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Abstract

Background
Oral squamous cell carcinoma (OSCC) is an aggressive malignancy with a high incidence of lymph node
metastasis; however, the molecular mechanisms driving metastatic progression remain incompletely
understood.

Methods
IL-8 expression profiles in OSCC were analyzed using The Cancer Genome Atlas (TCGA) and Gene
Expression Omnibus (GEO) datasets and further validated in clinical specimens by RT-PCR. The
functional role of IL-8 in metastatic progression was examined using Transwell migration assays and an
orthotopic mouse model. NF-κB-mediated regulation of IL-8 transcription was evaluated using luciferase
reporter assays.

Results
IL-8 expression was significantly elevated in OSCC tissues compared with normal tissues and was
associated with unfavorable clinical outcomes. Ectopic expression of IL-8 in poorly metastatic Cal27
cells significantly enhanced migratory capacity, whereas IL-8 depletion in highly metastatic HSC3 cells
reduced migration and lymph node metastatic dissemination in an orthotopic mouse model.
Recombinant IL-8 restored the migratory ability of IL-8-deficient HSC3 cells, supporting a critical role of
IL-8 in OSCC metastatic progression. Mechanistically, blockade of IL-8 signaling using the humanized
anti-IL-8 antibody HuMax-IL8, the CXCR1/2 antagonist Reparixin, or NF-κB inhibitors significantly
suppressed migration and NF-κB-dependent IL-8 transcription in OSCC cells. Furthermore, mutation of
the NF-κB binding site within the IL-8 promoter abolished NF-κB-mediated transcriptional activation,
demonstrating a functional IL-8/NF-κB positive feedback loop.

Conclusions
The IL-8/CXCR1/2/NF-κB signaling axis drives metastatic progression in OSCC and represents a
potential prognostic biomarker and therapeutic target. Targeting this positive feedback loop may provide
a promising strategy for patients with metastatic OSCC.

Introduction
Oral squamous cell carcinoma (OSCC) represents the predominant histological subtype of oral cancer,
accounting for more than 90% of malignancies arising in the oral cavity. Despite advances in diagnostic
and therapeutic strategies, OSCC remains an aggressive disease associated with substantial morbidity
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and mortality, with only limited improvements in long-term survival outcomes over recent decades (El-
Sakka et al. 2018). When detected at an early stage, the 5-year survival rate of OSCC patients can reach
approximately 85%; however, this rate decreases to below 40% among patients presenting with distant
metastasis (Abrahao et al. 2020; Speight et al. 2018). Current treatment approaches, including surgery,
chemotherapy, and radiotherapy, remain the cornerstone of OSCC management, while emerging
modalities such as intensity-modulated radiotherapy, proton therapy, immunotherapy, and targeted
therapy have expanded therapeutic options (Gupta et al. 2025). Nevertheless, patients with advanced or
refractory OSCC, particularly those with lymph node metastasis, continue to experience poor clinical
outcomes, largely due to tumor recurrence, metastatic dissemination, and therapeutic resistance
(Gamboa et al. 2020). Therefore, a better understanding of the molecular mechanisms driving OSCC
metastasis and the identification of clinically relevant biomarkers and therapeutic targets are urgently
required to improve patient prognosis.

Interleukin-8 (IL-8), also known as CXCL8, is a pro-inflammatory chemokine belonging to the CXC
chemokine family and is produced by various cell types, including immune cells and tumor cells (Hedges
et al. 2000). Aberrant IL-8 expression has been extensively implicated in tumor progression, therapeutic
resistance, epithelial–mesenchymal transition (EMT), and metastatic dissemination across multiple
cancer types (Sanmamed et al. 2017; Li et al. 2018; Jeong et al. 2025). In OSCC, elevated salivary IL-8
levels have been proposed as a potential biomarker for early detection (Kumar et al. 2025) and as a
predictor of radiotherapeutic response (Sahibzada et al. 2017). Moreover, restoration of radiosensitivity
and suppression of cancer stem-like properties in OSCC cells have been achieved through inhibition of
IL-8 expression by microRNA let-7c (Peng et al. 2018). In addition, IL-8 blockade has been reported to
attenuate migration, invasion, and cisplatin resistance in OSCC cells through regulation of the Akt/ERK–
NF-κB signaling pathway (Bilusic et al. 2019). However, whether IL-8 and NF-κB establish a reciprocal
regulatory circuit that sustains metastatic progression and therapeutic resistance in OSCC remains
unclear. Furthermore, the therapeutic potential of targeting this signaling axis in metastatic OSCC has
not been fully explored.

