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Original Article
MicroRNA-18b* induces apoptosis in cardiomyocytes
through targeting Topoisomerase 1 (TOP1)
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Abstract: miR-18b* was up-regulation in the plasma of Heart failure (HF) patients. However, the role of miR-18b*
in Congestive Heart failure (CHF) is still unclear. In the present study, plasma from CHF patients and healthy con-
trols was collected and used for miR-18b* detection by real-time PCR. Pearson analysis was performed to analyze
the correlation between miR-18b* and proBNP. Furthermore, luciferase assay and western blotting were used to
determine the potential target of miR18b*. Finally, the apoptosis cell in cardiomyocytes after miR-18b* transfec-
tion was determined by TUNEL assay. Our results firstly indicated that miR-18b* is up-regulated in the plasma from
CHF patients and positively correlates with proBNP expression levels. Luciferase assay demonstrated that TOP1 is
a direct target of miR-18b*. Over-expression of miR-18b* significantly inhibits TOP1 expression, induces the fol-
lowed pro-apoptosis protein expression and apoptosis in cardiomyocytes. Collectively, miR-18b* corrects with CHF
through direct targeting TOP1 and inducing apoptosis in cardiomyocytes. It maybe a novel target for CHF diagnosis

and therapy.
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Introduction

Congestive Heart failure (CHF) is one of the
most cause of mortality and morbidity all over
the world [1]. And more than 5 million patients
were hospitalization for CHF treating [1, 2].
Clinical management of CHF is facilitated by cir-
culating biomarkers like brain natriuretic pep-
tide (BNP) [3, 4]. However, novel biomarker is
needed for simple and reliable measurement of
CHF.

MicroRNAs (miRs) are endogenous, about
22-nucleotide (nt) ssRNAs that directly bind
and suppress multiple mRNA targets through
base-pairing of their “seed” sequences to the
3-9 untranslated region (UTR) or, less common-
ly, the coding regions [5]. By governing transla-
tion, they have been found to influence nearly
every normal and pathological process exam-
ined [6, 7]. miRs are also found in blood, where
they were detected in plasma, platelets, eryth-
rocytes, and nucleated blood cells [8-10]. It
was notably that plasma miRs are remarkably
stable even under conditions as harsh as boil-
ing, low or high pH, long-time storage at room

temperature, and multiple freeze-thaw cycles
[8-10]. Thus, miRNAs may be the best biomark-
er for disease diagnosis.

In the previous study by Tijsen, circulating levels
of miR-18b* are increased in subjects with clin-
ical heart failure defined by the Framingham
criteria and elevated proBNP levels, and miR-
18b* levels are related to proBNP and ejection
fraction in this patient group [11]. However, the
role of miR-18b* under CHF developing was still
unclear. Thus, defining the direct target of miR-
18b* and the related pathway in cardiomyo-
cytes is essential for understanding the role of
miR-18b* in CHF.

In the present study, we found that miR-18b*
expression was higher in the CHF group, com-
pared with the healthy group. The Pearson cor-
relation analysis indicated there was a positive-
ly correlation between miR-18b* and proBNP
expression in the plasma. Further results dem-
onstrated TOP1 is a direct target of miR-18b*
and over-expression miR-18b* inhibited TOP1
expression and induced followed pro-apoptosis
protein expression in cardiomyocytes. Further



MiR-18b* induces apoptosis in cardiomyocytes

TUNEL assay also demonstrated that miR-18b*
induces apoptosis in cardiomyocytes. Collecti-
vely, these findings indicate that miR-18b* cor-
rects with CHF through direct targeting TOP1
and inducing apoptosis in cardiomyocytes.

Materials and methods

Clinical study

The clinical study was approved by the ethics
committee of Sichuan Academy of Medical
Sciences & Sichuan Provincial People’s Hos-
pital (Chengdu, China). Human plasma samples
were obtained with informed consent under
a general waiver by the Academic Medical
Center institutional review board for the proper
secondary use of human material. Plasma sam-
ples were obtained from the patients (n=38)
and healthy volunteers (n=13) at the People’s
Hospital of Sichuan Province and experiments
were performed on samples at the Sichuan
Academy of Medical Science. Written informed
consent was obtained from the patients and
volunteers.

Definition of CHF diagnosis

The subjects were classified as CHF cases in
accordance with the Framingham criteria for
CHF diagnosis and if they had circulating proB-
NP levels of >1,000 pg/ml. The subjects were
classified as non-CHF cases if the clinical diag-
nosis excluded CHF and if circulating proBNP
levels were below the age-associated cut-off
points. In total, 38 of the 51 subjects screened
for CHF fulfilled the criteria.

