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INTRODUCTION 
 

Oral squamous cell carcinoma (OSCC) is one of the 

most common malignant tumors in humans, accounting 

for 2% of all tumors. More than 350,000 new cases are 

diagnosed worldwide every year [1]. Despite the 

significant improvements in treatments, the 5-year 

survival rate still remains at only around 50%. With the 

great improvement in treatment modalities, including 

surgery, radiotherapy, chemotherapy and multi-

disciplinary comprehensive sequence therapy, the 

quality of life of OSCC patients has improved to a 

certain extent, but the 5-year survival rate still remains 

the same [2]. Distant metastasis has always been a 

major problem in the treatment of OSCC [3]. Although 
some progress has been made in the fields of tumor 

invasion and metastasis, the underlying molecular 

mechanisms still need to be explored. Therefore, a 
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ABSTRACT 
 

FOXD2 adjacent opposite strand RNA 1 (FOXD2-AS1) plays an important role in the pathogenesis of some cancers. 
However, its functional role in oral squamous cell carcinoma (OSCC) remains largely unknown. In this study, we 
conducted expressional and functional analyses of FOXD2-AS1 using data from the Cancer Genome Atlas (TCGA) 
and in vitro OSCC assays. FOXD2-AS1 dysregulation was remarkably associated with radiation therapy, anatomic 
location, high histologic grade, and lymphovascular invasion (P < 0.05). A nomogram based on FOXD2-AS1 
expression was constructed for use as a diagnostic indicator for OSCC patients, and multivariate cox regression 
analysis showed that FOXD2-AS1 expression was an independent prognostic factor for OSCC patients. KEGG, gene 
set enrichment analysis, and immune infiltration evaluations indicated that FOXD2-AS1 was involved in tumor 
progression via epithelial-to-mesenchymal transition and cell cycle regulation and was negatively associated with 
mast cell, DCs, iDCs, and B cells. FOXD2-AS1 silencing suppressed the proliferation and migration of Cal27 cells. 
Our findings showed that an aberrantly high FOXD2-AS1 expression predicts poor prognosis in OSCC; FOXD2-AS1 
may act as an oncogenic protein by regulating cell proliferation and migration and may suppress adaptive 
immunity by modulating the number and function of antigen-presenting cells. 
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better understanding of the genetic and epigenetic 

molecular alterations in OSCC is the key to improve the 

prognosis of OSCC patients. 

 

Long non-coding RNAs (lncRNAs) are transcripts of 

nucleotides measuring more than 200 bases in length, 

without protein-coding functions. Recent evidence shows 

that nearly 98% of genome transcripts in humans are 

non-coding RNAs (ncRNA) [4, 5]. Studies have 

demonstrated that lncRNAs play an important role in the 

progression of various types of tumors [6–9]. lncRNAs 

can act as molecular sponges, scaffolds, or guides for 

interaction with mRNAs, microRNAs, and proteins [10]. 

 

FOXD2-AS1 is a 2,527-bp lncRNA located on 

chromosome 1p33 and has been linked to several 

human cancers. The dysregulation of FOXD2-AS1 is 

involved in the modulation of various tumor-

associated biological processes. FOXD2-AS1 

facilitates non-small cell lung cancer progression via 

Wnt/β-catenin signaling [11], and its interaction with 

microRNA-185-5p contributes to colorectal cancer 

proliferation [12]. In addition, FOXD2-AS1 promotes 

gastric cancer progression by epigenetically silencing 

EphB3 via EZH2 and LSD1 [13]. Finally, FOXD2-

AS1 has been found to facilitate cell migration by 

regulating the epithelial-to-mesenchymal transition 

(EMT) in colorectal cancer [14]. 

In this study, the prognostic value of FOXD2-AS1 was 

primarily evaluated in OSCC patients from the Cancer 

Genome Atlas (TCGA). Furthermore, a prognostic 

nomogram was constructed based on FOXD2-AS1 

expression for prognostication. Moreover, we analyzed 

the potential mechanism of FOXD2-AS1 in OSCC 

using Gene Ontology (GO) and gene set enrichment 

analysis (GSEA). 

 

RESULTS 
 

High FOXD2-AS1 expression in OSCC 

 

To verify the FOXD2-AS1 expression in cancer, we 

first explored its expression using pan-cancer analysis, 

which included tumor tissues and paracancerous 

tissues. FOXD2-AS1 was upregulated in most cancer 

types (Figure 1A, 1B), including head and neck 

squamous cell carcinoma (HNSCC). The Wilcoxon 

rank-sum test was used to compare the expression of 

FOXD2-AS1 in normal, genotype-tissue expressed 

(GTEx) tumor samples with HNSCC samples from 

TCGA (Figure 1C). We excluded non-oral samples 

(Hypopharynx, Larynx, Oropharynx, Tonsil) in this 

analysis. A total of 331 OSCC patients with FOXD2-

AS1 expression were obtained from TCGA. FOXD2-

AS1 was significantly upregulated in tumor tissues 

relative to nontumor tissues (Figure 1D). We also

 

 
 

Figure 1. Expression level of FOXD2-AS1 was upregulated in most cancer types including OSCC.  (A) FOXD2-AS1 

expression in pan-cancer from normal TCGA samples of GTEx combined with samples of TCGA head and neck squamous cell 
carcinoma. (B) FOXD2-AS1 expression in pan-cancer of tumor tissues and paracancer tissues from TCGA. (C) FOXD2-AS1 expression 
of normal samples and tumor samples in TCGA head and neck squamous cell carcinoma. ( D) FOXD2-AS1 expression of normal 
samples and tumor samples in OSCC patients. (E) FOXD2-AS1 expression of tumor tissues and paracancer tissues in OSCC patients. 
(F) ROC analysis of FOXD2-AS1 expression showing promising discrimination power between tumor and normal  tissues.
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compared the expression of FOXD2-AS1 in tumor 

tissues with their corresponding paracancerous 

samples and found that FOXD2-AS1 was highly 

expressed in the OSCC samples (Figure 1E). The 

receiver operating characteristic analysis revealed that 

FOXD2-AS1 can be used as a marker to distinguish 

tumor from non-tumor cells (Figure 1F). 

