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Identification of differentially expressed genes and signaling 
pathways in papillary thyroid cancer: a study based on integrated 
microarray and bioinformatics analysis
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Background: The techniques of DNA microarray and bioinformatic analysis have exhibited efficiency in 
identifying dysregulated gene expression in human cancers. In this study, we used integrated bioinformatics 
analysis to improve our understanding of the pathogenesis of papillary thyroid cancer (PTC).
Methods: In this study, we integrated four Gene Expression Omnibus (GEO) datasets, GSE33630, 
GSE35570, GSE60542 and GSE29265, including 136 normal samples and 157 PTC specimens. The 
contents of the four datasets are based on GPL570, an Affymetrix Human Genome U133 Plus 2.0 array. 
Gene ontology (GO) analysis was used to identify characteristic the biological attributes of differentially 
expressed genes (DEGs) between PTC and normal samples. GO annotation was performed on the DEGs 
obtained, and the process relied on the DAVID online tool. Kyoto Encyclopedia of Genes and Genomes 
(KEGG) approach enrichment analyses were adopted to obtain the basic functions of the DEGs. The 
KOBAS online analysis database was used to complete DEG KEGG pathway comparison and analysis. 
The search tool (STRING) database was mainly used to search for interacting genes and complete the 
construction of protein-protein interaction (PPI) networks.
Results: Five hundred-ninety DEGs were consistently expressed in the four datasets; 327 of them were 
upregulated, while 263 were downregulated. Ten DEGs, including five upregulated (ENTPD1, THRSP, 
KLK10, ADAMTS9, MIR31HG) and five downregulated (SCARA5, EPHB1, CHRDL1, LOC440934, FOXP2) 
genes, were randomly selected for q-PCR in our own tissue samples to validate the integrated data. The most 
highly enriched GO terms were extracellular exosome (GO:0070062), cell adhesion (GO:0070062), positive 
regulation of gene expression (GO:0010628), and extracellular matrix (ECM) organization (GO:0030198). 
KEGG pathway analysis was performed, and it was found that abnormally expressed genes effectively 
participated in pathways such as tyrosine metabolism, complement and coagulation cascades, cell adhesion 
molecules (CAMs), transcriptional misregulation and ECM-receptor interaction pathways.
Conclusions: Five hundred-ninety DEGs were identified in PTC by integrated microarray analysis. The 
GO and KEGG analyses presented here suggest that the DEGs were enriched in extracellular exosome, 
tyrosine metabolism, CAMs, complement and coagulation cascades, transcriptional misregulation and ECM-
receptor interaction pathways. Functional studies of PTC should focus on these pathways.
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Introduction

Papillary thyroid carcinoma (PTC) is a typical indolent 
cancer, and in the last 30 years, a rapidly increasing 
incidence of PTC has been observed throughout the 
world without sex or ethnicity bias. In the United States, 
the incidence of PTC disease has increased rapidly from 
3.4 to 12.5 in 100,000 people, an increase of 3.7 times (1). 
Experts increasingly argue that low-risk papillary thyroid 
microcarcinomas (PTMCs) have contributed primarily to 
this increasing incidence, and active surveillance should be 
sufficient to manage those cancers; however, 10–15% of 
patients with PTMC will suffer from tumor relapse (2), and 
approximately 5% of PTMC patients will experience some 
metastasis (3). The dilemma of treating PTC is how to 
differentiate indolent cancer from aggressive cancer. Based 
on the above analysis, it is of great significance to identify 
and develop new genes in tumor biology, as well as genes 
with therapeutic and prognostic effects.

PTC has multiple histopathological variants, and each 
condition also has different molecular changes, including 
somatic mutations, such as BRAF (4) and TERT (5), as 
well as gene rearrangements, such as RET/PTC1, AKAP9/
BRAF and NTRK1/TMP3 (6). The most frequent 
missense somatic mutation of PTC is BRAFV600E, which, 
substitutes an A for a T at nucleotide 1799, changing valine 
to glutamic acid at amino acid 600 (4). The prognostic 
effect of BRAFV600E is somewhat divergent: some studies 
indicate the poor prognosis of BRAFV600E (7-9), but 
other studies have not shown a correlation (10-12). There 
are some TERT promoter mutations in approximately 
11% of PTCs (5), which are major indicators of poor 
prognosis. Coexistence of TERT promoter mutations and 
BRAFV600E has a more obvious and prominent correlation 
with aggressive behavior (13). A large meta-analysis 
identified miR-2861, miR-1271, miR-623, miR-451, 
miR-222, miR-221, miR-199b-5p, miR-181b, and miR-
151. Comparison and analysis of 146b, miR-135b, miR-
130b, miR-34b, miR-21 and let-7e with PTC identified 
the presence of at least one aggressive characteristic with a 
particularly obvious correlation (14). Abnormally expressed 
long noncoding RNAs (lncRNAs) have been reported to 
have a functional role in carcinogenesis (15). In PTC, the 

