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Background: This study was carried out to analyze TOP2A expression in lung adenocarcinoma (LUAD) and to assess its val-
ue in clinical diagnosis and prognosis.

Material/Methods: The Cancer Genome Atlas (TCGA) database was used to study the relationship of TOP2A expression with the
progression and prognosis of LUAD. For a further elucidation of the value of TOP2A in LUAD, the effect of TOP2A
knockout on cell viability and related protein expression of LUAD cell line A549 in vitro was investigated by us-
ing RNA interference, MTT, flow cytometry, RT-PCR, and western blot analysis.

Results: According to the results of database analysis, TOP2A expression in LUAD was higher than that in normal lung
tissues. There was a strong correlation of TOP2A expression with clinicopathological and epidemiological pa-
rameters of LUAD. The survival rate of LUAD patients with high TOP2A expression was lower than that of pa-
tients with low expression (P<0.001). The expression of TOP2A in A549 cells was higher than that in Beas-2B
cells. After decreased expression of TOP2A in A549 cells, the proliferation of A549 cells was downregulated
and the apoptosis rate was increased. It was further verified that TOP2A low expression exerts a role in LUAD
through activation of the ERK/JNK/p-P38/CHOP signaling pathway.

Conclusions: The findings from this study showed that TOP2A expression was upregulated in a human lung adenocarcino-
ma cell line, and this finding was supported by bioinformatics analysis. Further studies are required to deter-
mine whether TOP2A expression is a prognostic biomarker and potential therapeutic target in patients with
lung adenocarcinoma.
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Material and Methods

Lung cancer has a high incidence rate and a high degree of
malignancy [1]. Epidemiological data on lung cancer in China
reveals that about 80% of lung cancers are non-small cell lung
cancer, of which most are adenocarcinoma [2]. Lung adenocar-
cinoma (LUAD) has become one of the most important path-
ological subtypes of lung cancer and is an important research
focus [3]. LUAD has an insidious morbidity, and two-thirds of
patients are in advanced stage at the time of diagnosis [4].
The metastasis and poor prognosis of LUAD pose great chal-
lenges for the treatment of this type of cancer [5]. At pres-
ent, there are various approaches available for the diagnosis
of LUAD. However, there is a lack of adequate mature or ide-
al methods for its diagnosis. In addition, there is currently no
effective diagnostic tool for the differential diagnosis of ear-
ly and advanced LUAD.

The topoisomerase Il alpha (TOP2A) gene, located on chro-
mosome 17 (17921-q22), encodes a 170-kDa DNA topoisom-
erase Il o [6]. TOP2A is a cell cycle-dependent protein, whose
expression is highly dependent on cell proliferation and can
be suppressed when cell proliferation and division stop [7,8].
TOP2A is also essential for embryonic development in mam-
mals. It has been confirmed that knockout of the mouse TOP2A
gene can cause early death of embryos at cell stages 4-8 [9].
Significantly, TOP2A is essentially involved in various cell bio-
logical processes, such as DNA replication, chromatin conden-
sation, chromosome separation, and structural maintenance of
chromosomes [8,10-12]. Accordingly, multiple studies have been
published to support that TOP2A gene expression is strongly
associated with the occurrence and development of many tu-
mors [13-17]. There have been reports focusing on the role of
TOP2A gene in the development of LUAD [13,14]. For instance,
Ma et al. proposed in their latest research that LUAD is the
core gene in the LUAD-related gene network [13]. For a better
understanding of the role of TOP2A in the occurrence and de-
velopment of LUAD, the present study was conducted to ana-
lyze the expression of TOP2A in LUAD tissues and normal lung
specimens using TCGA database and the Human Protein Atlas
database, and to evaluate its value as a biomarker for diagno-
sis and prognosis of LUAD. With respect to the above, the pres-
ent study was carried out to explore the expression of TOP2A
in LUAD and its significance in clinical diagnosis and progno-
sis analysis on the using large-scale clinical data provided by
bioinformatics network tools and the application of cell exper-
iment techniques, so as to provide a theoretical basis for clin-
ical diagnosis and drug targets in the future.

