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Abstract 

Oral cancer is the fourth most prevalent cancer among Taiwanese men and the ninth most general cancer 
among men globally. Omentin-1, an adipokine, has been shown to play a protective role by reducing 
proinflammatory cytokine secretion. The relationships between carcinogenic lifestyle factors, OMNT1 
polymorphisms, and oral squamous cell carcinoma (OSCC) remain unclear. We investigated the impact 
of clinicopathological features and four OMNT1 gene variants on oral cancer risk in 406 Taiwanese male 
patients with the condition. Compared with the TT genotype, the TA+AA genotypes of SNP rs2274907 
were linked with an increased risk of advanced clinical stage (III+IV). In patients with OSCC who 
consumed betel quid and cigarette smoke, SNP rs2274907 was associated with a higher risk of advanced 
clinical stage (III+IV) and lymph node metastasis. Interestingly, the wild-type TT homozygous genotype 
was associated with significantly higher OMNT1 expression levels compared to the AA allele of variant 
rs2274907. Additionally, OMNT1 mRNA levels were lower in oral cancer tissues compared to normal 
tissues, indicating that omentin-1 acts as a negative regulator of oral cancer. 
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Introduction
Oral cancer is the fourth most prevalent cancer 

among Taiwanese men and the ninth most general 
cancer among men globally [1]. The disease is a global 
health concern since oral squamous cell carcinomas 
(OSCCs) account for over 90% of all oral cancer 
malignancies and are linked to high death, recurrence, 
and early metastasis rates [2]. Regular exposure to 
carcinogens including alcohol, tobacco, and betel nuts 
is one of the main risk factors for OSCC [3]. Regular 

chewers of betel nuts account for about 86% of 
Taiwanese patients with oral tumors [4]. However, 
the presence of the human papillomavirus is a risk 
element for OSCC, and the majority of OSCC linked to 
HPV is caused by the HPV 16 species [5, 6]. Genetic 
abnormalities brought on by disruptions in DNA 
repair, carcinogen metabolism, and cell cycle 
regulation are also linked to OSCC [7]. 
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Adipokines, such as adiponectin, leptin and 
apelin, have been shown in numerous studies to have 
regulatory effects on the development of cancer [8]. 
Omentin-1 is a recently documented adipokine with 
313 amino acids that is mostly produced in the small 
intestine and human omental and subcutaneous 
adipose tissue [9]. It has been demonstrated to 
provide a protective role in reducing 
proinflammatory cytokines secretion [10]. Omentin-1 
has been positively correlated with higher levels of 
anti-inflammatory cytokines, according to earlier 
experimental research [11, 12]. In cancer, serum 
omentin-1 concentrations are inversely associated 
with obesity, suggesting that omentin-1 may serve as 
a marker of tumor progression [13]. Furthermore, 
omentin-1 may function as a tumor-suppressor factor 
because renal cell carcinoma patients have been found 
to have reduced serum levels of omentin-1 [14]. 

A difference in a single nucleotide that takes 
place at a particular location in the genome is known 
as a single nucleotide polymorphism (SNP) [15]. SNP 
distribution frequency comparisons between patient 
populations are widely used to forecast the risk and 
prognosis of diseases, such as cancer [16, 17]. There is 
no information on the relationships between 
carcinogenic lifestyle variables and omentin-1 
(OMNT1) gene polymorphisms and OSCC. Therefore, 
this study examined how a cohort of Taiwanese mans' 
carcinogenic lifestyle variables and OMNT1 gene 
polymorphisms affected their likelihood of 
developing OSCC. Additionally, we looked at 
correlations between the OMNT1 genotypes and the 
histopathological prognostic variables (metastasis, 
tumor status, pathological stage, and lymph node 
metastasis) of OSCC. 