lncRNAs PTCSC2 (16), ANRIL (17), and MALAT1 (18) 
were demonstrated to be oncogenes that act by altering 
chromatin structure or by regulating the expression of 
protein-coding genes. Many research studies have compared 
and analyzed the mutation characteristics and gene 
expression of PTC tumors with surrounding non-tumor 
thyroid tissue genes in detail. Studies of some specific genes 
have shown that thyroid cancer is different from normal 
tissues, and many drivers have been identified. However, 
studies describing the core molecular features of PTC that 
distinguish it from normal thyroid tissue through integrated 
analysis of Gene Expression Omnibus (GEO) microarray 
data from a large volume of samples are still very rare. Our 
study attempted to verify the differentially expressed genes 
in a large clinical samples from department of head and 
neck surgery, Fudan University Shanghai Cancer Center 
(FUSCC) which might make the results more stable and 
reliable. Furthermore, we adopted Robust Multichip 
Average (RMA) algorithm normalization to preprocess 
the matrix file and platform. RMA is a quantitative 
normalization algorithm and it can unify the data between 
different groups, reduce the intra-group differences and 
eliminate the non-experimental differences of measurement.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-673).

Methods

Microarray data

We completed an effective search in the GEO database 
(https://www.ncbi.nlm.nih.gov/geo/) to find PTC 
microarray data. The keywords in the search process 
were as follows: papillary thyroid carcinoma, papillary 
thyroid carcinoma, thyroid cancer, and thyroid tumor. The 
following criteria were used to screen the dataset and ensure 
relevant data were recorded: (I) the sample includes normal 
thyroid tissue and papillary thyroid carcinoma tissue; (II) 
the core aim of the research is to complete analysis of the 
expression profile based on the array method; (III) the 
species is limited to Homo sapiens; (IV) access to raw data is 
allowed. Then, the gene expression profiles of GSE33630, 

Submitted Aug 18, 2020. Accepted for publication Dec 31, 2020.

doi: 10.21037/gs-20-673

View this article at: http://dx.doi.org/10.21037/gs-20-673

http://dx.doi.org/10.21037/gs-20-673
http://dx.doi.org/10.21037/gs-20-673
https://www.ncbi.nlm.nih.gov/geo/


631Gland Surgery, Vol 10, No 2 February 2021

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(2):629-644 | http://dx.doi.org/10.21037/gs-20-673

GSE35570, GSE60542 and GSE29265 were downloaded. 
The GSE33630 dataset was used to perform an effective 
analysis of multiple contents, including gene expression of 
45 cases of normal thyroid (N), 49 cases of PTC and 11 
cases of anaplastic thyroid carcinoma (ATC). ATC is not 
within the scope of our study, so our study included 45 cases 
of normal thyroid (N) and 49 cases of papillary thyroid 
carcinoma (PTC). The GSE35570 dataset includes 65 PTC 
patients and 51 normal thyroid samples, which were all 
included in our study. A total of 92 samples were included 
in GSE60542. LNM samples [23], recurrence samples [1], 
normal lymph node samples [4], and pleural metastasis 
samples [1] were excluded. Therefore, we included 33 
cancer samples and 30 normal samples. GSE29265: Twenty 
PTCs and 9 ATCs and surrounding tissues (N) were 
matched and hybridized with the Affymetrix U133 Plus 2.0 
array. PTC was collected from the Chernobyl Organization 
Bank (post-Chernobyl PTC, n=10) and Ambroise Paré 
Hospital (sporadic PTC, n=10). We only chose the 10 
sporadic PTCs and matched adjacent tissues. The platform 
for the four categories of datasets is the GPL570, [HG-
U133_Plus_2] Affymetrix Human Genome U133 Plus 2.0 
array, covering 157 papillary thyroid carcinoma specimens 
and 136 normal samples. Series matrix files and platforms 
are downloaded as CEL files. The main content of the 
dataset is shown in Table 1.