In the present study, we investigated the functional role of the IL-8/NF-κB feedback loop in regulating
metastatic progression in OSCC. We demonstrate that IL-8 activates CXCR1/2-dependent NF-κB
signaling, which subsequently reinforces IL-8 expression, establishing a positive feedback circuit that
sustains the metastatic phenotype of OSCC cells. Pharmacological disruption of this signaling axis
using the humanized anti-IL-8 monoclonal antibody HuMax-IL8, which has been evaluated in a phase I
clinical trial (Bilusic et al. 2019), the CXCR1/2 antagonist Reparixin, or the NF-κB inhibitors BAY 11-7082
and SN50 significantly attenuated the migratory capacity of OSCC cells. Furthermore, IL-8
overexpression in poorly metastatic Cal27 cells enhanced lymph node metastatic dissemination,
whereas IL-8 depletion in highly metastatic HSC3 cells markedly reduced lymph node metastasis in an
orthotopic mouse model. Collectively, our findings identify the IL-8/CXCR1/2/NF-κB signaling axis as a
critical regulator of OSCC metastatic progression and highlight its potential as a therapeutic target for
patients with metastatic OSCC.
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Materials and Methods

Collection of clinical datasets and human tissue
specimens
Clinical annotation and transcriptomic datasets from patients with head and neck squamous cell
carcinoma (HNSCC) were obtained from The Cancer Genome Atlas (TCGA) via the UCSC Xena platform
(UCSC Xena, available at http://xena.ucsc.edu/welcome-to-ucsc-xena/). Gene expression data from oral
squamous cell carcinoma (OSCC) patients were retrieved from the GSE42743 dataset in the Gene
Expression Omnibus (GEO) database hosted by the National Center for Biotechnology Information
(NCBI). Human OSCC tumor specimens and matched adjacent non-tumor tissues were obtained from
the Taipei Medical University Biobank. The collection and use of clinical specimens were approved by the
Institutional Review Board of Taipei Medical University (IRB No. N202204007) and performed in
accordance with the Declaration of Helsinki.

Cell culture
Human oral squamous cell carcinoma (OSCC) cell lines Cal27 and HSC3 were obtained from the
Japanese Collection of Research Bioresources (JCRB) Cell Bank. Cal27 cells were maintained in
Dulbecco’s Modified Eagle Medium (DMEM), whereas HSC3 cells were cultured in Minimum Essential
Medium (MEM). The culture media were supplemented with 10% fetal bovine serum (FBS) for Cal27
cells and 5% fetal calf serum (FCS) plus 5% FBS for HSC3 cells, respectively. Cells were incubated at
37°C in a humidified atmosphere containing 5% CO₂. All media were supplemented with 1% Penicillin-
Streptomycin solution, and all cell culture reagents were obtained from Gibco (Grand Island, NY, USA).
The OSCC cell lines used in this study were routinely monitored for mycoplasma contamination and
confirmed to be mycoplasma-free.

Reverse transcription PCR (RT-PCR) and quantitative real-time PCR
(qPCR)
Total RNA was isolated from cultured cells using TRIzol reagent (Invitrogen) according to the
manufacturer’s instructions. Reverse transcription was performed using 5 µg of total RNA as the
template with M-MLV reverse transcriptase (Invitrogen) to generate complementary DNA (cDNA).
Conventional RT-PCR was subsequently conducted to evaluate IL-8 mRNA expression using specific
primer pairs as follows: IL-8 forward, GAACTGAGAGTGATTGAGAGTGGACCAC; IL-8 reverse,
GCAACCCTACAA CAGACCCACACAATAC; β-actin forward, AAGGATTCCTATGTGGGC; and β-actin
reverse, CATCTCTTGCTCGAAGTC. For quantitative PCR analysis, cDNA samples were amplified using
Power SYBR™ Green PCR Master Mix (Thermo Fisher) with gene-specific primers. The primer sequences
were as follows: IL-8 forward, CTGCAGCTCTGTGTGAAGGTG; IL-8 reverse,
GTGGTCCACTCTCAATCACTCTC; GAPDH forward, GGAAGGTGAAGGTCGGAGTCAACG; and GAPDH
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reverse, AGCAGAGGGGGCAGAGATGATGAC. In conventional RT-PCR experiments, IL-8 expression was
normalized to β-actin based on band intensity analysis. For qPCR assays, relative expression levels were
normalized against GAPDH and calculated using the 2⁻ΔΔCt method.

Gene set enrichment analysis (GSEA)
RNA-sequencing datasets from primary OSCC tumors and matched adjacent normal tissues available in
The Cancer Genome Atlas (TCGA) were analyzed to identify genes differentially expressed between
tumor and non-tumor samples. Differential expression results were ranked according to fold-change
values to generate an ordered gene list for subsequent gene set enrichment analysis (GSEA). Pathway
enrichment analysis was performed using the GSEA computational framework with the HALLMARK gene
sets obtained from the Molecular Signatures Database (MSigDB; https://www.gsea-
msigdb.org/gsea/msigdb; accessed January 1, 2022). Enrichment significance was evaluated based on
normalized enrichment scores (NES) to identify biological processes and signaling pathways associated
with OSCC progression.