Materials and Methods 
Study participants 

    This study examined the impact of OMNT1 
variations on the development of OSCC by enrolling 
406 male patients with a diagnosis of buccal mucosal 
cancer and 1192 male controls without cancer who did 
not have a history of cancer or any oral precancerous 
symptoms. Carcinogenic lifestyle practices (for 
instance drinking alcohol, smoking cigarettes, and 
chewing betel nuts) and demographic information 
were documented. Those who had smoked at least 
one cigarette per day for the preceding three months 
were classified as daily smokers. People who 
averaged more than two alcoholic beverages each day 
were classified as alcohol consumers. The 2018 
American Joint Committee on Cancer (AJCC) Cancer 
Staging Manual (8th edition) was used to assess 
OSCC [18]. Tumor cell differentiation was assessed by 

a pathologist using the AJCC classification criteria. 
Every procedure used in the study with human 
subjects met the requirements of the Declaration of 
Helsinki. Each author read and approved the study 
after having access to the data. The study inquiry was 
approved by the Institutional Review Board of Chung 
Shan Medical University Hospital (IRB 
No.CS1-21151). Prior to being enrolled in the study, 
each subject gave written informed consent. 

Selection and genotyping of SNPs 
Based on earlier studies in systemic lupus 

erythematosus, the OMNT1 SNPs rs2274907, 
rs35779394, rs4656959, and rs79209815 were chosen 
[19]. The minor allele frequencies for every SNP were 
more than 5%. QIAamp DNA Blood Kits (Qiagen, CA, 
USA) were performed to extract genomic DNA from 3 
mL peripheral blood samples. The SNPs were 
subjected to allelic discrimination using previously 
outlined evaluation methods [20-22]. RT-qPCR 
experiments and RNA isolation were conducted in 
accordance with our previously published protocols 
[21, 23, 24]. 

Analysis of clinical dataset 
To choose oral cancer patients from The Cancer 

Genome Atlas (TCGA), we performed an extra 
analysis. In order to identify oral cancer patients 
whose OMNT1 gene expression was assessed in each 
tumor sample, OMNT1 levels in oral cancer samples 
obtained from TCGA were examined [17]. An 
extensive public resource for analyzing tissue-specific 
gene level and modulation is the GTEx portal 
(gtexportal.org/home/). It supplies quantitative trait 
loci (QTLs), histological images, and open-access gene 
expression data [25]. 

Statistical analysis 
The Fisher's exact test and the Mann-Whitney U 

test were used to examine the differences between the 
OSCC and control groups; p-values of less than 0.05 
were deemed statistically significant. Odds ratios 
(ORs) and their 95% CIs for correlations between 
genotype frequencies and OSCC risk were computed 
performing logistic regression. Age, chewing betel 
quid, smoking cigarettes, and drinking alcohol were 
all taken into account while adjusting the ORs. The 
Statistical Analytic System (SAS) software, version 9.1 
for Windows (SAS Institute Inc., CA, USA), was 
performed to analyze all of the collected data. 

Results 
This study examined the relationship between 

OMNT1 polymorphisms and the progression of oral 
carcinogenesis by enrolling 406 Taiwanese male 
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patients with mouth cancer and 1192 cancer-free 
persons. Clinical and demographic characteristics of 
both groups were assessed (Table 1). The groups did 
not differ in age in any noticeable way. Patients with 
OSCC were more likely to chew betel nuts, smoke 
cigarettes, and drink alcohol than controls. Nearly all 
patients were metastasis-free, and 45.1% of patients 
had clinical stage I/II OSCC and 54.9% had clinical 
stage III/IV disease according to the AJCC TNM 
classification and staging system. The proportions of 
patients classified as T1+T2 or T3+T4 status were 
similar, and 68.5% had N0 lymph node status and 
31.5% had N1+N2+N3 status. 82.8% of patients had 
OSCC that was moderately or poorly differentiated, 
while 17.2% had well-differentiated OSCC. 

 

Table 1. The distributions of demographical characteristics in 
1192 controls and 406   male patients with buccal mucosa cancer. 

