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Abstract: The impact of traumatic injuries as a cofactor in tumor development
has long been underestimated. Trauma initiates numerous biological processes that
can be transformed into pathological ones. This review explores the relationship
between physical trauma and the development of a pathological cellular process that
triggers carcinogenesis. Understanding the following mechanisms: chronic
inflammation, oxidative stress, epithelial-mesenchymal transition (EMT), allows us
to realise that even seemingly minor yet repetitive injuries can contribute to an
increased risk of cancer. It can also lead to earlier diagnosis and identification of new
risk groups, including patients with chronic diseases or repetitive tissue damage.

Keywords: Trauma, carcinogenesis, chronic inflammation, oxidative stress,
EMT.

Relevance

Although numerous factors contributing to malignant tumor development have
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been extensively studied, the role of traumatic injury remains insufficiently explored.
Chronic inflammation, oxidative stress and structural changes in tissues after trauma
create an environment that may promote carcinogenesis.

Introduction

Oncogenesis is a multistep process of transforming normal cells into malignant
ones, driven by genetic and epigenetic alterations. Key stages include initiation,
promotion, and progression. Dysregulation of the cell cycle, apoptosis, DNA repair
mechanisms, and cellular microenvironment interactions all play a critical role in
tumor development.

The accumulation of mutations in key genes (oncogenes, tumor suppressor
genes, and genome stability genes) underlies malignancy. Microenvironmental
factors, such as chronic inflammation, hypoxia, extracellular matrix disorders and
tissue remodeling further facilitate tumorigenesis. In this context, traumatic injuries
emerge as a possible trigger. Repetitive trauma may induce persistent inflammation,
oxidative stress, increase genetic instability and even reactivation of cancer stem
cells, contributing to malignancy.

Objectives:

e To analyze the current understanding of the trauma-carcinogenesis link.

e To examine the pathophysiological mechanisms such as oxidative stress
and EMT.

e To inform risk assessment and prevention strategies.

Methods:

This work is a theoretical, problem-oriented analysis of peer-reviewed
scientific literature, obtained mainly from PubMed and relevant databases. The main
focus was on the relationship between physical trauma, chronic inflammation,
oxidative stress, epithelial-mesenchymal transition (EMT), and the onset or
progression of cancer.

All collected literature was thoroughly analysed and summarised to identify
key ideas and establish cause-and-effect relationships. Particular attention was paid to

the research methodology, which allowed us to assess the scientific credibility of the
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findings that formed the basis of this review. For example:

o Molecular biology: Fesharaki-Zadeh (2022) investigated oxidative
stress and mechanisms of reactive oxygen and nitrogen species formation in the
context of tissue and mitochondrial damage.

o Clinical case studies: Kim et al. (2024) analysed the body's response to
traumatic injury and drew some conclusions about inflammation and oxidative stress.

o Animals and cell line studies: Reuter et al. (2010) and Soomro (2019)
synthesised data from in vitro and in vivo studies (animal models); Micalizzi et al.
(2010) and Aiello & Kang (2019) relied on cell line experiments to assess
inflammation and EMT.

This interdisciplinary synthesis allowed for a comprehensive assessment of the
mechanisms linking physical trauma to cancer development.

Results and Discussion: Based on the analysis of scientific articles, several of
the most likely factors linking oncogenesis to trauma were identified:

Oxidative stress

Physical trauma as a source of oxidative stress

As described in the works of Fesharaki-Zadeh (2022) and Kim et al. (2024),
physical trauma (e.g., mechanical tissue damage, burns, ischemia-reperfusion)
immediately leads to a significant increase in the formation of reactive oxygen
species (ROS) and reactive nitrogen species (RNS). This occurs due to mitochondrial
damage, activation of enzymes (e.g., NADPH oxidase, xanthine oxidase) and release
of iron, which catalyzes the formation of free radicals. Excessive formation of
ROS/RNS, which exceeds the body’s antioxidant defense, leads to oxidative stress
[1,p. 2; 2, p. 297-298].

