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The paradoxical role of tumor-infiltrating immune cells in lung
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Summary Lung cancer remains one of the leading causes of death worldwide, and lung cancers have
often already metastasized when diagnosed. Numerous studies have noted the infiltration of
immune cells in the lung cancer microenvironment, but these cells play a dualistic role, i.e.
they suppress and/or promote tumor development and growth based on tumor progression
and different cytokines in the microenvironment. These tumor-infiltrating immune cells
create different microenvironments depending on their type and interaction. Chemokines act
as a bridge in this process by recruiting immune cells to the tumor site and they regulate the
phenotypes and functions of those cells. The current review summarizes current knowledge
about the tumor-infiltrating immune cells in lung cancer as well as the mechanisms involved

in suppression and promotion of tumor development and growth.
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1. Introduction

Lung carcinoma is a major cause of death throughout
the world; more than 1.82 million people are diagnosed
with lung carcinoma annually (13% of all cancers) and
lung carcinoma causes 1.59 million deaths (19.4% of
all cancers) (/,2). By the time the tumor is diagnosed,
it has often already metastasized (3). Despite advances,
treatments such as surgery, radiotherapy, chemotherapy,
and multimodal therapies can rarely control metastatic
disease and they are seldom curative. Patients with lung
cancer have a limited long-term survival (4) because
treated lung tumors will ultimately relapse since a
number of tumor clones or "cancer-initiating cells" have
escaped the initial treatment. These escaped cells will
be more resistant to therapeutic modalities. Therefore,
an adjuvant therapy that could effectively destroy these
remaining tumor cells would have a substantial impact
on tumor treatment.
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Immunotherapy has a demonstrable efficacy in
patients with cancer (5). These cells or cytokines can
infiltrate the tumor site by activating the host immune
cells, thus inducing a specific antitumor immune
response. Therefore, the effect of the treatment depends,
to a great extent, on the tumor microenvironment.
Tumor-infiltrating immune cells play critical roles in the
tumor microenvironment by promoting or suppressing
tumor development and progression depending on their
type and functional interactions (6).

There is an obvious infiltration of different types
of immune cells in lung cancer. These immune cells
typically include natural killer (NK) cells, T lymphocytes,
macrophages, dendritic cells (DC), myeloid-derived
suppressor cells (MDSCs), and B cells (7). These cells
serve different functions and combine or cancel out
each other, thus creating the microenvironment for lung
cancer. Cancer progression and survival are significantly
associated with these cell types and functions and their
localization in tissue.

2. Diagnostic subtypes of lung cancer

Lung carcinoma is a solid tumor with low antigenicity
and a heterogenic phenotype that evades the host's
immune defense. Lung cancers usually arise from
basal epithelial cells and have two main histological
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types: non-small-cell lung cancer (NSCLC) and
small-cell lung cancer (SCLC). NSCLC accounts for
approximately 85% of lung cancer cases. Since their
cells differ in appearance, NSCLCs are classified
into 3 major groups (squamous, adenocarcinomas,
and large cell cancers) depending on the origin of
their cells and their pathological characteristics.
Adenocarcinoma is the most frequent type, accounting
for 40% of all NSCLCs while squamous cancer
accounts for 30% of NSCLCs. The remaining
NSCLCs (5-10%) are large cell carcinoma. The other
type of lung cancer, SCLCs, consists of smaller than
normal undifferentiated cells (/).

3. The role of T-lymphocytes in lung cancer

In a variety of human solid tumors, tumor-infiltrating
T-lymphocytes (TILs) are considered to play important
roles in immunosurveillance in a tumor-bearing host.
CD4" and CDS8" T cells are the two main subsets of
T-lymphocytes and have different effects on tumor
immunity within the tumor microenvironment (8).

