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Abstract

Purpose: This study aimed to construct a model which consisted of miRNAs and individual risk factors to accurately clas-
sify esophageal cancer (EC) patients in early-stage from the advanced stage ones.

Methods: miRNAs of differential expression (DE-miRNAs) were analyzed between EC cancerous and para-cancerous 
tissues. The prognosis value of these miRNAs was investigated by Kaplan-Meier (KM) survival curves. The prognosis miR-
NAs and personal factors were selected by the least absolute shrinkage and selection operator (LASSO) logistic regres-
sion to build the classifier. The support vector machine (SVM) algorithm verified and evaluated the classifier’s accuracy 
and reliability. Furthermore, the nomogram model was established based on those factors for predicting the stage status of 
EC and was assessed using Harrell’s concordance index (C-index), the area under the time-dependent receiver operating 
characteristics curve (ROC-AUC), decision curve analysis (DCA), and calibration curve.

Results: Among 23 DE-miRNAs between the cancerous (n =111) and para-cancerous samples (n = 9), 18 were progno-
sis-related. hsa-let-7g-5p, hsa-miR-452-5p, hsa-miR-92b-5p, hsa-miR-139-3p, gender, M status, N status, T status, and 
postoperative radiation which were identified by LASSO. The results of SVM showed that the classifier which consisted 
of these 9 factors could classify the early and advanced stage of EC patients precisely and exhibit satisfied classification 
value with favorable reliability. These 9 factors were entered into the nomogram which had favorable discrimination, clinical 
usage, and calibration. hsa-let-7g-5p was the most significant one for predicting the probability of early stage, followed by 
N status, T status, M status, and hsa-miR-139-3p.

Conclusion: We established and validated a model to discriminate the EC patients from early-stage to late-stage for di-
agnosing.
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Introduction

Esophageal cancer (EC) which has 604,000 new cases and 
544,000 deaths, ranked in 7th place for incidence and was 
the sixth leading cause in 2020(1). The 5-year survival rates 

of esophageal cancer patients are still unfavorable, ranging 
from 15 % to 20% [1-4]. The EC patients always diagnosed 
in their advanced stages which are caused by the histolog-
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ic, molecular, and etiological heterogeneity are inherently 
resistant to systemic therapy. However, survival outcome 
improves and mortality decreases significantly, for the EC 
patients if they are diagnosed at the early stage[5, 6]. 
microRNA (miRNA) is one type of RNA which without coding 
function and single-stranded RNA molecule[7, 8]. In eukary-
otes, miRNAs played an essential role in various biological 
processes. Besides that, their abnormal expressions inten-
sify tumor malignancy, such as tumor differentiation, prolif-
eration, metastasis, and apoptosis[9-12]. Many efforts have 
been made to explore the relationship of the expression of 
miRNAs with the prognosis of EC, such as miR-10b-3p, miR-
30a-3p/5p, and miR-515-3p[13-15], as well as with the bi-
ological function and related genetic pathways, etc., which 
provide the evidence for treating and diagnosis EC as a 
useful target. However, most of them were studied as the 
only miRNA, and were not reproducible by other research-
ers. That’s maybe the reason they could not eventually be 
applied to large-scale population screening of cancers. In the 
present study, we study a group of miRNA network, demo-
graphic, and clinical data to separate the two stages of EC 
patients: early stage versus advanced stage. Based on the 
data of EC patients downloaded from The Cancer Genome 
Atlas (TCGA) database, the prognosis-related miRNAs and 
personal factors were selected by LASSO regression to build 
the classifier, SVM algorithm was applied to verify the clas-
sification effect of the model. Furthermore, the nomogram 
which focuses on every factor entered into it was established 
to predict the probability of patients in the early stage. Finally, 
Gene Ontology (GO), and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) analyses were used on these genes to 
further penetrate the molecular mechanisms of EC detection.

Methods

Data Source and Preparation
Differentially expressed (DE) miRNA analysis was performed 

based on the portal miRNA expression data of cancerous 
tissues and para-cancerous tissues downloaded from The 
Cancer Genome Atlas (TCGA) data portal (https://portal-
gdc-cancer-gov/) using the “limma” package in R 4.1.2. 
Then, the DE-miRNAs were analyzed the prognosis value 
by Kaplan-Meier (KM) survival method. Subsequently, LAS-
SO regression was performed to select variables among 
those miRNAs and the corresponding personal information 
(https://tcga-xenahubs-net/download) by using the “glmnet” 
package in R 4.1.2. The SVM model was applied to veri-
fy and evaluate the performance of those factors to classify 
the patients from early stage to advanced ones by using the 
“e1071” package. The function of this classifier was evaluat-
ed by C-index, ROC curve, sensitivity, specificity, PPV, NPV, 
accuracy, and kappa. Finally, the miRNA signatures and per-
sonal factors were entered into the nomogram model which 
focuses on the contribution of every factor to predict the 
probability of early stage of EC. The accuracy, clinical usage, 
and calibration for the present model were assessed using 
C-index, ROC curve, DCA, and calibration curve. 
Statistical Analysis
The statistical analysis was performed by R software (ver-
sion 4.1.2). p < 0.05 was regarded as statistically significant. 

Results

Identification of DE and prognosis related miRNAs
When the screening criteria as p < 0.05 and |log2 (FC)| >1, 
23 DE-miRNAs (including 7 upregulated and 16 downreg-
ulated) between the EC cancerous group and the control 
group were identified among the total of 2001 miRNAs. The 
heatmap and volcano plot of the DE-miRNAs are shown in 
Figure1A,B. 18 miRNAs were prognosis-related for the EC 
patients (p < 0.05; Figure1C).



Int. J. Genet. Genom. Sci. Vol. 4 Iss. 1 (008) Page-03

Shufeng Bi,

Figure 1: Identification of DE and prognosis related miRNAs in Esophageal cancer. 
(A) The heatmap of 24 potential DEs. 
(B) The volcano plot of differentially expressed miRNAs (DEs) in esophageal cancer from the TCGA dataset. The red dots and blue 
dots represent upregulated DEs and downregulated DEs with significance (adjusted p-value < 0.05 and |log2 (FC)| > 1), respectively. 
The grey dots are those DEs without significance.
(C) Forest plot of K-M analysis for prognostic related miRNAs. The maroon squares on the line represent the hazard ratio (HR) and the 
line represents the 95% confidence interval (CI).

Construction of classifier by LASSO method
LASSO regression was applied to select the most effective variables from 18 miRNAs, demographic, and clinical data to 
construct a discriminator for stage status. hsa-let-7g-5p, hsa-miR-452-5p, hsa-miR-92b-5p, hsa-miR-139-3p, gender, M 
status, N status, T status, and postoperative radiation were selected by LASSO regression, which is shown in Figure 2A, 
B. The AUC of the LASSO algorithm was 0.970 (Figure 2C).