Variable Controls (N=1192) Patients (N=406) p value 
Age (yrs)     
< 60 775 (65.0%) 253 (62.3%) p = 0.326 
≥ 60 417 (35.0%) 153 (37.7%)  
Betel quid chewing    
No 995 (83.5%) 134 (33.0%)  
Yes 197 (16.5%) 272 (67.0%) p < 0.001* 
Cigarette smoking     
No 558 (46.8%) 80 (19.7%)  
Yes 634 (53.2%) 326 (80.3%) p < 0.001* 
Alcohol drinking    
No 955 (80.1%) 253 (62.3%)  
Yes 237 (19.9%) 153 (37.7%) p < 0.001* 
Stage    
I+II  183 (45.1%)  
III+IV  223 (54.9%)  
Tumor T status    
T1+T2  209 (51.5%)  
T3+T4  197 (48.5%)  
Lymph node status    
N0  278 (68.5%)  
N1+N2+N3  128 (31.5%)  
Metastasis    
M0  404 (99.5%)  
M1  2 (0.5%)  
Cell differentiation    
Well differentiated  70 (17.2%)  
Moderately or poorly 
differentiated 

 336 (82.8%)  

* p value < 0.05 as statistically significant. 
 
 
Table 2 displays the genotyping results for the 

four OMNT1 SNPs in the patients and controls. After 
adjusting for cigarette smoking, alcohol intake, and 
chewing betel quid, none of the genotypes for the four 
OMNT1 SNPs in the different groups displayed 
meaningful correlations (Table 2). 

We then looked at how OMNT1 gene 
polymorphisms affected the clinicopathologic traits of 

oral cancer patients. The TA+AA heterozygous 
genotypes were linked to a markedly greater risk of 
clinical stage III+IV when compared to the TT 
genotype at rs2274907 (OR, 1.546; 95% CI, 1.041–2.296; 
p<0.05) (Table 3). 

In the subgroup analysis, the TA+AA genotypes 
of SNP rs2274907 were associated with a higher risk of 
clinical stage III+IV (OR, 1.666; 95% CI, 1.025–2.707; 
p<0.05) and lymph node metastasis (OR, 1.772; 95% 
CI, 1.046–3.002; p<0.05) in betel quid chewers (Table 
4). In addition, the TA+AA heterozygote was linked 
to a higher risk of clinical stage III+IV (OR 1.667; 95% 
CI, 1.072-2.591; p<0.05) and lymph node metastasis 
(OR 1.625; 95% CI, 1.004-2.632; p<0.05) in smoking 
OSCC patients with the SNP rs2274907 than the TT 
wild-type (Table 5). 

According to the GTEx data, patients with the 
wild-type TT homozygous genotype had 
considerably higher levels of OMNT1 than those with 
the AA allele of variant rs2274907 (p<0.05; Fig. 1). 
Next, we examined OMNT1 mRNA levels and tumor 
stage in patients with oral cancer using the TCGA 
database. It was discovered that tumor tissues have 
less OMNT1 expression than normal tissues (Fig. 
2A&B). individuals with high-stage tumors (T3) had 
considerably lower levels of OMNT1 expression 
within their tumor tissues than individuals with 
low-stage tumors (T1) (Fig. 2C). 

Discussion 
Over 90% of oral cancers are OSCC [26], and 

while early examination and remedy of OSCC have 
greatly improved due to medical advancements, the 
overall 5-year survival rate is only about 50% [27]. The 
degree of illness at presentation, if the patient has 
clinically palpable lymph nodes, and histological 
findings are all significant predictors of outcome [28, 
29]. Carcinogenic lifestyle choices (for instance 
drinking alcohol, smoking tobacco, and chewing betel 
nuts) have an impact on the development of OSCC. 
Malnutrition reduces quality of life and raises the risk 
of postoperative complications, infection, and death 
rate, according to research published in the INSCOC 
database [30]. Therefore, it is important to take into 
account the relationship between nutritional status 
and remedy outcomes in OSCC patients. All three of 
these factors may contribute to the development of 
OSCC, according to our findings. Recent research on 
the relationships between gene polymorphisms and 
the incidence and prognosis of mouth cancer has 
confirmed this conclusion [31-33]. Additionally, 
carcinogenic lifestyle variables specifically cause 
epigenetic alterations that raise the incidence of oral 
tumors [34, 35]. 
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Table 2. Odds ratio (OR) and 95% confidence interval (CI) of buccal mucosa cancer associated with OMNT1 genotypic frequencies.  