Cell culture and transfection

Human cardiomyocytes were obtained from
Shanghai Cell Bank (Shanghai, China) and
cultured in Dulbecco’s Modifed Eagle’s Me-
dium (DMEM) containing 10% fetal bovine
serum (FBS; Gibco-BRL, Carlsbad, CA, USA).
The cells were maintained in a humidified atmo-
sphere containing 5% CO, at 37°C. FUGENE®
HD Transfection Reagent (Roche Diagnostics,
Indianapolis, IN, USA) was used for cell trans-
fection as previous study indicated [12]. At
24 or 48 h post-transfection, the transfected
cells were collected for total mMRNA and protein
extraction. After transfection for 48 h, 20 yM
puromycin (Beyotime Biotechnology, Shanghai,
China) was used to treat cardiomyocytes. The
surviving cells were selected as the stable cells
which expressed the miR-18b*.
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Quantitative polymerase chain reaction (qPCR)

TRIzol® reagent (Invitrogen Life Technologies,
Carlsbad, CA, USA) was performed to extract
total RNA from each experimental group using,
according to the manufacturer’s instructions.
RNA concentration was assessed by using
Thermo ND 2000 (Thermo Scientific). Reverse
transcription was performed at 65°C for 5 min,
30°C for 10 min, 42°C for 10-30 min and 92°C
for 3 min by using the Reverse Transcription kit
(Takara Bio, Inc., Otsu, Japan). Real Time PCR
kit (Takara Bio, Inc., Otsu, Japan) was employed
for PCR. PCR conditions were as follows: dena-
turation at 94°C for 2 min; amplification for 30
cycles at 94°C for 0.5 min, annealing at 58°C
for 0.5 min, and extension at 72°C for 1 min;
followed by a terminal elongation step at 72°C
for 10 min, and was performed on a Bio-Rad
CFX96 thermal cycler (Bio-Rad Laboratories,
Inc.). U6 was amplified as an internal control
and the Ct value of each PCR product was cal-
culated, and the fold change was analyzed. The
h-miR-18b¥*, and h-U6 primers were supplied by
Riob Bio Technology (Guangzhou, China); the
sequences were not supplied due to the rules
of the company.

Bioinformatics analysis and luciferase assay

The online miRNA databases TargetScan
(http://www.targetscan.org/) and microRNA.
org (http://www. microrna.org/microrna/get-
GeneForm.do) were used to predict the poten-
tial targets of miR-18b*, and TOP1 was identi-
fied as a target of miR-18b*. Luciferase assay
was performed to determine whether TOP1 is
the direct target of miR-18b*. The miR-18b*
binding site was synthesized and cloned into
an Ambion pMIR-REPORT vector (Ambion Life
Technologies, Carlsbad, CA, USA) to generate
pMiR-miR-18b*. Plasmids were extracted using
EndoFree Plasmid Giga kits (Qiagen GmbH,
Hilden, Germany) from DH5a (Genewiz, Suzhou,
China). The concentration was determined by
Thermo ND 2000 spectrophotometer (Ther-
mo Scientific). The 3'-UTRs of TOP1 containing
miR-423-5p binding sites were amplified and
cloned into the same vector to generate pMiR-
luc-TOP1. The reporter was co-transfected with
a cytomegalovirus B-galactosidase vector us-
ing FUGENE HD® (Roche Diagnostics). Luci-
ferase activity was measured 4 h later using
a Luciferase Reporter assay (Promega Cor-
poration, Madison, WI, USA). Values were nor-
malized to the activity of 3-galactosidase.
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Table 1. Information of Healthy Control and HF patients

Terminal deoxynucleotidyl trans-

ferase-deoxyuridine triphosphate

nick-end labeling (TUNEL) assay

In order to detect apoptotic cells in
cardiomyocytes following transfec-
tion, a TUNEL assay was performed
using a DeadEndTM Fluor metric
TUNEL system (Promega Corpo-

Characteristic Healthy controls HF cases
Age 58 (range, 47-66) 61 (range, 52-71)
Gender

Women 5 (38.5%) 17 (44.7%)

Men 8 (61.5%) 21 (55.3%)
proBNP (ng/L) 650 (range, 207-982) 2241 (range, 1029-4687)
miR-18b* 1.47 (range, 1.00-2.19) 2.44 (range, 0.95-4.29)
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ration), according to the manufac-
turer’s instructions. Cell nuclei with
dark green fluorescent staining
were defined as TUNEL-positive
nuclei, which were visualized using
a fluorescence microscope (DTX-
500; Nikon Corporation, Tokyo, Ja-
pan). The number of green fluores-
cence-positive cells were counted
in randomly selected fields at x200

maghnification. The cell nuclei were
1 |

Relative expression of miR-18b*
Relative expression of miR-18b*

o

1

Healthy HF

2
ProBNP level (X 1000)

then counter-stained with 4’,6-di-
amidino-2-phenylindole (Beyotime
Biotechnology).

