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Dual nature of NETosis in oral squamous cell carcinoma: Promoting tumor progression and 
modulating immune responses   

Letter to editor 

Neutrophil extracellular traps (NETs) play a crucial role in both 
physiological and pathological processes, serving as both protectors and 
triggers. Although they are essential in the defense against pathogens, an 
excessive amount of NETs may lead to inflammation and tissue damage 
in conditions like rheumatoid arthritis and autoimmune diseases. In oral 
squamous cell carcinoma (OSCC), NETs are responsible for tumor pro-
gression and metastasis, shaping the microenvironment and evading 
immune surveillance. The diverse functions performed by neutrophil 
extracellular traps (NETs) make them promising targets for therapeutic 
intervention in oral squamous cell carcinoma (OSCC), providing a ray of 
hope amidst the processes of tumorigenesis. Therefore, understanding 
the dynamics of NETosis across diverse diseases is imperative for 
developing targeted therapeutic strategies that harness their protective 
functions while mitigating their detrimental effects. This approach 
would pave the way for precision medicine in the realm of immune 
modulation and disease intervention. 

1. NETosis in tumour progression 

Oral squamous cell carcinoma (OSCC) is a complex disease charac-
terized by the interplay of various molecular components, including 
neutrophil extracellular traps (NETs). NETs play a dual role in OSCC as 
both agents and regulators, orchestrating a symphony of molecular in-
tricacies that shape the tumor microenvironment [1]. In response to 
tumor-derived factors, neutrophils undergo NETosis, a transformation 
that involves the release of chromatin, histones, and granular proteins 
into the extracellular space. This process is guided by the toll-like re-
ceptor (TLR) signaling pathway, which triggers the production of reac-
tive oxygen species (ROS) through the NOX2 enzyme [1,2]. 

The involvement of the protein kinase C (PKC) pathway is significant 
in this process, as it plays a crucial role in influencing the chromatin 
landscape, thereby aiding in the formation of neutrophil extracellular 
traps (NETs). Concurrently, the enzymatic activity of peptidyl arginine 
deiminase 4 (PAD4) is essential in orchestrating histone citrullination, a 
process that profoundly affects chromatin architecture. However, un-
derstanding the precise interplay between PKC and PAD4 in chromatin 
remodeling remains a puzzle, complicating our comprehension of their 
respective roles [3,4]. Nevertheless, the nuanced intricacies of PAD4’s 
involvement in histone citrullination highlight its importance as a 
master regulator in the complex organization of chromatin structures. In 
the context of oral squamous cell carcinoma (OSCC), the dual nature of 
NETs presents a perplexing paradox, as they simultaneously signal ma-
lignancy and influence the tumor microenvironment. This complex 

interaction among molecular components creates a web of intricacies, 
obscuring our understanding of the fundamental mechanisms underly-
ing tumorigenesis. 

2. Therapeutic strategy in NETosis 

In the therapeutic approach to oral squamous cell carcinoma (OSCC), 
targeting neutrophil extracellular traps (NETs) involves inhibiting their 
formation or function to impede tumor progression. This strategy en-
compasses inhibiting peptidyl arginine deiminase 4 (PAD4), a crucial 
enzyme involved in chromatin decondensation during NETosis, thereby 
reducing histone citrullination and NET release. Additionally, in-
terventions may target upstream signaling pathways like toll-like re-
ceptor (TLR) signaling or reactive oxygen species (ROS) production to 
prevent NETosis initiation. Disrupting existing NET structures through 
enzymatic degradation or blocking their interaction with OSCC cells 
further inhibits tumor-promoting effects. Importantly, these therapies 
selectively target pathological NETosis while preserving normal 
neutrophil function, aiming to mitigate NET-mediated pro-tumorigenic 
effects and enhance OSCC treatment outcomes [5]. 

