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A core of macrophages facilitates ovarian cancer metastases
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Abstract: The study of Yin ez al. focuses on the underlying mechanisms of ovarian cancer (OC) metastases.
During OC progression, tumor cells detach from the primary tumor and interact with tumor-associated
macrophages (TAMs) to survive in the peritoneal fluid as free-floating spheroids. TAMs provide matrix
support and growth factors in the core of the tumor spheroid in the initial steps of peritoneal carcinomatosis.
Here the EGF/EGER signaling axis establishes TAM-tumor cell crosstalk as a critical paracrine loop to
support tumor proliferation and anoikis protection. By using EGFR inhibitors or monoclonal antibodies
survival of OC tumor bearing mice was improved. While this indicates new strategies to treat peritoneal
metastases and to potentially improve OC patient prognosis, targeted therapies against the EGF receptor
failed in the clinical setting. Future trials will need to elucidate if different treatment regimes could still use
this promising target. Moreover, the EGF/EGFR crosstalk induces autocrine VEGF-C/VEGFR-3 signaling
in tumor cells. This is important for tumor cell migration and ICAM-1 upregulation that in turn maintains
cell-cell contact between tumor cells and TAMs (via CD11b/c), thereby stabilizing the tumor spheroids.
The importance of TAMs was confirmed in 128 analyzed spheroid patient samples, where a high percentage
of macrophages within spheroids were associated with a lower overall survival (OS) of OC patients. In
this perspective we discuss the findings of Yin ez 4/. and speculate on (chemo)protective properties of OC
spheroids, the general role of macrophages, macrophage recruitment and tumor cell-macrophage interaction.

We highlight the current status of the proposed targeted therapies and propose future clinical application.
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Ovarian cancer (OC) spheroids require tumor-
associated macrophages (TAMs) to survive
anoikis

Metastases is nowadays the leading cause of death of cancer
patients and of relevance, this study of Yin ez 4/. focuses in
metastases establishment during the metastatic process (1).
In OC, one of the most common observed metastases is
through the transcoelomic route, leading to peritoneal
metastases and ascites production (2). In contrast to other
epithelial tumor metastasis, cells that break away from
the primary tumor can be directly transported via the
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peritoneal fluid. This avoids the need to cross the vascular
endothelium, to survive within the circulation and to leave
the blood vasculature at the final destination. However, the
first challenge these tumor cells face is to survive anoikis
[cell death induced by lack of extracellular matrix (ECM)
support]. Mechanisms such as upregulation of RAB25 (3),
overexpression of B7-H4 (4) and activation of the Src/Akt/
Erk signaling pathway (5) by tumor cells have been reported
to prevent anoikis and support immune surveillance escape.

Free-floating aggregates of tumor cells, known as
spheroids, are detected in the ascites of OC patients. These
structures were proposed to be a survival mechanism by
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maintaining cell-cell contact and co-stimulation under
anchorage-independent growth conditions. In a later
stage, these spheroids are then able to attach firmly at
different sites of the peritoneum as distant metastases. Not
surprisingly, the structure of the spheroids itself offers a
shield that also protects them from apoptosis. In these
spheroids TAMs seem to form the soil that enables tumor
cell survival. However, as macrophages can also act against
tumor cells, they might also themselves be shielded inside
these spheroid structures from signals turning them against
the tumor.