DEG identification and integration

Processing of the downloaded matrix file and platform was 
completed with R Project version 4.0.2 and the annotation 
package. The ID corresponding to the probe name was 
converted into the international standard name of the 
gene (that is, the gene symbol) and deployed to a csv file. 
Preprocessing was based on RMA algorithm normalization 
in the Affy software package (http://www.bioconductor.
org/packages/release/bioc/html/affy.html). The limma 

software package (http://www.bioconductor.org/packages/
release/bioc/html/limma.html) was used to complete 
the DEG analysis of papillary thyroid cancer (PTC) and 
normal thyroid samples from four microarray datasets. The 
traditional t-test process was completed, and DEG statistical 
significance identification with a P value <0.05 and log2 
(FC) >1 was performed. The heatmaps were produced by 
heatmap 2 in the gplots package (https://cran.r-project.org/
web/packages/gplots/). Venn analysis (Venn) was used to 
integrate the DEG changes that often appear in the dataset.

GO and KEGG pathway enrichment analyses of DEGs

The visualization, annotation and integrated discovery 
database (DAVID) contains the core content of high-
throughput gene function analysis (https://david.ncifcrf.
gov/). Pathway and functional enrichment of the protein 
encoded by each candidate gene was carried out, and then, 
the DAVID database was used to realize gene annotation. 
Gene ontology (GO) analysis is mainly used to effectively 
identify the biological characteristics of DEGs. GO 
annotation was performed on DEGs using the DAVID 
online tool. GO analysis included three different categories: 
biological process (BP), cellular component (CC), and 
molecular function (MF). Fold enrichment was calculated 
for each GO term using the formula Fold Enrichment 
= (k/n)/(M/N). The enrichment analysis process of the 
“Kyoto Encyclopedia of Genes and Genomes” (KEGG) 
approach was completed so that the functional content 
of DEGs could be obtained. The KOBAS online analysis 
database was used to complete KEGG pathway analysis 
processing of DEGs (online available: http://kobas.cbi.pku.
edu.cn/). During this process, we compared and analyzed 
in detail the significant upregulation and downregulation of 
DEGs based on the integrated microarray PTC data, and 
a false discovery rate (FDR) of <0.05 was considered to be 
statistically significant.

Protein-protein interaction (PPI) network integration

The mutual function of proteins can provide a background 
for the molecular mechanisms of cellular processes. A 
search tool was used to effectively search the PPI network 
constructed by the gene database (STRING, version 10.5, 
URL: https://string-db.org/) and was visualized using 
Cytoscape (version 3.7.1, https://cytoscape.org/download.
html). Each node is a molecule, protein, or gene, and each 
connection between the nodes acts as a molecule to identify 

Table 1 Details for Gene Expression Omnibus (GEO) papillary 
thyroid cancer datasets

Reference Year GEO ID Normal Tumor

Tomás et al. 2012 GSE33630 45 49

Jarzab et al. 2015 GSE35570 51 65

Tarabichi et al. 2015 GSE60542 30 33

Tomas et al. 2012 GSE29265 10 10

http://www.bioconductor.org/packages/release/bioc/html/affy.html
http://www.bioconductor.org/packages/release/bioc/html/affy.html
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https://cran.r-project.org/web/packages/gplots/
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http://kobas.cbi.pku.edu.cn/
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the internal pathways and functions of the DEG-encoded 
proteins in PTC. The protein in the central node may be 
an important candidate gene with an important function in 
physiological regulation or a core protein.

Tissue samples

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). All of the 
tissue specimens were obtained for the present study 
with informed consent from the patients, and the use of 
the human specimens was approved by the Institutional 
Ethics Committee of FUSCC. The ID of ethical approval 
was 050432-4-1911D. All procedures performed in our 
study were consistent with the ethical standards of our 
institutional research committee. Biopsy samples of 
adjacent tissues and thyroid cancer tissues were collected. 
The distance between the adjacent tissues and the edge of 
the tumor was 1 cm; relevant experts evaluated the samples 
and found no obvious tumor cells. We only collected 
papillary thyroid carcinoma; other pathological types, 
including follicular thyroid carcinoma, medullary thyroid 
carcinoma, ATC, non-epithelial tumors and secondary 
tumors, were not included. In addition, variants of papillary 
thyroid carcinoma (classic, encapsulated, follicular, 
diffuse sclerosing, tall cell, etc., according to Pathology of 
Endocrine Tumors Update: World Health Organization 
New Classification 2017) were not differentiated in our 
research.

