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Abstract: Macrophages are the dominant leukocyte population found in the tumor microenvironment. Accumulating
evidence suggests that these tumor-associated macrophages (TAMs) actively promote all aspects of tumor initiation,
growth, and development. However, TAMs are not a single uniform population; instead, they are composed of multi-
ple distinct pro- and anti-tumoral subpopulations with overlapping features depending on a variety of external factors.
Defining and differentiating these subsets remains a challenging work-in-progress. These difficulties are apparent in
prognostic studies in lung cancer that initially demonstrated conflicting evidence regarding the significance of TAMs
but which have more recently clarified and confirmed the clinical importance of these subsets through improved phe-
notypic capabilities. Thus, these cells represent potential targets for cancer therapeutic initiatives through transla-
tional approaches. In this review, we summarize the current understanding of how the tumor microenvironment takes
advantage of macrophage plasticity to mold an immunosuppressive population, the phenotypic heterogeneity of
TAMSs, and their link to prognosis in human lung cancer.
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Introduction

The tumor microenvironment encompasses a
wide variety of cells including malignant and
non-malignant populations [1]. Non-malignant
populations include stromal cells, an expanding
vasculature, and a leukocyte infiltrate [2].
Macrophages comprise the dominant portion of
the leukocyte population [3]. These “tumor-
associated macrophages (TAMs)” have served
as an example of the “smoldering” cancer-
related inflammation [4], suggested recently to
represent the 7t hallmark of cancer [5]. Not
only is this inflammation present in the microen-
vironment of most neoplastic tissues, but there
is accumulating evidence suggesting that this
inflammation, with myeloid cells as key media-
tors, actively promotes all aspects of tumor
growth and development [6-9].

While the role of myeloid cells in innate and
adaptive immunity has been known for over
100 years, their involvement in cancer biology

has only been recently recognized [8]. Most of
the experimental work until now has focused on
the malignant cells that make up tumors, fur-
ther expounding on the framework proposed by
Weinberg and colleagues that neoplastic cells
must acquire six biological capabilities, or
“hallmarks”, via mutational events in the
multistep development of tumors [5, 8, 10].
Furthermore, and perhaps consequentially, the
translation of our improved understanding of
the development of cancer to therapeutics has
been slower than expected [11-14]. For exam-
ple, active immunotherapy using cancer vac-
cines has largely demonstrated poor results to
date most likely as a result of the failure to ad-
dress the local immunosuppression present in
the tumor microenvironment that acts as a
metaphorical “brick wall” to anti-tumor leuko-
cytes. While cancer antigen-specific T cells can
be generated by direct immunization, these
cells most often are ineffective in destroying
tumors because of their inability to implement
their cytotoxic effector functions in the tumor
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microenvironment [13]. Along with evidence
from experimental tumor models that demon-
strate the requirement of an inflammatory re-
sponse for full neoplastic transformation [6, 15-
19] and from pathologic studies linking macro-
phage presence in the tumor microenvironment
with poor prognosis [20], these clinical experi-
ences point to the reality that the tumor micro-
environment, of which macrophages are key
mediators, must be addressed for immunother-
apy to succeed.

It is unlikely that the multitude of pro-tumoral
functions belong to one population of TAMs. For
clinical approaches to succeed, these various
populations of TAMs in the tumor microenviron-
ment first must be properly identified and char-
acterized. Accurate identification alone is no
small task when considering the plasticity of
macrophages [21]. Furthermore, the lack of
unique cell surface markers between lineages
has made it difficult to pinpoint which myeloid
cell populations have been studied [8]. To date,
research groups have focused on individual
myeloid cell populations in isolation, contribut-
ing to a field composed of “fragmented informa-
tion” [8] in which the bigger picture remains
muddled. Making matters more complicated is
the fact that most of our knowledge about mye-
loid cell phenotypes in tumors is derived from
animal studies; thus, trans-species differences
in the expression of certain markers have made
the direct translation to human cancer difficult
[22]. Once the populations crucial to the natural
history of tumorigenesis have been identified,
their functionality must be characterized such
that we better understand how they differ from
non tumor-associated macrophages and how
we can target them therapeutically.