3.1. CD8" T lymphocytes

Most CD8" T cells are cytotoxic T lymphocytes.
Cytotoxic T cells are a major subset of T cells that
constructively mediates an effective antitumor response:
these cells can recognize particular tumor-associated
antigens (TAA) presenting on major histocompatibility
complex (MHC) class I molecules on the surface of
cancer cells and they have the ability to kill cancer
cells directly (9). Tumor-infiltrating CD8" T cells can
be classified into two groups by their location: CD8" T
cells within cancer stroma adjacent to cancer cell nests,
or CD8" T cells within the cancer cell nests themselves
(9). Naito and colleagues (/0) found that the presence of
large numbers of CD8" T cells in cancer cell nests was
a favorable independent prognostic factor in colorectal
carcinomas. A similar result was noted in breast cancer
(11). Moreover, studies have indicated the prognostic
significance of infiltrating CD8" T cells in breast cancer
(12), melanoma (/3), anal squamous cell carcinoma
(14), and oropharyngeal squamous carcinoma (/5).
However, the role of TILs in the survival of patients
with an NSCLC is still debated. Wakabayashi and
colleagues (16) contended that CD4" T cells in the
cancer stroma, and not CD8" T cells in cancer cell nests,
are associated with a favorable prognosis in human
NSCLC. Another study indicated that neither CD8" T
cells within cancer cell nests nor those in the cancer
stroma had a significant impact on patient survival
(9). That study found that infiltrating CD8" T cells and
CD4" T cells in NSCLC may cooperate to suppress
cancer progression and their presence together appears
to be an independent favorable prognostic factor for
this disease.
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Figure 1. Interaction among CD4" T-cell subsets. When
stimulated with different cytokines, naive CD4" T cells become
polarized toward four different cell subsets: Thl, Th2, Th17,
and Treg cells. Each of these CD4" T-cell subsets serves a
different biological role in antitumor immunity by secreting
identical cytokines. Thl and Th2 cells play an important role
in the tumor microenvironment and Th17 and Treg cells play
an important role in immune homeostasis. The grey arrows
indicate the effector functions of the various CD4™ T cell
subsets.

3.2. CD4" helper T cells

Various studies have indicated that CD4" helper T
cells are present in the lungs of patients with NSCLC,
but their role in antitumor activity is dualistic: some
CD4" T cells seemingly hinder the function of CD8" T
cells and therefore indirectly promote tumor growth,
whereas others might help with the activation of CD8"
T cells (/7), which are key to removing cancerous
tissue or cells. CD4" helper T cells can be functionally
classified into Thl, Th2, Th17, and regulatory T cells
(Tregs) based on the secretion of cytokines, and each
cell subset has its own unique function (/8). As shown
in Figure 1, these CD4" T cell subsets play different
biological functions in antitumor immunity and tumor
immune evasion. Thl and Th2 play an important role in
the tumor microenvironment and Th17 and Tregs play
an important role in immune homeostasis (/9).

3.3. Th1/Th2/Th17/Treg paradigm

When stimulated with different cytokines, different
transcription factors select precursor T cells in response
to various cytokines or other mediators and differentiate
into different subtypes of CD4" T cells. Thl cells
differentiate when stimulated with interleukin (IL)-12
and interferon-gamma (IFN-y) through the transcription
factor T-bet. Activated Thl cells release other cytokines
like IL-2, IFN-vy, and tumor necrosis factor alpha
(TNF-a)), which can activate some effector cells such as
macrophages, NK cells, and cytotoxic T-lymphocytes
(CTLs). These effector cells effectively eliminate tumor
cells. The GATA3 transcription factor becomes active
and Th2 cells become polarized towards this phenotype
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in response to IL-4 and IL-6. Activated Th2 cells, which
produce 1L-4, IL-5, IL-6, IL-10, and IL-13, are key to
allergic responses and protection against infection by
helminthic parasites (20,217). It is widely believed that
cytokines that are secreted by Thl cells can facilitate
CTLs generation, whereas a Th2 cytokine profile
might favor antibody response and be detrimental to
the induction of CTLs (22,23). A study (24) examined
the expression of Th1l and Th2 cells in lung cancer and
found that the proportion of Th2 cells was significantly
lower than that of Thl cells, indicating that Thl cells
are dominant tumor infiltrators.

Th17 cells become activated through the
transcription factor retinoid-related orphan receptor
gamma t (RORyT) when stimulated with transforming
growth factor B (TGF-B), IL-6, IL-23, IL-1f (in
humans), and prostaglandin E (PGE) (25,26). Th17
cells have been found to play a contradictory role
in tumorigenesis. Numerous studies have identified
the tumor-promoting effects of Th17 cells. However,
IL-17A'TFN-y" Th17 cells have tumor-protective
characteristics in tumor immunity (27). The varying
functions of the Th17 subset in tumor immunity are
largely due to the cytokines they secrete, such as IL-
17A, IL-17F, IL-21, IL-22, IFN-y, and granulocyte-
macrophage colony-stimulating factor (GM-CSF) (28).
In addition, the antitumor functions of Th17 cells are
related to effector lymphocytes, including Thl, Tel,
and NK cells (29).