Protective properties of OC spheroids

Related to this shield, the spheroid three-dimensional
structure also provides tumor cells with increased drug
resistance. As the spheroids are avascular, and thus
not perfused, the penetrance of drugs into the core of
the spheroid is limited. Since OC cells have to survive
independent of anchorage in the peritoneal cavity,
the main function of these spheroids is to generate a
microenvironment that can support tumor growth and cell
survival. Hence, it is not surprising that cell-cell adhesion
molecules play an important role on this process. Yet it is
still not clear which main players are involved. One potential
player might be E-cadherin, which is expressed within the
tumor cells surrounding TAMs. E-cadherin upregulation
seems to be specific for the malignant transformations
and its presence has been shown to be important for
maintaining spheroid integrity (6). However, in the context
of epithelial-mesenchymal transition (EMT), others have
shown that E-cadherin expression in ascitic spheroids and
at metastatic sites is lower than in the primary tumor, and
that low expression or absence of E-cadherin predicts poor
patient survival (7). Cadherin expression switches during
tumor progression being differentially expressed across the
primary tumor and the metastatic site, while sharing similar
functions. It is known that loss of E-cadherin is partially
compensated by upregulation of N-cadherin and that both
might act synergistically. While E-cadherin mediated cell-
cell adhesion promotes cell survival in the absence of ECM,
N-cadherin can also promote cell growth and survival in
this context (8). Thus, even though E-cadherin is expressed,
the previous research suggests that there might be
additional mechanisms involved, independent of cadherin
mediated cell-cell adhesion, in OC spheroid formation.

In this line, the study reveals that macrophages provide
anchorage for tumor cells via a specific integrin interaction.
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Here they find high ICAM-1 expression in cancer cells,
which binds Cd11b-B2integrin of TAMs (Figure 1).
Previously, several integrins that mediate spheroid formation
by binding to different components of the ECM were
identified (9). Laminin and collagen IV-binding integrins
were shown to be present in ascites and the mesothelium,
were the spheroids attach before EMT and invasion.
Nonetheless, a specific TAM integrin that binds tumor cells
in OC is for the first time described in this study.

TAMs as ECM for tumor cells

As mentioned before, a so far not characterized role of
TAMs in OC is shown in this study. The authors show
that F4/80+ CD206+ TAMs offer structural help to
tumor cells to survive and proliferate. Indeed, within the
core of OC ascitic spheroids, both in human and mouse,
macrophages are present. Moreover, by depleting TAMs
with clodronate liposomes in tumor-bearing mice, the
tumor burden was lowered and they survived longer. Vice
versa, injection of “educated” TAMs together with OC
cells in recipient mice supported tumor growth and let to
a shorter survival. Thereby the authors prove that TAMs
are essential for peritoneal spheroid formation and growth.
Of clinical relevance, the presence of CD68+ cells (human
macrophages) in OC spheroids negatively correlated to
overall survival (OS) of patients.

In solid tumors, the function of TAMs has been
extensively studied (10). Briefly, they support invasion and
angiogenesis through protease or growth factor secretion
and by secreting a plethora of cytokines they induce
immunosuppression and metastasis. From studies in breast
cancer, it is known that tumor cells enter into blood vessels
often at clusters of macrophages attached to the abluminal
side. Interestingly, a subpopulation of TAM that secrets
EGF has been shown to guide tumor cells in the stroma
towards a blood vessel, where they can then escape into
the circulation. This process requires CSF-1 and EGF
signaling in TAMs and tumor cells, respectively (11,12). As
blocking EGF dramatically reduced the number of tumor
cells entering the bloodstream, it’s natural to think that EGF
(from TAMs)—EGFR (in tumor cells) signaling supports
tumor cell survival in the circulation. This observation
makes us question whether this can be a general mechanism
of TAM-cancer cell communication. Cancer cells not only
depend on macrophages as a source of different cytokines,
but also attract and polarize specific macrophage populations
that offer an ECM to survive in the bloodstream or in the
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Figure 1 TAMs are found in the core of OC spheroids. Forming the primary tumor, the earliest steps of metastasis involve tumor cell

detachment and stromal cell recruitment. Here, Yin and colleges identified that macrophages are present in both human and mouse

spheroids. These macrophages are M2-TAMs (F4/80+, CD206+) and are required for tumor cell survival and proliferation. By secretion
of EGE, TAMs activate EGFR in cancer cells, which in turn upregulates the autocrine VEGF-C/VEGFR-3 axis. This results in ICAM-1

upregulation in the cancer cells that allows them to anchor to macrophages via integrins (inset). Overall, this promotes tumor proliferation,

migration and adhesion. The question marks refer to open questions mentioned in the text. TAM, tumor-associated macrophage; OC,

ovarian cancer. CAFs, cancer-associated fibroblasts.

peritoneal fluid, as shown here (Figure 1).