GEPIA

GEPIA is an interactive web server for cancer expression pro-
file data developed by Peking University [18]. It is available to
analyze the differential expression of genes from TCGA and
GTEx and the corresponding correlation with prognosis. In view
of the above, this study used GEPIA database to analyze the
transcription level of TOP2A gene in LUAD tissues and normal
lung tissues, as well as the OS of patients. GEPIA can adjust
the queue threshold using the log-rank test, and the obtained
survival plots also included Cox proportional hazard ratio and
95% confidence interval.

UALCAN

We used the UALCAN database [19] to obtain data related to
the expression of multiple genes in tumors and their direct re-
lationship with prognosis. The UALCAN database includes GEx
profile and Survival Profile, which can facilitate the analysis of
gene expression as well as the relationship between gene ex-
pression and prognosis. Moreover, the UALCAN database can
provide direct data on the expression of multiple genes in tu-
mor tissue and the relationship with prognosis of patients.
Therefore, in this study, the UALCAN database was used to de-
tect the expression of TOP2A in LUAD patients with different
pathological features and to analyze the survival of patients.

LinkedOmics

LinkedOmics, which contains multiple sets of data for 32
cancer types from TCGA, has 3 analysis modules: LinkFinder,
Linkinterpreter, and LinkCompare. In the present study, the
LinkedOmics website was used to evaluate the association
between the expression of TOP2AmRNA and the pathological
features of LUAD patients, and to analyze its impact on the
survival rate of patients. Non-parametric testing was used for
statistical analysis.

Kaplan-Meier Plotter

The Kaplan-Meier Plotter website is available for analyzing
the mRNA expression of breast cancer, ovarian cancer, lung
cancer, gastric cancer, and prognosis of breast cancer miRNA.
It provides access to 18 674 cancer samples to facilitate the
assessment of the impact of 54 675 genes on patient surviv-
al. In this study, online Kaplan-Meier Plotter survival analysis
software was used to detect the effect of TOP2A gene on sur-
vival time of patients with LUAD.
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Figure 1. TOP2A mRNA is downregulated in LUAD used TCGA database. (A) Box plots and P values was produced using UALCAN.
(B) Box plots and P values was produced using GEPIA. (C) mRNA expression of TOP2A in Beas-2B and A549 cells. (D) Protein

expression of TOP2A in Beas-2B and A549 cells.

The Human Protein Atlas (HPA)

The HPA database contains tissue and cellular distribution in-
formation of all 24 000 human proteins by using immunohis-
tochemical technique with specific antibodies. It can eventual-
ly provide at least 576 immunohistochemical staining graphs,
which are checked and indexed by professionals. In addition
to facilitating immunostaining of tissues and cell lines, the HPA
database can be used for differential expression analysis of
proteins between normal lung tissues and tumor tissues. In
this study, immunohistochemistry was performed to analyze
the expression of TOP2A protein in normal lung tissues and
LUAD tissues by using the immunohistochemical antibody of
TOP2A(HPA023083) in the HPA database.

Cell culture and transfection

A549 and Beas-2B cell lines were purchased from the Typical
Culture Preservation Commission Cell Bank, Chinese Academy

of Science (Shanghai, China), which were cultured in DMEM
medium containing fetal bovine serum (Hyclone, Logan, USA).
After cell fusion reached about 80%, cells were digested with
trypsin at room temperature. The cell liquid was then collect-
ed and centrifuged in a centrifuge tube for about 5 min, af-
ter which the supernatant was discarded. Subsequently, cells
were added with 5 ml of culture medium, followed by a gen-
tle blowing and beating to make the cells completely sus-
pended, which were then inoculated in a new culture flask.
The digested cells were then cultured in a cell incubator with
constant temperature and pressure to make the cells adhere
to the wall completely. TOP2AsiRNA was used to knock out
TOP2A of A549 cells. The constructed plasmid was mixed with
Lipofectamine3°® to transfect A549 cells for 48 h. TOP2A siR-
NA and negative control siRNA used in the experiment were
purchased from GenePharma Company.
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Figure 2. Immunohistochemical examination for expression of TOP2A in normal lung and LUAD tissue. (A) TOP2A expression in normal

lung tissues. (B) TOP2A expressions in LUAD tissues.

