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Recent studies indicate the critical role of tumour associated macrophages, tumour associated neutrophils, dendritic cells, T
lymphocytes, and natural killer cells in tumourigenesis. These cells can have a significant impact on the tumour microenvironment
via their production of cytokines and chemokines. Additionally, products secreted from all these cells have defined specific roles
in regulating tumour cell proliferation, angiogenesis, and metastasis. They act in a protumour capacity in vivo as evidenced by
the recent studies indicating that macrophages, T cells, and neutrophils may be manipulated to exhibit cytotoxic activity against
tumours. Therefore therapy targeting these cells may be promising, or they may constitute drug or anticancer particles delivery
systems to the tumours. Herein, we discussed all these possibilities that may be used in cancer treatment.

1. Introduction

Neoplasm is a systemic disease where cancer cells act as a
leading devil supported by other cells in the surrounding
environment. Particularly, inappropriate activation of the
stroma and distant metastasis induced by its components
can potentiate and accelerate tumour progression towards
a high rate of disease mortality [1]. This microenvironment
may differ depending on the tumour type and tissue of
origin. It is usually composed of the fibroblasts, adipocytes,
pericytes, endothelial cells, and immune cells (macrophages,
neutrophils, lymphocytes, dendritic cells, natural killers, or
myeloid-derived suppressor cells) which contribute to the
tumour progression.

2. Macrophages as Drug Targets

Tumour associated macrophages (TAMs), which reside in
the tumour mass, play central role in this intratumoural

dialog [2]. Cells of the monocyte-macrophage lineage are
characterized by considerable diversity and plasticity. In
response to various signals, macrophages may undergo clas-
sical or alternative activation called M1 or M2, respectively.
However, currently it is known that macrophages do not
form stable subsets which could be clearly distinguished
among each other but respond to a combination of factors
present in the tissue which can change their phenotype
towards many subforms. Therefore, it is recommended to
characterize macrophages by the cytokine used for the
activation instead of naming them MI or M2 [3]. Classically
activated macrophages (e.g., LPS activated) have the potential
to exhibit antitumour activity whereas alternatively activated
(e.g., IL-4 activated) macrophages (called in tumours TAMs)
generally have low tumouricidal activity but they promote tis-
sue remodeling and angiogenesis [4]. Therefore they promote
tumour development and its spread to distant sites. However,
due to high plasticity of macrophages, this process may be
reversible and therefore therapeutically exploitable.
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The research concerning macrophages in cancer esca-
lated after Lin et al. showed the role of colony stimulating
factor 1 (CSF-1) in tumour development, which is normally
required for macrophage development. Number and size of
primary tumours in CSF-1 knockout mice were similar to the
control mice [5]. However CSF-1 deficient mice had lower
macrophage number and decreases in tumour progression
and metastatic spread. Furthermore, blocking of the CCL2
(chemokine ligand 2), which is secreted by breast cancer cells,
in order to recruit metastasis-associated macrophages from
the circulation, slows down the growth of tumour metastases
[6]. Johnson & Johnson developed CCL2 blocking antibody
named CNTO 888 (carlumab) which shows binding affinity
to human CCL2 and therefore it decreases macrophage
infiltration at the site of challenge. The CNTO 888 is currently
in clinical trials for solid tumours; however it does not show
antimetastatic activity when used as a single therapy, neither
does it block CCL2-CCR2 axis in prostate cancer [7].

Another approach of antimacrophage therapy is to use
CXCR4 inhibitors (which are anti-HIV drugs: AMD3100,
AMDI1498, ALX40-4C, or T22) [8]. The CXCR4 receptor
lies downstream in the Hypoxia Inducible Factor (HIF)
pathway and therefore increases macrophage infiltration
in the tumour and takes part in angiogenesis and cancer
progression. Using a mouse model of breast cancer, Welford
et al. showed that one of the compounds mentioned above
(AMD3100) reduced macrophage recruitment to the tumours
and significantly augmented the antitumour efficacy of com-
bretastatin A4P [9]. These results supported previous findings
of Welford et al. that TIE-2" macrophages limit the efficacy of
combretastatin.

Lisa Coussens has developed a completely different drug
limiting macrophage infiltration to the tumour. This molecule
called PLX3397 (provided by Plexxikon) targets CSF-1R
and when used together with standard chemotherapy, in
mice with aggressive mammary cancer, reduced pulmonary
metastases regulated by macrophages. PLX3397 increased
the cytotoxic T lymphocyte infiltration which resulted in
reduced primary tumour development, decreased pulmonary
metastases, and improved overall survival [10]. Our own
experiments showed that targeting of CSF-1/CSF-1R axis may
be a good therapeutic approach in cancer cells [11]. We
showed that csf-Ir silencing significantly increased apoptosis,
decreased proliferation, and decreased migration of canine
mammary cancer cells. It also changed growth characteristics
of highly invasive cell lines on 3D matrix significantly
decreasing the invasive ability of these cells.

We also showed that manipulating within Wnt signaling
may be also a good therapeutic approach. For the first
time, tumour associated macrophages mediated a “switch”
between canonical and noncanonical Wnt signaling path-
way in cancer cells [2]. This “switch” leads to inhibition
of canonical Wnt pathway by noncanonical Wnt pathway.
Macrophages secrete proteins that inhibit canonical Wnt
pathway and decrease cancer cell proliferation and survival.
However, the side effect of their function, ipso facto, is the
activation of noncanonical Wnt pathway. The noncanonical
Wnt pathway promotes epithelial-mesenchymal transition,
cancer cell motility, invasiveness, and as a consequence their
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metastasis (Figure 1). Thus, some kind of modulation of
macrophage effect on cancer cell by inhibiting of noncanoni-
cal Wnt pathway in tumour cells could create a novel and very
attractive approach in cancer treatment. This approach would
be interesting because it does not impair anticancer activity
of macrophages (decrease of tumour growth and survival by
inhibition of canonical Wnt pathway) but it may reduce their
side effects (metastasis by inhibition of noncanonical Wnt
signaling).

An interesting approach to use macrophages in can-
cer therapy was proposed by Tseng et al. [12] who used
macrophages to increase T cell immune response. Exploiting
anti-CD47 antibody-mediated phagocytosis of cancer cells
by macrophages, the authors showed increased priming of
CDS8" cells but decreased priming of CD4" cells. It resulted
in reduction of regulatory T cells level and decreased tumour
mass in animals. Therefore, the conclusion is that anti-CD47
antibody treatment not only enabled macrophage phagocy-
tosis of cancer cells but could also initiate an antitumour
cytotoxic T cell immune response.

Pahl et al. [13] tried to modify the macrophage phenotype
and thus to induce their antitumour response. By treating
M1-like macrophages with liposomal muramyl tripeptide (L-
MTP-PE) and IFN-y, authors observed a cytotoxic effect of
activated macrophages towards osteosarcoma. This effect was
also observed when osteosarcoma cells were treated with
supernatants of activated macrophages, suggesting not only
direct phagocytosis but also involvement of soluble factors
in the cytotoxic effect upon macrophage activation. Whereas
stimulation of M2-like macrophages, with LPS and IFN-y,
did not drastically change their low antitumour activity,
M2 macrophages, stimulated by IL-10 alone, had no impact
on tumour growth. However, Pahl et al. demonstrated that
IL-10-polarized macrophages had high cytotoxicity towards
osteosarcoma cell lines in the presence of anti-EGFR antibod-
ies, which induced antibody-dependent tumour cell phago-
cytosis. These data suggest the possible benefits of modifying
macrophage function based on its subtype within the tumour.

2.1. Macrophage Transfer. After the development of technol-
ogy to generate macrophages in vitro from blood monocytes,
clinical trials in cancer patients have proven the safety of
infusing autologous macrophages activated by interferon-
gamma or lipopolysaccharide. Adoptive transfer of host cells
may be able to correct defective generation of competent
immune cells in patients with cancer [14]. Since the safety of
Ml-activated macrophages therapy has been proven, several
studies using macrophages as a delivery system have been
published. Griffiths et al. [15] demonstrated the potential
of macrophage use as a cell-based delivery system for gene
dependent enzyme prodrug therapy. Macrophage-mediated
delivery of the CYP2B6 gene under the constitutive CMV
promoter resulted in tumour cell killing in the presence of
the prodrug, cyclophosphamide.

In 2011 Muthana et al. [16] showed a novel system
that used infiltration of classically activated macrophages,
transduced with hypoxia-regulated oncolytic adenovirus
in which proliferation was restricted to prostate tumour
cells. Using this system, authors markedly inhibited tumour
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FIGURE 1: Wnt signaling and macrophages. Wnt signaling pathway is one of the most important pathways regulating cells proliferation,
differentiation, polarity, and migration. At least two distinct pathways transduce Wnt signals: canonical Wnt/3-catenin pathway and the $-
catenin independent noncanonical Wnt pathway (Wnt/Ca®* signaling and Wnt/planar cell polarity (PCP) signaling). Wnt/B-catenin signaling
pathway is upregulated in many cancers. Lack of S-catenin degradation and its nuclear accumulation is an evidence of activated Wnt/ -
catenin pathway. -catenin acts in the nucleus as a transcription factor increasing cancer proliferation and survival. Activation of Wnt/PCP
signaling during development results in cytoskeleton remodeling (by Rho, Ras, and JNK) promoting cell movement. Calcium dependent Wnt
increases the motility of various cell types by regulating the formation of lamellipodia. It also increases expression of vimentin and therefore
induces an epithelial-mesenchymal transition, the crucial step in metastasis. Macrophages infiltrated to tumour mass inhibit cell proliferation
as effect of inhibition of Wnt/f-catenin pathway. However canonical and noncanonical Wnt pathways work on the principle of antagonism,
so macrophages inhibiting f3-catenin pathway activate noncanonical Wnt pathway and lead to cytoskeleton remodeling in cancer cells and

facilitate their motility.

growth and reduced metastases. The same group successfully
tested this system after chemotherapy or irradiation during
increased tumour infiltration by macrophages [17]. Using this
method, authors were able to significantly increase life-span
of tumour-bearing mouse as compared to control.

