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Background: Topoisomerase 2-alpha (TOP2A) has been identified as a hub gene that
played an important role in the initiation and progression of thyroid carcinoma (THCA).
However, the exact function of TOP2A in papillary thyroid cancer (PTC) remained elusive.
The current study aimed to evaluate the TOP2A expression, prognosis significance and key
signaling pathways involved in PTC.

Methods: We firstly evaluated the expression of TOP2A in PTC via UALCAN, cBioportal,
HPA and LinkdedOmics databases. Genetic alteration of TOP2A in PTC was then explored
in cBioportal. Prognostic impacts of TOP2A expression on disease-free survival (DFS) of
PTC patients were subsequently evaluated using Kaplan—Meier plotter and Gepia databases.
Taking gender, age, cancer stage, T, N and M stages into consideration, we compared
survival difference between TOP2A high and low expression groups. KEGG pathway
analysis in WebGestalt and GSEA analysis were further performed to reveal the potential
TOP2A-associated signaling pathways involved in PTC. Finally, the upstream microRNAs of
TOP2A were assessed using DIANA, TargetScan, miRDB and miRWALK database, fol-
lowed by mechanism exploration of upstream microRNAs.

Results: 1) The mRNA and protein of TOP2A were highly expressed in PTC tissue
compared with normal thyroid tissue. TOP2A expression was associated with patient’s
age, N stage and cancer stage (all P<0.05). TOP2A protein was mainly localized to
nucleoplasm. 2) Most of samples occurred the missense substitution, and mutation site was
located at K1199E. Nucleotide mutations were mainly presented as G>A (35.29%). 3)
TOP2A high expression significantly influenced the DFS of PTC patients (P=0.015).
Restricted survival analysis showed that TOP2A high expression caused poorer DFS of
female patients (P=0.003) and those with age <60 years old (P=0.002), early clinical stage
(P=0.012), NO stage (P=0.002) or MO stage (P=0.040). 4) Pathway analysis suggested that
TOP2A positively participated in the cell cycle, oocyte meiosis and pS3 signaling pathways
(all P<0.05) involved in thyroid cancer.

Conclusion: The expression of TOP2A was higher in PTC tissue, which resulted in a worse
DES of patients with PTC. TOP2A might act as an effective therapeutic target for PTC
treatment.
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Introduction

The morbidity of thyroid carcinoma (THCA) has been rising worldwide. Compared
with other cancers, more THCA cases were diagnosed every year due to the increasing
use of diagnostic equipment.’ Papillary thyroid cancer (PTC) was the most common
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type of thyroid cancer, representing up to 80% of all malig-
nant thyroid tumors, and PTC was usually curable with
5-year survival of over 95%.> Although the PTC patients
usually had favorable overall survival (OS) after standard
treatment, 20% of patients were still exposed to a risk of
disease recurrence which resulted in aggressive diseases and
lethal outcomes.” Therefore, it was critical to identify the key
biomarkers and effective therapeutic targets for prognosis
improvement of PTC patients.

Topoisomerase 2-alpha (TOP2A) was a key nuclear
enzyme which implicated in several processes of DNA meta-
bolism including replication, transcription and chromosome
segregation during interphase and mitosis.” The expression of
TOP2A presented a significant cycle-specificity in prolifera-
tive cells, of which expression was low in G1 phase, increased
in S phase and reached a peak after the G2-M phase.” TOP2A
was thus known to be a marker of cell proliferation in normal
tissue, and over expression of TOP2A was obviously observed
in cancer cells compared with non-malignant cells.®’ Previous
studies have reported that high expression of TOP2A was
indicative of poor prognosis of patients in gastric cancer,®
breast cancer’ and prostate cancer.'® Recent studies suggested
that TOP2A was a hub gene related with THCA,'"' and recom-
the evaluation of thyroid tumor cell
Another study showed that TOP2A was
a potential independent predictive gene for the recurrence of
PTC." In addition, TOP2A overexpression might be a reliable
marker for a rational application of targeted chemotherapeutic

mended for
proliferation.'

strategies in some subgroups of PTC patients,'* and especially
the age group less than 40 years old might benefit from
TOP2A chemotherapy.'® It follows that TOP2A is of great
significance in PTC. However, the detailed information, cor-
relation associated with clinical data, prognostic value and
underlying mechanism of TOP2A in PTC lacks sufficient
and systematic exploration.

