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Abstract
● AIM: To uncover the underlying pathogenesis of thyroid 
associated ophthalmopathy (TAO) and explore potential 
biomarkers of this disease.
● METHODS: The expression profile GSE9340, which was 
downloaded from Gene Expression Omnibus database, 
included 18 specimens from 10 TAO patients and 8 
hyperthyroidism patients without ophthalmopathy. The 
platform was HumanRef-8 v2 Expression BeadChip. Raw 
data were normalized using preprocess. Core package and 
the differentially expressed genes (DEGs) were identified 
based on t-test with limma package of R. Functional 
enrichment analyses were performed recruiting the 
DAVID tool. Based on STRING database, a protein-protein 
interaction (PPI) network was constructed, from which 
a module was extracted. The functional enrichment for 
genes in the module was performed by the BinGO plugin.
● RESULTS: In total, 861 DEGs (433 up-regulated and 428 
down-regulated) between TAO patients and hyperthyroidism 
patients without ophthalmopathy were identified. Crucial 
nodes in the PPI network included TPX2, CDCA5, PRC1, 
KIF23 and MKI67, which were also remarkable in the 
module and all enriched in cell cycle process. Additionally, 
MKI67 was highly correlated with TAO. Besides, the DEGs 
of GTF2F1, SMC3, USF1 and ZNF263 were predicted as 
transcription factors (TFs). 
● CONCLUSION: Several crucial genes are identified such 
as TPX2, CDCA5, PRC1 and KIF23, which all might play 
significant roles in TAO via the regulation of cell cycle 
process. Regulatory relationships between TPX2 and 
CDCA5 as well as between PRC1 and KIF23 may exist. 

Additionally, MKI67 may be a potent biomarker of TAO, 
and SMC3 and ZNF263 may exert their roles as TFs in TAO 
progression. 
● KEYWORDS: microarray; thyroid associated ophthalmopathy; 
cell cycle; biomarker
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INTRODUCTION

G raves’ disease is a type of autoimmune problem 
that causes the thyroid gland to produce too much 

thyroid hormone, which is called hyperthyroidism. Whereas, 
thyroid associated ophthalmopathy (TAO), also called 
Graves’ orbitopathy, which is closely correlated with Graves’ 
hyperthyroidism (GH), is normally considered as an inflammatory 
autoimmune eye disorder[1-2]. Annually, it is reported that 
16 of per 100 000 females and 2.9 of per 100 000 males are 
suffered from TAO[3]. The current therapeutic strategies were 
through treating with corticosteroids, external beam radiation 
or surgery, however, the occurrence of this disease could not 
be prevented. Previously, the thyrotropin receptor (TSHR) 
was demonstrated be closely associated with TAO, and it 
was hypothesized that the progression of ophthalmopathy is 
the autoimmunity against TSHR in the orbital preadipocyte 
and extraocular muscle fibroblasts[4-5]. However, due to the 
inadequate interpretation for eye muscle swelling and the lack 
of correlation between TSHR antibody level and eye signs, 
more appropriate theories are explored by other investigations. 
Some researchers prefer to stress the significant role of 
autoimmunity against orbital connective tissue (OCT)[6] and 
eye muscle antigens[7]. Among them, the calcium binding 
protein calsequestrin was highly over-expressed in eye muscle 