Cytokine release as a response to oxidative stress and injury

According to a study by Soomro (2019), oxidative stress caused by physical
trauma is a potent activator of proinflammatory signaling pathways such as Nuclear
Factor-kappa B and AP-1 (Activator Protein-1). These pathways induce the
transcription of genes encoding proinflammatory cytokines (e.g., TNF-alpha, IL-6,

IL-8) and chemokines. These cytokines are released by damaged cells, macrophages,
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and other immune cells that migrate to the site of injury, enhancing the inflammatory
response [3, p. 4-5]. In addition, based on the work of Reuter et al. (2010), during
inflammatory conditions, cells express iNOS, which leads to the production of NO,
which in turn is considered a major mediator that causes inflammation and cancer in
a number of organs [4, p. 3-4].

Relation of cytokines and oxidative stress to oncogenesis

Chronic inflammation (if the injury is repeated or the healing process is
impaired), supported by prolonged cytokine release and oxidative stress after injury,
creates a microenvironment favorable for cancer initiation and progression.
Cytokines, such as IL-6 and TNF-alpha, stimulate cell proliferation, prevent
apoptosis, promote angiogenesis (the formation of new blood vessels to feed the
tumor) and metastasis, as confirmed by numerous studies, including Nishida &
Andoh (2025). They activate signaling pathways that are important for the survival
and growth of cancer cells [5, p. 3].

Epithelial-mesenchymal transition (EMT)

The epithelial-mesenchymal transition (EMT) is a process in which epithelial
cells lose their polarity and intercellular contacts, acquiring the properties of
mesenchymal cells, including the ability to migrate and invade. Although EMT is
essential for normal embryonic development, in the adult body, it can be re-activated
in response to injury, healing, fibrosis, or the development of malignancy.

Studies conducted by Aiello & Kang (2019) and Micalizzi et al. (2010)
indicate that physical trauma can form a microenvironment saturated with growth
factors, cytokines, and other signaling molecules that can cause dedifferentiation of
mature cells or stimulate epithelial-mesenchymal transition (EMT). These processes,
which are necessary for tissue regeneration, can contribute to the development of
oncogenesis under certain conditions. Injury can activate signaling pathways such as
TGF-beta, Wnt, and Notch, which are responsible for controlling cell identity and
proliferation. Excessive or prolonged activation of these pathways can lead to loss of
cell differentiation. The epithelial-mesenchymal transition (EMT) is accompanied by

the reactivation of signaling cascades that are usually active only during
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embryogenesis, including the TGF-B, Wnt/B-catenin pathways, and the transcription
factors Snail, Slug, Twist, and Six1. Normally, these mechanisms remain inactive in
adult tissues, but they can be activated in the context of traumatic injury or malignant
growth, increasing cellular plasticity and promoting oncogenesis. In the process of
EMT, epithelial cells lose their spatial orientation and intercellular contacts, and
instead express mesenchymal proteins such as vimentin. This phenotypic shift
facilitates cell migration and invasiveness, promoting both local invasive growth and
metastasis. In addition, EMT forms a microenvironment that suppresses the immune
response, in particular through the secretion of immunosuppressive cytokines such as
TGF-B and IL-10, which allows tumour cells to evade destruction and reduces the
effectiveness of therapeutic interventions [6, p. 118-120; 7, p. 1016-1018].

Conclusions.

The reviewed literature supports the hypothesis that trauma may act as an
indirect oncogenic trigger through chronic inflammation, oxidative stress, and EMT.
These processes, triggered by tissue injury plays a key role in the formation of a
microenvironment  favorable for oncogenic cell transformation; chronic
inflammation, damage to DNA and regeneration processes can contribute to
oncogenesis, especially in the case of repetitive or massive trauma. Patients with
chronic comorbidities (diabetes mellitus, persistent inflammatory conditions) or
significant trauma history (e.g. burns or deep wounds) represent a higher-risk group.

Developing trauma-informed cancer risk criteria based on medical history,
injury severity, and healing dynamics, as well as implementing personalised
monitoring and screening programs, could improve early detection, treatment

outcomes, and ultimately reduce mortality.
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