
Int. J. Med. Sci. 2025, Vol. 22 
 

 
https://www.medsci.org 

1208 

International Journal of Medical Sciences 
2025; 22(5): 1208-1214. doi: 10.7150/ijms.103842 

Research Paper 

Genetic associations of Neat1 polymorphisms with 
clinicopathologic characteristics of tongue cancer 
Kwei-Jing Chen1,2, Chun-Yi Chuang3,4, Ming-Yu Lien5,6, Chun-Wen Su7,8, Michael Yuan-Chien Chen1,2, 
Hsiao-Chi Tsai9, Shun-Fa Yang7,8, Chih-Hsin Tang5,10,11,12 

1. School of Dentistry, China Medical University, Taichung, Taiwan. 
2. Department of Dentistry, China Medical University Hospital, Taichung, Taiwan. 
3. School of Medicine, Chung Shan Medical University, Taichung, Taiwan. 
4. Department of Otolaryngology, Chung Shan Medical University Hospital, Taichung, Taiwan. 
5. School of Medicine, China Medical University, Taichung, Taiwan. 
6. Division of Hematology and Oncology, Department of Internal Medicine, China Medical University Hospital, Taichung, Taiwan. 
7. Institute of Medicine, Chung Shan Medical University, Taichung, Taiwan. 
8. Department of Medical Research, Chung Shan Medical University Hospital, Taichung, Taiwan. 
9. Department of Medicine Research, China Medical University Beigang Hospital, Yunlin, Taiwan. 
10. Department of Pharmacology, School of Medicine, China Medical University, Taichung, Taiwan. 
11. Department of Medical Laboratory Science and Biotechnology, Asia University, Taichung, Taiwan. 
12. Chinese Medicine Research Center, China Medical University, Taichung, Taiwan. 

 Corresponding authors: Chih-Hsin Tang, PhD, E-mail: chtang@mail.cmu.edu.tw; Shun-Fa Yang, PhD, ysf@csmu.edu.tw. 

© The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/). 
See https://ivyspring.com/terms for full terms and conditions. 

Received: 2024.09.18; Accepted: 2025.01.23; Published: 2025.02.18 

Abstract 

One of the most common malignant tumors of the head and neck region is tongue cancer. Long 
noncoding RNAs (lncRNAs) called nuclear enriched abundant transcript 1 (Neat1) are linked to tumor 
growth, survival, and apoptosis in a variety of cancer types; however, it is unclear how these factors relate 
to tongue cancer. Furthermore, it is unknown how Neat1 polymorphisms and clinicopathological traits in 
individuals with tongue cancer relate to one another. We looked examined the effects of three variants 
in the Neat1 gene and clinicopathological characteristics on the risk of tongue cancer in 400 male 
Taiwanese patients who already had the disease. Carriers of the CT+TT heterozygote of SNP rs3825071 
were at a significantly lower risk to clinical stage (III+IV) and lymph node metastasis compared to those 
with the CC genotype. For non-smoking tongue cancer patients, but not those who smoke, the SNP 
rs3825071 was associated with a lower clinical stage (III+IV) and reduced lymph node metastasis. The 
Cancer Genome Atlas database noted that Neat1 mRNA levels are higher in tongue cancer patients 
compared to normal tissues and are associated with tumor stage and metastasis. This study is the first to 
establish a link between the clinicopathological features of tongue cancer patients and Neat1 
polymorphisms. 
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Introduction 
Fifty to sixty percent of oral cancers are caused 

by tongue cancer, which is one of the most prevalent 
types of head and neck cancer [1, 2]. While tongue 
cancer seems to be steadily rising among young 
adults, oral cancer is primarily found in those over the 
age of 55 [3]. Even with the advancements in recent 
decades in both cancer diagnosis and treatments, 
tongue cancer recurrence is frequent and the 
prognosis is still not good [4]. For tongue cancer, 
surgery and perioperative radiation are the most often 

used treatments [5]. Furthermore, lengthy surgery to 
remove the majority of the tongue at a later time 
harms the tongue's appearance and functionalities [5]. 
Radiation therapy is a very successful treatment 
option for the majority of tongue cancer patients, 
regardless of the stage of the disease, and it 
significantly lowers the death rate of tongue cancer 
patients [6]. 