Lastly, prognostic studies in numerous types of
human cancers have been central to the realiza-
tion that not all TAM subsets are pro-
tumorigenic. The field of lung cancer research is
not immune to this debate, as evidence exists
supporting both pro and anti-tumor effector
functions of macrophages. As translational re-
search efforts push forward in the realm of lung
cancer, it will be important that therapeutic in-
terventions specifically target the pro-tumoral
subsets demonstrated to be clinically significant
through prognostic studies. The ability to accu-
rately phenotype and characterize these various
TAM subsets will be critical for success in these
undertakings.
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Thus, the purpose of this review is three-fold.
First, it will summarize our current understand-
ing of how the tumor microenvironment takes
advantage of macrophage plasticity to mold an
immunosuppressive population. Second, it will
describe the phenotypic heterogeneity of macro-
phages in the tumor microenvironment. Lastly,
it will outline the evidence that links TAMs with
prognosis in human lung cancer.

Part | Macrophages: adaptation of normal func-
tions in the tumor microenvironment

Macrophages are a heterogenous population of
tissue-resident, terminally differentiated, innate
myeloid cells that originate from circulating
bone marrow-derived monocytic precursors
[23]. They demonstrate a high degree of plastic-
ity in response to local cues from the microenvi-
ronment and can assume a spectrum of roles
required for tissue homeostasis. These numer-
ous roles, ranging from host defense against
infectious agents, to tissue development,
wound healing, and immune system regulation,
are reflected in the wide spectrum of possible
phenotypes [21, 23-25]. Broadly speaking, the
two extremes of possible differentiation states
include the classically-activated type 1 macro-
phages (M1) and the alternatively-activated type
2 macrophages (M2) (Figure 1) [3]. Bacterial
moieties such as lipopolysaccharide (LPS), cer-
tain Toll-like receptor (TLR) agonism, and the
Th1 cytokine interferon-gamma (IFNy) polarize
macrophages along the M1 pathway. Activated
M1 macrophages phagocytose and destroy mi-
crobes, eliminate tumor cells, present antigen
to T cells for an adaptive immune response, and
produce high levels of pro-inflammatory cyto-
kines [3, 4]. Characterized by their expression of
inducible nitric oxide synthase (iNOS), reactive
oxygen species (ROS), and production of the
Thl-associated cytokine IL-12, M1 macro-
phages are well-adapted to promote a strong
immune response [15]. On the other hand, ex-
posure to Th2 and tumor-derived cytokines such
as IL-4, IL-10, IL-13, transforming growth factor-
beta (TGF-beta), or prostaglandin E2 (PGE2)
promulgates M2 polarization [2]. In general, this
population participates in polarized Th2 re-
sponses, suppresses Th1l mediated-
inflammation through IL-10 and IL-1b produc-
tion, and promotes all aspects of tissue remod-
eling and wound healing i.e. digestion of ex-
tracellular matrix with matrix metalloproteinases
(MMPs), promotion of angiogenesis via vascular
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Figure 1. The differentiation pathways of classically-activated M1 macrophages and alternatively-activated M2 macro-

phages [9].

endothelial growth factor (VEGF) production,
and debris scavenging [22, 25, 26]. Thus, in
contrast to the M1 subtype, M2 macrophages
are well-suited to promote tumor development.
While the M1/M2 theory provides a useful
framework for thinking about macrophage plas-
ticity, it is important to remember that it is
overly simplified and neglects the continuum of
intermediate phenotypes that macrophages can
adopt [27]. However, this apparent dual nature
of macrophages with regards to tumor develop-
ment is increasingly appreciated and has re-
cently been termed the “macrophage balance
hypothesis” [3].

In line with the “macrophage balance hypothe-
sis” [3], macrophages have been described as a
“double-edged sword”, capable of both promot-
ing and opposing tumor development [4].
Macrophages activated by with TLR agonism
and/or IFNy possess the ability to reject tumors
cells [28, 29]. However, most established tu-
mors lack any substantial immune-mediated
limitation on tumor growth. One possible expla-
nation is that something alters or prevents
macrophages from killing tumor cells, such as
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an immunosuppressive microenvironment [15].
Analogous to areas of wound-healing or inflam-
mation that sculpt the phenotypes of local
macrophages so that these cells may optimally
perform the functions required of them in that
context, the tumor microenvironment takes ad-
vantage of the normal physiologic functions of
macrophages to best serve its interests. Tumor
cells coax macrophages to a M2-like phenotype
via chemokines and polarizing cytokines, aiding
their own escape from destruction, and promot-
ing their development [21, 30]. The end result is
monocyte/macrophage-mediated modification
of every aspect of a tumor’s natural history,
from cancer cell proliferation, to cancer cell mo-
tility, invasiveness, angiogenesis, immunosup-
pression, and extraceullular matrix reorganiza-
tion (Figure 2) [3, 4, 15, 21].