RNA extraction and quantitative real-time PCR (qPCR)

In accordance with the instructions of the manufacturer, 
Life Technology Company in Carlsbad, California, 
the effective extraction of total RNA was completed 
by relying on TRIzol reagent. RNA measurement was 
based on a SmartSpec Plus spectrophotometer (Bio-Rad, 
Hercules, CA, USA). The assessment of purity relied 
on the A260/A280 ratio. Then, reverse transcription 
(RT) reactions were performed. Oligo dT primers were 
used to realize the RT reaction process of mRNA. The 
YBR Green PCR kit (Toyobo, Osaka, Japan) was used 
to perform qPCR on an Applied Biosystems 7300 real-
time PCR system (Applied Biosystems, Foster City, 
CA). The main reference target of mRNA was β-actin. 
The following primers were used: ENTPD1-forward 
5'-CAGCCTTGGGAGGAGATAAA-3' and ENTPD1-
reverse 5'-GAGAGAGGTGTGGACAATGGTT-3', 

THRSP-forward 5'-CTTCTCCAGCCTCCATCACA-3' 
and THRSP-reverse 5'-TCCGCCGACCTCATCAA-3', 
KLK10-forward 5'-GGTCTTCTACCCTGGCGTG-3'  
a n d  K L K 1 0 - r e v e r s e  5 ' - C T T G G A G G G T C T C G 
T C A C A G - 3 ' ,  A D A M T S 9 - f o r w a r d  5 ' - T G G ATA 
CACCGCAAACGACT-3' and ADAMTS9-reverse 
5'-GTTCACC GTTGGACCGCT-3', MIR31HG-forward  
5'-AGAGCCCTCAATCACCCACT-3' and MIR31HG- 
reverse 5'-ACCAACTCCACACTTTACGTCAT-3', 
S C A R A 5 - f o r w a r d  5 ' - A A A G C TAT G TA C C TA C 
ACACCGT-3' and SCARA5-reverse 5'-CCGCCG 
T T T G T G A C AT G G A - 3 ' ,  E P H B 1 - f o r w a r d 
5 ' - C T T T C T G T C C G T G T C T T C T T C A - 3 '  
a n d  E P H B 1 - r e v e r s e  5 ' - C A C G C T G T T C T 
CAGGCTCAT-3', CHRDL1-forward 5'-CTTATGGGTT 
G G T T TA C T G C G - 3 '  a n d  C H R D L 1 - r e v e r s e 
5'-CACAGGAGAAAGGCAATGA AC-3', LOC440934-
forward  5 ' -GCCGTAGTGGTTGACGAAGA-3 ' 
a n d  L O C 4 4 0 9 3 4 - r e v e r s e  5 ' - T G G G G C AT C 
TTGCTGTCTT-3', and FOXP2-forward 5'-GCATT 
GGATGACCGAAGCA-3' and FOXP2-reverse 5'-CCA 
GATTTAGAGG TTTGGGAGA-3'.

Statistical analysis

All data are representative of each assay repeated 
independently at least three times. Quantitative data are 
presented as the mean ± standard deviation (SD). R project 
software (version 4.0.2) was used to conduct all statistical 
tests and produce the resulting graphics. We use the Jarque-
Bera test to examine the normal distribution characteristics 
of the quantitative data. Furthermore, we checked the 
qPCR data using the Jarque-Bera test. The Bayes test was 
used to screen the differentially expressed genes (DEGs) 
between PTC and normal tissues. The Wilcoxon signed-
rank test was used to screen the DEGs between PTC and 
normal tissues. P values <0.05 were considered significant.

Results

Microarray data information and identification of DEGs 
in PTC

The GEO and ArrayExpress databases were searched for 
PTC-relevant mRNA microarray data using the following 
phrases: [(thyroid OR papillary OR follicular) AND (tumor 
OR tumor OR cancer OR carcinoma) AND (mRNA)]. After 
the initial search, we found four DNA microarray datasets 
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that were combined to complete the effective identification 
of DEGs, including GSE29265, GSE33630, GSE35570 
and GSE60542. All four datasets were generated by the 
same platform: GPL570, Affymetrix Human Genome U133 
Plus 2.0 Array. This platform includes 47,000 transcripts 
from 38,500 human genes based on the NCBI human 
genome, Washington University EST trace repository, 
UniGene database, RefSeq, dbEST, and GenBank assembly. 
Combining the microarray data from multiple studies 
could effectively expand the sample size and improve the 
statistical power of detecting DEGs, which may provide a 
more distinct picture of tumorigenesis and the development 
of PTC.