Transcripts with more than 200 nucleotides that 
do not have the ability to code for proteins are known 
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as long non-coding RNAs, or lncRNAs [7-9]. They 
have been demonstrated to be essential regulators of a 
number of gene expression patterns and biological 
processes, such as the advancement of the cell cycle 
and carcinogenesis [7, 8]. LncRNAs affect how cells 
proliferate, differentiate, and die off into healthy or 
diseased tissues [10, 11]. LncRNAs have been linked 
to treatment resistance and the advancement of 
cancer, according to a number of studies [10, 12, 13]. 
Moreover, lncRNA may function as competitive 
endogenous RNAs to modify target mRNA 
expression by influencing miRNA expression [9]. 
Numerous cancers have been shown to dysregulate 
hundreds of lncRNAs, which have thus become 
oncogenes or tumor-suppressors [14]. 

It has been observed that lncRNA nuclear 
enriched abundant transcript 1 (Neat1) is a crucial 
nuclear component that, when pulled down, causes 
paraspeckles to break down [15]. Neat1 is linked to 
several human cancers, including thyroid, pancreatic, 
hepatic, and breast cancers [16-19]. In a cell culture 
system, Neat1 expression was shown to be decreased 
in oral cancer cell lines compared to normal cells [20]. 
In tongue cancer, researchers have investigated 
diagnostic biomarkers such as single nucleotide 
polymorphisms (SNPs) for early tongue cancer 
identification, precise therapy response prediction, 
and patient prognosis. The Neat1 SNP has been 
reported to be associated with the survival of oral 
cancer patients [21]. Our objective was to determine 
the associations between four Neat1 gene SNPs and 
clinicopathological traits linked to Taiwanese tongue 
cancer risk. This work, in our opinion, shows a 
significant association between Neat1 polymorphisms 
and tongue cancer in the Taiwanese population. 

Materials and Methods 
Participants 

The Chung Shan Medical University Hospital's 
institutional review board in Taichung, Taiwan, gave 
its approval for this study (CS1-21151). This study 
involved 400 male patients diagnosed with tongue 
cancer and 1192 cancer-free controls, who did not 
report a history of cancer or any oral precancerous 
symptoms, to evaluate the influence of Neat1 
variations on the development of tongue cancer. 
Upon enrollment, all participants who were recruited 
between 2012 and 2022 provided written informed 
permission. The American Joint Committee on Cancer 
(AJCC) TNM staging approach was used to grade and 
stage cancer [22]. Males in the control group did not 
disclose a history of oral precancerous diseases such 
as verrucous hyperplasia, erythroplakia, leukoplakia, 
or oral submucous fibrosis. All participants' ages and 

environmental risk data, such as their usage of 
alcohol, tobacco, and areca nuts, were collected. 

Genomic DNA extraction and PCR genotyping 
Following the manufacturer's instructions, 

genomic DNA was extracted from peripheral blood 
using a QIAamp DNA Blood Kit (Qiagen, CA, USA) 
[23]. Allelic discrimination for Neat1 SNPs was 
examined in accordance with the manufacturer's 
instructions, as previously reported [24-26]. For the 
examination, three Neat1 SNPs—rs3825071, rs3741384, 
and rs512715—were selected. The selected criteria for 
three Neat1 SNPs were all met the following two 
requirements: (1) according to the 1000 Genomes 
Project Phase 3, minor allele frequency (MAF) ≥ 0.05 
in CHB population; (2) r2 for linkage disequilibrium< 
0.8. 

Analysis of clinical dataset 
We used an additional analysis to selected 

tongue cancer patients from The Cancer Genome 
Atlas (TCGA). Levels of Neat1 in tongue cancer 
samples collected from TCGA were analyzed [27], 
identifying tongue cancer patients whose Neat1 gene 
expression was measured in each tumor sample. The 
GTEx portal (gtexportal.org/home/) is a 
comprehensive public resource used to research 
tissue-specific gene expression and regulation. It 
offers open-access gene expression data, histology 
images, and quantitative trait loci (QTLs) [28]. 

