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Macrophages in Cancer

Chronic inflammatory conditions are 
well known to promote the development 
of cancer. Infiltrating inflammatory cells 
are present in preneoplastic lesions and 
in established tumors. Tumor-associated 
macrophages (TAM) exhibit high cellu-
lar plasticity linking innate and adaptive 
immunity but also executing fundamen-
tal functions in wound healing and tissue 
repair.

Investigations of cancer patient speci-
mens and studies in genetic engineered 
mouse models have revealed that macro-
phages frequently promote tumor devel-
opment. Nevertheless, in some tumor 
entities such as colorectal carcinoma, high 
macrophage infiltration has been found 
to be a positive prognostic marker. These 
contradictory findings are indicative of 
functionally distinct phenotypes of mac-
rophages dependent upon the cellular con-
text and the tumor type.1,2

Macrophage Phenotypes

Mimicking endogenous specializa-
tion, macrophages can be polarized by 
exogenous application of immunogenic 
agents in vitro toward differing functional 
states described as classically (M1) or 

alternatively (M2) polarized phenotypes. 
M1 macrophages can be generated by 
exposure to pro-inflammatory cytokines 
or microbial products. They are integrally 
involved in fostering immune responses 
and are potentially tumor inhibiting. M2 
macrophages and their corresponding 
inducing agents, on the other hand, are 
highly heterogeneous. For example, these 
potentially tumor-promoting M2 macro-
phages may be induced by the interleukins 
IL-10 and IL-6, the chemokines CCL2 
and CXCL4, or hypoxia. Functions 
described for M2 macrophages range from 
tissue remodelling to immune regulation. 
M2-like phenotypes predominate in most 
human and murine tumors.2

NF-κB Signaling in TAMs

The phenotype of macrophages is 
shaped by a complex network of signaling 
pathways and a multitude of transcription 
factors. Nuclear factor κB (NF-κB) has 
emerged as a central regulator of macro-
phage functional specification and as such 
is crucial for the response of macrophages 
toward M1-polarizing stimuli includ-
ing Toll-like receptor (TLR) ligands or 
tumor-necrosis factor-α (TNF-α).3 In the 
canonical pathway, 5 distinct but struc-
turally analogous NF-κB family mem-
bers (RelA, RelB, c-Rel, p50, and p52) 

form hetero- and homodimers that are 
functionally regulated by sequestration 
via binding to the Inhibitor of κB (I-κB) 
in the cytoplasm. Upon stimulation of 
the NF-κB signal transduction cascade, 
IκB gets phosphorylated by activated 
IκB-kinase complex (IKK) inducing the 
proteasomal degradation of IκB and the 
subsequent release and translocation of 
NF-κB into the nucleus for transcrip-
tional regulation of target genes.

Several studies have highlighted the 
significance of myeloid cell NF-κB activ-
ity in the initiation of neoplastic lesions 
by fostering tumor-promoting inflamma-
tion.4 Interestingly, macrophages isolated 
from established tumors exhibit defects in 
NF-κB signaling and impaired expression 
of inflammatory mediators, phenotypes 
consistent with a M2-like specification. 
Mechanistically the inactivation of NF-κB 
pathways has been attributed to delayed 
phosphorylation of the IκB and increased 
nuclear localization of p50 homodimers, 
known to compete with p65/p50 het-
erodimers for binding site occupancy.5

Our group has observed an additional 
mechanism by which NF-κB signaling is 
repressed in TAMs.6 Cut-like homeobox 
1 (CUX1), a homeodomain transcription 
factor known to be highly expressed in 
several tumor types (e.g., pancreatic can-
cer), was found to displace RelA from the 
promoters of M1-associated genes, such as 
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Macrophages represent a major component of the tumor microenvironment and contribute to neoplasia initiation 
and cancer progression. However, the molecular mechanisms underlying these phenomena are only partially under-
stood. Manipulating the transcriptional activity of the macrophage functional specification factor NF-κB by virtue of a 
novel regulatory factor cut-like homeobox 1 (CUX1) may provide a potential target for therapeutic intervention.
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chemokine (C-X-C) ligand 10 (CXCL10) 
or chemokine (C-C) ligand 5 (CCL5). 
Furthermore, we found evidence that 
CUX1 impedes NF-κB’s transcriptional 
activity by interfering with regulatory 
acetylation status. De-acetylation of RelA 
is mediated by CUX1-mediated recruit-
ment of histone deacetylase 1 (HDAC1) 
to the promoters of NF-κB target genes.6 
Hence, CUX1 is involved in modulat-
ing NF-κB signaling in TAMs, thereby 
inhibiting the secretion of pro-inflamma-
tory factors that are capable of impeding 
tumor progression. Furthermore, CUX1 
is a transcriptional target of the immuno-
suppressive cytokine transforming growth 
factor-β (TGFβ) produced by a broad 
spectrum of cells in established tumors. 
However, the pathways involved in the 
transcriptional upregulation of CUX1 by 
TGFβ remain to be fully elucidated. In 
summary, as shown in Figure 1, based on 
our data CUX1 represents a novel down-
stream mediator of immunosuppressive, 
stroma-modulating signaling cascades 
such as TGFβ in macrophages, linking 
TGFβ signaling with NF-κB-mediated 
tumor antagonism.