Lentiviral-mediated IL-8 overexpression and silencing
Lentiviral vectors encoding IL-8 or the corresponding empty vector control, both carrying a puromycin
resistance cassette, were obtained from Applied Biological Materials Inc. (Richmond, BC, Canada).
Lentiviral constructs expressing nonspecific control shRNA (oligo sequence:
CCGGACACTCGAGCACTTTTTG) or IL-8-targeting shRNAs (sh1: CAAGGAGTGCTAAAGAACTTA; sh2:
CCGAACTTTAATTTCAGGAAT) were provided by the National RNAi Core Facility Platform (Taipei,
Taiwan). For lentiviral transduction, cells seeded in 6-well plates were infected at approximately 50%
confluence with lentiviral particles in complete medium containing 5 µg/mL polybrene (Santa Cruz). The
infection was performed overnight at a multiplicity of infection (MOI) ranging from 2 to 10. Following
transduction, stable cell populations expressing control or IL-8 shRNAs were established by puromycin
selection (10 µg/mL for 24 h). The efficiency of IL-8 knockdown was subsequently verified by
quantitative PCR using RNA extracted from puromycin-resistant cells.

Western blot analysis
Protein lysates prepared from the indicated experimental conditions were subjected to sodium dodecyl
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE). Following electrophoretic separation, proteins
were transferred to polyvinylidene difluoride (PVDF) membranes. The membranes were blocked for 2 h
at room temperature with either 5% bovine serum albumin (BSA) for detection of phosphorylated
proteins or 5% nonfat milk prepared in Tris-buffered saline containing 0.1% Tween-20 (TBST) to reduce
nonspecific antibody binding. After blocking, membranes were incubated with primary antibodies
overnight at 4°C. The antibodies used included anti-phospho-NF-κB p65 (Ser536) (1:1000; #3033S, Cell
Signaling Technology), anti-NF-κB p65 (1:1000; #6956S, Cell Signaling Technology), and anti-GAPDH
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(1:1000; #2118S, Cell Signaling Technology). Membranes were subsequently washed extensively and
incubated with appropriate horseradish peroxidase (HRP)-conjugated secondary antibodies for 1 h at
room temperature. Immunoreactive bands were visualized using an enhanced chemiluminescence (ECL)
detection system (Amersham Biosciences, GE Healthcare, Billerica, MA, USA).

Enzyme-linked immunosorbent assay (ELISA)
The concentration of secreted IL-8 protein in conditioned media collected from cultured cells was
quantified using a commercially available human IL-8 enzyme-linked immunosorbent assay (ELISA) kit
(R&D Systems, Minneapolis, MN, USA). The assay was performed according to the manufacturer’s
instructions, and IL-8 levels were determined based on the standard curve generated from recombinant
IL-8 standards.

Cell migration assay
Cell motility was evaluated using a Boyden chamber-based migration assay (NeuroProbe, Gaithersburg,
MD, USA) following the manufacturer’s protocol. Briefly, the lower surface of an 8-µm pore size
polycarbonate membrane (25 mm × 80 mm; NeuroProbe, USA) was coated with human fibronectin (10
µg; Sigma, MO, USA). The lower compartment was filled with conditioned medium containing 10% FBS
as a chemoattractant. Cells (1.5 × 10⁴) suspended in 50 µL of serum-reduced medium (0.1% FBS) were
subsequently added to the upper chamber. After incubation for 4 h, cells remaining on the upper surface
of the membrane were gently removed, and migrated cells attached to the lower membrane surface were
fixed with 100% methanol and stained with 10% Giemsa solution (Merck, Germany) for 1 h. Migrated
cells were quantified by microscopic examination. Each experiment was conducted in triplicate and
independently repeated three times.

Plasmid construction and site-directed mutagenesis
The promoter region (~ 1 kb) of the human IL-8 gene was amplified from human genomic DNA using a
touchdown PCR protocol (Han et al. 2004) with paired primers (forward:
GTTGGAACCCAGATGCTCTTTCCA CTAAGC; reverse: GCTGTCTCTGAAAGTTTGTGCCTTA TGGAG). The
PCR product was used as a template for a subsequent sticky-end PCR protocol (Zeng 1998)
incorporating XhoI/HindIII restriction sites using two paired primers (#1: forward-
TCGAGTTTCCACTAAGCATACAACTTTCC; reverse-TGC CTTATGGAGTGCTCCGG; #2: forward-
GTTTCCACTAAGCATACAACTTTCC; reverse-AGCTT GCCTTATGGAGTGCTCCGG). PCR products were
phosphorylated using T4 polynucleotide kinase (New England Biolabs, Ipswich, MA, USA) and subcloned
upstream of the luciferase gene in the pGL4.10 vector (Promega, Madison, WI, USA). The construct was
used as a template for site-directed mutagenesis targeting the NF-κB-binding element using paired
primers (forward: TCATTATGTCAG AGGAGGTTTTACGATTTGCAACTGATGGCCCATCCCCTC; reverse:
GAGGGGATGGGCCAT CAGTTGCAAATCGTAAAACCTCCTCTGACATAATGA). The mutation sites were
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shown as underlined in the DNA sequences of paired primers. All constructs were validated by DNA
sequencing to ensure sequence fidelity and correct orientation.