Western blot

Following total protein extraction from cells, protein quanti-
fication was carried out using BCA method. Afterwards, SDS-
PAGE gel electrophoresis was performed on the target protein
sample, with the condition of at 90 V for the concentration gel
(upper) for 30 min, and at 120 V for the separation gel (low-
er) for 60 min. After membrane transfer, protein samples were
them sealed in 50 g/L skimmed milk for 1 h. In the next step,
the membrane was incubated with the primary antibody (Cell
Signaling Technology, USA; dilution 1: 1000) overnight, fol-
lowed by incubation with horseradish-peroxidase conjugated
secondary I1gG antibody (Cell Signaling Technology, Danvers,
USA). After that, signals were observed with a chemilumines-
cence reagent (Millipore, Billerica, USA) and the protein bands
were scanned using the ChemiDoc System (Bio-Rad). The main
antibodies used in this experiment were provided by CST.

RT-PCR
After total RNA extraction from the cultured cells using

RNAisoPLUS, cDNA was reverse-transcribed with a PrimeScript
RT kit (Thermo Fisher Scientific, Waltham, USA).

Flow cytometry for cell apoptosis detection

Cells in logarithmic phase were inoculated in a 60-mm cell cul-
ture dish at a cell concentration of 1x106. After 24 h of culture
in the incubator, the cells were taken out for cell apoptosis de-
tection by using an AnnexinVPI kit (Keygen, China). Double-
labeling of the collected cells was performed with AnnexinV
and Pl according to the instructions of the kit. Cells were then
detected by flow cytometry after 30 min of staining.

Statistical analysis

All data analyses were performed using GraphPad Prism 8. The
t test and chi-square test were performed to compare the 2
groups. To compare the differences among multiple groups,
we used one-way analysis of variance (ANOVA). Correlation
analysis between TOP2A mRNA and pathological features of
LUAD using UALCAN and LinkedOmics database was evaluated
using the chi-square test or Fisher’s exact test. P value <0.05
was considered statistical significance.
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Results

Expression of TOP2A in LUAD and normal lung tissues

The expression of TOP2A mRNA in 483 normal lung tissues and
347 LUAD tumor specimens in TCGA database was detected
in the GEPIA database, with the aim to explore the relation-
ship between TOP2AmMRNA expression and LUAD. The results
showed that compared with normal lung tissues, the expres-
sion of TOP2A was obviously upregulated in LUAD (Figure 1A).

In addition, bioinformatic analysis was performed for TOP2A
mRNA expression in 515 LUAD patients by using UALCAN. The
results revealed that TOP2A mRNA expression was significantly
increased in LUAD tissues when compared with the matched
normal lung tissue (P<0.001) (Figure 1B).

To verify the results obtained from GEPIA and UALCAN, RT-PCR
and western blot analyses were performed to detect the mRNA
and protein expressions of TOP2A in Beas-2B and A549 cells.
The results showed that the mRNA and protein expressions
of TOP2A were significantly higher in A549 cells than those in
Beas-2B cells. These results were consistent with the results
of GEPIA and UALCAN (Figue 1C, 1D).

Expression of TOP2A in normal lung tissue and LUAD

Immunohistochemistry was performed to analyze the protein
expression of TOP2A in normal lung tissues and LUAD tis-
sues by using the immunohistochemical antibody of TOP2A
(HPA023083) in the HPA database. We found that the expres-
sion of TOP2A was lower in normal lung tissue than that in
LUAD (Figure 2A).

Further survival analysis revealed that the survival rate of pa-
tients with high TOP2A expression was significantly lower than
that of patients with low TOP2A expression (P<0.001, Figure 2B).

Correlation analysis between TOP2A mRNA and
pathological features of LUAD using UALCAN and
LinkedOmics database

According to the results of relationship analysis between
TOP2A mRNA expression and pathological features of LUAD
using UALCAN database, TOP2A mRNA expression was asso-
ciated with age, sex, race, individual cancer stages, and nod-
al metastasis status (Figure 3A-3F). Table 1 lists the specific
results of P values.