After a normalization and standardization process, the 
content of Figure 1 was obtained. The limma software 
package was used to screen the GSE33630 dataset (corrected 
logFC >1, P value <0.05) and collect 1,813 DEGs. There 
were 816 upregulated and 997 downregulated genes. In 
general, 1,615 DEGs were selected from the GSE60542 
dataset, including 823 downregulated and 792 upregulated 
genes. A total of 4,668 DEGs were selected from the 
GSE35570 dataset, including 2,247 downregulated and 
2,421 upregulated genes. A total of 1,200 DEGs were 
selected from the expression profile dataset GSE29265, 
including 523 downregulated and 677 upregulated genes. 
The cluster heatmaps of each dataset are shown in Figure 2.  
The q-q plot provides a visual comparison of the sample 
quantiles to the corresponding theoretical quantiles and 
is used to test whether the data conform to a normal 
distribution. The data approximate a straight line and a 
normal distribution.

Following the normalization of RMA and analysis by 
ebayes, we identified 590 consistently expressed genes 
by Venn analysis (Figure 3). We used the same screening 
criteria to calculate four groups of datasets with DEGs and 
then calculated them by Venn to find the overlapping genes. 
We found that GSE35570 had the most unique genes in 
terms of total numbers, which may be related to the sample 
age, sex, and clinical stage. This represents a limitation 
of the study, which will be improved and explored in the 
future. There were 263 downregulated and 327 upregulated 
genes (Table 2).

Gene ontology analysis

Gene ontology describes the concept and function of 
genes. Data processing and analysis were completed using 
the DAVID online analysis tool. P<0.05 was used as the 

cutoff criterion. DEGs included three functional groups 
(Figure 4): (I) biological stage; (II) MF; and (III) CCs. 
Tables 3 and 4 show the core results of the GO enrichment 
analysis of DEGs in PTC. The most enriched GO terms 
were extracellular exosome (GO:0070062), cell adhesion 
(GO:0070062), positive regulation of gene expression 
(GO:0010628), and extracellular matrix (ECM) organization 
(GO:0030198).

Identification of DEG-regulated pathways

We used the KEGG online analysis database (http://www.
kegg.jp/kegg/kegg2.html) to complete processing of the 
gene microarray and realize the effective identification of 
DEGs (Table 5). The signal transduction process of DEGs 
was enriched in cell adhesion molecules (CAMs) (P<0.001), 
transcriptional misregulation in cancer (P=0.0144), and 
tyrosine metabolism (P<0.001) (Figures 5,6). In addition, 
using the STRING database (http://string-db.org) for 
analysis, a PPI network of DEG expression in PTC was 
generated. There were 165 nodes and 117 edges in the 
PPI network. The constructed DEG network is shown in 
Figure 7.

Clinical validation of candidate genes by qRT-PCR analysis

To verify the calculated data, ten DEGs, including five 
upregulated (ENTPD1, THRSP, KLK10, ADAMTS9, 
MIR31HG) and five downregulated (SCARA5, EPHB1, 
CHRDL1, LOC440934, FOXP2) genes, were randomly 
selected for adjacent noncancerous tissue samples and 
q-PCR in 50 pairs of PTCs. The 2−ΔΔCt function was used to 
calculate differential gene expression. The log2 (2

−ΔΔCt) value 
was used to complete the relative expression mapping of the 
10 identified genes in Figure 8 through the R project (version 
3.3). The results were consistent with the integrated data 
(Figure 8).

Discussion

In this study, we integrated four GEO datasets, GSE33630, 
GSE35570, GSE60542 and GSE29265, including 136 
normal samples and 157 PTC specimens. A total of 590 
DEGs were consistently expressed in the four datasets, of 
which 327 were upregulated and 263 were downregulated. 
Ten DEGs, including five upregulated (ENTPD1, THRSP, 
KLK10, ADAMTS9, MIR31HG) and five downregulated 
(SCARA5,  EPHB1,  CHRDL1,  LOC440934,  FOXP2) 
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Figure 1 Gene expression normalization of four papillary thyroid carcinoma datasets. (A) The normalization of GSE33630 data; (B) the 
normalization of GSE35570 data; and (C) the normalization of GSE60542 data; (D) the normalization of GSE29265 data; (E) the Q-Q 
plot of the four papillary thyroid carcinoma datasets. The red represents the data before normalization, and the blue bar represents the 
normalized data.
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Figure 2 Hierarchical clustering heatmap of top 200 DEGs screened on the basis of FC >1.0 and a corrected P value <0.05. (A) GSE33630 
data; (B) GSE35570 data; (C) GSE60542 data; (D) GSE29265. Red indicates that the expression of genes is relatively upregulated, green 
indicates that the expression of genes is relatively downregulated, and black indicates no significant changes in gene expression; gray 
indicates that the signal strength of genes was not high enough to be detected. DEGs, differentially expressed genes.