Based on previous research, present study further eval-
uated expression of TOP2A in PTC and assessed its prog-
nostic value. Furthermore, the TOP2A-associated potential
regulatory pathway involved in PTC was explored by
functional enrichment analysis. The study aimed to pro-
vide delightful insights to unearth prognostic biomarker
candidates and new potential targets for PTC patients.

Methods

Expression Analysis of TOP2A
We first explored the mRNA expression of TOP2A across
human cancers (tumor/normal samples) through UALCAN

database  (http://ualcan.path.uab.edu/index.html).  The
effect of subtypes of THCA on the TOP2A mRNA expres-
sion was also assessed. The effects of clinical character-

istics on the TOP2A mRNA expression were explored
through LinkedOmics database (http://www.linkedomics.

org/). The clinical characteristics included patient’s age,
radiation therapy status, T stage, N stage, M stage and
clinical stage.

Furthermore, the protein expressions of TOP2A in PTC
and normal clinical samples were verified through human
protein atlas (HPA) database (https://www.proteinatlas.org/).

HPA database maps all the human proteins in cells, tissues
and organs using integration of various omics technologies.
The subcellular distribution pattern of TOP2A proteins in
human cells was also evaluated through HPA database.
Learned from HPA database, in order to localize the whole
human proteome on a subcellular level in one specific cell
line, all proteins are stained in U-2 OS. Two additional cell
lines are selected based on mRNA expression data. At pre-
sent, originally three cell lines, U-2 OS, A-431 and U-251
MG, originating from different human tissues were chosen to
be included in the analysis of protein subcellular location by
indirect immunocytochemistry/immunofluorescence (ICC-
IF). The human cells are stained in a standardized way
where the antibody of interest is visualized in green, the
microtubules red, the endoplasmic reticulum yellow, and
nuclei counterstained in blue.

Genetic Alteration Analysis of TOP2A

A total of 388 patients with PTC was obtained from
cBioPortal database to analyze the genetic alteration of
TOP2A. The mutation frequency and sites of TOP2A in
PTC can be found in the database. Detailed mutation types
and nucleotide mutation of TOP2A in thyroid cancer was
then explored from Catalogue Of Somatic Mutations In
Cancer (COSMIC) database. (https://cancer.sanger.ac.uk/

cosmic)

Prognosis Analysis of TOP2A in THCA
Gepia (http://gepia.cancer-pku.cn/) and Kaplan—Meier

plotter (http://kmplot.com/) databases were applied to

initially assess the influence of TOP2A expression on
disease-free survival (DFS) of THCA patients. In survival
analysis, the median of TOP2A expression was set as the
group cutoff to define high expression (50%) and low
Furtherly,
between TOP2A expression and clinical outcome of PTC

expression (50%) groups. the association
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patients was also evaluated based on gender (male/
female), age (<55/>55), clinical stage (I+IV/III+IV),
T stage (T1+T2/T3+T4), N stage (NO/N1) and M stage
(M0/M1) by Kaplan—Meier and log rank analyses.

