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A number of studies point to an aberrant differentiation and accumulation of CD14C PD-L1C M2-macrophage-like
cells in the microenvironment of cervical cancer, which promote immunosuppressive conditions and are associated
with tumor invasion, angiogenesis and metastasis. Therapeutic targeting of these macrophages may tip the balance in
favor of antitumor immunity. Cervical cancer is the fourth most common cancer among women worldwide and is
caused by a persistent infection and subsequent integration of high-risk types of the human papillomavirus.
Continuous expression of the viral oncoproteins E6 and E7 has been shown essential to maintain the transformed state
of infected keratinocytes. As these non-self oncoproteins are immunogenic, cervical cancer requires a highly immune
suppressed tumor microenvironment to metastasize through lymphovascular space invasion (LVSI) to the pelvic tumor-
draining lymph nodes (TDLN). Unraveling the mechanisms underlying this immune suppression may uncover novel
therapeutic targets aimed at loco-regional control of cervical cancer.

Recently we uncovered a strong associ-
ation in cervical TDLN between meta-
static involvement and high rates of a
CD14C CD163C M2-macrophage-like
subset with high programmed death-
ligand 1 (PD-L1) expression and low lev-
els of the co-stimulatory molecules CD80
and CD86.1 As these M2-like cells were
virtually absent from uninvolved TDLN
and phenotypically differed considerably
from the CD14C dendritic cell (DC) LN-
resident subset, we hypothesized that they
had originated from monocytes that were
both attracted and conditioned by tumor-
derived factors. Indeed, we and others
have previously shown that monocyte-to-
DC differentiation can be diverted to the
development of M2-like cells in the pres-
ence of primary tumor supernatants,

mostly due to high levels of prostaglan-
din-E2 (PGE2) and interleukin (IL)-6.2,3

In addition, maturation of DC in the
presence of IL-10 can lead to their conver-
sion into CD14C M2-like cells with very
similar phenotypic and functional fea-
tures, i.e., upregulated PD-L1 and
CD163 expression, low levels of co-stimu-
latory molecules, reduced IL-12p70 and
increased IL-10 release (upon CD40L and
IFNg stimulation), poor CD8C effector T
cell priming, and induction of CD25hi

FoxP3C regulatory T cells (Treg). Addi-
tionally, these M2-like cells expressed pro-
angiogenic and pro-tumor invasive factors
(Fig. 1).4

In primary cervical tumors, CD14C

cells are present in large quantities5, and
can actually adopt a T cell-stimulatory

M1-phenotype, which, in conjunction
with CD8C T cell infiltration, resulted in
a prognostically favorable association
with overall survival.5 Interestingly, we
observed a reduced frequency of CD8C

effector T cells in metastasis-free TDLN
of patients with LVSI.1 This is proof of
early immune suppression in TDLN pre-
ceding actual metastatic spread and indi-
cates the importance for tumor invasion
of sabotaging effector T cells. PD-L1 is
an inhibitory molecule also expressed on
cervical tumor cells, which can bind to
PD-1 on activated T cells, thus blocking
their antitumor effector functions
(Fig. 1). The strong association between
metastasis and the presence of PD-L1C

M2-macrophages in TDLN suggests that
metastasizing tumor cells have the ability
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to recruit and convert monocytes to M2-
macrophages, likely through the release
of chemo-attractants like CCL2 and of
M2-inducing factors like PGE2, IL-6, IL-
10, IL-4, and IL-13 (Fig. 1).2-4,6,7 These
M2-macrophages may aid tumor invasion
not only through effector T cell inhibi-
tion, but also physically through the
release of matrix metalloproteinases.4 In
cervical TDLN, we also found a clear
and significant correlation between fre-
quencies of Tregs and rates of CD14C

M2-like cells as well as their expression
levels of PD-L1.1 Tregs are numerous at
both primary and metastatic tumor
sites,1,8,9 and in TDLN were previously
shown to be highly T cell suppressive.9