Figure 3 Venn plot for four papillary thyroid carcinoma datasets. Notes: 590 differentially expressed genes (DEGs) were identified from 
four datasets. Among them, 327 genes were up-regulated while 263 were down-regulated. Different color areas represented different 
datasets. The cross areas meant the commonly changed DEGs. Different colors represent different GSE dataset, for example blue indicates 
GSE29265, yellow indicates GSE35570, purple indicates GSE60542 and green indicates GSE33630. If two or more different color circles 
overlap with a number of 590, it means that both GSE datasets have genes divided into the same Optical Transform Unit (OUT), and there 
are 590 such OTUs.



636 Sun et al. Gene expressions and signaling pathways in PTC

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(2):629-644 | http://dx.doi.org/10.21037/gs-20-673

Table 2 590 differentially expressed genes (DEGs) were identified from datasets. Among them, 327 genes were up-regulated and 263 were down-
regulated (here we only list top 20 significant DEGs)

Gene AveExpr P value adj. P value B

ZCCHC12 8.590897 5.01E-86 2.98E-83 185.6976

GABRB2 6.529524 7.6E-113 4.1E-108 247.1463

TFF3 9.65712 2.7E-97 5.68E-94 211.5312

LRP4 8.088199 1.4E-100 4.7E-97 219.077

CLDN1 9.478071 4.25E-86 2.58E-83 185.8604

DPP4 6.318098 2.4E-100 7.32E-97 218.5193

SCEL 6.627542 5.37E-87 3.54E-84 187.9215

IPCEF1 8.128285 1.85E-92 2.16E-89 200.4456

DCSTAMP 5.886883 3.29E-37 7.48E-36 73.65021

ADH1B 6.365982 1.66E-83 7.63E-81 179.9149

CITED1 8.682195 2.43E-84 1.27E-81 181.8293

TPO 10.85023 6.26E-68 8.7E-66 144.1686

MMRN1 5.291793 5.8E-100 1.66E-96 217.6525

TACSTD2 9.899108 1.91E-65 2.25E-63 138.4627

PCSK2 7.939505 8.3E-46 3.1E-44 93.38036

CHRDL1 7.577745 1.18E-55 7.77E-54 115.9885

KCNJ2 7.949332 5.89E-92 6.57E-89 199.2954

SLC34A2 8.386449 5.07E-69 7.41E-67 146.6747

GDF15 6.341696 9.51E-61 8.58E-59 127.6801

GPM6A 6.825991 1.34E-76 3.37E-74 164.0699

genes, were randomly selected for q-PCR in our own 
tissue samples to validate the integrated data. Among the 
upregulated DEGs verified by q-PCR, the extracellular 
nucleotidase ENTPD1/CD39 is of great significance 
during the conversion of immunostimulatory adenosine 
triphosphate (ATP) to immunosuppressive adenosine (19). 
Overexpression of tumoral ENTPD1 in hepatocellular 
carcinoma was related to increased tumor recurrence 
and shortened overall survival and was considered an 
independent predictor of poor outcome after radical 
resection (20). LncRNA MIR31HG expression in PTC is 
also significantly upregulated. MIR31HG is the host gene 
of miR-31 and serves as the initial intron of MIR31HG (21).  
This lncRNA is known as an oncogenic lncRNA and is 
upregulated in various cancers, including breast cancer (22),  
cervical cancer (23) and laryngeal cancer (24). MIR31HG 
has also been shown to have prognostic value; it exhibits 

effects on cell proliferation and invasion in pancreatic 
ductal adenocarcinoma, and its expression and function are 
suppressed by miR-193b (25). MIR31HG is significantly 
upregulated in oral cancer and is significantly related 
to poor clinical results. It has the function of a HIF-
1α coactivator and is also a subunit of HIF-1. HIF-1 
relies on the activation of target gene expression in core 
steps to drive the cell’s response to hypoxia, including 
mitochondrial function, angiogenesis, metabolism 
reprogramming, invasion and metastasis (26). To date, no 
study has investigated the prognostic and functional roles 
of ENTPD1 and MIR31HG in PTC. Further study should 
explore the diagnostic and prognostic value of these DEGs 
in PTC.