Statistical analysis 
The statistical software package Statistical 

Analytic System version 9.1 (SAS Institute Inc., Cary, 
NC, USA) was used to analyze the data. Using the 
Mann-Whitney U-test, demographics and 
environmental exposures were compared between the 
patient and control groups. Genotypic ratios were 
compared to clinical state or tongue cancer risk using 
multiple logistic regression models, with potential 
confounders adjusted for. Between-group differences 
were considered significant when p-values were 
<0.05. 

Results 
This study enrolled 1192 individuals who were 

cancer-free and 400 Taiwanese male patients who had 
tongue cancer in order to investigate the connection 
between Neat1 polymorphisms and the emergence of 
tongue carcinogenesis. Both cohorts’ clinical and 
demographic traits were evaluated (Table 1). There 
was no discernible age difference between the groups. 
But compared to the control group, a much greater 
percentage of tongue cancer patients smoked 
cigarettes, drank alcohol, and chewed betel quid 
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(Table 1). 
The genotyping data for each of the three Neat1 

SNPs for the whole research population are shown in 
Table 2. None of the genotypes for the three Neat1 
SNPs in the various groups shown significant 
relationships after controlling for alcohol 
consumption, cigarette smoking, and betel quid 
chewing (Table 2). 

 

Table 1. The distributions of demographical characteristics in 
1192 controls and 400 male patients with tongue cancer. 

Variable Controls (N=1192) Patients (N=400) p value 
Age (yrs)     
< 60 775 (65.0%) 255 (63.8%) p = 0.646 
> 60 417 (35.0%) 145 (36.2%)  
Betel quid chewing    
No 995 (83.5%) 134 (33.5%)  
Yes 197 (16.5%) 266 (66.5%) p < 0.001* 
Cigarette smoking     
No 558 (46.8%) 91 (22.7%)  
Yes 634 (53.2%) 309 (77.3%) p < 0.001* 
Alcohol drinking    
No 955 (80.1%) 248 (62.0%)  
Yes 237 (19.9%) 152 (38.0%) p < 0.001* 
Stage    
I+II  181 (45.2%)  
III+IV  219 (54.8%)  
Tumor T status    
T1+T2  202 (50.5%)  
T3+T4  198 (49.5%)  
Lymph node status    
N0  246 (61.5%)  
N1+N2+N3  154 (38.5%)  
Metastasis    
M0  398 (99.5%)  
M1  2 (0.5%)  
Cell differentiation    
Well differentiated  48 (12.0%)  
Moderately or poorly 
differentiated 

 352 (88.0%)  

* p value < 0.05 as statistically significant. 
 

The adjusted odds ratio (AOR) with their 95% 
confidence intervals were estimated by multiple 
logistic regression models after controlling for betel 
quid chewing, cigarette smoking, and alcohol 
drinking. 

Next, we examined the role of Neat1 gene 
polymorphisms on clinicopathologic characteristics of 
tongue cancer patients. Compared with having the 
CC genotype at rs3825071, having the CT+TT 
heterozygote markedly lowered the risk to clinical 
stage III+IV (OR 0.510; 95% CI, 0.326-0.798; p<0.05) 
and lymph node metastasis (OR 0.490; 95% CI, 
0.302-0.796; p<0.05) (Table 3). On the other hand, no 
significant differences were found for SNPs rs3741384 
and rs512715 in relation to the clinical status of tongue 
cancer patients (Table 4). Furthermore, among 
non-smoking tongue cancer patients with the SNP 

rs3825071, having the CT+TT heterozygote was 
associated with a lower likelihood to clinical stage 
III+IV (OR 0.239; 95% CI, 0.097-0.591; p<0.05) and 
lymph node metastasis (OR 0.258; 95% CI, 0.100-0.666; 
p<0.05) compared to the CC wild-type (Table 5). 

 

Table 2. Odds ratio (OR) and 95% confidence interval (CI) of 
tongue cancer associated with Neat1 genotypic frequencies.  