While literature in the past has equated TAMs
with a M2-like phenotype, it has become in-
creasingly clear that TAMs are composed of
multiple distinct populations with overlapping
features that depend on a variety of factors in-
cluding location in the microenvironment, stage
of the tumor, and type of cancer [3, 23]. Pollard
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Figure 2. The various pro-tumoral effector functions of TAMs [3].

et al. have even gone so far as to suggest the
existence of unique TAM populations that are
educated by microenvironmental cues to adopt
a particular phenotype to carry out each of the
pro-tumor functions discussed above [15]. Cur-
rently, it is still largely unknown whether TAM
diversity results from the maturation of unique
monocytic precursors or from differences in
microanatomical factors [31]. In general how-
ever, TAMs isolated from established tumors
have a “trophic” immunomodulatory M2-like
phenotype similar to those involved in develop-
ment processes and consistent with the smol-
dering nature of cancer-related inflammation
[241, 32]. In fact, it is known that molecular path-
ways driving TAM polarization can differ consid-
erably in tumors arising at different sites but M2
-like skewing reappears as the “recurrent com-
mon denominator” [31]. This is in line with the
macrophage balance hypothesis that postulates
different net effects at different stages of tumor
progression: in early stages of carcinogenesis,
innate responses are beneficial to the host and
involve the activation of effective surveillance by
adaptive immunity to eliminate tumor cells,
while in established malignancy, TAMs orches-
trate “smoldering inflammation” that promotes
tumor progression [33]. Typically, this M2-like
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population lacks expression of reactive nitrogen
intermediates, less efficiently presents antigen,
displays little tumoricidal activity, and produces
angiogenic factors, metalloproteases, and
cathepsins [21]. Furthermore, these TAMs pro-
mote tumor development via immune and non-
immune mechanisms [8].

Non-immune mechanisms directly promote
many of the hallmarks ultimately required for
tumor development and distal seeding; promi-
nent among these hallmarks are angiogenesis
and tumor cell invasion/metastasis [34, 35].
Angiogenesis is essential to tumor survival; tu-
mors do not grow beyond 2-3 cubic mm and
cannot metastasize unless vascularized [36].
Macrophages are required for the angiogenic
switch indicative of a benign-to-malignant transi-
tion [34, 37, 38]. Inhibition of tumor-derived
TAM chemoattractants, ablation of TAMs by
DNA vaccination, or pharmacological neutraliza-
tion of TAM-produced proangjiogenic molecules
have demonstrated impaired tumor angiogene-
sis in various tumor models [38]. In human
breast cancer, TAMs have been shown to clus-
ter in “hot spots” of angiogenesis, primarily in
avascular areas [39]. Hypoxia, or cytokines pro-
duced secondary to hypoxia, attract macro-
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phages which subsequently up-regulate hypoxia
inducible factor 2-alpha (HIF-2a) [40]. HIF-2a
then turns on VEGF production, thus promoting
new blood vessel formation [41]. In addition,
TAMs produce other pro-angiogenic cytokines,
including TNFa, MMP-9 (which releases bioac-
tive VEGF from its extracellular matrix-bound
latent form), urokinase-type plasminogen activa-
tor (uPA), and IL-1 (which up-regulates HIF-2x)
[1]. The production of many of these molecules
is controlled by the ETS2 transcription factor
[37].

Many of the same proteases that are involved in
the promotion of angiogenesis are also circum-
stantially implicated in tumor invasion. In order
for invasion to occur, these proteases must de-
stroy the extracellular matrix and stroma. TAMs
are implicated as the main producers of prote-
ases, as focal areas of basement membrane
penetration at the time of malignant transition
have been shown to include high quantities of
TAMs [42]. Based on in vivo evidence [43, 44],
tumor cells are then thought to migrate through
these disruptions under the influence of TAM-
derived epidermal growth factor (EGF), which is
itself produced in response to paracrine tumor-
derived colony-stimulating factor (CSF)-1 in a
positive feedback cycle. Thus, macrophages are
thought to be both the “key that unlocks the
gate” [1] to allow tumor cells to escape, as well
as the fuel reserves that allow migration to pro-
ceed [44].

