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A B S T R A C T   

This research examines the function of protein associated with topoisomerase II homolog 1 
(PATL1) in nasal-type natural killer/T-cell lymphoma (NKTCL) and head and neck squamous cell 
carcinoma (HNSCC). We analyzed bulk RNA-seq data from NKTCL, nasal polyps, and normal 
nasal mucosa, identifying 439 differentially expressed genes. Machine learning algorithms 
highlighted PATL1 as a hub gene. PATL1 exhibited significant upregulation in NKTCL and HNSCC 
tumor samples in comparison to normal tissues, showing high diagnostic accuracy (AUC = 1.000) 
for NKTCL. Further analysis of local hospital data identified PATL1 as an independent prognostic 
risk factor for NKTCL. Data analysis of TCGA and GEO datasets revealed that high PATL1 
expression correlated with poorer prognosis in HNSCC patients (p < 0.05). We also constructed a 
PATL1-based nomogram, which emerged as an independent prognostic predictor for HNSCC after 
addressing missing values. Additionally, we found a strong correlation between PATL1 and 
various immune cell infiltrates (e.g., activated.CD4 T cell), and a significant association with the 
expression of 37 immune checkpoints genes (e.g., CTLA4, PDCD1) and 20 N6-methyladenosine- 
related genes (e.g., ZC3H13, METTL3) (all p < 0.05). Both TCIA and TIDE algorithms sug-
gested that PATL1 could potentially predict immunotherapy efficacy (p < 0.05). Cellular exper-
iments demonstrated that transfection with a silencing plasmid of PATL1 significantly inhibited 
the malignant behaviors of SNK6 and FaDu cell lines(p < 0.05). In conclusion, our findings 
suggest that PATL1 may serve as a valuable prognostic and predictive biomarker in NKTCL and 
HNSCC, highlighting its significant role in these cancers.   

1. Introduction 

In recent years, malignant lymphoma has emerged as a prevalent form of cancer on a global scale, with 544,352 instances of 
Hodgkin lymphoma and 83,087 instances of non-Hodgkin lymphoma reported in 2020 [1]. Nasal-type natural killer/T-cell lymphoma 
(NKTCL) is an uncommon form of non-Hodgkin lymphoma that mainly affects the upper respiratory system, such as the nasal cavity, 
nasopharynx, larynx, and upper passages. Although the incidence of NKTCL is not high worldwide, it is relatively common in southeast 
asia [2]. NKTCL commonly manifests as worsening symptoms in the upper respiratory tract, including blockage in the nose, runny 
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nose, pain in the throat and larynx, coughing, and difficulty breathing, and is strongly linked to Epstein-Barr virus (EBV) infection [3]. 
Notably, EBV is also a significant etiological factor for nasopharyngeal carcinoma, a distinct type of head and neck cancer [4]. 
Additionally, since NKTCL and head and neck squamous cell carcinoma (HNSCC) both manifest in the head and neck area, there could 
be similarities in lifestyle choices or environmental influences, like smoking and drinking, that are associated with different forms of 
cancers in this specific region. Additionally, these cancers may exhibit similar clinical symptoms early on and may share molecular 
pathways and therapeutic targets, such as p53 and MAPK [5,6]. Therefore, despite the clear differences in origin, pathogenesis, and 
treatment strategies between NKTCL and HNSCC, their anatomical and some clinical similarities necessitate consideration of their 
potential interconnections in clinical practice and research. Moreover, the cross-disciplinary studies of these diseases may provide new 
perspectives and possibilities for future cancer treatment strategies. 

Despite the considerable progress made in cancer treatment approaches in recent years, there are still many obstacles to overcome, 
especially the absence of precise and reliable biomarkers for detecting, predicting, and monitoring treatment effectiveness [7,8]. Early 
cancer diagnosis plays a critical role in influencing treatment outcomes and patient prognosis. However, current technologies for early 
tumor diagnosis still face many limitations and challenges. Bioinformatics technology can analyze molecular information from tumor 
tissue and fluid samples to identify and validate potential biomarkers [9–11]. These biomarkers have high specificity and sensitivity 
and can serve as important indicators for early tumor diagnosis and prognosis [12,13]. Furthermore, bioinformatics technology en-
ables the comprehensive analysis and integration of biomarkers, leading to a better comprehension of tumor formation and pro-
gression mechanisms and offering assistance for precision medicine [14,15]. In this context, bioinformatics technology offers new 
directions and possibilities for early tumor diagnosis and prognosis. Furthermore, bioinformatics research explores the common 
molecular biological mechanisms across different diseases, providing new perspectives and deep insights for medical research [16]. 
However, studies using bioinformatics to screen and predict prognostic biomarkers for NKTCL and HNSCC are currently limited. 