Functional Enrichment Analysis

Functional enrichment analysis can reveal the potential
function of TOP2A in PTC. We first determined the co-
expressed genes with TOP2A in PTC via cBioportal data-
base, and a total of 20,033 co-expressed genes were found.
These co-expressed genes with absolute Spearman corre-
lation >0.5 and P-value <0.001 were selected for further
enrichment analysis including GO and KEGG pathway
analyses. GO analysis was performed using WebGestalt
database (http://www.webgestalt.org/) to annotate the

molecular function (MF), biological process (BP) and
(CC) of
Furthermore, KEGG analysis was also applied to dispose

cellular component co-expressed  genes.
the potential biological pathways related to PTC, and the
top 5 pathways were selected for presentation. Threshold
value was set as P<0.05. GSEA analysis was subsequently
performed to explore the significant pathways involved in

thyroid cancer.

Potential Mechanism Exploration
According to the results of pathway analysis, we per-
formed deeper investigation regarding pathways of cell
cycle and microRNAs in cancer. For cell cycle pathway,
we determined the exact influence of TOP2A on cell cycle
through HPA database with U2-OS cancer cell. Staining of
U2-0OS FUCCI aimed to characterize the cell cycle depen-
dency of the protein expression pattern. The FUCCI cells,
Fluorescence Ubiquitination Cell Cycle Indicator cells, are
cells tagged with different fluorescent proteins fused to
two different cell cycle regulators Cdtl (expressed in Gl
phase) and Geminin (expressed in S and G2 phases) that
allows cell cycle monitoring. When both proteins are pre-
sent, the overlay of the images appeared in yellow marking
the G1/S transition.

In terms of microRNAs in cancer, we predicted the
target microRNAs of TOP2A from four databases includ-
ing DIANA (http://diana.imis.athena-innovation.gr/

DianaTools/index.php?r=tarbase/index), TargetScan
(http://www.targetscan.org/), miRDB (http://mirdb.org/)
and miRWALK (http://mirwalk.umm.uni-heidelberg.de/).
Then, the consistent microRNAs in four databases were

identified by Venn analysis (http://bioinformatics.psb.
ugent.be/webtools/Venn/). The

influence of predicted

upstream microRNAs on disease-free survival of patients
was then analyzed through Kaplan—Meier plotter database.
The potential regulatory pathway associated with upstream
microRNAs was explored through DIANA database.

Statistical Analysis
Statistical analyses were performed using SPSS 19.0.
Mann—Whitney U-test was performed for comparison
The Kruskal-Wallis

Bonferroni’s post-hoc tests were performed for multiple

between two  groups. and
comparisons. P value less than 0.05 was considered as

statistical significance.

Results

Expression Analysis of TOP2A

We first explored the mRNA expression of TOP2A in
various cancers using UALCAN database. As shown in
Figure 1A, TOP2A was obviously up-regulated in most of
the cancers. Quantitative analysis confirmed TOP2A high
expression in thyroid cancer compared with normal thyr-
oid tissue (Figure 1B, P<0.05). Further analysis indicated
that subtypes of thyroid cancer affected the mRNA expres-
sion of TOP2A (Figure 1C). In addition, TOP2A mRNA
was significantly related to patient’s age, N stage and
clinical cancer stage (Figure 2, all P<0.05).

Subsequently, we assessed the protein expression of
TOP2A in PTC by HPA database (Figure 1D). It was
found that the protein staining of TOP2A was not detected
in normal cell; however, medium staining and strong
intensity were observed in PTC cell. The images in
Figure 1E were the overlay containing 3 toggle channels
of nucleus, microtubules and endoplasmic reticulum. The
results indicated that the TOP2A protein was mainly loca-
lized to the nucleoplasm. In addition, it localized to the
nucleoli.