Figure 2: 

(A) The vertical dashed lines were calculated at the best log (lambda) value and (B) Lasso coefficient values.  
(C) ROC curves to evaluate the discrimination of EC patients between early and advanced stages by LASSO regression.

Verification and evaluation of the classifier by SVM algorithm
As shown in Fig 3A, the classifier which consisted by these 9 factors could discriminate early-stage patients from late-
stage exactly. Moreover, the classifier reach an AUC value of 0.981(Fig 3B), and the sensitivity, specificity, PPV, NPV, 
accuracy, and kappa were 0.983, 0.979, 0.983, 0.978, 0.981, and 0.962 respectively. These results illustrated that the 
model based on these factors could classify the early stage and advanced stage of EC patients accurately and reliably.
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Figure 3: 
(A) SVM classification plot. Red “#” represents EC patients in the advanced stage and Black “#” represents EC patients in the early 
stage. 
(B) ROC curves to evaluate the discrimination of EC patients between early and advanced stages by the SVM algorithm

Establishment and validation of the nomogram
The 9 factors were finally entered into the present nomogram. Among these factors, hsa-let-7g-5p was the most significant 
one for predicting the probability of patients in early stage, followed by N status, T status, M status, and hsa-miR-139-3p. 
All the results are shown in Fig 4A.
The discrimination of the nomogram was evaluated using C-index and ROC-related AUC. In the training and validation 
cohort, C-index were 0.960 and 0.991 respectively, and for the ROC-AUC, it were 0.970 and 1.000 (Table 1).

Index                     Training cohort                      Validation cohort
Estimate 95%CI Estimate 95%CI

ROC-AUC 0.970 0.957-0.983 1.000 0.981-1.019
C-index 0.960 0.942-0.978 0.991 0.971-1.011

Table 1: The validation of the nomogram by ROC-AUC and C-index

The calibration curves showed that the predicted probability matched the observed ones in both training and validation 
groups each other consistently (Fig 4B, C).
The clinical validity of the nomogram was valued by the DCA, as shown in Fig 4 D, E the nomogram achieved favorable 
net clinical benefits across a wide range of threshold probabilities in both the training cohort and the validation cohort.

Figure 4: 
(A) Nomogram to predict the probability of early stage for EC patients. After taking values for these 9 factors, the total score is calculated, 
and the corresponding risk probability of the early stage is obtained according to the total points. miRNAs: 1=High expression, 0=Low 
expression; post-radiation: 0=without radiation therapy, 1= had radiation after surgery; gender: 1= male, 2=female; T stage: 1-4=T1-T4; 
N stage: 0-3= N0-N3; M stage: 0-1=M0-M1. To apply the nomogram, the score for the female patients with upregulated expressed miR-
let-7g-5p, miR-92b-5p, miR-139-3p, and downregulated miR-452-5p, at T1N0M0 stage, and received postoperative radiation was 300 
points and the probability of being early stage was over 99%. 
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(B) The calibration curve in the training cohort, and in the validation cohort(C). The red solid line indicates a coincidence between the 
actual and predicted probabilities without bias correcting, the green dot line indicates the coincidence with bias correcting, the blue solid 
line indicates the coincidence in ideal situation. 
(D)The decision curve in the training cohort, in the validation cohort (E). The x-axis represents the threshold probability and the benefit 
ratio, and the y-axis represents the standardized net benefit. The horizontal black line indicates that no patient has an extreme condition

GO and KEGG Analysis
Using miRDB, miRWalk, and TargetScan to predict the target genes and taking the intersection to obtain the common ones 
through the website of 
http://bioinformatics.psb.ugent.be/webtools/Venn/ (Table 2).

miRNA Target genes
hsa-
let-7g-
5p

KLHL13 AEN SLC10A7 HIC2 MAP3K3 SCYL3 COL1A1 KCNC1 NAT8L CCNY

hsa-
miR-
92b-5p

CNTN2 ZDH-
HC22

KLRG1 ZDHHC3 TMEM150C RHPN2 IMPDH1 CSMD1 VCL AT-
P10B

hsa-
miR-
139-3p

F8A1 MMP16 CD177 KRTAP5 GRIN3A ARHG-
DIB

COX16 SDC3 SLC44A4 STAG2

Table 2: Target gene analysis of miRNAs in prediction model

According to the KEGG, the top3 pathways for the target genes were the Hypertrophic cardiomyopathy, Hippo signaling 
pathway, and Th17 cell differentiation (Figure 5A). From the GO analysis, they were involved in calcium ion transmembrane 
transport, trans-differentiation, positive regulation of JNK cascade, and positive regulation of JUN kinase activity (Figure 
5B).

Figure 5:

(A) Biological process enrichment analysis of candidate target genes. 
(B) KEGG pathway analysis was performed for the candidate target genes



Int. J. Genet. Genom. Sci. Vol. 4 Iss. 1 (008) Page-06

Shufeng Bi,

Discussion

Even if early diagnosis of EC is clinically crucial, it cannot be 
ignored that it is technically difficult. The reason for that is 
the patients always exhibit no symptoms till in their advanced 
stages. Low sensitivity and specificity of traditional detection 
biomarkers (e.g., CEA and P53-Ab) in the diagnosis process 
of cancer, may cause missed and delayed diagnosis[16, 17]. 
Recently, studies showed that under various storage condi-
tions miRNAs are stable and resistant to degradation[18-21], 
which made them good candidates for diagnosis and treat-
ment biomarkers[22-25]. 
There was a study about making the miRNAs as diagno-
sis markers for ESCC patients[26]. This study had a large 
sample size and the evaluated index was favorable. In that 
study, the greedy algorithm was used to establish a diag-
nostic model, and then the diagnostic ability was evaluated 
by the receiver operating characteristic curve. In this study, 
there was no other algorithm was used to verify and evaluate 
the whole model. Besides that, there were no personal fac-
tors except miRNAs considered in the model, such as clinical 
factors, and demographic factors. 
The miRNA expression data of EC tumor samples and pa-
ra-cancerous samples from TCGA was used to identify DEs 
and the prognostic ones. 18 miRNAs among 24 DE-miRNAs 
that had the prognosis value which were found by the K-M 
method. Then, the LASSO regression analysis to eliminate 
multicollinearity selected 9 miRNAs and 5 personal factors 
into the classifier model. SVM algorithm showed that the 
model can be used to separate the patents of the early stage 
from advanced one with favorable accuracy and reliability, as 
evidenced by values of C-index, AU-ROC, sensitivity, spec-
ificity, PPV, and NPV. Moreover, a qualified nomogram that 
not only be used to evaluate the whole model but consider 
the contribution of every factor in the meantime, was estab-
lished and validated. From the results of the validation index, 
as can be seen, the nomogram had good discrimination, 
clinical usage, and calibration capabilities. hsa-let-7g-5p was 
the most significant factor for predicting the probability of pa-
tients in the early stage, then were the N status, T status, 
hsa-miR-139-3p, and M status.
hsa-miR-let-7g-5p plays an essential role in Alzheimer Dis-
ease and cognitive impairment[27-31]. It’s worth noting that 
myopathy and chronic adipose inflammation are caused 
through hsa-miR-let-7g-5p triggering the chronic inflamma-
tion in elderly patients who have diabetes mellitus[32-34]. 
hsa-miR-139-3p is observed to be down-regulated in cervical 
cancer and HPV-16-positive head and neck cancer[35]. For 
head and neck cancer patients who had high expression of 
hsa-miR-139-3p would have improved OS as well. Up-regu-
lated hsa-miR-139-3p can significantly inhibit the migration, 
invasion, proliferation, and growth of xenograft and cervical 
cancer HeLa cells and played as new intervention targets 
for cervical cancer treatment [36]. Besides that, it was a key 

