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Article Yj/pe Introduction: Oral squamous cell carcinoma (OSCC) is the most common malignancy of the
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ing are essential. This study aimed to evaluate the expression of genes involved in inflammation

(IP-10), cellular proliferation (EGFR), epithelial differentiation (CK17), and cellular regulation
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Results: The expression levels of EGFR and CK17 were significantly increased in OSCC patients

compared with controls (p < 0.001). Similarly, IP-10 expression was significantly upregulated in

the patient group (p < 0.001). In contrast, ANXAlexpression was significantly downregulated in
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Introduction

ral squamous cell carcinoma (OSCC) ac-

counts for more than 90% of oral malignan-

cies and is recognized as the most common
cancer of the head and neck region [1]. Despite ad-
vances in diagnostic approaches and therapeutic mo-
dalities, the prognosis of OSCC—particularly in ad-
vanced stages—remains unfavorable, with reported
5-year survival rates ranging from approximately 50%
to 60% [2]. This persistent clinical burden highlights
the critical need for the development of early, non-in-
vasive, and reliable diagnostic strategies. Carcinogenic
compounds present in tobacco smoke contribute to
both the initiation and progression of oral cancer by
inducing persistent genomic damage and promoting a
state of chronic inflammation in the oral mucosa [3,4].
These pathological processes result in dysregulation of
complex molecular networks, including genes involved
in cellular proliferation, inflammation, metastasis, and
apoptosis [5].

Epidermal growth factor receptor (EGFR) is a
cell-surface tyrosine kinase receptor that plays a pivotal
role in epithelial cell growth and survival. Overexpres-
sion or mutation of EGFR, reported in more than 80%
of OSCC cases, has been associated with uncontrolled
cellular proliferation, increased metastatic poten-
tial, and poor clinical prognosis [6,7]. Cytokeratin 17
(CK17) is a cytoskeletal protein commonly expressed
in basal epithelial cells. Elevated CK17 expression has
been observed in several epithelial cancers, including
OSCC, and has been proposed as a marker of tumor
invasiveness, resistance to apoptosis, and adverse prog-
nosis [8,9]. Interferon gamma-induced protein 10 (IP-
10 or CXCL10) is a vital chemokine primarily induced
by interferon-y. IP-10 plays a dual role in cancer bi-
ology: on the one hand, it can exert antitumor effects
by recruiting immune effector cells, such as T lympho-
cytes and natural killer cells; on the other hand, it can
facilitate tumor progression by promoting angiogenesis
and metastasis [10]. Annexin Al (ANXAI1) is a cal-
cium- and phospholipid-binding protein involved in
the regulation of inflammation, induction of apoptosis,
and inhibition of cell migration. Reduced expression
of ANXA1 has been reported in multiple malignan-
cies and has been correlated with tumor progression,
metastasis, and poor prognosis [11,12]. The present
study was designed to evaluate the relative expression
patterns of IP-10, EGFR, CK17, and ANXAI genes in
peripheral blood samples from OSCC patients com-
pared healthy individuals, without making a priori as-
sumptions about etiological factors such as smoking, as
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these data were not collected.
Materials and Methods

Study Design and Participants

This case-control study investigated the expression
of interferon gamma-inducible protein 10 (IP-10/
CXCL10), epidermal growth factor receptor (EGFR),
cytokeratin 17 (CK17), and annexin Al (ANXAI)
genes in peripheral blood samples obtained from pa-
tients diagnosed with oral squamous cell carcino-
ma (OSCC) compared with healthy controls. Ethical
approval was obtained from the institutional Ethics
Committee (Approval Code: IR.SBMU.NRITLD.
REC.1404.105). Written informed consent was ob-
tained from all participants before enrollment. A total
of 60 participants were included in the study: 30 pa-
tients with OSCC and a history of (case group) and
30 age- and sex-matched healthy individuals without
a history of oral or systemic malignant diseases (con-
trol group). Clinicopathological characteristics includ-
ing TNM stage (AJCC 8th edition), tumor grade, and
anatomical site were recorded for all OSCC patients.
Patients were recruited from the Department of Oral
and Maxillofacial Pathology, School of Dentistry, Teh-
ran University of Medical Sciences.