The LinkedOmics database was also utilized to analyze the
relationship between TOP2AmMRNA expression and patho-
logical features of LUAD. As indicated by the results, TOP2A
mRNA expression exhibited an association with radiation

DATABASE ANALYSIS

Table 1. Correlation analysis between TOP2A mRNA and
pathological features of LUAD.

Comparison .Stafi.stical

significance

Normal-vs.-Caucasian 1.62E-12
 Normal-vs-African-American 194E-10
Normal-vs-Asan 319602
 Normal-vs-Stage1 QB2
 Normalvs.-Stage2 162612
Normalvs-Stage3 162612
 Normal-vs-Stage4 1.54E-05
Normalvs-Male 162612

N1-vs.-N3

NO — no regional lymph node metastasis; N1 — metastases in
1 to 3 axillary lymph nodes; N2 — metastases in 4 to 9 axillary
lymph nodes; N3 — metastases in 10 or more axillary lymph
nodes.

therapy (P=1.109e-02, n=469), histological type (P=1.262e-06,
n=515), pathologic stage (P=1.607e-02, n=507), T stage
(P=1.721e-03, n=512), ethnicity (P=1.947e-02, n=390), and N
stage (P=5.798e-02, n=503). The above results suggest that
TOP2A mRNA is strongly associated with the occurrence and
development of LUAD (Figure 4).
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Figure 3. Association of TOP2A mRNA and pathological features in LUAD. (A) TOP2A mRNA with age (B). TOP2A mRNA with gender.
(€) TOP2A mRNA with individual cancer stages. (D) TOP2A mRNA with race. (E). TOP2A mRNA with patient’s smoking habits.
(F) TOP2A mRNA with nodal metastasis status. Box plots and P values (Table 1) of A-F were produced using UALCAN.

TOP2A mRNA as an independent prognostic factor for
LUAD

In accordance with the high correlation between TOP2A mRNA
expression and the progression of LUAD, we speculated wheth-
er TOP2A mRNA expression can be used as an independent
prognostic indicator in patients with LUAD. The Kaplan-Meier
Plotter database was used to assess the association of TOP2A
mRNA expression with the OS of patients. Corresponding results
that the OS of patients with high TOP2A mRNA expression was

significantly shorter than that of patients with low expression
[log-rank P<1e-16, HR=2 (1.78-2.23); Figure 5A].

GEPIA was further applied to analyze the relationship of TOP2A
mRNA expression with the OS of patients. It was discovered
that patients with high expression of TOP2A mRNA had obvi-
ously lower OS than that of patients with low expression (log-
rank P=0.011, HR=1.5, Figure 5B).
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Figure 4. LinkedOmics analysis for the relationship between TOP2A mRNA expression level and clinicopathological features of LUAD.
(A) Radiation therapy; (B) pathologic stage; (C) pathology t stage; (D) ethnicity; (E) pathology n stage. Box plots and P values
of were produced using LinkedOmics.
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Figure 5. TOP2A mRNA is an independent favorable prognostic factor for LUAD. (A) Kaplan-Meier plot was produced using Kaplan-
Meier Plotter. (B) Kaplan-Meier plot was produced using LinkedOmics. (C) The survival rate was produced using GEPIA.

To further clarify the role of TOP2A in LUAD, 492 cases of LUAD
were analyzed using the LinkedOmics database. The survival
time of patients with high TOP2A mRNA expression was re-
markably shorter than that of patients with low expression,
and the difference was statistically significant (P=2.380e-03,
Figure 5C).

