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Background: This study aimed to identify the key genes associated with prognosis in 
thyroid cancer (TC), and to explore potential pathways.
Methods: GSE66783, GSE58545, and GSE129562 datasets were used to identify differen
tially expressed genes (DEGs) between tumor and normal tissues, followed by KEGG 
analyses on DEGs. The protein–protein interaction (PPI) network of DEGs was subsequently 
constructed to find the top 10 hub genes and seed genes in the whole network. Furthermore, 
the mRNA expressions of hub genes and prognostic values were explored. Regarding the 
seed gene, pathway activity score and GSEA analyses were conducted as well.
Results: 1) A total of 183 DEGs were consistently expressed in three datasets comprising 76 
up-regulated and 107 down-regulated genes. DEGs were mainly enriched in the p53 signal
ing pathway, complement and coagulation cascades, and hedgehog signaling pathway. 2) The 
top 10 hub genes, including CCND1, TIMP1, ICAM1, MET, PLAU, LDLR, PLAUR, 
ITGA2, ITGA3, and LGALS3, were identified. All hub genes were highly expressed in 
TC compared with normal samples. 3) High expression of CCND1, TIMP1, MET, and 
LGALS3 statistically correlated with a favorable prognosis of patients. Poor survival was 
observed in patients with ITGA2 and ITGA3 high expression. There was no association 
between ICAM1, PLAU, and PLAUR expression and survival of patients. LGALS3 and 
TIMP1 were further identified as independent prognostic factors in TC. 4) Among 10 hub 
genes, TIMP1 was determined as the seed gene, indicating its significance in the whole 
network. We further found that in most of the famous cancer-related pathways, TIMP1 
higher expression caused a lower pathway activity, suggesting its inhibitory effect to these 
pathways in TC. In addition, TIMP1 positively correlated with the p53 signaling pathway, 
complement, and coagulation cascades involved in TC.
Conclusion: The present study provided seven prognosis-associated genes in TC and revealed 
several significant pathways, which contributed to elucidate the pathogenesis of TC.
Keywords: thyroid cancer, differentially expressed genes, prognosis, TIMP1

Introduction
Thyroid cancer (TC) is a common endocrine malignancy with a rapidly increasing 
incidence worldwide, and the estimated new cases and deaths are notably higher in 
women than in men.1 Papillary thyroid carcinoma (PTC) is identified as the most 
common pathological type of TC, and accounts for approximately 80–85% of all cases. 
Due to the treatability and excellent survival rates, TC has been regarded as a good 
cancer.2 However, some patients still face the risk of dedifferentiating into more 
aggressive disease such as metastatic differentiated thyroid cancer, which is insensitive 
to conventional therapies and ultimately caused poor patient survival.3 Thus, it is 
essential to clarify the mechanisms of TC and identify unknown biomarkers.
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Recently, accumulating evidence demonstrated the par
ticipation of multiple genes and cellular pathways in the 
occurrence and development of thyroid cancer. A previous 
study suggested that down-regulation of Cyclin D1 
(CCND1) induced the G1-phase arrest, and then sup
pressed the proliferation of thyroid cancer cells.4 In addi
tion, CCND1 polymorphism contributed to the 
susceptibility of cancer, especially in older subjects and 
female patients.5 Related research has demonstrated that 
tissue inhibitor of metalloproteinases (TIMP1) might be 
helpful for the development of gene panel for thyroid 
nodules diagnosis.6 TIMP1 gene and protein were also 
involved in the regulation of cancer cell proliferation and 
metastasis.7 Although a great deal of genes and pathways 
have been reported in deciphering molecular mechanisms 
of thyroid cancer, more crucial genes and pathways still 
need to be identified to give the full view of the progres
sion of thyroid cancer.