Variable Controls (N=1192) (%) Patients (N=406) (%) AOR (95% CI) p value 

rs2274907     
TT 554 (46.5%) 178 (43.8%) 1.000 (reference)  
TA 513 (43.0%) 196 (48.3%) 1.276 (0.974-1.673) p=0.077 
AA 125 (10.5%) 32 (7.9%) 0.789 (0.489-1.272) p=0.330 

TA+AA 638 (53.5%) 228 (56.2%) 1.085 (0.953-1.235) p=0.220 
rs35779394     
TT 912 (76.5%) 318 (78.3%) 1.000 (reference)  
TC 255 (21.4%) 86 (21.2%) 1.071 (0.782-1.468) p=0.669 
CC 25 (2.1%) 2 (0.5%) 0.330 (0.071-1.539) p=0.158 
TC+CC 280 (23.5%) 88 (21.7%) 1.007 (0.862-1.175) p=0.931 
rs4656959     
AA 566 (47.5%) 175 (43.1%) 1.000 (reference)  
AG 503 (42.2%) 202 (49.8%) 1.295 (0.985-1.865) p=0.069 
GG 123 (10.3%) 29 (7.1%) 0.800 (0.488-1.310) p=0.375 
AG+GG 626 (52.5%) 231 (56.9%) 1.125 (0.988-1.281) p=0.076 

rs79209815     
TT 1012 (85.0%) 355 (87.4%) 1.000 (reference)  
TC 168 (14.1%) 50 (12.3%) 0.891 (0.606-1.309) p=0.556 
CC 11 (0.9%) 1 (0.2%) 0.419 (0.048-3.679) p=0.432 
TC+CC 179 (15.0%) 51 (12.6%) 0.932 (0.771-1.126) p=0.464 

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. 

 

Table 3. Odds ratio (OR) and 95% confidence intervals (CI) of clinical statuses associated with genotypic frequencies of OMNT1 
rs2274907 in 406 male buccal mucosa cancer patients. 

Variable TT 
(N=178) 

TA+AA 
(N=228) 

OR (95% CI) p value 
 

Clinical Stage     
Stage I+II 91 (51.1%) 92 (40.4%) 1.000 (reference) p=0.030* 
Stage III+IV 87 (48.9%) 136 (59.6%) 1.546 (1.041-2.296)  
Tumor size     
≦ T2 97 (54.5%) 112 (49.1%) 1.000 (reference) p=0.283 
> T2 81 (45.5%) 116 (50.9%) 1.240 (0.837-1.837)  
Lymph node metastasis     
No 130 (73.0%) 148 (64.9%) 1.000 (reference) p=0.081 
Yes 48 (27.0%) 80 (35.1%) 1.464 (0.954-2.247)  
Metastasis     
M0 178 (100.0%) 226 (99.1%) 1.000 (reference) --- 
M1 0 (0.0%) 2 (0.9%) ---  
Cell differentiated grade     
Well 27 (15.2%) 43 (18.9%) 1.000 (reference) p=0.329 
Moderate or poor 151 (84.8%) 185 (81.1%) 0.769 (0.454-1.303)  

