting the CD95/CD95L pathway via selective
CD95L inhibition therefore offers a promising therapeutic
approach on its own as well as in combination with tradi-
tional interventions such as RT, chemotherapy and other
immune checkpoint inhibitors.

Disclosure
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