Seo et al. [18] established genetically engineered stable
macrophages of RAW264.7 cell line and used them to deliver
the prodrug-activating enzyme to the lung melanomas. Ani-
mals were treated with inactive prodrug which underwent
activation in macrophages. The therapy reduced tumour
weights and numbers of melanoma foci.

Firstly, these data indicate that macrophages can consti-
tute targets of anticancer therapy; however the disadvantage
of this method is reduction of their positive and physiological
activity in live organism. Therefore modulation of their activ-
ity seems to represent more appropriate approach. Secondly,
macrophages can be exploited as carriers in a gene therapy

or as carriers of enzymes activating prodrugs. Macrophages
infiltrate diseased tissue and may respond to the hypoxic
microenvironment by expression of a therapeutic gene or
enzyme. However, the use of viruses in this kind of approach
might create unpredictable risk, not only to the treated
individuals but also to the population as a whole. The clinical
application of oncolytic viruses should be regulated by spe-
cific guidelines at international levels. Furthermore, because
of the biological limitations of animal models, safety of their
preclinical testing should be widely discussed. Cancer is a dis-
ease demanding aggressive approaches. However, the balance
of risk and benefit must always be of prime consideration, not
only for the patients but also for the whole population [19].

3. Neutrophils

Neutrophils are traditionally considered as the first line
of host defense against invading pathogens [20]. They kill



invading pathogens by releasing activating cytokines along
with reactive oxygen species (ROS). Despite the role in host
defense, they have impact on tumour development being part
of its microenvironment [21] and they also have powerful
antitumoural effect under certain circumstances [22]. How-
ever, the role of neutrophils in the tumour microenvironment
is not yet fully understood. Recent studies demonstrated that
tumour associated neutrophils (TANs) can promote tumour
development, increase metastasis, and enhance angiogenesis
[23]. On the other hand some studies showed that neutrophils
can be cytotoxic for the tumour cells in vitro and in vivo
[24, 25]. Similarly to macrophages the first are called TAN-
2; the latter are called TAN-1.

3.1. Neutrophils in Tumour Progression. Neutrophils were
shown to have angiogenic effect through the release of
multiple factors. TANs have influence on tumour cells via
oncostatin M which is a cytokine belonging to interleukin-
6 (IL-6) family [26]. In the experiment of TANs coculture
with breast cancer cells, this cytokine induced angiogenesis
and invasiveness of the latter [27]. Additionally, ROS released
by neutrophils may play an important role in tumour pro-
gression. Giingor et al. demonstrated that major neutrophilic
oxidant hypochlorous acid (HOCI) induced three different
types of DNA damage and mutagenicity in vitro in human
alveolar epithelial lung cells [28]. It was also reported that
the proteinase of neutrophil elastase (NE) produced by TANs
promotes tumour cell proliferation in both human and mouse
lung adenocarcinomas [29]. Another potential direct effect
of neutrophils on tumour progression is secretion of matrix
metalloproteinase-9 (MMP-9) enzymes [30]. Bekes et al.
demonstrated that highly metastatic human fibrosarcoma
and prostate cancer cells recruit neutrophils to primary
tumours, which increased angiogenesis and intravasation
of cancer cells due to secretion of MMP-9. In their study,
inhibition of neutrophil influx by interleukin-8 (IL-8) neu-
tralization decreased tumour angiogenesis and intravasation
[31]. In addition, it was shown that secretion of MMP-9 by
neutrophils prevents apoptosis of tumour cells and induces
carcinogenesis [32]. More recently a publication by Bald et al.
showed the involvement of neutrophils in induction of migra-
tion and metastasis of melanoma cells [33]. In that study, UV-
damaged epidermal keratinocytes released nuclear proteins
(high mobility group box 1, HMGBI) that caused recruit-
ment and activation of neutrophils. Activated neutrophils
produced TNF« that increased motility of melanoma cells.

3.2. Neutrophils in Therapy. The first reports of antitumoural
effect of neutrophils were published in 1970; Bubenik et al.
and Godleski et al. showed neutrophil activity against human
bladder tumours and rat mammary gland carcinosarcoma,
respectively [34, 35]. In 1972 Pickaver et al. [36] described
the first direct evidence of the cytotoxic effects of neutrophils
on tumour cells. They demonstrated that rat neutrophils
collected from the peritoneum and incubated with syngenic
tumour cells were able to kill them. Neutrophils produce
proteases, ROS, and defensins [37] that can directly damage
targeted cells [37, 38]. Dallegri et al. showed apoptosis and
necrosis of tumour cell due to increased secretion of HOCI
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by neutrophils [39]. Moreover, the cytotoxic effects of neu-
trophils on tumour cells can be increased via target-specific
antibodies [40, 41] interacting with the Fcy receptors on the
surface of neutrophils via their Fc tail [42] inducing antibody-
dependent cellular cytotoxicity. Repp et al. showed that
neutrophils obtained from patients treated with recombinant
human G-CSF expressed FcyRI receptor which is a high
affinity receptor for IgG [43]. Two years later the same group
found that neutrophils from patients treated with recombi-
nant human G-CSF are more effective in inducing antibody-
dependent cellular cytotoxicity against glioblastoma, squa-
mous cell, and ovarian and breast carcinoma in contrast
to the neutrophils from healthy, untreated donors [44].
Another study showed that the concurrent administration
of G-CSF and rituximab (a chimeric antibody against the
CD20 antigen on normal and malignant B cells) increased
the survival rates of mice with non-Hodgkins lymphoma.
The experiments conducted in vitro and in vivo demonstrated
the role of neutrophils stimulated by G-CSF in enhancing
the biological antitumour activity of rituximab [45]. Another
approach to achieve the antitumoural effect of neutrophils is
to change the immunity of tumours. For example, Cavallo
et al. transduced mouse mammary adenocarcinoma cell
line (TSA) with the IL-2 genes inducing local inflammatory
reactions. TSA-IL-2 cells caused neutrophil infiltration to the
tumour mass [46]. Similarly, using IL-10-expressing mouse
mammary adenocarcinoma model, it was demonstrated that
neutrophils play the key role in the early rejection of the
tumour [47]. To determine the biological importance of IL-
8 which is a strong chemoattractant for neutrophils [48],
Schaider et al. examined melanoma cells from primary and
metastatic lesions. These cells, when transduced to produce
low levels of IL-8, showed impaired growth in vivo due to
massive neutrophil infiltration [49]. Similarly, ovarian cancer
cells, transduced with the IL-8 human and the murine MIP-1a
genes, showed impaired tumourigenicity when injected into
nude mice. That was accompanied by the massive neutrophil
infiltration in the tumour injection site [50].

Another effective approach to increase number of tumour
infiltrating neutrophils is to use live bacteria or cer-
tain bacterial products. For example, Mycobacterium bovis
[51], Corynebacterium parvum [52], Clostridium novyi [53],
Salmonella typhimurium [54], and Salmonella choleraesuis
[55] induced neutrophil infiltrations to the tumour microen-
vironment. Lee et al. administered S. choleraesuis to the
mouse with orthotopic hepatocellular carcinoma in order to
stimulate a potent inflammatory response. It caused reduced
intratumoural microvessel density, increased infiltration of
neutrophils, induced cancer cell death, and significantly
prolonged survival [55]. Since the 1970s Mycobacterium
bovis bacillus Calmette-Guérin (BCG) vaccine has been
commonly used as an adjuvant treatment for bladder cancer
after surgery. Just after BCG administration the massive
neutrophil infiltration occurs in the bladder [56]. Suttmann
et al. supported that neutrophils are compulsory for efficient
BCG immunotherapy of bladder cancer and local immune
responses [57]. Since then, several other studies also con-
firmed that BCG-stimulated neutrophils are highly effective
in immunotherapy for bladder cancer [58, 59]. Furthermore,
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Jinesh et al. [60] showed that RT4v6 bladder cancer cells
are resistant to BCG-activated TANs. They demonstrated
the critical role of increased TNF-« in the anticancer
effects of BCG-stimulated neutrophils. Using Smac mimetic
compound for neutrophil stimulation they effectively killed
bladder cancer cells. Antitumour effect of TANs was also
demonstrated by Fridlender et al. [22]. They treated mice
with SM16, which is a transforming growth factor-f (TGF-
p) inhibitor, and used monoclonal anti-Ly6G antibody for
the systemic depletion of neutrophils. This strategy showed
that, after TGF-f3 blockage, TANs can undergo N1 pheno-
type which produce higher levels of TNF-a, MIP-1«, NO,
and H,0O, and have antitumourigenic and proinflammatory
characteristics. Andzinski et al. [61] showed that IFN type I
stimulation induced neutrophils polarization towards antitu-
mour phenotype both in mice and in human.

