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Co-stimulation through members of the tumor necrosis factor receptor (TNFR) family appears to be critical for the
generation of T cells with optimal effector-memory properties for adoptive cell therapy. Our work suggests that
continuous 4-1BB/CD137 co-stimulation is required for the expansion of T cells with an optimal therapeutic profile and
that the administration of 4-1BB agonists upon adoptive cell transfer further improves antitumor T-cell functions.

The adoptive reinfusion of autologous
lymphocytes  (TILs)
expanded (and optionally activated) ex

tumor-infiltrating

vivo is emerging as an effective salvage
approach for metastatic melanoma patients
who have progressed in spite of several ther-
apeutic regimens, including approaches
based on the blockade of cytotoxic T lym-
phocyte-associated protein 4 (CTLA-4)-
and programmed death 1 (PD1)-regulated
immunological checkpoints."? In this set-
ting, TILs are first grown from tumor frag-
ments in the presence of high interleukin-2
(IL-2) concentrations, followed by a rapid
expansion protocol (REP) in which T cells
are induced to rapidly proliferate by means
of T-cell receptor (TCR) stimulation, IL-2
and irradiated peripheral blood mono-
nuclear cells (operating as feeder cells)."?
Upon REP, TILs are purified and adop-
tively transferred into patients in the con-
text of 1-2 cycles of IL-2-based therapy, to
promote their expansion in vivo. Both the
quality of transferred cells, in particular
with respect to their memory and effector
properties, and in vivo microenvironment
are key determinants of the persistence

of TILs upon transfer, hence impacting
on their ability to exert antineoplastic
effects. The pre-conditioning of the host
by means of a transiently lymphodepleting
chemotherapeutic regimen facilitates TIL
persistence by stimulating their homeo-
static expansion and has led to consider-
ably improved response rates.” However,
the expansion of TILs, notably CD8*
cells, with optimal effector properties and
persisting as a pool of memory cells that
turn over and differentiate into effectors
to maintain durable antitumor responses
remains elusive.

Co-stimulatory signals are required
for the productive activation, expan-
sion and differentiation of naive T cells,
notably as they prevent anergy and acti-
vation-induced cell death (AICD). Thus,
CD28, an immunoglobulin protein fam-
ily member, and CD27, a member of the
tumor necrosis factor receptor (TNFR)
superfamily, deliver crucial co-stimula-
tory signals during the initial phases of
T-cell activation.* Conversely, TNFR-
like receptors such as 4-1BB/CD137 and
0OX40/CD134 play a prominent role as
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co-stimulatory molecules especially at the
effector-memory stage’ Of note, 4-1BB
has also been reported to stimulate the
expression of CD28, thus increasing the
susceptibility of T cells to co-stimulation.®

For the most part, TILs consist of dif-
ferentiated effector-memory cells that
have lost CD27 and CD28 expression,
thus (1) being susceptible to AICD and
(2) being hyporesponsive to TCR stimu-
lation.” At least in part, this reflects the
upregulation of PD1 and other co-inhib-
itory receptors on the cell surface. We
have found that CD8* TILs also express
high levels of 4-1BB (and OX40, though
to a lesser extent) upon TCR activation.®’
In particular, a significant frequency of
freshly isolated CD8* T1ILs express 4-1BB
aswell as PD1. As the simultaneous expres-
sion of these markers is indicative of recent
antigenic stimulation, CD8*4-1BB*PD1*
TILs may be enriched of tumor-specific
lymphocytes. During initial IL-2-based
ex vivo expansion phase, 4—1BB is down-
regulated, but can be rapidly upregulated
again upon TCR stimulation.” We found
that CD8* TILs subjected to the REP
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Figure 1. Role for 4-1BB co-stimulation during the expansion of tumor-infiltrating lymphocytes ex vivo and subsequent adoptive cell transfer. We
propose that the continuative co-stimulation of tumor-infilrating lymphocytes (TILs) via 4-1BB throughout their expansion ex vivo and upon their