miRNA related to renal cell carcinoma, breast carcinoma, 
ovarian carcinoma, hepatocellular carcinoma [37-42]. Sever-
al studies were about hsa-miR-92b-5p may serve as a mark-
er for cardiovascular diseases and Heart Failure[43-45].
N stage, T stage, M stage, gender, and postoperative radia-
tion were also found to affect the predicted probabilities. The 
probability of early stage for patients would decrease accom-
panied by the increasing level of N, T, and M stage. Gender 
is the only demographic factor that entered into the nomo-
gram. Male acted as a negative factor for the probability of 
early stage which means compare to females, the male EC 
patient is the one who had more probability to have a poor-
er outcome. The unfavorable survival time of males might 
be largely contributed by their unhealthy behaviors such as 
smoking, and alcohol abuse. The patients who had radia-
tion after surgery compared to the ones who did not receive 
radiation therapy at all had more chances without disease 
prognosis. As the study by Zhang Y and Fu C, etc. pointed 
out that adjuvant radiotherapy followed surgery prevents re-
currence of the early stage of EC patients, and achieves an 
excellent response rate, favorable survival for EC patients in 
the advanced stage [46, 47].
To explore the functional roles of the 4 miRNA signatures in 
EC, we predict the target genes of miRNAs and analyze the 
signaling pathways as well as possible biological processes 
which were involved in these target genes. Results showed 
that the 4 miRNAs might be functionally related to the Hip-
po signaling pathway, Th17 cell differentiation, and several 
cellular biological responses to RLC. Several studies veri-
fied that tumorigenesis of esophageal was contributed to ab-
normal activation of Hippo signaling pathway [48-51]. Th17 
cells may serve as the positive role on anti-EC immunity. It 
is  characterized as IL-17 producing CD4+ T cells that also 
produce IL-21, IL-22, and IL-26[52-55] which are involved in 
the regulation of inflammation, cell growth, metabolism, and 
a variety of other physiological functions that play an import-
ant role in EC progression[56-59] might explain its function 
on antitumor immunity. The RLC which is associated with 
miRNAs display cell-independent capacity to process pre-
cursor microRNAs (pre-miRNAs) into mature miRNAs[60]. 
Nevertheless, cell functional research is needed to confirm 
the findings of our study.
Our study has several limitations 
An external validation cohort for patients with EC was not 
available in the present study. Although the personal factors, 
such as demographic and clinical ones were analyzed, the 
other known risk factors for EC, e.g., smoking and drinking 
habits, were not provided in the data of the present study. 
Therefore, multicenter clinical validation is needed to evalu-
ate the external utility of this model. 

Conclusion
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In summary, our study established and validated a model 
consisting of a group of miRNA signatures and personal fac-
tors to classify the early stage and the late stage of EC pa-
tients. Several biological processes and signaling pathways 
are unveiled to show that these miRNAs may participate in 
various molecular mechanisms of EC.
 
Funding

There was no funding from the public, commercial, or not-
for-profit sectors for the present study.

Acknowledgments

The authors would like to express our gratitude to Haili Jin 
for making the language more fluent and Yumao Cai for as-
sistance with data analysis and comments that improved the 
manuscript substantially.
Declaration of Competing Interest
The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have 
appeared to influence the work reported in this paper.
Availability of data and material

The datasets generated and/or analyzed during the current 
study are available in the [TCGA], [https://www.cancer.gov/
aboutnci/organization/ccg/research/structural-genomics/
tcga].

References

1.	 Boonstra, Jurjen J., Winand NM Dinjens, Hugo W. Tilanus, and 
Linetta B. Koppert. “Molecular biological challenges in he treat-
ment of esophageal adenocarcinoma.” Expert Review of Gas-
troenterology & Hepatology 1, no. 2 (2007): 275-286.

2.	 Saxena, Reshu, Alena Klochkova, Mary Grace Murray, Mo-
hammad Faujul Kabir, Safiyah Samad, Tyler Beccari, Julie 
Gang, Kishan Patel, Kathryn E. Hamilton, and Kelly A. Whel-
an. “Roles for autophagy in esophageal carcinogenesis: impli-
cations for improving patient outcomes.” Cancers 11, no. 11 
(2019): 1697.

3.	 Hou, Haifeng, Zixiu Meng, Xuan Zhao, Guoyong Ding, Ming 
Sun, Wei Wang, and Youxin Wang. “Survival of esophageal 
cancer in China: a pooled analysis on hospital-based studies 
from 2000 to 2018.” Frontiers in oncology 9 (2019): 548.

4.	 Le Bras, Gregoire F., Muhammad H. Farooq, Gary W. Falk, 
and Claudia D. Andl. “Esophageal cancer: the latest on che-
moprevention and state of the art therapies.” Pharmacological 
research 113 (2016): 236-244.

5.	 Yang, Hang, and Bing Hu. “Recent advances in early esoph-
ageal cancer: diagnosis and treatment based on endoscopy.” 
Postgraduate Medicine 133, no. 6 (2021): 665-673.

6.	 Fujisawa, Rina, Hitoshi Shibuya, Naoki Harata, Keiko Yua-
sa-Nakagawa, Kazuma Toda, and Keiji Hayashi. “Chronolog-
ical shifts and changing causes of death after radiotherapy for 
early-stage oral cancer.” International journal of clinical oncol-
ogy 19 (2014): 24-29.

7.	 Chen, Nanzheng, Guangjian Zhang, Junke Fu, and Qifei Wu. 
“Identification of key modules and hub genes involved in esoph-
ageal squamous cell carcinoma tumorigenesis using WCGNA.” 
Cancer Control 27, no. 1 (2020): 1073274820978817.

8.	 Chen, Liang, Liisa Heikkinen, Changliang Wang, Yang Yang, 
Huiyan Sun, and Garry Wong. “Trends in the development of 
miRNA bioinformatics tools.” Briefings in bioinformatics 20, no. 
5 (2019): 1836-1852.