4 5

Figure 1. Expression of miR-18b* in plasma from CHF patients. A. Plas-
ma from 38 CHF patients and 13 healthy controls is collected and used Statistical analysis
to determine miR-18b* by real-time PCR analysis. Data are shown as

means + SEM. **, P<0.01 compared to healthy controls; B. Pearson
correlation between miR-18b* and proBNP. n=51; r=0.67; P=0.01.

Western blotting

Western blotting was performed as the previ-
ous study indicated [13]. Briefly speaking, the
cells after treatment were lysed on ice for 30
min using radioimmunoprecipitation assay lysis
buffer and protease inhibitor PMSF (Beyotime,
Beijing, China). The proteins (10 ug) were sepa-
rated by SDS-polyacrylamide gel electrophore-
sis (SDS-PAGE; Beyotime Biotechnology) and
electronically transferred onto a polyvinylidene
difuoride membrane (Millipore, Bedford, MA,
USA). The membranes were incubated with rec-
ommended dilution primary antibodies against
TOP1, PARP, p53, cleaved caspase-9 (CC9) and
cleaved caspase-3 (CC3) for 1 h at 37°C (all
purchased from Cell Signaling Technology, Inc.,
Danvers, MA, USA), and GAPDH (Santa Cruz
Biotechnology, Inc.). This was followed by incu-
bation with peroxidase-conjugated secondary
antibodies (Zsbio, Beijing, China). The peroxi-
dase-labeled bands were visualized using an
enhanced chemiluminescence kit (Millipore,
Bedford, MA, USA). The ratio of TOP1/GAPDH
was calculated using densitometry.
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Statistical comparisons of all the
results were analyzed using
Students’-test by SPSS version
19.0 (IBM SPSS, Armonk, NY, USA). Values are
expressed as the mean * standard error of the
mean. P<0.05 was considered to indicate a
statistically significant difference. The correla-
tion between ProBNP and relative expression
of miR-18b* was analyzed using the Pearson
correlation analysis using SPSS version 19.0
(IBM SPSS, Armonk, NY, USA). The r value and
P value were both showed.

Results
MiR-18b* is up-regulated in CHF patients

To investigate the expression of miR-18b* in
the plasma of CHF and healthy volunteers
(Table 1), the total RNA in the plasma were
exacted and used for further real-time PCR. As
shown in Figure 1A, miR-18b* was up-regulat-
ed in CHF patients, compare with the healthy
controls (Figure 1A). Furthermore, proBNP
expression, as the biomarker of CHF patients,
was also determined. The Pearson analysis
indicated that circulating levels of miR-18b*
was positively related with proBNP expression
and CHF classification (Figure 1B).

Int J Clin Exp Med 2017;10(4):6742-6748
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TOP1 is a target of miR-18b*

Through bioinformatic analyses (Targetscan
micro, RNA.org, microRNASeq), TOP1 was pred-
icated as a target for miR-18b* (Figure 2A). To
determine this possibility, we constructed the
luc-TOP1-3'UTR vector, containing miR-18b*
binding site, and luc-TOP1-3'UTR mutant vec-
tor, containing mutated miR-18b* binding site.
The plasmid expressing miR-18b* was trans-
fected in 293 cells, and puromycin was used to
select the stable expression cells. Real-time
PCR analysis confirmed the over-expression
of miR-18b* in the cells (Figure 2B). Then, the
luc-TOP1-3'UTR and Iluc-TOP1-3’'UTR mutant
constructs were transfected into 293 cells sta-
ble expression miR-18b* and miR-NC, sepa-
rately. And 4-6 hrs later, luciferase identifica-
tion indicated that luciferase expression in
TOP1-3'UTR constructs was significantly inhib-
ited (Figure 2C). Whereas, no observable reduc-
tion of luciferase expression was found bet-
ween miR-NC and miR-18b* cells transfected
with luc-TOP1-3’UTR mutant plasmid (Figure
2C). These data indicated that TOP1 is a direct
target of miR-18b*.
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Figure 2. TOP1 is a target of miR-18b*. A. h-TOP1
3’-UTR contains one predicted m-miR-18b* bind-
ing site. The figure shows predicted duplex forma-
tions between TOP1 3'UTR and miR-18b*. The
sites of target mutagenesis are indicated in blue.
B. Real-time PCR of miR-18b* in 293 cells after
enforced expression of miR-18b* in 293 cells.
C. Relative repression of luciferase expression
was standardized to a transfection control. **,
P<0.01 compared to miR-Ctrl control.