3. Histopathological insights on OSCC NET’s 

Histopathological examination of tissues from patients with oral 
squamous cell carcinoma (OSCC) provides valuable insights into the 
potential involvement of neutrophil extracellular traps (NETs) within 
the tumor microenvironment. While traditional staining techniques may 
not directly visualize NETs, characteristic features indicative of NETosis 
can be observed. Notably, increased neutrophil infiltration, accompa-
nied by morphological changes such as altered nuclear morphology and 
the presence of eosinophilic material suggestive of extracellular DNA, 
points towards potential NETosis activity. Additionally, signs of acute 
inflammation, including vascular congestion and inflammatory cell 
infiltration, further support the involvement of NETosis in OSCC pro-
gression [6]. 

4. IHC detection of NET markers in OSCC 

Immunohistochemistry (IHC) detects Neutrophil Elastase (NE), 
Myeloperoxidase (MPO), citrullinated histone H3 (Cit-H3), Peptidyl 
Arginine Deiminase 4 (PAD4), and DNA/histone complexes in oral 
squamous cell carcinoma (OSCC). These proteins are indicative of 
neutrophil extracellular trap (NET) formation. Additionally, in-
terleukins (IL-1β, IL-8), tumor necrosis factor-alpha (TNF-α), and high- 
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mobility group box 1 protein (HMGB1) highlight the inflammatory 
response linked to NETosis in OSCC. IHC integration aids in under-
standing NETosis presence, localization, and extent within OSCC tissue, 
facilitating targeted therapeutic strategies for OSCC management [6]. 

In summary, the intricate role of neutrophil extracellular traps 
(NETs) in oral squamous cell carcinoma (OSCC) underscores their dual 
nature as contributors to tumor progression and potential targets for 
therapeutic intervention. A comprehensive understanding of NETosis 
across various diseases is crucial for devising precise treatment strate-
gies that harness their protective functions while mitigating their 
harmful effects. Targeted therapeutic approaches, such as inhibiting 
peptidyl arginine deiminase 4 (PAD4) or disrupting upstream signaling 
pathways, offer promising avenues for impeding OSCC progression. By 
selectively targeting pathological NETosis while preserving normal 
neutrophil function, these interventions hold significant potential to 
enhance treatment outcomes and advance the field of precision medi-
cine in immune modulation and disease management. As research 
continues to unravel the complexities of NET-mediated processes in 
tumorigenesis, integrating these findings into clinical practice can lead 
to meaningful advancements in OSCC treatment and other NET-related 
conditions. 
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Łazarczyk B, Jabłońska E. NETs biomarkers in saliva and serum OSCC patients: One 
hypothesis, two conclusions. Adv Med Sci 2022 Mar;67(1):45–54. https://doi.org/ 
10.1016/j.advms.2021.12.004. Epub 2021 Dec 28. PMID: 34971930. 

[2] Jaboury S, Wang K, O’Sullivan KM, Ooi JD, Ho GY. NETosis as an oncologic ther-
apeutic target: a mini review. Front Immunol 2023 Apr 18;14:1170603. https://doi. 
org/10.3389/fimmu.2023.1170603. PMID: 37143649; PMCID: PMC10151565. 

[3] Garley M. Unobvious neutrophil extracellular traps Signification in the course of 
oral squamous cell carcinoma: current understanding and future perspectives. 
10732748231159313 Cancer Control 2023 Jan-Dec;30. https://doi.org/10.1177/ 
10732748231159313. PMID: 36814071; PMCID: PMC9950614. 

[4] Chamardani TM, Amiritavassoli S. Inhibition of NETosis for treatment purposes: 
friend or foe? Mol Cell Biochem 2022 Mar;477(3):673–88. https://doi.org/10.1007/ 
s11010-021-04315-x. Epub 2022 Jan 7. PMID: 34993747; PMCID: PMC8736330. 

[5] Li X, Xiao S, Filipczak N, Yalamarty SSK, Shang H, Zhang J, Zheng Q. Role and 
therapeutic targeting strategies of neutrophil extracellular traps in inflammation. Int 
J Nanomed 2023 Sep 18;18:5265–87. https://doi.org/10.2147/IJN.S418259. PMID: 
37746050; PMCID: PMC10516212. 
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