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

 
Adipokines, a distinct bioactive peptide secreted 

by adipose tissues, are involved in many bodily 
functions [36]. In order to ascertain how adipose 
tissue contributes to the development of inflammation 
and carcinogens, numerous researchers have been 
studying this topic for the past 20 years [37]. The 34 
KD peptide known as omentin-1 has 
anti-inflammatory and anti-insulin resistance 
properties [38]. Omentin-1 has recently been shown to 
play a crucial function in cell differentiation and 
accelerating cancer cell death [39]. Numerous related 

research discovered that the circulation 
concentrations of omentin-1 in patients with 
colorectal and renal cell carcinoma varied, indicating 
that omentin-1 may have a role in the progression of 
cancer [40]. On the other hand, little research has been 
done on omentin-1 and oral cancer. In order to 
compare the allelic distributions of four OMNT1 gene 
polymorphisms between OSCC patients and healthy, 
cancer-free participants, we conducted this study. We 
discovered that patients with the TA+AA genotype of 
SNP rs2274907 had a higher chance of developing 
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advanced clinical stage (III+IV) than those with the TT 
genotype. According to our analysis of smokers and 
betel quid usage, study participants with the TA+AA 
genotype at rs2274907 had a substantially higher 
chance of developing advanced clinical stage (III+IV) 
than those with the wild-type TT allele. Interestingly, 
GTEx data revealed that the wild-type TT 
homozygous genotype was associated with 
significantly higher OMNT1 expression levels 
compared to the AA allele of variant rs2274907. The 
TGGA database confirmed consistent findings, 
showing that tumor tissues exhibit lower omentin-1 
expression than normal tissues, and high-stage 
tumors have lower omentin-1 expression levels 
compared to low-stage tumors. Thus, omentin-1 may 
act as a negative regulator of oral cancer. 

"Tumor metastasis" is the term used to describe 
the process by which the original tumor spreads via 
the blood or lymphatic system to other tissues or 
organs [41]. It is crucial to comprehend the intricate 
process of metastasis since blocking lymphangio-

genesis may effectively stop tumor growth and 
metastasis [42-44]. Lymphangiogenesis has been 
associated to tumor growth and metastasis in a 
number of scholarly publications [44-46]. According 
to our findings, betel quid chewers who have the 
TA+AA heterozygote and the OMNT1 SNP rs2274907 
are at an increased risk. Similar outcomes were found 
in smoking patients with oral cancer who had the SNP 
rs2274907, which was linked to increased lymph node 
metastases. Omentin-1 function may be influenced by 
betel quid and cigarette smoke, which may explain 
why OMNT1 SNPs are associated with more 
aggressive effects in betel quid and cigarette smoke 
consumers but not in non-betel quid, non-smoking 
OSCC patients. The limitations of the current study 
should be mentioned, the further investigation is 
needed, necessitating a larger sample size and longer 
follow-up period. Moreover, it is essential to validate 
the current findings in an independent cohort of 
OSCC cases from Taiwanese populations, as well as 
other cohorts available in open-access databases. 

 

Table 4. Clinical statuses and genotypic frequencies of OMNT1 rs2274907 in 406 buccal mucosa cancer patients who are betel quid 
chewers or not betel quid chewers. 

 Non-Betel Quid Chewers (N=134) Betel Quid Chewers (N=272) 
Variable TT (N=60) TA+AA (N=74) OR (95% CI) p value TT (N=118) TA+AA (N=154) OR (95% CI) p value 

Clinical Stage         
Stage I+II 31 (51.7%) 33 (44.6%) 1.000 (reference) 0.451 60 (50.8%) 59 (38.3%) 1.000 (reference) 0.039* 
Stage III+IV 29 (48.3%) 41 (55.4%) 1.328 (0.671-2.629)  58 (49.2%) 95 (61.3%) 1.666 (1.025-2.707)  
Tumor size         
≦ T2 34 (56.7%) 40 (54.1%) 1.000 (reference) 0.762 63 (53.4%) 72 (46.8%) 1.000 (reference) 0.278 