9.	 Huang, Jianbing, Jiagen Li, Yuan Li, Zhiliang Lu, Yun Che, 
Shuangshuang Mao, Yuanyuan Lei et al. “Interferon-inducible 
lncRNA IRF1-AS represses esophageal squamous cell carci-
noma by promoting interferon response.” Cancer Letters 459 
(2019): 86-99.

10.	 Shen, Jiang-Feng, Jin-Feng Ge, Shi-Ying Zheng, and Dong Ji-
ang. “Integrative analysis of differential circular RNA and long 
non-coding RNA profiles and associated competing endoge-
nous RNA networks in esophageal squamous cell carcinoma.” 
Functional & Integrative Genomics 21 (2021): 125-138.

11.	 Lin, Shuibin, and Richard I. Gregory. “MicroRNA biogenesis 
pathways in cancer.” Nature reviews cancer 15, no. 6 (2015): 
321-333.

12.	 Chawla, Jatinder Pal Singh, Nageshwar Iyer, Kanwaldeep 
Singh Soodan, Atul Sharma, Sunpreet Kaur Khurana, and Pra-
tiksha Priyadarshni. “Role of miRNA in cancer diagnosis, prog-
nosis, therapy and regulation of its expression by Epstein–Barr 
virus and human papillomaviruses: with special reference to 
oral cancer.” Oral Oncology 51, no. 8 (2015): 731-737.

13.	 Lu, Yi-fang, Jia-rui Yu, Zhao Yang, Guan-xia Zhu, Peng Gao, 
Huan Wang, Si-yuan Chen et al. “Promoter hypomethylation 
mediated upregulation of MicroRNA-10b-3p targets FOXO3 to 
promote the progression of esophageal squamous cell carci-
noma (ESCC).” Journal of Experimental & Clinical Cancer Re-
search 37 (2018): 1-19.

14.	 Qi, Bo, Yan Wang, Zhi-Jun Chen, Xiang-Nan Li, Yu Qi, Yang 
Yang, Guang-Hui Cui, Hai-Zhou Guo, Wei-Hao Li, and Song 
Zhao. “Down-regulation of miR-30a-3p/5p promotes esopha-
geal squamous cell carcinoma cell proliferation by activating 
the Wnt signaling pathway.” World Journal of Gastroenterology 
23, no. 45 (2017): 7965.

15.	 Hu, Hui-Fang, Wen Wen Xu, Wei-Xia Zhang, Xin Yan, Yang-Jia 
Li, Bin Li, and Qing-Yu He. “Identification of miR-515-3p and 
its targets, vimentin and MMP3, as a key regulatory mecha-
nism in esophageal cancer metastasis: functional and clinical 
significance.” Signal transduction and targeted therapy 5, no. 
1 (2020): 271.

16.	 Chi, Yujing, Di Wang, Junpei Wang, Weidong Yu, and Jichun 
Yang. “Long non-coding RNA in the pathogenesis of cancers.” 

https://www.tandfonline.com/doi/abs/10.1586/17474124.1.2.275
https://www.tandfonline.com/doi/abs/10.1586/17474124.1.2.275
https://www.tandfonline.com/doi/abs/10.1586/17474124.1.2.275
https://www.tandfonline.com/doi/abs/10.1586/17474124.1.2.275
https://www.mdpi.com/2072-6694/11/11/1697
https://www.mdpi.com/2072-6694/11/11/1697
https://www.mdpi.com/2072-6694/11/11/1697
https://www.mdpi.com/2072-6694/11/11/1697
https://www.mdpi.com/2072-6694/11/11/1697
https://www.mdpi.com/2072-6694/11/11/1697
https://www.frontiersin.org/articles/10.3389/fonc.2019.00548/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.00548/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.00548/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.00548/full
https://www.sciencedirect.com/science/article/pii/S1043661816303371
https://www.sciencedirect.com/science/article/pii/S1043661816303371
https://www.sciencedirect.com/science/article/pii/S1043661816303371
https://www.sciencedirect.com/science/article/pii/S1043661816303371
https://www.tandfonline.com/doi/abs/10.1080/00325481.2021.1934495
https://www.tandfonline.com/doi/abs/10.1080/00325481.2021.1934495
https://www.tandfonline.com/doi/abs/10.1080/00325481.2021.1934495
https://link.springer.com/article/10.1007/s10147-013-0519-8
https://link.springer.com/article/10.1007/s10147-013-0519-8
https://link.springer.com/article/10.1007/s10147-013-0519-8
https://link.springer.com/article/10.1007/s10147-013-0519-8
https://link.springer.com/article/10.1007/s10147-013-0519-8
https://journals.sagepub.com/doi/abs/10.1177/1073274820978817
https://journals.sagepub.com/doi/abs/10.1177/1073274820978817
https://journals.sagepub.com/doi/abs/10.1177/1073274820978817
https://journals.sagepub.com/doi/abs/10.1177/1073274820978817
https://academic.oup.com/bib/article-abstract/20/5/1836/5047127
https://academic.oup.com/bib/article-abstract/20/5/1836/5047127
https://academic.oup.com/bib/article-abstract/20/5/1836/5047127
https://academic.oup.com/bib/article-abstract/20/5/1836/5047127
https://www.sciencedirect.com/science/article/pii/S0304383519303398
https://www.sciencedirect.com/science/article/pii/S0304383519303398
https://www.sciencedirect.com/science/article/pii/S0304383519303398
https://www.sciencedirect.com/science/article/pii/S0304383519303398
https://www.sciencedirect.com/science/article/pii/S0304383519303398
https://link.springer.com/article/10.1007/s10142-020-00765-6
https://link.springer.com/article/10.1007/s10142-020-00765-6
https://link.springer.com/article/10.1007/s10142-020-00765-6
https://link.springer.com/article/10.1007/s10142-020-00765-6
https://link.springer.com/article/10.1007/s10142-020-00765-6
https://www.nature.com/articles/nrc3932
https://www.nature.com/articles/nrc3932
https://www.nature.com/articles/nrc3932
https://www.sciencedirect.com/science/article/pii/S1368837515002304
https://www.sciencedirect.com/science/article/pii/S1368837515002304
https://www.sciencedirect.com/science/article/pii/S1368837515002304
https://www.sciencedirect.com/science/article/pii/S1368837515002304
https://www.sciencedirect.com/science/article/pii/S1368837515002304
https://www.sciencedirect.com/science/article/pii/S1368837515002304
https://link.springer.com/article/10.1186/s13046-018-0966-1
https://link.springer.com/article/10.1186/s13046-018-0966-1
https://link.springer.com/article/10.1186/s13046-018-0966-1
https://link.springer.com/article/10.1186/s13046-018-0966-1
https://link.springer.com/article/10.1186/s13046-018-0966-1
https://link.springer.com/article/10.1186/s13046-018-0966-1
https://pmc.ncbi.nlm.nih.gov/articles/PMC5725291/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5725291/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5725291/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5725291/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5725291/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5725291/
https://www.nature.com/articles/s41392-020-00275-8
https://www.nature.com/articles/s41392-020-00275-8
https://www.nature.com/articles/s41392-020-00275-8
https://www.nature.com/articles/s41392-020-00275-8
https://www.nature.com/articles/s41392-020-00275-8
https://www.nature.com/articles/s41392-020-00275-8
https://www.mdpi.com/2073-4409/8/9/1015
https://www.mdpi.com/2073-4409/8/9/1015