Jaganjac et al. [62] reported that neutrophil infiltration at
the site of W256 carcinoma cells in Sprague-Dawley rats was
associated with spontaneous tumour regression. Similarly,
injection of Sephadex (a granulocyte attractant) reduced the
incidence of the W256 carcinoma cells regression due to
neutrophils infiltrating the Sephadex injection site instead
of the tumour. As stated before, neutrophil recruitment can
have a negative impact on the tumour; however use of proin-
flammatory stimuli (e.g., bacterial products or neutrophil
attractants) leads to neutrophil infiltration accompanied by
the classical inflation and antitumour responses.

3.3. Neutrophils as Delivery Systems. Neutrophil-based drug
delivery was also studied in conjunction with microbial
resistance against antibiotics. Wendel et al. showed that
neutrophils loaded with chlorhexidine (antibacterial drug)
can effectively kill E. coli and F. necrophorum in the mouse
liver [63]. Because neutrophils are continuously recruited to
the tumour, further studies may focus on using them as drug
delivery systems.

Tumour progression is modified by a wide variety of
host myeloid cell types, including neutrophils. Recent studies
showed serval mechanisms of protumourigenic effects of
neutrophils on tumour cell proliferation, increased metas-
tasis, and enhanced angiogenesis, although some studies
demonstrated that proinflammatory polarization of neu-
trophils via multiple signals results in antitumour effects.

4. DC in Cancer Immunotherapy

Dendritic cells (DCs) are at the centre of immune system abil-
ity to react against cancer cells. DC-based immunotherapy is
atype of a vaccination where tumour antigens are loaded into
DCs, followed by administration of these modified DCs to the
patient, aiming to stimulate specific T cell immunity against
cancer cells. Many improvements in this field have been
done but effectiveness of such therapies still awaits the major
breakthrough. Successful strategies will require combination
of this sophisticated cell-based therapy with other, more blunt
approaches.

The principle of DC therapy is to exploit basic abil-
ity of DCs to stimulate T cell-based anticancer response.
Crucial importance of this process is the ability of DCs to

cross-present antigens. This process relies on presentation of
exogenous antigens (normally presented on MHC class IT) via
MHC class I, enabling direct CD8" T cell stimulation. For the
successful DC-based immunotherapy three main conditions
must be met. Firstly, the activated and antigen-loaded DCs
must have immunostimulatory potential. Secondly, effector
T cells must be able to unleash cytotoxic activity and lastly
tumour cells must be susceptible for the immune attack
of effector T cells. Currently there is only one DC-based
immunotherapy that has been approved for the treatment
of cancer. Sipuleucel-T is a biological used in the treatment
of hormone-refractory prostate cancer [64]. The methods
consist of in vitro stimulation of blood-derived autologous
antigen presenting cells (APCs) with GM-CSF and their
antigen loading and reinfusion to the patient. However,
therapeutic benefit of this protocol seems to be limited, since
overall survival of patient with phase III clinical trial was
increased by 4.1 months as compared with placebo [65].
Selection of the specific cancer antigen has become a
criticalstep in DC vaccine design. An “ideal” cancer antigen
should be specific for tumour cells and associated with malig-
nant phenotype. Overexpression of cancer antigen should be
restricted to all tumour cells in patients treated for a given
tumour type, although the primary feature of cancer antigen,
in the context of their therapeutical potential, is ability to
induce T cell immunity against tumour with confirmed
immunological and clinical relevance [66, 67]. There is a
growing list of tumour specific antigens; however only 46 of
75 representative cancer antigens, proposed by the National
Cancer Institute, induced T cell response in clinical trials,
and 20 of them showed evidence of benefits for patients [66].
On the top of the list of tumour antigens suitable for DC-
based cancer therapy is WT1 protein (overexpressed in AML)
[67] or highly immunogenic MUC-1 (overexpressed and/or
hypoglycosylated in numerous cancer types) [68]. Cancer
antigens can be delivered to DCs by pulsing with peptides,
proteins, and lysates of apoptotic cancer cells. This exogenous
supply of proteins and short peptides used to be the favorite
and most common method of antigen loading, which allows
peptides to be presented in the context of both MHC class
I and MHC class IT molecules. Some data favor the use of
whole antigen over synthetic short peptides, because there is
no need to match the MHC haplotype of the patients [69, 70].
Most of the therapeutic protocols use monocyte-derived
DCs (moDCs), which require their differentiation into
immature DCs and subsequent maturation to DCs [71].
Recent publications have shown that shortening of the
time of differentiation/maturation increases the costimu-
latory potential of DCs [72] with lowered expression of
immunosuppressive PD-L1 molecule [73, 74]. The choice
of differentiation protocols is absolutely crucial for maxi-
mizing immunostimulatory potential of moDCs. Most of
the protocols use IL-4 and GM-CSF [75]. However, this
classical method can be improved as shown by replacement
of IL-4 with IL-15 or IFN« [76, 77]. These unconventional
differentiation protocols were shown to improve cytotoxicity
against AML cells [77, 78]. Not only differentiation but also
activation of moDCs by various cytokine cocktails must be
optimal. For that TNF«, IL-1f3, IL-6, and PGE2 were shown



to deliver positive effects. However, as with differentiation
protocol, this classic protocol can also be improved, for
example, by stimulation with cytokines or toll-like receptors
(TLRs) agonists [79]. Maturation is also affected by induction
of chemokine receptors that facilitate movement into regional
lymph nodes (e.g., CCR7) and by the synthesis of cytokines
that stimulate T cell differentiation and proliferation (e.g.,
IL-6, IL-12, or IL-10). TLRs have an essential role in the
recognition of and in bridging innate and adaptive immunity.
DCs play an important role in activation of immune response
against viral infections and can recognize such PAMS as
ssRNA by TLR7 and TLRS8. Synthetic agonist of TLR7/8
(imiquimod) exerts antiviral and anitumour properties and
is marketed for the treatment of external genital warts caused
by human papillomavirus [80]. In response to TLR ligands,
costimulatory molecules, for example, CD86, CD40, and
CD83, are rapidly upregulated and lead to a maturation of
DCs, increasing formation of MHC-peptide complexes. Use
of TLR agonist was shown not only to stimulate T cell-based
cytotoxicity but also to dampen Treg immunosuppression
and activation of NK cells [72, 81]. Several TLR ligands
[poly(I1:C), OK-432, and R848] have been included in clinical
trials of DC-based immunotherapies [79].

Another tool to improve immunostimulatory potential of
DCs is to modulate expression of stimulatory and inhibitory
molecules. Example of this strategy is transfection of OX40L
or IL-12 to DCs [82, 83]. Alternatively, sShRNA was used
to target immunosuppressive molecule as PD-L1 or IL-10
[84, 85]. Because the main problem encountered with anti-
CTLA-4 treatment is the resistance of advanced tumours, due
to the strong tumour-induced T cell tolerance, effectiveness
of DC-based therapy could be improved by combination
with immune checkpoint inhibitors that target PD-1/PDL-1
or B7/CTLA-4 pathways [86-88]. Several preclinical tumour
models are showing that CTLA-4 blockade in combina-
tion with DC vaccination primes immune response and
potentiates a specific antitumour response. A single dose of
DC vaccine/anti-CTLA-4 inhibits tumour growth in 60%
of the challenged mice with EL4 lymphoma cells; moreover
the vaccine or CTL-4 blockage administrated alone has
no potent antitumour effect [89]. Combination of anti-PD-
L1 antibody tumour peptide-pulsed DCs (B16 melanoma)
resulted in a higher number of melanoma peptide-specific
cytotoxic T cells, unfortunately without significant reduction
in tumour growth [90]. Blockade of PD-1 reduced Treg cell
numbers attenuating their immunosuppressive activity and
also encouraged the ability of DCs to stimulate leukemia
antigen-specific T cells [85, 91]. Combinatorial therapy of
anti-PD-1ImAb pidilizumab and DCs vaccination is currently
under phase II clinical trial and when used in patients with
AML, remission occurs [92]. Furthermore, clinical trial of
PD-L1/2-silenced DC vaccination in combination with donor
lymphocyte infusions for the treatment of posttransplant
leukemia relapse has also been registered [93]. These data
suggest that combination of immune checkpoint inhibitors
that target CTLA-4 and PD-1 with DC vaccination enhances
the efficacy of T cell immunity.

