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The incidence of endometrial cancer has rapidly risen over recent years.  Paclitaxel, a key drug for 
endometrial cancer treatment, inhibits microtubule depolymerization and induces apoptosis in cancer cells.  
Endometrial serous carcinoma (ESC) accounts for < 10% of all endometrial carcinomas, but its aggressive 
nature makes it responsible for close to 40% of cancer deaths.  Thus, novel therapeutic targets are required 
for ESC.  To identify microRNAs that promote paclitaxel resistance, we established two paclitaxel-resistant 
cell lines from USPC1 human ESC cells by exposing paclitaxel to parental cells for 12 weeks.  Paclitaxel 
concentrations were increased every 2 weeks, and after 12 weeks of paclitaxel exposure, two replicate 
paclitaxel-resistant cell lines were established (USPC1-PTSR1 and USPC1-PTXR2).  The microarray 
analysis was performed using USPC1 cells and USPC1-PTXR1 cells, and eight candidate microRNAs were 
thus selected as potential mediators of paclitaxel sensitivity.  Among these candidate microRNAs, let-7c 
precursor treatment of paclitaxel-resistant USPC1-PTXR1 cells caused the greatest increase in paclitaxel-
mediated cytotoxicity.  Let-7c inhibition conversely decreased paclitaxel-induced apoptosis.  It is known that 
let-7a microRNA, a member of the let-7 family, inhibits growth of endometrial carcinoma cells targeting 
Aurora-B that controls progression through each phase of mitosis.  We thus studied whether let-7c 
mediates Aurora-B expression in ESC cells.  The expression levels of Aurora-B mRNA and protein were 
higher in USPC-PTXR1 cells compared with USPC1 cells. Let-7c inhibition increased Aurora-B expression 
in USPC1 cells but decreased Aurora-B expression in USPC1-PTXR1 cells.  These results indicate that 
let-7c mediates paclitaxel resistance via inhibition of Aurora-B expression in ESC cells.
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Introduction
The incidence of endometrial cancer in the United 

States has risen rapidly over recent years.  In 2019, there 
were estimated 61,880 cases and 12,160 deaths, making 
uterine cancer the fifth most common cause of female can-

cer death in the United States (Siegel et al. 2019).  
Endometrial serous carcinoma (ESC) accounts for < 10% 
of all endometrial carcinomas.  However, its aggressive 
nature makes it responsible for close to 40% of cancer 
deaths (Fader et al. 2010).  ESC is commonly treated by 
comprehensive surgical staging followed by carboplatin 



I. Sato et al.264

and paclitaxel chemotherapy.  Even so, ESC demonstrates 
higher rates of recurrence and a tendency for distant, extra-
uterine metastases compared with other endometrial cancer 
subtypes (Chang-Halpenny et al. 2013).  Thus, novel thera-
peutic targets for chemotherapy-resistant ESC are needed.

MicroRNAs are small noncoding RNAs (approxi-
mately 18-24 nucleotides) that negatively regulate gene 
expression post-transcriptionally by interfering with the 
translation of one or more target mRNAs (Pritchard et al. 
2012).  MicroRNA dysregulation contributes to cancer 
pathogenesis.  Various microRNA replacement therapies are 
currently in clinical trials, which demonstrate the potential 
of this approach to treat cancer (Hosseinahli et al. 2018).

Lethal-7 (let-7) was the second discovered microR-
NAs family in Caenorhabditis elegans and the first discov-
ered microRNAs subsequently in human. In human, this 
family encompasses 13 member (let-7a-1, 7a-2, 7a-3, 7b, 
7c, 7d, 7e, f7-1, 7f-2, 7g, 7i, mir-98, and mir-202) (Ruby et 
al. 2006). Recent studies have reported that let-7 family 
members generally promote differentiation during develop-
ment and function as tumor suppressors in various can-
cers (Reinhart et al. 2000; Takamizawa et al. 2004; 
Grosshans et al. 2005; Johnson et al. 2005; Kumar et 
al. 2007).  Let-7c has been reported as a tumorigenesis sup-
pressor and that enhances the chemosensitivity of human 
mucosal melanoma (Tang et al. 2019).  It has also been 
reported that let-7c is involved in prostate cancer pathogen-
esis (Mulholland et al. 2019).  

Aurora-B is a serine/threonine kinase that controls 
progression through each phase of mitosis.  Its primary 
roles are in the construction of mitotic spindle, segregation 
of chromosomes, and completion of cytokinesis (Fu et al. 
2007).  It has been reported that let-7a inhibits the endome-
trial carcinoma by targeting Aurora-B (Liu et al. 2013), and 
Aurora-B activity is known to modulate taxane response in 
non-small cell lung cancer (Al-Khafaji et al. 2017).  

Let-7c and Aurora-B is known to contribute to chemo-
sensitivity respectively.  However, it has not been clear 
whether let-7c and Aurora-B cooperatively mediate pacli-
taxel resistance in ESC or not.  Based on the evidence that 
another let7 family member let-7a targets Aurora-B, we 
hypothesized that let-7c might contribute to paclitaxel resis-
tance by inhibiting Aurora B expression in ESC cells.     

In the current study, we established paclitaxel-resistant 
ESC cell lines and investigated the mechanisms by which 
let-7c microRNA contributes to paclitaxel resistance focus-
ing on the interaction with aurora B.

