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Abstract

Investigations in immunomodulating therapies for cancer treatment over the past 20 years have flourished. Given the complex tumor microenvironment
and differential signaling pathways a wide variety of potential targeting mechanisms have come to attention. Herein we review the immunomodulating
potential of Chemokine 21 in pre-clinical and clinical studies, as well as examine the novel multi-faceted immune-based treatments in advanced head

and neck cancer.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the
sixth most common cancer in the world, accounting for more than
300,000 deaths annually [1]. Despite advances in surgical techniques
and chemo-/radiation treatment strategies, patients with advanced
T3 or T4 HNSCC continue to demonstrate 20%-30% survival with
failure of primary surgical or medical (radiation and chemotherapy)
management. Salvage therapies, in recalcitrant or recurrent disease,
are limited by systemic toxicity or operative morbidity owing to nearby
vital structures (carotid artery, skull base). Immunotherapy and
modulation in HNSCC is a promising venture given recent advances
in cancer biology and investigations in the tumor microenvironment.

Historically studied in the contexts of inflammation and
immune response, chemokines have increasingly been studied in
the context of tumor proliferation [2, 3]. Chemokines are a family
of small chemotactic cytokines involved in cellular signaling and
inflammation. Through interactions within a subset of G-protein-
coupled transmembrane receptors (GPCRs), secreted cellular
chemokines regulate cellular homing, activation, and recruitment
of a variety of diverse leukocytes and activated adhesion molecules
[2, 4-6]. In the tumor microenvironment, responses to specific
chemokines result in the migration of different immune cell subsets
and regulate tumor immune responses; these are both pro- and anti-
inflammatory in nature. Chemokines, have been directly associated
with cancer immunity, proliferation, and metastases [7,8]. In this
review, we address the role of Chemokine 21 (CCL-21) in tumor
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progression, its role as an immunotherapy platform, and the potential
within head and neck oncology.

CCL-21 chemotaxis and lymphocyte recruitment

Divided into four subfamilies, chemokine nomenclature is related
to the location of their first N-terminal cysteine (C) residues; classified
as: C-, CC-, CXC-, and CX,C-chemokines [9]. CCL-21 (also known
as Thymus-derived chemokine 4, 6Ckine, or Exodus-2) is a CC
chemokine expressed in high endothelial post-capillary venules, T-cell
stromal zones of the spleen, Peyer’s patches, and afferent peripheral
lymph nodes that strongly attracts naive T-cells and mature dendritic
cells (DC) including NK T-cells [10-13]. The effects of CCL-21 on
chemotaxis have been demonstrated in neutralization studies, where
the homing of T-cells and DCs has been shown to be significantly
reduced [14, 15]. Acting through the GPCR CCR?7, a convergence of
the immune response elements to sites of CCL-21 production have
been demonstrated to co-stimulate the expansion of CD4+ and CD8+
T cells and induce Thl polarization [16]. Additionally, chemokine
bound DCs form T cell adhesions resulting in a hyper-responsive T-cell
on subsequent exposure to CCL-21 and antigen-presenting cells [17].

Role in cancer immunotherapy

The cancer immunosuppressant microenvironment results in
ineffective antigen processing and presentation; resulting in poor
host response. The CCL-21/CCR-7 axis has been studied in efforts
to create a more immunogenic environment through chemotaxis
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of DCs, NK cells, and lymphocytes. By recruiting host antigen
presenting cells (APC) for tumor antigen presentation, T cells within
lymphoid organs have the ability to prime anti-tumor specific activity.
Of note, while CCL-21 aids in the polarization of Th1 lymphocytes,
the secondary lymphoid chemokine has also been shown to have
minimal effect on the proliferation of suppressor cell population;
CD4+CD25+ T-regulatory cells are hypo responsive to CCL-21
induced migration and unresponsive to CCL-21 co-stimulation [16].
High levels of T-regulatory cells within the tumor microenvironment
has demonstrated poor prognosis in many cancers, dependent on the
type and location of neoplasm [18].

Pre-clinical animal models

The ability to process and present a high ratio of activated
tumor-antigen-APCs has long been the goal of immunotherapy
in the immunosuppressive cancer microenvironment. The first
established model for the creation of a CCL-21 chemotactic gradient
in restoring tumor-antigen presentation was undertaken by Sharma
and Dubinett [19]. In an immune competent murine lung cancer
model, intratumoral injection of CCL21 induced infiltration of
CD4+ and CD8+ T cells and DC in both tumor and draining lymph
nodes. Additionally, a potent antitumor response was observed as
complete tumor eradication was found in 40% of treated mice [19].
Furthermore, the tumor microenvironment displayed a concomitant
decrease in immunosuppressive molecules such as PGE-2 and TGF-8
[19]. When introduced to the afferent axillary lymph nodes, CCL-21
injections resulted in a marked infiltration of lymphocytes and DCs
into the lung tumor microenvironment, associated with a significant
reduction in tumor burden [20]. The anti-tumor efficacy of CCL-21
has further been confirmed in a variety of transgenic lung, ovarian,
melanoma, and liver cancer models [21-25]. Despite the promising
results, in vivo studies have utilized specific cancer cell lines, with
greater success observed in low-malignant weakly metastatic clones
as compared to highly-metastatic clones [26]. Further research on
the efficacy within specific tumor phenotypes, locations, timing, and
dosing of CCL-21 continues to be underway.