reinfusion into patients accelerates the generation of high amounts of CD8* T cells exhibiting an improved effector-memory profile and increased in
vivo persistence. Different stages of TIL expansion—including the initial outgrowth from tumor fragments followed by the rapid expansion protocol
(REP) to generate the final infusion product—are schematized. Past expansion protocols (bottom half) have not provided enough co-stimulatory
signals to TILs, in particular through members of the TNF-R family such as 4-1BB resulting in infusion products that are enriched in CD4* T cells or are
generally unable to mediate therapeutic antitumor effects due to poor effector-memory function and in vivo persistence. Conversely, TILs exposed to
4-1BB agonists (top half) maintain the expression of effector-memory markers while upregulating anti-apoptotic proteins and co-stimulatory recep-
tors other than 4-1BB, like CD28. The infusion products generated by this protocol are enriched in CD8* T cells, have improved survival and expansion
capacity in vivo after adoptive transfer, and may exert tumor control.

promptly re-express 4—1BB, allowing for
further co-stimulation.®

These observations prompted us to
investigate the effects of 4—1BB co-stim-
ulation on the differentiation and func-
tion of melanoma-derived CD8*TILs in
the course of ex vivo expansion. Initially,
we were interested in post-REP TILs in
which the expression of both CD27 and
CD28 is lost (Fig. 1). We found that
postREP TILs are highly sensitive to
AICD even in the presence of nominal
levels of TCR stimulation.” This might
represent a dilemma in vivo, when TILs
get in contact with their cognate antigen,
and may explain why many T-cell clones
are deleted soon upon adoptive transfer
(Fig. 1). However, 4-1BB was rapidly
upregulated by TILs subjected to TCR
stimulation, and the activation of 4—1BB
with either its natural ligand (4-1BB-L)
or agonistic anti-4—1BB antibodies not
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only prevented AICD, but also resulted
in continued cell expansion and improved
memory and effector phenotype.” These
results suggest that the provision of exog-
enous 4-1BB co-stimulation in vivo may
be useful to improve the persistence and
antitumor activity of adoptively trans-
ferred (and perhaps endogenous) T cells.
Clinical trials based on 4-1BB-activating
agents would be useful to test this hypoth-
esis. Of note, we found that the 4-1BB
co-stimulatory pathway can be triggered
with relatively low levels of agonists. Thus,
4—1BB-activating agents may be able to
induce therapeutic antitumor responses
along with limited (in incidence and
severity) side effects.

We have recently reported that the total
number of T1ILs, as well as the total num-
ber of infused CD8* cells, correlates with
clinical responses in melanoma patients

undergoing adoptive cell therapy (ACT).!
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However, current protocols for TIL expan-
sion are not designed to facilitate the specific
expansion of CD8* cells, and frequently
their CD4* counterparts predominate.
We found that during the first few days of
the REP, CD8* T cells express high levels
of 4-1BB, prompting us to test whether
4-1BB co-stimulation would affect the
expansion or overall quality of TILs, spe-
cifically within the CD8* subset, for ACT.
Importantly, the use of a fully human
agonistic anti-4—1BB antibody during
the REP dramatically increased the yield
of CD8* T cells. These cells maintained
memory markers such as CD28 and eome-
sodermin while expressing increased levels
of anti-apoptotic molecules, perforin and
granzyme B.5 4-1BB-co-stimulated TILs
also exhibited an improved proliferative
response to melanoma-associated antigens.®
Of note, an alternative way of delivering
4—1BB co-stimulatory signals to expanding
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TILs is provided by so-called “artificial

antigen-presenting cells,” for instance,

myelogenous leukemia K562 cells engi-
neered to overexpress 4-1BB-L or another
ligand for co-stimulatory receptors."
Another shortcoming of current ACT
protocols is an inefficient expansion of
sufficient numbers of CD8* T cells from
initial tumor biopsies, the time that is
required to initially grow out enough
TILs for larger-scale rapid expansion or
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In summary, our results suggest that
provision of continuative 4-1BB co-
stimulation will generate optimal T cells
for ACT and to improve their biological
activity upon reinfusion.
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