Immune mechanisms of tumor promotion in-
clude elimination of M1 macrophage-mediated
innate immune responses, promotion of T regu-
latory cell (Treg) activity, impairment of T cell
activation via direct and indirect mechanisms,
and loss of antigen presenting capabilities [8].
M1 macrophages are known to be tumoricidal
largely because of the IL-12 dominant cytokine
milieu they produce. When TAMs adopt an M2-
like phenotype, they are unable to produce the
IL-12 required to activate an anti-tumor re-
sponse mediated by NK cells, Thl cells, and
CTLs [8]. Instead, M2 TAMs produce IL-10 which
induces Th2 cell polarization [8]. Th2 cells then
produce IL-4 which in turn promotes M2 TAMs
in a positive-feedback cycle [45]. Concurrently,
M2-derived CCL22 attracts Tregs whose activity
is maintained by these high local levels of IL-10
[45-47]. The well-known soluble immunosup-
pressive cytokines TGF-B and PGE2 [48-50]
have also been linked to M2 macrophages. Not
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only can TAMs produce TGF-B but they can proc-
ess latent TGF-B to produce its active form [51].
These two cytokines play important roles in tem-
pering T cell activation and tumoricidal capacity.
Furthermore, it has recently been found that
TAM expression of PD1-ligand1l (PDL1) can di-
rectly induce T cell apoptosis after binding its
receptor [52]. In an indirect but functionally im-
portant manner, TAMs are also thought to in-
hibit T cell growth by depleting the local concen-
tration of arginine, an essential amino acid for T
cell growth, via expression of the enzyme argi-
nase [53]. Lastly, by adopting an M2-like pheno-
type, macrophages down-regulate their MHC
class Il molecules and lose most of their ability
to link tumor antigen with its respective Ag-
specific T cell, i.e. they become ineffective anti-
gen presenting cells [26, 49].

Part Il TAM phenotypes

As evidence accumulates supporting the exis-
tence of a complex bi-directional interplay be-
tween malignant and non-malignant cells, our
conception of tumor structure and organization
has changed in appreciation of these dynamics.
Namely, tumors are now perceived as complex
organ-like structures with regional differences in
microenvironments [24]. This complexity is re-
flected in the wide spectrum of infiltrating
macrophages found in tumors that differ func-
tionally and molecularly according to location
within the tumor and local cues they encounter
there [54, 55]. Making matters more compli-
cated, myeloid cell types in tumors are highly
related, can express similar markers, and in
some instances perform similar functions [38].
Past studies in humans using CD68 as the sole
marker of macrophages were not able to distin-
guish these subsets and it is now common to
phenotype based on 2-3 different markers.
While these combinations of markers enhance
our ability to identify specific subsets, research
groups have utilized different combinations of
markers to examine individual populations inde-
pendently, producing “fragmented information”
that is difficult to fit into a broader context [8,
22].

Macrophages can be phenotyped with four inde-
pendent but complementary approaches: ex-
pression of cell surface markers, expression of
transcription factors, production of cytokines,
and production of specific enzymes related to
function. Common cell-surface targets identified
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in mouse models of cancer to separate TAM
subsets include LYGC, MHC class Il molecules,
chemokine receptors CX3sCR1 and CCR2, CD62L
(L-selectin), and TIE2 (angiopoietin receptor) [8,
54]. In humans, frequent cell-surface targets
include LPS co-receptor (CD14), HLA-DR (MHC
class Il), CD312, CD115, and most recently, the
Fey-receptor FcyRIIl (CD16) [15]. Subset-specific
markers include CD163 and CD204, both scav-
enger receptors expressed by M2 macrophages,
CD301, a galactose-type C-type lectin expressed
by M2 macrophages [56, 57], and CD206, a
scavenger receptor expressed by both tolero-
genic macrophages and dendritic cells [26, 58].
No unique cell-surface receptor has yet been
identified for M1 macrophages [26, 58].