Another checkpoint pathway that was shown to regulate
antitumour immune response axis is CD200-CD200R. Lack
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of CD200R signaling inhibits outgrowth of an endogenous
tumour irrespective of CD200 expression by the tumour
cells [94]. Tumour-expressed CD200 suppresses antitumour
responses, implying the potential of anti-CD200 antibodies
for CD200-expressing cancers [95]. Blockade of CD200-
CD200R interaction by antibodies leads to decreased tumour
growth in immune competent mice [96]. The CD200 surface
molecule is a key mediator of immune escape in AML and
CD200 contributes to AML-induced immunosuppression
through a multifaceted mode of action, which includes alter-
ation of cytokine profile from THI to TH2, induction of Treg
cells, and suppression of NK cell function [97-99]. An in vitro
study of AML showed that abrogation of CD200-CD200R
interaction enhances the T cell-stimulatory capacity of DCs
[100], whereas inhibition of CD200-CD200R interaction was
already investigated in clinical trial phase I/II in patients with
relapsing or refractory B cell chronic lymphocytic leukemia
or multiple myeloma. The antibody was well tolerated,
however, without major therapeutic effects. Interesting way
to boost CD200-CD200R blockade is its combination with
stimulation of TLR7 pathway, as it was shown that lack of
CD200 increases TLR7-dependent immune response [101].
However an adverse effect of CD200-CD200R blockade is
also possible as CD200 expression increases with progres-
sion of squamous cell carcinoma, suggesting that CD200-
expressing tumour cells engage and modulate tumour asso-
ciated myeloid-derived suppressor cells [102, 103].

Recent years have shown major advances in the field of
DC-based immunotherapy; however we still wait for the real
change delivered to the patients. Most likely successful use
of DC-therapies will depend on the combination with other
therapies, not necessarily focused on immunostimulation
themselves.

5. T Cell-Based Therapy

Cytotoxic T lymphocytes (CTLs) are the immune effector
cells that mostly contribute to cancer rejection. They can
recognize specific antigens presented by the APCs with class
I major histocompatibility complex (MHC class I) molecules
and then can mediate elimination of the cell that they have
specifically recognized [104]. Therefore, since 1964 scientists
tried to treat established tumours in mice, by the transfer of
CTLs. Over time, this led to development of strategy termed
adoptive cell therapy (ACT). Transferred T cells exhibit
specific antitumour activity in cancer patients. There can be
two sources of such T cells: (1) natural host T cells identified in
the tumour, the autologous tumour infiltrating lymphocytes
(TILs), and (2) T cells from patients’ blood that have been
genetically engineered ex vivo with specific antitumour T cell
receptors (TCRs) or chimeric antigen receptors (CARs) [105].

5.1. TILs Used in ACT. This strategy is currently the most
effective treatment for patients with metastatic melanoma,
which is considered as the most immunogenic tumour [106,
107]. The gene aberrations that cause high mutational hetero-
geneity of melanoma malignancies might be associated with
higher probability of the presence of antigen-specific T cells
within the tumour [108]. Indeed, melanoma seems to be the
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only tumour that reproducibly allows obtaining of TILs capa-
ble of specific antitumour recognition [107]. After homoge-
nization of a tumour, TILs are cultured for 1-2 weeks ex vivo
with high dose of interleukin 2 (IL-2). Then, T cells are tested
for their antitumour reactivity in coculture assays. These cul-
tures that respond to the tumour antigens (i.e., by production
of IFN-y) are activated and expanded to large numbers (1
x 10" cells). After 5-6 weeks T cells are infused back into
the patient followed by administration of IL-2, which is the
most potent lymphocyte growth factor. Bolus infusion of IL-2
enhances efficacy of ACT, enabling survival and proliferation
of adoptively transferred lymphocytes in vivo [109]. Further
significant improvement of ACT effectiveness using TILs is
achieved when the specific preconditioning of cancer patient
is applied. This includes lymphodepletion achieved either
by chemotherapy (high dose cyclophosphamide and fludara-
bine) or by total body irradiation (TBI) of nonmyeloablative
(2 Gy) or myeloablative (12 Gy) dose [110, 111].

5.2. ACT Using Genetically Engineered T Lymphocytes. ACT
using genetically modified T cells allows for treatment of
other types of cancers, that is, cervical cancer and lym-
phoma and leukemia and prostate and bile duct cancer
and neuroblastoma [109]. It became possible by the intro-
duction of lymphocyte genes encoding conventional T cells
receptor (TCR) or chimeric antigen receptor (CAR) [112].
The transduction is based on retroviral or lentiviral vectors
or CRISPR technology [113]. Transduced T cell expresses
the receptor for specific antigen that can be recognized in
MHC independent manner. First target for chimeric antigen
receptor was CDI19, the molecule present on B cells. CAR
therapy was therefore used primarily for the patients with
high-risk B cell malignancies; however, by using different
targets, use of CARs is being extended to solid tumours. Since
the first generation of CAR was used, a lot of improvement
in terms of its construction has been made. Second and third
generation of this receptor contain not only main domain zeta
but also one or more costimulatory domains (CD28, ICOS,
and 41BB) that provide complete activation signal for T cells.
Thus, transferred T cells are able to proliferate and survive in
vivo without becoming anergic [114].

All these reports suggest that T cells may play key role in
tumour elimination. The treatment of cancer with genetically
modified T cells was already demonstrated with both preclin-
ical and clinical studies. However, further researches and new
clinical trials are needed to fully understand the antitumour
effect of T cells.

6. NK Cell-Based Cancer Immunotherapy

Natural killer (NK) cells play a key role in cancer immune-
surveillance as they exhibit natural cytotoxicity against many
tumour cells even in the absence of preimmunization or
stimulation and are virtually able to eradicate malignant
cells [115]. As such, NK cell-based immunotherapy holds
a great promise for cancer treatment. Thus far, however,
the therapeutic potential of NK cell-based immunotherapy
has yet to be realized. The major impairment is due to
the cancer cell response itself that entails mechanisms to

escape NK cell action or induce defective NK cells. Early
investigations, using autologous lymphokine-activated NK
cells, achieved limited clinical success in cancer patients [116].
Current approaches have thus evolved towards the use of
expanded allogeneic NK cells, which are not inhibited by
self- histocompatibility antigens like autologous NK cells or
stable allogeneic NK cell lines that are more suitable for large-
scale production. Alternatively, genetically engineered NK
cell lines that are able to express high levels of cytokines,
Fc receptors, and/or chimeric tumour antigen receptors have
been recently proposed [117]. Progress in understanding NK
cell biology and function is, however, needed to foster the
development of novel approaches able to address therapeutic
NK cells protocols.

6.1. Biological Role of NK Cells in Tumour Immune-
Surveillance and Therapeutic Perspectives. NK cells comprise
5-15% of circulating lymphocytes and provide a first line
of defense against cancer. They display potentially powerful
weapons that may provide immediate, short-lived responses
by delivering toxic enzymes or releasing cytokines that
directly lyse tumour cells or mediate T or B cells immune
responses [118]. As previously reviewed deeply by Cheng et al.
NK cells are activated by initial recognition of altered receptor
patterns on the surface of the target cell, NK cell recognition
of tumour cells by inhibitory and activating receptors is a
complex phenomenon, and at least three recognition models
have been proposed, namely, “missing-self,” “nonself,” and
“stress-induced self.” In fact, upon cellular transformation,
surface MHC-I expression on tumour cells is often down-
regulated or eventually not present (“missing-self”), in order
to evade recognition by antitumour T cells. Human tumour
cells with poor self-MHC-I expression or bearing “altered-
self” stress-inducible proteins are thus the preferred NK cell
targets for potential therapy. NK cell inhibitory receptors are
able to detect the absence of MHC-I expression and mediate
cytotoxicity against defective cancer cells [117]. Activation
and expansion of NK cells via cytokines such as IL-2, IL-12,
IL-15, IL-18, IL-21, and type I IFNs have been studied ex vivo
[119, 120]. Lang at al. showed the increased activity of NK
cells via IL-2 stimulation in vitro [119]. After that, Leong et al.
demonstrated that preactivation of NK cells with 1L-12, IL-
15, and IL-18 has shown significantly enhanced antitumour
effects [121]. Similarly Kobayashi et al. studied very high doses
of IL-15 to observe any meaningful antitumour effects of
activated and expanded NXK cells in vitro and these cells were
effective in vivo in a lung metastasis mouse model [122].
Therapies designed to induce either a passive or active
antitumour response by harnessing the power of NK cells are
a most appealing strategy to control tumour development.
Despite the multiple properties of NK cells, malignant cells
can develop mechanisms to evade immune-surveillance and
establish an immune-privileged environment. Some tumour
cells may in fact produce immunosuppressive cytokines IL-10
and transforming growth factor-3 (TGF-p), thus impairing
the adaptive antitumour immune response, or eventually
shift the immune response towards a Th2 response with
less antitumour capacity [123]. In order to overcome these
limitations, novel generations of genetically modified NK cell
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FIGURE 2: Immune cells in tumour microenvironment. The figure shows the potential roles of immune cells in tumour immunosurveillance.
NK cells activated by cancer cells (cellular stress and low expression of MHC-I and IL-10 and TGF-p) directly recognize and attack cancer
cells through at least four mechanisms: cytoplasmic granule release, death receptor-induced apoptosis, effector molecule production, or
ADCC. Interaction of NK cells with DCs leads to improving their antigen uptake and presentation, facilitating the generation of antigen-
specific T cells responses. Tumour associated neutrophils secrete oncostatin M inducing angiogenesis and invasiveness of tumour cells.
Potential direct effect of neutrophils on tumour progression is secretion of matrix metalloproteinase-9 (MMP-9) enzymes. Inhibition of
neutrophil influx by interleukin-8 (IL-8) neutralization can decrease tumour angiogenesis and intravasation. Infiltration of macrophages to
tumour microenvironment inhibits canonical Wnt signaling leading to decreased proliferation and survival of cancer cells but as “side effect”
noncanonical Wnt signaling is activated inducing metastasis. Ab, antibody; ADCC, antibody-dependent cellular cytotoxicity; DC, dendritic

cell; IFN, interferon; and NK, natural killer.

lines are being exploited in order to obtain high numbers
of functional NK cells that have the potential to survive
in vivo and are capable of expressing cytokine or over-
expressing activating receptors. Retargeting NK cells via
chimeric receptors by genetic manipulation approaches has
also been proposed to modulate and enhance NK-tumour
cell interaction [124, 125]. Clinical trials are currently carried
out in haematological malignancies including leukemia and
myelodysplastic/proliferative diseases and recently applied
also to solid tumours [126].