The Genetic Alteration of TOP2A

A total of 388 samples with PTC were contained in genetic
alteration analysis in cBioPortal database. The 6% of
patients among 388 subjects appeared the TOP2A genetic
alteration, and principal manifestation of alteration was
mRNA high (Figure 3A). Most of samples occurred the
missense substitution (Figure 3B), the nucleotide mutation
was mainly presented as G>A (35.29%) and G>T
(29.41%) (Figure 3C). The mutation site of TOP2A was
located at K1199E (Figure 3D).
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Prognosis Analysis on TOP2A Expression
in PTC

In view of the high expression and genetic alteration of
TOP2A in THCA, it was necessary to evaluate the potential
influence of TOP2A expression on the survival of THCA
patients. As observed from Figure 4A, high expression of
TOP2A significantly shortened the DFS time of THCA
patients in Kaplan—Meier plotter database (P=0.0046). The
association of TOP2A high expression with poor prognosis

of THCA patients was also confirmed in Gepia database
(Figure 4B, P=0.0023). Further analysis indicated that
TOP2A high expression negatively correlated with disease-
free survival of PTC patients (Figure 4C, P=0.015)

We further performed restricted survival analysis to eval-
uate the exact influence of TOP2A expression on the DFS of
patients with papillary thyroid cancer based on clinical char-
acteristics. The survival analysis showed that high expression
of TOP2A was associated with shorter DFS time of patients
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with age <55 years old (Figure 5A, P=0.006). Female
patients with TOP2A high expression showed poorer prog-
nosis (Figure 5B, P=0.003). In addition, TOP2A high expres-
sion led to worse prognosis in patients with early clinical
stage (Figure 5C, P=0.012). The expression of TOP2A did
not influence the prognosis of patients under different T stage
(Figure SD). For N or M stage, high expression of TOP2A
mainly shortened the survival time of patients with NO
(Figure SE, P=0.002) or MO stage (Figure 5F, P=0.040). It
was noted that the sample size of patients with M1 stage was
too small (N=9) to conduct the survival analysis; hence, the
prognosis analysis was just performed in terms of MO stage.

Functional Enrichment Analysis

Given that the significance of TOP2A expression on the
prognosis of cancer patients, we explored its potential role in
cancer through enrichment analysis. The co-expressed genes
with TOP2A in papillary thyroid cancer were firstly deter-
mined, and 168 genes with absolute Spearman correlation
greater than 0.5 were selected for further enrichment analysis.
GO annotation analysis was applied to reveal the function of
these genes in PTC, and the significant terms were shown in
Figure 6. For the biological process, the identified genes
mainly participated in biological regulation, cellular compo-
nent organization and metabolic process. For the cellular
component, most of these genes were enriched in nucleus,
membrane-enclosed lumen and cytosol. At the molecular
function level, the co-expressed genes significantly correlated

Biological process

200 200

150

150

100 100

Cellular component

with binding function such as protein binding, ion binding and
nucleotide binding.

KEGG analysis was also performed to reveal the pos-
sible regulating pathways. The top 5 pathways are shown
in Table 1. The results indicated that those identified genes
were significantly associated with pathways of cell cycle,
oocyte meiosis, p53 signaling pathway, microRNAs in
cancer and cellular senescence.

The GSEA analysis further screened out 3 consistent
pathways involved in thyroid cancer with KEGG analysis.
The result (Figure 7) further indicated that cell cycle, p53
signaling pathway and oocyte meiosis were positively
associated with the TOP2A expression. The above survival
analysis indicated that TOP2A high expression caused
poor prognosis of patients, which might correlate with

the activation of these pathways.

Potential Mechanism Exploration

The pathway of cell cycle associated with TOP2A in
thyroid cancer was predicted in our KEGG and GSEA
analysis. We then explored the detailed changes about
cell cycle associated with TOP2A expression. The custom
assay in Figure 8A suggested that TOP2A was mostly
expressed during S and/or G2, and during mitosis.
Figure 8B showed that mRNA and protein expression of
TOP2A increased with the time of cell cycle. It followed
that the expression of TOP2A had cell cycle dependency.
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Figure 6 GO annotation analysis on co-expressed genes.
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Table | The KEGG Pathway Analysis on Co-Expressed Genes