MiR-18b* regulated TOP1 and downstream
targets expression in cardiomyocytes

To explore the effects of miR-18b* in cardio-
myocytes, the plasmid encoding miR-18b* was
transfected into the cardiomyocytes. 24 and
48 hrs later, cells was collected and real-time
PCR indicated that miR-18b* expression was
significant up-regulated from 24 hrs and last to
48 hrs post transfection (Figure 3A). Western
blotting analysis indicated that over-expression
of miR-18b* significantly inhibited TOP1 expres-
sion in cardiomyocytes (Figure 3B), both at 24
and 48 h post transfection. Further results
indicated that the pro-apoptosis protein PARP,
p53, cleaved caspase-3, cleaved caspase-9
expression was significantly induced by miR-
18b* in cardiomyocytes (Figure 3C and 3D).
Collectively, miR-18b* inhibited TOP1 expres-
sion and regulated TOP1-related protein expres-
sion in cardiomyocytes.

MiR-18b* induced apoptosis in cardiomyo-
cytes

Cardiomyocytes apoptosis was the main cause
of CHF. So, in the next study, apoptosis was
examined by TUNEL analysis. As shown in

Int J Clin Exp Med 2017;10(4):6742-6748
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Figure 4A and 4B, more apoptosis cells were
found in miR-18b* transfected cardiomyo-
cytes, compare with the miR-Ctrl group.
Collectively, these data demonstrated that up-
expression of miR-18b* in cardiomyocytes sig-
nificantly induce cell apoptosis.

Discussion

In this study, we firstly demonstrated that miR-
18b* expression is positively corrects with CHF
and proBNP expression in plasma. Luciferase
analysis indicated that miR-18b* directly tar-
gets TOP1-3’-UTR to inhibit TOP1 expression.
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Figure 3. miR-18b* regulates TOP1 and the
downstream targets expression. A. Real-time
PCR of miR-18b* in cardiomyocytes post
miR-18b* plasmid transfection for 24 and
48 hrs. B. TOP1 expression is determined by
western blotting analysis and the expression
was statistical analysis, GAPDH as the loading
control. C. PARP and p53 expression are de-
termined by western blotting analysis, GAPDH
as the loading control. D. Cleaved caspase-3
(CC3) and cleaved caspase-9 (CC9) expres-
sion are determined by western blotting analy-
sis, GAPDH as the loading control. **, P<0.01
compared to miR-Ctrl control.
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Further results identified the induction role of
miR-18b* in pro-apoptosis protein expression
in cardiomyocytes, which were the downstream
targets of TOP1. As the direct evidence, more
apoptotic cardiomyocytes were found in the
miR-18b* transfected group.

Various studies have demonstrated that circu-
lating miRNAs might be used as the stable
blood-based biomarkers for cancer and other
diseases [10]. miR-1 and miR-208, are elevated
in plasma following myocardial injury [14, 15].
Furthermore, miRNA array identified six miR-
NAs that are elevated in patients with HF,

Int J Clin Exp Med 2017;10(4):6742-6748
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Figure 4. miR-18b* induce apoptosis in cardiomyocytes. A. Cardiomyocytes

TUNEL DNA topological entanglemen-

ts [18]. Furthermore, various
studies indicated that TOP1
participated in the apoptosis
and chemotherapy resistant in
several cancer [19-21]. Inhibi-
tion of TOP1 with camptothecin
significantly induced apoptosis
in human embryonic stem cells
[22]. In the present study, we
firstly demonstrated that TOP1
is a direct target of miR-18b*
by luciferase assay and indi-
cated the inhibition role of miR-
18b* on TOP1 expression in
cardiomyocytes. Furthermore,
western blotting results provid-
ed solid evidence for the induc-
tion role of miR-18b* on the
pro-apoptosis protein, PARP,
p53, cleaved caspase-3, cleav-
ed caspase-9 expression, wh-
ich were the downstream tar-
gets of TOP1. The direct evi-
dence was supplied by TUNEL
assay, more apoptotic cardio-
myocytes were found in the
miR-18b* transfected group.

