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Abstract. A recombinant co-stimulatory molecule capable of 
inducing multiple effects on varied immune cells when present 
in its soluble active form is termed as SA-4-1BBL. It has been 
reported to influence innate, adaptive, and regulatory immune 
cells. Recent studies confirmed its engagement with receptor, 
4-1BB leading to collection of interleukin-2 (IL-2) that in turn 
overcomes Treg suppression. Further, a vast number of pre- 
clinical studies reported its therapeutic efficacy in the form 
of adjuvant subunit in cancer vaccines. Furthermore, it is also 
observed that it contributes significantly towards communica-
tion bridge of CD4 and NK cells. On the other hand, depletion 
of either NK or CD4 cells negated SA-4-1BBL's antitumor 
protection. The present review article is focused on the current 
updates of this molecule pertaining to the filed of cancer thera-
peutics or cancer preventives.
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1. Introduction

The molecule namely 4-1BB belongs to TNFR super-
family (1,2). It is a co-stimulatory molecule that is upregulated 

on the surface of T cells, B cells, and NK cells. The active 
form of the above molecule is also available on non-lymphoid 
cells such as dendritic cells (DCs), macrophages, neutrophils, 
and malignant tumor endothelial cells (3). The interaction of 
4-1BB with its receptor leads to the formation of a hetero-
trimer with abilities to associate with TRAFS. TRAF2 initiates 
a signaling cascade of mitogen-activated protein  (MAP) 
kinases and nuclear factor-κB (NF-κB) activation, which in 
turn leads to the production of more TRAF1 that sustains 
the effect of 4-1BB stimulation. TRAF1 favors extracellular 
signal-regulated kinase (ERK) pathways. The end result is the 
expansion and survival of T cells leading to establishment of 
long-term memory (4). Key cytokines produced also include 
tumor necrosis factor-α (TNF-α), interleukin-2 (IL-2), IL-12, 
and interferon-γ (IFN-γ).

The co-stimulation of 4-1BB has been reported recently 
to cause reduction of T cell exhaustion in ex vivo settings 
where there is persistent antigen exposure. Contrary to 4-1BB, 
CD28 co-stimulation in the CAR model has been shown to 
enhance exhaustion (5). In a transplanted melanoma model, 
Curran et al have shown that mice treated with anti-4-1BB 
antibodies generate novel forms of CD4+ killer and CD8+ 
killer tumor infiltrating T cells characterized by the expres-
sion of killer-cell lectin like receptor G1 (KLRG1) and the 
transcription factor Eomesodermin (Eomes) independent 
of the T-box transcription factor (T-bet) expression. These 
cells were shown to produce granzymes capable of killing 
melanoma cells. In addition to that, amongst the members 
of TNFR family agonists, only 4-1BB signaling has gener-
ated the KLRG1+Eomes+ killer phenotype, while anti-OX40, 
anti‑GITR and anti-CD27 could not (6).

It is important here to also shed light on the regulatory 
aspects of 4-1BB signaling as it plays a double edged sword 
by generating and expanding effector immunity as well as 
expanding and promoting Treg functions and redirecting T cell 
polarization. In mice for example, 4-1BB is constitutively 
expressed on Tregs and can respond to 4-1BBL + IL-2 + trans-
forming growth factor-β  (TGF-β) stimuli to induce their 
proliferation. Further, a recent study suggested that galectin-9 
controlled the duality of 4-1BB functions (7). Gal-9 binding is 
demonstrated to be required for the ability of 4-1BB signaling to 
suppress experimental autoimmune encephalomyelitis (EAE) 
and allergic asthma in vivo (7). In another study, 4-1BB ligand 
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was shown to play a regulatory role in T cells that are weakly 
activated under suboptimal conditions below the threshold of 
4-1BB expression and activation. Once the activation threshold 
was met, cell intrinsic 4-1BB was shown to downregulate the 
expression of 4-1BBL by endocytosis and internalization (8). 
This balance between the ligand and the receptor is necessary 
for maintaining immune system homeostasis.