 

Association of FOXD2-AS1 expression with 

clinicopathological parameters 

 

To further elucidate the FOXD2-AS1 involvement in 

the development of OSCC, we analyzed the correlation 

of FOXD2-AS1 expression with clinicopathological 

parameters. In this study, the clinical information of 331 

OSCC patients from TCGA were analyzed; among 

which, 228 male and 103 female patients with a median 

age of 62 years old (range: 52 to 71) were enrolled. 

Other clinicopathological features are shown in Table 1. 

The expression of FOXD2-AS1 in OSCC tissues was 

labeled as “low” or “high expression”, based on median 

values. High FOXD2-AS1 expression was strongly 

associated with radiation therapy, anatomic localization, 

high histologic grade, and lymphovascular invasion (P 

values were 0.016, 0.033, <0.001, and 0.011 

respectively) (Figure 2A–2D). Other characteristics had 

no correlation with FOXD2-AS1 expression; detailed 

information is shown in Table 1. Logistic regression 

analysis of differential FOXD2-AS1 expressions is 

shown in Table 2. 

 

Prognostic value of FOXD2-AS1 in OSCC  

 

Kaplan-Meier curves of OS and disease-specific survival 

(DSS) were plotted to analyze the prognosis of OSCC 

patients using different expressions of FOXD2-AS1. Log-

rank test of OS and DSS revealed that a high expression 

of FOXD2-AS1 was significantly associated to shorter 

survival (Figure 3A, 3B). We then performed a subgroup 

analysis to further explore the correlation between 

FOXD2-AS1 expression and patient prognosis with 

different characteristics. (Figure 3C–3H). The results 

showed that in non-radiated, histologic grades I and II, 

and non-lymphovascular invasive groups, a high FOXD2-

AS1 expression predicted poor survival. Univariate Cox 

regression analysis revealed that perineural invasion, 

lymphovascular invasion, radiation therapy, and FOXD2-

AS1 expression were prognostic factors for overall 

survival (OS) and DSS, while multivariate Cox regression 

showed that FOXD2-AS1 expression was an independent 

risk factor in OSCC patients (Tables 3, 4). 

 

Establishment of survival prognostic models for OSCC 

 

Since the results mentioned above suggested that FOXD2-

AS1 was an independent prognostic factor in OSCC, we 

tried to establish a prediction model of OS and DSS 

by fitting the expression of FOXD2-AS1 with the 

clinicopathological parameters. We constructed a 

nomogram to integrate FOXD2-AS1 and other 

prognostic factors, including the tumor (T) stage, 

perineural invasion, radiation therapy, and 

lymphovascular invasion (Figure 4A, 4B). A worse 

prognosis was represented by a higher point on the 

nomogram. The nomogram performance with 

FOXD2-AS was evaluated using a calibration curve, 

and the C-index of OS and DSS were 0.715 and 

0.716, respectively (Figure 4C, 4D), suggesting that 

this nomogram might be a better model for predicting 

survival in OSCC patients than individual prognostic 

factors. 

 

The identification of differentially expressed genes 

(DEGs) in High FOXD2-AS1 expression and Low 

FOXD2-AS1 expression samples via functional 

cluster analysis 

 

To explore the potential mechanism of FOXD2-AS1 in 

causing tumor progression, we analyzed DEGs in high 

and low FOXD2-AS1 expression samples. A total of 

478 DEGs were identified, with 348 upregulated genes 

and 130 downregulated genes. The expression of 

DEGs was demonstrated using a Heatmap and a 

Volcano Plot (Figure 5A, 5B). The functions of co-

expression in OSCC patients were then predicted by 

GO and KEGG enrichment analyses. The top GO 

terms in the biological process (BP), molecular 

function (MF), and cellular component (CC) groups 

were keratinization, structural constituent of muscle, 

and cornified envelope, respectively. KEGG analysis 

revealed that the retinol metabolism was enriched 

(Figure 5C–5F). We also performed a GSEA to 

identify the key pathway related to FOXD2-AS1. The 

most significantly enriched pathways based on the 

NES were the E2F targets and G2/M checkpoint 

(Figure 5G, 5H). 

 

The correlation between FOXD2-AS1 expression 

and immune infiltration 

 

We analyzed the correlation between FOXD2-AS1 

expression and immune cell infiltration level (generated 

by ssGSEA) using Spearman correlation, as shown in 

Figure 6A. The results indicated that FOXD2-AS1 

expression was strongly negatively correlated with mast 

cells. The Spearman R value was -0.395 with P<0.001. 