Unfortunately, cell surface markers are not
static; rather, surface marker profiles are dy-
namic, often reflecting changes in activation
status [59]. Chemokines, cytokines, and en-
zymes linked to subset-specific functions have
helped overcome this challenge. Common tar-
gets such as the MMP family of proteases or IL-
10 for M2 macrophages and iNOS (inducible
nitric oxide synthase), TNF-alpha, or IL-12 for
M1 macrophages can be combined with the
aforementioned cell-surface markers for more
accurate identification. Levels of NO and ROS
are controversial markers of M1 macrophages
secondary to short half-lives in situ and variable
expression in vitro [60]. M2 macrophages also
release CCL2 which binds CCR2 on T cells, pro-
moting Th2 responses incapable of tumoricidal
activity [61]. Other chemokines include CXCL-
10, a Th1 T cell attractant which has been used
to identify M1 macrophages, CCL-22, and CCL-
18, both which have helped identify M2 macro-
phages [62, 63]. Transcription factors such as
IRF-5 and the STAT family have also been used
as viable targets given their role in cellular pro-
gramming and differentiation [64]. IRF-5 has
shown promise secondary to its role in up-
regulating IFN and IL-10 production in M1
macrophages [65]. Specific members of the
STAT protein family have been found to be dis-
criminative markers because of their restricted
expression in macrophage subsets: STAT1 in
M1 macrophages and STAT3 in M2 macro-
phages [66].

Much of the recent progress in identifying spe-
cific TAM subsets has occurred as a result these
evolving complementary approaches to differen-
tiate populations that had previously been
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lumped together. For example, using advanced
microscopy on mouse mammary tumors, two
populations of TAMs were identified that differ
in their migratory behavior at the tumor-stroma
border [24, 67]. MCSF-R*CD68* CD206- dextran
-ingestingg TAMs but not M2-type M-
CSFR*CD68* CD206* dextran-ingestingt TAMs
were associated with migration at the border
and invasion into the tumor mass [24, 67]. An-
other study of mouse mammary tumors used a
different marker combination in their descrip-
tion of two TAM populations which differed in
terms of MHCIlI expression and intratumoral
localization. MHCII"enCD206- TAMs were more
M1-oriented and less able to penetrate hypoxic
areas while MHCIl'ovCD206+* TAMs were more
M2-oriented, able to penetrate hypoxic areas,
promote angiogenesis, and even produce IL-10
in human hepatocellular cancer [54, 68]. Differ-
ences in TAM populations have also been ap-
parent on the level of gene expression, with an
invasive MCSF-R*dextran- TAM population that
co-migrates with cancer cells showing marked
divergence compared to that of MCSF-
R*dextrant TAMs [32, 69]. These differences
were not appreciated before assortment along
dextran-ingestion but once this filter was ap-
plied, all genes of a consensus signature for
type Il cytokine-associated MZ2-type macro-
phages were expressed at a lower level in dex-
tran- TAMs compared to dextran* TAMs [24]. It
has been suggested that each of the aforemen-
tioned studies used different marker combina-
tions to describe the same TAM populations
[24]. If true, this proposal would involve an inva-
sive M1-like M-CSFR*dextran-CD206-MHCIIhigh
TAMs that are hijacked by cancer cells to pave
the way for migration and immobile M2-like M-
CSFR*dextran*CD206*MHCIllow TAMs which are
co-opted to promote angiogenesis in hypoxic
areas and T cell suppression [24].

The division of tumor-promoting labor by spe-
cific TAM populations is gaining momentum,
with some groups classifying separate TAM
populations based on functional role in the tu-
mor microenvironment (Figure 3) [15]. These
functionally distinct TAM subpopulations were
defined in animal models of cancer. While they
share expression of common macrophage
markers including CD11b, F4/80, and CSF-1R,
they each express additional markers according
to the local cues they encounter in the tumor
microenvironment [15]. This classification
scheme is still in its infancy; it still remains
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largely unknown if these subgroups are truly
distinct populations and if human correlates
exist. Nevertheless, while it remains to be seen
how these populations fit into a broader con-
text, this model reinforces the idea of macro-
phage plasticity and heterogeneity according to
local cues. While this knowledge will help focus
future investigation on specific subsets, it also
has the potential to help clarify past confusion.
For instance, the aforementioned findings might
help explain why earlier gene expression pro-
files of total TAM populations showed mixed M1
and M2 characteristics [70, 71]. Thus, with bet-
ter identification of TAM phenotypes, subsets
with distinct biological activities can be de-
scribed.

