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Owing to intense efforts and significant 
progresses in the understanding of the 
complex nature of anticancer immune 
responses and of the mechanisms employed 
by tumors to overcome such responses, 
cancer immunotherapy has come of age. 
Among various immunotherapeutic 
strategies, anticancer vaccines based on 
tumor-associated antigen (TAA) subunits 
are attractive as a standard, ready-to-use 
and cost-effective treatment approach. 
Numerous preclinical and clinical stud-
ies have demonstrated that progressing 
tumors evade immunity by interfering 
with all the three arms of the immune 
system: innate, adaptive and regulatory 
immune responses.1 By extrapolation, 
effective anticancer vaccines will have 
to target the same arms of the immune 
system to achieve therapeutic responses. 
Since most TAAs, except viral ones, are 
self and—as such—weakly immunogenic, 
the therapeutic efficacy of TAA-based vac-
cines requires the use of adjuvants with 
pleiotropic effects on the immune system. 
Co-stimulatory members of the tumor 
necrosis factor ligand (TNFL) family 
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appear promising in this sense, as they 
play prominent roles in the generation and 
expansion of primary immune responses 
as well as in the establishment of long-term 
immunological memory,2 which is critical 
for the control of tumor recurrence.

We have recently proposed that 
4-1BBL (CD137L), a co-stimulatory 
member of the TNFL family, may consti-
tute an adjuvant of choice for the devel-
opment of therapeutic vaccines, due to its 
pleiotropic effects on various cellular com-
ponents of the innate, adaptive and regu-
latory immune system (Fig. 1).3–5 4-1BB is 
inducibly expressed by cells of the adaptive 
immune system, such as CD4+ and CD8+ 
T cells, of the innate immune system, such 
as natural killer (NK) and NKT cells, as 
well as by antigen-presenting cells (APCs), 
including some subsets of dendritic cells 
(DCs) (Fig. 1).2 The stimulation of 4-1BB 
with agonistic antibodies has demon-
strated the importance of this receptor for 
the survival of effector and memory T cells, 
as well as for their effector functions 
against malignant and infected cells.6–8 
However, the use of agonistic antibodies 

targeting co-stimulatory receptors, such as 
various members of the CD28 family, is 
associated with adverse effects. Thus, we 
hypothesized that natural co-stimulatory 
ligands may not only overcome the tox-
icity associated with antibodies but also 
result in improved therapeutic outcomes, 
as they deliver signals that differ qualita-
tively and/or quantitatively from those 
elicited by agonistic antibodies.9 We thus 
focused on the use of natural co-stimula-
tory ligands as adjuvants for TAA subunit-
based vaccines.

4-1BBL exists as a trimer and exerts 
no functions in a soluble form as such.5 
We therefore designed a novel form of 
4-1BBL by fusing the extracellular por-
tion of murine 4-1BBL to the C-terminus 
of core streptavidin (SA), hence generat-
ing a chimeric SA-4–1BBL molecule. In 
this configuration, SA-4-1BBL molecules 
exist as tetramers or higher-order mul-
timers, exerting robust co-stimulatory 
activity on both CD4+ and CD8+ T cells 
in vitro and in vivo (Fig. 1) but none of 
the adverse effects associated with the use 
of a 4-1BB-targeting agonistic antibody 
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is consistent with previous results indicat-
ing that CD4+ T cells are required not 
only for CD8+ T-cell memory responses to 
weak viral antigens, but also for primary 
responses in selected settings.10 Although 
our observations suggest that CD4+ T 
cells are dispensable for the efficacy of 
TAA subunit-based vaccines adjuvanted 
with SA-4-1BBL, they do not completely 
rule out a role of this cell population in the 
eradication of primary tumors and in the 
establishment of long-term immunological 
memory. Indeed, CD4+ T cells may only 
be required for priming, which can take 
place by the sheer exposure of the immune 
system to the tumor in vivo, a setting in 
which TAAs are efficiently taken up, pro-
cessed and presented by DCs. Studies are 
underway in our laboratory to clarify this 
issue. Importantly, our vaccine formula-
tion was efficient while failing to induce 
any observable toxicity or autoimmune 
events.

In conclusion, the results of numer-
ous studies conducted by others with 
4-1BB-targeting agonistic antibodies7,8 
coupled to our observations on the effi-
cacy of SA-4-1BBL as an adjuvant for 
TAA subunit-based anticancer vaccines3,5 
demonstrate the potential of the 4-1BB 
co-stimulatory pathway as a prominent 
target for the development of efficient 
anticancer vaccines. The use of SA-4-
1BBL as an adjuvant provides considerable 
advantages over that of agonistic antibod-
ies, mostly due to its potential to elicit 
robust immune responses in the absence 
of detectable systemic toxicity.
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using a prime-boost regimen—was associ-
ated with increased percentages of IFNγ-
secreting CD8+ T cells and improved 
cytotoxic T- and NK-cell responses. 
Importantly, the depletion of CD8+ T cells 
one day before vaccination completely 
abrogated its efficacy, while NK-cell deple-
tion negatively affected efficacy, but did 
not completely abolish it. Interestingly, 
the depletion of CD4+ T cells had no 
effects on the therapeutic efficacy of the 
vaccine, which is surprising given that 
SVN is a self antigen and the generation 
of SVN-specific CD8+ T-cell responses, in 
particular memory responses, may require 
considerable CD4+ T-cell help. This notion 

(3H3).9 Most importantly, SA-4-1BBL 
exerts better co-stimulatory activity on 
CD4+ T cells than 3H3.9 In a recent study 
published in PLoS ONE,4 we demonstrated 
that a vaccine formulation containing sur-
vivin (SVN) as self TAA and SA-4-1BBL 
as adjuvant is very efficient (~70%) against 
3LL lung carcinoma in a prime-only set-
ting. Mice in which the vaccine completely 
eradicated tumors effectively controlled 
disease recurrence as simulated by the 
injection of a lethal dose of live 3LL tumor 
cells 60 days later, demonstrating the 
presence of long-lasting immunological 
memory. The therapeutic efficacy of the 
vaccine—which was improved to 100% 

Figure 1. Pleiotropic effects of 4-1BB signaling on cells from the innate, adaptive and regulatory 
immune system. streptavidin-4-1BBL (sA-4-1BBL) employed as an adjuvant for tumor-associated 
antigen (tAA) subunit-based anticancer vaccines positively influences the generation of effector 
anticancer immune responses. the engagement of sA-4-1BBL with 4-1BB on APCs enhances their 
activation, antigen uptake and cross-presentation to t cells. t cells. Activated t cells in turn upregu-
late 4-1BB and become responsive to sA-4-1BBL-mediated co-stimulation, resulting in enhanced 
t-cell survival and effector functions. similar effector functions also ensue the engagement of 4-1BB 
on natural killer (NK) and NKt cells. Importantly, the activation of 4-1BB on effector t cells not only 
prevents their conversion into regulatory t cells (tregs) in the tumor microenvironment, but also 
render them resistant to treg-mediated immunosuppression. these events culminate in the gen-
eration of therapeutic innate and adaptive immune responses against malignant cells.
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