The Wilcoxon rank-sum test also indicated that the 

enrichment score of mast cells was higher in low 

FOXD2-AS1 expression group than in the high 
expression group (Figure 6B, 6C). Other immune cells 

with statistically significant enrichments were neutro-

phils, DCs, iDCs, and B cells (Figure 6D–6K). 
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Table 1. Characteristic of patients with OSCC based on TCGA. 

Characters level Low expression of FOXD2-AS1 
High expression of FOXD2-

AS1 
p Test 

n  166 165   

T stage (%) T1 14(8.8%) 6(3.7%) 
0.19

1 
 

 T2 55(34.6%) 50(30.9%)   

 T3 37(23.3%) 45(27.8%)   

 T4 53(33.3%) 61(37.7%)   

N stage (%) N0 82(52.6%) 86(53.4%) 
0.28

3 
exact 

 N1 34(21.8%) 24(14.9%)   

 N2 38(24.4%) 50(31.1%)   

 N3 2(1.3%) 1(0.6%)   

Clinical stage (%) Stage I 9(5.7%) 2(1.2%) 
0.10

5 
exact 

 Stage II 42(26.4%) 37(22.8%)   

 Stage III 34(21.4%) 34(21.0%)   

 Stage IV 74(46.5%) 89(54.9%)   

Gender (%) Female 57(34.3%) 46(27.9%) 0.25  

 Male 109(65.7%) 119(72.1%)   

Age (%) <=60 88(53.0%) 69(42.1%) 0.06  

 >60 78(47.0%) 95(57.9%)   

Histologic grade (%) G1 32(19.6%) 19(11.9%) 
0.01

9 
exact 

 G2 105(64.4%) 97(60.6%)   

 G3 26(16.0%) 42(26.2%)   

 G4 0(0.0%) 2(1.2%)   

Smoker (%) No 49(29.7%) 38(23.8%) 
0.27

8 
 

 Yes 116(70.3%) 122(76.2%)   

Alcohol (%) No 53(32.7%) 53(32.9%) 1  

 Yes 109(67.3%) 108(67.1%)   

Age (median [IQR]) 60.00[52.00,69.00] 63.00[55.00,71.00] 
0.06

9 

nonnor

m 

 

FOXD2-AS1 is upregulated in OSCC tissues and cell 

lines and promotes cell proliferation and migration in 

vitro and in vivo 

 

Twenty-five paired OSCC tissue samples and 3 OSCC 

cell lines were used to investigate the expression of 

FOXD2-AS1 via qPCR. FOXD2-AS1 expression was 

elevated in both tumor tissues and cell lines (Figure 7A, 

B). The subcellular localization was performed by qPCR 

and the results indicated that FOXD2-AS1 was localized 

predominantly in the nucleus (Figure 7C). Since the 

Cal27 cell lines had the highest expression of FOXD2-

AS1, we performed a loss of function test in Cal27 using 

an siRNA and the Smart Silence Kit (Figure 7D). First, 

we validated the expression of the top 3 upregulated and 

downregulated genes filtered by TCGA. The results 

showed that the expression of PNCK, HOXB8, and 

HOXB9 was also decreased after the knockdown of 

FOXD2-AS1, while KRT6C and DSG1 were 

upregulated; this result was consistent with a previous 
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TCGA analysis (Figure 7E). Next, we investigated the 

function of FOXD2-AS1 in the Cal27 cell line. 

Knockdown of FOXD2-AS1 remarkably impaired cell 

migration ability, as demonstrated in the wound healing 

and Transwell migration assays (Figure 7F, 7G). The 

mRNA and protein levels of N-cadherin and Snail1 were 

decreased, while the expression of E-cadherin was 

upregulated, as measured using qPCR and western 

blotting (Figure 7H, 7I). The silencing of FOXD2-AS1 

also inhibited the proliferation of cancer cells according 

to the results of the CCK-8 and colony formation assays 

(Figure 7J, 7K). We also performed in vivo knockout 

experiments by injecting FOXD2-AS1 antisense 

oligonucleotides (ASOs) into nude mice. A xenograft 

tumor model was established via subcutaneous injection 

of Cal27 cells into nude mice. The injection of ASOs 

inhibited tumor growth (Figure 7L) and reduced tumor 

volume (P value < 0.001) (Figure 7M) and tumor weight 

(P value < 0.05) (Figure 7N). These results showed that 

FOXD2-AS1 was highly expressed in OSCC and can 

promote the proliferation and migration of cancer cells. 

 

DISCUSSION 
 

Accumulating evidence has indicated that lncRNAs 

play an important role in regulating the patho-

physiologic processes that occur in different cancers, 

including those of the oral squamous cell carcinoma [6, 

9]. FOXD2-AS1 is a non-coding RNA, which is 

upregulated and involved in the regulation of disease 

progression in various cancers. FOXD2-AS1 can 

promote the progression of gastric cancer and non-small 

cell lung cancer by promoting cell entry into the cell 

cycle and reducing apoptosis [11, 13]. FOXD2-AS1 can 

also act as a sponge and abolish the endogenous 

suppressive effect of miRNAs on key targets in 

colorectal cancer, lung cancer, thyroid cancer, and 

gliomas [12, 15–17]. These studies indicated that 

FOXD2-AS1 is an oncogenic protein. However, the role 

of FOXD2-AS1 in OSCC has not been reported. In the 

present study, we aimed to elucidate the expression of 

FOXD2-AS1 in OSCC, its potential prognostic value, 

and probable regulatory mechanism. 

