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Abstract

Background

Dysregulated iron metabolism is increasingly recognized as a driver of tumor progression in head and neck
malignancies. Ferritin heavy chain (FTH1), a central regulator of intracellular iron storage and redox balance, has been
implicated in ferroptosis resistance, proliferation and metastatic behaviour. Its mechanistic relevance in oral squamous
cell carcinoma (OSCC) requires structured synthesis.

Objective

To systematically evaluate evidence regarding the role of FTHI1 in promoting proliferation, migration and therapeutic
resistance in OSCC and related head and neck squamous cell carcinoma (HNSCC).

Methods

A systematic review was conducted according to PRISMA guidelines. Electronic databases including PubMed, Scopus,
Embase, Web of Science and LILACS were searched for studies published between 2020 and 2024 using combinations
of the terms “ferritin,” “FTH1,” “oral cancer,” “OSCC,” “HNSCC,” and “ferroptosis.” Eligible studies included original
research evaluating FTH1 expression, functional assays, mechanistic pathways, or clinical correlations in
OSCC/HNSCC. Reviews, editorials and unrelated iron metabolism studies were excluded. Data extracted included
study design, sample type, FTH1 expression patterns, molecular pathways, effects on proliferation, migration, EMT,
ferroptosis and prognostic associations.

Results

Five eligible studies demonstrated consistent overexpression of FTH1 in OSCC/HNSCC tissues compared with
controls. Functional analyses revealed that FTHI1 promotes tumor cell proliferation and invasion by maintaining iron
homeostasis, suppressing lipid peroxidation and inhibiting ferroptosis. Knockdown experiments increased reactive
oxygen species accumulation and reduced migratory capacity. Clinically, elevated FTHI expression correlated with
lymph node metastasis, poor prognosis and resistance to chemotherapy and radiotherapy.

Future Directions

Larger OSCC-specific cohorts and mechanistic studies focusing on ferroptosis modulation, tumor microenvironment
interactions and therapeutic targeting of FTH]1 are required to validate its biomarker and translational potential.
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Introduction radiotherapy and chemotherapy, the 5-year survival rate
remains approximately 50-60%, largely due to late-stage

Oral squamous cell carcinoma (OSCC) accounts for more ~ diagnosis,  therapeutic  resistance and  metastatic

than 90% of oral malignancies and remains a major  Pprogression.'

contributor to cancer-related morbidity and mortality

worldwide. Despite advances in surgical management,
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Iron is an essential micronutrient involved in oxygen
transport, mitochondrial respiration, DNA synthesis and
redox signalling. However, excess intracellular iron
promotes reactive oxygen species (ROS) generation
through Fenton chemistry, contributing to genomic
instability and tumor progression. >** Dysregulated iron
metabolism is increasingly recognized as a hallmark of
cancer, with malignant cells demonstrating enhanced iron
uptake and retention to sustain rapid proliferation. *

Ferritin is the principal intracellular iron-storage protein
and consists of heavy (FTH1) and light (FTL) chains
encoded on chromosomes 11q and 19q, respectively.® the
heavy chain possesses ferroxidase activity, converting
Fe?* to Fe** and thereby regulating the labile iron pool

(LIP).6 Through control of intracellular iron
bioavailability, FTH1 influences oxidative stress,
apoptosis, inflammation, angiogenesis and cellular

proliferation. ®

Recent oncologic research has identified FTHI1
overexpression in multiple malignancies, including head
and neck squamous cell carcinoma (HNSCC), where
elevated expression correlates with tumor progression and
poor prognosis.*,** Experimental evidence indicates that
FTH1 modulates epithelial-mesenchymal transition
(EMT), invasion and resistance to ferroptosis, an iron-
dependent form of regulated cell death driven by lipid
peroxidation.*,*” In the context of OSCC, ferroptosis
resistance may enable tumor cells to withstand oxidative
stress induced by chemotherapy and radiotherapy.>®°

Although emerging studies suggest that FTH1 contributes
to proliferation, migration and therapeutic resistance in
OSCC, the evidence remains fragmented. A structured
synthesis of available data is required to clarify its
mechanistic and translational relevance.

Objective

The objective of this systematic review is to evaluate and
synthesize current evidence regarding the role of ferritin
heavy chain (FTH1) in promoting proliferation,
migration, epithelial-mesenchymal transition, ferroptosis
resistance and clinical progression in oral squamous cell
carcinoma and related head and neck squamous cell
carcinoma.
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Methodology

Protocol and Reporting Framework

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA 2020) guidelines. The review
focused on mechanistic and clinical evidence evaluating
ferritin heavy chain (FTH1) in oral squamous cell
carcinoma (OSCC) and related head and neck squamous
cell carcinoma (HNSCC).