Their expansion and activation may be

induced by interactions with M2-mac-
rophages, and vice versa, Tregs can pro-
mote differentiation of monocytes to
immunosuppressive M2-macrophages.
Thus, a picture is emerging in meta-
static TDLN of a concerted increase in
M2-macrophages and Tregs, associated
with high IL-10 and IL-6 release levels
(Fig. 1).1 We propose that metastasizing
tumor cells condition the microenviron-
ment through PGE2 and IL-6 release to
engender PD-L1C M2 skewing, leading
to collateral Treg expansion and activa-
tion. Cross-talk with co-mobilized mye-
loid-derived suppressor cells (MDSC)1

may further amplify this vicious cycle
of immune suppression, thus enabling
immune escape (Fig. 1).

How can we therapeutically target M2-
macrophages to lift the immunosuppres-
sive barriers in the microenvironment of
cervical tumors and TDLN? A first option
would be to interrupt the immunosup-
pressive cycle through PD-1/PD-L1
checkpoint inhibition. This intervention
is already used to great clinical effect in
other types of cancer, and is likely to be
effective also in cervical cancer. This
notion is supported by our observation of
increased PD-1 levels on T cells in tumor-
involved TDLN.1 Aberrant myeloid dif-
ferentiation has been linked to JAK2/
STAT3 signaling. A promising in vitro
study has shown combined inhibition of
the STAT3 and p38-MAPK signaling
pathways to facilitate CD1aC DC

Figure 1. Model showing the central role of CD14C M2-macrophage-like cells in the immune suppression in cervical cancer. CD14C monocytes are
recruited from the peripheral blood by tumor-derived CCL2, produced by metastasizing tumor cells. In the presence of interleukin (IL)-6 and prostaglan-
din-E2 (PGE2), these monocytes become converted in the microenvironment of the tumor-draining lymph nodes and the primary tumor into CD14C

M2-macrophages expressing programmed death-ligand 1 (PD-L1). These suppressive CD14C M2-macrophages promote progression and early metasta-
sis of the primary tumor by producing pro-angiogenic and tumor-invasive factors. In addition, they can bind to PD-1 on antitumor effector T cells,
thereby inhibiting an immune response against the primary and metastatic tumor cells. This immunosuppressive cycle is further amplified by the inter-
play and crosstalk of regulatory T cells (Treg) and myeloid-derived suppressor cells (MDSC).
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differentiation in primary tumor suspen-
sions while reducing frequencies of
CD14C cells and inducing a Th1
response.6 Another approach is to block
upstream-acting IL-6 or cyclooxygenase
(COX) ¡1/¡2 (i.e., the catalytic enzymes
controlling PGE2 production),2,3,7 possi-
bly in combination with conventional che-
motherapy. Indeed, combined in vitro
treatment of tumor cell lines with cyto-
static drugs and COX-1/-2 and/or IL-6R
inhibitors prevented subsequent M2-
skewing.7 A recent publication suggested
CSF1R blockade as a means to decrease
the number of cervical tumor-associated

M2-macrophages through interrupted
recruitment, differentiation and turnover
rates.10 Alternatively, M2-macrophages
may be re-programmed to M1-macro-
phages through effector molecules associ-
ated with Th1 cells such as CD40L and
IFNg, or by the use of TLR ligands.3

However, our own results suggest that this
may not suffice.1,2,4,6 Ideally, a combina-
torial immunotherapy should be pursued
by blocking immune suppression (e.g.,
through blockade of PD-L1 or STAT3/
p38 signaling), thereby minimizing the
negative impact of CD14C M2-macro-
phage-like cells, while promoting an

antitumor response in the TDLN, e.g., by
immune potentiation or vaccination. Such
a “push and pull” approach could be
applied locally to minimize unwanted side
effects and might result in effective loco-
regional control of cervical cancer. This
promising therapeutic approach certainly
deserves further (pre-)clinical exploration.
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