Treg cells are formed as a result of the transcription
factor forkhead box P3 (Foxp3), which is the dominant
transcription factor of Treg cells. Developmental
pathways of Th17 and Treg cells are closely related.
TGF-p alone induces expression of FoxP3 (30,37) and
RORYT (37) in TCR-stimulated naive CD4" T cells.
Thus TGF-f is a critical factor for Th17 and Treg cells
and is essential for inducing both RORyT and Foxp3.
Despite the induction of these transcription factors,
TGF-B is unable to initiate Th17 differentiation in vitro
unless pro-inflammatory cytokines, such as IL-6 or IL-
21, are present. When these cytokines are present, the
TGF-B-induced Foxp3 expression is down-regulated
and RORyT expression is up-regulated (30,32). In the
absence of significant inflammation, TGF-B promotes
the differentiation of Treg cells, which maintain immune
tolerance. This is because of Foxp3-mediated inhibition
of the activity of RORyT, resulting in silencing of IL-17
and IL-23 expression (33).

Th17 and Treg cells have opposite roles in the
development of autoimmune and inflammatory diseases.
Th17 cells promote autoimmunity while Treg cells
seem to control it and therefore play an important
role in autoimmune pathogenesis by maintaining self-
tolerance and by controlling the growth and activation of
autoreactive CD4" effector T cells (34). Tregs inhibit the
recruitment of CD8" T lymphocytes in tumors and their
effector functions are critical to inhibiting lung tumor

growth (35). Tregs inhibit the immune system partly by
utilizing membrane TGF-B and are thought to be key
to downregulating Thl, Th2, and Th17 cells, possibly
preventing autoimmunity (36). Thus, the abundance of
Tregs are within lung tumor tissue is not surprising (37).

Accordingly, the Th1/Th2/Th17/Treg paradigm is
essential for maintaining immune homeostasis based
on cytokine production, and the cytokine environment
they create determines the fate of the host's antitumor
immunity.

4. The role of MDSC:s in lung cancer

4.1. Functional and molecular characterization of
MDSCs

MDSCs were first identified as immunosuppressive
CD11b" Gr-1" myeloid cells in cancer patients in the
1980s (38). MDSCs represent a heterogenic population
of immature myeloid cells that consists of myeloid
progenitors and precursors of macrophages, granulocytes,
and DCs they are characterized by a potent ability to
suppress various T cell functions (39).

In mice, MDSCs are cells that simultaneously
express the two markers CD11b and Gr-1 (38). Gr-1
includes the macrophage and neutrophil markers Ly6C
and Ly6G, while CD11b is characteristic of macrophages
(40). More recently, MDSCs have been subdivided into
different subtypes based on their expression of Ly6C and
Ly6G. CD11bLy6G Ly6Clo cells with a granulocytic-
like morphology and multilobed nuclei are called
granulocytic MDSCs, whereas CD11b Ly6G Ly6C"
cells with a monocytic-like morphology are referred to
as monocytic MDSCs (4/7). In cancer patients, MDSCs
are defined as cells that express the common myeloid
marker CD33 but that lack expression of markers of
mature myeloid and lymphoid cells (42). MDSCs are
typically CD11b"CD33°CD34'CD14  cells that vary in
the expression of CD15, CD124, CD66, and MHC-II,
along with that of other markers (43).

4.2. Cellular and molecular mechanisms of MDSC-
mediated immune suppression

Lung cancer escapes the host's immune surveillance
by dysregulating inflammation. Tumors and their
surrounding stroma can produce growth factors,
cytokines, and chemokines that recruit, expand, and
activate MDSCs. Teixeira and colleagues (44) noted an
increased number of MDSCs infiltrating lung cancer
in mice. Another study confirmed the hypothesis
that activating immune cells through disruption of
MDSC-mediated immune suppression would promote
antitumor immunity in a murine model of lung cancer
(45). MDSCs can suppress immune responses to
newly displayed tumor antigens and promote tumor
progression; they may even contribute to the metastasis
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of the tumor. There are several mechanisms by which
MDSCs suppress antitumor responses. MDSCs restrain
T cell functions in tumor tissues and draining lymph
nodes by using two enzymes involved in L-arginine
metabolism: arginase-1(ARG-1), which depletes the
milieu of L-arginine, and induced nitric oxide synthase
2 (iNOS2), which generates nitric oxide (NO) (46,47).

Reactive oxygen species (ROS) are physiologically
produced by activated neutrophils and macrophages as
mediators of innate immunity. In chronic inflammation,
ROS can weaken T cell responses by affecting CD3-(
expression. H,O, produced either by tumor-associated
macrophages or by neutrophils isolated from the
synovial fluid of patients with rheumatoid arthritis has
been found to substantially decrease T cell proliferation
in vitro (48,49). ROS can also affect the affinity of Ag-
specific TCR, which may explain the specificity of the
tolerance induced by Gr-1"CD11b" MDSCs. In addition
to the effect of ARG-1 and ROS, MDSCs may affect
CDS8" T cells via the inhibitory molecules B7-H1 and
B7-H4 (50). In addition, MDSCs can enhance immune
suppression by directly inducing Tregs through the
production of IL-10 and TGF-f or ARG (51,52). Tregs
actively down-regulate the activation and expansion
of antitumor-reactive T cells (53) and NK cells (54).
Cysteine, another essential amino acid for T-cell
activation, is depleted by MDSCs (55).