Sample Collection

Following ethical approval and informed consent, 2
mL of peripheral venous blood was collected from each
participant into EDTA-containing tubes. Blood sam-
ples were processed immediately for RNA extraction.
[13-15].

RNA Extraction and Quantification

Total RNA was extracted from peripheral blood sam-
ples using the RNA Blood Mini Kit (Qiagen, Cat. No.
52304) in accordance with the manufacturer’s instruc-
tions [15-17]. All procedures were conducted under
RNase-free conditions using certified RNase-free mi-
crotubes and filter tips. RNA concentration and purity
were assessed using a NanoDrop spectrophotometer
(NanoDrop Technologies) [16,17].

cDNA Synthesis

Complementary DNA (cDNA) was synthesized from 1
llg RNA, using the Viva 2-Step RT-PCR Kit (Cat. No.
RTPL12). The 18S rRNA gene was used as the inter-
nal reference gene for normalization, according to the
manufacturer’s instructions. Synthesized cDNA was
stored at —20 °C until real-time RT-PCR analysis.
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Quantitative Real-Time RT-PCR

Quantitative real-time RT-PCR was performed using
CinnaGreen qPCR Mix 2X (Cat. No. MM2041). The
target genes (IP-10, EGFR, CK17, and ANXA1) and
their specific primers are listed in Table 1. Each PCR
reaction was prepared in a final volume of 20 PLL con-
taining 4 [LL master mix, 1 [L of forward primer, 1
UL of reverse primer, 2 PL ¢cDNA, and nuclease-free
distilled water.

Thermal cycling conditions were as follows:

« Initial denaturation at 95 °C for 5 minutes.

« 40 cycles of:
o Denaturation at 95 °C for 15 seconds.
o Primer annealing at 56 °C for 60 seconds.
o Extension at 72 °C for 25 seconds.

« Final extension at 72 °C for 5 minutes.

Following amplification, results were interpreted based
on amplification curves and melting peak analyses to
confirm specificity.

Relative Gene Expression Analysis

Relative gene expression levels were calculated using
the 2°AACt method. The threshold cycle (Ct) was de-
fined as the cycle number at which fluorescence ex-
ceeded the threshold level. ACt values were obtained
by subtracting the Ct of the reference gene from that of
the target gene, while AACt represented the difference
between ACt values of OSCC patients and healthy con-
trols. Fold changes in gene expression were calculated
using the 2"AACt formula.

Statistical Analysis

Statistical analyses were performed using SPSS soft-
ware version 20. Mean values and standard deviations
were calculated. Differences in gene expression levels
between groups and associations with clinicopatholog-
ical characteristics were evaluated using paired t-tests.
A p-value < 0.05 was considered statistically significant.

Results
Participant Characteristics

A total of 60 participants were enrolled, including 30
patients diagnosed with oral squamous cell carcinoma
(OSCC) (case group) and 30 healthy individuals (con-
trol group). The cohorts were comparable in baseline
demographics, with mean ages of 58.5 + 2.7 years for
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cases and 54.1 + 8.3 years for controls (p > 0.05). Gen-
der distribution did not differ significantly between
groups, confirming balanced comparability.

Gene Expression Profiles

Real-time quantitative PCR analysis and AACt calcu-
lations revealed that the relative expression patterns
(RQ values) of all four target genes differed signifi-
cantly between OSCC patients and healthy controls
(Figures 1-2). EGFR was positive in 28 of 30 OSCC
patients, compared with 12 of 30 healthy individuals.
CK17 was positive in 26 of 30 patients and 11 of 30
controls. IP-10 was positive in 25 of 30 patients and 8
of 30 controls. Conversely, ANXA1 was positive in 10
of 30 patients and 22 of 30 controls. Between-group
comparisons using independent t-tests demonstrated
highly significant differences for all four biomarkers
(all p < 0.001; Figures 1-4).