and was proposed as the causative factor for the orbital 
skeletal muscle inflammation in TAO[8]. Further investigation 
conducted by Lahooti et al[9] suggested that calsequestrin might 
serve as a candidate in the pathogenesis of TAO. In addition, 
they also explored the role of the OCT antigen collagen XIII 
and indicated the serum antibodies against collagen XIII 
may contribute to the congestive ophthalmopathy[9]. Multiple 
inflammation relating biomarkers including ICAM-1, VCAM-1 and 
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TIMP-1 have been linked to autoimmune thyroid disorders[10] 
but only a handful of genetic factors such as PTPN22, TSHR, 
CTLA and CD40 as well as AFF3 and CD226 were involved in 
the TAO biomarker establishment[11]. 
Recently, a study used microarray analysis to identify 
differentially expressed genes (DEGs) between GH (thyroid 
Graves’ patients without ophthalmopathy) and TAO. Though 
the study screened 295 significant DEGs, their emphasis was 
on the correlation between the most up-regulated cardiac 
calsequestrin gene (CASQ2) and TAO[12], no more additional 
relevant genes were elaborated. Therefore, we re-analyzed 
the microarray data to further explore crucial DEGs between 
TAO and GH patients without ophthalmopathy, followed by 
the functional enrichment analysis for the selected DEGs. 
Moreover, a protein-protein interaction (PPI) network was 
constructed, from which specific modules are extracted to 
obtain more exact correlations between the DEGs, attempting 
to uncover the pathogenesis of TAO and provide potential 
biomarkers for the prognosis and therapeutic methods of TAO.
SUBJECTS AND METHODS
Microarray Data  The expression profile GSE9340, which 
was deposited in the GEO (Gene Expression Omnibus; http://
www.ncbi.nlm.nih.gov/geo) database by Wescombe et al[12], 
included 18 thyroid tissue samples from 10 TAO patients 
(TAO group) and 8 GH patients without ophthalmopathy 
(control group). The platform was HumanRef-8 v2 Expression 
BeadChip. 
Ethics Approval and Consent to Participate  This study was 
approved by Ethics Committee of the First Affiliated Hospital 
of Harbin Medical University and the Second Affiliated 
Hospital of Harbin Medical University.
Data Preprocessing and the Identification of Differentially 
Expressed Genes  Based on the profiling files, probes were 
converted to the gene symbols. The probe not corresponding 
to gene symbols were removed, and when multiple probes 
corresponded to a single gene, the average level of probes was 
calculated as the expression value of the specific gene. The 
raw data were normalized using median method of preprocess 
Core package[13]. After the data preprocessing, package limma 
(Linear Models for Microarray Analysis) of Bioconductor R 
(http://www.bioconductor.org/packages/release/bioc/html/
limma.html)[14] was used to identify the DEGs between TAO 
and control groups, basing on t-test method. The genes met 
with the criteria of P value <0.05 and |log2 (fold change)|≥1.5 
were considered as DEGs.
Functional Enrichment Analysis  The selected DEGs were 
mapped to gene ontology (GO; http: //www. geneontology. 
org/) database to explore their potential process in terms of 
biological process (BP), molecular function (MF) and cellular 
component (CC), using the tool of DAVID (Database for 