5. The role of macrophages in lung cancer

Macrophages are among the most abundant normal cells
in the tumor microenvironment and play a central role
in tissue repair and remodeling during homeostasis and
stress response. They are the first line of defense against
pathogens. These cells originate from bone marrow
precursors and extravasate into normal tissues, where
they acquire distinct morphological and functional
properties directed by local tissue and the immunological
microenvironment (56).

Tumor-associated macrophages (TAMs) have
complex dual functions in their interaction with
neoplastic cells, and evidence suggests that they are part
of inflammatory circuits that promote tumor progression
(57). This is evidence that macrophages, rather than
being tumoricidal as suggested after their activation
in vitro (58), have a pro-tumoral phenotype in vivo
both at the primary site and at metastases (59). Indeed,
macrophages are polarized into a pro-tumoral phenotype
when lung cancer develops (60).

Macrophages are exceptionally diverse in their
functions, reflecting their different origins, differing
local environments, and different responses to challenges
(61). Given the function of macrophages in immunity,
two classes of macrophages have been proposed: i)
activated macrophages responding to IFN-y, TNF-a,
and Toll-like receptor 4 (TLR4) activation are involved
in Thl-type responses since Thl cells are capable of

killing pathogens via mechanisms just like iNOS, and
ii) alternatively activated macrophages that differentiate
in response to IL-4 and IL-13 are involved in Th2-type
responses, including humoral immunity and wound
healing (62). Mills and colleagues called these states M1
(activated) and M2 (alternatively activated). M1 activity
inhibits cell proliferation and causes tissue damage, while
M2 activity promotes cell proliferation and tissue repair
(63). These descriptions suggest that TAMs could either
suppress (M1) or promote (M2) tumor development
and progression (64). However, such definitions are
limited and may not be applicable to the complex tumor
microenvironment (65). In contrast to this dualistic M1/
M2 definition, TAMs include several distinct populations
that often share characteristics of both types but with
greater overall similarity to macrophages involved in
developmental processes (66,67).

6. The role of NK cells in lung cancer

NK cells can mediate several effector functions: 7) direct
cytotoxicity, including exocytosis of cytotoxic granules
containing perforin and granzyme B, ii) up-regulation
of death receptor ligand expression and the engagement
of cognate death receptors on target cells, which can
lead to apoptosis of target cells, iif) NK cells produce
an array of immune-active cytokines, including IFN-y,
TNF-a, and GM-CSF (68), which places them at the
crossroads of innate and adaptive immunity. They also
augment monoclonal antibody activity through antibody-
mediated cellular cytotoxicity and can be transfected
with chimeric antigen receptors (69), and iv) NK cells
can release other soluble mediators, such as PGE2,
that shape the responses of the immune system. A clear
correlation between NK cell activity in the lungs and
tumor cell clearance from the lungs has been reported
in both mouse and human studies (70). Manuela and
colleagues found that depletion of NK cells resulted in
an increase in the number of tumor nodes in lung cancer,
suggesting that NK cells are key to the control of the
growth of lung cancer. A study has found that the activity
of NK cells is key to the development or rejection of
MHC-I-deficient lymphomas (7/) while another study
found that depletion of NK cells promoted the growth of
fibrosarcomas (72). In addition, a recent study found that
the development of lung cancer depends on the function
of NK cells. Kreisel and colleagues found that depletion
of NK cells promoted urethane-induced lung tumor
growth in a mouse strain that is normally not susceptible
to lung cancer (73).

7. The role of dendritic cells in lung cancer

Antigen-presenting cells can deliver TAA and prime
TAA-specific T cells. DCs are professional antigen-
presenting cells and can express MHC-I and MHC-
IT molecules and costimulatory molecules on their
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cell surface, all of which assist in T-cell activation
(74). There are several cell types capable of antigen
presentation in the lung, including resident DCs (75).

