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This study aimed to investigate the expression levels and clinical implications of interferon α inducible 
protein 27 (IFI27) and the N6-methyladenosine (m6A) regulator Alkylation repair homolog 5 (ALKBH5) 
in head and neck squamous cell carcinoma (HNSCC). We employed bioinformatics methods to analyze 
the differential expression of IFI27 in HNSCC and its prognostic implications. Additionally, we explored 
the pathways and mechanisms associated with its enrichment. Immunohistochemistry (IHC) was 
used to detect the expression of IFI27 protein in HNSCC and adjacent normal tissues. IFI27 expression 
was significantly up-regulated in HNSCC (P < 0.001), and was correlated with T stage and tumor 
differentiation degree. The survival curve indicated that patients with high IFI27 expression had shorter 
overall survival compared to those with low expression. Furthermore, multivariate analysis confirmed 
that IFI27 expression is an independent prognostic factor in HNSCC patients. IFI27 is involved in the 
regulation of type I and type III interferon-mediated responses, Retinoic acid-inducible gene I (RIG-I) 
-like receptor signaling pathways, and biological processes related to innate immune responses. High 
IFI27 expression is a potential risk factor for the onset and progression of HNSCC. Additionally, the 
down-regulation of ALKBH5 may enhance IFI27 expression via the RIG-I/IFN-α axis, further influencing 
the development of HNSCC.
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Head and neck squamous cell carcinoma (HNSCC) is a prevalent malignancy that significantly impacts patient 
morbidity and mortality, primarily affecting the oral cavity, oropharynx, larynx, and nasopharynx. HNSCC 
ranks as the sixth most common cancer globally, with around 600,000 new cases diagnosed annually1–3. 
The incidence of HNSCC is expected to increase by 30% by 2030, which means there will be approximately 
1.08 million new cases each year4. HNSCC patients experience various levels of functional impairment, including 
slurred speech and difficulties with eating, at different stages of disease progression and treatment due to the 
complex anatomy and physiology of the head and face5. Moreover, the high recurrence rates of this disease, 
along with the associated treatment costs, place a significant burden on healthcare systems. Current therapeutic 
strategies, including surgical resection, radiation therapy and chemotherapy, often yield limited efficacy and 
are accompanied with considerable adverse effects, underscoring the urgent need for novel biomarkers and 
therapeutic targets to improve patient outcomes. Recent studies have suggested that specific gene expressions 
may correlate with HNSCC progression and prognosis, highlighting the potential of molecular markers in 
enhancing clinical management of this disease.

Interferon-stimulated genes (ISGs) are a collection of genes activated and induced by interferons (IFNs) via 
the Janus kinase (JAK) and Signal transducer and activator of transcription (STAT) pathways6. This collection 
includes over 300 genes, among which is the ISG12 gene set. The IFI27 gene, also known as ISG12a, located on 
human chromosome 14q327, is a small hydrophobic mitochondrial protein composed of 122 amino acids8, which 
is considered to be a mitochondrial matrix protein due to its localization in the mitochondria9. IFI27 is one of the 
genes most strongly induced by Type I interferon (IFN-I)10. Recent studies have indicated that IFI27 is involved 
in several biological processes, including innate immune regulation and epithelial-mesenchymal transition, both 
of which are linked to the onset and progression of various cancers. Furthermore, the involvement of IFI27 
in immune responses and its interaction with pathways such as NF-κB suggests that it may play a critical role 
in tumor immune evasion and microenvironment modulation, although its specific mechanisms in HNSCC 
remain inadequately characterized11.
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The m6A modification is a widely occurring change in mRNA that impacts various processes in RNA 
metabolism, such as splicing, translation, and degradation12, it is also dynamic and reversible. This process 
includes methyltransferases (known as ‘writers’), demethylases (‘erasers’), and binding proteins (‘readers’)13. 
These components can simultaneously activate various oncogenic signaling pathways14. The ALKBH5 gene, a 
demethylase that recognizes m6A modification on RNA, has been shown to play a role in the development of 
several types of cancer, including glioma, pancreatic cancer, gastric cancer, and non-small cell lung cancer15–18.