 
 

Figure 2. The association between FOXD2-AS1 expression and clinicopathological parameters. (A) The history of radiation 

therapy. (B) The anatomic localization of tumor. (C) The histologic grade of tumor. (D) The status of lymphovascular invasion. 
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Table 2. FOXD2-AS1 expression associated with clinicopathological parameters (logistic regression). 

Characteristics Odds ratio in FOXD2-AS1 expression Odds ratio(OR) P value 

T stage (T3 and T4 vs. T1 and T2) 321 1.45(0.93-2.28) 0.105 

N stage (N1 and N2 and N3 vs. N0) 317 0.97(0.62-1.50) 0.879 

Clinical stage 
(Stage III 
and Stage IV vs. Stage I and Stage II) 

321 1.49(0.91-2.44) 0.111 

Histologic grade (G3 and G4 vs. G1 and G2) 323 2.00(1.17-3.48) 0.013 

Perineural invasion (Yes vs. No) 251 0.84(0.51-1.38) 0.5 

Lymphovascular invasion (Yes vs. No) 239 1.84(1.06-3.22) 0.032 

 

In this study, the quantitative results indicated that 

FOXD2-AS1 had higher expression levels in most 

cancers including OSCC compared with normal tissues 

obtained from the TCGA database. The receiver 

operating characteristic (ROC) curve indicated that 

FOXD2-AS1 may be a diagnostic marker. Moreover, a 

high FOXD2-AS1 expression in OSCC was associated 

with poor differentiation grades, lymphovascular 

invasion, and poor prognosis. Univariate and multi-

variate cox regression showed that FOXD2-AS1 

 

 
 

Figure 3. Prognostic value of FOXD2-AS1 in OSCC. (A, B) Kaplan-Meier curves of OS and DSS with different expression level of 
FOXD2-AS1. (C, D) Kaplan-Meier curves of OS and DSS with different expression level of FOXD2-AS1 in non-radiation therapy group. (E, F) 
Kaplan-Meier curves of OS and DSS with different expression level of FOXD2-AS1 in histologic grade I and grade II group. (G, H) Kaplan-
Meier curves of OS and DSS with different expression level of FOXD2-AS1 in non-lymphovascular invasion group. 
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Table 3. Univariate and multivariate cox regression analysis of clinicopathological parameters and overall survival. 

Characteristics Total(N) 
HR(95% CI) 

univariate analysis 

P value 
univariate 
analysis 

HR(95% CI) 
multivariate 

analysis 

P value 
multivariate 

analysis 
T stage (T3 and T4 vs. T1 and 
T2) 

320 1.379(0.983-1.937) 0.063 1.749(1.018-3.004) 0.043 

N stage (N1 and N2 and N3 vs. 
N0) 

316 1.297(0.939-1.793) 0.115   

Clinical stage 
 (Stage III and IV vs. Stage I 
and II) 

320 1.269(0.880-1.829) 0.202   

Histologic grade  
(G3 and G4 vs. G1 and G2) 

322 1.246(0.857-1.811) 0.249   

Age (>60 vs. <=60) 330 1.290(0.933-1.784) 0.123   

Smoker (Yes vs. No) 324 1.235(0.836-1.824) 0.288   

Alcohol history (Yes vs. No) 322 1.093(0.773-1.546) 0.615   

Perineural invasion (Yes vs. No) 250 1.924(1.282-2.886) 0.002 2.173(1.291-3.658) 0.003 

Lymphovascular invasion  
(Yes vs. No) 

238 1.671(1.119-2.496) 0.012 1.620(0.990-2.652) 0.055 

Radiation therapy (Yes vs. No) 296 0.622(0.435-0.889) 0.009 0.452(0.265-0.770) 0.003 

FOXD2-AS1 (High vs. Low) 330 1.556(1.121-2.160) 0.008 2.251(1.406-3.604) <0.001 

 

Table 4. Univariate and multivariate cox regression analysis of clinicopathological parameters and disease-specific 
survival. 

Characteristics 
Total

(N) 

HR(95% CI) 

univariate analysis 

P value 

univariate 

analysis 

HR(95% CI) 

multivariate analysis 

P value 

multivariate 

analysis 

T stage (T3 and T4 vs. 

T1 and T2) 
303 1.788(1.129-2.833) 0.013 1.718(0.838-3.522) 0.139 

N stage (N1 and N2 

and N3 vs. N0) 
299 1.570(1.037-2.376) 0.033 1.307(0.725-2.357) 0.373 

Clinical stage 

(Stage III and IV vs. 

Stage I and II) 

303 1.336(0.826-2.159) 0.238   

Histologic grade  

(G3 and G4 vs. G1 

and G2) 

308 1.327(0.837-2.104) 0.229   

Age (>60 vs. <=60) 313 1.170(0.776-1.763) 0.454   

Smoker (Yes vs. No) 308 1.196(0.740-1.933) 0.465   

Alcohol history (Yes 

vs. No) 
306 1.482(0.922-2.384) 0.105   

Perineural invasion 

(Yes vs. No) 
237 2.160(1.302-3.581) 0.003 2.304(1.187-4.471) 0.014 

Lymphovascular 

invasion  

(Yes vs. No) 

226 1.591(0.963-2.630) 0.07 0.957(0.540-1.694) 0.88 

Radiation therapy 

(Yes vs. No) 
286 0.837(0.525-1.335) 0.455   

FOXD2-AS1 (High 

vs. Low) 
313 1.741(1.147-2.642) 0.009 2.513(1.430-4.416) 0.001 
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may be a promising prognostic biomarker for OSCC. 