Luciferase reporter assay
NF-κB transcriptional activity was evaluated using a dual-luciferase reporter assay. The NF-κB-
responsive firefly luciferase reporter vector was purchased from Promega, and pGL4.10-based reporter
constructs were generated in this study. Cells seeded in 6-well plates were transiently cotransfected with
Renilla luciferase plasmids as an internal control together with either NF-κB response element-
containing firefly luciferase reporters or pGL4.10-derived constructs. After 24 h of transfection, cells
were harvested and lysed for determination of luciferase activity using the Dual-Glo® Luciferase Assay
System (Promega, Madison, WI, USA) according to the manufacturer’s protocol. Firefly luciferase signals
were normalized to the corresponding Renilla luciferase activity to calculate relative promoter activity.

Animal experiments
Advanced severe immunodeficiency (ASID) B6.129S4-Il2rgtm1Wjl/J mice were supplied by the National
Laboratory Animal Center (Taiwan). All animal procedures were performed in accordance with
institutional guidelines and were approved by the Institutional Animal Care and Use Committee of Taipei
Medical University (IACUC approval No. LAC2023-0537). Luciferase-labeled OSCC cell derivatives were
harvested, resuspended in phosphate-buffered saline (PBS), and adjusted to a concentration of 5 × 10⁷
cells/mL. Following anesthesia, mice received orthotopic implantation of 20 µL cell suspensions into the
buccal mucosa. Tumor progression and lymph node metastatic dissemination were evaluated weekly by
bioluminescence imaging using an IVIS imaging system.

Statistical analysis
Statistical analyses were conducted using SPSS software version 17.0 (Informer Technologies, Roseau,
Dominica). Survival outcomes were assessed using Kaplan–Meier analysis, and differences between
survival curves were determined by the log-rank test. Comparisons of gene expression levels between
clinical specimens were performed using Student’s t-test or paired Student’s t-test, as appropriate. The
Friedman test was applied for analysis of nonparametric datasets. A two-sided p value of < 0.05 was
considered statistically significant for all analyses.

Results

IL-8 is frequently upregulated in OSCC tumors and predicts
unfavorable clinical outcomes
To investigate the clinical relevance of IL-8 in oral squamous cell carcinoma (OSCC), we first analyzed IL-
8 transcript levels in primary tumors and normal tissues using multiple independent public datasets.
Analysis of unpaired and paired OSCC specimens from The Cancer Genome Atlas (TCGA), GSE42743,
and GSE213862 cohorts revealed that IL-8 mRNA expression was significantly elevated in tumor tissues
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compared with matched or unmatched adjacent normal tissues (p < 0.01; Fig. 1A–C). Furthermore, IL-8
expression was markedly increased in OSCC tumors compared with normal oral tissues from healthy
individuals in the GSE213862 and GSE25099 datasets (Fig. 1C, D). To further validate the bioinformatics
findings, we examined IL-8 expression in an independent cohort consisting of 23 paired OSCC primary
tumors and adjacent normal tissues collected from the Taipei Medical University (TMU) Biobank.
Consistent with the public dataset analyses, RT-PCR analysis demonstrated a significant increase in IL-8
expression in tumor specimens compared with corresponding non-tumor tissues (Fig. 1E, F). We next
evaluated the prognostic significance of IL-8 expression in OSCC patients. Kaplan–Meier survival
analysis under the optimal cutoff condition demonstrated that patients with elevated IL-8 expression
exhibited significantly poorer overall survival in both TCGA and GSE42743 cohorts (Fig. 1G). These
findings indicate that IL-8 overexpression is a common molecular feature of OSCC and is associated
with tumor progression and unfavorable clinical outcomes.