2. 4-1BB in cancer vaccines

Cancer vaccines usually consist of two major categories: 
Prophylactic/preventative such as Gardasil® and Cervarix® 
against Human Papillomavirus (HPV) 16 and 18, or therapeutic 
such as the dendritic cell based vaccine like Sipuleucel-T. The 
down side of DC vaccines is that they are relatively expensive, 
need to be subject customized, and are technically challenging 
to produce (9). Subunit vaccines consisting of tumor associ-
ated or specific antigens and immune-adjuvants, are more 
economically feasible and present as effective alternatives to 
cell-based vaccines with ease of production and marketing. 
The culprit in the subunit vaccines is that the immunogenicity 
of most antigens is low, most of them being self antigens, as 
well as the lack of potent and safe vaccine adjuvants capable 
of overcoming tumor immune evasion mechanisms. As such, 
in the absence of predefined tumor specific antigens and 
alongside conventional chemotherapy, scientists have started 
incorporating alternative immune modulators in clinical 
cancer therapies, such as the use of monoclonal antibodies 
targeted towards tumors and/or cells of the immune system. 
Some of the clinically approved candidates include i)  the 
monoclonal antibody Herceptin (Trastuzumab) directed 
towards breast cancer cells expressing the human epidermal 
growth factor receptor 2 (Her2) protein (10). ii) Ipilimumab, 
an anti-CTLA antibody, which blocks the action of Tregs 
giving more room for Teffs and NK cells to carry out their 
killer functions (11). iii) Antibodies blocking the programmed 
death receptor-1 (PD-1) that is usually expressed by activated 
lymphocytes and delivers an inhibitory signal when associ-
ated with its ligand expressed by APCs as well as tumors (12). 
iv) Agonistic antibodies to 4-1BB costimulatory receptor, 
especially picked from the tumor necrosis factor superfamily 
due to its promising pre-clinical and clinical outcomes 
in fighting tumors and activating a wide array of effector 
immune cells.

The major drawback of anti-4-1BB antibodies is the high 
level of associated toxicity as reported by several studies in 
rodents and humans (1). Toxicity profiles are usually char-
acterized by non-specific activation of immunity resulting 
in systemic inflammation, splenomegaly, lymphadenopathy, 
increased liver enzymes AST/ALT, as well as hepatitis. The 
observed toxicity is shown to be independent of FcγR or 
complement system activation as inflammation was persistent 
in FcγR-/- and complement C1q-/- or C3-/- knockout mice (13). 
Upregulation of non-specific CD4+ and CD8+ T cells was 
noted upon immunizing naïve C57BL/6 mice with anti-4-1BB 
antibody clone 3H3 accompanied with high levels of IFN-γ 
and TNF-α production. Higher doses of 3H3 also abrogated 
T helper cell dependent humoral immunity, caused more hepa-
tomegaly, as well as anemia and disturbance in bone marrow's 
cellular compartment (14).

3. SA-4-1BBL as a potent adjuvant

Taking into account the various toxic facets of agonistic 
4-1BB antibody treatments and the fact that naturally occur-
ring 4-1BBL is inactive in its soluble form unless bound to a 
cell surface membrane. Further, streptavidin (SA) forms stable 
tetramers and oligomers, which is important to cluster the 
4-1BB receptors on corresponding cells and enhance signal 
transduction. Side by side comparison studies between soluble 
SA-4-1BBL and 3H3 have shown SA-4-1BBL to be more 
potent activator than 3H3 while lacking the antibody associ-
ated toxicity (13).