Evidence indicates that DCs play a significant
role in induction of antitumour immunity (76).
Immunotherapy with DCs co-cultured with cytokine-
induced killer cells (DC-CIK) has been widely
studied and might be a new strategy for treatment
of NSCLC. Studies have indicated the efficacy and
the safety of DC-CIK immunotherapy (77). When
immature in peripheral tissue, DCs express different
chemokine receptors, such as CC chemokine receptor
1 (CCR1), CCR2, CCR4, CCR5, CCR6, CCRS, and
CXC chemokine receptor 4 (CXCR4) (76). When
they encounter exogenous and endogenous antigens
including tumor cell-derived antigens around a tumor,
DCs can capture those antigens and they can mature
in response to inflammatory stimuli such as toll-like
receptor-mediated signals. Mature DCs start to express
chemokine receptors such as CCR7 and CXCR4.
Guided by chemokines, DCs enter the T-cell areas of
regional lymph nodes (7§).

8. The important role of chemokines in lung carcinoma

When considering the role of tumor-infiltrating immune
cells in the lung cancer microenvironment, one cannot
ignore the importance of chemokines, which recruit
immune cells to the tumor and also regulate their
phenotypes and functions. Relatively recent studies have
revealed that chemokines regulate the movement of a
wide variety of immune cells including lymphocytes, NK
cells, and DCs in both physiological and pathological
conditions (79). These features mean that chemokines
play crucial roles in immune responses. Chemokines
function biologically by linking to their corresponding
receptors, which are 7-transmembrane G protein-coupled
receptors (GPCR) (80). Chemokines are structurally
divided into 4 subgroups: CXC, CC, CX3C, and C (81).
TAMs are derived mostly from circulating
monocytes that are attracted to tumor sites by locally
produced chemotactic factors, such as CCL2, CCLS5,
CCL7, CCLS, and CXCL12, and macrophage colony
stimulating factor (M-CSF). CCL2 is presumed to play
an important role in TAM recruitment (82). MDSCs can
be recruited by CCL2 in several types of mouse cancers,
such as Lewis lung cancer, meth A sarcoma, melanoma,
and lymphoma (83). MDSCs express CXCR2 and are
detected in abundance in NSCLC (84). CXCR?2 ligands,
including CXCL1, CXCL2, and CXCLS5, are abundant
in lung cancer tissue and tumorigenesis can be markedly
inhibited by a deficiency in CXCR2 as a result of
inhibiting infiltration of MDSCs (Figure 2). NK cells
migrate to lymph nodes mainly by utilizing CXCR3,
while their migration to inflamed tissues, including
tumor sites, involves CCR1, CCR2, CCRS5, CXCR3,
and CX3CRI1 (85). Thus, the ligands for these receptors
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Figure 2. Effects of chemokines on TAMs and MDSCs.
TAMs are derived mostly from circulating monocytes which
are attracted to tumor sites by locally produced chemotactic
factors including CCL2, CCLS5, CCL7, CCL8, and CXCLI12.
MDSCs express CXCR2 and can be recruited to a tumor site by
CXCR?2 ligands like CXCL1, CXCL2, and CXCLS5. MDSCs
can also be recruited by CCL2, CCL5, CCL7, CCL7, CCLS,
and CXCL12 in lung cancer.

can regulate the migration of NK cells and may enhance
their functions. Treg cells express CCR4, and its ligand,
CCL22, regulates intratumoral infiltration of Tregs in
various tumors (86).

Lung stroma cells can produce abundant chemokines,
such as CXCLI1, CXCL2, CXCLS5, CXCL9, CXCL10,
and CXCL11. CXCL10 is an important chemokine
responsible for the recruitment and localization of
inflammatory cells to sites of tissue damage or infection.
It is bound by CXCR3, a receptor shared with CXCL4.
CXCL9 and CXCLI11, which are expressed on CD4" T
cells, CDS" T cells, NK cells, B cells, and DCs (87,88),
are responsible for their recruitment and localization to
the lungs.

9. Conclusion

Studies have indicated the importance of tumor-
infiltrating immune cells in tumor development and
control and studies have sought to characterize the
infiltration of a tumor by those immune cells, providing
insight into the effects of tumor-infiltrating immune
cells on tumor behavior. Different tumors have different
immune profiles, and the current review has focused
on lung cancer. There is an obvious infiltration of
different types of immune cells, including NK cells, T
lymphocytes, macrophages, DCs, MDSCs, and B cells, in
lung cancer. A distinctive lung cancer microenvironment
is created by immune cells with various functions and
interactions, and this microenvironment can ultimately
affect tumor progression and survival. In this process,
chemokines act as a bridge since they can recruit
immune cells to a tumor and they can also regulate the
phenotypes and functions of those cells. Although the
role of lung cancer-infiltrated immune cells has been
reviewed here, the paradoxical role of tumor-infiltrating
cells in lung carcinoma still needs to be studied further.
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