This research utilized transcriptome sequencing to analyze gene expression levels in NKTCL, nasal polyps, and normal nasal mucosa 
tissue and employed machine learning algorithms to pinpoint crucial genes. We also explored the prognostic value of hub gene, protein 
associated with topoisomerase II Homolog 1(PATL1) for NKTCL using data of 55 patients with from our local hospital. Furthermore, we 
examined predictive significance of PATL1 for HNSCC in terms of prognosis and response to immunotherapy by analyzing data from 
TCGA and t GEO databases, and assessing its relationship with immune cell infiltration. In vitro studies were also carried out to confirm 
the function of PATL1 in both NKTCL and HNSCC. Our data and results demonstrate that PATL1 may serve as a novel diagnostic and 
therapeutic target for the treatment of NKTCL and HNSCC. 

2. Materials and methods 

2.1. Data preparation 

For this research, RNA sequencing data from three instances of NKTCL, three instances of nasal polyps, and three instances of 
normal nasal mucosa tissue were gathered from the Guizhou Provincial People’s Hospital as part of the data preparation process. The 
clinical information for these cases can be found in Table 1. Furthermore, a retrospective analysis was conducted on 55 instances of 
NKTCL patients at the hospital affiliated with Guizhou Medical University. Table 2 contains the clinical data for these cases. Follow-up 
for these patients was conducted July 1, 2023. Patients diagnosed with HNSCC, had their clinical information and RNA sequencing 
data collected from the TCGAand GEO databases. After excluding cases with a survival time of less than 30 days, a total of 500 cases 
from TCGA-HNSCC and 270 cases from GSE65858 were merged after batch effect removal to create a training set. An additional 97 
cases from GSE41613 were used as a validation set. The clinical information for training set and validation set can be found in Table 3 
and Table 4, respectively. Our entire work was presented in Fig. 1. 

2.2. Machine learning techniques to identify hub genes in NKTCL 

Differential expression analysis was carried out with the “limma” package to detect genes that were expressed differentially across 
different samples. The criteria set required an absolute log fold change (logFC) of at least 2 and an adjusted p-value of less than 0.05, 
which resulted in the identification of 443 DEGs. To obtain hub genes in the progression of NKTCL, a machine learning-based approach 
was employed for further selection. The initial approach involved using the “glmnet” package to implement the least absolute 
shrinkage and selection operator (LASSO) technique on the 443 differentially expressed genes (DEGs). During this process, the optimal 
penalty parameter (λ) was determined through ten-fold cross-validation, aiming to select the model with the lowest deviation anomaly 
probability. Only genes with non-zero coefficients were retained following regression analysis. Following, the support vector machine - 
recursive feature elimination (SVM-RFE) algorithm was implemented using the “e1071″, “kernlab”, and “caret” packages. Evaluating 
the predictive performance of the model involved focusing on the root mean square error (RMSE) and selecting the number of features 

Table 1 
Clinical features of patients with nasal-type natural killer/T-cell lymphoma (NKTCL), nasal polyps, and nasal septum deviation.  

Clinical features NKTCL(n = 3) nasal polyps(n = 3) normal nasal mucosa tissue(n = 3) 

Age at diagnosis(years) 67,39,58 42,20,55 29,40,52 
Gender (Male/Female) 3/0 2/1 3/0 
Stage(I-II/III-IV) 2/1 / /  
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at the point where RMSE was lowest. Finally, the intersection of genes selected by LASSO and SVM-RFE was determined to be the hub 
genes for NKTCL. 

2.3. Biological function analysis 

Analysis of biological function involved a comprehensive examination of the 443 DEGs utilizing the “clusterProfiler” and “DOSE” 
packages. These instruments enabled in-depth functional annotation and pathway examination using gene ontology (GO), kyoto 
encyclopedia of genes and genomes (KEGG), and disease ontology (DO) assessments. Furthermore, HNSCC datasets, utilized the 
“GSVA” package to explore pathways linked to PATL1. 

2.4. Immunological analysis 

The single-sample gene set enrichment analysis (ssGSEA) algorithm, implemented via the “GSVA” package, was used to evaluate 
immune function and immune cell infiltration levels across all datasets. The relationship between the PATL1 expression and immune 
function or immune cells was analyzed using the “ggcor” package. Additionally, the “ggpubr” package enabled the examination of the 
association between PATL1, immune checkpoint genes, and N6-methyladenosine (m6A)-related genes. PATL1’s ability to predict the 
effectiveness of immunotherapy was evaluated through the utilization of the tumor immune dysfunction and exclusion (TIDE) and the 
cancer immunome atlas (TCIA) algorithms. Finally, the “ggplot2” (version 3.4.2) and “ggpubr” (version 0.4.0) packages were used to 
depict differences between groups and the disparities in immunotherapy scores between high and low PATL1 expression groups, 
respectively. 

2.5. Immunohistochemistry 

In short, tissue sections embedded in paraffin were treated to remove paraffin and restore hydration, then underwent antigen 

Table 2 
Clinical features of 55 patients with NKTCL.  