Targeting NF-κB in TAMs

Given the role of macrophages in 
malignant disease progression and the 
central function of NF-κB in manifesting 
the phenotype of these cells, intervention 
in the pathways involved in this process 
might be worthwhile targets for cancer 
therapy. Beside strategies such as inhibi-
tion of macrophage recruitment or deple-
tion of myeloid cells with drugs such as 
liposomal clodronate, one goal is the “re-
education” of M2-like phenotypes to a cell 
state akin to M1 phenotypes.

To date, attempts to reactivate canoni-
cal NF-κB signaling have included the 
evaluation of toll-like receptor (TLR) ago-
nists or antibodies (Ab) against CD40. 
TLR-agonists such as Poly(I:C), a TLR3 
ligand, or monophosphoryl lipid A, a 
TLR4 ligand, are well known inducers of 
NF-κB activity and have proven their abil-
ity to redirect M2 polarized macrophages 
to an M1 phenotype. Some of these agents 
have shown antitumor effects in vivo and 
are currently under investigation in clini-
cal trials.7

The exact role of CD40 in macrophage 
polarization is not fully understood. 
Ligand binding to CD40 is known to acti-
vate the non-canonical NF-κB signaling 
pathway previously reported to increase 
the expression of M2-associated genes.3 
However, treatment of murine macro-
phages with agonistic anti-CD40 Ab acti-
vated these cells to secrete interferon-γ 
(IFNγ) and mediate destruction of tumor 
cells in vitro.8 Furthermore, Beatty and 
colleagues reported that activation of mac-
rophages with an agonistic CD40 anti-
body increased their tumoridical activity 
and facilitated depletion of tumor stroma 
in a genetic mouse model of pancreatic 
cancer, a functional alteration accompa-
nied by increased expression of M1 asso-
ciated genes.9 In support, cotreatment of 
human pancreatic ductal adenocarcinoma 
patients with CD40 Ab and gemcitabine 
lead to marked tumor regression in some 
cases.9

It should be mentioned that activa-
tion of NF-κB pathways does not uni-
formly trigger M1-phenotype conversion 
of TAMs and the effects of modulating 
NF-κB signaling on tumor progression 
remain controversial. In this context, 
Hagemann et al. reported that inhibition 
of NF-κB signals specifically in TAMs 
rendered them cytotoxic to tumor cells 
concurrently with the acquisition of an 
M1 phenotype.10

Conclusion

Due to its crucial role in the specifica-
tion of macrophage phenotypes toward 
tumor-promoting or tumor-inhibitory 
TAMs, the NF-κB signaling nexus rep-
resents a tantalizing target for cancer 
treatment. However, the complexity and 
context dependency of NF-κB in TAMs 
warrants further investigations of this sig-
naling network to enhance therapeutic 
benefit.
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Figure  1. Role of CUX1 in antagonizing NF-κB signaling in tumor-associated macrophages. 
Transforming growth factor-β (TGFβ) secreted by various cells in the tumor microenvironment 
induces expression of cut-like homeobox 1 (CUX1) in tumor-associated macrophages (TAMs). CUX1 
both directly represses nuclear factor-κB (NF-κB) DNA binding and recruits histone-deacetylase-1 
(HDAC1) to NF-κB promoters where it modulates the acetylation status of the RelA component, 
thereby leading to the reduced transactivation of NF-κB regulated cytokines. This inactivation 
of NF-κB signaling contributes to the impaired cytokine secretion of TAMs found in established 
tumors.
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