Annotation, Visualization and Integration Discovery; http://
david.abcc.Ncifcrf.gov/)[15]. Additionally, Kyoto Encyclopedia 
of Genes and Genomes (KEGG; http://www.genome.jp/
kegg/pathway.html) enrichment analysis was performed to 
identify the pathways in which these DEGs might involve. 
The threshold based on hypergeometric test for significant GO 
terms and pathways were P<0.05.
Protein-protein Interaction Network Construction  
Considering that protein encoding by these selected DEGs 
might exert their functions combining with other proteins, the 
DEGs were mapped to STRING (Search Tool for the Retrieval 
of Interacting Genes; http://string-db.org/)[16] database to 
identify the potential interactions between them and other 
genes from protein level. The interaction with a combined 
score >0.7 was screened to establish the PPI network, 
visualizing by Cytoscape software[17]. 
Furthermore, the ClusterOne[18], a Cytoscape software plugin, 
was employed to explore the functional modules of the 
network and subsequently, followed by the GO enrichment 
analysis for significant modules, using the BiNGO plugin[19]. 
The P value was adjusted to false discover rate (FDR) and the 
cut-off value for significant BP terms was FDR<0.05.
Prediction of Transcription Factor and Other Related 
Genes  Combining the information of transcription factors 
(TFs) with their targets in University of California Santa Cruz 
(UCSC) Genome Browser database (http://genome. ucsc.
edu)[20], the TFs among these DEGs were predicted as well 
as the corresponding targets. Subsequently, Comparative 
Toxicogenomics Database (CTD; http://ctdbase. org/)[21] was 
used to identify TAO-related genes among our selected DEGs. 
The database collects disease-related genes which have been 
validated by experiment or been reported by literature.
RESULTS
Identification of Differentially Expressed Genes Between 
Thyroid Associated Ophthalmopathy and Control Groups  
Data after normalization exhibited a uniform distribution of 
the mean value, indicating a favorable normalization that the 
data were eligible to identify the DEGs. According to the 
aforementioned criteria, a total of 433 up-regulated and 428 
down-regulated DEGs were screened.
Over-represented Processes and Pathways by Enrichment 
Analysis  With the predefined criteria, correlated processes and 
pathways which the DEGs might involve in were filtered out. 
The up-regulated DEGs were predominantly enriched in GO 
terms such as generation of precursor metabolites and energy 
(GO:0006091), oxidation reduction (GO:0055114), glycolysis 
(GO:0006096), mitochondrion (GO:0005739) and 4 iron, 4 
sulfur cluster binding (GO:0051539); while the down-regulated 
DEGs were significantly correlated with cell cycle related 
processes (GO:0051301, GO:0007049 and GO:0022403) and 
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regulation of transcription (GO:0045449) (Table 1). KEGG 
enrichment analysis indicated that the over-presented pathways 
for the up-regulated DEGs were fructose and mannose 
metabolism, protein export and citrate cycle, whereas the 
down-regulated DEGs were mainly enriched in systemic lupus 
erythematosus, oocyte meiosis and progesterone-mediated 
oocyte maturation (Table 2).
Constructed Protein-protein Interaction Network of the 
Differentially Expressed Genes and the Module Analysis  
By mapping the protein information in STRING database, a 
PPI network was established for the protein products of the 
DEGs, embracing 696 interactions and 339 nodes. A protein in 
the PPI network was defined as a “node” and the “degree” of 
the node referred to the interaction number of that particular 
protein. The most highly connected nodes with high degree 
were deemed as the “hubs” of the network. The remarkable 
hubs in the PPI network were presented in Figure 1, embracing 
BUB1B (degree=35), CDC20 (degree=33), CDCA8 
(degree=26), PRC1 (degree=24), CENPA (degree=24), CCNB2 
(degree=24), TPX2 (degree=23), CDCA5 (degree=23), KIF23 
(degree=23) and SPC25 (degree=23).
Using the ClusterOne plugin, a significant module was 
extracted from the PPI network, involving 236 interactions 
and 27 nodes, in which the nodes with high degrees were 
highlighted including SPC25 (degree=23), TPX2 (degree=23), 
CENPA (degree=23), KIF23 (degree=22), PRC1 (degree=22), 
CDCA5 (degree=21), HMMR (degree=21), KIF20A 
(degree=21), RAD51AP1 (degree=21) and MKI67 (degree=19) 
(Figure 2). In addition, there were some interactions between 
these hub protein pairs, such as TPX and KIF23 or MKI67 
or PRC1, MKI67 and PRC1 or KIF23 or CDCA5, as well as 
CDCA5 and KIF23. The functional enrichment for genes in 
the module was performed by the BinGO plugin. As presented 
in Table 3, genes which encoded the predominant nodes in the 
module (such as KIF23, TPX2, MKI67, PRC1 and CDCA5) 
were mainly correlated with the processes related to cell 
division and cell cycle. 
Predicted Transcription Factors  As a result, a total of 88 
TFs involving 4700 targeting interactions were predicted 
through the comparison with the TFs in UCSC database. 
Among them, four TFs were encoded by DEGs such as 
GTF2F1, SMC3, USF1 and ZNF263, in which SMC3 was up-
regulated, while others were down-regulated. The targets of the 
four TFs were revealed in Figure 3. 
Thyroid Associated Ophthalmopathy Related Genes  We 
obtained 1406 genes associated with TAO from CTD database, 
including 42 DEGs in the present study (Table 4). In other 
words, these DEGs were prominent in TAO pathogenesis. 
Notably, the down-regulated MKI67 with a high degree of 19, 
which was a hub protein in the module, was highly associated 
with TAO. 