Clinical features  

Age at diagnosis(years) 45.69 ± 15.41 
Gender (Male/Female) 37/18 
Stage(I-II/III-IV) 41/14 
Fever (Yes/No) 22/33 
LDH level (High/normal) 18/37 
White blood cell count (Decreased/normal) 10/45 
EBV load(≤/>6.1 × 107 copies/mL) 40/15 
PATL1(negative/positive) 38/17  

Table 3 
Clinical features of patients with head and neck squamous carcinoma (HNSCC) before and after multiple imputation in the Cancer Genome Atlas 
(TCGA) and GSE65858 datasets.  

Clinical features Before multiple imputation After multiple imputation 

Age at diagnosis(<60/≥60/NA) 415/377/1 416/377 
Gender (Male/Female) 605/188 605/188 
Grade(G1/G2/G3/G4/NA) 63/308/123/7/292 91/478/194/30 
Stage(I/II/III/IV/NA) 44/111/119/445/74 53/129/137/474 
HPV16(positive/negative/NA) 101/283/409 197/596 
Lymph deneckdissection (Yes/No/NA) 424/96/273 646/147 
Treatment(surgery/radiation/chemotherapy/NA) 98/39/58/598 427/139/227 
radiationtherapy (Yes/No/NA) 270/143/380 520/273 
Margin status(close/positive/negative/NA) 49/60/354/330 85/122/586 
Alcoholhistory exposures (Yes/No/NA) 587/206 587/206 
smokeless (Yes/No/NA) 59/444/290 93/700  

Table 4 
Clinical features of patients with HNSCC in GSE41613 datasets.  

Variable Number of samples 

Age at diagnosis (<60/≥60) 50/47 
Gender(Male/Female) 66/31 
Stage(I-II/III-IV) 41/56 
HPV16(negative) 97  
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retrieval and inhibition of natural peroxidase activity. Following that, the segments were exposed to a primary antibody targeting 
PATL1 (Abcam, Cambridge, MA, USA) at a concentration of 1:100 and kept at 4 ◦C for the entire night. Following the wash, the 
portions were exposed to a secondary antibody conjugated with horseradish peroxidase (HRP) at room temperature for 30 min. Af-
terward, he segments were displayed by utilizing 3,3′-diaminobenzidine (DAB) substrate, followed by a hematoxylin counterstain, and 
then they were mounted. Two independent pathologists evaluated the PATL1 expression level without knowledge of the patients’ 
clinical information. Staining intensity was assessed using a 0–3 scale (0 = absent, 1 = faint, 2 = medium, 3 = intense), while the 
percentage of cells with positive staining was evaluated on a 0–4 scale (0 =<5 %, 1 = 5–25 %, 2 = 26–50 %, 3 = 51–75 %, 4 =>75 %). 

2.6. Cell culture and plasmid transfection 

The NKTCL cell line SNK6 was obtained from Yiyan Biotech, in Shanghai, while the HNSCC cell line FaDu was acquired from the 
American Type Culture Collection (ATCC). The SNK6 cell line was grown in RPMI-1640 medium with 20 % fetal bovine serum (FBS), 
IL2 (1000U/ml), and penicillin-streptomycin (PS), obtained from Gibco, United States. FaDu cells were cultured in both DMEM and 
RPMI-1640 media, each enriched with 10 % FBS, also from Gibco, USA. The two cell cultures were moved to T25 flasks and kept in a 
stable temperature incubator at 37 ◦C with 5 % carbon dioxide in a humid environment. When cells reached 90 % confluency, they well 
detached using trypsin, counted, and then placed in six-well plates at a density of 2.0 × 105 cells per well. When confluency reached 
about 70 %, transfection procedures commenced using the Lipofectamine™ 3000 reagent kit from Thermo Scientific, USA. Trans-
fections included siRNA targeting PATL1 (5′- GGAUGAAGAUGAAGAUGCAUU-3′) and a negative control plasmid (5′- UUCUCC-
GAACGUGUCACGUTT-3′), both sourced from Hesheng Biotech, Shanghai. 

2.7. Western blot 

Following a 48-h period of plasmid transfection, various cell types were collected and lysed with RIPA lysis buffer that included 
protease and phosphatase inhibitors. After centrifuging the lysates at 12,000 rpm for 15 min, at 4 ◦C, the liquid portion was gathered. 
supernatant was collected. Protein concentration was quantified using the BCA Protein Assay Kit. Following this, 10 μL of protein 
solution from each sample was applied to SDS-PAGE gels, and electrophoresis was carried out at a steady 70 V until proteins moved 
into the resolving gel, at which time the voltage was raised to 110 V until the marker bands were clearly distinguished. After elec-
trophoresis, the proteins were moved to a PVDF membrane using 85 V for 60 min. The membrane was subsequently cut based on athe 
molecular weight of the proteins and then covered with 10 % skim milk at ambient temperature for 1–2 h. Antibodies targeting PATL1 
(1:2000) and GAPDH (1:2000), both purchased from Abcam, were used and left to incubate overnight at 4 ◦C. Afterward, the sample 
was incubated at room temperature for 2 h with secondary antibody, Goat Anti-Rabbit IgG (1:2000) from Abcam, which was con-
jugated with horseradish peroxidase. Protein bands were visualized using an ECL chemiluminescence reagent and exposed bands were 
quantitatively analyzed for relative gray scale intensity using Image J software. All the original blot gel images were presented in 