Although there is increasing evidence of the importance of IFI27 and ALKBH5 in cancer biology, their 
specific roles in HNSCC remain unclear. Our research aims to explore the relationship between IFI27 and clinical 
features of HNSCC, including overall survival (OS) and its effect in HNSCC pathogenesis, and the relationship 
between IFI27 and ALKBH5. We achieve this by analyzing publicly available datasets, particularly from The 
Cancer Genome Atlas (TCGA), in conjunction with Immunohistochemistry (IHC).

Results
IFI27 expression was significantly up-regulated in HNSCC tissues
 According to the TIMER 2.0 database, IFI27 expression is significantly elevated in various cancers, such as 
HNSCC, bladder cancer, esophageal squamous cell carcinoma, renal clear cell carcinoma, and endometrial 
carcinoma (Fig. 1). HE staining was performed on the tumor tissue and the adjacent tissue, which confirmed 
that the adjacent tissue was normal tissue (Fig. 2A, B). The IHC results from 57 clinical cases demonstrated that 
IFI27 is predominantly expressed in the nucleus and mitochondria, with positive staining varying from light 
yellow to brown (Fig. 3A, B). A comparison of IFI27 expression was conducted between HNSCC and adjacent 
normal tissues from the 57 clinical cases. This analysis revealed a significant difference (P < 0.001) (Fig. 3C).

Fig. 2.  HE staining of cancer tissue and normal tissue. (A) HE staining of cancer tissue (10 × 40). (B) HE 
staining of normal tissue (10 ×  40).

 

Fig. 1.  Expression of IFI27 in pan-cancer tissue in the TIMER 2.0 database (Note: * P < 0.05; ** P < 0.01; *** 
P < 0.001, red: tumor tissue, blue: normal tissue).
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The relationship between the expression of IFI27 and the clinicopathological features of 
HNSCC
 In the UALCAN database, IFI27 expression was significantly correlated with tumor differentiation, gender, 
and promoter methylation, but showed no correlation with age, lymph node metastasis, or TNM stage (Fig. 4). 
The Chi-square test of IHC results from 57 clinical cases indicated that IFI27 expression correlated with T stage 
(P = 0.028) and tumor differentiation (P = 0.003) in HNSCC patients. However, it showed no correlation with 
age, gender, N stage, TNM stage, smoking, or alcohol consumption (Table 1).

The relationship between the expression of IFI27 and the prognosis of HNSCC
 The Kaplan-Meier (KM) curve for 409 patients in the TCGA database showed that those with high IFI27 
expression had a shorter OS of 601 days (Median survival) compared to 740.5 days for patients with low IFI27 
expression (P = 0.033) (Fig. 5A). Univariate analysis indicated that age, T stage, N stage, TNM stage and IFI27 
expression were associated with poor prognosis in HNSCC, while multivariate analysis identified age, T stage, N 
stage, and IFI27 expression as independent prognostic factors (Table 2).

The KM curve for 57 clinical cases revealed that patients with high IFI27 expression had an OS of 753 days, 
which was shorter than the 842 days for those with low IFI27 expression (P = 0.029) (Fig. 5B). Univariate analysis 
indicated that N stage, TNM stage, and IFI27 expression were linked to poor prognosis in HNSCC, while 
multivariate analysis confirmed that IFI27 expression was an independent prognostic factor (Table 3).

GO and KEGG enrichment analysis of IFI27-related expression genes
 The GO and KEGG19–21 pathway enrichment analysis of the gene sets containing IFI27 and its related genes 
(Fig.  6) revealed several biological processes associated with IFI27, including the defense response to virus, 
negative regulation of viral life cycle, and response to IFN-I. Additionally, the relevant cellular components 
encompassed the cytoplasmic vesicle lumen, proteasome core complex, and canonical inflammasome complex. 
The molecular functions identified were binding to single/double-stranded RNA and nucleotidyltransferase 
activity. Finally, the KEGG pathways highlighted included the NOD-like receptor signaling pathway, cytosolic 
DNA-sensing pathway, and RIG-I-like receptor signaling pathway. The abundant GO terms and KEGG pathways 
suggest that IFI27 and its related genes play a significant role in promoting cytokine production, participating 
in the innate immune response, and inducing inflammatory responses and apoptosis (programmed cell death). 