Ideally, these markers would be unique to
macrophage subsets. Unfortunately, this is not
the case as many of the macrophage lineage
markers are normally expressed by other leuko-
cyte populations [72]. Furthermore such mark-
ers as STAT3, CD163, CD204, and MMPs are
known to be expressed by tumor cells [22]. As a
result, the importance of using three or more
concurrent methods of detection to reliably phe-
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notype macrophage subsets cannot be under-
stated. However, until a consensus is reached
on accurate, reproducible combinations of
markers for specific TAM subsets, separate re-
search groups will continue to describe popula-
tions independently (exemplified in the example
above) which will contribute to fragmented infor-
mation that is difficult to fit into a broader con-
text.

Part Ill TAMs and prognosis in human lung
cancer

While it has been known since the mid-19t cen-
tury that most solid tumors are abundantly
populated with leukocytes, their association
with clinical outcomes has only recently been
appreciated [1]. The presence of extensive TAM
infiltration has been shown to correlate with
poor prognosis in humans in most studies, lend-
ing credence to the idea that TAMs are benefi-
cial for tumor growth and disease progression
[20, 73]. Furthermore, other parameters of TAM
presence such as pro-angiogenic molecules,
chemokines, and cytokines have correlated with
poor clinical outcome as well [4, 15]. However,
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the literature on this subject is not a consensus;
conflicting evidence exists in certain types of
cancers. The field of lung cancer research is not
immune to this debate, as evidence exists sup-
porting both pro and anti-tumoral functions of
macrophages.

A significant portion of the available evidence
points to a positive correlation between TAM
infiltration and good prognosis. In a study of
patients with surgically resected non-small cell
lung cancer (NSCLC), increasing tumor islet
CD68* macrophage density and tumor islet/
stromal macrophage ratio were significant inde-
pendent predictors of increased survival. In con-
trast, increasing stromal macrophage density
was an independent predictor of reduced sur-
vival [74]. Furthermore, patients with a high
tumor islet macrophage density but incomplete
resection survived significantly longer than pa-
tients with a low tumor islet macrophage density
but complete resection. These findings were
later confirmed in NSCLC by two independent
groups [75, 76]. In addition, Dai et al. compared
CD68* macrophages to mature dendritic cells or
cytotoxic T cells and found that counting macro-
phages in the tumor islets and stroma had a
higher predictive capacity for patient survival
than counting either of the other two lineages
[76]. Ohri et al. were the first group to apply
additional phenotypic markers to determine the
association of specific macrophage subsets
with prognosis. In their first study [77], they
compared NSCLC patients with extended sur-
vival to those with poor survival and found that
CD68* M1 (defined by either HLA-DR*, iNOS+,
TNF-alpha*, MRP8/14+) tumor islet density was
significantly increased in the extended survival
group compared to those with poor survival.
Furthermore, the tumor islet:stromal ratio of M1
macrophages was significantly increased com-
pared to CD68* M2 (defined by CD163* or
VEGF*) in the extended survival group but not
the poor survival group. Ma et al. confirmed
these findings of significantly higher tumor islet
densities of M1 macrophages (defined as
CD68*HLA-DR*) in NSCLC patients with ex-
tended survival. However, they also demon-
strated significantly higher stromal M1 densities
in the extended survival group [78].

In addition to TAM density itself, the over-
expression of macrophage growth factors,
chemokines, or other factors related to TAM-
function have also been linked with prognosis.
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Ohri et al. built upon their analysis of NSCLC
patients with extended and poor survival by
comparing the levels of cytokines, chemokines,
and their respective receptors between the two
groups. In one study they found that TNF-a was
increased in the tumor islets of patients with
extended survival compared to those with poor
survival and that increasing tumor islet TNF-a
density was a favorable prognostic indicator
independent of other predictors such as stage
[79]. Interestingly, 100% of the TNF-a* cells in
tumor islets and stroma of patients with ex-
tended survival were macrophages or mast cells
whereas this figure was less than 50% in pa-
tients with poor survival, suggesting that TNF-a
levels should be interpreted in the context of
the cell types expressing it. In another study,
they found that CXCR2-3 and CCR1 were in-
creased in tumor islets of patients with ex-
tended survival compared to those with poor
survival [80]. Furthermore, there was a positive
correlation between macrophage density and
CXCR3 and CCR1 expression in tumor islets,
suggesting that macrophages were a significant
source of these chemokines. Other macrophage
-associated chemokine research in NSCLC has
been conducted by Nakanishi et al. who found
that higher macrophage-derived chemokine
(e.g. CCL22) gene expression was correlated
with longer disease-free survival and lower risk
of recurrence after tumor resection [81]. An-
other group attempted to discern the molecular
factors that influence macrophage distribution
but were unable to show that molecular
changes of the epidermal growth factor receptor
(EGFR) were related to macrophage infiltration,
as the degree of infiltration did not significantly
correlate with EGFR mutations, gene copy num-
ber, or protein expression [75].