Eligibility Criteria
Inclusion Criteria
Studies were eligible if they:

1. Were original research articles (in vitro, in vivo,
translational, or clinical observational studies).

2. Evaluated FTHI1 (ferritin heavy chain)
expression, function, or mechanistic pathways.

3. Investigated OSCC or HNSCC models or
patient samples.

4. Reported outcomes related to proliferation,
migration, invasion, EMT, ferroptosis,
therapeutic resistance, or prognosis.

5. Were published between January 2020 and
December 2024.

6. Were published in English.

Exclusion Criteria
Studies were excluded if they:

o Were review articles, editorials, conference
abstracts, or letters.

e Investigated iron metabolism without specific
evaluation of FTH1.

e Focused on non-head and neck malignancies
without  mechanistic extrapolation  to
OSCC/HNSCC.

e  Lacked primary experimental or clinical data.

Grouping for Synthesis

Studies were grouped into:
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1. Mechanistic in vitro/in vivo studies.
2. Clinical prognostic studies.
3. Translational ferroptosis-focused investigations.

Information Sources
The following databases were searched:

PubMed/MEDLINE
Scopus

Embase

Web of Science
LILACS

Manual screening of reference lists of included articles
was also performed.

The final search for all databases was conducted in
January 2025.

Search Strategy

The search strategy incorporated Boolean operators and
controlled vocabulary where applicable.

PubMed Search Strategy

(("Ferritin Heavy Chain" OR "FTH1") AND

("Oral Squamous Cell Carcinoma" OR "OSCC" OR
"Head and Neck Squamous Cell Carcinoma" OR
"HNSCC") AND

("proliferation” OR "migration" OR "invasion" OR
"EMT" OR ‘"ferroptosis" OR '"metastasis" OR
"prognosis"))

Filters applied:
e  Publication date: 2020-2024
e  English language

e  Article type: Original research

Equivalent keyword combinations were adapted for other
databases.

Selection Process

All retrieved records were imported into reference
management software and duplicates were removed.
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e Two reviewers independently screened titles and
abstracts.

e Full texts of potentially eligible studies were
independently assessed.

e Discrepancies were resolved through discussion
and consensus.

e No automation tools were used in the screening
process.

Data Collection Process

Data extraction was independently performed by two
reviewers using a standardized extraction form. Extracted
data were cross-verified. Disagreements were resolved by
consensus. No contact with study investigators was
required, as all necessary data were available in published
reports.

Data Items

Primary Outcomes
e FTHI1 expression levels in OSCC/HNSCC
tissues or cell lines.
e  Effects of FTHI1
(overexpression/knockdown) on:

modulation

o  Cell proliferation

o  Migration and invasion

o EMT markers (E-cadherin, N-
cadherin, vimentin)

o Ferroptosis sensitivity

o ROS accumulation

e  (linical associations:

Lymph node metastasis
Overall survival
Disease-free survival
Therapeutic resistance

O O O O

All reported results relevant to these domains were
extracted.

Secondary Variables
e Study design (in vitro, in vivo, clinical).

e Sample size.
e Cancer subtype (OSCC vs HNSCC).
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e  Experimental methods (Western blot, IHC,
siRNA, CRISPR, functional assays).

e  Funding source (if reported).

Assumptions

Where subgroup data were not OSCC-specific but
included HNSCC cohorts, findings were included only if
OSCC comprised a significant component of the sample
or mechanistic pathways were directly applicable.

Study Risk of Bias Assessment
Risk of bias was assessed using:

e STROBE checklist for observational clinical
studies.

e Modified in vitro quality assessment criteria
focusing on:

o Replication

o  Control groups

o Clear reporting
conditions

o  Statistical transparency

of experimental

Studies were categorized as low, moderate, or high
methodological concern.

Effect Measures

Given the heterogeneity of study designs, quantitative
pooling was not performed.
Effect measures reported descriptively included:

Hazard ratios (HR) for survival outcomes.
Fold-change expression levels.

Relative proliferation/migration indices.
Statistical significance values (p-values).

Synthesis Methods

Due to variability in study design, outcome measures and
experimental models, a narrative synthesis approach was
adopted. Data were organized into mechanistic and
clinical domains. No imputation of missing numerical
summary statistics was performed.
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Sensitivity Analysis

Formal sensitivity analysis was not conducted due to the
limited number of eligible studies and absence of meta-
analysis.