In the present study, we proposed to explore the key 
pathways and genes involved in TC with the aid of bioin
formatics analysis. Three GEO datasets, including 
GSE66783, GSE58545, and GSE129562, were obtained, 
and in total 183 consistent differentially expressed genes 
(DEGs) from three datasets were selected for functional 
enrichment analysis, followed by protein–protein interac
tion (PPI) network construction and hub genes identifica
tion. Furthermore, the potential value of hub genes in 
thyroid cancer were investigated. This study provided 
a better understanding of the underlying mechanisms, 
and was conducive to find new biomarkers for TC.

Methods
GEO Datasets Selection
The gene expression profiles associated with TC were 
obtained from the GEO database (https://www.ncbi.nlm. 
nih.gov/geo/). The screening criteria were as follows: 1) 
the key word was papillary thyroid carcinoma OR PTC; 2) 
samples contained cancer and normal tissues; 3) experi
ment type was expression profiling by array; and 4) organ
ism was homo sapiens. We finally selected three GEO 
datasets including GSE66783, GSE58545, and 
GSE129562. The GSE66783 dataset included 10 samples 
with five PTC tissues and five noncancerous thyroid tissue 
samples. GSE58545 consisted of 27 TC tissues and 18 
normal samples. In the GSE129562 dataset, 16 samples 
were included with eight PTC tissues and eight noncancer
ous tissues.

Identification of Differentially Expressed 
Genes
The online program of GEO2R (https://www.ncbi.nlm.nih. 
gov/geo/geo2r/) was applied to find the differentially 
expressed genes (DEGs) between PTC and normal tissues. 
In addition, a volcano plot for visualization of DEGs in 
each dataset was generated as well. We identified the 
differentially expressed genes (DEGs) as the threshold of 
|Log2FC|> 1 and the adjusted P-value<0.01. The consistent 
DEGs from three datasets were integrated using Venn 
analysis (http://bioinformatics.psb.ugent.be/webtools/ 
Venn/).

Protein–Protein Network Construction 
among DEGs
To characterize the functional roles of the above DEGs, we 
used the String database (https://string-db.org/) to con
struct the protein–protein network (PPI) among DEGs 
with setting the required minimum interaction score as 
medium confidence, followed by visualization by 
Cytoscape version 3.7.2. Subsequently, we used the 
ClueGO plug-in of Cytoscape to perform the GO annota
tion including molecular function (MF), biological process 
(BP), cellular component (CC), and KEGG pathway ana
lysis. P<0.05 was set as the cut-off value. At the same 
time, the top 10 hub genes in the whole network were 
determined with the plug-in cytoHubba of Cytoscape, and 
the degree method was selected among 12 computing 
methods. Especially, a seed gene among 10 hub genes 
can be found.

Expression Analysis on 10 Hub Genes
The mRNA expression of 10 hub genes in TC and normal 
groups were analyzed in the GSCA database (http:// 
bioinfo.life.hust.edu.cn/GSCA/). The fold change is calcu
lated by mean (Tumor)/mean (Normal), P-value was esti
mated by t-test and was further adjusted by FDR. In 
addition, the difference of gene mRNA expression 
between stages and expression trend from early stage to 
late stage were also performed. The stage subgroup was 
compared through ANOVA test. Trend analysis was per
formed by Mann-Kendall Trend Test. Subsequently, 
KEGG enrichment analysis was performed by R package 
cluster Profiler version 2.4.3, and P-value was adjusted to 
get FDR (Benjamini & Hochberg) and Q value. Only 
terms with FDR <0.05 remained.
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Prognosis Analysis on 10 Hub Genes
The prognostic impact of 10 hub gene expressions on TC 
patients was analyzed in the Kaplan-Meier Plotter database 
(http://kmplot.com/). The method of dividing patients was set 
according to auto select best cutoff, and subjects were divided 
into high and low expression groups. The clinical outcome 
analyzed of patients was overall survival, and the follow-up 
threshold was 240 months. The significance threshold was set 
at P=0.05 and FDR=10%. Taking the clinical characteristics 
and immune cell into consideration, we performed Cox regres
sion analysis to explore the independent prognostic value of 
survival-related hub genes in TC.