Variable Controls 
(N=1192) (%) 

Patients 
(N=400) (%) 

AOR (95% CI) p value 

rs3825071     
CC 830 (69.6%) 292 (73.0%) 1.000 (reference)  
CT 324 (27.2%) 95 (23.8%) 0.898 (0.666-1.213) p=0.485 
TT 38 (3.2%) 13 (3.2%) 0.940 (0.451-1.957) p=0.869 

CT+TT 362 (30.4%) 108 (27.0%) 0.903 (0.678-1.203) p=0.487 
rs3741384     
GG 848 (71.1%) 290 (72.5%) 1.000 (reference)  
GA 312 (26.2%) 101 (25.3%) 0.999 (0.742-1.344) p=0.993 
AA 32 (2.7%) 9 (2.2%) 0.861 (0.369-2.009) p=0.729 
GA+AA 344 (28.9%) 110 (27.5%) 0.986 (0.740-1.314) p=0.922 
rs512715     
GG 652 (54.7%) 215 (53.8%) 1.000 (reference)  
GC 468 (39.3%) 167 (41.8%) 1.122 (0.858-1.466) p=0.401 
CC 72 (6.0%) 18 (4.4%) 0.743 (0.406-1.358) p=0.334 
GC+CC 540 (45.3%) 185 (46.2%) 1.069 (0.825-1.385) p=0.615 

 
 

Table 3. Odds ratio (OR) and 95% confidence intervals (CI) of 
clinical statuses associated with genotypic frequencies of Neat1 
rs3825071 in 400 male tongue cancer patients. 

Variable CC 
(N=292) 

CT+TT 
(N=108) 

OR (95% CI) p value 

 
Clinical Stage     
Stage I+II 119 (40.8%) 62 (57.4%) 1.000 (reference) p=0.003* 

Stage III+IV 173 (59.2%) 46 (42.6%) 0.510 (0.326-0.798)  
Tumor size     
≦ T2 144 (49.3%) 58 (53.7%) 1.000 (reference) p=0.436 

> T2 148 (50.7%) 50 (46.3%) 0.839 (0.539-1.305)  
Lymph node metastasis     
No 167 (57.2%) 79 (73.1%) 1.000 (reference) p=0.004* 
Yes 125 (42.8%) 29 (26.9%) 0.490 (0.302-0.796)  
Metastasis     
M0 290 (99.3%) 108 (100.0%) 1.000 (reference) --- 
M1 2 (0.7%) 0 (0.0%) ---  
Cell differentiated grade     
Well 33 (11.3%) 15 (13.9%) 1.000 (reference) p=0.480 

Moderate or poor 259 (88.7%) 93 (86.1%) 0.790 (0.410-1.520)  

The odds ratio (OR) with their 95% confidence intervals were estimated by logistic 
regression models. 
* p value < 0.05 as statistically significant. 

 
We employed publicly available bioinformatics 

datasets to confirm our findings. Neat1 expression in 
whole blood was shown to be lower in the rs3825071 
mutation expression (CT+TT) in the GTEx database 
when compared to the Neat1 allele normal type (CC) 
(Figure 1). We next used the TCGA database to 
analyze Neat1 mRNA levels, tumor stage, and 
metastasis in tongue cancer patients. At a 95% 
confidence level, Neat1 expression was found to be 
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higher in tumor tissues compared to normal tissues 
(Figure 2A). Within tumor tissues, Neat1 expression 
levels were significantly higher in patients with 
high-stage tumors (stages II-IV) compared to those 
with low-stage tumors (stage I) (Figure 2B). 
Additionally, Neat1 expression was elevated in 
patients with metastasis (M1) (Figure 2C). 

Discussion 
One of the most common malignant tumors in 

the head and neck region is tongue squamous cell 
carcinoma, which is known to behave more 
aggressively than traditional squamous cell 
carcinoma [1, 29]. It is widely accepted that genetic 
characteristics may play a role in the tumor's 

heterogeneous progression. Developing a gene 
signature is a reliable and valuable method for patient 
screening, aiding in clinical decision-making [30, 31]. 
In the current study, carriers of the CT+TT 
heterozygote of SNP rs3825071 were at a significantly 
lower risk to clinical stage III+IV and lymph node 
metastasis compared to those with the CC genotype. 
Additionally, non-smoking tongue cancer patients, 
unlike their smoking counterparts, exhibited similar 
characteristics. The Neat1 SNP rs3825071 may 
represent a potential biomarker for the clinical 
pathogenesis of tongue cancer. 