GO enrichment analysis of the DEGs in PTC indicated 
that the most enriched GO terms were endothelial and 
immune cells or alterations in the structure and composition 
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Figure 4 GO enrichment analysis of DEGs in papillary thyroid cancer. Notes: GO analysis divided DEGs into three functional groups: 
molecular function, biological processes, and cell composition. DEGs, differentially expressed genes; GO, gene ontology.

Table 3 Gene ontology (GO) analysis of upregulated genes associated with papillary thyroid cancer (top 20)

GO ID GO term Count Fold enrichment

GO:0060326 Cell chemotaxis 9 8.908222812

GO:0051965 Positive regulation of synapse assembly 7 7.26387344

GO:1903237 Negative regulation of leukocyte tethering or rolling 3 48.25287356

GO:0010460 Positive regulation of heart rate 4 15.13815641

GO:0007417 Central nervous system development 8 4.289144317

GO:0015701 Bicarbonate transport 5 7.311041449

GO:0007155 Cell adhesion 16 2.242689839

GO:0030509 BMP signaling pathway 6 5.079249849

GO:0046785 Microtubule polymerization 3 19.30114943

GO:0046627 Negative regulation of insulin receptor signaling pathway 4 8.87409169

GO:0060412 Ventricular septum morphogenesis 4 8.87409169

GO:0045892 Negative regulation of transcription, DNA-templated 16 2.062915102

GO:0007411 Axon guidance 8 3.23709005

GO:0006590 Thyroid hormone generation 3 16.08429119

GO:0001523 Retinoid metabolic process 5 5.273538094

GO:0007275 Multicellular organism development 16 1.975805443

GO:0072659 Protein localization to plasma membrane 5 5.106124187

GO:0000122 Negative regulation of transcription from RNA polymerase II promoter 20 1.787143465

GO:0086005 Ventricular cardiac muscle cell action potential 3 12.86743295

GO:0032469 Endoplasmic reticulum calcium ion homeostasis 3 12.86743295
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Table 4 Gene ontology (GO) analysis of downregulated genes associated with papillary thyroid cancer (top 20)

GO ID GO term Count Fold enrichment

GO:0007155 Cell adhesion 22 3.514608366

GO:0030198 Extracellular matrix organization 13 4.863559398

GO:0070062 Extracellular exosome 35 2.210562345

GO:0042060 Wound healing 8 7.332751092

GO:0043065 Positive regulation of apoptotic process 14 3.421950509

GO:0016337 Single organismal cell-cell adhesion 8 5.808119677

GO:0010628 Positive regulation of gene expression 12 3.35851195

GO:0001525 Angiogenesis 11 3.617052108

GO:0010165 Response to X-ray 4 13.33227471

GO:0001836 Release of cytochrome c from mitochondria 4 12.75261059

GO:0022617 Extracellular matrix disassembly 6 5.78901402

GO:2001235 Positive regulation of apoptotic signaling pathway 4 11.73240175

GO:0046718 Viral entry into host cell 6 5.499563319

GO:0006919 Activation of cysteine-type endopeptidase activity involved in apoptotic 
process

6 5.300783922

GO:0035987 Endodermal cell differentiation 4 10.86333495

GO:0006954 Inflammatory response 13 2.515191667

GO:0090200 Positive regulation of release of cytochrome c from mitochondria 4 10.4753587

GO:0070373 Negative regulation of ERK1 and ERK2 cascade 5 6.321337148

GO:0043406 Positive regulation of MAP kinase activity 5 6.21419584

GO:0070555 Response to interleukin-1 4 8.888183141

Table 5 Kyoto Encyclopedia of Genes and Genomes (KEGG) approach pathway analysis of differentially expressed genes (DEGs) associated with 
papillary thyroid cancer

Term ID Count P value Genes

Tyrosine metabolism hsa00350 5 7.29E-04 ALDH1A3, AOX1, TPO, ADH1B, HGD

Cell adhesion molecules (CAMs) hsa04514 8 0.0014 NCAM1, NRCAM, CLDN16, CLDN1, CLDN10, CDH2, 
SDC4, CDH3

Complement and coagulation cascades hsa04610 5 0.0088 TFPI, SERPINA1, CFD, PROS1, PLAU

Transcriptional misregulation in cancer hsa05202 7 0.0144 PROM1, MET, RXRG, RUNX1, HMGA2, RUNX2, PLAU