M2 macrophages in OC spheroids

In this study the authors describe that spheroid macrophages
are polarized towards an M2-like phenotype, characterized
by an upregulation of M7 (mannose receptor), Cx3crl, Argl
(arginase 1) and Cd163. In general the M1/M2 macrophage
classification is useful but very simple. Macrophages are
very plastic and can switch between continuums of different
phenotypes. This M1/M2 classification shows two extreme
polarizations of macrophages and reflects the “fight” and “fix”
role of the respective phenotypes. In healthy conditions, M1
macrophages can inhibit cell proliferation, act phagocytically
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and cause tissue damage upon a stress situation such
as a bacterial infection. After danger elimination, M2
macrophages arrive to promote proliferation and tissue
repair. However, in a disease like cancer, tumor cells take
advantage of the high plasticity of macrophages and by
secreting different cytokines force them to support tumor
growth (13). Both M1-like and M2-like macrophages
are known to be present during cancer progression.
As expected, the presence of M1-like TAMs in human
tumors is associated with improvement in OS, as in lung
cancer (14) or colon cancer (15), while an M2 phenotype
is often associated with a poor patient survival (16).
Supporting the findings of this study, in gastric cancer
more M2 peritoneal macrophages were present in patients
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with peritoneal dissemination than in those without
dissemination (17).

The M2-like phenotype of macrophages can also be
enhanced by the ECM. It serves as a structural scaffold
for the innate immune cell infiltration, where TAMs have
been shown to polarize towards an M2 phenotype (18).
Intriguingly, in this study the deposition of ECM and the
role of other stromal cells, such as fibroblasts (the major
“resident” cell population in the peritoneal cavity), have
not been investigated and we therefore do not know if they
form part of the spheroid structure (Figure I). Cancer-
associated fibroblasts (CAFs) are known to be able to secrete
cytokines to recruit immune cells and to support tumor
growth and metastasis (19). Interestingly, in colon cancer,
CAFs are known to secrete EGF and to mediate tumor cell
proliferation and survival (20). We hypothesize that CAFs
might be both a source and a form of regulation of EGF in
the peritoneal cavity microenvironment. Future research
should also address this question.

Tumor driven macrophage recruitment via VEGF?

In line, another question not addressed by this study is
the origin of these macrophages. Are they tissue-resident
peritoneal macrophages or are they recruited from the bone
marrow via the circulation? Monocytes and macrophages
migrate towards damaged tissues under the influence of
cytokines, chemokines and growth factors. Interestingly,
analysis of the growth factors that TAMs provide to tumor
cells revealed that EGF was exclusively produced by TAMs
but also that VEGF-A was highly expressed exclusively
by tumor cells. Previously, an autocrine role for VEGE/
VEGFR-2 was already implicated in protecting tumor
cells from anoikis (21) but we propose that in this context,
the tumor-derived VEGF might be driving macrophage
recruitment.

Tumor lesions are usually hypoxic leading to a strong
upregulation of VEGF-A. In solid tumors, VEGF-A and
the VEGF family member PIGF have been implicated in
the hypoxia-induced recruitment of macrophages (22,23).
Moreover, macrophage upregulate VEGF-A during tumor
progression (13). Thus, it is surprising that in this model
macrophages do not behave similarly. Perhaps, since the
spheroids are avascular structures, they don’t require high
VEGEF-A secretion from macrophages to support tumor
angiogenesis (24).

Additionally, a specific Tie2+, CD206+, and VEGF-A
secreting population of macrophages has been described
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to support tumor cell intravasation in direct contact with
tumor cells, acting as a bridge through the endothelium (25).
Structurally, macrophages have also a “chaperone” function
in angiogenesis. During embryonic development they
facilitate vascular anastomosis in response to VEGF (26).
Thus, even in this different setting of free-floating
spheroids, one could speculate that OC cells up-regulate
VEGF-A in order to recruit macrophages and later enable
attachment and vascularization. Further insight on this
might raise possibilities for new-targeted therapies.