ID KEGG Terms Enrichment P-value
Ratio

has04110 | Cell cycle 19.877 3.43E-20

hsa04114 | Oocyte meiosis 12.920 1.14E-11

hsa04115 | p53 signaling 11.981 1.57E-06
pathway

hsa05206 | microRNAs in 6.5727 2.48E-05
cancer

hsa04218 | Cellular senescence 6.1619 3.94E-05

The pathway of microRNAs in cancer was also identified
from KEGG. Therefore, we subsequently predicted the tar-
get microRNAs of TOP2A in 4 databases including miRDB,
miRWALK, TargetScan and DIANA. We predicted 98, 65,
3314 and 353 target microRNAs from DIANA, miRDB,
miRWALK and TargetScan, respectively. Finally, two con-
sistent microRNAs, including hsa-miR-96-5p and hsa-miR
-635, were identified by Venn analysis (Figure 9A). Kaplan—
Meier plotter analysis (Figure 9B) showed that hsa-miR-96
high expression decreased the survival time of patients
(P=0.021), but hsa-miR-635 high expression caused
a favorable prognosis of patients (P<0.001). The results
suggested that hsa-miR-96-5p and hsa-miR-635 might play
a vital role in cancer progression via different regulation.

We then used DIANA database to predict the signifi-
cant KEGG pathways associated with hsa-miR-96-5p and
hsa-miR-635, respectively. The 5 consistent pathways
were observed between two groups. Table 2 shows that
both hsa-miR-96-5p and hsa-miR-635 participated in the
ECM-receptor interaction, p53 signaling pathway, Oocyte
meiosis, cell cycle and PI3K-Akt signaling pathway.

cell cycle
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Nom P<0.001 2”1 Nom P<0.001
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As observed from Table 1, Figure 7 and Table 2, p53
signaling pathway, oocyte meiosis and cell cycle became the
consistent pathways associated with TOP2A and its upstream
microRNAs (Figure 10). It can be speculated that TOP2A
possibly influenced the progression of PTC patients via reg-
ulating p53 signaling pathway, oocyte meiosis and cell cycle.

Discussion

Papillary thyroid cancer (PTC) has relatively good clinical
outcome; however, the partial patients ultimately developed
recurrence or disease-related death.'® It was necessary to
find appropriate prognostic factors and biomarkers for treat-
ment of PTC. Accumulating evidences demonstrated the
participation of multiple genes and cellular pathways in the
occurrence and development of cancer.'”'® TOP2A has
been identified as a key gene that played an important role
in the initiation and progression of THCA."""'” But the exact
role of TOP2A in PTC was not reported until now. In present
study, we initially evaluated the expression of TOP2A in
human cancers. The results indicated the high expression of
TOP2A in most cancers. Our study further found that the
expression of TOP2A was higher in thyroid cancer tissues
including PTC, and TOP2A expression did not correlate
with the subtypes of thyroid cancer.

We then assessed the prognostic significance of
TOP2A expression on THCA patients. It was found that
high expression of TOP2A was indicative the shorter DFS
of THCA patients (HR=2.6), but did not influence the OS.
Previous study revealed that pancreatic ductal adenocarci-
noma patients with high expression of TOP2A had
a significantly shorter OS time (HR=1.5) and DFS time
(HR=2.1).*° Patients with bladder urothelial carcinoma
with high TOP2A expression also showed significantly
poorer cancer-specific survival, progression-free survival

oocyte meiosis
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Figure 7 The GSEA analysis on TOP2A involved in thyroid cancer.
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Figure 9 The upstream microRNAs analysis of TOP2A. (A) Venn analysis for screening consistent upstream microRNAs. (B) Survival analysis in thyroid cancer.

and recurrence-free survival.”' These researches indicated
the significance of TOP2A expression on clinical outcome
of cancer patients. Our study further showed that high
expression of TOP2A mainly influenced the DFS of
patients with PTC. For the PTC patients, TOP2A high
expression penalized the DFS of female patients and
those with age <55 years old, early clinical stage, NO
stage or MO stage. The results reminded us that more

attention should be placed to those subjects for improving

their clinical outcome. TOP2A over expression has been
demonstrated to be an independent factor for worse distant
metastasis-free survival in luminal breast cancer with early
stage.”” These findings revealed that TOP2A could be
identified as a significant prognostic factor for several
cancers.