The design of new strategies, including adjuvant therapies
or genetic engineering of NK cells, is currently pursued in
order to maximize the cytotoxic potential of NK cells to treat
human malignancies.

7. Future Perspectives for Using Immune Cells
in Cancer Therapy

The role of immune cells in cancer development cannot
be underestimated. Thus, prospective therapies targeting
these cells may increase effectiveness of cancer treatment.
The three most important directions in the development
of therapies concentrating around immune cells should be
considered. Firstly, there are attempts to decrease the number
of immunosuppressive cells, promoting the tumour growth
and metastasis, by blocking activity of chemokines recruiting
immune cells. Secondly, there are therapies switching off
metastasis promoting activities of immune cells, which will
modulate their activity by blocking or activating desired
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functions. Searching for ligands that will enable these changes
is of the highest importance. Also genetically engineered,
derived from the host, activated immune cells cultured ex
vivo with knocked-out or knocked-in genes may be utilized
as an element of complex therapy. Finally, some of immune
cells may be considered as delivery systems transporting
antitumour factors directly to the destination place.

Improvement of knowledge about processes taking place
in tumour microenvironment will allow creation of spe-
cific, personalized therapy. Better understanding of suppres-
sive tumour environment may allow combining therapy,
for example, DC or TIL vaccinations with agents tackling
immunosuppressive mechanisms (GM-CSE IEN, IL-2, IL-
15, and TNEF). It is important to improve knowledge of
tumour microenvironment biology, enabling a wider use
of recombinant immune cells, cytokines, tumour associated
antigens, viruses, and so forth. One of the most important
aspects is gathering of information about the escape strategies
used by tumours.

Next step will be identification of mechanism(s) used by
the tumour of individual patients in order to select the most
appropriate approach for each patient to counteract tumour
escape. Spreading of tumour immunotherapy will allow using
itin earlier stages of the treatment or even in minimal residual
disease. It may provide improvement of therapy due to less
compromised immune system by chemo- or radiotherapy
pretreatment.

8. Conclusion

Tumour progression is modified by a wide variety of host
cell types, where the key role is played by tumour associated
macrophages, T lymphocytes, natural killer cells, tumour
associated neutrophils, and dendritic cells. Despite earlier
studies showing that these cells might exhibit cytotoxicity
towards tumour cells, recent discoveries have indicated that
they promote tumour progression by increase of cancer cell
proliferation, metastasis, and enhanced angiogenesis. There-
fore, they may constitute targets for further anticancer ther-
apy. Figure 2 summarizes interactions between the immune
cells in the tumour microenvironment. However, better
understanding of the phenotypic and functional properties
of these cells is still required.

Competing Interests

The authors declare that they have no conflict of interests.

Acknowledgments

This paper was supported by Grant no. UMO-2013/09/D/
NZ5/02496 from the National Science Centre.

References

(1] E Chen, X. Zhuang, L. Lin et al., “New horizons in tumor
microenvironment biology: challenges and opportunities,”
BMC Medicine, vol. 13, article 45, 2015.

[2] M. Krdl, J. Mucha, K. Majchrzak et al., “Macrophages mediate a
switch between canonical and non-canonical wnt pathways in
canine mammary tumors,” PLoS ONE, vol. 9, no. 1, Article ID
e83995, 2014.

[3] E O. Martinez and S. Gordon, “The M1 and M2 paradigm
of macrophage activation: time for reassessment,” FIO00Prime
Reports, vol. 6, article 13, 2014.

[4] A.Sicaand A. Mantovani, “Macrophage plasticity and polariza-
tion: in vivo veritas,” The Journal of Clinical Investigation, vol.
122, no. 3, pp. 787-795, 2012.

[5] E.Y.Lin, A. V. Nguyen, R. G. Russell, and J. W. Pollard, “Colony-
stimulating factor 1 promotes progression of mammary tumors
to malignancy,” The Journal of Experimental Medicine, vol. 193,
no. 6, pp. 727-739, 2001.

[6] B.-Z. Qian, J. Li, H. Zhang et al., “CCL, recruits inflammatory
monocytes to facilitate breast-tumour metastasis,” Nature, vol.
475, no. 7355, pp. 222-225, 2011.

[7] K.J. Pienta, J.-P. Machiels, D. Schrijvers et al., “Phase 2 study of
carlumab (CNTO 888), a human monoclonal antibody against
CC-chemokine ligand 2 (CCL2), in metastatic castration-
resistant prostate cancer,” Investigational New Drugs, vol. 31, no.
3, pp. 760-768, 2013.

[8] A. Mantovani, C. Porta, L. Rubino, P. Allavena, and A. Sica,
“Tumor-associated macrophages (TAMs) as new target in anti-
cancer therapy, Drug Discovery Today: Therapeutic Strategies,
vol. 3, no. 3, pp. 361-366, 2006.

[9] A. E Welford, D. Biziato, S. B. Coffelt et al., “TIE2-expressing
macrophages limit the therapeutic efficacy of the vascular-
disrupting agent combretastatin A4 phosphate in mice,” The
Journal of Clinical Investigation, vol. 121, no. 5, pp. 1969-1973,
2011.

[10] D. G. DeNardo, D. J. Brennan, E. Rexhepaj et al., “Leukocyte
complexity predicts breast cancer survival and functionally
regulates response to chemotherapy,” Cancer Discovery, vol. 1,
no. 1, pp. 54-67, 2011.

[11] M.Krdl, K. Majchrzak, J. Mucha et al., “CSF-IR as an inhibitor of
apoptosis and promoter of proliferation, migration and invasion
of canine mammary cancer cells,” BMC Veterinary Research, vol.
9, article 65, 2013.

[12] D. Tseng, J.-P. Volkmer, S. B. Willingham et al., “Anti-CD47
antibody-mediated phagocytosis of cancer by macrophages
primes an effective antitumor T-cell response,” Proceedings of
the National Academy of Sciences of the United States of America,
vol. 110, no. 27, pp. 11103-11108, 2013.

[13] J. H. Pahl, K. M. Kwappenberg, E. M. Varypataki et al.,
“Macrophages inhibit human osteosarcoma cell growth after
activation with the bacterial cell wall derivative liposomal
muramyl tripeptide in combination with interferon-y,” Journal
of Experimental and Clinical Cancer Research, vol. 33, no. 1,
article 27, 2014.

[14] R. Andreesen, B. Hennemann, and S. W. Krause, “Adoptive
immunotherapy of cancer using monocyte-derived
macrophages: rationale, current status, and perspectives,”
Journal of Leukocyte Biology, vol. 64, no. 4, pp. 419-426,1998.

[15] L. Griffiths, K. Binley, S. Igball et al., “The macrophage-a novel
system to deliver gene therapy to pathological hypoxia,” Gene
Therapy, vol. 7, no. 3, pp. 255-262, 2000.

[16] M. Muthana, A. Giannoudis, S. D. Scott et al., “Use of
macrophages to target therapeutic adenovirus to human
prostate tumors,” Cancer Research, vol. 71, no. 5, pp. 1805-1815,
2011.



10

(17]

(20]

(21]

(25]

[26]

(27]

(30]

(31]

M. Muthana, S. Rodrigues, Y.-Y. Chen et al., “Macrophage
delivery of an oncolytic virus abolishes tumor regrowth and
metastasis after chemotherapy or irradiation,” Cancer Research,
vol. 73, no. 2, pp. 490-495, 2013.

G.-M. Seo, R. S. Rachakatla, S. Balivada et al., “A self-
contained enzyme activating prodrug cytotherapy for preclini-
cal melanoma,” Molecular Biology Reports, vol. 39, no. 1, pp. 157-
165, 2012.

Y. Chernajovsky, L. Layward, and N. Lemoine, “Fighting cancer
with oncolytic viruses,” The British Medical Journal, vol. 332,
article 170, 2006.

L. Heifets, “Centennial of Metchnikoft’s discovery;” RES Journal
of the Reticuloendothelial Society, vol. 31, no. 5, pp. 381-391, 1982.

D.R. Welch, D.J. Schissel, R. P. Howrey, and P. A. Aeed, “Tumor-
elicited polymorphonuclear cells, in contrast to ‘normal
circulating polymorphonuclear cells, stimulate invasive and
metastatic potentials of rat mammary adenocarcinoma cells,”
Proceedings of the National Academy of Sciences of the United
States ofAmerica, vol. 86, no. 15, pp. 5859-5863, 1989.

Z. G. Fridlender, J. Sun, S. Kim et al., “Polarization of tumor-
associated neutrophil phenotype by TGF-f: ‘NI’ versus ‘N2’
TAN;,” Cancer Cell, vol. 16, no. 3, pp. 183-194, 2009.