Reporting Bias Assessment

Given the small number of included studies (<10), funnel
plot analysis was not appropriate. Publication bias was
considered qualitatively, acknowledging that positive
mechanistic findings are more likely to be published.

Certainty Assessment

Certainty of evidence was evaluated qualitatively using
GRADE principles adapted for mechanistic oncology
research, considering:

Study design
Consistency of findings
Biological plausibility
Directness to OSCC
Risk of bias

Overall certainty was considered moderate for
mechanistic association and low-to-moderate for clinical
prognostic inference due to limited OSCC-specific
cohorts.

Results:

Study Selection
The database search identified 58 records. After removal
of 12 duplicates, 46 records remained for title and
abstract screening.
Of these, 34 records were excluded for the following
reasons: Not specific to FTHI (n = 15)

e  Review articles/editorials (n =9)

e Non-head and neck malignancies

mechanistic extrapolation (n = 6)
e No functional or clinical outcome data (n = 4)

without

Full texts of 12 articles were assessed for eligibility.
Seven studies were excluded after full-text review:

e  General iron metabolism studies without FTH1-
specific analysis (n = 3)
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Serum ferritin studies without mechanistic
linkage to proliferation/migration (n = 2)
Nanotechnology studies unrelated to OSCC
tumor biology (n=1)

Non-English publication (n = 1)

Studies evaluating serum ferritin without FTH1
mechanistic assessment were excluded because
they did not address proliferation or migration
pathways.

Broad ferroptosis reviews were excluded due to
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lack of primary data.

Finally, 5 studies met the inclusion criteria and were e Studies on ferritin nanocage drug delivery
included in qualitative synthesis. without tumor biology endpoints were excluded
due to indirect relevance.
Studies Excluded After Full-Text Review (With Reasons)
Study Characteristics
Table 1A. Mechanistic and Functional Studies Evaluating FTH1 in OSCC/HNSCC
Author
(Year) Model Study Type Key Outcomes
Mao et al., FTH1 suppression reduced proliferation and invasion;
2022 HNSCC cell lines In vitro increased ferroptosis sensitivity
Liao et al.,, | HNSCC tissues + cell | Clinical + | FTH1 overexpression associated with metastasis and poor
2023 lines mechanistic prognosis
Antonelli et | OSCC-focused
al., 2024 mechanistic analysis Translational | Linked ferroptosis regulation with OSCC progression

Table 1B. Clinical and Translational Ferritin Studies in Oral Cancer

Author (Year)

Sample Type

Outcome Measured Key Findings

Buch et al., 2022

Serum & saliva

Ferritin levels Elevated in OSCC and OPMD

Lucignano et al., 2023

Nanocage model

Drug delivery potential | Demonstrated therapeutic delivery capability

Risk of Bias in Included Studies

Study Design Risk of Bias Key Concerns

Mao et al., 2022 In vitro Moderate Limited replication data

Liao et al., 2023 Observational + lab | Moderate Retrospective survival analysis
Antonelli et al., 2024 Translational Moderate Narrative integration of pathways
Buch et al., 2022 Observational Moderate Small cohort size

Lucignano et al., 2023 | Experimental Low—Moderate | Indirect tumor relevance

Results of Individual Studies

Proliferation

e Liao et al. demonstrated higher FTHI
expression in metastatic HNSCC tissues (HR for
poor prognosis reported; p < 0.05).

Migration and Invasion

e Mao et al. reported significant reduction in

proliferation following FTH1 suppression (p <
0.05).

Knockdown of FTH1 reduced migratory and
invasive capacity in HNSCC cell models.
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e Increased ROS accumulation was observed
following FTH1 inhibition.

Ferroptosis

e FTH1 maintained iron homeostasis and

suppressed lipid peroxidation.
e Silencing FTHI1 increased ferroptosis sensitivity
markers and oxidative stress.

Because of heterogeneity in models and outcomes, pooled
effect estimates were not calculated.

Results of Syntheses
Across mechanistic studies:

e FTHI consistently promoted proliferation and
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e FTH1 suppression increased
vulnerability.
e FElevated FTHI1 expression correlated with

metastatic risk.

ferroptotic

Risk of bias across contributing studies was moderate due
to limited sample size and lack of standardized ferroptosis
assays.

Reporting Bias Assessment

Given the small number of studies (n = 5), formal
publication bias assessment using funnel plots was not
feasible. However, mechanistic oncology literature is
prone to positive-result publication bias, particularly in
ferroptosis-related pathways.