Subsequently, we conducted enrichment analysis on
the co-expressed genes with TOP2A to uncover the poten-
tial pathways involved in PTC. Our results revealed that
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Table 2 The KEGG Pathway Analysis on hsa-miR-96-5p and hsa-miR-635

hsa-miR-96-5p 0
ID Pathway Name P-value ID Pathway Name P-value
hsa04512 ECM-receptor interaction 8.41E-04 hsa04114 Oocyte meiosis 2.19E-03
hsa04115 p53 signaling pathway 6.68E-03 hsa04512 ECM-receptor interaction 2.69E-03
hsa04114 Oocyte meiosis 7.51E-03 hsa04115 p53 signaling pathway 9.53E-03
hsa04110 Cell cycle 1.08E-02 hsa04110 Cell cycle 9.54E-03
hsa04151 PI3K-Akt signaling pathway 1.71E-02 hsa04151 PI3K-Akt signaling pathway 2.16E-02

these genes significantly participated in proliferation-
associated pathways such as cell cycle and oocyte meiosis.
Knockdown of TOP2A in pancreatic cancer cell lines can
inhibit cell proliferation and migration.** Proliferation and
invasion of colon cancer cells were also suppressed by
knockdown of TOP2A.** Further, we explored the cell
cycle regulation of TOP2A through HPA database analy-
The result suggested that TOP2A was mostly
expressed during S and/or G2, and during mitosis. The
expression of TOP2A had cell cycle dependency. TOP2A

sis.

transcript accumulation was also observed during the S-
and G2/M- phase of cell cycle, which indicating the active
requirement of TOP2A during these stages of the cell
cycle.” In addition, several key cancer-related pathways,
including p53 signaling pathway, microRNAs in cancer
and cellular senescence, were found in our study. For the
pathway of microRNAs in cancer, the present study finally
predicted two consistent target microRNAs of TOP2A
including miR-96-5p and miR-635. Previous study has
found that miR-96-5p was remarkably up-regulated in
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PTC tumor tissues and cells, and miR-96-5p promoted the
proliferation, invasion and metastasis of PTC through
down-regulating CCDC67.%° However, low expression of
miR-96-5p seemed to be associated with poor clinical
outcome in colorectal cancer.”’ The miR-635 has been
identified as a target of prostate androgen-regulated tran-
script 1 (PART1), PART! could sponge miR-635 and
promoted progression of non-small cell lung cancer cells
via JAK-STAT signaling pathway.*® The potential effect of
microRNAs in cancer progression has attracted more and
more attention of scholars.

The present study demonstrated the expression of
TOP2A and assessed its clinical significance in PTC.
However, several shortcomings must be acknowledged.
The sample size for restricted survival analysis was insuffi-
cient, which might influence the power of test. Hence, the
real effect of TOP2A on the patient survival was uncertain. In
addition, TOP2A protein expression and subcellular location
lacked the verification using clinical PTC samples. Although
several significant related pathways involved in PTC have
been determined, the details of the involvement of TOP2A in
these pathways need further study.

Conclusion

This study aimed to evaluate the expression, prognostic
impacts as well as potential regulatory pathway of TOP2A
involved in PTC. Our results indicated that TOP2A was
highly expressed in PTC, which was unfavorable for dis-
ease-free survival of PTC patients, especially for the
female patients and those with age <55 years old, early
clinical stage, NO stage and MO stage. The pathway ana-
lysis indicated that TOP2A might play an important role in
the cancer progression by positively regulating cell cycle,
p53 signaling pathway and oocyte meiosis pathways.
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