IL-8 expression is associated with metastatic signatures
and enhances the migratory phenotype of OSCC cells
To identify molecular pathways associated with OSCC progression, we first compared transcriptomic
profiles between primary tumors and adjacent normal tissues from TCGA OSCC patients. Principal
component analysis (PCA) demonstrated a clear separation between tumor and non-tumor specimens,
indicating distinct transcriptional landscapes in OSCC (Fig. 2A). Differentially expressed gene (DEG)
analysis further revealed that IL-8 was significantly upregulated in OSCC tumors, showing an
approximately three-fold increase in expression (log₂ fold change = 1.61, p = 3.65 × 10⁻⁵) compared with
adjacent normal tissues (Fig. 2B). Gene set enrichment analysis (GSEA) based on the identified DEGs
showed significant enrichment of multiple cancer-associated pathways in OSCC tumors. Cell cycle-
related signatures, including G2M_CHECKPOINT, E2F_TARGETS, and MITOTIC_SPINDLE, as well as
metastasis-associated pathways, including EPITHELIAL_MESENCHYMAL_TRANSITION and
APICAL_JUNCTION, were markedly activated. In addition, immune-related signaling represented by
INTERFERON_ALPHA_RESPONSE was also enriched in OSCC tumors (Fig. 2C, D). Given the strong
association between IL-8 expression and epithelial–mesenchymal transition (EMT), a critical event
during metastatic dissemination, we investigated whether IL-8 levels were correlated with the migratory
capacity of OSCC cells. Among the examined OSCC cell lines, poorly migratory Cal27 cells exhibited
relatively low IL-8 secretion, whereas highly migratory HSC3 cells displayed elevated IL-8 production
(Fig. 2E, F). Treatment with recombinant IL-8 significantly increased the migratory ability of Cal27 cells,
whereas blockade of extracellular IL-8 using the humanized anti-IL-8 antibody HuMax-IL8 (Bilusic et al.
2019) markedly impaired HSC3 cell migration (Fig. 2H, I). To further establish the functional role of IL-8
in OSCC migration, IL-8 expression was genetically manipulated in Cal27 and HSC3 cells. Ectopic IL-8
expression in Cal27 cells enhanced IL-8 production and significantly promoted cell migration, whereas
IL-8 depletion in HSC3 cells reduced IL-8 expression and suppressed migratory activity (Fig. 3A–F).
Pharmacological inhibition of IL-8 signaling using HuMax-IL8 or the CXCR1/2 antagonist Reparixin
further confirmed that disruption of IL-8 signaling significantly attenuated migration of IL-8-
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overexpressing Cal27 cells in a dose-dependent manner (Fig. 3G). Conversely, supplementation with
recombinant IL-8 effectively restored the migratory capacity of IL-8-silenced HSC3 cells (Fig. 3H). We
next evaluated the impact of IL-8 expression on OSCC metastasis in an orthotopic mouse model. Forced
IL-8 expression in Cal27 cells significantly enhanced tumor growth and distant lymph node metastasis,
whereas IL-8 knockdown in HSC3 cells markedly reduced tumor progression and metastatic
dissemination (Fig. 4A–F). These findings demonstrate that IL-8 functions as a critical driver of OSCC
metastatic progression.

NF-κB activation is required for IL-8-induced migratory
capacity of OSCC cells
Because NF-κB is a major transcriptional regulator of inflammatory cytokines, including IL-8, we
investigated whether IL-8 signaling reciprocally regulates NF-κB activation in OSCC cells. In Cal27 cells,
enforced IL-8 expression markedly increased NF-κB activation, as evidenced by elevated levels of
phosphorylated NF-κB p65 and enhanced NF-κB transcriptional activity in luciferase reporter assays
(Fig. 5A). Conversely, depletion of IL-8 in HSC3 cells significantly reduced both NF-κB phosphorylation
and transcriptional activity (Fig. 5B). To further determine whether extracellular IL-8 signaling contributes
to NF-κB activation, IL-8-overexpressing Cal27 cells were treated with HuMax-IL8 or Reparixin, an
antagonist targeting IL-8 receptors CXCR1/2. Both approaches resulted in a dose-dependent reduction
of NF-κB activation, including decreased phosphorylated NF-κB p65 levels and diminished NF-κB
reporter activity (Fig. 5C). In contrast, supplementation with recombinant IL-8 restored NF-κB activation
in IL-8-silenced HSC3 cells in a concentration-dependent manner (Fig. 5D). We next examined whether
NF-κB activation is functionally required for IL-8-mediated migration. Pharmacological inhibition of NF-
κB using BAY-11-7082 or SN50 significantly suppressed the migratory capacity of IL-8-overexpressing
Cal27 cells and parental HSC3 cells in a dose-dependent manner (Fig. 5E, F). These findings
demonstrate that IL-8 promotes OSCC cell migration through activation of NF-κB signaling, supporting
the existence of an IL-8/NF-κB regulatory circuit that contributes to OSCC metastatic progression.