Pathway Enrichment Analysis on Seed 
Gene TIMP1
Among the 10 hub genes, TIMP1 was determined as the 
seed gene. We then assessed the potential effect of TIMP1 
on 10 important cancer related pathways in GSCA. The 
pathway in GSCA included TSC/mTOR, RTK, RAS/ 
MAPK, PI3K/AKT, Hormone ER, Hormone AR, EMT, 
DNA Damage Response, Cell Cycle, and Apoptosis path
ways. Samples were divided into two groups (High and 
Low) by median gene expression, the difference of path
way activity score (PAS) between groups is defined by 
Student t-test, P-value was adjusted by FDR, FDR≤0.05 
was considered as significant. When PAS (Gene A High 
expression) > PAS (Gene A Low expression), we consider 
gene A may have an activated effect to a pathway, 

otherwise have an inhibitory effect to a pathway. We also 
performed gene set enrichment analysis (GSEA) to inves
tigate the potential function of TIMP1 in thyroid cancer. 
Nominal P-value<0.05 and FDR q-value<25% were con
sidered as significant terms.

Results
Identification of DEGs in GEO Datasets
According to the screening criteria, three GEO datasets were 
selected. In total, 40 thyroid tumor tissues and 31 normal 
tissues were enrolled in our study. We extracted 821, 350, 
and 760 up-regulated DEGs and 628, 377, and 480 down- 
regulated DEGs from GSE66783, GSE129562, and 
GSE58545, respectively. The volcano plots of DEGs distri
bution in each dataset were shown in Figure 1A. In total, 183 
DEGs consistently expressed in three datasets were identi
fied by Venn analysis, and 76 genes were up-regulated while 
107 genes were down-regulated (Figure 1B).

Protein–Protein Network Construction 
and Hub Genes Identification
We obtained a PPI network from String and Cytoscape to 
describe protein interactions. There were 139 nodes and 258 
edges in the PPI network (Figure 2A). Regarding the DEGs, 
we performed the GO annotation and KEGG pathway analysis 
(Figure 3). Functional enrichment analysis indicated that bio
logical process (BP) that DEGs significantly participated in 
included amyloid-beta clearance by cellular catabolic process, 

Figure 1 Identification of 183 DEGs in three GEO datasets. (A) Volcano plots of the distribution of DEGs in each dataset. (B) Venn diagram of up-regulated and down- 
regulated DEGs.
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melanocyte differentiation, retinoic acid receptor signaling 
pathway and regulation of cell adhesion mediated by integrin. 
The enriched cellular component (CC) of DEGs mainly con
tained invadopodium membrane, lamellar body and invado
podium. The molecular function (MF) associated with DEGs 
mainly included low-density lipoprotein particle receptor 

activity, peptidase activator activity involved in the apoptotic 
process, and virus receptor activity.

Several significant KEGG pathways associated with 
DEGs were predicted as well, including Tyrosine metabo
lism, p53 signaling pathway, Hedgehog signaling pathway, 
Complement and coagulation cascades, Focal adhesion 

Figure 2 Protein–protein interaction (PPI) network construction of DEGs. (A) PPI networks. Green nodes represented the down-regulated genes, while red nodes 
represented the up-regulated genes. (B) The top 10 hub genes ranked by Degree method. 
Abbreviation: DEGs, differentially expressed genes.

Figure 3 GO annotation and KEGG pathway analyses on DEGs. 
Abbreviations: BP, biological process; CC, cellular component; MF, molecular function.

https://doi.org/10.2147/IJGM.S327497                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 5740

Qin                                                                                                                                                                     Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


and ECM-receptor interaction. Through plug-in 
cytoHubba of Cytoscape, we detected 10 significant 
nodes from the PPI network, namely CCND1, TIMP1, 
ICAM1, MET, PLAU, LDLR, PLAUR, ITGA2, ITGA3, 
LGALS3, and they were considered as the hub genes in 
the whole network (Figure 2B). Additionally, TIMP1 was 
determined as the seed gene among 10 hub genes, suggest
ing its important regulation on other genes.