Int. J. Genet. Genom. Sci. Vol. 4 Iss. 1 (008) Page-08

Shufeng Bi,

Cells 8, no. 9 (2019): 1015.
17.	 Liu, Fayong, Tianshui Li, Ping Hu, and Li Dai. “Upregulation 

of Serum miR-629 Predicts Poor Prognosis for Non-Small-Cell 
Lung Cancer.” Disease Markers 2021, no. 1 (2021): 8819934.

18.	 Kabekkodu, Shama P., Vaibhav Shukla, Vinay K. Varghese, 
Jeevitha D’Souza, Sanjiban Chakrabarty, and Kapaettu Sa-
tyamoorthy. “Clustered miRNAs and their role in biological 
functions and diseases.” Biological Reviews 93, no. 4 (2018): 
1955-1986.

19.	 Liu, Bing, Jiuyong Li, and Murray J. Cairns. “Identifying miR-
NAs, targets and functions.” Briefings in bioinformatics 15, no. 
1 (2014): 1-19.

20.	 Lee, Yong Sun, and Anindya Dutta. “MicroRNAs in cancer.” 
Annual Review of Pathology: Mechanisms of Disease 4, no. 1 
(2009): 199-227.

21.	 Pan, Guangtao, Yuhan Liu, Luorui Shang, Fangyuan Zhou, 
and Shenglan Yang. “EMT-associated microRNAs and their 
roles in cancer stemness and drug resistance.” Cancer Com-
munications 41, no. 3 (2021): 199-217.

22.	 Wang, Lianghai, Zhiyu Zhang, Xiaodan Yu, Qihang Li, Qian 
Wang, Aimin Chang, Xiaoxi Huang et al. “SOX9/miR-203a axis 
drives PI3K/AKT signaling to promote esophageal cancer pro-
gression.” Cancer letters 468 (2020): 14-26.

23.	 Wang, Xiaojun, Jiayi Han, Yatian Liu, Jingwen Hu, Ming Li, Xi 
Chen, and Lin Xu. “miR-17-5p and miR-4443 promote esoph-
ageal squamous cell carcinoma development by targeting 
TIMP2.” Frontiers in Oncology 11 (2021): 605894.

24.	 Daoud, Afra Z., Eoghan J. Mulholland, Grace Cole, and Hel-
en O. McCarthy. “MicroRNAs in pancreatic cancer: biomark-
ers, prognostic, and therapeutic modulators.” BMC cancer 19 
(2019): 1-13.

25.	 Kumar, S., M. Vijayan, J. S. Bhatti, and P. H. Reddy. “MicroR-
NAs as peripheral biomarkers in aging and age-related diseas-
es.” Progress in molecular biology and translational science 
146 (2017): 47-94.

26.	 Sudo, Kazuki, Ken Kato, Juntaro Matsuzaki, Narikazu Boku, 
Seiichiro Abe, Yutaka Saito, Hiroyuki Daiko et al. “Develop-
ment and validation of an esophageal squamous cell carcino-
ma detection model by large-scale microRNA profiling.” JAMA 
network open 2, no. 5 (2019): e194573-e194573.

27.	 Van der Auwera, Sandra, Sabine Ameling, Katharina Wittfeld, 
Enrique d’Harcourt Rowold, Matthias Nauck, Henry Völzke, 
Karsten Suhre et al. “Association of childhood traumatization 
and neuropsychiatric outcomes with altered plasma micro 
RNA-levels.” Neuropsychopharmacology 44, no. 12 (2019): 
2030-2037.

28.	 Chen, Jian, Haiping Zhao, Yuyou Huang, Yuqian Li, Junfen 
Fan, Rongliang Wang, Ziping Han et al. “Dysregulation of prin-
cipal circulating miRNAs in non-human primates following isch-
emic stroke.” Frontiers in Neuroscience 15 (2021): 738576.

29.	 Peculis, Raitis, Helvijs Niedra, and Vita Rovite. “Large scale 

molecular studies of pituitary neuroendocrine tumors: novel 
markers, mechanisms and translational perspectives.” Can-
cers 13, no. 6 (2021): 1395.

30.	 Gley, Kevin, Frieder Hadlich, Nares Trakooljul, Fiete Haack, 
Eduard Murani, Ulrike Gimsa, Klaus Wimmers, and Siriluck 
Ponsuksili. “Multi-transcript level profiling revealed distinct 
mRNA, miRNA, and tRNA-derived fragment bio-signatures for 
coping behavior linked haplotypes in HPA Axis and limbic sys-
tem.” Frontiers in Genetics 12 (2021): 635794.

31.	 Zhang, Xiaona, Yushan Wang, Wen Liu, Tao Wang, Lijing 
Wang, Ling Hao, Mengwei Ju, and Rong Xiao. “Diet quality, gut 
microbiota, and microRNAs associated with mild cognitive im-
pairment in middle-aged and elderly Chinese population.” The 
American journal of clinical nutrition 114, no. 2 (2021): 429-440.

32.	 Tsai, Chung-Huang, Pei-Ju Huang, I. T. Lee, Chien-Min Chen, 
and Min Huan Wu. “Endothelin-1-mediated miR-let-7g-5p trig-
gers interlukin-6 and TNF-α to cause myopathy and chronic 
adipose inflammation in elderly patients with diabetes melli-
tus.” Aging (Albany NY) 14, no. 8 (2022): 3633.

33.	 Chi, Xiaoli, Xiaofeng Gu, Shujing Chen, and Xiaojuan Shen. 
“Circ_0003221 downregulation restrains cervical Cancer Cell 
Growth, Metastasis and Angiogenesis by governing the miR-
139-3p/S100A14 pathway.” Reproductive Sciences 29, no. 6 
(2022): 1822-1835.

34.	 Huang, Ping, Jie Xi, and Shikai Liu. “MiR-139-3p induces cell 
apoptosis and inhibits metastasis of cervical cancer by target-
ing NOB1.” Biomedicine & Pharmacotherapy 83 (2016): 850-
856.

35.	 Sannigrahi, M. K., Rajni Sharma, Varinder Singh, Naresh K. 
Panda, Vidya Rattan, and Madhu Khullar. “Role of host miRNA 
hsa-mir-139-3p in hpv-16–induced carcinomas.” Clinical can-
cer research 23, no. 14 (2017): 3884-3895.