Fig. 3.  Expression of IFI27 in HNSCC. (A) IHC staining of IFI27 in HNSCC (10 × 20).  (B) IHC staining 
of IFI27 in HNSCC (10 × 40). (C) Differential expression of IFI27 in HNSCC and adjacent normal tissues 
(P < 0.001).
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These processes are closely linked to the occurrence and development of malignant tumors, indicating their 
potential importance in HNSCC formation and progression.

GSEA of IFI27-related DEGs
 Based on the TCGA database, we identified 6,355 differentially expressed genes (DEGs). Through Gene Set 
Enrichment Analysis (GSEA), we found that 14 gene sets were significantly enriched (Fig. 7). According to the 
normalized enrichment score (NES), these gene sets were categorized into eight that showed an up-regulated 
trend and six that showed a down-regulated trend.

The gene sets showing an up-regulated trend included: IFN-α response, E2F targets, IFN-γ response, G2M 
checkpoint, Epithelial mesenchymal transition, Mitotic spindle, MYC targets v1, Inflammatory response. The 
down-regulated gene sets included Myogenesis, Adipogenesis, Fatty acid metabolism, Estrogen response early, 
Oxidative phosphorylation, and KRAS signaling dn.

Fig. 4.  The relationship between IFI27 and the clinicopathological features of HNSCC patients in UALCAN. 
(A) Patient’s gender. (B) Patient’s age. (C) Tumor grade. (D) Nodal metastasis. (E) Cancer stages. (F) Promoter 
methylation (Note: * P < 0.05; ** P < 0.01; *** P < 0.001).
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Co-expression analysis of IFI27 and m6A modification-related regulatory factors
 We analyzed the expression levels of 23 m6A modification-related regulatory factors in the high-expression 
and low-expression groups of IFI27 (Fig. 8). In the IFI27 low-expression group (n = 204), six m6A modification-
related regulatory factors (RBM15B, CBLL1, ALKBH5, IGF2BP3, LRPPRC, ELAVL1) were significantly over-

Fig. 5.  Influence of IFI27 expression difference on OS in HNSCC patients. (A) KM curve for 409 patients from 
TCGA database. (B) KM curve for 57 clinical cases.

 

Characteristics n

IFI27 
expression

χ2 PHigh Low

Age (years) 0.154 0.695

 ≥ 70 10 6 4

 < 70 47 25 22

Gender 0.321 0.571

 Male 33 19 14

 Female 24 12 12

T stage 4.859 0.028*

 T1–T2 35 15 20

 T3–T4 22 16 6

N stage 0.758 0.384

 N0 36 18 18

 N+ 21 13 8

TNM stage 1.222 0.269

 I–II 24 11 13

 III–IV 33 20 13

Tumor grade 8.717 0.003*

 G1–G2 45 29 16

 G3 12 2 10

Smoking 0.491 0.483

 Yes 27 16 11

 No 30 15 15

Alcohol consumption 0.888 0.346

 Yes 28 17 11

 No 29 14 15

Table 1.  57 clinical cases of IFI27 expression and clinical pathological characteristics of HNSCC patients (* 
P < 0.05).
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expressed compared to the high-expression group (n = 205) (P < 0.05). Additionally, the expression of HNRNPC, 
another m6A modification-related regulatory factor, was significantly lower in the low-expression group 
(P < 0.05).

Discussion
HNSCC consists of diverse malignant tumors influenced by various factors. The incidence of HNSCC is typically 
2–4 times higher in male than in female. Individuals who smoke heavily and consume alcohol have a risk of 
developing HNSCC that is over 35 times greater22. Persistent HPV infection is a risk factor for oropharyngeal 
cancer, while EBV is associated with nasopharyngeal cancer2324. Additionally, individuals with certain genetic 
factors, such as Fanconi anemia, are 500–700 times more likely to develop HNSCC compared to the general 
population25.