 
 

 

Table 4. Clinical statuses and genotypic frequencies of Neat1 rs3741384 and rs512715 in 400 male tongue cancer patients. 

 rs3741384 rs512715 
Variable GG 

(N=290) 
GA+AA 
(N=110) 

OR (95% CI) p value GG 
(N=215) 

GC+CC 
(N=185) 

OR (95% CI) p value 

Clinical Stage         
Stage I+II 133 (45.9%) 48 (43.6%) 1.000 (reference) 0.690 101 (47.0%) 80 (43.2%) 1.000 (reference) 0.454 
Stage III+IV 157 (54.1%) 62 (56.4%) 1.094 (0.703-1.702)  114 (53.0%) 105 (56.8%) 1.163 (0.783-1.727)  
Tumor size         
≦ T2 151 (52.1%) 51 (46.4%) 1.000 (reference) 0.308 118 (54.9%) 84 (45.4%) 1.000 (reference) 0.059 

> T2 139 (47.9%) 59 (53.6%) 1.257 (0.809-1.951)  97 (45.1%) 101 (54.6%) 1.463 (0.986-2.171)  
Lymph node metastasis         
No 186 (64.1%) 60 (54.5%) 1.000 (reference) 0.078 139 (64.7%) 107 (57.8%) 1.000 (reference) 0.163 
Yes 104 (35.9%) 50 (45.5%) 1.490 (0.955-2.327)  76 (35.3%) 78 (42.2%) 1.333 (0.890-1.997)  
Metastasis         
M0 288 (99.3%) 110 (100%) 1.000 (reference) --- 213 (99.1%) 185 (100%) 1.000 (reference) --- 
M1 2 (0.7%) 0 (0.0%) ---  2 (0.9%) 0 (0.0%) ---  
Cell differentiation         
Well 31 (10.7%) 17 (15.5%) 1.000 (reference) 0.190 24 (11.2%) 24 (13.0%) 1.000 (reference) 0.579 
Moderate or poor 259 (89.3%) 93 (84.5%) 0.655 (0.346-1.238)  191 (88.8%) 161 (87.0%) 0.843 (0.461-1.541)  

The odds ratio (OR) with their 95% confidence intervals were estimated by logistic regression models. 

Table 5. Clinical statuses and genotypic frequencies of Neat1 rs3825071 in 400 male tongue cancer patients who are smoker and 
non-smokers. 

 Non-smoker (N=91) smoker (N=309) 
Variable CC 

(N=57) 
CT+TT 
(N=34) 

OR (95% CI) p value CC 
(N=235) 

CT+TT 
(N=74) 

OR (95% CI) p value 

Clinical Stage         
Stage I+II 19 (33.3%) 23 (67.6%) 1.000 (reference) 0.001* 100 (42.6%) 39 (52.7%) 1.000 (reference) 0.126 
Stage III+IV 38 (66.7%) 11 (32.4%) 0.239 (0.097-0.591)  135 (57.4%) 35 (47.3%) 0.665 (0.393-1.123)  
Tumor size         
≦ T2 26 (45.6%) 19 (55.9%) 1.000 (reference) 0.343 118 (50.2%) 39 (52.7%) 1.000 (reference) 0.709 

> T2 31 (54.4%) 15 (44.1%) 0.662 (0.282-1.556)  117 (49.8%) 35 (47.3%) 0.905 (0.536-1.527)  
Lymph node metastasis         
No 26 (45.6%) 26 (76.5%) 1.000 (reference) 0.004* 141 (60.0%) 53 (71.6%) 1.000 (reference) 0.071 
Yes 31 (54.4%) 8 (23.5%) 0.258 (0.100-0.666)  94 (40.0%) 21 (28.4%) 0.594 (0.337-1.050)  
Metastasis         
M0 56 (98.2%) 34 (100.0%) 1.000 (reference) --- 234 (99.6%) 74 (100.0%) 1.000 (reference) --- 
M1 1 (1.8%) 0 (0.0%) ---  1 (0.4%) 0 (0.0%) ---  
Cell differentiation         
Well 4 (7.0%) 6 (17.6%) 1.000 (reference) 0.117 29 (12.3%) 9 (12.2%) 1.000 (reference) 0.968 
Moderate or poor 53 (93.0%) 28 (82.4%) 0.352 (0.092-1.352)  206 (87.7%) 65 (87.8%) 1.017 (0.458-2.259)  