Based on the results above, a prediction model for 

survival was established in OSCC patients, which might 

have an important clinical significance. 

 

To further investigate the potential function of FOXD2-

AS1 in OSCC, we analyzed the DEGs in low and high 

FOXD2-AS1 expression groups. The expression of 6 

DEGs was validated via qPCR, and the expression 

changes of PNCK, HOXA9, HOXB8, KRT6C and 

DSG1 were consistent with the results of TCGA 

analysis. Among these upregulated DEGs, PNCK, 

HOXA9, and HOXB8 were all reported to be related to 

tumor progression in several cancers. PNCK was 

reported to promote proliferation in nasopharyngeal 

carcinoma cells [18]. The knockdown of HOXA9 

inhibited cell proliferation, migration, invasion, and 

chemoresistance but promoted apoptosis in HNSCC 

cells. HOXA9 knockdown was also shown to regulate 

EMT-related markers by targeting YAP1/β-catenin [19]. 

HOXB8 was also reported to be an oncogene in gastric 

cancer and colorectal cancer by promoting tumor 

proliferation and EMT [20, 21]. On the other hand, 

among the downregulated DEGs, KRT6C, EPGN, and 

DSG1 were involved in the keratinization of the 

epithelium [22–26]. KRT6C was found to be associated 

with the prognosis and modulation of EMT in lung 

adenocarcinoma [23]. EPGN is a ligand of epidermal 

growth factor receptor (EGFR), which was known to be 

related with EMT and tumor metastasis. A lower 

expression of NSG1 is associated with poor survival in 

HNSCC [27]. One study showed that DSG1 can 

regulate invadopodia formation by suppressing 

EGFR/Erk signaling, the pathway that promotes  

 

 
 

Figure 4. Establishment and evaluation of survival prognostic models for OSCC. (A, B) Nomogram for predicting the probability of 

1-, 3- and 5-year OS and DSS for OSCC patients. (C, D) Calibration curve for evaluation the accuracy of nomogram of OS and DSS for OSCC 
patients. 
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Figure 5. Differentially expressed genes (DEGs) in High FOXD2-AS1 expression and Low FOXD2-AS1 expression samples and 
functional cluster analysis. (A) Heat map of top 5 DEGs in high and low FOXD2-AS1 expression groups. (B) Volcano map of DEGs with 

|log2FoldChange >2| and adjusted P value<0.05. (C–F) Significantly enriched GO and KEGG annotations of FOXD2-AS1 related genes. (G, H) 
Enrichment of genes in E2F targets and G2/M checkpoint by GSEA. 
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Figure 6. The expression level of FOXD2-AS1 was associated with the immune infiltration in tumor environment. (A) The plots 

showed the correlation between FOXD2-AS1 expression and immune cells subsets. (B) Spearman correlation between expression of FOXD2-
AS1 and mast cells. (C)The plots of mast cells expression in low and high FOXD2-AS1 samples. (D–K) Spearman correlation and expression 
distribution of Neutrophils, DC cells, iDC cells and B cells in low and high FOXD2-AS1 samples. 
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keratinocyte differentiation, by interacting with the 

ErbB2-binding protein Erbin (ErbB2 Interacting 

Protein) [28]. These DEGs were more or less associated 

with tumor proliferation and EMT, suggesting that 

FOXD2-AS1 may promote OSCC by regulating cell 

proliferation and EMT. The results of the KEGG 

 

 
 

Figure 7. Knockdown of FOXD2-AS1 decreased OSCC cell proliferation and migration in vitro and in vivo. (A) The  

relative expression of FOXD2-AS1 in 25 paired tumor and adjacent normal tissues. The expression of FOXD2-AS1 was significantly up-
regulated in Tumor tissues. (B) The relative expression of FOXD2-AS1 in 3 OSCC cell lines and Normal oral primary keratinocytes (NOK) 
cells. (C) Cell nucleus/cytoplasmic fractionation and qRT-PCR showed the subcellular localization of FOXD2-AS1 in Cal27 cells (MALAT1 
and β actin were used as separation quality standards and endogenous controls). (D) The relative expression of FOXD2-AS1 after 
transfected with SiRNA and Smart Silence in Cal27 cell line. (E) The relative expression of PNCK, HOXB8, HOXB9, KRT6C, EPG and DSG1 
after FOXD2-AS1 knockdown by SiRNA. (F) FOXD2-AS1 knockdown inhibited the migration capacity of Cal27 cells as detected by wound-
healing assay after 48hs. (G) The cell migration abilities of Cal27 cells transfected with SiRNA and Smart silence were determin ed by 
transwell assays. (H) The relative mRNA expression of E-cadherin, N-cadherin and Snail in Cal27 cells transfected with SiRNA and Smart 
silence. (I) The protein expression of E-cadherin, N-cadherin and Snail in Cal27 cells transfected with SiRNA and Smart silence. FOXD2-
AS1 knockdown inhibited the proliferation capacity of Cal27 cells as detected by CCK-8 assay (J) and colony formation assay (K). (L) 
Tumors were collected from different groups after 8 times ASO-FOXD2-AS1/ASO-NC injection. (M) Volume curve of tumors from 
different groups at the time of injection. (N) Weight of collected tumors from different groups. *p < 0.05, **p < 0.01, ***p < 0.001.
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pathway analysis showed enrichment in the retinol 

metabolism. Retinoids, metabolites, and synthetic 

derivatives of vitamin A (retinol) have been shown to 

inhibit carcinogenesis in various epithelial tissues. A 

study from Guo et al. indicated that the reduced ability 

to esterify retinol in epithelial tumor cells might result 

in an inappropriate cell growth and the loss of normal 

differentiation [29]. Studies have shown that the all-

trans retinoic acid (ATAR) can reverse EMT in cancers 

[30, 31], which is an important mechanism that 

facilitates migration and invasion in OSCC. The 

enrichment results, as well as previous literature, 

suggest that FOXD2-AS1 may promote OSCC via 

EMT. In our in vitro study, FOXD2-AS1 knockout 

impaired the migration ability of OSCC cell lines and 

altered the relative expression of E-cadherin, Vimentin, 

and Snail. The protein levels of these EMT biomarkers 

will be validated in a future study. 