Table 1 Significant enriched GO terms of up- and down-regulated 
DEGs in thyroid-associated ophthalmopathy (top 5 ranked by P 
value)

Category Count P

Up-regulated DEGs

BP

GO:0006091 (generation of precursor  
metabolites and energy)

20 6.94E-05

GO:0055114 (oxidation reduction) 31 8.20E-05

GO:0006096 (glycolysis) 6 0.003661203

GO:0003012 (muscle system process) 11 0.004182103

GO:0006614 (SRP-dependent cotranslational 
protein targeting to membrane)

3 0.006886459

CC

GO:0005739 (mitochondrion) 43 4.40E-04

GO:0044429 (mitochondrial part) 25 0.004604374

GO:0005625 (soluble fraction) 16 0.005293665

GO:0005829 (cytosol) 45 0.00664855

GO:0005786 (signal recognition particle, 
endoplasmic reticulum targeting)

3 0.00724437

MF

GO:0051539 (4 iron, 4 sulfur cluster binding) 6 2.66E-04

GO:0050662 (coenzyme binding) 14 3.94E-04

GO:0048037 (cofactor binding) 16 9.28E-04

GO:0001882 (nucleoside binding) 58 0.001301458

GO:0050660 (FAD binding) 8 0.001584685

Down-regulated DEGs

BP

GO:0045449 (regulation of transcription) 97 5.83E-08

GO:0006350 (transcription) 81 3.39E-07

GO:0051301 (cell division) 22 2.51E-06

GO:0007049 (cell cycle) 38 7.99E-06

GO:0022403 (cell cycle phase) 25 1.65E-05

CC

GO:0043228 (non-membrane-bounded 
organelle)

86 4.24E-06

GO:0043232 (intracellular non-membrane-
bounded organelle)

86 4.24E-06

GO:0015630 (microtubule cytoskeleton) 28 3.02E-05

GO:0005819 (spindle) 13 5.71E-05

GO:0031981 (nuclear lumen) 51 2.12E-04

MF

GO:0016564 (transcription repressor activity) 22 7.25E-06

GO:0003677 (DNA binding) 76 3.15E-04

GO:0030528 (transcription regulator activity) 52 0.001310177

GO:0016566 (specific transcriptional 
repressor activity)

5 0.007895981

GO:0016702 (oxidoreductase activity, acting 
on single donors with incorporation of molecular 
oxygen, incorporation of two atoms of oxygen)

6 0.015210301

GO: Gene ontology; DEG: Differentially expressed genes; Count: 
Number of the DEGs in a specific term; BP: Biological process; MF: 
Molecular function; CC: Cellular components.

Biomarker of TAO
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Table 2 Significant enriched pathways for up- and down-regulated DEGs
Items Gene P
Up-regulated DEGs

hsa00051: Fructose and mannose metabolism ALDOA, GMDS, PFKM, MTMR7, PHPT1 0.011005787
hsa03060: Protein export SRP14, SRP54, SRP9 0.016901464
hsa00020: Citrate cycle (TCA cycle) SDHA, ACO2, OGDHL, SUCLA2 0.045286512

Down-regulated DEGs
hsa05322: Systemic lupus erythematosus CD80, HIST2H2AC, HIST2H2BF, HIST1H2BH, H2AFZ, H2AFX, H2AFJ, CD40 0.005051127
hsa04114: Oocyte meiosis PPP2R1A, CCNB2, CAMK2D, CDC23, CDC20, PPP2R5E, MAD2L2 0.029954967
hsa04914: Progesterone-mediated oocyte maturation CCNB2, MAPK14, CDC23, RAF1, MAD2L2, CDC25B 0.036489027

DEG: Differentially expressed genes.

Figure 1 Protein-protein interaction network of the DEGs  The white round represents proteins encoded by up-regulated DEGs and the black 
round represents proteins encoded by down-regulated DEGs. The protein products in the networks serve as the “nodes”, and the undirected link 
denotes each pairwise interaction. The most highly connected nodes with high degree were deemed as the “hubs”. In the network, the black 
rhombus indicates hub proteins. 

Table 3 Enrichment analysis for genes in the module
Terms P FDR Genes

GO:0051301 (cell division) 8.80E-16 2.78E-13 FAM83D, KIF23, SPC25, CDCA8, CCNB2, PRC1, NSL1, CKS2, TPX2, AURKC, 
BUB1B, CDC20, CDCA5

GO:0000279 (M phase) 3.74E-15 5.90E-13 FAM83D, KIF23, SPC25, CDCA8, CCNB2, MKI67, PRC1, NSL1, CKS2, TPX2, 
BUB1B, CDC20, CDCA5

GO:00022403 (cell cycle phase) 5.94E-14 6.25E-12 FAM83D, KIF23, SPC25, CDCA8, CCNB2, MKI67, PRC1, NSL1, CKS2, TPX2, 
BUB1B, CDC20, CDCA5

GO:00022402 (cell cycle process) 8.60E-14 6.80E-12 FAM83D, KIF23, SPC25, CDCA8, CCNB2, MKI67, PRC1, CENPA, NSL1, CKS2, 
TPX2, BUB1B, CDC20, CDCA5