Role of TOP2A in LUAD via MAPK signaling pathway

For further elucidation of the effect of TOP2A in LUAD, TOP2A
in A549 cells was knocked out with RNA interference tech-
nology, and siTOP2A cells were detected by using RT-PCR and
western blot. The results revealed that TOP2A gene expression
was obviously reduced in siTOP2A cells (Figure 6). In addition,
MTT was applied to detect cell viability and cell proliferation
in siTOP2A and siControl cells. It was found that the cell via-
bility of siA549 cells decreased after decreased expression of
TOP2A (Figure 6). Meanwhile, cell apoptosis detection by using
flow cytometry indicated that the apoptosis rate in siTOP2A

was evidently higher than that in siControl (P<0.05, Figure 6).
For a further clarification of the mechanism of TOP2A, the ex-
pression of MAPK in siTOP2A was detected by western blot,
without obvious statistical significance in the total protein ex-
pression (P>0.05). We found a significant increase in the pro-
tein expression of p-ERK, p-JNK, p-P38, and CHOP in siTOP2A
cells (P<0.05). The aforementioned results suggest that TOP2A
plays a role in promoting the development of LUAD by regu-
lating the ERK/JNK/p-P38/CHOP signaling pathway.

Discussion

Lung cancer ranks first in incidence of all kinds of malignant tu-
mors [20]. Current effective treatments of lung cancer include
surgical resection, radiotherapy, and targeted therapy [2,21].
LUAD is the most common type of lung cancer, which is charac-
terized by occult onset, extremely high incidence, and high risk
of metastasis [2,3,22]. Due to the lack of an effective approach

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€929120-8




Du X. et al.:
Expression of the TOP2A gene in lung adenocarcinoma cells
© Med Sci Monit, 2020; 26: €929120

DATABASE ANALYSIS

250 7 - siA549

-@-siControl
200
150

100

Cell viability (% of control)

50

24h

hr

207

TOP2A mRNA level expression

siA549

siControl

siA549 siControl

B-actin

10¢

10°

AT IEPETITT EPETTTT IR I

siControl siA549
105—-'E
10'g

Ql-1 i Q- Q21
4 J
10 10° 10 10° 10 10° 10 10°
D
siControl siA549
s_acnn - -

Figure 6. Measurement of relevant indexes after low expression of TOP2A in A549 cells. (A) Cell viability detection by MTT assay.
Cell viability of siA549 was significantly lower than that of siControl (* P<0.01). (B) Cell apoptosis detection by flow
cytometry. Cell apoptosis of siA549 was obviously higher than that of siControl (* P<0.01). (C) Detection of TOP2A mRNA
and protein expressions in siA549 and siControl cells by RT-PCR and Western blot. (D) Detection of proteins related to
ERK/JNK/p-P38/CHOP signaling pathway using Western blot.

for early diagnosis, most patients have developed local infiltra-
tion or distant metastasis at diagnosis and thus have lost the
chance to benefit from surgery [2,4]. Radiotherapy and che-
motherapy are the major choices for patients with advanced
LUAD, which accounts for about 40% of confirmed cases [21].
However, it has unsatisfactory treatment outcomes, with a poor
5-year survival rate of only 5-10% [21,23]. Therefore, the anal-
ysis of prognostic factors and screening of sensitive diagnos-
tic markers for LUAD in the early stage are important topics
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in clinical research on LUAD. The findings of the present study
support that TOP2A can be considered a newly discovered bio-
marker for the diagnosis, prognosis, and treatment of LUAD.