36.	 Xu, Ya Jie, He Yu, and Guang Xin Liu. “Hsa_circ_0031288/
hsa-miR-139-3p/Bcl-6 regulatory feedback circuit influences 
the invasion and migration of cervical cancer HeLa cells.” Jour-
nal of cellular biochemistry 121, no. 10 (2020): 4251-4260.

37.	 Zhang, Xi, Li Ma, Li Zhai, Dong Chen, Yong Li, Zhongjun 
Shang, Zongmei Zhang et al. “Construction and validation of a 
three-microRNA signature as prognostic biomarker in patients 
with hepatocellular carcinoma.” International journal of medical 
sciences 18, no. 4 (2021): 984.

38.	 Mao, Weipu, Keyi Wang, Bin Xu, Hui Zhang, Si Sun, Qiang Hu, 
Lei Zhang et al. “ciRS-7 is a prognostic biomarker and potential 
gene therapy target for renal cell carcinoma.” Molecular Can-
cer 20, no. 1 (2021): 142.

39.	 Xue, Fang, Qi Rong Li, Yan Hua Xu, and Hai Bin Zhou. “RE-
TRACTED ARTICLE: MicroRNA-139-3p Inhibits The Growth 
And Metastasis Of Ovarian Cancer By Inhibiting ELAVL1.” On-
coTargets and therapy (2019): 8935-8945.

40.	 Zhang, Wei, Jing Xu, Ke Wang, Xiaojiang Tang, and Jianjun 
He. “miR-139-3p suppresses the invasion and migration prop-

https://www.mdpi.com/2073-4409/8/9/1015
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/8819934
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/8819934
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/8819934
https://onlinelibrary.wiley.com/doi/abs/10.1111/brv.12428
https://onlinelibrary.wiley.com/doi/abs/10.1111/brv.12428
https://onlinelibrary.wiley.com/doi/abs/10.1111/brv.12428
https://onlinelibrary.wiley.com/doi/abs/10.1111/brv.12428
https://onlinelibrary.wiley.com/doi/abs/10.1111/brv.12428
https://academic.oup.com/bib/article-abstract/15/1/1/187514
https://academic.oup.com/bib/article-abstract/15/1/1/187514
https://academic.oup.com/bib/article-abstract/15/1/1/187514
https://www.annualreviews.org/content/journals/10.1146/annurev.pathol.4.110807.092222
https://www.annualreviews.org/content/journals/10.1146/annurev.pathol.4.110807.092222
https://www.annualreviews.org/content/journals/10.1146/annurev.pathol.4.110807.092222
https://onlinelibrary.wiley.com/doi/abs/10.1002/cac2.12138
https://onlinelibrary.wiley.com/doi/abs/10.1002/cac2.12138
https://onlinelibrary.wiley.com/doi/abs/10.1002/cac2.12138
https://onlinelibrary.wiley.com/doi/abs/10.1002/cac2.12138
https://www.sciencedirect.com/science/article/pii/S0304383519304951
https://www.sciencedirect.com/science/article/pii/S0304383519304951
https://www.sciencedirect.com/science/article/pii/S0304383519304951
https://www.sciencedirect.com/science/article/pii/S0304383519304951
https://www.frontiersin.org/articles/10.3389/fonc.2021.605894/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.605894/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.605894/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.605894/full
https://link.springer.com/article/10.1186/s12885-019-6284-y
https://link.springer.com/article/10.1186/s12885-019-6284-y
https://link.springer.com/article/10.1186/s12885-019-6284-y
https://link.springer.com/article/10.1186/s12885-019-6284-y
https://www.sciencedirect.com/science/article/pii/S1877117316301181
https://www.sciencedirect.com/science/article/pii/S1877117316301181
https://www.sciencedirect.com/science/article/pii/S1877117316301181
https://www.sciencedirect.com/science/article/pii/S1877117316301181
https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2734072
https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2734072
https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2734072
https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2734072
https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2734072
https://www.nature.com/articles/s41386-019-0460-2
https://www.nature.com/articles/s41386-019-0460-2
https://www.nature.com/articles/s41386-019-0460-2
https://www.nature.com/articles/s41386-019-0460-2
https://www.nature.com/articles/s41386-019-0460-2
https://www.nature.com/articles/s41386-019-0460-2
https://www.frontiersin.org/articles/10.3389/fnins.2021.738576/full
https://www.frontiersin.org/articles/10.3389/fnins.2021.738576/full
https://www.frontiersin.org/articles/10.3389/fnins.2021.738576/full
https://www.frontiersin.org/articles/10.3389/fnins.2021.738576/full
https://www.mdpi.com/2072-6694/13/6/1395
https://www.mdpi.com/2072-6694/13/6/1395
https://www.mdpi.com/2072-6694/13/6/1395
https://www.mdpi.com/2072-6694/13/6/1395
https://www.frontiersin.org/articles/10.3389/fgene.2021.635794/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.635794/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.635794/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.635794/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.635794/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.635794/full
https://www.sciencedirect.com/science/article/pii/S0002916522003598
https://www.sciencedirect.com/science/article/pii/S0002916522003598
https://www.sciencedirect.com/science/article/pii/S0002916522003598
https://www.sciencedirect.com/science/article/pii/S0002916522003598
https://www.sciencedirect.com/science/article/pii/S0002916522003598
https://pmc.ncbi.nlm.nih.gov/articles/PMC9085227/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9085227/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9085227/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9085227/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9085227/
https://link.springer.com/article/10.1007/s43032-021-00815-9
https://link.springer.com/article/10.1007/s43032-021-00815-9
https://link.springer.com/article/10.1007/s43032-021-00815-9
https://link.springer.com/article/10.1007/s43032-021-00815-9
https://link.springer.com/article/10.1007/s43032-021-00815-9
https://www.sciencedirect.com/science/article/pii/S0753332216307880
https://www.sciencedirect.com/science/article/pii/S0753332216307880
https://www.sciencedirect.com/science/article/pii/S0753332216307880
https://www.sciencedirect.com/science/article/pii/S0753332216307880
https://aacrjournals.org/clincancerres/article-abstract/23/14/3884/123521
https://aacrjournals.org/clincancerres/article-abstract/23/14/3884/123521
https://aacrjournals.org/clincancerres/article-abstract/23/14/3884/123521
https://aacrjournals.org/clincancerres/article-abstract/23/14/3884/123521
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.29650
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.29650
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.29650
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.29650
https://pmc.ncbi.nlm.nih.gov/articles/PMC7807177/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7807177/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7807177/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7807177/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7807177/
https://link.springer.com/article/10.1186/s12943-021-01443-2
https://link.springer.com/article/10.1186/s12943-021-01443-2
https://link.springer.com/article/10.1186/s12943-021-01443-2
https://link.springer.com/article/10.1186/s12943-021-01443-2
https://www.tandfonline.com/doi/pdf/10.2147/ott.s210739
https://www.tandfonline.com/doi/pdf/10.2147/ott.s210739
https://www.tandfonline.com/doi/pdf/10.2147/ott.s210739
https://www.tandfonline.com/doi/pdf/10.2147/ott.s210739
https://www.spandidos-publications.com/or/42/5/1699
https://www.spandidos-publications.com/or/42/5/1699


Int. J. Genet. Genom. Sci. Vol. 4 Iss. 1 (008) Page-09

erties of breast cancer cells by targeting RAB1A.” Oncology 
reports 42, no. 5 (2019): 1699-1708.

