MACROPHAGE POLARIZATION
PLASTICITY IN HEALTH AND DISEASE
GENERATION OF MACROPHAGES IN VITRO
Background

Isolation of tumor-associated macrophages

Generation of macrophages
Tab 1: Human macrophage activation reference table according to the common framework consensus nomenclature [5]. The published differentiation factor/activator combinations are presented here to serve as a basic guide. Specific effects of activation on macrophages should be tested
in comparison to the most appropriate non-activated M(-)-baseline variant as a control.
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-
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Unpolarized macrophages

Polarized macrophages

*Use the differentiation factors M-CSF or GM-CSF at 50-100 ng/ml final concentration with Macrophage Base Medium DXF

M0 / Mϕ macrophages

systems, in conjunction with the published
guidelines for unified experimental standards
for in vitro macrophage activation, are essential for making purposeful and effective progress in macrophage-related research.
PromoCell supplies a complete macrophage
cell culture portfolio that includes media
systems for generating macrophages from
fresh peripheral blood mononuclear cells
(PBMCs) or isolating tumor-associated macrophages (TAMs) from tumor tissues, assay-ready
cryopreserved macrophages, and macrophage
analysis tools for subsequent use (Fig. 1). For
more information and detailed protocols,
please refer to our website
(Macrophage Generation Media DXF).

M2 macrophages

M(-)-GM-CSF

M(-)-M-CSF

Polarized, activated macrophages (optional)

M(IFN-γ) M(LPS+IFN-γ) M(LPS)

Acronyms: IC = immune complexes, IFN = interferon, IgG = immunoglobulin G, GC = glucocorticoids, (G)M-CSF = (granulocyte/)macrophage colony stimulating factor, IL = interleukin, LPS = lipopolysaccharide, PBMC = peripheral blood mononuclear cells, TAM = tumor-associated macrophages (freshly isolated from tumor tissue), TGF =
transforming growth factor.

+ IL-4

+ IL-10

+ IgG + LPS

Fig 1: PromoCell macrophage cell culture portfolio.
Overview of possible applications with PromoCell's
macrophage media and cryopreserved macrophages. More information is available on our website (Macrophage Generation Media DXF).

+ Activation factor

+ TGFβ
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Realization has therefore recently spread that
the traditional M1/M2 model does not satisfactorily represent the whole complexity of
activation states of this highly plastic cell
lineage [4]. In this context, an international
group of macrophage experts has published a
joint framework proposal for macrophage activation nomenclature [5]. It calls for designating
in vitro macrophage activation states according
to the stimulus used (e.g. 20 ng/ml recombinant human (rhu) IL-4) while clearly indicating
the differentiation factors used to generate
MDM (e.g. 100 ng/ml rhu M-CSF). See also
Tab. 1.
Defined, xeno-free macrophage culture

M1 macrophages

+ LPS

New nomenclature

+ LPS + IFN-γ

Traditionally, activated macrophages of different phenotypes have routinely been classified
as M1 and M2 macrophages. The “classically
activated” M1macrophages comprise immune
effector cells of an acutely inflammatory phenotype. They are highly aggressive against bacteria and produce large amounts of lymphokines [3]. Conversely, the “alternatively
activated” anti-inflammatory M2 macrophages
perform regulatory functions of many kinds
including regulating immunity, maintaining
tolerance, and tissue repair/wound healing [1,
3].
Due to this functional heterogeneity of M2
macrophage functions, they have been
assigned to three subgroups, M2a, M2b and
M2c.
In fact, cells of the monocyte/macrophage
lineage exhibit extraordinary plasticity in
response to both endogenous and exogenous
stimuli, potentially even reversing the initial
M1/M2 polarization processes [3]. For example, M2 polarized macrophages can convert to
M1-activated status under certain conditions.
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Macrophages are tissue-resident professional
phagocytes and antigen-presenting cells
(APC), that form as a result of the differentiation of circulating peripheral blood monocytes.
They perform active and regulatory immune
functions in both innate and adaptive immunity
[1]. Macrophages influence the outcome of
many diseases, e.g. allergic and autoimmune
disorders, cancer, diabetes, atherosclerosis,
rheumatoid arthritis and metabolic syndrome
[2].
It is difficult to isolate sufficient amounts of
primary human macrophages (Mφ) of a homogeneous phenotype, and they do not proliferate in culture. The cells obtained often exhibit
significant phenotypical heterogeneity. Human
monocyte-derived macrophages (hMDM) are
highly pure and readily available, can be differentiated into macrophages in vitro and are
therefore an excellent alternative.
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INVOLVEMENT OF MACROPHAGES IN HEALTH AND DISEASE
Macrophages in health

Macrophages in disease

Macrophages are present in almost all tissues
and their classic role as antimicrobial phagocytes is well-known. They contribute to various
processes in the healthy organism, including
development, wound healing, infection and
tissue homeostasis. Tissue-resident macrophages play important roles in development
and also perform homeostatic and inflammatory functions such as regulating angiogenesis
and removing apoptotic cells as secretions of
inflammatory mediators [6]. The standard
binary classification system (with M1 and M2
macrophages) is becoming outdated, however.
Now attention is increasingly turning to the
incredibly diverse set of functional phenotypes
that are influenced by and highly adaptive to
environmental stimuli.

