cancers

Editorial

Emerging Roles of Immune Cells in Cancer Development
and Progression

David Entenberg 1-2-34:*

check for
updates

Citation: Entenberg, D.; Filippou,
PS.; Karagiannis, G.S. Emerging
Roles of Immune Cells in Cancer
Development and Progression.
Cancers 2022, 14, 2642. https://
doi.org/10.3390/ cancers14112642

Received: 26 April 2022
Accepted: 18 May 2022
Published: 26 May 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Panagiota S. Filippou >®* and George S. Karagiannis

2,3,4,7,%

Department of Pathology, Albert Einstein College of Medicine/Montefiore Medical Center, Bronx,
New York, NY 10461, USA

Integrated Imaging Program, Albert Einstein College of Medicine/Montefiore Medical Center, Bronx,
New York, NY 10461, USA

Gruss-Lipper Biophotonics Center, Albert Einstein College of Medicine/Montefiore Medical Center, Bronx,
New York, NY 10461, USA

Tumor Microenvironment and Metastasis Program, Albert Einstein Cancer Center, Bronx,

New York, NY 10461, USA

5 School of Health & Life Sciences, Teesside University, Middlesbrough TS1 3BX, UK

6 National Horizons Centre, Teesside University, 38 John Dixon Ln, Darlington DL1 1HG, UK
Department of Microbiology & Immunology, Albert Einstein College of Medicine, Bronx,

New York, NY 10461, USA

*  Correspondence: david.entenberg@einsteinmed.edu (D.E.); p.philippou@tees.ac.uk (PS.E);
georgios.karagiannis@einsteinmed.edu (G.S.K.)

Immune cells are a major constituent of the tumor microenvironment, and partici-
pate in interactions with tumor cells to promote the acquisition of critical hallmarks of
cancer [1,2]. Myeloid cells (e.g., macrophages, neutrophils, and myeloid-derived suppres-
sor cells) contribute significantly to the regulation of the critical steps of the metastatic
cascade [3,4]. Moreover, cancer cells evade immune destruction through the development
of molecular and cellular strategies, turning both innate (e.g., natural killer (NK) cells) and
adaptive (CD8+ T lymphocytes) immune cells into unwitting supporters of the metastatic
process [5]. In recent years, there have been many studies undertaken exploring the mech-
anisms underpinning the role of immune cells in cancer metastasis and progression [6].
A thorough understanding of the mechanisms of pathobiology is paramount for the de-
velopment of novel and efficient immunotherapies [7], capable of specifically targeting
pre-metastatic immune cell functions. This collection of articles attempts to dissect the
molecular and cellular mechanisms by which immune cells regulate cancer metastasis and
progression. These efforts also provide insight into novel microenvironment-based targets
that may lead to the development of rationalized and personalized cancer immunotherapy.

A specific subtype of myeloid cells, the Tie2-expressing macrophage, has recently
received attention due to its critical role in both tumor angiogenesis and the dissemination
of tumor cells from primary tumors to secondary sites. The angiopoietin-Tie2 system is an
appropriate pharmacological target within the tumor microenvironment, able to disrupt
angiogenesis and metastasis. Duran et al. present an elegant review of the complex effects
the Ang-Tie2 signaling axis has in the context of reciprocal interactions among endothelial
cells, immune cells, and tumor cells. The authors conclude that this signaling axis is a
critical milestone in designing therapies to improve the survival of patients with metastatic
disease [8].

Natural killer and dendritic cells (DCs) have also attracted attention, since the former
play a key role in tumor immunosurveillance by directly killing malignant cells, while the
latter link innate and adaptive immune systems by cross-presenting antigens to T cells [1].
However, the presence of an immunosuppressive tumor milieu can either lead to complete
inactivation or the poor function of NKs and DCs, resulting in an adverse outcome for
cancer patients. In this regard, Ahluwalia et al. review the biological roles and prognostic
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and predictive aspects of NK and DC cells, and present the newly developed immunother-
apy strategies that have the potential to enhance their antitumor function in non-small
cell lung carcinoma [9]. Although recent strategies aiming to activate DC-based immunity
through vaccination look promising, the immunosuppressive microenvironment is still a
major barrier. As such, the authors propose that novel strategies to understand and utilize
critical mediators of DC function would benefit cancer patients. Similarly, the durability of
NK cell-based approaches suffers from ineffective activation, a lack of tumor-specific NK
cells, and/or due to a low mutational burden in tumor cells. In this review, the authors
suggest that immunotherapies based on DCs and NK cells can be combined with other
therapies to maximize clinical benefit [9].