A. Mocsai, “Diverse novel functions of neutrophils in immu-
nity, inflammation, and beyond,” The Journal of Experimental
Medicine, vol. 210, no. 7, pp- 1283-1299, 2013.

D. O. Chee, C. M. Townsend Jr., M. A. Galbraith, F. R. Eilber,
and D. L. Morton, “Selective reduction of human tumor cell
populations by human granulocytes in vitro,” Cancer Research,
vol. 38, no. 12, pp. 4534-4539, 1978.

A. M. Dvorak, A. B. Connell, K. Proppe, and H. E Dvorak,
“Immunologic rejection of mammary adenocarcinoma (TA3-
St) in C57BL/6 mice: participation of neutrophils and activated
macrophages with fibrin formation,” The Journal of Immunol-
0gy, vol. 120, no. 4, pp- 1240-1248, 1978.

A. Grenier, M. Dehoux, A. Boutten et al., “Oncostatin M
production and regulation by human polymorphonuclear neu-
trophils,” Blood, vol. 93, no. 4, pp. 1413-1421, 1999.

M. M. Queen, R. E. Ryan, R. G. Holzer, C. R. Keller-Peck, and C.
L. Jorcyk, “Breast cancer cells stimulate neutrophils to produce
oncostatin M: potential implications for tumor progression,”
Cancer Research, vol. 65, no. 19, pp. 8896-8904, 2005.

N. Giingor, A. M. Knaapen, A. Munnia et al., “Genotoxic effects
of neutrophils and hypochlorous acid,” Mutagenesis, vol. 25, no.
2, pp. 149-154, 2010.

A. M. Houghton, D. M. Rzymkiewicz, H. Ji et al., “Neutrophil
elastase-mediated degradation of IRS-1 accelerates lung tumor
growth,” Nature Medicine, vol. 16, no. 2, pp. 219-223, 2010.

K. Kessenbrock, V. Plaks, and Z. Werb, “Matrix metallopro-
teinases: regulators of the tumor microenvironment,” Cell, vol.
141, no. 1, pp. 52-67, 2010.

E. M. Bekes, B. Schweighofer, T. A. Kupriyanova et al., “Tumor-
recruited neutrophils and neutrophil TIMP-free MMP-9 regu-
late coordinately the levels of tumor angiogenesis and efficiency
of malignant cell intravasation,” The American Journal of Pathol-
0gy, vol. 179, no. 3, pp. 1455-1470, 2011.

H. B. Acuff, K. J. Carter, B. Fingleton, D. L. Gorden, and L.
M. Matrisian, “Matrix metalloproteinase-9 from bone marrow-
derived cells contributes to survival but not growth of tumor
cells in the lung microenvironment,” Cancer Research, vol. 66,
no. 1, pp. 259266, 2006.

(33]

[34]

[37]

(38]

(42]

(43]

(47]

(48]

Mediators of Inflammation

T. Bald, T. Quast, J. Landsberg et al., “Ultraviolet-radiation-
induced inflammation promotes angiotropism and metastasis
in melanoma,” Nature, vol. 507, no. 7490, pp. 109-113, 2014.

J. Bubenik, P. Perlmann, K. Helmstein, and G. Moberger,
“Cellular and humoral immune responses to human urinary
bladder carcinomas,” International Journal of Cancer, vol. 5, no.
3, pp. 310-319, 1970.

J. J. Godleski, R. E. Lee, and J. Leighton, “Studies on the role
of polymorphonuclear leukocytes in neoplastic disease with the
chick embryo and Walker carcinosarcoma 256 in vivo and in
vitro,” Cancer Research, vol. 30, no. 7, pp. 1986-1993, 1970.

A. H. Pickaver, N. A. Ratcliffe, A. E. Williams, and H. Smith,
“Cytotoxic effects of peritoneal neutrophils on a syngeneic rat
tumour;” Nature: New biology, vol. 235, no. 58, pp. 186-187, 1972.

E. P. Reeves, H. Lu, H. L. Jacobs et al, “Killing activity of
neutrophils is mediated through activation of proteases by K*
flux,” Nature, vol. 416, no. 6878, pp. 291-297, 2002.

L. M. Stuart and R. A. B. Ezekowitz, “Phagocytosis: elegant
complexity,” Immunity, vol. 22, no. 5, pp. 539-550, 2005.

E Dallegri, L. Ottonello, A. Ballestrero et al., “Tumor cell
lysis by activated human neutrophils: analysis of neutrophil-
delivered oxidative attack and role of leukocyte function-
associated antigen 1,” Inflammation, vol. 15, no. 1, pp. 15-30,1991.
A. M. Scott, J. D. Wolchok, and L. J. Old, “Antibody therapy of
cancer;” Nature Reviews Cancer, vol. 12, no. 4, pp. 278-287, 2012.

E. Di Carlo, G. Forni, P. Lollini, M. P. Colombo, A. Modesti,
and P. Musiani, “The intriguing role of polymorphonuclear
neutrophils in antitumor reactions,” Blood, vol. 97, no. 2, pp.
339-345, 2001.

F. Nimmerjahn and J. V. Ravetch, “Antibodies, Fc receptors and
cancer; Current Opinion in Immunology, vol. 19, no. 2, pp. 239-
245, 2007.

R. Repp, T. Valerius, A. Sendler et al., “Neutrophils express
the high affinity receptor for IgG (FcyRI, CD64) after in
vivo application of recombinant human granulocyte colony-
stimulating factor;” Blood, vol. 78, pp. 885-889, 1991.

T. Valerius, R. Repp, T. P. M. de Wit et al., “Involvement of
the high-affinity receptor for IgG (FcyRI; CD64) in enhanced
tumor cell cytotoxicity of neutrophils during granulocyte
colony-stimulating factor therapy;” Blood, vol. 82, no. 3, pp. 931-
939,1993.

E J. Hernandez-lIlizaliturri, V. Jupudy, S. Reising, E. A.
Repasky, and M. S. Czuczman, “Concurrent administra-
tion of granulocyte colony-stimulating factoror granulocyte-
monocyte colony-stimulating factor enhancesthe biological
activity of rituximab in a severe combined immunodeficiency
mouse lymphoma model,” Leukemia and Lymphoma, vol. 46,
no. 12, pp. 1775-1784, 2005.

E Cavallo, M. Giovarelli, A. Gulino et al., “Role of neutrophils
and CD4" T lymphocytes in the primary and memory response
to nonimmunogenic murine mammary adenocarcinoma made
immunogenic by IL-2 gene;” Journal of Immunology, vol. 149, no.
11, pp. 3627-3635, 1992.

M. Giovarelli, P. Musiani, A. Modesti et al., “Local release of
IL-10 by transfected mouse mammary adenocarcinoma cells
does not suppress but enhances antitumor reaction and elicits a
strong cytotoxic lymphocyte and antibody-dependent immune
memory, The Journal of Immunology, vol. 155, no. 6, pp. 3112—
3123,1995.

V. C. Broaddus, C. A. Hebert, R. V. Vitangcol, ]. M. Hoeffel,
M. S. Bernstein, and A. M. Boylan, “Interleukin-8 is a major



Mediators of Inflammation

(50]

(54]

(55]

(56]

(58]

(59]

(61]

(62]

(63]

neutrophil chemotactic factor in pleural liquid of patients with
empyema,” American Review of Respiratory Disease, vol. 146, no.
4, pp. 825-830,1992.

H. Schaider, M. Oka, T. Bogenrieder et al, “Differential
response of primary and metastatic melanomas to neutrophils
attracted by IL-8,” International Journal of Cancer, vol. 103, no.
3, pp. 335-343, 2003.

K. Hirose, M. Hakozaki, Y. Nyunoya et al., “Chemokine gene
transfection into tumor cells reduced tumorigenicity in nude
mice in association with neutrophilic infiltration,” British Jour-
nal of Cancer, vol. 72, pp. 708-714, 1995.

M. G. Hanna Jr.,, B. Zbar, and H. J. Rapp, “Histopathology of
tumor regression after intralesional injection of Mycobacterium
bovis. I. Tumor growth and metastasis,” Journal of the National
Cancer Institute, vol. 48, no. 5, pp. 1441-1455, 1972.

A. K. Lichtenstein, J. Berek, J. Kahle, and J. Zighelboim, “Role
of inflammatory neutrophils in antitumor effects induced by
intraperitoneal administration of Corynebacterium parvum in
mice,” Cancer Research, vol. 44, no. 11, pp. 5118-5123, 1984.

N. Agrawal, C. Bettegowda, I. Cheong et al., “Bacteriolytic
therapy can generate a potent immune response against experi-
mental tumors,” Proceedings of the National Academy of Sciences
of the United States of America, vol. 101, no. 42, pp. 15172-15177,
2004.

E Avogadri, C. Martinoli, L. Petrovska et al, “Cancer
immunotherapy based on Kkilling of Salmonella-infected
tumor cells,” Cancer Research, vol. 65, no. 9, pp. 3920-3927,
2005.

C.-H. Lee, C.-L. Wu, and A.-L. Shiau, “Salmonella choleraesuis
as an anticancer agent in a syngeneic model of orthotopic
hepatocellular carcinoma,” International Journal of Cancer, vol.
122, no. 4, pp. 930-935, 2008.