GO:0007049 (cell cycle) 2.49E-13 1.58E-11 KIF23, PRC1, MKI67, AURKC, TPX2, CDC20, FAM83D, SPC25, CDCA8, CCNB2, 
CENPA, NSL1, CKS2, BUB1B, CDCA5

GO:0000278 (mitotic cell cycle) 3.96E-13 2.08E-11 FAM83D, KIF23, SPC25, CDCA8, CCNB2, PRC1, CENPA, NSL1, TPX2, BUB1B, 
CDC20, CDCA5

GO:0007067 ( mitosis) 2.74E-12 1.08E-10 FAM83D, KIF23, SPC25, CDCA8, CCNB2, NSL1, TPX2, BUB1B, CDC20, CDCA5

GO:0000280 (nuclear division) 2.74E-12 1.08E-10 FAM83D, KIF23, SPC25, CDCA8, CCNB2, NSL1, TPX2, BUB1B, CDC20, CDCA5

GO:0000087 (M phase of mitotic cell cycle) 3.68E-12 1.26E-10 FAM83D, KIF23, SPC25, CDCA8, CCNB2, NSL1, TPX2, BUB1B, CDC20, CDCA5

GO:0048285 (organelle fission) 4.00E-12 1.26E-10 FAM83D, KIF23, SPC25, CDCA8, CCNB2, NSL1, TPX2, BUB1B, CDC20, CDCA5

GO: Gene ontology; FDR: False discovery rate.
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DISCUSSION
As a result, a total of 861 DEGs (433 were up-regulated and 
428 were down-regulated) between TAO and control groups 
were identified. Crucial nodes in the PPI network included 
TPX2, CDCA5, PRC1, KIF23 and MKI67, which were also 
highlighted in the module of the network and all enriched in 
cell cycle related processes. Additionally, MKI67 was highly 
correlated with TAO. Besides, the DEGs of GTF2F1, SMC3, 
USF1 and ZNF263 were predicted as TFs. 
TPX2 (Targeting Protein for the Xenopuskinesinxklp2) is 
essential for normal spindle assembly and meiotic divisions, 
and also is cell cycle-mediated in somatic cells[22]. During 
the stage of meiotic divisions in mouse oocytes, TPX2 is a 

central target of Ran, the active form of which (Ran-GTP) was 
essential for mitotic spindles organization[23]. By interacting 
with the Kinesin-5 motor Eg5, another spindle-associated 
protein, TPX2 was demonstrated to facilitate to the localization 
of Eg5 to spindle microtubules with the bacterial artificial 
chromosome method[24]. CDCA5 (cell division cycle associated 
5) is another cell cycle associated gene which mainly serves as 
a regulator of sister chromatid cohesion in mitosis stabilizing 
cohesin complex. The human breast cancer-associated 
fibroblast genes including CDCA5 and TRIP13 (thyroid 
hormone receptor interactor 13), which played significant roles 
in chromosome recombination and chromosome structure 
development during meiosis, were enriched in cell cycle BP 
function[25]. Though there were rare evidence that validated 
the relationships between TPX2 and CDCA5 especially in 
TAO disease, a study using genome-scale RNAi profiling 
technique indicated that both TPX2 and CDCA5 (KIF20A) 
were associated with cell division phenotypes[26]. In the present 
study, as two vital nodes in the module of the network, CDCA5 
and TPX2 were both enriched in mitotic cell cycle function, 
and notably, CDCA5 was linked to TPX2, providing a hint that 
the dysfunction in mitotic cell cycle process, which might be 
mediated by the interaction of TPX2 and CDCA5, might play 
important roles in the TAO associated events.

Figure 2 Module of the DEGs  The white round represents proteins 
encoded by up-regulated DEGs and the black represents proteins 
encoded by down-regulated DEGs. The protein products in the 
networks serve as the ’nodes’, and the undirected link denotes each 
pairwise interaction. 

Figure 3 Predicted targets of the TFs  The triangle represents TF 
and the round represents the targets, in which the white denotes up-
regulated and the black denotes down-regulated. The arrow indicates 
the relationships between TFs and the targets. 