When something goes wrong in an organism
and pathologies develop, macrophages probably play a role in the establishment of various
kinds of diseases such as autoimmune disorders, atherosclerosis and cancer (Fig. 2). During
the early phases, macrophages usually manifest
as a pro-inflammatory phenotype and later
switch to an anti-inflammatory state. Unless
this initially helpful inflammatory reaction is
controlled, the macrophages become pathogenic, cause tissue damage and contribute to
the progression of inflammatory or autoimmune diseases, among others [2]. In cancers as
well, there is a strong correlation between macrophage density and the macrophage transcriptional signature on the one hand and the
survival rate of cancer patients on the other [6].
An understanding of the mechanisms by which
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Cancer
The role that macrophages play in tumors and
cancer is controversial. Results have demonstrated that macrophages can either support or
hinder tumorigenesis (Fig. 3). In general, it
appears that M1 macrophage subsets tend to
manifest as pro-inflammatory, cytotoxic and
anti-tumorigenic phenotypes, while M2 macrophage subsets assume an anti-inflammatory
and pro-tumorigenic state [7].
Tumor-associated macrophages (TAMs) are
therefore closer to the M2 subsets. TAMs also
appear to exhibit an enormous diversity of subtypes, and the older binary nomenclature is
therefore also rapidly becoming obsolete here
as well [7]. Recent experiments with TAMs as
potential targets for cancer treatment have
yielded promising results, e.g. by limiting
monocyte recruitment, modulating TAM activation, reprogramming TAMs and using them
as drug carriers [8]. Another way to reduce the
immunosuppression of T cells and their cytotoxic functions is to inhibit the PD-1/PD-L1
signaling cascade with e.g. monoclonal antibodies (Fig. 4). Inhibition of PD-1/PD-L1
signaling in vivo has increased macrophage
phagocytosis, reduced tumor growth and prolonged macrophage survival [9]. TAMs in general exhibit an immunosuppressive role in
tumor progression [7]. In hypoxic regions of
tumors, for instance, they show more pronounced PD-L1 expression and promote T cell
immunosuppression.
The roles played by TAMs in tumorigenesis
range from promoting angiogenesis, immunosuppression and metastasis to interacting with
cancer stem cells [7]. It has been shown that
macrophage metabolism can influence vessel
morphogenesis and thus also the level of
metastasis [10].
Inflammatory diseases
Macrophages are involved in numerous chronic
inflammatory and autoimmune diseases such
as atherosclerosis, asthma, rheumatoid arthritis, fibrosis, inflammatory bowel disease and
multiple sclerosis [2]. Typically, pro-inflammatory macrophages are the source of inflammatory cytokines and a subsequent pathological
inflammation reaction, although macrophages
performing a protective role have also been
reported. Ultimately, the mechanisms of macrophage polarization and differentiation in

Tumor-associated
macrophage (TAM)

Fig 3: Tumor microenvironment (TME). A tumor is surrounded by its own specific environment. In addition to having tumor-specific angiogenesis mechanisms, the TME comprises various cell types that make
different contributions to tumor progression, e.g. tumor-associated macrophages or malignant cells.
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Macrophage plasticity and polarization

a macrophage switches between inflammatory
and anti-inflammatory phenotypes may play
an important role in elucidating the underlying
pathologies of many chronic diseases [2].
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Fig 2: Macrophage plasticity and polarization in different types of pathologies. Macrophages exhibit high plasticity and can switch between polarization/activation states. This enables them to perform different functions. For example, M1-like macrophages are more predominant in early phases of
inflammatory responses, whereas M2-like macrophages are more commonly associated with chronic inflammation processes. (RA = rheumatoid
arthritis) [1, 17, 18].

A)

PD-1 and PD-L1
PD-1/PD-L1 signaling suppresses T cell-mediated cancer cell cytotoxicity

response to different microenvironments can
be expected to generate insights into a wide
spectrum of pathologies.

TCR

MHC

Perspectives
The diverse origins, transcriptional complexity
and adaptation of macrophage phenotypes to
microenvironmental demands (homeostasis or
pathology) are gradually being accepted, and
interest in research is increasing. The determination of proteomes and transcriptomes of
particular macrophage subsets may give rise to
a novel classification system for macrophages
based on their origins and functional phenotypes [2]. Work to identify the wide variety of
human macrophages has only just begun.
From a therapeutic standpoint, macrophage
targeting is a highly relevant and intensively
studied field. There may be considerable
potential in targeting macrophage markers and
modulating cytokine/ chemokine/ growth
factor expression and production for treating
macrophage-related pathologies such as
cancer and inflammatory diseases, e.g. rheumatoid arthritis (RA) and multiple sclerosis.
Even obesity might one day be controlled by
exploiting and regulating macrophage plasticity [2].
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Deactivation of T cells
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Fig 4: Reducing cancer cell- or tumor-associated macrophage (TAM)-induced T
cell immunosuppression. A) PD-L1 is
more often expressed at higher levels in
cancer cells or TAMs to modulate T
cell-mediated cancer cell cytotoxicity.
The tumor then creates an immunosuppressive microenvironment in which it
can steadily grow. B) Antibodies act on
the receptor or ligand to inhibit the
PD-1/PD-L1 signaling cascade, thus
interrupting T cell deactivation and
reducing T cell-mediated immunosuppression.

Antibody blockade
Blocking PD-1/PD-L1 signaling supports T cell-mediated cancer cell cytotoxicity
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• Assay-ready adherent cultures of fully functional human primary macrophages using cryopreserved cells
• Convenient large-scale differentiation of fully customized monocyte-derived macrophages from human PBMC in vitro
• Differentiation of M1- or M2-Macrophages from PBMC/Monocytes
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