VEGF-C and VEGFR3, not only players in
lymphangiogenesis

VEGF-C is another member of the VEGF family expressed
by cancer cells within OC spheroids. The main known
function of VEGF-C is in lymphangiogenesis, where it
acts via the tyrosine kinase receptor VEGFR-3 to promote
survival, growth and migration of lymphatic endothelial
cells (LECs). Interestingly, in the neural system VEGF-C
plays a trophic role for oligodendrocyte precursor cells (27).
During development Tie2+ macrophages release VEGF-C
to regulate angiogenic vessel branching by regulation of
EC migration (28). Here Yin and colleges demonstrate that
TAM-EGF induces tumor-VEGF-C secretion that in turn
activates tumor-VEGFR-3 to induce tumor cell migration
(Figure 1). In line with this finding, in lung adenocarcinoma,
VEGF-C and VEGFR-3 signaling enhances tumor cell
mobility iz vitro and metastasis in vivo. Additionally, their
expression negatively correlates with patient survival and
positively with clinical metastasis (29).

Integrins, mediators of cell-cell interactions in
OC spheroids

Moreover, in OC spheroids VEGFR-3 activation induces
tumor-ICAM-1 expression, necessary to bind via a CD11b/c
aMp2-integrin complex to TAMs (Figure I). This supports
tumor spheroid formation and might be a mechanism
where tumor cells co-opt physiological functions. Under
physiological conditions, ICAM-1 takes part in the local
immune-surveillance response. ICAM-1 upregulation
induces granulocyte infiltration and following destruction
by natural killer (NK) or cytotoxic T lymphocytes (CTLs)
cells. Thus, ICAM-1 is a cell adhesion molecule that takes
part in the cancer cell elimination by immune cells. Yet,
its expression has been positively correlated with advanced
stages of human gastric cancer (30). In contrast, expression
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of ICAM-1 on renal and esophageal cancer associates with
good prognosis most probably by boosting the host immune
response (31,32).

Of clinical relevance, here they demonstrate that both
inhibiting EGFR (with erlotinib) and blocking ICAM-1
(with an anti-ICAM-1 antibody) reduced mouse total body
weight, ascitic volume and tumor weight and led to smaller
and less spheroids.

Therapeutic relevance in the clinics: focus on
the EGF-EGFR axis

The findings of this study might open a window to new
therapeutic approaches in OC. Most patients with this cancer
are diagnosed at advanced stages with more than 75% having
peritoneal involvement, often leading to ascites and bowl
obstruction (33,34). As OC is often confined in the peritoneal
cavity, aggressive therapies are applied with cytoreductive
surgery (peritonectomy and potentially organ resections)
combined with hyperthermic intraperitoneal chemotherapy
(HIPEC) (35,36). Currently, it is unclear if the addition of
HIPEC really prolongs the survival of the patients. This
year, the Society of Gynecologic Oncology and American
Society of Clinical Oncology Clinical Practice Guideline
recommends that women at low likelihood of achieving
a cytoreduction of <1 cm should receive neoadjuvant
chemotherapy (37). For neoadjuvant chemotherapy a
platinum/taxane doublet regimen is recommended. While
in the past 10 years many studies for OC treatment were
focused on anti-angiogenic agents (38), only limited data
exists on the targets suggested in this study. The main focus
of these previous studies was on targeting the EGF-EGFR
pathway and several clinical trials are currently ongoing.
Different strategies have been developed to block this
pathway such as EGFR inhibitors or antibodies like erlotinib,
lapatinib, cetuximab and panitumumab (39-42).

Initial phase II trials were performed with the addition of
cetuximab in relapsed platinum-sensitive OC patients. Here
9 out of 26 patients showed an objective response to the
combined therapy of cetuximab with carboplatin, but this
response rate did not meet criteria to open a further stage of
the trial (40). Similarly initial treatment with the addition of
cetuximab did not demonstrate prolongation of progression
free survival (PFS) (43).