Many patients are diagnosed at an advanced stage26. Currently, HNSCC treatment primarily involves surgical 
resection, supplemented by radiotherapy and chemotherapy. However, these therapies mainly target residual 
tumor tissue and often result in severe, intolerable side effects. Recently, non-invasive immunotherapy has 
emerged as an exciting frontier in cancer treatment, increasingly complementing traditional therapies. However, 

Characteristics n

Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age(years)
≥ 70 10 1.773

(0.468–6.709) 0.399
< 70 47

Gender
Male 33 0.956

(0.291–3.143) 0.941
Female 24

T Stage
T1–T2 35 2.405

(0.727–7.956) 0.150
T3–T4 22

N Stage
N0 36 3.588

(1.047–12.288) 0.042* 1.653(0.422–6.478) 0.471
N+ 21

TNM Stage
I–II 24

8.489(1.084–66.446) 0.042* 6.145
(0.636–59.389) 0.117

III–IV 33

Smoking
Yes 27 0.719

(0.210–2.456) 0.600
No 30

Alcohol 
consumption

Yes 28 0.918
(0.280–3.011) 0.888

No 29

IFI27 expression
High 31 4.739

(1.018–22.066) 0.047* 4.886(1.018–23.436) 0.047*
Low 26

Table 3.  Cox analysis of 57 clinical cases of HNSCC (HR, hazard ratio; 95%CI, 95% confidence interval; * 
P < 0.05).

 

Characteristics n

Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age(years)
≥ 70 77 1.666

(1.163–2.387) 0.005* 1.907
(1.327–2.740) < 0.0001*

< 70 332

Gender
Male 303 0.745

(0.532–1.044) 0.087
Female 106

T stage
T1–T2 148 2.303

(1.584–3.350) < 0.0001* 2.137
(1.328–3.440) 0.002*

T3–T4 261

N stage
N0 171 1.880

(1.346–2.625) < 0.0001* 1.770
(1.202–2.608) 0.004*

N+ 238

TNM Stage
I–II 75 2.784

(1.609–4.816) < 0.0001* 1.080
(0.495–2.356) 0.847

III–IV 334

Smoking
Yes 235 0.944

(0.691–1.290) 0.719
No 174

Alcohol 
consumption

Yes 268 1.010
(0.725–1.405) 0.955

No 133

IFI27 expression
High 205 1.400

(1.026–1.910) 0.034* 1.370(1.004–1.868) 0.047*
Low 204

Table 2.  Cox analysis of 409 patients in TCGA (HR, hazard ratio; 95%CI, 95% confidence interval; * P < 0.05).
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in the context of highly immunosuppressive HNSCC, identifying the patient population that would benefit from 
treatment and addressing drug resistance remain significant challenges. Therefore, exploring new therapeutic 
targets and predictors to improve the survival rate of HNSCC patients is still a hot topic in this field.

The initiation of the innate immune response relies on pattern recognition receptors, including RIG-I-like 
receptors, NOD-like receptors, and DNA sensors27. These receptors are the first responders to abnormal cells28, 
such as tumor cells, triggering the activation of downstream signaling pathways that produce proinflammatory 
cytokines, including IFNs. IFNs induce the production of ISGs through a series of signaling events, ISGs and 
their expression products can regulate IFNs signaling pathways positively or negatively, exerting immune 
regulatory functions29. IFI27, a member of the ISG12 gene family, is an innate immune effector molecule, and 
the family of ISGs involved in mediating the innate immune response serves as the first line of defense against 
cancer. However, recent reports have identified IFI27 as an oncogene, which is up-regulated in various cancers 
and associated with poor survival rates. At present, the role of IFI27 in the occurrence and development of 
HNSCC remains to be further explored.

