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Evasion of immune surveillance is an important fea-
ture of cancer, which expresses certain molecules that 
affect immune functions such as immune checkpoints 
[1]. Among the molecules that impact the interactions 
between cancer and immune cells, PD-L1 (programmed 
death-ligand 1) and CTLA-4 (cytotoxic T-lymphocyte-
associated protein 4) are well-known to modulate the 
immune system and play important roles in cancer devel-
opment. The tumor necrosis factor receptor superfamily 
member 9 (TNFRSF9), also known as CD137 or 4-1BB, is 
another important immune-modulating molecule known 
to be expressed on the surface of certain immune cells. 
CD137 was originally discovered in 1989 and reported 
as a cell surface protein mainly located on activated T 
cells [2]. Interaction of CD137 with its ligand (CD137L, 
also known as TNFSF9 or 4-1BBL) on activated anti-
gen-presenting cells (APCs) could lead to bidirectional 
activation that promotes immunity against cancer [3]. 
For instance, it has been shown that signals through the 
CD137 receptor could lead to T cell activation and sur-
vival [3]. Reversely, engaged CD137L could impact its 
expressing cells, such as dendritic cells, leading to their 
activation and maturation [4]. Hence, the use of agonistic 
CD137 antibodies such as urelumab and utomilumab is 
considered as a promising immunotherapeutic approach 
to treat various types of tumors [5].

Although the expression of CD137 and its functional 
role in immune cells have been intensively studied, only 
limited information is available regarding the expression 
of CD137 in tumor cells. Several reports have described 
the expression of CD137 in various types of malignancies 
including lung cancer [6], leukemia [7], and lymphoma 

[8]. However, the regulatory mechanisms and the sig-
nificance of CD137 expression in cancer cells remain 
largely unknown. A recent study has shown that CD137 
expression in pancreatic cancer cells might be positively 
regulated by oncogenic K-ras [9]. Using a K-ras-inducible 
cell system and cancer cell lines with various K-ras sta-
tus, the authors demonstrated that K-ras could induce 
CD137 expression through mitogen-activated protein 
kinases (MAPK) and NF-κB signaling pathways. This is 
consistent with the roles of these two signaling pathways 
in regulating CD137 expression in immune cells [10, 
11]. Because activating mutations in K-ras is frequently 
observed in pancreatic cancer, lung, and colorectal can-
cer, it seems likely that CD137 expression might be a fre-
quent event in these cancer types.

For cancer cells with activating K-ras mutations, the 
MAPK signaling and NF-κB pathway seem to function 
in parallel to promote CD137 expression. Although 
both pathways are driven by K-ras activation, each 
pathway appears to operate independently and is likely 
able to compensate each other if one of them is sup-
pressed. The NF-κB pathway seems mainly activated 
by extracellular IL-1α (interleukin-1 alpha), whose 
expression and secretion are enhanced by K-ras [12]. 
In contrast, the MAPK pathway is stimulated by K-ras 
activation without the involvement of IL-1α [9]. It is 
currently unclear how the activation of K-ras could 
lead to increased expression of IL-1α, or which tran-
scription factor(s) might bind and regulate the CD137 
transcription in cancer cells. The relative contributions 
of the MAPK and NF-κB pathways in promoting the 
CD137 expression in cancer are likely cell type-depend-
ent, as evinced by the findings that specific suppression 
of each pathway affected CD137 expression differently 
in different cell types [9]. Both pathways could be active 
in certain cancer cells, while in other cancer cells one 
of the pathways could be dominant. An interesting 
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finding was that IL-1α could stimulate the expression of 
CD137 in multiple cancer cell lines, whereas neutrali-
zation of the IL-1α by antibody failed to decrease the 
CD137 expression in most of these cell lines [9]. This 
suggests that these cancer cells might have more than 
one pathway to promote CD137 expression and thus 
are not exclusively dependent on IL-1α for stimulation. 
As such, the design of immunomodulation using IL-1α 
antibodies should consider this complexity.

The expression of CD137 in immune cells and its 
role in promoting immune function against cancer 
have been well-characterized. In fact, CD137 agonists 
have been tested as anticancer agents with some suc-
cess [5]. However, the biological significance of CD137 
expression in cancer still remains unclear. In leukemia 
and lymphoma, CD137 expression could promote the 
growth and survival of malignant cells and inhibit T 
cell activation [7, 8], suggesting that the overall effect 
of CD137 expression in cancer cells might be immuno-
suppressive. It is unclear, however, if such an immuno-
suppressive function could also be seen in solid tumors. 
Furthermore, the impact of CD137 expression in can-
cer cells on the tumor microenvironment may be dif-
ficult to predict. On one hand, the expression of CD137 
on the cancer cell surface could potentially function as 
a competitor of CD137 on T cells to bind CD137L on 
the surface of APCs, and thus suppressing the immune 
responses against cancer. On the other hand, the 
interaction of CD137 on the cancer cell surface with 
CD137L on APCs could potentially activate or pro-
mote immune responses. Obviously, further studies are 
needed to differentiate whether tumor CD137 expres-
sion will stimulate or inhibit the functions of immune 
cells.

Since CD137 is an important molecule known to be 
expressed in immune cells and modulates immune func-
tions, the discovery that K-ras-driven cancer cells also 
express CD137 should prompt further investigation 
in this area. The important questions that remain to be 
answered are: (1) what is the overall impact of CD137 
expression in tumor cells on immune functions against 
cancer? This question could be addressed using genetic 
approaches and tumor formation study in immuno-com-
petent animal models; (2) what are the specific effect of 
tumor CD137 on the functions of APC, T cells, or mac-
rophage? (3) In addition to K-ras, could other oncogenes 
such as c-Myc and Bcr-Abl regulate the expression of 
CD137 expression in cancer cells? If so, what are the 
regulatory mechanisms? The answers to these questions 
would provide important new information on the role 
of CD137 in cancer immunity with potential clinical 
implications.
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