E. C. de Boer, W. H. de Jong, A. P. M. van der Meijden et al,,
“Leukocytes in the urine after intravesical BCG treatment for
superficial bladder cancer. A flow cytofluorometric analysis,”
Urological Research, vol. 19, no. 1, pp. 45-50, 1991.

H. Suttmann, J. Riemensberger, G. Bentien et al., “Neu-
trophil granulocytes are required for effective Bacillus Calmette-
Guérin immunotherapy of bladder cancer and orchestrate local
immune responses,” Cancer Research, vol. 66, no. 16, pp. 8250—
8257, 2006.

A. M. Kamat and D. L. Lamm, “Intravesical therapy for bladder
cancer;,” Urology, vol. 55, no. 2, pp. 161-168, 2000.

J. A. Martinez-Pineiro and L. Martinez-Pineiro, “BCG update:
intravesical therapy;,” European Urology, vol. 31, no. 1, pp. 31-41,
1997.

G. G. Jinesh, S. Chunduru, and A. M. Kamat, “Smac mimetic
enables the anticancer action of BCG-stimulated neutrophils
through TNF-« but not through TRAIL and FasL,” Journal of
Leukocyte Biology, vol. 92, no. 1, pp. 233-244, 2012.

L. Andzinski, N. Kasnitz, S. Stahnke et al., “Type IIFNs induce
anti-tumor polarization of tumor associated neutrophils in
mice and human,” International Journal of Cancer, vol. 138, no.
8, pp. 1982-1993, 2016.

M. Jaganjac, M. Poljak-Blazi, K. Zarkovic, R. J. Schaur, and
N. Zarkovic, “The involvement of granulocytes in spontaneous
regression of Walker 256 carcinoma,” Cancer Letters, vol. 260,
no. 1-2, pp. 180-186, 2008.

S. O. Wendel, S. Menon, H. Alshetaiwi et al., “Cell based drug
delivery: Micrococcus luteus loaded neutrophils as chlorhexi-
dine delivery vehicles in a mouse model of liver abscesses in
cattle,” PLoS ONE, vol. 10, no. 5, Article ID 0128144, 2015.

(64]

(65]

(72]

(74]

(75]

[76]

(77]

(78]

1

I. Melero, G. Gaudernack, W. Gerritsen et al., “Therapeutic
vaccines for cancer: an overview of clinical trials,” Nature
Reviews Clinical Oncology, vol. 11, no. 9, pp. 509-524, 2014.

P. W. Kantoft, C. S. Higano, N. D. Shore et al., “Sipuleucel-
T immunotherapy for castration-resistant prostate cancer,” The
New England Journal of Medicine, vol. 363, no. 5, pp. 411-422,
2010.

M. A. Cheever, J. P. Allison, A. S. Ferris et al., “The prioritization
of cancer antigens: a national cancer institute pilot project
for the acceleration of translational research,” Clinical Cancer
Research, vol. 15, no. 17, pp. 5323-5337, 2009.

S. Anguille, V. E Van Tendeloo, and Z. N. Berneman,
“Leukemia-associated antigens and their relevance to the
immunotherapy of acute myeloid leukemia,” Leukemia, vol. 26,
no. 10, pp. 2186-2196, 2012.

K. Kontani, O. Taguchi, Y. Ozaki et al., “Dendritic cell vaccine
immunotherapy of cancer targeting MUCI mucin,” Interna-
tional journal of molecular medicine, vol. 12, no. 4, pp. 493-502,
2003.

FE O. Nestle, A. Farkas, and C. Conrad, “Dendritic-cell-based
therapeutic vaccination against cancer;; Current Opinion in
Immunology, vol. 17, no. 2, pp. 163-169, 2005.

G. Schuler, B. Schuler-Thurner, and R. M. Steinman, “The use
of dendritic cells in cancer immunotherapy,” Current Opinion
in Immunology, vol. 15, no. 2, pp. 138-147, 2003.

S. Anguille, E. L. J. M. Smits, N. Cools, H. Goossens,
7. N. Berneman, and V. E 1. Van Tendeloo, “Short-term
cultured, interleukin-15 differentiated dendritic cells have
potent immunostimulatory properties,” Journal of Translational
Medicine, vol. 7, article 109, 2009.

E S. Lichtenegger, K. Mueller, B. Otte et al., “CD86 and IL-12p70
are key players for T helper 1 polarization and natural killer cell
activation by Toll-like receptor-induced dendritic cells,” PLoS
ONE, vol. 7, no. 9, Article ID e44266, 2012.

B. Frankenberger and D. J. Schendel, “Third generation den-
dritic cell vaccines for tumor immunotherapy,” European Jour-
nal of Cell Biology, vol. 91, no. 1, pp. 53-58, 2012.

M. Subklewe, C. Geiger, E. S. Lichtenegger et al., “New genera-
tion dendritic cell vaccine for immunotherapy of acute myeloid
leukemia,” Cancer Immunology, Immunotherapy, vol. 63, no. 10,
pp. 1093-1103, 2014.

E. Gilboa, “DC-based cancer vaccines,” The Journal of Clinical
Investigation, vol. 117, no. 5, pp. 1195-1203, 2007.

P. Dubsky, H. Saito, M. Leogier et al., “IL-15-induced human
DC efficiently prime melanomaspecific naive CD8" T cells to
differentiate into CTL,” European Journal of Immunology, vol.
37, no. 6, pp. 1678-1690, 2007.

S. Anguille, E. Lion, J. Tel et al, “Interleukin-15-induced
CD56" myeloid dendritic cells combine potent tumor antigen
presentation with direct tumoricidal potential,” PLoS ONE, vol.
7, no. 12, Article ID e51851, 2012.

C. Papewalis, B. Jacobs, M. Wuttke et al., “IFN-« skews
monocytes into CD56"-expressing dendritic cells with potent
functional activities in vitro and in vivo,” The Journal of
Immunology, vol. 180, no. 3, pp. 1462-1470, 2008.

L. Galluzzi, L. Senovilla, E. Vacchelli et al., “Trial watch:
dendritic cell-based interventions for cancer therapy;” Oncolm-
munology, vol. 1, no. 7, pp. 1111-1134, 2012.

A. K. Gupta, A. M. Cherman, and S. K. Tyring, “Viral and
nonviral uses of imiquimod: a review; Journal of Cutaneous
Medicine and Surgery, vol. 8, no. 5, pp. 338-352, 2004.



12

(81]

(82]

(84]

(90]

o
D

[94]

(95]

C. Pasare and R. Medzhitov, “Toll pathway-dependent blockade
of CD47CD25" T cell-mediated suppression by dendritic cells,”
Science, vol. 299, no. 5609, pp- 1033-1036, 2003.

S. Yanagita, T. Hori, Y. Matsubara, T. Ishikawa, and T. Uchiyama,
“Retroviral transduction of acute myeloid leukaemia-derived
dendritic cells with OX40 ligand augments their antigen pre-
senting activity,” British Journal of Haematology, vol. 124, no. 4,
pp. 454-462, 2004.

A. Curti, S. Pandolfi, M. Aluigi et al., “Interleukin-12 production
by leukemia-derived dendritic cells counteracts the inhibitory
effect of leukemic microenvironment on T cells,” Experimental
Hematology, vol. 33, no. 12, pp. 1521-1530, 2005.

W. Hobo, E Maas, N. Adisty et al., “siRNA silencing of PD-L1
and PD-L2 on dendritic cells augments expansion and function
of minor histocompatibility antigen-specific CD8+ T cells,
Blood, vol. 116, no. 22, pp. 4501-4511, 2010.

P. O. Iversen and M. Sioud, “Engineering therapeutic cancer
vaccines that activate antitumor immunity,” Methods in Molec-
ular Biology, vol. 1218, pp. 263-268, 2015.

A. Vasaturo, S. Di Blasio, D. G. A. Peeters et al., “Clinical
implications of co-inhibitory molecule expression in the tumor
microenvironment for DC vaccination: a game of stop and go,”
Frontiers in Immunology, vol. 4, article 417, 2013.

J. Datta, J. H. Terhune, L. Lowenfeld et al., “Optimizing dendritic
cell-based approaches for cancer immunotherapy,” Yale Journal
of Biology and Medicine, vol. 87, no. 4, pp. 491-518, 2014.

E. M. Sotomayor, I. Borrello, E. Tubb, J. P. Allison, and H. L.
Levitsky, “In vivo blockade of CTLA-4 enhances the priming
of responsive T cells but fails to prevent the induction of tumor
antigen-specific tolerance,” Proceedings of the National Academy
of Sciences of the United States of America, vol. 96, no. 20, pp.
11476-11481, 1999.

O. Met, M. Wang, A. E. Pedersen, M. H. Nissen, S. Buus, and
M. H. Claesson, “The effect of a therapeutic dendritic cell-
based cancer vaccination depends on the blockage of CTLA-4
signaling,” Cancer Letters, vol. 231, no. 2, pp. 247-256, 2006.

V. Pulko, X. Liu, C. J. Krco et al., “TLR3-stimulated dendritic
cells up-regulate B7-H1 expression and influence the magnitude
of CD8 T cell responses to tumor vaccination,” Journal of
Immunology, vol. 183, no. 6, pp. 3634-3641, 2009.

Q. Zhou, M. E. Munger, S. L. Highfill et al., “Program death-1
signaling and regulatory T cells collaborate to resist the function
of adoptively transferred cytotoxic T lymphocytes in advanced
acute myeloid leukemia,” Blood, vol. 116, no. 14, pp. 2484-2493,
2010.