IL-8 and NF-κB establish a positive feedback loop to
sustain OSCC progression
Previous studies have demonstrated that NF-κB directly binds to the IL-8 promoter and induces IL-8
transcription (Mizuno et al. 2022; Xu et al. 2014; Park et al. 2008; Oem et al. 2008). Based on these
findings, we investigated whether disruption of the IL-8–CXCR1/2–NF-κB signaling cascade could
attenuate IL-8 expression in OSCC cells. Pharmacological blockade of this signaling axis using HuMax-
IL8, Reparixin, or NF-κB inhibitors (BAY-11-7082 and SN50) significantly reduced IL-8 mRNA expression
(Fig. 6A) and extracellular IL-8 secretion (Fig. 6B) in IL-8-overexpressing Cal27 cells (p < 0.01). Similar
inhibitory effects were observed in HSC3 cells (Fig. 6C, D). To further elucidate the molecular
mechanism underlying NF-κB-dependent IL-8 regulation, in silico analysis identified a putative NF-κB
binding motif within the IL-8 promoter region spanning − 82 to + 91 bp (Fig. 6E). We subsequently
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established an IL-8 promoter-driven luciferase reporter system to evaluate NF-κB-mediated
transcriptional regulation. Disruption of IL-8 signaling through HuMax-IL8, Reparixin, or NF-κB inhibition
significantly suppressed IL-8 promoter activity in both IL-8-overexpressing Cal27 cells and HSC3 cells
(Fig. 6F, G). Importantly, mutation of the predicted NF-κB binding site within the IL-8 promoter abolished
reporter activity in HSC3 cells, confirming the critical role of this regulatory element in NF-κB-mediated
IL-8 transcription (Fig. 6H). These findings demonstrate that IL-8 activates CXCR1/2-dependent NF-κB
signaling, which subsequently reinforces IL-8 transcription, thereby establishing a positive feedback loop
that sustains the metastatic phenotype of OSCC.

Discussion
Lymph node metastasis represents a major determinant of poor prognosis in patients with oral
squamous cell carcinoma (OSCC); however, the molecular mechanisms driving metastatic dissemination
remain incompletely understood. In this study, we identified the pro-inflammatory cytokine IL-8 as a
critical mediator of OSCC metastasis. IL-8 expression was significantly elevated in OSCC tumors
compared with adjacent normal tissues and was associated with aggressive tumor behavior and
unfavorable clinical outcomes. Mechanistically, we demonstrated that IL-8 signaling through CXCR1/2
activates NF-κB, which subsequently enhances IL-8 transcription, establishing a positive feedback loop
that maintains the metastatic phenotype of OSCC cells. Importantly, pharmacological disruption of this
signaling circuit using the humanized IL-8-neutralizing antibody HuMax-IL8, the CXCR1/2 antagonist
Reparixin, or NF-κB inhibitors BAY 11-7082 and SN50 effectively impaired the migratory and metastatic
capacities of OSCC cells with elevated IL-8 expression (Fig. 7). These findings highlight IL-8 as a
potential biomarker for identifying OSCC patients at increased risk of lymph node metastasis and
provide a translational rationale for targeting the IL-8–CXCR1/2–NF-κB signaling axis as a therapeutic
strategy for metastatic OSCC.

The existence of an IL-8/NF-κB positive feedback loop that enhances tumor invasiveness and cancer
stem cell properties has been reported in intrahepatic cholangiocarcinoma (Song et al. 2025). In
addition, our previous study demonstrated that activation of an IL-8/NF-κB feedback circuit contributes
to a paclitaxel-sensitive but doxorubicin-resistant phenotype in triple-negative breast cancer (TNBC) (Lin
et al. 2025). Although IL-8 and NF-κB have individually been implicated in promoting metastatic
progression and therapeutic resistance in OSCC (Pu et al. 2021; Peng et al. 2016; Tamatani et al. 2004;
Joshi et al. 2023), the functional interplay between these two signaling molecules in OSCC metastasis
has remained largely unexplored. Here, we provide evidence that an IL-8/NF-κB positive feedback loop is
established in OSCC and plays a critical role in sustaining the metastatic phenotype of OSCC cells.
Future investigations are warranted to determine whether activation of this signaling circuit contributes
to resistance against conventional therapies, including chemoradiotherapy, and whether
pharmacological disruption of the IL-8/NF-κB axis can enhance treatment responses, such as paclitaxel
sensitivity, in metastatic OSCC.
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HuMax-IL8 is a fully human monoclonal antibody developed to neutralize IL-8-mediated biological
activities, including tumor progression, immune evasion, epithelial–mesenchymal transition, and
recruitment of myeloid-derived suppressor cells (Bilusic et al. 2019). In a phase I clinical trial involving
patients with metastatic or unresectable solid tumors, HuMax-IL8 treatment was well tolerated and
resulted in disease stabilization accompanied by reduced circulating IL-8 levels (Bilusic et al. 2019).
These clinical observations, together with our findings demonstrating that IL-8 sustains NF-κB activation
through a positive feedback mechanism in OSCC, highlight the potential therapeutic relevance of
targeting the IL-8/NF-κB signaling axis in metastatic disease. Consistent with the clinical importance of
IL-8 signaling, elevated circulating IL-8 levels have been associated with poor responses to immune
checkpoint blockade in patients with head and neck cancer, melanoma, renal cell carcinoma, and
unresectable hepatocellular carcinoma (Zhang et al. 2024; Schalper et al. 2020). Furthermore, recent
evidence suggests that simultaneous inhibition of IL-8 and programmed death-ligand 1 (PD-L1)
pathways may provide a promising therapeutic approach for triple-negative breast cancer, an aggressive
malignancy characterized by high metastatic potential (Dominguez et al. 2017). In addition, reduced
salivary IL-8 levels in patients with head and neck cancer before radiotherapy have been correlated with
improved treatment outcomes (Principe et al. 2022). Together, these findings raise the possibility that IL-
8 inhibition, alone or in combination with radiotherapy or immunotherapy, may represent a potential
therapeutic strategy for OSCC patients with elevated IL-8 expression. Future studies are warranted to
determine whether HuMax-IL8-based combination therapies can overcome metastatic progression or
radioresistance in OSCC.

