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Hodgkin’s lymphoma (HL) is a hema-
tological cancer caused by malignant 
Hodgkin and Reed-Sternberg (HRS) 
cells. HRS cells constitute a small minor-
ity, often less than 1%, of the HL tumor 
mass. HRS cells recruit and attract an 
abundance of inflammatory cells, making 
up the extended tumor stroma that char-
acterizes HL.1

The fact that HRS cells can survive 
for long periods and proliferate among an 
overwhelming majority of immune cells in 
the stroma of HL lesions implies that they 
have developed effective immunosuppres-
sive mechanisms. It is well established that 
tumor cells are positively selected as they 
develop mechanisms that allow them to 
successfully escape immune responses. 
One of these escape mechanisms involves 
the ectopic expression of immunosuppres-
sive molecules.2

We have detected the ectopic expression 
of CD137 on HRS cells in 86% of classi-
cal HL cases,3 and the very same frequency 
was observed by Anderson et al.4 In most 
cases, HRS cells derive from B cells, on 
which CD137 is not detectable. The corre-
lation between ectopic CD137 expression 
and malignant transformation suggested 
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that CD137 provides a growth and/or 
selection advantage to HRS cells in HL.

CD137 is a member of the tumor 
necrosis factor (TNF) receptor family, 
and is expressed by activated T cells as a 
co-stimulatory molecule.5 The cross-link-
ing of CD137 boosts the activity of T cells 
to a level that—in mice—enables them 
to reject even established tumors.6 The 
CD137 ligand (CD137L) is constitutively 
expressed on the surface of antigen-pre-
senting cells (APCs), and during cognate 
interactions APCs co-stimulate T cells, 
thus promoting immune responses, by 
means of the CD137/CD137L system.5

The constitutive expression of CD137L 
and its potent co-stimulatory activity pose 
a problem for APCs undergoing malig-
nant transformation, as tumor-infiltrating 
T cells will receive CD137L-mediated 
co-stimulatory signals (Fig. 1A). Indeed, 
murine B-cell lymphoma cells engineered 
to express CD137L are promptly rejected.7 
Thus, any mechanism that leads to the 
downregulation of CD137L on malignant 
APCs translates into a growth advantage 
for these tumors.

One mechanism whereby cancer cells 
might disable the co-stimulatory activity 

of CD137L involves the expression of sol-
uble CD137 (sCD137), which binds to 
and neutralizes CD137L (Fig. 1B).8 
Indeed, increased levels of sCD137 have 
been detected in the serum of multiple 
leukemia and lymphoma patients, in 
particular among individuals affected by 
chronic lymphocytic leukemia.9 However, 
sCD137 has been detected in the sera of 
no more than 10% of HL patients, and 
circulating levels were rather low, suggest-
ing that HL cells use a mechanism other 
than sCD137 to abrogate the co-stimula-
tory activity of CD137L.9

In order to study the significance of 
CD137 ectopically expressed on HRS 
cells, we engineered HRS cell lines for 
CD137 overexpression or silencing. We 
noticed that CD137 expression engen-
ders the downregulation of constitu-
tively expressed CD137L, while CD137 
silencing allows for CD137L expression. 
Of note, the overexpression of CD137 
did not reduce the de novo synthesis 
of CD137L. Rather, we observed that 
CD137 binds to CD137L and the result-
ing CD137/CD137L complex is internal-
ized, resulting in an accelerated CD137L 
turnover. In turn, the disappearance of 

CD137 is ectopically expressed on Hodgkin and Reed-Sternberg (HRS) cells, causing the removal of the immunostimulatory 
CD137 ligand from HRS cells as well as from surrounding antigen presenting cells. This inhibits T-cell co-stimulation and 
supports the immune evasion of Hodgkin’s lymphoma.
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expression in B-cell lymphomas is in line 
with our findings in vitro, and implies that 
ectopically expressed CD137 also down-
regulates CD137L in vivo.

The ectopic expression of CD137 
affects HRS-cell functions other than 
CD137L expression. In particular, HRS 
cells were found to transfer CD137 to 
neighboring CD137L-expressing APCs 
by trogocytosis. The trogocytic transfer of 
CD137 is followed by the internalization 
of CD137L by APCs, negatively affect-
ing T-cell co-stimulation (Fig. 1C). These 
findings identify a novel mechanism of 
immune escape that HRS cells employ 
to get rid of the co-stimulatory activity of 
CD137L.

The inhibitory effect of CD137 on the 
exposure and co-stimulatory activity of 
CD137L is unlikely to constitute a prerog-
ative of HRS cells. More plausibly, HRS 
cells simply exploit an existing immuno-
regulatory circuitry to their own advan-
tage. We postulate that the physiological 
equivalent of this immune escape mecha-
nism is the trogocytic transfer of CD137 
from activated T cells to APCs during 
cognate interactions, concurrently depriv-
ing T cells from CD137-mediated co-stim-
ulation and reducing the co-stimulatory 
capacity of APCs (Fig. 1D). The precise 
characterization of the underlying mecha-
nisms should increase our knowledge on 
the regulation of immune responses and 
may be of relevance for the treatment of a 
wide range of diseases, encompassing can-
cer and autoimmune disorders.

Altogether, our findings not only iden-
tify a new mechanism that helps HL cells 
to escape immune surveillance but also 
ignite a wave of investigation aimed at 
understanding whether other TNF family 
members and their ligands behave simi-
larly and at defining the physiological cor-
relates of this immunoregulatory circuitry.
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CD137 is expressed while CD137L is 
absent, in spite of the fact that normal B 
cells constitutively express CD137L. In 
contrast, in many non-Hodgkin’s lym-
phoma (NHL) subtypes including mantle 
cell lymphoma and follicular lymphoma 
as well as chronic lymphocytic leukemia, 
which do not express CD137, CD137L 
is readily detectable.4,10 The inverse rela-
tionship between CD137 and CD137L 

CD137L from the surface of HRS cells 
resulted in impaired T-cell co-stimulation, 
as evidenced by the reduced secretion of 
interferon γ, the signature cytokine of 
T

H
1 responses (Fig. 1C).3

The experiments pointing to a CD137-
mediated downregulation of CD137L 
have been conducted in vitro. However, 
circumstantial evidence indicates that 
the same occurs in vivo. In classical HL, 

Figure 1. Immune regulation by trogocytic CD137 transfer. (A) The cross-linking of CD137 (on 
T cells) by CD137L (on B cells and monocytes) enhances antitumor T-cell responses. (B) Soluble 
CD137 (sCD137) binds to and hence neutralizes CD137L on non-Hodgkin’s lymphoma (NHL) cells, 
hence impairing antitumor immune responses. (C) Hodgkin and Reed-Sternberg (HRS) cells 
ectopically express CD137, which can be transferred to CD137L on HRS cells and surrounding 
antigen-presenting cells (APCs) (1). The resulting CD137/CD137L complex gets internalized (2), 
resulting in reduced antitumor immune responses. (D) CD137 transfer as a physiological immuno-
regulatory mechanism. The trogocytic transfer of CD137 from activated T cells to APCs, including 
dendritic cells (DCs), monocytes and B cells, and the subsequent internalization (arrows) of the 
CD137/CD137L complex during cognate interactions limits T-cell co-stimulation.
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