Fig. 1. The study flowchart. PATL1: protein associated with topoisomerase II homolog 1, NKTCL: Nasal-type Natural Killer/T-cell Lymphoma, GO: 
Gene Ontology, LASSO: Least Absolute Shrinkage and Selection Operator, SVM-RFE: Support Vector Machine-Recursive Feature Elimination, ROC: 
Receiver Operating Characteristic, HNSCC: Head and Neck Squamous Cell Carcinoma, HPA: Human Protein Atlas, KM: Kaplan-Meier, FDR: False 
discovery rate, KEGG: Kyoto Encyclopedia of Genes and Genomes, DO: Disease Ontology. DEGs, differentially expressed genes, TCGA, The Cancer 
Genome Atlas, ssGSEA, single-sample gene-set enrichment analysis, TCIA, The Cancer Immunome Atlas, TIDE, Tumor Immune Dysfunction 
and Exclusion. 
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Supplementary Fig. 1. 

2.8. CCK-8 assay 

Log-phase SNK6 and FaDu cells were harvested using trypsin digestion and counted. 2000 cells were placed in each well of a 96- 
well plate for the CCK-8 assay. Each well was filled with 100 μL of complete culture medium containing the cell suspension. Cell 
viability was assessed by measuring the optical density (OD) of each well at day 0, 1, 2, and 3 post-seeding. 10 μL of CCK-8 reagent was 
added to every well in order to perform the assay. Afterward, the dish was placed in an incubator set at a temperature of 37 ◦C for a 
duration of 2 h. Cell viability was determined by measuring absorbance at 450 nm with a microplate reader The resulting data were 
used to plot the cell growth curve. 

2.9. Cell apoptosis assay 

Using the Annexin V-APC/7-AAD dual staining method, cells from the NC, siNC, and si-PATL1 groups were harvested using trypsin 
digestion without EDTA and collected into EP tubes. After centrifugingthe cells at a speed of 1000 rpm for 5 min, the liquid portion was 
removed, and the cells were rinsed with PBS once. After counting, 2.5 × 105 cells were resuspended, washed again with PBS, and the 
supernatant discarded. Afterward, the cells were suspended again in 100 μL of Annexin V Binding Buffer. 2.5 μL of Annexin V-APC and 
2.5 μL of 7-AAD staining solution were introduced to the cell suspension. After gently swirling the mixture, it was gently left to incubate 
in the dark at room temperature for 15 min prior to flow cytometry analysis. 

2.10. Transwell migration assay 

The cells were taken out of the incubator and the liquid used for growing them was thrown away. The cells were washed 1–2 times 
with PBS and then treated with an appropriate amount of trypsin to detach them. After detachment, complete medium was added to 
stop the trypsinization. Cells were then collected in EP tubes and centrifuged at 1200 rpm for 5 min. The supernatant was removed, and 
cells were resuspended in PBS, followed by another centrifugation and a repeat of the washing step. Following enumeration, the 
concentration of cells was modified to a range of (1–5) × 105 cells per milliliter. Cells in a 200 μL suspension were placed in the top 
compartment of the transwell, with 300 μL of medium with 5 % FBS added to the bottom compartment of a 24-well plate. The assembly 
was incubated for 24 h under standard conditions. After the incubation period, the transwell inserts were taken out, and the cells 
adhered to the inner surface of the insert were removed using a cotton swab. The cells on the opposing side were treated with 4 % 
paraformaldehyde at room temperature for 10–20 min, then rinsed with distilled water for 2 min, followed by a fresh water change and 

Fig. 2. Differential gene expression and pathway enrichment analysis in NKTCL, nasal polyps, and normal nasal mucosa. (A–B) Heatmap 
plots showing the differentially expressed genes between NKTCL and nasal polyps (A), and between NKTCL and normal nasal mucosa (B). (C) Venn 
diagram illustrating the intersection of differentially expressed genes in both comparisons, resulting in 439 genes. (D–F) GO(D), and KEGG pathway 
(E), DO (F)enrichment analysis of the 439 intersected genes. NKTCL: Nasal-type Natural Killer/T-cell Lymphoma, GO: Gene Ontology, KEGG: Kyoto 
Encyclopedia of Genes and Genomes, DO: Disease Ontology. 
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another 2-min rinse.Afterward, the cells were treated with crystal violet and left for 10–15 min. After thorough rinsing with tap water, 
the cells were observed and photographed for analysis. 