Our analysis of the TCGA database revealed that IFI27 is up-regulated in various cancers, including 
HNSCC. We also found that the expression of IFI27 was associated with gender and tumor differentiation. 
Immunohistochemistry analysis of 57 clinical cases showed significant differences in IFI27 expression between 
HNSCC and adjacent normal tissues. Furthermore, the expression of IFI27 was correlated with T stage and 
tumor differentiation, suggesting that the over-expression of IFI27 contributes to the progression of HNSCC. 
We discovered that the level of IFI27 promoter methylation in HNSCC tumor tissues was significantly lower 
compared to normal tissues. Research indicates that gene methylation plays a crucial role in genomic epigenetic 
modification. Hypomethylation can lead to genomic instability and activate gene transcription, which is closely 
linked to tumor development30. Therefore, we hypothesize that HNSCC may promote the over-expression of 
IFI27 by down-regulating the methylation of its promoter.

Fig. 6.  GO and KEGG enrichment analysis of IFI27-related genes. (A) GO: Biological Process, (B) GO: 
Cellular Component, (C) GO: Molecular Function, (D) KEGG Pathway.
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We further explored the relationship between IFI27 expression levels and the prognosis of HNSCC using 
the TCGA database. The results indicated that patients with high IFI27 expression had shorter OS compared to 
those with low expression. COX regression analysis showed that age, T stage, N stage, and IFI27 expression were 
independent prognostic factors affecting patients with HNSCC. Subsequently, we verified these conclusions using 
immunohistochemical expression results from 57 clinical cases, and the survival analysis was consistent with 

Fig. 8.  The relationship between IFI27 expression and 23 m6A modification-related regulatory factors. (Note: 
* P < 0.05; ** P < 0.01; *** P < 0.001)

 

Fig. 7.  GSEA enrichment analysis of IFI27-related DEGs. (A, B) Up-regulated and down-regulated gene sets 
resulting from the enrichment of IFI27-related DEGs. (Red: up-regulated gene sets, blue: down-regulated gene 
sets)

 

Scientific Reports |         (2025) 15:6606 8| https://doi.org/10.1038/s41598-025-90677-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


our analysis in the TCGA database. COX regression analysis showed that IFI27 expression was an independent 
prognostic factor affecting HNSCC patients. Our findings suggest that IFI27 may serve as a biomarker for 
predicting poor prognosis in HNSCC.

We explored the mechanism of IFI27 in HNSCC using GO, KEGG, and GSEA. The results indicated that 
IFI27 was involved in regulating IFN-I (IFN-α) and IFN-γ mediated responses, the RIG-I-like receptor signaling 
pathway, promoting inflammatory response, and other biological processes related to innate immune response, 
which can also induce epithelial-mesenchymal transition (EMT).Studies have found that IFI27, a protein highly 
induced by IFN-I, interfered with RIG-I signaling and affected RIG-I activation by binding to single/double-
stranded RNA, thereby negatively regulating innate immune responses31. EMT leads to cells losing epithelial 
markers and gaining mesenchymal markers. Recent reports have highlighted that IFI27 is significantly over-
expressed in human ovarian cancer and cholangiocarcinoma, and is associated with poor tumor prognosis. IFI27 
promotes the growth and metastasis of ovarian and cholangiocarcinoma by inducing EMT3233; CD8+ T cells can 
eliminate transformed tumor cells and regulate immune responses, but in pancreatic cancer, high expression of 
IFI27 reduces the degree of CD8+ T cell infiltration, thereby weakening its immune effect34. By combining our 
functional enrichment analysis from the TCGA database with other studies on IFI27 in malignant tumors, we 
further infer that IFI27 may facilitate tumor progression. It may promote the occurrence and development of 
HNSCC by negatively regulating innate immune responses and inducing EMT in the tumor microenvironment. 
We believe that further evaluation of IFI27 as a therapeutic target for HNSCC is warranted.

As an important member of m6A modification, ALKBH5 plays an indispensable role in cancer development. 
In human non-small cell lung cancer, ALKBH5 decreases tumor growth, invasion, and metastasis by reducing 
YES-associated protein levels in the m6A-mediated Hippo signaling pathway18. In HNSCC, RIG-I protein is 
encoded by DDX58 mRNA. The increase in DDX58 is most pronounced after the knockout of ALKBH5, which 
also significantly enriches RIG-I-like receptor and IFN-α/β signals35. We analyzed the TCGA database. It was 
found that ALKBH5 showed high expression in the low-expression group of IFI27, and IFI27 was highly induced 
by IFN-α. Based on existing research evidence, we speculate that down-regulation of ALKBH5 in HNSCC may 
promote the production of IFI27 through the RIG-I/IFN-α axis.