4. SA-4-1BBL adjuvant effect on adaptive immunity

SA-4-1BBL has been observed to act on CD4+ as well as 
CD8+ T cells to fulfill its potent adjuvant role in the designed 
vaccine formulations. Depletion of CD4+ T cells 1-day prior 
to tumor inoculation in two transplantable models revealed 
significant reduction in the therapeutic vaccine efficacy (15). 
Upon re-challenge of tumor free mice, long-term immuno-
logical memory was also lost in the absence SA-4-1BBL effect 
on CD4+ T cells. In another study using survivin + SA-4-
1BBL vaccine in 3LL model, 100% of tumor eradication was 
achieved in a prime-boost vaccination strategy. Depletion of 
CD8+ T cells producing IFN-γ 1 day prior to vaccinations 
completely compromised therapeutic efficacy while depletion 
of NK cells had moderate yet noticeable effect on tumor growth. 
NK cells isolated from immunized mice showed improved 
killing against YAC-1 target cells in vitro (16). SA-4-1BBL 
adjuvant effect on innate immunity switching gears towards 
innate immunity, SA-4-1BBL's direct or indirect effect on 
NK cells has been shown to be indispensable for HPV-16 E7 
recombinant protein-based therapeutic vaccine. Moreover, 
eradication of established tumors was mainly dependent on 
4-1BB signaling (17). Activated NK cells have been shown in 
the literature to express 4-1BB receptor that are involved in the 
eradication of P815 mastocytoma in vivo although they lack 
the in vitro lysis function upon stimulation with anti-4-1BB 
monoclonal antibody, suggesting an immuno-regulatory 
role of NK cells in this case as compared to direct killing 
and effector functions (18). NK cells isolated from human 
peripheral blood, activated with IL-2/IL-15 cytokines for 48 h 
to upregulate 4-1BB, and incubated with the MCF-7 human 
breast cancer cell line overexpressing 4-1BBL for additional 
12 h, have been shown to upregulate perforin, granzyme B, 
and FasL genes without enhancing cellular degranulation nor 
IFN-γ production upon engagement of 4-1BB with 4-1BBL on 
MCF-7 cells (19).

Dendritic cells (DCs) of the innate immune system on the 
other hand, produce a variety of cytokines including TNF-α 
upon 4-1BB stimulation (20). SA-4-1BBL not only provides 
robust immune costimulatory activity in DCs in therapeutic 
cancer vaccines but also contributes to the delivery of TAAs 
conjugated through biotin to the streptavidin portion of the 
molecule  (21). DCs in turn engulf the SA-4-1BBL-TAA 
conjugate and enhance antigen presentation to T cells. TC-1 
or 3LL tumor-bearing mice showed significant improvement 
in survival upon administering SA-4-1BBL-TAA conjugate 
vaccine on day 6 post-tumor challenge versus administering 
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SA-4-1BBL + TAA without conjugation. The therapeutic 
efficacy of the vaccine was associated with higher tumor 
infiltrating CD8+ T cells to Tregs ratio (21). Another study 
conducted in our lab has recently aimed at simultaneous stim-
ulation of innate and adaptive immunity in fighting tumors 
using a combination of the Toll-like receptor 4 (TLR4) agonist 
called monophosphoryl lipid  A  (MPL) plus SA-4-1BBL. 
One vaccination with the combination of both adjuvants and 
HPV E7 protein as TAA resulted in 100% survival in murine 
TC-1 model. Vaccine formulation containing SA-4-1BBL 
had better efficacy (~80%) than formulation with MPL alone 
(~50%) (22).

5. SA-4-1BBL's role in regulatory immunity

SA-4-1BBL has a major impact on regulatory immunity. 
SA-4-1BBL drives the proliferation of activated Tregs when 
combined with the cytokine IL-2 while maintaining Tregs' 
suppressive function (23). Tregs constitutively express the IL-2 
and 4-1BB receptors and SA-4-1BBL co-stimulation further 
upregulates the expression of both receptors. This regulatory 
aspect of SA-4-1BBL was shown to overcome autoimmune 
diseases and prevent graft rejection (23). On the other hand, we 
showed that SA-4-1BBL without exogenous IL-2 blocks the 
conversion of conventional CD4+ T cells into induced Tregs 
through the production of IFN-γ (24). One of the important 
mechanisms by which tumors evade suppression is the induc-
tion of iTregs in the tumor microenvironment and SA-4-1BBL 
has the ability to block the accumulation of iTregs even in the 
presence of tumor antigens and TGF-β pressure. In the process 
of exploring the effects of SA-4-1BBL on Tregs, we have 
observed that Teffs themselves become resistant and refrac-
tory to suppression by Tregs (25), the mechanism of which is 
yet unknown.

6. Conclusion

It could be concluded from the above that 4-1BB signaling has 
pleiotropic effects in modulating the immune system by acting 
on all 3 branches: innate, adaptive and regulatory immunity. 
These effects are content- and model-dependent and need to 
be carefully considered when exploiting 4-1BB signaling for 
the generation of desired immune responses for therapeutic 
purposes.
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