2.11. Statistical analysis 

Cell experiments were conducted thrice for validation. Data analysis was performed with R software (v4.2.0) and graphpad prism 
(v 9.0). Continuous variables were expressed as mean ± standard deviation, while categorical variables were presented as frequencies 
and percentages. Continuous variables were compared between two groups using the independent t-test for normally distributed data 
and the wilcoxon rank-sum test for non-normally distributed data. ANOVA was used for comparing more than two groups. Categorical 
variables were compared using Pearson’s chi-squared test or Fisher’s exact test. Spearman’s rank correlation was utilized for con-
ducting correlation analyses. Missing data were imputed using the multiple imputation method via the “mice” package. Unicox and 
multivariable Cox regression were used to assess the predictive importance of nomograms and additional clinical factors, displaying 
outcomes as hazard ratios (HRs) along with 95 % confidence intervals (CIs). Furthermore, Kaplan-Meier survival curves were analyze 
using log-rank tests to compare patients with varying levels of PATL1 expression. Statistical tests were conducted with a two-sided 
approach, with significance defined as p-values <0.05. 

3. Results 

3.1. Biological analysis of DEGs in NKTCL 

To assess the consistency of the samples, we employed principal component analysis (PCA) on the transcriptome sequencing data. 
The results demonstrated that samples within the same group clustered closely together, whereas there was a significant separation 
between different groups, indicating good consistency among the samples (Supplementary Fig. 2). Further, to differentiate between 
NKTCL and nasal polyps, we performed a gene expression analysis of NKTCL, nasal polyps, and normal nasal mucosa. We identified 
552 and 4590 differentially expressed genes between nasal NKTCL and nasal polyps and between NKTCL and normal nasal mucosa, 
respectively (Fig. 2A and B). We then intersected these genes and identified 439 genes that were differentially expressed in both 
comparisons (Fig. 2C). Enrichment analysis was performed on these genes using GO, KEGG, and DO, showing enrichment in pathways 
related to inflammation and the immune system such as leukocyte mediated immunity, regulation of natural killer cell activation, and 
natural killer cell mediated cytotoxicity (Fig. 2D and E). Significantly, the analysis of gene enrichment revealed that these genes were 
enriched in infectious and immune disorders, such as primary bacterial infections and human immunodeficiency virus infections 
(Fig. 2F). NKTCL is linked to specific disease-causing agents like EBV, human T-cell lymphotropic virus type 1, and influenza virus [17, 
18]. These pathogens can induce inflammation and activate immune cells, promoting tumor cell proliferation and infiltration. In 
addition, changes in immune function may also be associated with NKTCL development. Those with HIV are more likely to develop 
extranodal NK/T-cell lymphoma compared to the general population [19,20]. HIV infection can cause immune system damage and 

Fig. 3. Identification of PATL1 as a hub gene using LASSO and SVM-RFE. (A–B) LASSO (A) and SVM-RFE (B) were used to screen the 439 
differentially expressed genes. (C) Venn diagram showing the intersection of the two methods, identifying PATL1 as a hub gene. (D) The ROC curve 
to confirm accurate value of PATL1expression in diagnosis (AUC = 1.000). (E) The lollipop chart displaying the correlation between PATL1 
expression and the abundance of various immune cell infiltrates. LASSO: Least Absolute Shrinkage and Selection Operator, SVM-RFE: Support vector 
machine-recursive feature elimination, ROC: Receiver operating characteristic, AUC: Area under the curve. 
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immunosuppression, increasing the risk of NKTCL. Overall, infectious diseases and changes in immune function may be associated 
with the occurrence and development of NKTCL. However, further research is needed to explore and confirm the specific mechanisms 
and relationships involved. 

3.2. Prognostic predictive value of PATL1 for NKTCL 

To identify biomarkers for predicting tumor diagnosis, prognosis, or treatment [21–23], we used LASSO and SVM-RFE to analyze 
439 DEGs(Fig. 3A and B). Through the intersection of the two methods, we identified the PATL1 as a hub gene (Fig. 3C). The receiver 
operating characteristic (ROC) curve was utilized to validate precise PATL1 expression values in diagnosis with an AUC of 1.000) 
(Fig. 3D). Given the important function of immune cells in the tumor microenvironment, we conducted a more in-depth examination of 
the correlation between PATL1 expression and the infiltration of immune cells in NKTCL. Using the ssGSEA method, it was discovered 
that PATL1 has a positive correlation with the presence of nine different immune cell types, such as T follicular helper cells, mac-
rophages, gamma delta T cells, and natural killer T (NKT) cells (p < 0.05) (Fig. 3E), reinforcing the research potential of PATL1 in 
NKTCL given its close association with NK cells and T cells. To further investigate the prognostic value of PATL1 in NKTCL, we 
performed immunohistochemical analysis on pathological sections of 55 patients (Fig. 4A and B), and found that those with positive 
expression had poorer prognosis (Fig. 4C). Drawing on previous literature [24,25], we collected some clinical parameters of NKTCL 
and selected a threshold of >6.1 × 107 copies/mL for the EBV DNA load as a categorical variable. Following univariate and multi-
variate Cox regression analysis, we discovered that both PATL1 expression and elevated EBV DNA levels in serum (>6.1 × 107 

copies/mL) were independent prognostic indicators for NKTCL (Fig. 4D). In summary, our study suggests that PATL1 is involved in the 

Fig. 4. Prognostic value of PATL1 in NKTCL. (A–B) Immunohistochemical analysis of pathological sections from 55 patients. (C) Kaplan-Meier 
survival analysis showing that patients with positive PATL1 expression have a poorer prognosis. (D) Univariate and multivariate Cox regression 
analysis indicating that PATL1 is an independent prognostic factor for NKTCL. 
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progression of NKTCL and can serve as a prognostic predictor for this disease. 