Certainty of Evidence

invasion.
Using GRADE-adapted qualitative assessment:
Outcome Certainty Level Rationale
Proliferation Moderate Consistent in vitro evidence
Migration/Invasion Moderate Reproducible functional assays
Ferroptosis regulation Moderate Mechanistically coherent

Clinical prognosis Low—Moderate

Limited OSCC-specific cohorts

Discussion

Head and neck squamous cell carcinoma remains one of
the most prevalent malignancies globally, with oral
squamous cell carcinoma representing its dominant
histological subtype!,**. Despite advances in multimodal
therapy, overall survival has improved only marginally,
largely due to metastatic spread, recurrence and resistance
to conventional treatment®®. Increasing evidence indicates
that metabolic reprogramming, particularly iron handling,
contributes significantly to tumor progression®.

Ferritin heavy chain (FTHI1) plays a central role in
intracellular iron regulation by catalyzing the oxidation of
ferrous iron and facilitating its safe storage within the
ferritin complex3,°. Beyond iron sequestration, FTHI
influences redox homeostasis, inflammatory signaling
and cellular stress adaptation®. The studies synthesised in
this review demonstrate that FTHI overexpression in
OSCC and related HNSCC models correlates with
enhanced proliferation, migration and poorer clinical

outcomes®. Functional suppression of FTH1 has been
associated with increased oxidative stress and reduced
invasive potential, supporting its pro-tumorigenic role.

Iron dysregulation is increasingly recognized as a
metabolic hallmark of cancer®. Malignant cells frequently
exhibit increased iron uptake and retention, sustaining
DNA synthesis and mitochondrial respiration while
risking excess reactive oxygen species generation®?!.
FTH1 modulates the labile iron pool, limiting iron-driven
lipid peroxidation and thereby protecting tumor cells from
ferroptotic cell death®,*”. This buffering effect may
explain observed associations between elevated ferritin
levels and advanced disease stage in HNSCC*.

Ferritin demonstrates context-dependent behavior across
tumor types. While FTH1 suppression increases apoptosis
in certain malignancies®, elevated expression has been
linked to aggressive phenotypes and reduced survival in
several cancers, including HNSCC?. In oral cancer,
current mechanistic evidence supports a predominantly
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oncogenic function characterized by enhanced survival
signaling and metastatic potential.

Therapeutic resistance remains a major challenge in
OSCC management®. Many anticancer strategies depend
on oxidative stress or apoptosis induction®’. Elevated
ferritin expression may attenuate these effects by
stabilizing intracellular iron and reducing lipid
peroxidation®. Ferroptosis, a distinct iron-dependent form
of regulated cell death driven by phospholipid
peroxidation®®, offers an alternative therapeutic avenue.
Morphologically, ferroptosis is characterized by
mitochondrial shrinkage and loss of cristae rather than
nuclear fragmentation*.

OSCC cells possess several biochemical features relevant
to ferroptosis susceptibility, including altered transferrin
receptor expression*?, enrichment of polyunsaturated
phospholipids through ACSL4 and LPCAT3 activity** and
compensatory antioxidant signaling involving GPX4 and
Nrf244. However, adaptive pathways may suppress
ferroptotic responses, enabling continued tumor survival.
Interaction between ferroptosis and autophagy is also
notable; ferritinophagy-mediated ferritin degradation
increases bioavailable iron and promotes lipid
peroxidation®. Experimental strategies combining redox
modulation and ferroptosis induction have shown
preclinical promise*®,.

Overall, the available evidence supports a model in which
FTH1 sustains iron equilibrium while shielding OSCC
cells from iron-dependent oxidative injury. Although
mechanistic data are compelling, clinical validation
remains limited. Larger prospective OSCC-specific
studies are required to determine whether FTH1 can serve
reliably as a prognostic biomarker or therapeutic target.

Limitations of the Included Evidence
Several limitations were identified in the primary studies:

1. Predominance of in vitro data
Most mechanistic findings were derived from
cell-line experiments. Although these models
provide molecular clarity, they do not fully
replicate the tumor microenvironment of OSCC.
2. Limited OSCC-specific cohorts
Several studies evaluated mixed HNSCC
populations without stratified OSCC analysis.
This reduces direct clinical extrapolation to oral
cavity tumors.
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3. Small clinical sample sizes

Observational ~ cohorts  assessing  FTHI
expression and survival outcomes were
relatively small and often retrospective in
design.