> T2 26 (43.3%) 34 (45.9%) 1.112 (0.560-2.206)  55 (46.6%) 82 (53.2%) 1.305 (0.807-2.110)  
Lymph node metastasis         
No 42 (70.0%) 52 (70.3%) 1.000 (reference) 0.973 88 (74.6%) 96 (62.3%) 1.000 (reference) 0.032* 
Yes 18 (30.0%) 22 (29.7%) 0.987 (0.469-2.077)  30 (25.4%) 58 (37.7%) 1.772 (1.046-3.002)  
Cell differentiation         
Well 4 (6.7%) 9 (12.2%) 1.000 (reference) 0.285 23 (19.5%) 34 (22.1%) 1.000 (reference) 0.603 
Moderate or poor 56 (93.3%) 65 (87.8%) 0.516 (0.151-1.766)  95 (80.5%) 120 (77.9%) 0.854 (0.472-1.547)  

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

 

Table 5. Clinical statuses and genotypic frequencies of OMNT1 rs2274907 in 406 buccal mucosa cancer patients who are smoker and 
non-smokers. 

 Non-smoker (N=80) Smoker (N=326) 
Variable TT (N=32) TA+AA (N=48) OR (95% CI) p value TT (N=146) TA+AA (N=180) OR (95% CI) p value 

Clinical Stage         
Stage I+II 15 (46.9%) 21 (43.8%) 1.000 (reference) 0.783 76 (52.1%) 71 (39.4%) 1.000 (reference) 0.023* 
Stage III+IV 17 (53.1%) 27 (56.3%) 1.134 (0.462-2.786)  70 (47.9%) 109 (60.6%) 1.667 (1.072-2.591)  
Tumor size         
≦ T2 16 (50.0%) 22 (45.8%) 1.000 (reference) 0.715 81 (55.5%) 90 (50.0%) 1.000 (reference) 0.325 

> T2 16 (50.0%) 26 (54.2%) 1.182 (0.482-2.895)  65 (44.5%) 90 (50.0%) 1.246 (0.804-1.931)  
Lymph node metastasis         
No 21 (65.6%) 32 (66.7%) 1.000 (reference) 0.923 109 (74.7%) 116 (64.4%) 1.000 (reference) 0.047* 
Yes 11 (34.4%) 16 (33.3%) 0.955 (0.371-2.455)  37 (25.3%) 64 (35.6%) 1.625 (1.004-2.632)  
Cell differentiation         
Well 3 (6.2%) 8 (16.7%) 1.000 (reference) 0.168 25 (17.1%) 35 (19.4%) 1.000 (reference) 0.591 
Moderate or poor 30 (93.8%) 40 (83.3%) 0.333 (0.066-1.685)  121 (82.9%) 145 (80.6%) 0.856 (0.485-1.509)  

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 OMNT1 presents a significant eQTL association with rs2274907 genotypes in mucosa and whole blood from GTEx database. 

 
Figure 2. The OMNT1 mRNA level of oral cancer patients from TCGA database. (A) The omentin-1 levels are lowered in oral cancer patient tissues compared to normal tissues 
from TCGA database. (B) The paired dot plot indicates that omentin-1 expression was lower in tumor tissues compared to paired normal tissues. (C) Omentin-1 expression 
levels in oral cancer patients from TCGA database were compared according to the clinical T stage. 

 
In conclusion, our investigation reveals 

associations between OMNT1 gene variants and 
advanced clinical stage and lymph node metastasis in 
OSCC patients. Compared with the TT genotype, the 
TA+AA genotypes of SNP rs2274907 were associated 
with an increased risk of progressing advanced 
clinical stage (III+IV). The wild-type TT homozygous 
genotype was associated with significantly higher 
OMNT1 expression levels compared to the AA allele 
of variant rs2274907. Additionally, OMNT1 mRNA 
levels were lower in oral cancer tissues compared to 
normal tissues, suggesting that omentin-1 acts as a 
negative regulator of oral cancer. 
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