3.3. Prognostic predictive value of PATL1 for HNSCC 

NKTCL and nasopharyngeal carcinoma are both head and neck tumors, and a previous study has examined the prognostic value of 
these cancers using the TCGA and GEO databases [26]. In order to further strengthen our research findings, we analyzed the role of 
PATL1 in HNSCC using the same method. Elevated levels of PATL1 were detected in different tumor tissues, such as HNSCC, in 
comparison to normal tissues (Fig. 5A). Additionally, in HNSCC, the expression of PATL1 showed no significant differences between 
gender and age groups, but it did exhibit significant differences in G and TNM stages(p < 0.05) (Fig. 5B). In the HPA database, the 
expression of PATL1 was positive in tumor tissues of HNSCC, but not in normal tissues (Fig. 5C). These results suggest that PATL1 may 
function as an oncogene in HNSCC. Additionally, our hypothesis, was validated through survival analysis, which revealed that patients 
with elevated expression levels had notably poorer prognoses compared to those with lower expression levels in both the training and 
test sets (Fig. 5D–E). Several bioinformatics research projects have developed nomograms using the levels of target genes’ expression 
to enhance the accuracy of predicting patient outcomes for healthcare professionals [27,28]. Therefore, we also constructed a 
nomogram based on the expression level of PATL1(Fig. 6A). We utilized multiple imputation methods to fill in missing values, with the 
distributions of each variable before and after imputation presented in Supplementary Fig. 3. Additional examination showed that the 
developed nomogram is a standalone predictor for forecasting the outcome of HNSCC (Fig. 6B–D). In summary, the results of our study 
indicate that PATL1 plays an important role in HNSCC. 

Fig. 5. Role of PATL1 in HNSCC. (A) PATL1 expression levels in pan-cancer. (*p < 0.05, **p < 0.01, ***p < 0.001). (B) Analysis of PATL1 
expression in HNSCC by gender, age, and G and TNM stages. (C) Immunofluorescence staining of the PATL1 derived from the HPA database. Up to 
down: normal tissue, tumor tissue. (D–E) Survival analysis of HNSCC patients in the training set (D) and test set (E). HNSCC: Head and Neck 
Squamous Cell Carcinoma, HPA: Human Protein Atlas, TNM: Tumor, Node, Metastasis. 
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3.4. PATL1 expression correlates strongly with immune function 

Given the role of PATL1 in the prognosis of NKTCL and HNSCC, we further investigated its biological functions. Gene set 
enrichment analysis (GSEA) showed that PATL1 activation was linked to cell cycle, apoptosis, and tumor pathways, with metabolic 
pathways being suppressed (Fig. 7A and B). As immune function and immune cells play important roles in cancer, multiple algorithms 
showed a close relationship between PATL1 and various immune cells. For instance, the results of ssGSEA demonstrated a close 
correlation between PATL1 and certain anti-cancer immune cells (Fig. 7C). Additionally, examination of TIMER2.0 information 
indicated a significant connection between PATL1 levels and the presence of immune cells. The results indicate that PATL1 could play a 
role in controlling immune cells and aiding in the advancement of NKTCL and HNSCC. Given the importance of immune checkpoints 
(ICs) in cancer therapy [29], we also analyzed the relationship between PATL1 expression and the expression of 48 ICs genes. We 
examined the relationship between PATL1 and 23 m6A-related genes, as these genes are essential in the progression and therapy of 
tumors [30]. The correlation analysis showed a significant relationship between PATL1 expression and 37 ICs (e.g., CTLA4, PDCD1) as 
well as 20 genes related to m6A modification (e.g., ZC3H13, METTL3) (Fig. 7D–E). Due to the strong correlation between PATL1 and 
immune response, we theorized that PATL1 may be utilized as an indicator for forecasting the effectiveness of immunotherapy. Our 
hypothesis received support from the findings of TIDE and TCIA analyses, revealing notable disparities in scores between high- and 
low-expression cohorts (Fig. 8A, B, D, E, G). Microsatellite instability scores, as well as CTLA4 positive and PD1 positive scores, were 
the only factors that did not show significant differences between the two groups (Fig. 8C and F). Taken together, our results indicate 
that the specific mechanisms underlying the role of PATL1 in the prognosis of NKTCL and HNSCC are worth exploring further. 
Moreover, given its close correlation with immune function and the potential for predicting the efficacy of immune therapy, PATL1 
may hold promise as a biomarker for immunotherapy in these cancers. 