 
We also performed a GSEA analysis to search for the 

potential pathways affected by FOXD2-AS1. The 

results indicated that FOXD2-AS1 may affect OSCC 

progression through E2F targets and G2/M checkpoint, 

which are related to the cell cycle and cell proliferation. 

E2Fs have emerged as major transcriptional regulators 

of cell cycle-dependent gene expression [32]. E2Fs play 

an important role in the cell cycle, especially in the G1 

to S phases, by controlling genes that encode DNA 

replication and regulate the cell cycle [33–36]. Su et al. 

have reported that FOXD2-AS1 can promote bladder 

cancer progression and recurrence through a positive 

feedback loop involving Akt and E2F1 [37]. In our 

study, we found that cell proliferation decreased after 

silencing FOXD2-AS1. Future cell cycle and cell 

apoptosis studies will be done to verify the mechanisms 

by which FOXD2-AS1 regulates these pathways. 

 
Tumor-infiltrating immune cells have been shown to 

provide prognostic values in several human malignancies 

[38–40]. We analyzed the correlation between FOXD2-

AS1 and these immune cells. The results showed that 

FOXD2-AS1 was negatively associated with mast cells, 

DCs, iDCs, and B cells. These immune cells can act as 

antigen-presenting cells (APCs) that ingest, process, and 

present extracellular antigens; activate CD4+T cells; and 

induce an immune response. DC numbers have been 

reported to be reduced in oral submucous fibrosis and 

OSCC [40]. A high FOXD2-AS1 expression level was 

related to the reduced APCs in our results, suggesting 

that FOXD2-AS1 may suppress the adaptive immunity 

and killer T-cell function by inhibiting the function and 

proliferation of APCs. However, the detailed mechanism 

behind this needs to be further investigated. 

 
Overall, our findings suggest that high FOXD2-AS1 

expression was an adverse prognostic factor of OSCC 

and shed light on the potential mechanism of FOXD2-

AS1 in OSCC. Nevertheless, this study has some 

limitations. First, the data was accessed from a public 

database, and thus, the quality of data cannot be 

determined. Second, the mechanism of FOXD2-AS1 

was predicted using bioinformatic approaches. 

Although we have validated the expression of FOXD2-

AS1 in vivo and in vitro and verified a part of the 

function of FOXD2-AS1, further details of the 

molecular mechanism by which it affects the DEGs 

should be investigated using in vitro and in vivo 

experiments. 

 

In summary, our results showed that patients with high 

FOXD2-AS1 levels had worse overall survival than 

those with low FOXD2-AS1 levels in the cohort. 

Through enrichment analysis, we determined that 

FOXD2-AS1 may act as an oncogenic factor by 

regulating the EMT of tumor cells and by suppressing 

adaptive immunity through the inhibition of the 

function and proliferation of APCs. Furthermore, the 

silencing of FOXD2-AS1 suppressed the proliferation 

and migration of OSCC cells and remarkably reduced 

the expression of Vimentin in vitro. Our findings 

revealed the roles of FOXD2-AS1 in OSCC and 

suggested that FOXD2-AS1 may be a potential 

biomarker for OSCC diagnosis and prognostication. 

 

MATERIALS AND METHODS 
 

RNA-sequencing data from TCGA 

 

Gene expression data and corresponding clinical 

information of OSCC patients (331 cases, Workflow 

type: HTseq-FPKM) were downloaded from the 

HNSCC projects of TCGA (https://genome-

cancer.ucsc.edu/). Patients diagnosed with OSCC with 

complete follow-up information were included. Next, 

the level 3 HTseq-FPKM data were transformed into 

transcripts per million reads (TPM) for further analyses. 

Unavailable and unknown clinical features were 

regarded as missing values. This study met the 

publication guidelines stated by TCGA. All data used in 

this study were obtained from TCGA, thus, ethics 

approval and informed consent were not required. 

 

DEG analysis 

 

The samples were divided into high- and low-

expression groups according to the level of FOXD2-

AS1 expression (median as cut-off value). The 

expression data (TPM) of the high and low FOXD2-

AS1 expression groups were then compared to identify 

DEGs using the limma package in R [41]. log2(Fold 

Change) >2 and adjusted P value <0.05 were set as 

threshold values for DEGs. 

https://genome-cancer.ucsc.edu/
https://genome-cancer.ucsc.edu/
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Metascape analysis 

 

Metascape, a free, well-maintained, and user-friendly 

gene list analysis tool for gene annotation and analysis 

[42], was used to conduct pathway and process 

enrichment analyses of DEGs. The conditions for 

differences to be deemed statistically significant 

included a P value <0.01, minimum count of 3, and an 

enrichment factor >1.5. 