Conclusions
Our study identifies IL-8 as a critical mediator of lymph node metastatic progression in OSCC. We
demonstrate that IL-8 activates CXCR1/2-dependent NF-κB signaling, which subsequently reinforces IL-8
expression, establishing a positive feedback loop that maintains the metastatic phenotype of OSCC
cells. Pharmacological disruption of this signaling circuit effectively attenuates the migratory and
metastatic properties of OSCC cells with elevated IL-8 expression. These findings highlight IL-8 as a
potential biomarker for identifying OSCC patients at increased risk of lymph node metastasis and
provide a translational rationale for targeting the IL-8–CXCR1/2–NF-κB signaling axis as a therapeutic
strategy for metastatic OSCC.
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Figure 1

IL-8 upregulation is commonly detected in primary tumors compared to adjacent normal tissues and
refers to a poor prognostic biomarker in oral squamous cell carcinoma. A – D Box plots and dotted line
plots for the IL-8 mRNA levels in normal oral cavity tissues from healthy donors, as well as normal
adjacent tissues (NATs) and primary tumors from OSCC patients in the TCGA, GSE42743, GSE213862,
and GSE25099 datasets. E RT-PCR analysis and F dotted line plots of IL-8 mRNA levels in paired normal
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adjacent tissues (N) and primary tumors (T) from 23 OSCC patients obtained from the Taipei Medical
University (TMU) Biobank. b-actin was used as an internal control of experiment. G Kaplan–Meier
survival analyses of IL-8 mRNA expression under a maximal risk condition using overall survival (OS)
probability against TCGA (left) and GSE42743 (right) OSCC patients.

Figure 2
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IL-8 upregulation associates with an enhanced migration ability of OSCC cells. A Principal component
analysis (PCA) of transcriptional profiles from solid tissue normal samples (normal adjacent tissues)
and primary tumors, and B a volcano plot showing differential gene expression between primary tumors
and solid tissue normal samples from TCGA OSCC patients. C List of activated pathways from Hallmark
gene sets and D enrichment score plot of the epithelial–mesenchymal transition gene set, generated by
GSEA using a gene list ranked by fold change as shown in (B). NES is the abbreviation of normalized
enrichment score (C). SIZE and SET represent the gene number of dataset and the name of Hallmark
gene sets. E Cell migration assays, visualized by Giemsa staining (left) and quantified by bar charts
(right) after trans-well cultivation for 8 hours, and FELISA measurement of extracellular IL-8 levels,
presented as colorimetric images (left) and quantified by bar charts (right) in Cal27 and HSC3 cells. (H
and I) H, I Giemsa staining (upper) and corresponding quantification (lower) of migrated cells in trans-
well assays of Cal27 cells treated with recombinant human IL-8 (rhIL-8) at the indicated concentrations,
and HSC3 cells treated with or without the humanized IL-8–neutralizing antibody HuMax-IL8 at the
indicated concentrations. *** denotes the statistical significance at p < 0.001 (E – I).
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Figure 3

IL-8 acts as a driver in promoting the metastatic potentials of OSCC. A – FIL-8 mRNA expression
quantified by qPCR, extracellular IL-8 levels measured by ELISA and presented as colorimetric images
(left) with corresponding quantification (right), and cell migration assays visualized by Giemsa staining
(left) and quantified by bar charts (right) following trans-well assays in vector control (VC) and IL-8–
overexpressing (OE) Cal27 cells, as well as non-silencing (NS) control and IL-8–knockdown (KD) HSC3
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cells. G, H Giemsa staining (upper) and corresponding quantification (lower) of migrated cells in trans-
well assays of VC and IL-8–OE Cal27 cells pretreated with or without HuMax-IL8 or the IL-8 receptor
(CXCR1/2) antagonist Reparixin at the indicated concentrations, and NS control and IL-8–KD HSC3 cells
cultured in the absence or presence of reh-IL-8 at the indicated concentrations. *** denotes the
statistical significance at p < 0.001 (A – F). *** indicates statistical significance at p < 0.001 compared
with the VC and NS control groups, whereas #, ##, and ### indicate statistical significance at p < 0.05, p
< 0.01, and p < 0.001, respectively, compared with the IL-8-OE and IL-8-KD groups (G, H).
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Figure 4