3.5. PATL1 acts as a potential oncogene in NKTCL and HNSCC 

To further clarify the role of PATL1 in NKTCL and HNSCC, we conducted in vitro experiments using the SNK6 and FaDu cell lines. 
After transfection with siRNA targeting PATL1, Western blot analysis demonstrated that PATL1 protein levels were significantly 

Fig. 6. Prognostic nomogram based on PATL1 expression in HNSCC. (A) A prognostic model in the form of a nomogram to estimate the 1-, 3-, 
and 5-year overall survival probabilities for individuals diagnosed with HNSCC. (B) Calibration curve illustrating the accuracy of the nomogram in 
forecasting the 1-, 3-, and 5-year overall survival rates. (C–D) Univariate Cox(C) and multivariate (D)Cox regression analysis of clinical factors 
and nomogram. 
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reduced in the si-PATL1 groups compared to the negative control (NC) and si-NC groups, confirming the efficacy of the transfection 
(Fig. 9A). CCK-8 indicated a decrease in cellular viability in the si-PATL1 groups at 2 and 3days post-transfection compared to the 
control groups (Fig. 9B). Conversely, an increase in cellular apoptosis was observed (Fig. 9C). Additionally, Transwell migration assays 
revealed a reduction in cell migration following si-PATL1 treatment (Fig. 9D). The initial findings from cellular experiments also 
indicate that PATL1 could function as a cancer-causing gene in both NKTCL and HNSCC, underscoring its significance as a focus for 
cancer investigations. 

4. Discussion 

By analyzing bulk RNA sequencing data from three instances each of NKTCL, nasal polyps, and normal nasal mucosa, along with 
machine learning techniques, we pinpointed PATL1 as a central gene. We found that PATL1 holds significant diagnostic value for 
NKTCL. Immunohistochemical analysis also showed that patients with high PATL1 levels in their tumor samples had worse outcomes, 
indicating that PATL1 is an independent predictor of prognosis in NKTCL. Additional examination of information from a public 
database revealed that PATL1 exhibited increased expression in HNSCC tumor samples, and this heightened level of expression was 
linked to a poorer prognosis in individuals diagnosed with HNSCC. Additionally, we found a strong connection between the expression 
of PATL1 and the presence of different immune cells, along with notable links to the expression of ICs and genes related to m6A 
modification. The TIDE and TCIA algorithms analysis showed that PATL1 is predictive of immunotherapy effectiveness in patients with 
HNSCC. Collectively, these findings suggest that PATL1 may play a pivotal role in the progression of NKTCL and HNSCC, potentially 
serving as a valuable prognostic and predictive biomarker, and underscoring its potential as a target for immunotherapy. 

The use of bioinformatics to identify diagnostic markers for diseases such as cancer is an increasingly active area of research, as 
evidenced by previous studies [31,32]. However, similar research in NKTCL is relatively rare. Additionally, most of these studies only 
analyze gene expression differences between normal and tumor tissues, while we examined differential gene expression in three types 

Fig. 7. Biological functions of PATL1. (A–B) Enriched pathways in the high and low-expression PATL1 groups in training cohort. (C) Associations 
between PATL1, immune-related functions, and the prevalence of each type of immune cell. (D–E) Correlation analysis of PATL1 expression with the 
expression of 37 immune checkpoints (ICs) (D) and m6A-related genes (E). ICs: Immune Checkpoints, m6A: N6-methyladenosine. 
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of tissue, including NKTCL, nasal polyps, and normal nasal mucosa. This more stringent screening approach may identify biomarkers 
with higher diagnostic value. Our use of machine learning algorithms identified PATL1 as a hub gene with high diagnostic value in 
NKTCL. Despite extensive research on PATL1 in different biological settings [32], its potential involvement in cancer remains unex-
plored. This study is the initial one to discuss the significance of PATL1 in NKTCL and HNSCC, offering fresh potential treatment 
options for associated genes. Additionally, data from our nearby hospital indicated that PATL1 is a standalone risk factor for NKTCL. 
Other studies have reported the prognostic value of some genes in NKTCL [33,34], but we used HNSCC data to confirm that PATL1 
expression is negatively correlated with prognosis across different databases. Nowadays, nomograms are widely used in many bio-
informatics studies because they provide a comprehensive and intuitive prediction of clinical performance. However, due to the 
partially missing information in public databases, these nomograms may not be comprehensive enough. For instance, numerous 
nomograms have been constructed for HNSCC, incorporating basic clinical data such as age, gender, and TNM staging [35,36].As 
HNSCC is a highly heterogeneous neoplasm, its prognosis is influenced by a myriad of factors. Building a nomogram based solely on 
age, gender, and TNM staging would be overly simplistic and neglect the complexity of the disease. Our research is pioneering in 
utilizing various imputation techniques to address missing data in public databases and incorporating factors like HPV16, treatment 
approaches, margin status, and lymph node dissection surgery into the nomogram. This provides clinical decision-makers with a more 
detailed and comprehensive nomogram. Additional examination revealed that the nomogram serves as a standalone predictor for 
HNSCC outcomes. 