The odds ratio (OR) with their 95% confidence intervals were estimated by logistic regression models. 
 * p value < 0.05 as statistically significant. 
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Figure 1. The Neat1 presents a significant eQTL association with rs3825071 genotypes in whole blood from GTEx database.     

 
Figure 2. The Neat1 mRNA level of tongue cancer patients from TCGA database. (A) Calculated at 95% confidence level, and (B&C) levels of Neat1 mRNA 
expression retrieved from TCGA dataset records. 

 
There is growing evidence that many solid 

tumors exhibit dysregulation of Neat1. Compared to 
surrounding normal tissues, kidney cell carcinoma, 
stomach adenocarcinoma, liver cancer, and prostate 
cancer all show overexpression of Neat1 [32]. On the 
other hand, pheochromocytoma, hematological 
malignancies, esophageal carcinomas, and breast 
cancer may exhibit underexpression [32]. Neat1 was 
markedly downregulated in oral cancer patients from 
the Taiwanese population [20]. However, Neat1 is 
upregulated in oral cancer tissue from patients in 
China, according to available literatures [33, 34]. 
Therefore, Neat1 expression varies significantly 
across different cancer types. In the current human 
tongue cancer investigation using the TCGA database, 
Neat1 expression was found to be higher in tumor 
tissues compared to normal tissues. Additionally, 
Neat1 expression levels were upregulated in patients 
with high-stage tumors. Interestingly, results from the 
TCGA database also revealed that Neat1 levels are 
associated with tumor metastasis. It has been reported 
that the rs3825071 variant may alter the local folding 
structures of Neat1 and reduce a binding site for 

hsa-miR-5092 in gastric cancer patients [35]. Whether 
the same regulatory mechanism occurs in tongue 
cancer requires further investigation. This lack of 
distinction might be attributed to the brief follow-up 
period and relatively small sample size. Further 
research is necessary, requiring an increase in both 
sample size and follow-up duration. Additionally, 
validating the current findings in an independent 
cohort comprising tongue cancer cases from Asian 
populations, as well as other cohorts available in 
open-access databases, is also necessary. 

The process by which the initial tumor spreads 
to different tissues or organs through the blood or 
lymphatic system is referred to as "tumor metastasis" 
[36]. Considering that inhibiting lymphangiogenesis 
might successfully prevent tumor growth and 
metastasis [37-39], it is critical to understand the 
complex process of metastasis. Numerous academic 
papers have established a connection between 
lymphangiogenesis and both tumor growth and 
metastasis [39-41]. Our results indicated that the Neat1 
SNP rs3825071, with the CT+TT heterozygote, 
significantly lowered the risk of lymph node 
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metastasis. Non-smoking tongue cancer patients with 
the SNP rs3825071 showed similar results, with an 
association to reduced lymph node metastasis. On the 
other hand, the interactions between the Neat1 SNPs 
rs512715 and rs2239895 and cigarette smoking were 
not statistically significant in lung cancer patients [42]. 
Cigarette smoke may influence Neat1 functions, 
resulting in the protective effects of Neat1 SNPs being 
observed in non-smoking but not in smoking tongue 
cancer patients.  

In conclusion, our examination demonstrates 
associations between Neat1 gene variants and clinical 
stage as well as lymph node metastasis in tongue 
cancer patients, particularly among Taiwanese males 
carrying the Neat1 rs3825071 polymorphism. 
Additionally, Neat1 mRNA levels are higher in tongue 
cancer patients compared to normal tissues. This 
study establishes a link between the 
clinicopathological features of tongue cancer patients 
and Neat1 polymorphisms. 
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