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CD137 ligand interacts with CD32a to trigger reverse CD137
ligand signaling
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CD32a contributes to inflammation by interacting with CD137L to
induce inflammatory dendritic cell differentiation.
CD137 ligand (CD137L) is a costimulatory ligand that is

expressed on antigen-presenting cells (APCs) and is important
for enhancing T cell activation by crosslinking CD137 on
activated T cells.1–3 While CD137 triggers a costimulatory signal
in T cells, CD137L has been reported to trigger reverse signaling
in APCs.4 In human monocytes, reverse CD137L signaling leads
to the differentiation of dendritic cells (DCs), which are termed
CD137L-DCs.5 CD137L-DCs are a novel type of DC and a potent
candidate for DC-based cancer immunotherapy. CD137L-DCs are
effective at polarizing Th1 and Tc1 responses and induce
stronger cytotoxic T cell responses than those of monocyte-
derived DCs generated with the more commonly used
granulocyte–macrophage colony-stimulating factor and
interleukin-4 (IL-4).5–7

The differentiation of monocytes into CD137L-DCs by reverse
CD137L signaling was thought to be mediated solely by CD137L,
since neither the isolated Fc domain of human immunoglobulin G
(IgG) nor isotype controls for anti-CD137L antibodies induced
CD137L-DC differentiation.5 The absence of CD137L-DCs in mice is
consistent with the fact that human CD137L and mouse CD137L
share little homology.8 However, all studies relied on the use of
immobilized CD137-Fc protein or anti-CD137L antibodies to
crosslink CD137L. MCF-7 cells that were transfected to express
CD137 failed to activate monocytic THP-1 cells to secrete IL-8
(Fig. 1a), indicating that CD137L alone is not enough to trigger
reverse CD137L signaling.
Both the anti-CD137L antibody (clone 5F4) and CD137-Fc can

crosslink not only CD137L but also Fc gamma receptors (FcγRs).
Moreover, THP-1 cells were activated by a monoclonal human
IgG1 antibody, even though this antibody does not recognize
CD137L (Fig. 1a). The involvement of FcγRs in reverse CD137L
signaling was further confirmed using two pairs of antibodies in
which the wild-type (WT) but not the LALA-mutated antibodies,
which cannot bind FcγRs, induced CD137L-DC differentiation
(Supplementary Fig. 1a). We narrowed down the candidates
to low-affinity activating FcγRs, such as CD16 and CD32a,
since only immobilized antibodies triggered reverse CD137L
signaling. Both, THP-1 cells and negatively-isolated primary
monocytes expressed CD32a but not CD16 (Supplementary
Fig. 1b, c). By pretreating the monocytes with a CD32a blocking
antibody (clone IV.3), differentiations of monocytes to CD137L-
DCs was completely blocked, as evidenced by the absence of

CD14 downregulation or CD83 upregulation (Fig. 1b). These
data show that CD32a is indispensable for reverse CD137L
signaling.
Further evidence comes from the genetic manipulation of the

expression of CD32a and CD137L. When CD32a was specifically
knocked down by a cocktail of three CD32a-specific small
interfering RNAs (Supplementary Fig. 1d), the differentiation of
CD137L-DCs was significantly inhibited, as evidenced by the
absence of the typical CD137L-DC morphology, the high
expression of CD14, and the low expression of CD83 (Supple-
mentary Fig. 1e, f). Moreover, activation of THP-1 cells by
anti-CD137L antibody was almost completely abrogated in
CD32a- and CD137L-knockout THP-1 cells (Fig. 1c). Surprisingly,
activation of THP-1 cells by monoclonal IgG1, which does not
target CD137L, was suppressed when CD137L was absent,
indicating that CD137L and CD32a might interact to trigger
reverse CD137L signaling.
Indeed, cointernalization of CD32a and CD137L was observed

in CD137L-reconstituted but not in CD32a-electroporated
CD137L-knockout THP-1 cells (Fig. 1d). When anti-CD32a-
crosslinked protein A/G agarose was used for coimmunopreci-
pitation, CD137L-mCherry was found in precipitates of CD32a-
GFPSpark- and CD137L-mCherry-transfected HEK-Blue cells but
not in the controls (Fig. 1e). Taken together, these data clearly
demonstrate an interaction between CD137L and CD32a. Based
on these observations, we hypothesize that CD32a, CD137L, and
some other molecules form a signaling complex whose
activation is dependent on the total activation strength
(Supplementary Fig. 2).
Human CD137L has low homology with mouse CD137L.9

CD32a is expressed in humans but not in mice. These species
differences may explain why CD137L-DCs are only found in
humans but not in mice. This species difference hinders in vivo
studies of CD137L-DCs. Moreover, CD137L-DCs lack a specific
marker for their unequivocal identification in tissues. However,
CMAP analysis demonstrated that in vivo inflammatory DCs and
CD137L-DCs are mutually enriched in similar gene signatures,
indicating a close relationship.10 It is possible that CD137L-DCs
contribute to the pool of inflammatory DCs in vivo and that
ligation of CD32a and CD137L by IgGs and CD137 induces
CD137L-DC differentiation during inflammation, such as infec-
tions, treatments with therapeutic antitumor antibodies,
and autoimmune diseases. With a better understanding of
CD137L-DC differentiation, we may take advantage of the
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potent proinflammatory function of CD137L-DCs for cancer
immunotherapy.
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Fig. 1 CD137 ligand interacts with CD32a to trigger reverse CD137 ligand signaling. a A total of 105 THP-1 cells were cultured in 96-well plates
coated with protein or seeded with 2.5 × 104 MCF-7 cells for 24 h. IL-8 in supernatants was measured. PC: parental control. b Primary
monocytes were preblocked with NT, 5 μg/ml isotype, or anti-CD32a antibody (IV.3) for 30min before seeding onto an anti-CD137L antibody-
coated plate. CD14 and CD83 expression was measured on day 7 by flow cytometry. c WT or knockout (KO) THP-1 cells were cultured on
antibody-coated plates for 1 day before IL-8 in supernatants was measured. ****P < 0.0001 (two-tailed Student’s t test) versus other KO THP-1
cells. d Confocal images of surface-stained CD137L mRNA-electroporated CD137L-KO THP-1 cells. Yellow dots indicate cointernalized anti-
CD32a and anti-CD137L antibodies. eWT HEK-Blue cells were transfected with CD32a-GFPSpark and/or CD137L-mCherry plasmids. Cell lysates
were coimmunoprecipitated by IV.3-crosslinked agarose. The fluorescent intensity of mCherry in whole-cell lysate (WCL) and
coimmunoprecipitation (co-IP) samples were measured. Representative data from at least two independent experiments are shown. NT:
nontreated
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