Antitumor immune surveillance is overseen by CD8+ T lymphocytes primed by spe-
cific DCs. Therefore, a high level of tumor infiltration of CD8+ cytotoxic T lymphocytes (as
well as the presence of adjacent tertiary lymphoid structures) is associated with a favor-
able prognosis in cancer patients [10]. One of the hallmarks of cancer, “evading immune
surveillance”, is accomplished by inhibiting T cell effector functions [2], for instance, by
upregulating checkpoint inhibitors such as the programmed cell death-1/programmed
death ligand-1 (PD-1/PD-L1) pathway. To determine the translational promise and prog-
nostic value of the PD-1/PD-L1 pathway, Wirta et al. evaluate immune cell infiltration and
PD1/PD-L1 expression in a cohort of patients with small bowel adenocarcinoma (SBA) that
had previously been verified to have predisposing conditions, as well as the exome-wide
characterization of somatic mutations [11]. The study determines that combining an im-
mune cell score (ICS), formed from the number of CD8+ lymphocytes in the tumor, with
PD-L1IC and PD-1 forms a new metric, here called “immunoprofile”, that is prognostic for
better patient outcome [11].

Tumor-associated neutrophils (TANs) constitute another important portion of infil-
trating immune cells in the tumor micro-environment [12], exerting either pro-tumor (N2
TANSs) or anti-tumor (N1 TANs) properties. Recent studies on neutrophils have drawn
attention to the pro-tumorigenic role of neutrophil extracellular traps (NETs) in the tumor
microenvironment. Recent developments in this aspect are provided in a concise review by
Chen et al., examining the pivotal roles of NETs in the metastatic cascade and their poten-
tial harnessing in clinical applications. Mechanistically, NETs are involved in supporting
local invasion, vascular permeability, and immune escape, thus, promoting tumor metasta-
sis [13]. Translationally, NETs have great potential to guide clinical diagnosis and prognosis
as cancer biomarkers, or if treated as therapeutic targets to prevent metastasis [13].

TANS are recruited in the tumor microenvironment via specific neoplastic signals
to exert either tumor-promoting or tumor-suppressive effects. Chemokines in the tumor
microenvironment are essential for the control of tumor progression. As neutrophils are
also increasingly recognized as key modulators of tumor progression, and since they highly
express the chemokine receptor Cxcr2, Timaxian et al. performed an animal study showing
the loss of Cxcr2 expression to have a pro-tumorigenic effect, leading to an increased
primary tumor growth and lung metastases [14]. By performing a transcriptomic analysis,
they show that Cxcr2—/— TANs have a more pronounced TAN2 phenotype than WT TANs
with multiple pathways of neutrophil action dysregulated, suggesting that Cxcr2 could
be involved in TAN plasticity [14]. Moreover, Cxcr2 ablation alters neutrophil properties,
with Cxcr2—/— TANs showing a reduced anti-tumor ability [14], thus, reinforcing the
importance of Cxcr2 in neutrophil function in cancer progression.

Kuziel et al. explore the role of CCL2 in macrophage-induced inflammation and
breast tumor pathology. They suggest that obesity-driven chronic inflammation induced by
CCL2 significantly enhances tumor growth and promotes the formation of a desmoplastic
stroma through the early recruitment of macrophages and fibrocytes in the tumor microen-
vironment [15]. Thus, fibrocytes may be a novel target in the tumor microenvironment to
reduce tumor fibrosis and enhance treatment responses for obese breast cancer patients.
Furthermore, understanding how macrophages contribute to cancer-associated fibroblast
(CAF) formation during early tumor progression may lead to novel chemoprevention
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strategies to reduce breast tumor growth and progression for at-risk obese women [15].
Myeloid-derived suppressor cells (MDSCs) represent a heterogeneous subset of myeloid
cells with immunosuppressive properties, capable of sustaining the metastatic process [16].
MDSCs are able to both suppress immune cells (e.g., T and natural killer) and enhance other
immunosuppressive cells (e.g., regulatory T (Treg) and B cells (Breg)), as well as produce
a number of immunosuppressive molecules (e.g., IL-10 and TGF- ) [17]. In this regard,
Zarobkiewicz et al. investigate the potential role of MDSCs in hematopoietic malignancies
by correlating the frequency of circulating monocytic MDSCs (M-MDSC) with clinical and
laboratory parameters associated with disease progression and immune status in patients
with chronic lymphoid leukemia (CLL) [18]. Interestingly, the authors observe an increased
percentage of M-MDSCs in CLL patients, with M-MDSC being highest in patients with
adverse prognostic factors [18].

In conclusion, this collection comprises informative research and comprehensive
review articles aiming to better understand the involvement of immune cells in cancer
metastasis and progression, as well as their clinical and prognostic applications. Since
the field is broad, the intention was not to provide an exhaustive array of pro-metastatic
and immunosuppressive mechanisms elicited by immune cells onto the tumor microen-
vironment. Rather, we wished to highlight the complex nature of tumor-immune cell
interactions by portraying the challenges and difficulties encountered when studying them
mechanistically. We anticipate our collection to be successful in smoothly introducing this
field to young researchers, while simultaneously inspiring more established researchers
to address these challenges, with the vision of improving cancer immunotherapy and
personalized medicine.
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