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Costimulatory molecules as vaccine adjuvants: to 4-1BB or

not to 4-1BB?
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he concept of vaccine adjuvants

arose over a century ago from the
astute observation that the ‘antigenic
value of diphtheria toxoid was improved
by addition of alum’." While their dis-
covery was serendipitous, their potential
for enhancing immune response against
co-inoculated antigens has made them
essential to modern day prophylactic
inactivated vaccine formulations. Indeed,
from being ‘immunology’s dirty, little
secret’ adjuvants have now become a
key component of a vaccinologist’s
armamentarium.

Adjuvants constitute a wide and diverse
range of compounds that enhance or
influence the immune response to vac-
cines in one of many ways.” Bacterial
products such as lipopolysaccharide trig-
ger pattern recognition receptors on the
surface of innate cells; nucleoside analogs
such as R-848 engage endosomal recep-
tors; aluminum salts and oil-based com-
pounds such as MF59, both of which are
licensed for clinical use, increase antigen
uptake by dendritic cells and enhance
immune cell recruitment to the vaccina-
tion site. The net result of adjuvant
action is production of cytokines, che-
mokines and expression of costimula-
tory signals, which potentiate anti-
gen-specific responses. However, as one
would predict, adjuvants can have
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unwanted and potentially harmful side
effects due to multiple and unknown
cell targets. This necessitates utmost care
in the design and selection of vaccine
adjuvants.

There is emerging interest in the use of
molecular adjuvants with specific and
well-defined cellular targets that lend
themselves remarkably well to vector-
based vaccines. Costimulatory molecules
make for excellent molecular adjuvants
due to their ability to potentiate the
immune response by directly targeting
either T cells or B cells. An inducible T-
cell costimulatory molecule of the tumor
necrosis factor receptor family, 4-1BB
(also called CDI137, ILA, TNFSFRY),
has received a great deal of interest as a
T-cell adjuvant.” 4-1BB is expressed by
activated T cells, and is unique among
the tumor necrosis factor receptor family
in its expression by myeloid cells.
Ligation of 4-1BB by its ligand 4-1BBL,
expressed by antigen-presenting cells
(APC), induces activation of p38
MAPK, JNK and NF-«xB pathways in T
cells resulting in proliferation, cytokine
production, granzyme B and perforin
expression, and increased resistance to
apoptosis. Importantly, 4-1BB costimu-
lation is potent at eliciting recall CD8 T-
cell responses even at a limiting antigen
dose® and there appear to be no additive
or synergistic effects with CD28 costimu-
lation. In fact, a number of studies have
shown that 4-1BB is superior to CD28 in
eliciting recall proliferation and cytolytic
function of memory CD8 T cells in vitro.”

A significant question from a thera-
peutic standpoint is whether 4-1BB

co-stimulation can revive exhausted
CD8 T cells. There are encouraging data
available showing that low-dose agon-
istic 4-1BB antibody synergizes with
programmed death-L1 blockade to reju-
venate exhausted antigen-specific CD8 T
cells in a mouse model of chronic viral
infection.® However, a repeat high dose
of 4-1BB caused a transient increase
followed by rapid decline in antigen-
specific CD8 T cells. As with other
immune activating agents, dose and tim-
ing of 4-1BB are critical to achieve the
desired immune potentiating effects.
Too much may not be too good.

The role of 4-1BB in eliciting prolif-
eration and cytolytic function of mem-
ory CD8 T cells makes it an especially
attractive therapeutic target for cancer
therapy, where the T-cell response is
impaired by persistent antigen and the
dearth of costimulatory signals from
cancer cells. In the current issue of
CMI, Wang and colleagues demonstrate
potent anti-tumor effects of a vaccine
vector engineered to express 4-1BBL.”
By employing a tumor model in mice,
the authors investigated the functional
quality of effector and memory CD8 T
cells generated after immunization
with 4-1BBL-expressing OVA vaccine.
Immunization with OVA,_;pg; by vac-
cine increased the magnitude of tetra-
mer” CD8 T cells 1.6-fold at the
effector phase compared with OVA,
vaccine. Consistent with the biology of
4-1BBL activated cells, CD8 T-cell effec-
tors were highly functional producing
interferon-y and expressing granzyme
B. To directly assess cytolytic activity of
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Figure 1 Induction of anti-tumor immunity by a 4-1BBL-adjuvanted vaccine. Immunization with
4-1BBL adjuvanted Gag vaccine resulted in effective clearance of tumor cells with differentially

spaced immunization regimens.

