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Highlights

* Neutrophils have a dual pro and anti-tumor in GBM.

» Neutrophils can cross the BBB naturally.

» Targeting neutrophils could be effective in GMB treatment.

* Nanosystem-based neutrophil targeting platforms are effective in GBM
treatments.
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Glioblastoma (GBM) is the most aggressive and lethal type of primary brain tumor, characterized
by its rapid growth, resistance to conventional therapies, and a highly immunosuppressive tumor
microenvironment (TME). Recent studies have highlighted the critical role of neutrophils in the
progression of GBM, where they contribute to tumor growth, invasion, and treatment resistance.
As a result, neutrophils have emerged as a promising target for therapeutic intervention in GBM.
Various strategies are being investigated to specifically target neutrophils within the GBM
environment, including using small molecules, antibodies, and nanoparticle-based methods.
These approaches aim to regulate neutrophils’ recruitment, activation, and functions. This study
reviews the latest findings regarding the involvement of neutrophils in GBM, explores potential
techniques targeting neutrophils for therapeutic purposes, and discusses current clinical studies
and prospects in this rapidly evolving field. By studying the diverse functions of neutrophils in
GBM, these innovative therapeutic strategies can help address some of the most significant
challenges in treating this malignancy.

Introduction

Glioblastoma (GBM) is the predominant and highly malignant kind of primary brain tumor,
including over 48% of all primary malignant brain tumors [1]. Despite the progress made in
surgical methods, radiation, and chemotherapy, the outcome for patients with GBM is still
relatively poor, with an average survival time of around 15months after being diagnosed [2]. The
treatment of GBM is complex due to various factors, including the tumor's invasive
characteristics, its capacity to avoid immune detection, and the development of a protective
blood-brain barrier (BBB) that restricts the effectiveness of many drugs [3]. Neutrophils, a tumor
microenvironment (TME) component, have lately been recognized for their dual function in
promoting and restraining tumor growth, contributing to the aggressive nature of GBM [4].

Neutrophils, the most prevalent leukocytes in the human body, are mostly known for their
involvement in acute inflammation and innate immunity. Nevertheless, recent findings indicate
that neutrophils have a multifaceted impact on cancer, specifically in GBM, where they
frequently correlate with unfavorable prognosis [5]. Neutrophils are recruited to the GBM
microenvironment using several chemokines and cytokines, such as interleukin-8 (IL-8) and
granulocyte colony-stimulating factor (G-CSF). These immune mediators are released by both
tumor cells and other stromal components [6]. Following the recruitment and infiltration,
neutrophils can promote tumor growth and invasion by secreting pro-tumorigenic substances,
such as matrix metalloproteinases (MMPs) and reactive oxygen species (ROS), which modify the
extracellular matrix and stimulate the formation of new blood vessels (angiogenesis) [7], [8], [9].

In addition, neutrophils create an immunosuppressive environment in GBM by interacting with
other immune cells, including macrophages and regulatory T cells (Tregs), to inhibit anti-tumor
immune responses. Neutrophils can conduct neutrophil extracellular trap (NET) formation or
NETosis [10], [11]. This mechanism can trap and shield tumor cells from immune-mediated death
while supporting invasiveness, further complicating their immunosuppressive role [12]. Given
these multifaceted roles, targeting neutrophils in GBM presents both a challenge and an
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opportunity for therapeutic intervention [13].

Various tactics have been devised to specifically target neutrophils in cancer treatment,
encompassing the inhibition of their recruitment as well as the modulation of their activation
and function [14], [15], [16]. One strategy entails utilizing small molecule inhibitors or antibodies
to obstruct crucial chemokine receptors, such as CXCR2, which plays a role in attracting
neutrophils into the TME [17]. Another practical approach entails utilizing nanoparticles
specifically engineered to transport therapeutic substances directly to neutrophils, augmenting
medication selectivity and minimizing unintended side effects [18], [19]. Furthermore, there is
an increasing fascination with specifically targeting the process of NETosis, either by inhibiting
the development of NETs or by disrupting already formed NETs to decrease the advancement of
tumors and metastasis [13], [20]. Although there have been significant breakthroughs,
translating approaches that target neutrophils from the laboratory to clinical use is still in its first
phases. Current clinical trials are investigating the safety and effectiveness of these methods in
patients with GBM, aiming to discover new therapeutic techniques that can enhance existing
treatments and patient outcomes [21]. This review offers a thorough discussion of the most
recent information regarding the involvement of neutrophils in GBM. It will also summarize the
existing therapeutic strategies that focus on neutrophils and explore potential future
developments in this rapidly progressing area of research.

Section snippets

Glioblastoma

GBM is the most aggressive and lethal kind of primary brain neoplasm [22], [23], [24]. This
cancer is characterized by fast proliferation, diffuse infiltration, and resistance to traditional
treatments [25]. The etiology of GBM is intricate and encompasses various genetic, epigenetic,
and microenvironmental variables that stimulate tumor development, progression, and
recurrence [26]. ...

Role of neutrophils in the TME of Glioblastoma

Neutrophils, conventionally identified as the initial responders in acute inflammation and
infection, have emerged as crucial factors in the TME of several cancers, including GBM [47] (Fig.
1). In GBM, neutrophils play a significant role in tumor development, immune regulation, and
therapeutic resistance, highlighting their intricate function within the TME [48], [49], [50]. The
GBM microenvironment is defined by chronic inflammation, which is crucial for recruiting
neutrophils to the tumor ...

Neutrophil targeting/affecting platforms

As discussed, GBM is a prevalent brain tumor that presents significant obstacles in
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pharmacological administration [86]. This section comprises two parts: the initial section
examines treatments utilizing immunotherapy and targeted therapy, while the subsequent
section assesses nanosystem-based therapies (Table 1, Table 2). ...

Mechanisms of neutrophil-induced resistance to ICIs

As discussed, neutrophils are essential in the GBM TME, supporting immune tolerance, tumor
growth, and treatment resistance [132]. TANs support the immune evasion of cancer cells by
secreting anti-inflammatory cytokines such as IL-10 that inhibit CD8" T cell cytotoxicity,
downregulate MHC-I molecules on tumors and APCs, and are associated with resistance to ICIs
[133], [134]. TANs also control the expression of PD-L1 on GBM cells via cytokines such as TNF-a
and IL-6, where they initiate the ...

Advantages of neutrophil targeting in Glioblastoma therapy

Neutrophil-targeting strategies in GBM therapy offer several advantages. One of the primary
benefits is the ability to penetrate the BBB [149]. Conventional therapies face significant
challenges in penetrating the BBB [150]. Neutrophils can naturally traverse this barrier, allowing
drug delivery systems utilizing neutrophils as carriers to reach the tumor site more effectively
[151]. Neutrophil-mediated drug delivery systems, such as nanoparticle-loaded neutrophils,
exemplify this capability ...

Concluding remarks and future directions

Neutrophil-targeting technologies for GBM treatment constitute a new and rapidly advancing
domain. Neutrophils' capacity to traverse the BBB and their inherent tendency to localize at
inflammatory regions present distinctive prospects for directly delivering medicines to the TME.
Recent advancements in nanoparticle-based delivery systems and genetically modified
neutrophils have demonstrated potential in preclinical models, suggesting avenues for
enhancing the efficacy of GBM therapies. ...
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