apoptosis after transfection for 48 hrs is determined by TUNEL assay, fol-

lowed the kit instructions. The positive cells are indicated in green and DAPI

Disclosure of conflict of inter-

indicate the total cells. B. Statistical analysis the apoptosis index (apoptosis est
index = the number of apoptosis cell/the number of total cell). **, P<0.01

compared to miR-Ctrl control. Original modification 200x.

including miR-423-5p, miR-18b*, miR-129-5p,
miR-622, miR-1254 and HS_202.1 [11, 16].
Our previous study indicated that higher expres-
sion of miR-423-5p was found in the plasma
from CHF patients, compared with the healthy
group [12]. In this study, we firstly proved that
circulating levels of miR-18b* are upregulated
in CHF patients and positively correlated with
proBNP expression. It is indicated that the
expression level of miR-18b* in plasma maybe
used as the novel biomarker for CHF diagnosis.
But, more clinical samples are needed in the
further study.

TOP1 is essential for embryonic development in
mammals [17]. It binds to the regions of the
pre-replicative complex in cells during the M,
early G1, and G1/S phases of the cell cycle to
control the firing of replication origins [18]. In
addition, TOP1 also has functions in transcrip-
tion that are independent of its role in resolving

6747

None.

Address correspondence to: Wei Zhang, Department
of Geriatric Medicine, Sichuan Provincial People’s
Hospital & Sichuan Academy of Medical Science,
No. 32, West 2nd Section, 1st Ring Road, 610072,
Chengdu, Sichuan Province, P. R. China. Tel: +86-28-
8739-3966; E-mail: zhangwei_120@126.com

References

[1] Mann DL and Bristow MR. Mechanisms and
models in heart failure: the biomechanical
model and beyond. Circulation 2005; 111:
2837-2849.

[2] Seidman JG and Seidman C. The genetic basis
for cardiomyopathy: from mutation identifica-
tion to mechanistic paradigms. Cell 2001;
104: 557-567.

[3] Januzzi JL, van Kimmenade R, Lainchbury J,
Bayes-Genis A, Ordonez-Llanos J, Santalo-Bel
M, Pinto YM and Richards M. NT-proBNP test-
ing for diagnosis and short-term prognosis in
acute destabilized heart failure: an interna-

Int J Clin Exp Med 2017;10(4):6742-6748


mailto:zhangwei_120@126.com

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

6748

MiR-18b* induces apoptosis in cardiomyocytes

tional pooled analysis of 1256 patients: the
international collaborative of NT-proBNP study.
Eur Heart J 2006; 27: 330-337.

van Kimmenade RR, Pinto YM and Januzzi JL
Jr. Importance and interpretation of intermedi-
ate (gray zone) amino-terminal pro-B-type na-
triuretic peptide concentrations. Am J Cardiol
2008; 101: 39-42.

Ambros V. The functions of animal microRNAs.
Nature 2004; 431: 350-355.

Colas AR, McKeithan WL, Cunningham TJ,
Bushway PJ, Garmire LX, Duester G, Subrama-
niam S and Mercola M. Whole-genome microR-
NA screening identifies let-7 and mir-18 as
regulators of germ layer formation during early
embryogenesis. Genes Dev 2012; 26: 2567-
2579.

Tagawa H, Ikeda S and Sawada K. Role of mi-
croRNA in the pathogenesis of malignant lym-
phoma. Cancer Sci 2013; 104: 801-809.
Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J,
Zhang Y, Chen J, Guo X, Li Q, Li X, Wang W,
Zhang Y, Wang J, Jiang X, Xiang Y, Xu C, Zheng
P, Zhang J, Li R, Zhang H, Shang X, Gong T,
Ning G, Wang J, Zen K, Zhang J and Zhang CY.
Characterization of microRNAs in serum: a
novel class of biomarkers for diagnosis of can-
cer and other diseases. Cell Res 2008; 18:
997-1006.

Lawrie CH, Gal S, Dunlop HM, Pushkaran B,
Liggins AP, Pulford K, Banham AH, Pezzella F,
Boultwood J, Wainscoat JS, Hatton CS and Har-
ris AL. Detection of elevated levels of tumour-
associated microRNAs in serum of patients
with diffuse large B-cell lymphoma. Br J Hae-
matol 2008; 141: 672-675.