CD8 T cells in vivo, the authors immu-
nized 6-day tumor-bearing mice with
either OVA, ggr or with an OVA,
vaccine. Neither unimmunized mice
nor OVA,,; immunized mice cleared
lung tumors completely; however, the
number of metastatic colonies was sig-
nificantly reduced in OVA,, immu-
nized mice. Remarkably, despite only a
modest increase in tetramer” CD8 T
cells over OVA,,; immunization, all
mice vaccinated with OVA,_,zp; cleared
tumors from the lung. The authors fur-
ther demonstrate that mice were com-
pletely protected when re-challenged
with tumor cells 30 days post-immuniza-
tion. These data raise the question: in
addition to inducing cytolytic effectors,
did 4-1BBL also induce highly functional
memory CD8 T cells? The authors exam-
ined the phenotype of OVA-specific CD8
effectors at day 10 and found evidence of
a classic memory CD8 T-cell signature—
a CD62L, CDI127" phenotype with
high expression of anti-apoptotic genes.
Although the frequency of tetramer " cells
at memory was modest in both OVA_
(0.15% of CD8) and OVA,_;gg1. (0.73%)
vaccinated mice, recall responses were
ten-fold higher in response to OVA pep-
tide in OVA4_;gp;, immunized mice.
Finally, the authors directly compared
4-1BBL as an adjuvant to a prophylactic
and therapeutic vaccine against Gag-
expressing tumor cells (Figure 1). Im-
munization with Gag, ;pp; vaccine was
effective at: (i) inducing CD8 T-cell
effectors that cleared tumors; (ii) engen-
dering memory cells, which mounted an
efficient recall response resulting in tumor
clearance; and (iii) generating effector
cells in the presence of tumor antigen

resulting in clearance of tumor. Whether
therapeutic immunization would be effec-
tive against well-established tumors is a
clinically relevant question that the
authors did not address. Additionally,
enumeration of the magnitude, pheno-
type and functional quality of CD8 T-cell
responses in this context would be very
informative and should be the focus of
future studies. A previous study using a
mouse model of melanoma found that
treatment with 4-1BB agonistic antibody
resulted in increased infiltration of a
unique KLRG1 " Eomes™ CD8 T-cell sub-
set with heightened cytolytic potential.®
The phenotype of 4-1BBL-stimulated
CD8 T cells is distinct and relatively
little has been done to characterize it.
Microarray or RNA sequencing analysis
of these cells at effector and memory times
points would be a good starting point and
could prove to be very informative.
4-1BB agonistic antibodies are in
Phase I/Phase II trials against melanoma.
While promising, agonistic 4-1BB anti-
bodies are associated with side effects
including neutropenia and liver toxicity.
There is also evidence for suppression of
vaccine-specific antibody responses with
agonistic 4-1BB antibodies, but not
with membrane-bound 4-1BBL.” Targeted
expression of 4-1BBL by engineering
vaccine vectors to express membrane
bound forms of 4-1BBL is therefore an
attractive strategy to harness the costi-
mulatory potential of 4-1BB while cir-
cumventing its side effects. With this
strategy, it will be important to deter-
mine whether multiple immunizations
would be more potent at inducing high
magnitude memory CD8 T cells, and
whether 4-1BB costimulation is more

effective during the prime and/or during
the boost. An emerging platform for
targeted costimulation utilizing the apta-
mer-targeted 4-1BB costimulation tech-
nology has shown success in models of
cancer.'” A better understanding of the
biology this molecule and strategies to
harness it will undoubtedly aid the
design of more effective vaccines against
pathogens and cancer.
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