The mRNA Expression and Pathway 
Activity of 10 Hub Genes in TC
Subsequently, we assessed the mRNA expression of the top 
10 hub genes in normal and thyroid cancer tissues. 
Differential expression analysis (Figure 4A) showed that all 
hub genes were highly expressed in TC compared with the 
normal group (all P<0.05). We also explored the mRNA 
expression of hub genes in TC based on clinical stages. 

Results suggested that the expression of CCND1 was not 
associated with cancer stages (Figure 4B, P=0.27), and 
mRNA expression of the remaining hub genes correlated 
with clinical stage (all P<0.001). Expression tendency ana
lysis (Figure 4C) found that higher expression was observed 
in patients with advanced stage for each hub gene. We also 
performed gene set enrichment analysis on 10 hub genes, and 
we found that 10 hub genes mainly participated in proteogly
cans in cancer, the PI3K-AKT signaling pathway, and focal 
adhesion (Figure 4D).

Prognostic Value of 10 Hub Genes in TC
We then explored the prognostic impacts of 10 hub genes 
on the prognosis of TC patients. The clinical characteris
tics of TC patients are presented in Table 1. The results 
showed that the patient’s age and clinical stage were sig
nificantly correlated with the progression-free survival of 

Figure 4 The mRNA expression and pathway activity of 10 hub genes in TC. (A) Differential expression of hub genes between tumor and normal tissues in TCHA. Bubble 
color from purple to red represent the fold change between tumor versus normal. The size of dots are positively correlated with the FDR significance. (B) Difference of 10 
hub gene mRNA expression between stages in TC. Bubble color from blue to red represents the significance of FDR; the bubble size is positively correlated with the 
statistical significance. The black outline border of bubbles indicates FDR <0.05. (C) Trend of mRNA expression from early stage to late stage. (D) Potential effect of 10 hub 
genes on pathway activity.
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TC patients. However, patient’s and cancer subtypes did 
not influence the prognosis of TC patients.

The influence of 10 hub genes expression on the 
prognosis of TC patients was then analyzed by Kaplan- 

Meier Plotter database. Figure 5 indicates that 
a favorable prognosis was observed in patients with 
mRNA high expression of CCND1 (HR=0.28, 
P=0.0066), TIMP1 (HR=0.33, P=0.021), MET 
(HR=0.32, P=0.02), and LGALS3 (HR=0.24, 
P=0.0026). However, high expression of LDLR 
(HR=2.76, P=0.013), ITGA2 (HR=3.32, P=0.0027), 
and ITGA3 (HR=3.09, P=0.0025) caused a poor prog
nosis of patients. The association of patient prognosis 
with ICAM1 (HR=0.54, P=0.23), PLAU (HR=0.39, 
P=0.061), and PLAUR (HR=2.02, P=0.068) expressions 
was not observed.

Survival analysis indicated that mRNA expression of six 
hub genes, including CCND1, TIMP1, MET, LDLR, ITGA2, 
ITGA3, and LGSLS3, was statistically associated with the 
prognosis of TC patients. Therefore, we predicted the potential 
independent prognostic value of six genes in TC after taking 
clinical characteristics and immune cells into consideration. 
Cox regression analysis indicated that among six prognosis- 
related hub genes, LGALS3 (Table 2, P=0.039) and TIMP1 
(Table 3, P=0.016) were determined as independent prognos
tic factors in TC. We found no independent prognostic value of 
the remaining four hub genes (data was not shown).