Several bioinformatics investigations have examined the predictive significance of specific genes in head and neck tumors like 
nasopharyngeal carcinoma and HNSCC. However, these analyses typically focused on a single databases, such as TCGA [37,38]. Our 
study used three datasets, making our results more reliable. In addition, like previous studies [39,40], we also explored the relationship 
between PATL1 expression and immune cells infiltration. In NKTCL and HNSCC, there is a strong correlation on between PATL1 
expression and the presence of NKT cells, emphasizing the importance of PATL1 in NKTCL studies. Furthermore, the potential ap-
plications of NKT cell-based immunotherapies in HNSCC underscore the research value of PATL1 [41]. Additional examination showed 
that in NKTCL, PATL1 exhibited a positive association with the presence of nine immune cell varieties, such as macrophages and T 
cells, which have been thoroughly investigated in studies on lymphoma [42]. PATL1 expression in HNSCC showed a positive corre-
lation with six immune cells types and a negative correlation with three others. Additionally, analyses based on immune functions 
indicated that PATL1 expression was closely associated with the activation of various immune functions, especially CCR and in-
flammatory responses, highlighting their research value in both NKTCL and HNSCC [43–46]. Therefore, our study emphasizes new 
strategies for targeting PATL1 to regulate these immune functions. The immunological studies suggest that PATL1 may negatively 
correlate with immune status, potentially leading to poorer outcomes in immunotherapy. Patients exhibiting reduced PATL1 levels 
showed decreased TIDE scores in contrast to individuals with elevated expression, providing additional confirmation of our 
discoveries. 

Finally, our cellular experiments further confirmed the oncogenic potential of PATL1 in NKTCL and HNSCC. However, there are 
several limitations to our study. First, our RNA transcriptome data from NKTCL patients was limited to only three cases. Considering 
the variations in lifestyle, environmental factors, age, and gender, future studies should expand the number of transcriptome 

Fig. 8. TIDE and TCIA analysis. (A–D) TIDE analysis of (A) immune dysfunction, (B) tide scores, (C)MSI, and exclusion (D) between low- and high- 
PATL1 expression groups. (E–H) Differences in the (E) IPS, (F) IPS-CTLA4, (G) IPS-PD1/PD-L1/PD- L2, and (H) IPS-PD1/PD-L1/PD-L2 + CTLA4 
between low- and high- PATL1 expression groups. (ns p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001). TIDE: Tumor Immune Dysfunction and 
Exclusion, TCIA: The Cancer Immunome Atlas, MSI: Microsatellite Instability, IPS: Immunophenoscore, CTLA4: Cytotoxic T-Lymphocyte-Associated 
Protein 4, PD1: Programmed Cell Death Protein 1, PD-L1: Programmed Death-Ligand 1, PD-L2: Programmed Death-Ligand 2. 
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sequencing samples to enhance the generalizability of the research. Second, although we analyzed the prognostic effects of PATL1 in 
55 NKTCL patients, the data originated from a single center, which could introduce bias, and the retrospective analysis might lead to 
selection bias in the patient cohort. Hence, it is imperative to carry out future prospective studies involving multiple centers. Regarding 
HNSCC, two major deficiencies were identified: one is the substantial amount of missing data in the training set, which, despite being 
addressed through multiple imputation methods, could lead to a lack of homogeneity. As the database information is updated and 
supplemented, we plan to reanalyze the outcomes; the second is that the patients in the TCGA and GEO databases predominantly 
consist of European descent, which might cause inconsistencies in our findings across different ethnic groups. Thus, more local clinical 
samples should be collected in the future to improve the reliability and applicability of our results across diverse populations. 
Moreover, although our initial cellular experiments validated the carcinogenic role of PATL1 in NKTCL and HNSCC, they did not 
explore the underlying mechanisms in depth and lacked support from animal studies. Future research should involve more compre-
hensive experimental work to deeply analyze the mechanisms of tumor formation and development. Finally, we can delve into more 
sophisticated multi-omics data analysis techniques, including genomics, transcriptomics, and proteomics, in order to enhance our 
comprehension of the potential molecular pathways linking NKTCL and HNSCC. 

5. Conclusion 

In summary, PATL1 seems to be a useful indicator for diagnosing and predicting outcomes in NKTCL and could also act as a 
prognostic marker and a predictor of response to immunotherapy in HNSCC. In essence, our findings underscore the potential of PATL1 
as a significant tool in the management and treatment of these cancers. 

Fig. 9. Effects of siRNA targeting PATL1 on NKTCL and HNSCC cell lines. (A) Western blot analysis showing reduced PATL1 protein levels in 
SNK6 and FaDu cell lines transfected with si-PATL1.B: Cell viability assays (CCK-8) demonstrate the cellular viability at 0, 1, 2, and 3days post- 
transfection with si-PATL1 plasmid. (C–D) Flow cytometry and Transwell migration assays illustrate the rates of cellular apoptosis (C) and 
migration (D) in cell lines post-transfection with si-PATL1 plasmid, respectively. (**p < 0.01). 
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