41.	 Zhu, Yu, Chengmao Zhou, and Qixiong He. “High miR-139-3p 
expression predicts a better prognosis for hepatocellular car-
cinoma: a pooled analysis.” Journal of International Medical 
Research 47, no. 1 (2019): 383-390.

42.	 Zou, Zeng Cheng, Min Dai, Zeng Yin Huang, Yi Lu, He Ping 
Xie, Yi Fang Li, Yue Li, Ying Tan, and Feng Lin Wang. “Mi-
croRNA-139-3p suppresses tumor growth and metastasis in 
hepatocellular carcinoma by repressing ANXA2R.” Oncology 
research 26, no. 9 (2018): 1391.

43.	 Hoffmann, Sandra, Sebastian Clauss, Ina M. Berger, Birgit 
Weiß, Antonino Montalbano, Ralph Röth, Madeline Bucher et 
al. “Coding and non-coding variants in the SHOX2 gene in pa-
tients with early-onset atrial fibrillation.” Basic research in car-
diology 111 (2016): 1-15.

44.	 Peterlin, Ana, Karolina Počivavšek, Danijel Petrovič, and Borut 
Peterlin. “The role of microRNAs in heart failure: a systematic 
review.” Frontiers in Cardiovascular Medicine 7 (2020): 161.

45.	 Wu, Tao, Yichen Chen, Yantao Du, Jin Tao, Wei Li, Zhong 
Zhou, and Zhuo Yang. “Circulating exosomal miR-92b-5p is a 
promising diagnostic biomarker of heart failure with reduced 
ejection fraction patients hospitalized for acute heart failure.” 
Journal of thoracic disease 10, no. 11 (2018): 6211.

46.	 Fu, C., B. Li, L. Guo, H. Li, W. Huang, H. Gong, M. Sun, Z. 
Wang, T. Zhou, and C. Liu. “Phase II study of concurrent selec-
tive lymph node late course accelerated hyper-fractionated ra-
diotherapy and pemetrexed and cisplatin for locally advanced 
oesophageal squamous cell carcinoma.” The British Journal of 
Radiology 87, no. 1037 (2014): 20130656.

47.	 Zhang, Yi, Tiecheng Pan, Xiaoxuan Zhong, and Cai Cheng. 
“Resistance to cetuximab in EGFR-overexpressing esopha-
geal squamous cell carcinoma xenografts due to FGFR2 am-
plification and overexpression.” Journal of pharmacological 
sciences 126, no. 1 (2014): 77-83.

48.	 Maehama, Tomohiko, Miki Nishio, Junji Otani, Tak Wah Mak, 
and Akira Suzuki. “The role of Hippo-YAP signaling in squa-
mous cell carcinomas.” Cancer Science 112, no. 1 (2021): 51-
60.

49.	 Zhou, Xiaofeng, Yajie Li, Weilong Wang, Sujie Wang, Jinghan 
Hou, Aijia Zhang, Benjie Lv et al. “Regulation of Hippo/YAP sig-
naling and Esophageal Squamous Carcinoma progression by 
an E3 ubiquitin ligase PARK2.” Theranostics 10, no. 21 (2020): 
9443.

50.	 Kim, Soo Mi, Shuai Ye, So-Young Rah, Byung Hyun Park, Hon-
gen Wang, Jung-Ryul Kim, Seung Ho Kim, Kyu Yun Jang, and 
Kwang-Bok Lee. “RhBMP-2 activates hippo signaling through 
RASSF1 in esophageal cancer cells.” Scientific reports 6, no. 
1 (2016): 26821.

Citation: Jia Yu,Yang Yu,Huixia Yu,Yanfeng Jia, Lianjie Xu, Shufeng Bi. Development and Validation of a classifier for discriminating Esophageal 
Carcinoma patients in early stage from advanced stage. Int. J. Genet. Genom. Sci. (2025). Vol. 4(1). DOI: 10.58489/2836-2306/008

51.	 Zhang, Aijia, Weilong Wang, Zhijun Chen, Dan Pang, Xiaofeng 
Zhou, Kui Lu, Jinghan Hou et al. “SHARPIN inhibits esopha-
geal squamous cell carcinoma progression by modulating hip-
po signaling.” Neoplasia 22, no. 2 (2020): 76-85.

52.	 Dong, Chen. “Diversification of T-helper-cell lineages: finding 
the family root of IL-17-producing cells.” Nature Reviews Im-
munology 6, no. 4 (2006): 329-334.

53.	 Bettelli, Estelle, Yijun Carrier, Wenda Gao, Thomas Korn, Terry 
B. Strom, Mohamed Oukka, Howard L. Weiner, and Vijay K. 
Kuchroo. “Reciprocal developmental pathways for the genera-
tion of pathogenic effector TH17 and regulatory T cells.” Nature 
441, no. 7090 (2006): 235-238.

54.	 Komatsu, Noriko, Kazuo Okamoto, Shinichiro Sawa, Tomoki 
Nakashima, Masatsugu Oh-Hora, Tatsuhiko Kodama, Sakae 
Tanaka, Jeffrey A. Bluestone, and Hiroshi Takayanagi. “Patho-
genic conversion of Foxp3+ T cells into TH17 cells in autoim-
mune arthritis.” Nature medicine 20, no. 1 (2014): 62-68.

55.	 Perez, Laura Garcia, Jan Kempski, Heather M. McGee, Pe-
nelope Pelzcar, Theodora Agalioti, Anastasios Giannou, Leo-
nie Konczalla et al. “TGF-β signaling in Th17 cells promotes 
IL-22 production and colitis-associated colon cancer.” Nature 
communications 11, no. 1 (2020): 2608.

56.	 Ma, Jin-lu, Long Jin, Yao-Dong Li, Chen-chen He, Xi-jing Guo, 
Rui Liu, Yun-Yi Yang, and Su-xia Han. “The Intensity of Radio-
therapy-Elicited Immune Response Is Associated with Esoph-
ageal Cancer Clearance.” Journal of immunology research 
2014, no. 1 (2014): 794249.