In summary, our findings indicate that IFI27, acting as an oncogene, is significantly associated with poor 
survival in a variety of tumors, and is closely related to the poor prognosis of HNSCC. Within the tumor 
microenvironment, IFI27 facilitates cancer cell proliferation, potentially through regulation by the ALKBH5/
RIG-I/IFN-α axis. Furthermore, IFI27 exacerbates HNSCC progression by negatively modulating innate 
immune responses and inducing EMT, suggesting its potential as a novel therapeutic target for HNSCC. This 
study utilized bioinformatics analysis and immunohistochemistry to investigate the expression and mechanisms 
of IFI27 in HNSCC based on data from the TCGA database and multiple online platforms. Despite achieving 
notable progress, the results are constrained by the limited sample size. Nonetheless, we posit that IFI27 may 
serve as a prognostic marker for HNSCC. Future research will focus on expanding sample sizes and conducting 
comprehensive cellular and animal studies to further validate these findings.

Methods
Data collection of TCGA and clinical cases
 We downloaded gene expression data and clinicopathological information of HNSCC patients from the TCGA 
official website (https://portal.gdc.cancer.gov/). We removed duplicate samples and excluded cases lacking 
clinical information. This resulted in a total of 409 tumor tissues and 43 paracancerous tissues available for 
further analysis.

We collected 57 surgical resection paraffin-embedded tissue specimens from the pathology department of 
our hospital between January 2018 and October 2022. In addition, 20 paracancer specimens (tissues 2 cm away 
from the surrounding cancer tissues, which were confirmed as normal tissues by HE staining) were taken as 
controls. All patients were diagnosed with HNSCC in the oral and maxillofacial surgery department of our 
hospital and underwent surgical treatment without preoperative radiotherapy, chemotherapy, immunotherapy, 
targeted therapy, or other forms of therapy. The collected clinicopathological features included gender, age, 
lymph node metastasis, TNM stage (American Joint Committee on Cancer (AJCC), 8th Edition), and tumor 
differentiation. Follow-up information was obtained from patients’ medical records or by contacting the patients 
and their families.

Immunohistochemistry (IHC) experiments
 The experimental reagents included the IFI27 antibody (diluted 1:100, Affinity, DF8989), ALKBH5 antibody 
(diluted 1:100, Wuhan Sanying Biotechnology Co., Ltd., 67811-1-Ig), diaminobenzidine (DAB) chromogenic 
reagent, hematoxylin staining solution, 5% bovine serum albumin, absolute ethanol, xylene, and neutral gum.

The paraffin-embedded tissue blocks were sliced and deparaffinized in xylene until fully hydrated. The 
sections were placed in citrate buffer under high pressure, and endogenous peroxidase was blocked. A 5% bovine 
serum albumin solution was used for blocking. Primary antibodies, including the IFI27 antibody and ALKBH5 
antibody, were added and incubated overnight. Subsequently, the secondary antibody and diaminobenzidine 
were added for color development, followed by hematoxylin redyeing and dehydration sealing.

The number of positive immunostained cells and total cells were determined through human-computer 
interaction, with nuclei stained blue and positive staining appearing brown or tan. Positive results were 
interpreted using a semi-quantitative integral method. The color development intensity scores were defined as 
follows: 0 for no color, 1 for light yellow, 2 for tan, and 3 for brown. According to the percentage of positive cells 
observed under the microscope, scores were assigned as follows: 1 for < 10%, 2 for 10–50%, 3 for 51–80%, and 4 
for > 80%. The semi-quantitative immune response score was calculated by multiplying the color development 
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intensity by the percentage of positive cells. Scores of 0–4 were classified into the low-expression group (n = 26), 
while scores of 6–12 were classified into the high-expression group (n = 31).