Analogous maintenance therapy with erlotinib after first-
line chemotherapy did not prolong OC patient PFS or
OS in a phase III trial (41). Also, lapatinib failed to show
promising clinical activity (39,44) and panitumumab showed
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a moderate response rate of 18.6% in a phase II trial (42).

The discouraging results from the previous clinical
studies targeting the EGF-EGFR pathway make us ponder
whether the observed results by the authors are of any
clinical relevance or not, even toughly high EGF expression
is associated with a poor survival of OC patients. However,
it needs to be taken into account that all clinical studies
were performed in advance stages of the disease and often
after tumor recurrence. Could there be a therapeutic
window of time? It will be impossible to treat patients at
the beginning of the metastatic process, but it could be
imaginable to treat them early after or perioperatively
when performing CRS with or without HIPEC. Similar
perioperative trials are currently performed in patients with
peritoneal carcinomatosis of colorectal cancer (45). Maybe
by blocking the EGF/EGFR signaling after complete
CRS clinicians could block initial steps in the relapse of
peritoneal metastases, even though in colon cancer such
an approach did not improve OS (46). HIPECs with the
local intraperitoneal application of targeted therapy are
not in clinical use. However, it is unclear how a therapeutic
agent should penetrate into an avascular spheroid structure.
Alternatively, adjuvant or perioperative EGF/EGFR
targeted treatment additional to curative surgery of non-
metastatic OC could help to prevent subsequent peritoneal
metastases by inhibition of OC spheroids. Especially,
microscopic intraoperative tumor cell shedding by the
surgical trauma could be targeted.

Future therapeutic targets: still a long way to go

Therapies against the further potential targets of this study
like VEGF-C, VEGFR-3 and ICAM-1 are only in very
early experimental clinical trials (47,48). However, in murine
tumor models it has been well reported that VEGF-C and
VEGFR-3 promote metastasis to the lymphatic system
and induce tumor cell motility (49). In a melanoma tumor
model, which preferentially metastasizes to the lymph
nodes, inhibition of VEGF-C before tumor implantation
blocked tumor-associated lymphangiogenesis and
metastasis (50). Moreover, blocking VEGFR-3 in a breast
cancer model reduced tumor growth and metastasis (51).
Also, blocking VEGFR-3 with monoclonal antibodies
showed effective results as anti-angiogenic therapy (52).
Thus, targeting this signaling pathway might be
therapeutically relevant for certain types of tumor by
mechanisms other than blocking lymphangiogenesis.
Opposite to what is proposed in this study, several efforts
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have been done to generate therapeutic expression vectors
encoding xenogeneic ICAM-1 (53). The idea behind
this treatment is to induce complete tumor rejection by
CTL-mediated antitumor immunity. Supporting this, in a
colon cancer liver metastasis model, a role for ICAM-1 in
suppressing M2 macrophage polarization was proposed.
Decreased ICAM-1 expression in colon cancer cells was
related to aggressive tumors and to poor patient prognosis.
Furthermore, they speculate that endogenous ICAM-1
might be a metastatic suppressor (54). Actually, a vaccine-
based therapy of established murine tumors called CEA/
TRICOM induced a therapeutic antitumor response
without toxicity (55). Nevertheless, in other tumor models
like breast cancer, ICAM-1 expression has been correlated
to poor patient prognosis and proposed as a potential
target (56). Altogether reflects a very puzzling situation,
which requires further investigation and clearly shows the
need of tumor-specific treatments.

Conclusions

In their study Yin et a/. discover a novel mechanism for
the formation of transcoelomic metastasis of OC. They
observed that tumor cells are in close interaction with
macrophages within the core of tumor spheroids. Also,
they have discovered the EGF/EGFR, VEGF-C/VEGFR3
and ICAM-1 as key signaling pathways in this cancer
cell-macrophage interaction. However, current clinical
data from drugs targeting these pathways does not show
promising results. Thus, more work will be needed to
define an optimal treatment regimen.
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