IL-8 expression causally associates with the lymph node metastatic capacity of OSCC cells. A – F
Bioluminescent imaging of luciferase-expressing OSCC cells in tumor-bearing mice; cervical tissues
showing representative images (upper) with corresponding quantification of photon flux presented as
bar charts (lower); and H&E staining of lymph nodes from mice implanted with luciferase-labeled VC/IL-
8–OE Cal27 cells or NS/IL-8–KD HSC3 cells. *** denotes the statistical significance at p < 0.001 (B, E).

Page 22/27



Figure 5

IL-8 promotes cellular migration through receptor engagement and NF-κB activation in OSCC cells. A, B
Western blot analyses of phosphorylated NF-κB (p-NF-κB), total NF-κB, and GAPDH (left), together with
NF-κB–dependent luciferase reporter activity (right), in VC and IL-8–OE Cal27 cells or NS control and IL-
8–KD HSC3 cells. C, D Western blot analyses of p-NF-κB, total NF-κB, and GAPDH (upper), and
corresponding NF-κB luciferase reporter activity (lower), in VC and IL-8–OE Cal27 cells pretreated with or
without HuMax-IL8 or Reparixin at the indicated concentrations, or in NS control and IL-8–KD HSC3 cells
cultured in the absence or presence of rehIL-8 at the indicated concentrations. E, F Giemsa staining
(upper) and corresponding quantification (lower) of migrated cells in trans-well assays of VC and IL-8–
OE Cal27 cells pretreated with the NF-κB inhibitors BAY11-7082 (BAY) or SN50 at the indicated
concentrations, and HSC3 cells treated with both NF-κB inhibitors at the indicated concentrations. ***
indicates statistical significance at p < 0.001 compared with the VC and NS groups, whereas ###
indicates statistical significance at p < 0.001 compared with the IL-8-OE and IL-8-KD groups (A – E). ###
indicates statistical significance at p < 0.001 compared with the untreated group (F).
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Figure 6

IL-8 forms a positive feedback loop through receptor engagement and NF-κB activation in OSCC cells. A
– D Quantification of IL-8 expression, shown as IL-8 mRNA levels determined by qPCR and extracellular
IL-8 protein levels measured by ELISA, in VC and IL-8–OE Cal27 cells and HSC3 cells treated with or
without HuMax-IL8, Reparixin, BAY11-7082 or SN50 at the indicated concentrations. E Sequence logo
depicting the predicted nucleotide frequency of the NF-κB (NFKB1) binding motif identified in the IL-8
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promoter region (−91 to −82 bp) based on the JASPAR database. F, G IL-8 promoter–driven luciferase
reporter assays, shown as normalized firefly luciferase activity relative to Renilla luciferase activity, in VC
and IL-8–OE Cal27 cells and HSC3 cells treated with or without HuMax-IL8, reparixin, BAY11-7082, or
SN50 at the indicated concentrations. H Schematic representation of the predicted NF-κB binding sites
within the IL-8 promoter, showing wild-type (wt) and mutant (mt) sequences (italicized and underlined)
(left), and corresponding luciferase reporter activity in HSC3 cells transfected with the pGL4.10 empty
vector or pGL4.10 constructs containing the IL-8 promoter region (−1 to −1000 bp) with or without
mutation of the NF-κB binding site (right). *** indicates statistical significance at p < 0.001 compared
with the VC groups, whereas ### indicates statistical significance at p < 0.001 compared with the IL-8-
OE and untreated groups (A – D, F, G). *** indicates statistical significance at p < 0.001 compared with
the pGL4.10 empty vector groups, whereas ### indicates statistical significance at p < 0.001 compared
with the NF-κB BS_wt groups (H).
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Figure 7

Proposed model illustrating how the IL-8/NF-κB positive feedback loop drives lymph node metastasis in
OSCC. Upregulated IL-8 induces receptor engagement and NF-κB activation, thereby establishing a
positive feedback loop that ultimately enhances the lymph node metastatic capacity of OSCC cells.
Targeting this feedback loop using the humanized IL-8–neutralizing antibody HuMax-IL8, the IL-8
receptor (CXCR1/2) antagonist Reparixin, or NF-κB–specific inhibitors (e.g., BAY11-7082 or SN50) may
represent a potential therapeutic strategy for metastatic OSCC with elevated IL-8 expression.
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