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A topology perspective on macrophages
iIn melanoma metastasis
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In this issue of Cell Reports Medicine, Martinek et al.’ provide a window into the regional specialization of
macrophages infiltrating metastatic melanoma. Combining histo-cytometry and transcriptomics, they iden-
tify a signature of stromal macrophages with dendritic cell features and clinical relevance.

Increasing information is available on im-
mune cells infiltrating human tumors, an
important piece of knowledge expected
to inform and guide immune-based thera-
peutic approaches.”® However, our un-
derstanding of immune cells populating
the tumor microenvironment in the meta-
static setting is limited. This gap has only
started to be filled, and it represents a crit-
ical issue when considering that immune-
based therapeutic strategies are being
largely tested in the context of metastatic
disease.

In this issue of Cell Reports Medicine,
Martinek et al." present data exploring
the diversity of myeloid cells (defined as
cells expressing CD14) in relation to their
localization in metastatic melanoma.
They demonstrate that the transcriptional
profile of CD14* myeloid cells (including
monocytes, macrophages, and dendritic
cells) depends on their location, i.e., it is
different whether they are localized in
the tumor nests (iICD14+) or in the stroma
(sCD14+). This topology perspective is
interesting and conducive to relevant ob-
servations.

The authors first obtained a cellular
map of 20 metastatic melanoma tumors
from different organs by multiparametric
immunofluorescence, considering, in the
first place, only major populations identi-
fied by common lineage markers, such
as CD45, CD3, CD14, and CD19/CD138.
The choice of CD14 as a marker (instead
of the commonly used CD68) is justified
as an attempt to consider the largest frac-
tion of myeloid cells, without restricting to
mature macrophages. Not surprisingly,
CD14* cells were the most abundant

leukocyte subset. However, only iCD14+
cells, deeply localized in the melanoma
nests, displayed intracytoplasmic unpro-
cessed melanoma proteins and were in
strategic proximity to both CD3* T cells
and melanoma cells. We are observing
here an example of myeloid diversity,”
whereby myeloid cells respond to distinct
microenvironmental cues (here, the
ones provided by the tumor or the
stroma) and acquire localization-depen-
dent phenotype and function. The diver-
sity of myeloid cells—macrophages in
particular—has been the object of several
studies” and is progressively incorpo-
rating new features (e.g., morphology,
transcriptional profiles, metabolism) and
drivers (including location in the tissue),
as shown in this report, increasing the
number of macrophage subtypes docu-
mented.

To what extent are these macrophage
subtypes linked to a specific function?
Provided that the distinct populations
are isolated, the analysis of their tran-
scriptome can help answer this question.
Along this line, Martinek et al.” analyzed
the transcriptome of iCD14+ and
sCD14+ cells carefully harvested from
distinct regions and found regional signa-
tures, a relevant feature that was not pre-
sentin CD3™" T cells, whose transcriptional
program was irrespective of their localiza-
tion. What emerged was that iCD14+
were more like tissue macrophages, while
sCD14+ seemed involved in the organiza-
tion of the tumor stroma.

What about the clinical significance of
this diversity? Notably, despite iCD14+
cells being capable of internalizing prod-

ucts of melanoma cells and juxtaposed
to CD3* T cells, their signature did
not stratify patients in The Cancer
Genome Atlas datasets. Only a sCD14+
signature (LY75-CD2-CD14) correlated
with survival benefit in melanoma pa-
tients. Figure 1 The signature, particularly
LY75 (encoding for the DEC-205 recep-
tor), suggests that macrophage-derived
dendritic cells may be present and traces
back to a macrophage-dendritic cell
connection previously documented by
the authors.®

By studying melanoma metastasis,
Martinek et al." provide some new in-
sights of considerable significance.
Proving the hypothesis that CD14 * mac-
rophages may have distinct transcrip-
tional profiles depending on their location
was a demanding objective. To achieve
this goal, authors took advantage of
state-of-the-art technology to conduct
single-cell analysis in situ, without separa-
tion of the cells, a strong methodological
aspect. Histo-cytometry on whole-tissue
scans and laser capture microdissection
were key resources that aided in drawing
the cellular maps of metastatic mela-
noma. Several multiparametric analytic
approaches are being used in prognostic
studies, and here, the authors were ex-
ploiting the advantages of these technolo-
gies to accomplish a relevant objective,
i.e., the definition of the prognostic value
of different myeloid populations.9

Another point of attention of the study is
the tissue site of metastasis. Martinek
et al.' analyzed melanoma metastasis
that were localized in different organs
(lymph nodes, skin, lung, intestine).
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Figure 1. Regional specialization of macrophages in melanoma metastasis

Two distinct types of macrophages infiltrate melanoma metastasis. iCD14+ macrophages (expressing
CD14, TLR4, CD163, and SIGLECT) are close to tumor and T cells and present intracellular indigested
tumor antigens, while sCD14+ macrophages localize in the stroma. A signature of sCD14+ (Cd714-CD2-
Ly75) correlates with better survival for melanoma patients. Created with BioRender.com.

Interestingly, the transcriptome of the
discrete CD14 populations (iCD14+ and
sCD14+) were homogeneously conserved
across tissues. This point is interesting and
needs to be further explored. Although
macrophage infiltration is a common
denominator of different tumors,”'® mac-
rophages infiltrating secondary lesions
in different organs are substantially
different. It has been suggested that the
tissue-intrinsic properties of the metastatic
lesions imprint the macrophage profile.
Here, the authors report that in melanoma,
macrophages at different metastatic sites
are homogeneous, suggesting that they
may be shaped more by the melanoma
cells rather than by the intrinsic properties
of the tissue.

The study by Martinek at al." provides
new vistas on the importance of topology

as a correlate of the diversity of myelomo-
nocytic cells in metastatic melanoma and
on the clinical significance of diversity. As
usual, this study also raises a few ques-
tions. The ontogeny of different macro-
phages remains to be defined. The signals
responsible for the differential phenotype
and significance of macrophages are, at
the moment, a matter of speculation.
Finally, this report draws attention to the
fact that the diversity and topology of mac-
rophages in metastatic disease should be
taken into consideration in the develop-
ment of myeloid-cell-centered strategies.”
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