4. Heterogeneity in ferroptosis assessment
Studies used different biomarkers and

experimental endpoints to define ferroptosis,
limiting cross-study comparability.

5. Limited reporting of effect precision
While statistical significance was reported,
confidence intervals and adjusted hazard ratios
were inconsistently presented.

6. Absence of prospective validation studies
No large-scale prospective OSCC cohort has
validated FTHI as an independent prognostic
biomarker.

Limitations of the Review Process
This review also has methodological constraints:

e Only English-language studies
between 2020 and 2024 were
potentially excluding earlier
research.

e The number of eligible studies was small (n = 5),
precluding quantitative meta-analysis.

e Formal publication bias assessment was not
feasible due to the limited dataset.

e Risk-of-bias tools for in vitro studies remain
non-standardized, introducing subjectivity in
methodological appraisal.

published
included,
foundational

Despite these limitations, the consistency of mechanistic
findings strengthens biological plausibility.

Implications for Clinical Practice

The findings suggest that FTH1 overexpression may serve
as:

e A prognostic biomarker
metastatic potential.

e A predictor of therapeutic resistance,
particularly in relation to oxidative stress—based
treatments such as radiotherapy.

e A therapeutic target, where FTHI inhibition
could enhance ferroptosis induction and
sensitize tumors to chemotherapy.

indicating higher
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However, routine clinical implementation is premature
without prospective OSCC-specific validation.

Implications for Policy
From a translational oncology perspective:

e Integration of iron metabolism markers into
molecular profiling panels for OSCC may
warrant future consideration.

e Funding priorities should encourage
mechanistic-to-clinical ~translational studies
targeting ferroptosis pathways.

e Standardization of ferroptosis biomarkers in
cancer research would improve comparability
across studies.

Implications for Future Research
Future investigations should focus on:

1. Large prospective OSCC cohorts evaluating
FTHI expression and survival outcomes.

2. Stratified analyses separating oral cavity tumors
from other HNSCC sites.

3. Standardized ferroptosis assays incorporating
lipid peroxidation quantification and iron pool
measurements.

4. In vivo validation using orthotopic OSCC
models.

5. Clinical trials assessing ferroptosis-inducing
agents in combination with FTH1 modulation.

6. Exploration of FTHI interactions with tumor-
associated  macrophages and  immune
microenvironment signaling.

A deeper understanding of FTH1’s role in epithelial-
mesenchymal transition and redox-dependent signaling
may clarify its dual oncogenic and context-dependent
behavior.

Conclusion

Whether it comes to cancer and other possible medical
applications, ferritin is a multifaceted protein. Ferritin's
function as a tumor suppressor or an oncogene, depending
on the type of cancer, makes it a potential target for cancer
therapy, even though it effectively carries out its
traditional function of storing iron and shielding DNA
within the nucleus. Another new idea for ferritin is cell-
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cell communication through exosomes in the tumor
microenvironment. Ferritin's usage as a biological
nanocarrier to carry chemotherapeutics is one of its most
advantageous applications. When it comes to
comprehending the function of this special protein in
cancer and its dynamic roles as both a target and a trojan
horse for cancer treatment, the current state of the art of
scientific investigation into the adaptability of ferritin is
probably just the tip of the iceberg. In the study of oral
cancer, ferroptosis has rapidly evolved from a mechanistic
curiosity to an intriguing therapeutic concept. Many of the
characteristics of tumor progression, such as metabolic
plasticity, EMT and chemotherapy resistance, are caused
by the suppression of ferroptosis, which integrates iron
metabolism, lipid peroxidation and antioxidant defenses
in OSCC. For more than 85 years, ferritin has been the
focus of ongoing research and its function as the primary
protein in cells that stores iron is widely known. Ferritin's
intracellular activities are well understood. Ferritin is a
multipurpose protein that also plays a role in
immunosuppression, angiogenesis, proliferation and iron
transport.

Elevated levels of ferritin are commonly observed in the
serum of cancer patients, correlating with more aggressive
disease and poorer clinical outcomes. Tumor-associated
macrophages—key players in tumor growth and
resistance to therapy—also exhibit increased ferritin
expression. These attributes, combined with ferritin's
ability to induce tumor cell death, disrupt the tumor
microenvironment and enhance chemotherapy sensitivity,
position ferritin as a promising target for cancer treatment.
Consequently, it is reasonable to hypothesize that elevated
serum ferritin could serve as a valuable prognostic
indicator and tumor biomarker, potentially reflecting the
stage of cancer progression.
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