In the present study, for the exploration of the relationship
between TOP2A and LUAD, GEPIA and UALCAN databases
were used to detect the expression of TOP2A mRNA in normal
lung tissues and LUAD tissues in TCGA database. Results of
both databases showed that TOP2A expression in LUAD was
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significantly higher than that in normal lung tissue. In order
to further verify the expression of TOP2A in LUAD, an in vitro
experiment was carried out to detect the expression of TOP2A
in Beas-2B and A549 cells. The results showed that the ex-
pression of TOP2A in A549 cells was significantly higher than
that in Beas-2B cells, which also verified the results of GEPIA
and UALCAN. Furthermore, for further clarification of TOP2A
mRNA expression in LUAD tissues and normal lung tissues,
the expression of TOP2A protein in LUAD tissues and normal
tissues was evaluated in accordance with the immunohisto-
chemical results in the HPA database, showing that the ex-
pression of TOP2A in normal lung tissue was lower than that
in LUAD tissues. In view of the above explorations, the rela-
tionship between TOP2A mRNA expression and clinical patho-
logical features of LUAD was subsequently assessed using the
UALCAN and LinkedOmics databases. Consequently, a strong
association of TOP2A mRNA expression was found with the
occurrence and development of LUAD. The proposed high cor-
relation between TOP2A mRNA expression and LUAD progres-
sion inspired us to assess whether TOP2A mRNA expression
can be regarded as an independent prognostic indicator in
patients with LUAD. Accordingly, Kaplan-Meier Plotter, GEPIA,
and LinkedOmics databases were used to analyze the relation-
ship between TOP2A mRNA expression and patient progno-
sis. We found that the survival time of patients with high ex-
pression of TOP2A mRNA was significantly shorter than that
of patients with low expression, which suggests that TOP2A
can be used as a biomarker to predict the prognosis of pa-
tients with LUAD. At the same time, according to relevant de-
tection of the studied cell lines in vitro, decreased expression
of TOP2A could inhibit the proliferation and promote the apop-
tosis of A549 cells. So far, there is an absence of related inves-
tigation on the mechanism of TOP2A. Significantly, our study
discovered that TOP2A may play a role in promoting the de-
velopment of LUAD by regulating the ERK/JNK/p-P38/CHOP
signaling pathway.

Substantial evidence supports that TOP2A functions significant-
ly in DNA replication, transcription, recombination, and chro-
matin reconstruction [24]. It has been reported that cell divi-
sion stops when the protein expression of TOP2A is silenced
in human cells [25]. Accordingly, TOP2A is a cell proliferation-
related protein, whose expression promotes the completion of
cell division [11,17]. TOP2A gene expression has been found to
be related to cell mitosis in S phase in breast cancer [7,26,27],
and there is significant expression of TOP2A in different sub-
types of breast cancer. Specifically, the protein expression of
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TOP2A is high in high-proliferative subtypes of breast cancer
(e.g., basal-like, Luminal B, and HER2-positive) [28]. In this re-
gard, TOP2A can be used as a tumor marker of breast can-
cer [28]. Furthermore, high expression of TOP2A protein was
reported to be associated with malignant tumor proliferation
and high histological grade of breast cancer, suggesting a poor
prognosis in breast cancer patients with high TOP2A gene ex-
pression [29]. These results suggest that TOP2A protein can be
considered as a molecular target for the treatment of breast
cancer, and can also be a prognostic factor. Basic research re-
vealed that the knockdown of TOP2A can retard cell proliferation
and suppress tumor formation [25]. It has also been proposed
that TOP2A is a core protease that promotes and maintains
tumor progression in tumor cells [13,17,25]. In assessing the
role of the TOP2A gene, most studies focused on breast cancer,
gastric cancer, liver cancer, prostate cancer, colorectal cancer,
and esophageal cancer [6,27,30-33]. Increasingly more stud-
ies have been reported focusing on the effect of TOP2A gene
on the clinical development and prognosis of lung adenocar-
cinoma [13,14]. For example, Fan Kou et al. demonstrated in
their research that TOP2A could promote lung adenocarcino-
ma cells’ malignant progression and predict poor prognosis in
lung adenocarcinoma [14]. This is consistent with the results
in our study, revealing that the survival time of patients with
high TOP2A mRNA expression was significantly shorter than
that of patients with low TOP2A mRNA expression.

Collectively, the findings in our study support that TOP2A could
be a new biomarker for diagnosis, prognosis, and treatment of
LUAD. However, our findings are insufficient to establish that
TOP2A can be used as an indicator for clinical diagnosis and
prognosis in the clinical setting. Accordingly, there is a need to
carry out more clinical trials and studies for further verification.

Conclusions

The findings from this study show that TOP2A expression is
upregulated in a human lung adenocarcinoma cell line, and
this finding was supported by bioinformatics analysis. Further
studies are required to determine whether TOP2A expression
is a prognostic biomarker and potential therapeutic target in
patients with adenocarcinoma of the lung.
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