Table 1 The Clinical Characteristics of the TC Patients

Variables Outcome Status P

Disease 
Free

Progressed

Age ≤55 335 28 0.012
>55 117 21

Gender Male 118 17 0.198
Female 334 32

Clinical stage 1 268 20 0.020
2 46 4

3 93 15

4 43 10

Cancer Type 

Detailed

Follicular 

Thyroid 
Cancer

99 7 0.244

Papillary 

Thyroid 
Cancer

346 40

Figure 5 The influence of 10 hub genes expression on the prognosis of thyroid cancer patients.
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Enrichment Analysis on TIMP1
Due to the important role of TIMP1 as the seed gene and 
significant independent prognostic value in TC, we further 
explored its potential effect on 10 important cancer related 
pathways (Figure 6). We found that pathway activity of 
Hormone ER and Apoptosis was not different between 
TIMP1 high and low expression groups (all FDR>0.05). 
Regarding the remaining pathways, lower pathway activity 
score was observed in TIMP1 higher expression group (all 
FDR<0.05) other than EMT pathway. The above result 
suggested that TIMP1 may be considered and has 
a potential inhibitory effect on these pathway activities, 
while exerting a promoting effect on EMT in TC.

Finally, we performed GSEA analysis on TIMP1 to 
reveal the potential mechanism involved in TC. A total 

of 33 positive pathways and 28 negative pathways asso
ciated with TIMP1 were found. Due to the favorable 
prognostic impact of TIMP1 high expression on the 
patient’s survival, we were inclined to explore the TIMP1- 
positive pathways. Two pathways, including Complement 
and coagulation cascades, and p53 signaling pathway, 
were also predicted by GSEA analysis (Table 4). In addi
tion, GSEA analysis indicated that TIMP1 was signifi
cantly associated with the Autoimmune thyroid disease 
and Chemokine signaling pathway.

Discussion
Most TC cases were concealed and characterized by slow 
progression and a good overall prognosis, but a small 
number of cases showed increased invasiveness and 

Table 2 Cox Regression Analysis for Predicting the Independent Prognostic Value of LGALS3 in TC

Parameters Coef HR 95% CI (Lower, Upper) P-value

Age 0.204 1.226 1.124, 1.338e+00 <0.001
Gender-male −0.035 0.966 0.217, 4.299e+00 0.964

Stage 2 0.647 1.909 0.204, 1.791e+01 0.571

Stage 3 1.039 2.825 0.383, 2.083e+01 0.308
Stage 4 3.167 23.743 2.091, 2.697e+02 0.011

Purity 7.338 1,537.888 31.805, 7.436e+04 <0.001

B-cell 4.113 61.126 0.001, 4.181e+06 0.469
CD8 T-cell −23.011 0.000 0.000, 0.000e+00 0.003

CD4 T-cell 8.728 6,173.816 0.238, 1.601e+08 0.092
Macrophage −28.225 0.000 0.000, 1.482e+00 0.053

Neutrophil −51.839 0.000 0.000, 1.053e+05 0.109

Dendritic 14.544 2,072,658.573 1.479, 2.903e+12 0.044
LGALS3 −0.441 0.644 0.424, 9.770e-01 0.039

Abbreviations: coef, correlation coefficient; HR, hazard ratio; CI, confidence interval.

Table 3 Cox Regression Analysis for Predicting the Independent Prognostic Value of TIMP1 in TC

Parameters Coef HR 95% CI (Lower, Upper) P-value

Age 0.215 1.240 1.133, 1.357e+00 <0.001

Gender-male −0.099 0.905 0.213, 3.842e+00 0.893

Stage 2 0.908 2.478 0.265, 2.316e+01 0.426
Stage 3 0.723 2.061 0.296, 1.433e+01 0.465

Stage 4 3.188 24.237 2.165, 2.713e+02 0.010

Purity 7.677 2,158.556 39.800, 1.170e+05 <0.001
B-cell 1.729 5.634 0.000, 3.529e+05 0.759

CD8 T-cell −21.150 0.000 0.000, 2.000e-03 0.005

CD4 T-cell 10.275 28,991.470 0.995, 8.449e+08 0.050
Macrophage −32.562 0.000 0.000, 2.200e-02 0.027