Extracellular matrix (ECM)-receptor 
interaction

hsa04512 5 0.0195 LAMB3, COMP, RELN, SDC4, FN1

Axon guidance hsa04360 5 0.0637 NGEF, PLXNC1, MET, SLIT1, EPHB1

Tryptophan metabolism hsa00380 3 0.0812 CYP1B1, AOX1, OGDHL

Proteoglycans in cancer hsa05205 6 0.0884 ANK2, TIAM1, MET, SDC4, PLAU, FN1
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Figure 6 Bubble chart of top 8 Kyoto Encyclopedia of Genes and Genomes pathways illustrating differentially expressed genes (DEGs), as 
identified by pathway enrichment analysis using the Database for Annotation, Visualization and Integrated Discovery.

of the ECM (27-30). Exosomes can also transfer oncogene 
transcripts into recipient cells (26). For example, exosome-
enclosed miRNAs can alter the behavior of recipient cells 
by regulating gene expression (31-33), which could increase 
the metastatic potential in poorly differentiated cells. 
Studies of exosomes in PTC are currently quite limited 
since the DEGs in PTC were enriched in this area, and 
further investigation should be promising.

In this study, the KEGG pathway analysis method 
showed abnormally expressed genes and tyrosine 
metabolism, CAMs, complement and coagulation cascades, 
transcriptional misregulation and ECM-receptor interaction 
pathways. These are the main pathways of cancer. Similar 
to tyrosine metabolism, tyrosine phosphorylation of 
proteins serves as an exquisite switch to control several 
key oncogenic signaling pathways, including the MAPK 

pathway, which is the major dysregulated pathway in  
PTC (34). Among the five DEGs in this pathway, 
ALDH1A3 plays an important role in tyrosine metabolism 
and is responsible for oxidizing the intermediate aldehyde 
forms of tyrosine into its corresponding acid (35). 
Researchers have extensively studied the core functions of 
CAMs. The adhesion of tumor cells in the vasculature of 
specific organs is an important process in the metastatic 
cascade reaction stage (36). The complement system is 
mainly composed of a cascade of serine proteases encoded 
by genes from the same source as coagulation proteins (37),  
which represent the core content of inflammation, and 
inflammation occurs throughout the process (38). At 
the same time, complement activation can effectively 
regulate the adaptive immune response (39) and may also 
act in the response of tumor T cells (40). Transcriptional 
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Figure 7 Kyoto Encyclopedia of Genes and Genomes pathway map illustrating differentially expressed genes (DEGs), as identified by 
protein-protein interaction network analysis using STRING. The network map was generated in the Database for Annotation, Visualization 
and Integrated Discovery 6.8. Each node is a differentially expressed gene. Network nodes represent proteins, edges represent protein-
protein associations; colored nodes: query proteins and first shell of interactors; white nodes: second shell of interactors; empty nodes: 
proteins of unknown 3D structure; filled nodes: some 3D structure is known or predicted.

misregulation, including misregulation of transcription 
factors, cofactors, chromatin regulators and noncoding 
RNAs, has long been known to contribute to tumorigenesis 
and progression (41). For example, the protein encoded 
by one of the DEGs, RUNX1, in combination with many 
promoters and enhancers, is considered to be relevant in 
the occurrence of breast cancer and leukemia (42,43). The 
ECM is a complex grid structure of large molecules. It can 
interact with cell signal transduction receptors and can also 
act as a reservoir for signal molecules or growth factors (44).  

In short, all of these pathways have been proven to be classic 
cancer processes. Our analysis shows that the selected 
DEGs play an important role in PTC tumorigenesis and 
cancer progression.

Our study has the following limitations. First, the 
clinical information and gene mutation information of these 
patients were not included for validation, and the analysis of 
cancer and para-cancer differential genes may be erroneous, 
requiring further verification. Second, the GSE33630 
dataset was from the Chernobyl Tissue Bank in Ukraine, 
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Figure 8 Clinical validation of 10 genes by q-PCR analysis.

and it is not known whether these PTC patients had 
received radiation, which might induce bias. In addition, 
we did identify DEGs, but we do not yet know the roles of 
these genes, and we will further study them.

In conclusion, 590 DEGs were identified in PTC 
by integrated microarray analysis. The KEGG analysis 
presented here suggests that the DEGs were enriched in 
transcriptional misregulation in cancer, transcriptional 
misregulation in cancer, proteoglycans in cancer, and 
tyrosine metabolism. Functional studies of PTC should 
focus on these pathways.
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