Not all evidence supports the correlation be-
tween TAMs and good prognosis in human lung
cancer. Multiple studies have shown no correla-
tion with prognosis [82-86]. In one of these
studies on patients who underwent surgery for
NSCLC, CD68* macrophage content was not
associated with stage, nodal status, or survival
at 3-years [82]. In another series comparing
patients with early versus late-stage NSCLC,
CD68* macrophages were present in similar
numbers in tumor islets and stroma regardless
of stage and the number of CD68* cells had no
significant relation to survival [83]. Another
group investigating tumor angiogenesis as a
significant prognostic factor in NSCLC found no
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statistically significant correlation between tu-
mor stage and CD68* macrophage count. In a
study examining response to chemotherapy in
stage IV NSCLC patients, no correlation was
found between the number of CD68* macro-
phages in either tumor islets or stroma and che-
motherapy response [84]. While patients with
more TAMs in tumor islets than stroma had sig-
nificantly better survival than patients who had
more TAMs in stroma than islets, no relation-
ship was found between the overall number of
TAMs in islets and patient survival. Interestingly,
patients with higher overall numbers of stromal
TAMs had worse survival than those with lower
numbers of stromal TAMs [84]. The last study
using CD68*+ as the sole macrophage marker
found that CD68* TAMs, M-CSF (the major regu-
lator of the mononuclear phagocytic lineage), or
CSFR1 (receptor for M-CSF) in the stroma or
islets did not show significant correlation with
disease-specific survival, while increasing stro-
mal CDla* dendritic cells and CD56* NK cells
correlated with prolonged survival [85]. Studies
utilizing other subset-specific TAM markers have
also found no correlation with prognosis. One
group found that CD68*CD163* M2 TAM densi-
ties were not significantly different in islets or
stroma and were not associated with survival
time when patients of extended survival were
compared to those of poor survival [75]. Lastly,
in a study that examined VEGF in patients with
NSCLC, no difference was found in survival ac-
cording to VEGF-C status in stromal macro-
phages while [87].

Substantial evidence also exists correlating
TAMs with poor prognosis in human lung cancer
[88-96]. One of the first groups to report such a
correlation was Takanami et al. who found sig-
nificantly lower 5-year survival rates in adeno-
carcinoma patients with high CD68* TAM densi-
ties compared to low TAM densities [91]. This
work was furthered by Chen et al. who found
that CD68* TAM density correlated positively
with tumor IL-8 mRNA expression (a potent an-
giogenic factor) and intratumor microvessel
counts but negatively with prognosis in patients
with NSCLC [88]. Recently, groups using multi-
ple phenotypic markers to define macrophage
subpopulations have also demonstrated poor
prognosis with increased TAMs. One study in-
vestigated whether TAMs in advanced NSCLC
correlated with treatment response to EGFR-
tyrosine kinase inhibitors and whether these
cells predicted survival [90]. They found that
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greater than 95% CD68* TAMs were located in
tumor stroma and positively co-stained with
CD163 suggesting an M2-like phenotype.
CD68*CD163*TAM counts were significantly
higher in patients with progressive disease, a
trend that remained in those with known EGFR
mutation status and those with wild type EGFR.
High TAM counts were also significantly related
to poor progression-free survival and overall
survival [90]. Similarly, Ohtaki et al. recently
found that expression of the M2 marker CD204
in TAMs was significantly correlated with poor
outcome in patients with adenocarcinoma and
by a much larger magnitude than TAMs defined
only by CD68 [92]. Lastly, in another study of
patients with adenocarcinoma, the infiltration of
CD68+CD206* M2 TAMs was significantly asso-
ciated with p-TNM staging and lymph node me-
tastasis (more strongly than TAMs defined only
by CD68*) [93]. Furthermore, higher
CD68+CD206* M2 TAM density was associated
with poor prognosis when compared to low M2
TAM density.