Fold Change Analysis

Relative expression calculated using the 2"AACt meth-
od revealed that EGFR expression increased 3.0-fold,
CK17 by 2.6-fold, and IP-10 by 2.3-fold in OSCC pa-
tients compared to healthy controls, whereas ANXA1
expression decreased by 2.1-fold (all p < 0.001). Box-
plot distributions demonstrated clear separation be-
tween the patient and control cohorts with minimal
overlap. Levene’s test indicated consistent variance
across groups (all p > 0.10), confirming the assump-
tions for parametric testing (Figures 5-8).

Clinical Correlations

Strong positive correlations were observed between
EGEFR and CK17 expression levels. Moderate positive
correlations were noted between IP-10 and EGFR. No
significant correlations were found between ANXA1
and any of the other three genes. Overall, the results
indicate a distinct gene expression signature in the
peripheral blood of OSCC patients, characterized by
coordinated upregulation of pro-tumorigenic genes
EGFR and CK17, increased expression of the inflam-
matory chemokine IP-10, and downregulation of the
tumor suppressor gene ANXA1. The combination of
these four markers in a single panel may provide high
diagnostic potential for differentiating OSCC patients
from healthy individuals, although further validation
in larger cohorts is warranted.
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Table 1. Primer sequences and amplicon sizes.

Parameters IP-10 CK17 EGFR ANXAI 18s rRNA
Forward Primer AGA ACG GTG  ATCCTGCTGGAT- AACACCCTG- GCGAAACAATG- GTAACCCGTT-
3'-5") CGC TGC AC GTGAAGACGC GTCTGGAAG- CACAGCGTCAAC GAACCCCATT
TACG
Length of primer 17 22 22 23 20
Reverse Primer CCT ATG GCC TCCACAATGG- TCGTTGGACAG- CAACCTCCT- CCATCCAATCGG-
3"-5") CTG GGTCTCA  TACGCACCTGAC  CCTTCAAGACC  CAAGGTGACCT- TAGTAGCG
GT
Length of primer 19 22 22 22 20
Annealing Tempera- 58.4°C 56.5°C 55.5°C 54.5°C 53.5°C
ture (°C)
IP-10
90% 83%
80%
70%
60%
50%
40%
. 27%
30%
20%
10%
0%
oral squamous cell Healthy Group
carcinoma Group
Figure 1. IP-10 levels in OSCC versus healthy individuals.
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Figure 2. CK17 expression in OSCC compared with controls.
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Figure 3. EGFR expression in OSCC versus healthy controls.
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Figure 4. ANXA1 expression in OSCC versus controls.
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Figure 5. Differences in IP-10 gene expression between OSCC and healthy controls.
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Figure 6. Differences in CK17 gene expression between OSCC and healthy controls.
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Figure 7. Differences in EGFR gene expression between OSCC and healthy controls.
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Figure 8. Differences in ANXA1 gene expression between OSCC and healthy controls.
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Discussion

This study demonstrated a significant upregula-
tion of EGFR, CK17, and IP-10 gene expression and
a marked downregulation of ANXA1 in peripheral
blood samples from patients with oral squamous cell
carcinoma (OSCC), compared with healthy controls.
The combination of these four markers shows poten-
tial for differentiating OSCC patients from healthy
individuals, although validation in larger cohorts is
needed. The coordinated upregulation of EGFR and
CK17 represents a key finding of this study and is con-
sistent with previous reports. EGFR overexpression is
a well-established event in OSCC, associated with tu-
mor progression and therapeutic resistance [6]. CK17,
widely reported as a tumor-associated marker in his-
topathological studies of OSCC, may be transcrip-
tionally upregulated downstream of EGFR activation
through pathways involving transcription factors such
as STAT3, although mechanistic studies are needed to
confirm this link [8,12].