Mitchell PS, Parkin RK, Kroh EM, Fritz BR,
Wyman SK, Pogosova-Agadjanyan EL, Peter-
son A, Noteboom J, O'Briant KC, Allen A, Lin
DW, Urban N, Drescher CW, Knudsen BS, Stire-
walt DL, Gentleman R, Vessella RL, Nelson PS,
Martin DB and Tewari M. Circulating microR-
NAs as stable blood-based markers for cancer
detection. Proc Natl Acad Sci U S A 2008; 105:
10513-10518.

Tijsen AJ, Creemers EE, Moerland PD, de Windt
LJ, van der Wal AC, Kok WE and Pinto YM.
MiR423-5p as a circulating biomarker for
heart failure. Circ Res 2010; 106: 1035-1039.
Luo P, He T, Jiang R and Li G. MicroRNA-423-5p
targets O-GIcNAc transferase to induce apop-
tosis in cardiomyocytes. Mol Med Rep 2015;
12:1163-1168.

Dai L, Cui X, Zhang X, Cheng L, Liu Y, Yang Y,
Fan P, Wang Q, Lin Y, Zhang J, Li C, Mao Y,
Wang Q, Su X, Zhang S, Peng Y, Yang H, Hu X,

[15]

(17]

(18]

(19]

[20]

[21]

[22]

Yang J, Huang M, Xiang R, Yu D, Zhou Z, Wei Y
and Deng H. SARI inhibits angiogenesis and
tumour growth of human colon cancer through
directly targeting ceruloplasmin. Nat Commun
2016; 7: 11996.

AiJ, Zhang R, Li Y, Pu J, Lu Y, Jiao J, Li K, Yu B,
Li Z, Wang R, Wang L, Li Q, Wang N, Shan H, Li
Z and Yang B. Circulating microRNA-1 as a po-
tential novel biomarker for acute myocardial
infarction. Biochem Biophys Res Commun
2010; 391: 73-77.

Ji X, Takahashi R, Hiura Y, Hirokawa G, Fuku-
shima Y and Iwai N. Plasma miR-208 as a bio-
marker of myocardial injury. Clin Chem 2009;
55: 1944-1949.

Thum T, Galuppo P, Wolf C, Fiedler J, Kneitz S,
van Laake LW, Doevendans PA, Mummery CL,
Borlak J, Haverich A, Gross C, Engelhardt S,
Ertl G and Bauersachs J. MicroRNAs in the hu-
man heart: a clue to fetal gene reprogramming
in heart failure. Circulation 2007; 116: 258-
267.

Abdurashidova G, Radulescu S, Sandoval O,
Zahariev S, Danailov MB, Demidovich A, Santa-
maria L, Biamonti G, Riva S and Falaschi A.
Functional interactions of DNA topoisomeras-
es with a human replication origin. EMBO J
2007; 26: 998-1009.

Xu Y and Her C. Inhibition of Topoisomerase
(DNA) | (TOP1): DNA damage repair and anti-
cancer therapy. Biomolecules 2015; 5: 1652-
1670.

Arakawa Y, Ozaki K, Okawa Y and Yamada H.
Three missense mutations of DNA topoisomer-
ase | in highly camptothecin-resistant colon
cancer cell sublines. Oncol Rep 2013; 30:
1053-1058.

Cai TY, Liu XW, Zhu H, Cao J, Zhang J, Ding L,
Lou JS, He QJ and Yang B. Tirapazamine sensi-
tizes hepatocellular carcinoma cells to topoi-
somerase | inhibitors via cooperative modula-
tion of hypoxia-inducible factor-1alpha. Mol
Cancer Ther 2014; 13: 630-642.

Sonderstrup IM, Nygard SB, Poulsen TS,
Linnemann D, Stenvang J, Nielsen HJ, Bartek J,
Brunner N, Norgaard P and Riis L. Topoisomer-
ase-1 and -2A gene copy numbers are elevated
in mismatch repair-proficient colorectal can-
cers. Mol Oncol 2015; 9: 1207-1217.

Garcia CP, Videla Richardson GA, Romorini L,
Miriuka SG, Sevlever GE and Scassa ME.
Topoisomerase | inhibitor, camptothecin, in-
duces apoptogenic signaling in human embry-
onic stem cells. Stem Cell Res 2014; 12: 400-
414.

Int J Clin Exp Med 2017;10(4):6742-6748