 

Gene set enrichment analysis 

 

GSEA was used to elucidate the significant function and 

pathway difference between high- and low- FOXD2-AS1 

groups. Gene set permutations were performed 1000 

times for each analysis. The expression level of FOXD2-

AS1 was used as a phenotype label. Adj. P value< 0.05 

and FDR< 0.25 were identified as significantly related 

genes. Statistical analysis and graphical plotting were 

conducted using the R package clusterProfiler [43].  

 

Analysis of immune infiltration and its correlation 

with FOXD2-AS1 expression 

 

The immune infiltration analysis of OSCC was 

conducted via the single sample GSEA (ssGSEA) 

method using the GSVA package (http://www. 

bioconductor.org/packages/release/bioc/html/GSVA.ht

ml) in R. Based on the signature genes of 24 types of 

immunocytes in literature [44], the relative enrichment 

score of every immunocyte was quantified from gene 

expression profiles of each tumor sample. Wilcoxon 

rank-sum test and Spearman correlation were used to 

evaluate the association between FOXD2-AS1 

expression and the 24 types of immune cells. 

 
Tissue samples and cell culture 

 
Paired, fresh OSCC tissues and their corresponding 

adjacent normal tissues were collected from the Ninth 

People’s Hospital, Shanghai Jiao Tong University 

School of Medicine. Written informed consent was 

obtained from each patient. The patients were well-

informed and have consented to this study, and the 

process was approved by Ethics Committee of the Ninth 

People’s Hospital, Shanghai Jiao Tong University 

School of Medicine. 

 
Cal27, HN6, and SCC9 cells and normal oral primary 

keratinocytes (NOK) were used in this study. Cal27, 

SCC9 and HN6 were purchased from the Type Culture 

Collection of Chinese Academy of Sciences (Shanghai, 

China). NOK were cultured from gingival tissues after 

tooth extraction from healthy patients. These cell lines 

were maintained in DMEM (Basalmedia, Shanghai) 

supplemented with 10% fetal bovine serum, 1% 

glutamine, and 1% penicillin/streptomycin. Cells were 

cultured in a standard humidified atmosphere with 5% 

CO2 at 37° C. 

 

RNA extraction and qRT-PCR 

 

Total RNA was extracted using TRIzol (Invitrogen, CA, 

United States). An equal amount of RNA was reverse-

transcribed using the HiScript II Q RT Supermix and was 

quantified by qPCR using SYBR Green (Bimake). The 

primer sequences are shown in Supplementary Table 1. 

 

Western blotting 

 

Cells transfected with SiRNA or the Smart Silence Kit 

for 48 h in 6-well plates were rinsed with PBS. Then, 

150 μL of 1× SDS Protein Loading Buffer containing 

protease and phosphatase inhibitors were added to each 

well. Cell lysates were denatured at 98° C for 10 min 

and were subjected to 10% SDS-PAGE. The protein 

bands were then transferred to PVDF membranes, 

which were then blocked with 5% skimmed milk for 1 h 

and incubated with antibodies at 4° C overnight. The 

antibodies used in western blotting included those 

targeting β-actin (ABclonal AC026), E-cadherin 

(ABclonal A11492), N-cadherin (ABclonal A3045), 

and Snail (ABclonal A11794). HRP-conjugated 

secondary antibodies were used for detection.  

 

Isolation of nuclear and cytoplasmic RNA 

 

Nuclear and cytoplasmic RNA was isolated using the 

PARIS™ kit (Thermo Fisher Scientific) according to 

the manufacturer’s instructions. The isolated RNAs 

were reverse transcribed and amplified via qPCR as 

described above. MALAT1 were used as an endogenous 

nuclear control, while β-actin were used as an 

endogenous cytoplasmic control. 

 
RNA interference 

 
SiRNA against FOXD2-AS1 was designed and 

synthesized by Genomeditech Shanghai. The Smart 

Silence Kit was designed and synthesized by Guangzhou 

RiboBio Co., Ltd. (Guangzhou, China). These were 

transfected into the cells with Lipofectamine 3000 

reagent (Invitrogen) according to the manufacturer’s 

instructions. The sequences are provided in 

Supplementary Table 2. 

 
Cell counting kit-8 (CCK-8) analysis 

 

Cells transfected for 24 h with Smart Silencer/SiRNA 

were seeded into 96- well plates at a density of 1000 

cells/well in triplicate. 10 μL of CCK-8 reagent (Dojindo, 

Kumamoto, Japan) was added to 100 μL of culture 

http://www.bioconductor.org/packages/release/bioc/html/GSVA.html
http://www.bioconductor.org/packages/release/bioc/html/GSVA.html
http://www.bioconductor.org/packages/release/bioc/html/GSVA.html
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medium. The cells were subsequently incubated for 2 h at 

37° C, and the optical density was measured at 450 nm 

and 600 nm using a microplate reader (Multiskan™ Sky 

Spectrophotometer, Thermo Scientific, USA). 

 

Colony formation assay 

 

Cells transfected for 24 h with Smart Silencer/SiRNA 

were seeded into 6-well plates at a density of 1000  

cells per well and incubated for 10–14 days to form  

cell colonies. The colonies were fixed with 4% 

paraformaldehyde (Sangon Biotech, Shanghai, China) 

for 15 min and stained with Giemsa stain (Solarbio, 

Beijing, China) for 30 min; those with more than 50 

cells were counted under a dissecting microscope. 