The significant increase in IP-10 expression in the
patient group is also noteworthy. IP-10 is primarily
secreted in response to interferon-y and has been re-
ported to be elevated in serum in various malignancies
[10]. While IP-10 traditionally exerts antitumor effects
by recruiting cytotoxic T lymphocytes, accumulating
evidence suggests that elevated IP-10 levels may also
promote angiogenesis and cell migration, thereby fa-
cilitating tumor progression [18]. Conversely, the ob-
served downregulation of ANXA1 in OSCC patients
is significant. ANXAL1 is a key modulator of inflamma-
tion resolution and a potential tumor suppressor. Loss
or reduction of ANXAI expression has been reported
across multiple malignancies [11], and its anti-inflam-
matory effects are primarily mediated via inhibition of
NF-KB translocation [19]. In OSCC patients, suppres-
sion of ANXA1 may have two significant consequenc-
es: first, impaired local and systemic control of inflam-
mation, favoring a pro-metastatic microenvironment;
and second, reduced activation of apoptotic pathways
in neoplastic cells. The mechanisms underlying altered
ANXA]1 expression in OSCC require further investi-
gation.

Limitations

This study was limited by a modest sample size of 60
participants, which reduced statistical power for mul-
tivariate analyses and for adjustment for potential
confounders. Peripheral blood analysis may not fully
reflect local tissue events, and the lack of protein-lev-
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el validation restricts functional interpretation. Future
studies should include larger, longitudinal cohorts to
track dynamic changes in gene expression and validate
findings across OSCC subtypes. Integration of comple-
mentary molecular techniques, including qRT-PCR,
single-cell RNA sequencing, and proteomics, could
strengthen the correlation between mRNA and protein
levels. Finally, interventional or diagnostic trials evalu-
ating multi-gene panels (EGFR, CK17, IP-10, ANXA1)
are needed to confirm their clinical utility as non-inva-
sive biomarkers OSCC patients.

Conclusion

In summary, the present study demonstrates that
OSCC patients exhibit a distinct peripheral blood gene
expression profile, characterized by coordinated up-
regulation of pro-tumorigenic genes EGFR and CK17,
increased expression of the inflammatory chemokine
IP-10, and downregulation of the tumor suppressor
ANXAL. This four-gene panel shows promise as a
complementary, non-invasive biomarker for the early
detection and clinical management of OSCC. Further
investigations are needed to clarify the mechanistic
links between these molecular changes and smoke-in-
duced OSCC pathogenesis, and to validate the clinical
applicability of this panel in larger, independent co-
horts with comprehensive exposure assessment.

Conflict of Interest

There is no conflict of interest to declare.

References

[1] Sung H, Ferlay ], Siegel RL, Laversanne M, So-
erjomataram I, Jemal A, et al. Global cancer sta-
tistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185
countries. CA: a cancer journal for clinicians.
2021; 71(3):209-49.

[1] Johnson DE, Burtness B, Leemans CR, Lui VWY,
Bauman JE, Grandis JR. Head and neck squamous
cell carcinoma. Nature reviews Disease primers.
2020; 6(1):92.

[3] Rivera C. Essentials of oral cancer. International
journal of clinical and experimental pathology.
2015; 8(9):11884.

[4] Jethwa AR, Khariwala SS. Tobacco-related car-
cinogenesis in head and neck cancer. Cancer and
Metastasis Reviews. 2017; 36(3):411-23.

J Craniomaxillofac Res 2026; 13(1): 105-112


http://doi.org/10.18502/jcr.v13i1.21577

Potential of IP-10, EGFR, CK17 and ANXA1 as Non-Invasive ... / 112

[5] Genet NR. Neukomm et al. 10.1073/pnas.
1406230111. Nat Rev  Genet.3(3):176-88.

[6] Kuttan N, Bhakthan N. Epidermal growth factor
receptor (EGFR) in oral squamous cell carcino-
mas: overexpression, localization and therapeutic
implications. Indian Journal of Dental Research:
Official Publication of Indian Society for Dental
Research. 1997; 8(1):9-18.

[7] Lemjabbar-Alaoui H, Hassan OU, Yang Y-W, Bu-
chanan P. Lung cancer: Biology and treatment op-
tions. Biochimica et Biophysica Acta (BBA)-Re-
views on Cancer. 2015; 1856(2):189-210.