J. Rosenblatt, R. Stone, I. Avivi et al., “Clinical trial evaluating
DC/AML fusion cell vaccination alone and in conjunction with
PD-1 blockade in AML patients who achieve a chemotherapy-
induced remission,” Biology of Blood and Marrow Transplanta-
tion, vol. 18, no. 2, p. S289, 2012.

W. J. Norde, W. Hobo, R. van der Voort, and H. Dolstra,
“Coinhibitory molecules in hematologic malignancies: targets
for therapeutic intervention,” Blood, vol. 120, no. 4, pp. 728-736,
2012.

T. P. Rygiel, G. Karnam, G. Goverse et al., “CD200-CD200R
signaling suppresses anti-tumor responses independently of
CD200 expression on the tumor,” Oncogene, vol. 31, no. 24, pp.
2979-2988, 2012.

R. M. Gorczynski, Z. Chen, J. Diao et al., “Breast cancer cell
CD200 expression regulates immune response to EMT6 tumor
cells in mice,” Breast Cancer Research and Treatment, vol. 123,
no. 2, pp. 405-415, 2010.

[96]

(98]

[99]

[100]

[101]

[102]

[103]

(104]

[105]

[106]

[107]

(108]

[109]

[110]

(11

[112]

Mediators of Inflammation

A. Kretz-Rommel, F Qin, N. Dakappagari et al., “CD200
expression on tumor cells suppresses antitumor immunity:
new approaches to cancer immunotherapy, The Journal of
Immunology, vol. 178, no. 9, pp. 5595-5605, 2007.

S.J. Coles, E. C. Y. Wang, S. Man et al., “CD200 expression sup-
presses natural killer cell function and directly inhibits patient
anti-tumor response in acute myeloid leukemia,” Leukemia, vol.
25, no. 5, pp. 792-799, 2011.

S.J. Coles, R. K. Hills, E. C. Y. Wang et al., “Expression of CD200
on AML blasts directly suppresses memory T-cell function,”
Leukemia, vol. 26, no. 9, pp. 2148-2151, 2012.

S. J. Coles, R. K. Hills, E. C. Y. Wang et al,, “Increased
CD200 expression in acute myeloid leukemia is linked with an
increased frequency of FoxP3" regulatory T cells,” Leukemia,
vol. 26, no. 9, pp- 2146-2148, 2012.

A. Memarian, M. Nourizadeh, F. Masoumi et al., “Upregulation
of CD200 is associated with Foxp3™ regulatory T cell expansion
and disease progression in acute myeloid leukemia,” Tumor
Biology, vol. 34, no. 1, pp. 531-542, 2013.

G. Karnam, T. P. Rygiel, M. Raaben et al., “CD200 receptor
controls sex-specific TLR7 responses to viral infection,” PLoS
Pathogens, vol. 8, no. 5, Article ID €1002710, 2012.

M. Stumpfova, D. Ratner, E. B. Desciak, Y. D. Eliezri, and D.
M. Owens, “The immunosuppressive surface ligand CD200
augments the metastatic capacity of squamous cell carcinoma,’
Cancer Research, vol. 70, no. 7, pp. 2962-2972, 2010.

T. P. Rygiel and L. Meyaard, “CD200R signaling in tumor
tolerance and inflammation: a tricky balance,” Current Opinion
in Immunology, vol. 24, no. 2, pp. 233-238, 2012.

C. A. Janeway Jr., P. Travers, M. Walport, and M. J. Shlomchik,
Immunobiology, 5th Edition: The Immune System in Health and
Disease, Garland Science, New York, NY, USA, 2001.

S. A. Rosenberg and N. P. Restifo, “Adoptive cell transfer as
personalized immunotherapy for human cancer,” Science, vol.
348, no. 6230, pp. 62-68, 2015.

M. S. Lawrence, P. Stojanov, P. Polak et al., “Mutational het-
erogeneity in cancer and the search for new cancer-associated
genes,” Nature, vol. 499, no. 7457, pp. 214-218, 2013.

J. B. Haanen, “Immunotherapy of melanoma,” EJC Supplements,
vol. 11, no. 2, pp. 97-105, 2013.

T. Blankenstein, P. G. Coulie, E. Gilboa, and E. M. Jaffee,
“The determinants of tumour immunogenicity;” Nature Reviews
Cancer, vol. 12, no. 4, pp. 307-313, 2012.

L. Gattinoni, S. E. Finkelstein, C. A. Klebanoff et al., “Removal
of homeostatic cytokine sinks by lymphodepletion enhances the
efficacy of adoptively transferred tumor-specific CD8" T cells,”
The Journal of Experimental Medicine, vol. 202, no. 7, pp. 907-
912, 2005.

M. E. Dudley, J. R. Wunderlich, J. C. Yang et al., “Adoptive
cell transfer therapy following non-myeloablative but lym-
phodepleting chemotherapy for the treatment of patients with
refractory metastatic melanoma,” Journal of Clinical Oncology,
vol. 23, no. 10, pp. 2346-2357, 2005.

M. E. Dudley, J. C. Yang, R. Sherry et al., “Adoptive cell therapy
for patients with metastatic melanoma: evaluation of intensive
myeloablative chemoradiation preparative regimens,” Journal of
Clinical Oncology, vol. 26, no. 32, pp. 5233-5239, 2008.

S. Gill and C. H. June, “Going viral: chimeric antigen receptor

T-cell therapy for hematological malignancies,” Immunological
Reviews, vol. 263, no. 1, pp. 68-89, 2015.



Mediators of Inflammation

[113]

[114]

[115]

[116]

(117]

[118]

[119]

[120]

(121

(122]

[123]

[124]

[125]

(126)

K.J. Curran, H.J. Pegram, and R. J. Brentjens, “Chimeric antigen
receptors for T cell immunotherapy: current understanding and
future directions;” Journal of Gene Medicine, vol. 14, no. 6, pp.
405-415, 2012.

S. Guedan, X. Chen, A. Madar et al., “ICOS-based chimeric
antigen receptors program bipolar TH17/ THI cells,” Blood, vol.
124, no. 7, pp. 1070-1080, 2014.

R. B. Herberman, M. E. Nunn, and D. H. Lavrin, “Natural cyto-
toxic reactivity of mouse lymphoid cells against syngeneic and
allogeneic tumors. I. Distribution of reactivity and specificity;’
International Journal of Cancer, vol. 16, no. 2, pp. 216-229, 1975.
M. J. Smyth, Y. Hayakawa, K. Takeda, and H. Yagita, “New
aspects of natural-killer-cell surveillance and therapy of cancer;’
Nature Reviews Cancer, vol. 2, no. 11, pp. 850-861, 2002.

M. Cheng, Y. Chen, W. Xiao, R. Sun, and Z. Tian, “NK cell-based
immunotherapy for malignant diseases,” Cellular & Molecular
Immunology, vol. 10, no. 3, pp. 230-252, 2013.

J. Wuand L. L. Lanier, “Natural killer cells and cancer,” Advances
in Cancer Research, vol. 90, pp. 127-156, 2003.

P. Lang, M. Pfeiffer, H.-M. Teltschik et al., “Natural killer
cell activity influences outcome after T cell depleted stem cell
transplantation from matched unrelated and haploidentical
donors,” Best Practice and Research: Clinical Haematology, vol.
24, no. 3, pp. 403-411, 2011.

J. Ni, M. Miller, A. Stojanovic, N. Garbi, and A. Cerwenka, “Sus-
tained effector function of IL-12/15/18-preactivated NK cells
against established tumors,” Journal of Experimental Medicine,
vol. 209, no. 13, article 2351, 2012.

J. W. Leong, J. M. Chase, R. Romee et al., “Preactivation with IL-
12, IL-15, and IL-18 induces c¢d25 and a functional high-affinity
il-2 receptor on human cytokine-induced memory-like natural
killer cells,” Biology of Blood and Marrow Transplantation, vol.
20, no. 4, pp. 463-473, 2014.

H. Kobayashi, S. Dubois, N. Sato et al., “Role of trans-cellular
IL-15 presentation in the activation of NK cell-mediated killing,
which leads to enhanced tumor immunosurveillance,” Blood,
vol. 105, no. 2, pp. 721-727, 2005.

1. Waldhauer and A. Steinle, “NK cells and cancer immuno-
surveillance;,” Oncogene, vol. 27, no. 45, pp. 5932-5943, 2008.

C. Uherek, T. Tonn, B. Uherek et al., “Retargeting of natural
killer-cell cytolytic activity to ErbB2-expressing cancer cells
results in efficient and selective tumor cell destruction,” Blood,
vol. 100, no. 4, pp. 1265-1273, 2002.

L. Boissel, M. Betancur, W. Lu et al., “Retargeting NK-92
cells by means of CD19- and CD20-specific chimeric antigen
receptors compares favorably with antibody-dependent cellular
cytotoxicity,; Oncolmmunology, vol. 2, no. 10, Article ID 26527,
2014.

T. Tonn, D. Schwabe, H. G. Klingemann et al., “Treatment of
patients with advanced cancer with the natural killer cell line
NK-92 Cytotherapy, vol. 15, no. 12, pp. 1563-1570, 2013.

13