Table 4 The common DEGs (degree>2) based on the genes 
associated with TAO from CTD database

Genes Degree
MKI67 19
UBB 17
PPP2R1A 14
CXCL1 7
F8 6
UQCRB 6
CD40 6
PLAT 5
DCN 5
VWF 4
IFNAR 4
AGRN 4
TPM3 4
NOS3 4
NDUFA10 3
NDUFA1 3
NDUFV1 3
SUCLA2 3
ETFDH 3
ETFA 3
MUT 3
ACAA1 3
ETFB 3

Biomarker of TAO
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PRC1 and KIF23 were another two remarkable nodes as 
revealed in the module. The protein encoded by PRC1 is a 
central-spindle matrix protein and involved in cytokinesis[27-28]. 
The absence of PRC1 could result in the disorganization 
of motor protein. Besides, it was convinced that PRC1 was 
required in the MKlp1 (the kinesin-6 family motor protein) 
mediated targeting to the central spindle[29]. As a kinesin-like 
protein family member, KIF23 is also involved in cell division. 
Notably, the protein KIF23 serves as a part of the central 
spindle, which exhibited at the spindle midzone as a complex 
of PRC1 and AURKB (aurora kinase B), to regulate the central 
spindle assembly in endometrial cancers[30]. As expected, our 
functional enrichment results indicated that both of PRC1 and 
KIF23 were closely related to cell cycle associated processes 
such as mitotic cell cycle, nuclear division and M phase of 
mitotic cell cycle, which might support the hypothesis that 
PRC1 and KIF23 might exert significant roles in TAO via the 
cell cycle mediated regulation. What’s more, KIF23 was linked 
to PRC1 in the module, suggesting a potential regulatory 
relationship might exist between these two encoded genes.
MKI67 encodes a nuclear protein that is highly associated with 
cellular proliferation. Furthermore, this gene has even been 
used as a cell cycle marker for the prognosis of various diseases 
including Alzheimer disease[31] and hepatocellular carcinoma[32]. 
Interestingly, MKI67 is implied in the TAO disease via the 
interactions with chemicals such as peroxisome proliferator 
activated receptor-γ (PPAR-γ) and thiazolidinediones (TZDs), 
which were closely linked to TAO[33]. This provided a clue that 
MKI67 might be a potent biomarker of TAO detection.
Four crucial DEGs including SMC3 (structural maintenance of 
chromosomes 3) and ZNF263 were identified as TFs related to 
TAO. The gene SMC3 was also cell cycle related. The nuclear 
form of the SMC3 encoded protein is an essential element for 
the cohesion of sister chromatids during mitosis. Besides, the 
SMC3 acetylation is the basic mechanism in the regulation of 
sister chromatid cohesion[34]. Recruiting the method of logistic 
regression classifiers, SMC3 was observed implicated in the 
G2/M stage of the cell cycle[35]. In the present study, SMC3 was 
predicted as a TF correlated with TAO, implying that SMC3 
might regulate other genes expression via the direct targeting. 
Unfortunately, rare evidence was existed to reveal the SMC3’s 
role as a TF, nor the corresponding targets. Therefore, our 
findings might provide a new insight into the role of SMC3 
with regard to TAO. The ZNF263 (zinc finger protein 263) was 
generally considered to have an important role in basic cellular 
processes as a transcriptional repressor, but a recent study 
discovered that though embracing the KRAB domain which 
contributed to transcriptional repressor, the targets of ZNF263 
had a high expression level, and the researchers proposed that 
ZNF263 might exert both positive and negative regulation of 

its targets as a TF[36]. Likewise, there was any studies reported 
the role of ZNF263 as a TF with regard to TAO but our results 
indicated that ZNF263 was a critical DEG and meanwhile 
was predicted as a TF related to TAO, implying it might have 
important roles in TAO events through the transcriptional 
regulation of its targets. 
However, these are some limitations in our study. For examples, 
there are no enough samples from patients and have not been 
collected at present. In addition, there are also no suitable cell 
lines at present. Although all of the predicted results should 
be confirmed by laboratory data, the findings might provide 
a scientific guidance for future study and improve a further 
understanding of the progression of TAO.
In conclusion, our results identified several crucial genes 
related to TAO including TPX2, CDCA5, PRC1 and KIF23, 
which all might involve in cell cycle related process. Furthermore, 
regulatory relationships between TPX2 and CDCA5 as well as 
between PRC1 and KIF23 might exist. Additionally, MKI67 
might be a potent biomarker of TAO, and SMC3 and ZNF263 
might exert their roles as TFs in TAO progression. 
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