Neutrophil −56.672 0.000 0.000, 3.218e+04 0.098

Dendritic 16.572 15,746,802.891 2.565, 9.665e+13 0.038
TIMP1 −0.411 0.663 0.475, 9.250e-01 0.016

Abbreviations: coef, correlation coefficient; HR, hazard ratio; CI, confidence interval.
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recurrence after surgery. Therefore, it was of great impor
tance to identify the pivotal genes and pathways associated 
with the development of TC. In our study, three GEO 
datasets, including GSE66783, GSE129562, and 
GSE58545, were obtained and further analyzed by bioin
formatics methods. A total of 183 DEGs were identified, 
including 76 up-regulated genes and 107 down-regulated 
genes.

KEGG pathway analysis showed that 183 DEGs were 
significantly associated with Tyrosine metabolism, p53 

signaling pathway, Hedgehog signaling pathway, 
Complement and coagulation cascades, Focal adhesion 
and ECM-receptor interaction. Recently, several tyrosine 
kinase inhibitors, such as sorafenib and lenvatinib, have 
been used to treat patients with TC through restoring 
sodium iodide symporter expression and function, and 
radioactive iodine uptake capacity.8 Another study indi
cated that sorafenib lenvatinib alternating treatment was 
more effective than individual treatment with sorafenib or 
lenvatinib in inhibiting thyroid cancer progression by 

Figure 6 Potential effect of TIMP1 expression on pathway activity of 10 important cancer related pathways in TC. P-value was adjusted by FDR, FDR≤0.05 was considered 
as significant.

Table 4 GSEA Analysis on TIMP1 Involved in Thyroid Carcinoma

Pathway Name NES Nominal P-value FDR q-value

Complement and coagulation cascades 2.0464 <0.001 0.0092

Autoimmune thyroid disease 1.9722 0.0042 0.0132

Chemokine signaling pathway 1.8504 0.0076 0.0415
P53 signaling pathway 1.6715 0.0374 0.0929

Abbreviations: NES, normalized enrichment score; FDR, false discovery rate.
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inducing cell cycle arrest.9 The P53 gene was commonly 
mutated, especially in anaplastic thyroid cancer. The study 
indicated that transfection with wild-type p53 increased 
the radioiodine uptake and induced the apoptotic cell 
death by regulating the expression of the NIS.10 The p53 
tumor suppressor pathway can block the carcinogenesis by 
triggering apoptosis and cellular senescence. Another 
study implied that p53 mutant reactivation, which aimed 
to restore the tumor-suppressor activity of p53 mutants, 
might be a novel antitumor strategy in TC.11 A previous 
study has indicated that hedgehog signaling components 
were markedly up-regulated in thyroid carcinoma.12 The 
Hedgehog pathway was widely activated in thyroid neo
plasms, and knockdown of sonic hedgehog expression led 
to the inhibition of cell proliferation.13 Therefore, hedge
hog inhibitors have potential as a novel therapeutic target 
for thyroid cancer treatment. Complement and coagulation 
cascades signaling was one of the most frequently 
enriched functional pathways in the bioinformatic 
studies.14 The DEGs in this pathway correlated with che
motherapy resistance and survival of sarcoma patients.15 

Dysregulation of this pathway was usually triggered by 
dysfunctions of the innate immune system.16 The comple
ment and coagulation cascades signaling pathway, focal 
adhesion, and ECM-receptor interaction played an impor
tant role in the pathogenesis of cancers.

From the PPI network, we identified the top 10 hub 
genes among 183 DEGs, including CCND1, TIMP1, 
ICAM1, MET, PLAU, LDLR, PLAUR, ITGA2, ITGA3, 
and LGALS3. Further, we found that 10 hub genes were 
all highly expressed in TC compared with the normal 
group. Gene set enrichment analysis indicated that 10 
hub genes mainly participated in proteoglycans in cancer, 
the PI3K-AKT signaling pathway, and focal adhesion. 
Among 10 hub genes, CCND1, TIMP1, MET, LDLR, 
ITGA2, ITGA3, and LGSLS3 were statistically associated 
with the prognosis of TC patients.