 

Wound healing assay 

 

The Cal27 cells were seeded into 6-well plates and 

transfected when cultures reached 50% confluence. The 

cell layers were then scratched using a 10-μL plastic 

pipette tip to produce wounds, which were 

photographed at 0 and 48 h under an inverted phase-

contrast microscope. Three random fields were marked 

and measured. All assays were carried out in triplicate. 

 
Transwell migration assay 

 
Cell migration assays were performed using 24-well 

Transwell chambers with 8-μm porosity polycarbonate 

filters and Transwell insert chambers (Corning, USA). A 

total of 200 μL of cell suspension in serum-free medium 

was added into each upper chamber, while 500 μL of 

DMEM supplemented with 10% FBS was added to the 

lower chambers as a chemoattractant. After incubating for 

24 to 36 h, the migrated cells were fixed with 4% 

paraformaldehyde (Sangon Biotech) for 15 min and 

stained with Giemsa stain (Solarbio) for 30 min. After the 

cells on the upper surface of the filter were removed, at 

least 3 randomly selected microscopic fields of the fixed 

cells per filter were imaged using an inverted phase-

contrast microscope. The cells were counted and cell 

counts were averaged. 

 

In vivo assays 

 

SPF nude mice (5 weeks) were purchased from the 

Shanghai Laboratory Animal Center (Shanghai, China) 

and housed under SPF conditions at the animal care 

facility of the Experimental Animal Center of Shanghai 

University of Traditional Chinese Medicine. A total of 

2×106 Cal27 cells in 200 μL serum-free DMEM were 

subcutaneously injected into the flanks of the nude mice. 
The initial tumor xenograft volumes were similar. When 

the tumor size reached 100 mm3, the mice were 

randomized into 2 treatment groups: (a) ASO-NC group 

(5 nM/3 days); (b) ASO-FOXD2-AS1 group (5 nM/3 

days). The ASO used was chemically modified by 

Ribobio. Its sequence was the first one of the Smart 

Silence Kit. Tumor size and animal weight were 

monitored at the time of ASO injection, and tumor 

volume was calculated. Three days after the 7th injection, 

the mice were sacrificed and tumor tissues were collected 

and weighed. 

 

Statistical analysis 

 

Statistical analysis was performed using R(3.6.1). A 

comparison between the FOXD2-AS1 expression in 

tumor and normal tissues was performed using 

Wilcoxon rank-sum tests. The samples were divided 

into high- and low-expression groups (median FOXD2-

AS1 expression level as cut-off value). Next, the ROC 

curve was made to test the performance of FOXD2-AS1 

as a diagnostic marker using the survivalROC R 

package. The relationships between clinicopathologic 

features and FOXD2-AS1 expression were analyzed 

using the Wilcoxon rank-sum test and logistic 

regression. Clinicopathologic characteristics associated 

with OS and DSS were analyzed with Cox regression 

and the Kaplan-Meier method. The multivariate Cox 

analysis was used to identify the influence of FOXD2-

AS1 expression on survival, along with other clinical 

features. A nomogram was constructed based on the 

results of the multivariate analysis using the rms 

package in R. A risk score for each patient was 

calculated as the sum of the scores for each parameter, 

which were obtained by multiplying the value or level 

of each parameter and its coefficient. According to the 

median risk scores, patients were divided into low- and 

high-risk groups. All hypothetical tests were two-sided, 

and P values<0.05 were considered significant. 
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SUPPLEMENTARY MATERIALS 

 

 

 

Supplementary Tables 
 

Supplementary Table 1. Sequences of the qRT-PCR primers. 

Gene Forward primer Reverse primer 

FOXD2-AS1 GTGGGGAATGAGGATGGGTG TGCCGCTGGAGTATTCTTGG 

βactin CCTGGCACCCAGCACAAT GGGCCGGACTCGTCATAC 

MALAT1 CCTAACCAGGCATAACACAGAAT CGAATGGCTTTGTCTCCGAA 

PNCK CGCCCTTTGAGGACTCGAAG GGCCACATATCCAGGGGTC 

HOXB9 CCATTTCTGGGACGCTTAGCA TGTAAGGGTGGTAGACGGACG 

HOXB8 GACCCCGGCAATTTCTACGG ATCCAGGGGAAGAGCTGTGT 

KRT6C ACTTCCTGAGAGCCTTGTATGA ATCTCCTCGTATTGGGCCTTG 

EPGN ATGGCTTTGGGAGTTCCAATATC TCCTTCTATGTTGTCAGCTTGC 

DSG1 AACCCAATCGCCAAAATTCACT ACCTCTCGATCAACTATGGATGT 

E-cadherin CCTTCCTCCCAATACATCTC TCACACACGCTGACCTCTAA 

N-cadherin AGGCCCCAGGGAATCTTTCA GCCTCTCCCTGAATAACTGGG 

Snail1 CCCCAATCGGAAGCCTAACT CGTAGGGCTGCTGGAAGGTA 

 

Supplementary Table 2. Sequences of the siRNA and smart silence kit. 

Product  Sequences 

SiRNA GCGAAGAGTACGTTGCTAT 

 

 

Smart Silence Kit 

CAGCCAAGAATACTCCAGCG 

TAAGCCTCATAGAAGCAAAG 

ATCCACTCCACCCACGCCTT 

GCTTCCAGGTATGTGGGAA 

GCGACCTGTGTGTACCATA 

CCACTCTTCGCTTATGTTT 

 