HE staining experiments
 The slices were placed in a 70 °C in situ hybridization apparatus and baked for 30 min; Quickly added the 
baked slices into the xylene and repeated twice for 5 min each time; Then, placed them in 100%, 90%, 80%, 70% 
ethanol for 5 min, and in distilled water for 5 min; Blotted the water, added hematoxylin dye solution, stained 
for 5 min, rinsed off the hematoxylin dye solution with running water, and observed the staining degree with 
a microscope; Differentiated with 1% hydrochloric acid alcohol for 1∼3 s, washed and immersed in ammonia 
water for 5∼10 min, then washed, microscope observed color; Added 0.5% eosin dye 1 drop, stained for 1 min, 
and then observed with microscope after cleaning with distilled water; The slices were dehydrated with 80%, 
90%, 95% and 100% ethanol; Placed them in xylene twice for 5 min each time, dried at room temperature; Added 
a drop of neutral gum to the tissue, covered the glass to seal the film, and placed them under a microscope for 
observing and photographing 24h later.

Blue: normal nuclei are bright blue, apoptotic nuclei are blue-black, necrotic cells are light blue or blue 
disappear, cartilage matrix, calcium salt particles are dark blue, mucus is gray blue. Red: The cytoplasm is pink 
to pink in different shades, the intracytoplasmic eosinophilic granules are bright red, the collagen fibers are light 
pink, the elastic fibers are bright pink, the erythrocytes are orange, and the protein fluid is pink.

Bioinformatics analysis
 In this study, the GENE_DE module based on the Exploration of TIMER 2.0 (http://timer.cistrome.org/) database 
was used to observe the expression of IFI27 in a variety of cancers. The Expression module of the TCGA Gene 
based on the UALCAN database (http://ualcan.path.uab.edu/) was used to compare the correlation between the 
expression level of IFI27 and various clinicopathological features of HNSCC patients. The Methylation module 
was also used to analyze the methylation levels of the IFI27 promoter in both HNSCC tumor and normal tissues. 
The choice to use tools like TIMER 2.0 and UALCAN for analysis was based on their respective functions and 
advantages. TIMER 2.0 utilized data from public databases such as TCGA, ensuring the reliability and broad 
applicability of its analysis results. It supported the analysis of various cancer types and was widely used in 
research across different tumor types. UALCAN offered multiple features, such as gene expression differential 
analysis, mutation analysis, and clinical correlation analysis, helping researchers explore the relationship between 
gene expression data and cancer progression in depth. The expression values of IFI27 were analyzed in 409 
TCGA patients and 57 clinical cases. The median expression value was used as a cutoff to divide the patients into 
two groups: the IFI27 high-expression group (n = 205) and the IFI27 low-expression group (n = 204). Survival 
analysis and visualization were performed using the R packages “survival” and “survminer”. Pearson correlation 
analysis identified 150 genes positively associated with IFI27 in the TCGA database (P < 0.05). The R package “org.
Hs.eg.db” (version: 3.18.0) was then used to convert these genes into ENTREZID. GSEA was performed on the 
DEGs of IFI27 using the gene set (h.all.v2023.2.Hs.symbols.gmt) from the Molecular Signatures Database ​(​​​h​t​t​p​s​
:​/​/​w​w​w​.​g​s​e​a​m​s​i​g​d​b​.​o​r​g​/​​​​​)​. A gene set was considered significantly enriched when p.adjust < 0.05. The differential 
expression of 23 m6A modification-related regulators was compared between the IFI27 high-expression group 
and the low-expression group, and explored the relationship between IFI27 and ALKBH5.

Statistical analysis
 We processed the data using IBM SPSS Statistics 27.0 for statistical analysis. We employed the Wilcoxon 
rank sum test to assess the significance of differences between two groups with non-normal distributions. 
Additionally, the Chi-square test was used to compare the expression of IFI27 across various clinicopathological 
feature groups. KM curves were utilized to establish a prognostic model, while Cox regression analysis was 
conducted to investigate prognostic factors, considering P < 0.05 as statistically significant.

Data availability
All data generated or analyzed during this study are included in this article.
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