[8] Escobar-Hoyos LF, Shah R, Roa-Pena L, Vanner
EA, Najafian N, Banach A, et al. Keratin-17 pro-
motes p27KIP1 nuclear export and degradation
and offers potential prognostic utility. Cancer re-
search. 2015; 75(17):3650-62.

[9] Sriuranpong V, Mutirangura A, Gillespie JW, Pa-
tel V, Amornphimoltham P, Molinolo AA, et al.
Global gene expression profile of nasopharyngeal
carcinoma by laser capture microdissection and
complementary DNA microarrays. Clinical can-
cer research. 2004; 10(15):4944-58.

[10] Liu M, Guo S, Hibbert JM, Jain V, Singh N, Wil-
son NO, et al. CXCL10/IP-10 in infectious diseas-
es pathogenesis and potential therapeutic impli-
cations. Cytokine & growth factor reviews. 2011;
22(3):121-30

[11] Biaoxue R, Xiling J, Shuanying Y, Wei Z, Xigu-
ang C, Jinsui W, et al. Upregulation of Hsp90-beta
and annexin Al correlates with poor survival and
lymphatic metastasis in lung cancer patients. Jour-
nal of Experimental & Clinical Cancer Research.
2012; 31(1):70.

[12] DePianto D, Kerns ML, Dlugosz AA, Coulombe
PA. Keratin 17 promotes epithelial proliferation
and tumor growth by polarizing the immune re-
sponse in skin. Nature genetics. 2010; 42(10):910-
4.

[13] Alamdari MK, Mohamadnia A, Bayat M, Far-
hangiyan M, Bahrami N. Comparing the Expres-
sion Levels of GCG and FBN-1 in the Plasma of
Patients with Basal Cell Carcinoma (BCC) and
Healthy Individuals. Journal of Craniomaxillofa-
cial Research. 2025:86-92.

[14] Babaei P, Abbasi AJ, Mohamadnia A, Malek M,
Farhangiyan M, Bahrami N. Evaluation of NCBP2

J Craniomaxillofac Res 2026; 13(1): 105-112

Gene Expression in Patients with Oral Squamous
Cell Carcinoma Compared to Healthy Individ-
uals. Journal of Craniomaxillofacial Research.
2025:100-5.

[15] Shahriyari S, Fotook Kiaei SZ, Mohamadnia A,
Farhangiyan M, Bahrami N. Investigating the Lev-
el of MUCS5B Expression in the Plasma of Patients
with Idiopathic Pulmonary Fibrosis (IPF) Com-
pared to Healthy Individuals. Journal of Cranio-
maxillofacial Research. 2025; 12(3).

[16] Ghadimi K, Bahrami N, Fathi M, Farzanegan B,
Naji T, Emami M, et al. Diagnostic value of LunX
mRNA and CEA mRNA expression in pleural
fluid of patients with non-small cell lung cancer.
Minerva Pneumologica. 2017; 56(2):90-5.

[17] Karimi S, Bahrami N, Sharifi K, Daustany M,
Baghbani-Arani F, Kazempour M, et al. Investi-
gating gene expression level of MUCI1 and CEA in
pleural fluid of NSCLC lung cancer patients with
real-time RT-PCR method. Minerva Pneumol.
2017; 56(1):18-24.

[18] Wu D, Liu X, Mu J, Yang J, Wu F, Zhou H. Thera-
peutic approaches targeting proteins in tumor-as-
sociated macrophages and their applications in
cancers. Biomolecules. 2022; 12(3):392.

[19] Sugimoto MA, Vago JP, Teixeira MM, Sousa LP.
Annexin Al and the resolution of inflammation:
modulation of neutrophil recruitment, apoptosis,
and clearance. Journal of immunology research.
2016; 2016(1):8239258.

DOI: 10.18502/jcr.v13i1.21577



http://doi.org/10.18502/jcr.v13i1.21577