Antigen presenting cells as a platform

APCs are fundamental in the activation of specific immunity
and have been investigated as adjuvants to cancer immunotherapy to
stimulate tumor-specific antigen presentation for promotion of T cell
activation and anti-cancer immunity [27, 28]. Prior investigations have
generated DCs with enhanced immune stimulatory and T-cell activity
through pulsed electroporation of antigens or viral transduction of
cytokines [29-33].

A platform to transduce DCs with CCL-21 (DC-CCL21) through
an adenovirus vector has also recently been developed demonstrating
viable in vitro chemotaxis of activated lymphocytes [34, 35]. The anti-
tumor efficacy of DC-CCL21 has been studied in the murine lung and
melanoma cancer models. These studies demonstrated a significant
reduction in melanoma tumor growth and complete eradication of
lung tumor burden in 60% of mice with lung cancer [32, 34]. Clinical
trials are currently underway in late stage non-small cell lung cancer
patients based on the promising results of this preclinical data [36].
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Head and neck oncology

Recurrent and advanced HNSCC has been extraordinarily
challenging to treat, with stagnant survival and cure rates over the past
20 years [37]. Depending on the tumor site, reoccurrence rates may
range from 25%-50%, and the incidence of subsequent reoccurrences
similarly fall within this broad range [38-40]. Morbidity from current
salvage treatment strategies are unfortunately common and include
chronic pain, respiratory distress, and dysphagia oftentimes resulting
in tracheotomy, or, gastrostomy tube dependence [41]. Despite cancer
outcomes, cosmetic and functional deficits may negatively impact the
head and neck cancer patient’s quality of life [42-44]. Limited surgically
by nearby structures and systemically by toxic effects, advancements
in locoregional therapies in the tumor microenvironment are strongly
desired.

Recentadvancesin material science, have developed biocompatible,
functional, three dimensional polymer systems for molecular and
cellular delivery in cancer care [45]. A novel implantable polymer-
based system for the delivery of chemokines to interact directly with
tumor cells, has the potential to integrate with a wide range of anti-
cancer treatments. Recently, a biodegradable poly-e-caprolactone
(PCL), polylactide-co-glycolide (PLG), co-polymer seeded with DC-
CCL21 and/or cisplatin has been tested in an animal model resembling
unresectable head and neck squamous cell carcinoma (HNSCC) [46,
47]. Tumor cells from the squamous cell carcinoma (SCCA) VII/
SE were injected, grown, and debulked in the flanks of C3H/He]
mice. The animals then underwent debulking surgery to replicate an
unresectable cancer setting. The flexible seeded PCL/PLCL polymer
was then applied to contour the cancer tissue bed. In the first study,
the cisplatin-polymer group effectively reduced tumor volume by
over 16-fold when compared to control polymer with intratumoral
cisplatin injection groups [47]. When combined with radiation, the
cisplastin-seeded polymer group enhanced the efficacy of radiation
therapy by tumor volume reductions of 53% when compared to
surgery and radiation alonel [47]. Given the well-established literature
in the role of cytokines in tumor regression, the HNSCC murine
polymer model was then seeded with DC-CCL21 using a fibrin gel
delivery mechanism. After implantation to the partially resected
tumor, DC-CCL21 secreting polymer significantly reduced SCC VII/
SF tumors by 41% as compared to control groups [46]. Additionally,
the DC-CCL21 polymer resulted in increased CD4+ and CD11+ DCs
as well as a marked decrease in T-regulatory cells within the tumor
microenvironment.

Current studies are underway to assess the anti-tumor efficacy
of DC-CCL21 with combination of cisplatin and radiation therapy
in the HNSCC murine model. Additionally, the promising findings
of APC and T cell recruitment provide the rationale for combination
with immune checkpoint blockade therapy to enhance the frequency
of activated T cells in the tumor micro-environment for improved
patient outcome.

Conclusion

Research in the field of immunology has evolved tremendously as
the complex immunosuppressive tumor microenvironment continues
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to unravel. The role of CCL-21 is critical in promoting DC homing and

T-lymphocyte activation. Tumor antigen presentation is significantly

amplified both locally and peripherally following introduction of CCL-

21. Head and neck cancer therapies, previously limited by morbidity,

may now have an alternative for locoregional control in unresectable

tumors. A multi-faceted approach to innovative cancer treatment is

necessary in order to maximize the immunogenic potential for tumor
cell death. As described, it is clear that CCL-21 is a potent chemokine
in eliciting an immune response with substantial evidence supporting

its use in future oncologic therapies. Collaborations with materials

scientists, immunologists, and physicians can not be underestimated

in the ongoing pursuit for cancer cure.
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