57.	 Xu, Xiaohui, Cheng Song, Zhihua Chen, Chenxiao Yu, Yi 
Wang, Yiting Tang, and Judong Luo. “Downregulation of HuR 
inhibits the progression of esophageal cancer through interleu-
kin-18.” Cancer Research and Treatment: Official Journal of 
Korean Cancer Association 50, no. 1 (2018): 71-87.

58.	 Zhao, Zhi-Fei, Jian-Xiong Li, Rui Ye, Xuan Wu, Ling-Ling Gao, 
and Bao-Long Niu. “Interleukin-6 as a potential molecular tar-
get in esophageal squamous cell carcinoma.” Oncology letters 
11, no. 2 (2016): 925-932.

59.	 Wang, Wen-Lun, Wei-Lun Chang, Hsiao-Bai Yang, I-Wei 
Chang, Ching-Tai Lee, Chi-Yang Chang, Jaw-Town Lin, and 
Bor-Shyang Sheu. “Quantification of tumor infiltrating Foxp3+ 
regulatory T cells enables the identification of high-risk patients 
for developing synchronous cancers over upper aerodigestive 
tract.” Oral oncology 51, no. 7 (2015): 698-703.

60.	 Melo, Sonia A., Hikaru Sugimoto, Joyce T. O’Connell, Noritoshi 
Kato, Alberto Villanueva, August Vidal, Le Qiu et al. “Cancer 
exosomes perform cell-independent microRNA biogenesis and 
promote tumorigenesis.” Cancer cell 26, no. 5 (2014): 707-721.

https://www.spandidos-publications.com/or/42/5/1699
https://www.spandidos-publications.com/or/42/5/1699
https://journals.sagepub.com/doi/abs/10.1177/0300060518802727
https://journals.sagepub.com/doi/abs/10.1177/0300060518802727
https://journals.sagepub.com/doi/abs/10.1177/0300060518802727
https://journals.sagepub.com/doi/abs/10.1177/0300060518802727
https://pmc.ncbi.nlm.nih.gov/articles/PMC7844686/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7844686/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7844686/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7844686/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7844686/
https://link.springer.com/article/10.1007/s00395-016-0557-2
https://link.springer.com/article/10.1007/s00395-016-0557-2
https://link.springer.com/article/10.1007/s00395-016-0557-2
https://link.springer.com/article/10.1007/s00395-016-0557-2
https://link.springer.com/article/10.1007/s00395-016-0557-2
https://www.frontiersin.org/articles/10.3389/fcvm.2020.00161/full
https://www.frontiersin.org/articles/10.3389/fcvm.2020.00161/full
https://www.frontiersin.org/articles/10.3389/fcvm.2020.00161/full
https://pmc.ncbi.nlm.nih.gov/articles/PMC6297406/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6297406/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6297406/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6297406/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6297406/
https://academic.oup.com/bjr/article-abstract/87/1037/20130656/7445195
https://academic.oup.com/bjr/article-abstract/87/1037/20130656/7445195
https://academic.oup.com/bjr/article-abstract/87/1037/20130656/7445195
https://academic.oup.com/bjr/article-abstract/87/1037/20130656/7445195
https://academic.oup.com/bjr/article-abstract/87/1037/20130656/7445195
https://academic.oup.com/bjr/article-abstract/87/1037/20130656/7445195
https://www.jstage.jst.go.jp/article/jphs/126/1/126_14150FP/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jphs/126/1/126_14150FP/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jphs/126/1/126_14150FP/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jphs/126/1/126_14150FP/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jphs/126/1/126_14150FP/_article/-char/ja/
https://onlinelibrary.wiley.com/doi/abs/10.1111/cas.14725
https://onlinelibrary.wiley.com/doi/abs/10.1111/cas.14725
https://onlinelibrary.wiley.com/doi/abs/10.1111/cas.14725
https://onlinelibrary.wiley.com/doi/abs/10.1111/cas.14725
https://pmc.ncbi.nlm.nih.gov/articles/PMC7449928/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7449928/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7449928/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7449928/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7449928/
https://www.nature.com/articles/srep26821
https://www.nature.com/articles/srep26821
https://www.nature.com/articles/srep26821
https://www.nature.com/articles/srep26821
https://www.nature.com/articles/srep26821
https://www.sciencedirect.com/science/article/pii/S1476558619303392
https://www.sciencedirect.com/science/article/pii/S1476558619303392
https://www.sciencedirect.com/science/article/pii/S1476558619303392
https://www.sciencedirect.com/science/article/pii/S1476558619303392
https://www.nature.com/articles/nri1807
https://www.nature.com/articles/nri1807
https://www.nature.com/articles/nri1807
https://www.nature.com/articles/nature04753
https://www.nature.com/articles/nature04753
https://www.nature.com/articles/nature04753
https://www.nature.com/articles/nature04753
https://www.nature.com/articles/nature04753
https://www.nature.com/articles/nm.3432
https://www.nature.com/articles/nm.3432
https://www.nature.com/articles/nm.3432
https://www.nature.com/articles/nm.3432
https://www.nature.com/articles/nm.3432
https://www.nature.com/articles/s41467-020-16363-w
https://www.nature.com/articles/s41467-020-16363-w
https://www.nature.com/articles/s41467-020-16363-w
https://www.nature.com/articles/s41467-020-16363-w
https://www.nature.com/articles/s41467-020-16363-w
https://onlinelibrary.wiley.com/doi/abs/10.1155/2014/794249
https://onlinelibrary.wiley.com/doi/abs/10.1155/2014/794249
https://onlinelibrary.wiley.com/doi/abs/10.1155/2014/794249
https://onlinelibrary.wiley.com/doi/abs/10.1155/2014/794249
https://onlinelibrary.wiley.com/doi/abs/10.1155/2014/794249
https://synapse.koreamed.org/articles/1153558
https://synapse.koreamed.org/articles/1153558
https://synapse.koreamed.org/articles/1153558
https://synapse.koreamed.org/articles/1153558
https://synapse.koreamed.org/articles/1153558
https://www.spandidos-publications.com/ol/11/2/925
https://www.spandidos-publications.com/ol/11/2/925
https://www.spandidos-publications.com/ol/11/2/925
https://www.spandidos-publications.com/ol/11/2/925
https://www.sciencedirect.com/science/article/pii/S1368837515001906
https://www.sciencedirect.com/science/article/pii/S1368837515001906
https://www.sciencedirect.com/science/article/pii/S1368837515001906
https://www.sciencedirect.com/science/article/pii/S1368837515001906
https://www.sciencedirect.com/science/article/pii/S1368837515001906
https://www.sciencedirect.com/science/article/pii/S1368837515001906
https://www.cell.com/cancer-cell/fulltext/S1535-6108(14)00368-7
https://www.cell.com/cancer-cell/fulltext/S1535-6108(14)00368-7
https://www.cell.com/cancer-cell/fulltext/S1535-6108(14)00368-7
https://www.cell.com/cancer-cell/fulltext/S1535-6108(14)00368-7