Cyclin D1 (CCND1) was abnormally overexpressed in 
thyroid cancers, but mutations of the gene were rare. No 
genetic alteration of CCND1 was observed in this study as 
well. It has been demonstrated that CCND1 splice variant 
acted as a novel diagnostic and predictive biomarker for 
thyroid cancer.17 Enhancement of CCND1 may be 
a potential mechanism for recurrence and aggressiveness 
of papillary thyroid carcinoma.18 Tissue inhibitor of metal
loproteinases (TIMP-1) bound its surface receptor CD63 
and led to Akt activation, which exerted anti-apoptotic 
behavior and promoted cell invasion.19 In this study, we 

found that high expression of TIMP1 inhibited the path
way activity of the PI3K-Akt pathway, which might be 
associated with the good prognosis of patients. In thyroid 
cancer tissues, MET mRNA and protein levels were up- 
regulated, and MET closely correlated with the PI3K and 
AKT signaling.20 Circular low-density lipoprotein receptor 
(Circ LDLR) knockdown decelerated the progression of 
papillary thyroid carcinoma by regulating lipase H.21 Our 
study found that ITGA2 and ITGA3 high expression were 
significantly associated with the poor prognosis of TC 
patients. A previous study suggested that ropivacaine 
inhibited the proliferation, invasion and migration, as 
well as promoted apoptosis of thyroid cancer cells via 
regulating ITGA2 expression.22 Targeting on ITGA3 
could prevent thyroid cancer progression through disturb
ing cell cycling and autophagy.23 A recent study indicated 
that galectin-3, encoded by LGALS3, has functioned as 
a serum marker for thyroid cancer diagnosis, and as 
a target for cancer imaging and therapy in the pre- 
clinical setting.24 Whether these candidate genes could 
become the potential molecular targets requires further 
study and clinical trial.

Among seven prognosis related genes, TIMP1 and 
LGALS3 were determined as independent prognostic fac
tors in TC. High expression of TIMP1 and LGALS3 led to 
a good prognosis of patients. In addition, TIMP1 was 
defined as the seed gene among 10 hub genes. 
A previous study has indicated epigenetic regulation of 
the TIMP1/MMP9 pathway was related to the tumor 
migration suppression in PTC.25 We further explored the 
potential effect of TIMP1 expression on the pathway 
activity of 10 famous cancer related pathways in TC. We 
found that almost all the pathway types showed a lower 
pathway activity score in the TIMP1 higher expression 
group except the EMT pathway. GSEA analysis also indi
cated that TIMP1 was related to complement, coagulation 
cascades, p53 signaling pathway, autoimmune thyroid dis
ease, and the chemokine signaling pathway with positive 
correlation. Above all, we speculated that TIMP1 might 
exert an important role in TC, possibly through regulating 
these cancer related pathways. The detained function of 
TIMP1 in TC needs further experimental verification.

Conclusion
In this study, we screened out 183 DEGs between TC and 
normal tissues, and predicted potential pathways. 
Importantly, we identified six key hub genes associated 
with survival of patients which may play a vital role in 
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thyroid cancer pathogenesis. Particularly, ITGA2 and 
ITGA3 over-expression were associated with a poor prog
nosis of patients, and may therefore be novel reliable bio
markers for diagnosis, survival, and prognosis in thyroid 
cancer. However, high expression of CCND1, TIMP1, 
MET, and LGALS3 was conducive to the patient’s survival. 
Among six survival-related hub genes, TIMP1 and LGALS3 
were determined as independent prognostic factors in TC. 
Our results provided a more detailed molecular mechanism 
of tumorigenesis, shedding light on the potential biomarkers 
and therapeutic targets. However, the interacting mechanism 
and function of identified genes in TC need to be confirmed 
further by molecular biological experiments.

Data Sharing Statement
The datasets used and/or analyzed during the current study 
are available from the corresponding authors upon reason
able request.
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