TAM-associated factors have also been associ-
ated with negative prognostic implications. One
group has characterized CD68* TAM-associated
factors in sequential studies of NSCLC patients
and linked these factors to stage of disease. In
the first study, they demonstrate that
CD68*TAMs express high levels of IL-10 and
that high levels of IL-10 expression by TAMs are
significantly correlated with late stage of dis-
ease [97]. In the second study they show that
CD68* IL-10hTAMSs express high levels of MMP9
and VEGF mRNA and that expression of these
factors also correlated with late stage of dis-
ease [94]. Other groups have also looked at IL-
10 expression by TAMs in the context of progno-
sis. Zeni et al. demonstrate that high IL-10 ex-
pression by CD68* TAMs is a significant inde-
pendent predictor of advanced tumor stage and
is associated with poor overall survival. Further-
more, they suggest that IL-10 expression by
TAMs, but not by tumor cells, may play a role in
the progression and prognosis of NSCLC be-
cause IL-10 expression by tumor cells did not
differ between stages [95]. Ohtaki et al. have
found that the expression of IL-10 and mono-
cyte chemoattractant protein-1 (MCP-1), both of
which are involved in differentiation, accumula-
tion, and migration of M2 macrophages, was
significantly correlated with the numbers of
CD204+ TAMs within the stroma of lung adeno-
carcinomas [92]. As discussed above [92],
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CD204+TAMs were significantly correlated with
poor outcome, thus indirectly linking IL-10 and
MCP-1 with poor prognosis. Lastly, Ho et al.
have demonstrated that TREM-1 expression, an
important macrophage-specific molecule for the
amplification of the inflammatory response and
sepsis biomarker, is increased in CD68* TAMs
isolated from patients with NSCLC. Furthermore,
increased TREM-1* TAMs in tumor tissue of pa-
tients with NSCLC were associated with reduced
disease-free and overall survival [96].

Conclusion

The importance of the macrophage infiltrate for
tumor progression is highlighted by the afore-
mentioned clinical evidence. Furthermore, it has
been estimated that 80% of studies that have
tried to relate TAM density to prognosis in any
type of cancer have found a negative correlation
while less than 10% have found a positive corre-
lation [20, 73]. Thus, while increased TAM den-
sity is usually associated with advanced tumor
progression, the question remains as to why the
remaining studies do not arrive at the same
conclusion. One possible explanation refer-
ences the “macrophage balance” hypothesis,
i.e., the tumors processed for each study were
obtained at variable stages thus reflecting the
natural variation in function between TAM sub-
sets. Another explanation suggests that many of
the macrophage populations used for analysis
were not phenotyped with enough precision to
distinguish pro- from anti-tumoral TAM subsets.
For example, one study on lung cancer initially
found that high CD68+ TAM numbers correlated
with improved survival. However, when more
extensive phenotyping was performed using
CD163 and VEGF for M2 and HLA-DR, iNOS,
MRP 8/14 and TNF-« for M1, it was determined
that better survival was actually associated with
a high M1/M2 ratio [22, 77]. In fact, most of the
earlier studies before the early 2000’s used
only one marker of TAMs-CD68. The detection
of macrophages on the basis of CD68 does not
allow identification of these distinct subsets
which is increasingly being recognized [22]. Ac-
cordingly, recent studies have started to utilize
2-3 different markers in combination [22].

As the field moves forward with this knowledge
and a more thorough toolkit to distinguish TAM
subsets, the problem will not be imprecise phe-
notyping of TAM populations. Instead, the prob-
lem will be the opposite, in which overly specific
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identification with various combinations of 3-4
markers by individual groups will prevent com-
parison of equivalent TAM populations across
the spectrum of human cancers. This concern
may be warranted even today, as it is already
challenging to integrate the information from
different studies on specific populations into a
broader context. While no consensus solution
has been reached given the early stages of in-
vestigation, it is worth revisiting as more pro-
gress is made in the near future.
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