Materials and Methods
Reagents

Aurora-B-specific antibody (A00780) was purchased 
from Genscript (Piscataway, NJ, USA).  Antibodies specific 
for poly ADP-ribose polymerase (PARP) (sc7150) and 
cleaved-caspase-3 (9661) were purchased from Cell 
Signaling Technology (Boston, MA, USA).  β-actin anti-
body (A5441) was purchased from Sigma (St.  Louis, MO, 

USA).  Paclitaxel and cisplatin were purchased from Wako 
(Japan).

The human ESC cell line USPC1 was provided by Dr.  
A. Santin at the Department of Obstetrics and Gynecology, 
Division of Gynecologic Oncology at the Yale University 
School of Medicine.  

MicroRNA inhibitors specific for miR-1290, miR-
200b, miR-1246, and miR-1268a were purchased from 
Sigma-Aldrich (St. Louis, MO, USA).  MicroRNA precur-
sors specific for miR-125b, miR-99a, let-7c, and let-7b-5p 
were purchased from Ambion (Austin, TX, USA).  

Cell culture
The ESC cell lines (USPC1, USPC1-PTXR, USPC1-

PTXR2) were cultured in Roswell Park Memorial Institute 
1640 medium (Gibco/Life Technologies, Carlsbad, CA, 
USA) supplemented with 10% fetal bovine serum and anti-
biotics and antimycotics at the following dilution: 1% peni-
cillin, streptomycin, amphotericin B, and GlutaMAX 
(Gibco/Life Technologies).

Establishing a paclitaxel-resistant cell line
To establish paclitaxel-resistant clones from the 

USPC1 cell line, paclitaxel was added to the culture 
medium, beginning with 5 nM for 2 w.  The paclitaxel con-
centration was increased every 2 w over 10 w at the follow-
ing concentrations: 10, 50, 100, 200, and 400 nM.  Cultures 
received a total of 12 w of paclitaxel exposure to establish 
two replicate lines (USPC-PTXR1 and USPC1-PTXR2)
(Fig. 1A).  Parental USPC1 cells were cultured at 37°C, 
5% CO2 over 12 w without adding paclitaxel.  Cell viabil-
ity was assessed using the Cell Counting Kit-8 (Dojindo, 
Japan) according to the manufacturer’s instructions.

MicroRNA microarray analysis
Total RNA was extracted from cells using a miRNeasy 

Mini kit (Qiagen, Valencia, CA, USA) according to the 
manufacturer’s instructions.  RNA concentration was deter-
mined by measuring absorbance using a NanoDrop 
ND1000 instrument  (Thermo Fisher  Scient if ic , 
Loughborough, UK) and confirmed by an Agilent 2100 
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA).  
MicroRNA microarray analysis, including labeling, hybrid-
ization, scanning, normalization, and data analysis, was car-
ried out according to the manufacturer’s instructions.  The 
arrays were scanned with an Agilent Microarray Scanner 
(Agilent Technologies).  Images were extracted using 
Feature Extraction software 10.10.1.1 and analyzed by 
Agilent GeneSpring GX 12.6.0 (Agilent Technologies).  
According to our previously published protocol, microR-
NAs that had a greater than 1.5-fold change (fold change > 
1.5 or < 0.67) were considered to have significant differen-
tial expression compared with parental cells.  

MicroRNA precursor and inhibitor transfection
Cells were transfected with a microRNA inhibitor (for 
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miR-1290, miR-200b, miR-1246, and miR-1268a), 
microRNA precursor (for miR-125b, miR-99a, let-7c, and 
let-7b-5p), or their respective negative controls using 
Lipofectamine RNAiMax (Life Technologies) according to 
the manufacturer’s instructions.  

Quantitative real-time PCR
Cell homogenization and RNA extraction were per-

formed using an ISOGEN II kit (Nippongene, Japan) 
according to the manufacturer’s instructions.  Extracted 
RNAs (1 µg) were reverse transcribed to generate cDNAs 
using SuperScript III (Thermo Fisher Scientific).  Real-time 
PCR was performed using the StepOnePlus Real-Time PCR 
System with TaqMan Universal Master Mix II and a 
TaqMan probe specific for each gene (Thermo Fisher 
Scientific) to determine let-7c, Aurora-B, and GAPDH 
mRNA expression.

Western blotting
Cells were washed with ice-cold PBS three times.  

Harvested cells were lysed using Laemmli buffer.  Cellular 
proteins were subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis in a 5%-20% gradient gel.  
Proteins were electrophoretically transferred to nitrocellu-
lose membranes then blocked with 0.1% Tween 20 in PBS 
(PBS-T) containing 5% nonfat dried milk.  The membranes 
were incubated with primary antibodies at 4 °C overnight.  
The blots were washed with PBS-T and incubated with a 
horseradish peroxidase-conjugated secondary antibody in 
PBS-T containing 5% nonfat dried milk.  The proteins were 
detected using SuperSignal West Dura Extended Duration 
Substrate and ChemiDoc MP (Bio-Rad).

Immunofluorescence
Indirect immunofluorescence microscopy was per-

formed following a modified method (Kitatani et al. 
2016:Ishibashi et al. 2018).  Briefly, cells were plated on 
glass-bottomed 35 mm dishes and washed with PBS, fixed 
with 4% formaldehyde in PBS for 10 min at room tempera-
ture, then treated with 0.1% Triton-X100 for 10 min.  Cells 
were blocked with 20% human serum in PBS for 1 h fol-
lowed by primary antibody treatment in PBS containing 
20% human serum at 4 °C overnight.  The cells were 
washed with PBS, treated with Alexa488- and/or Alexa555-
conjugated anti-IgG antibodies in PBS containing 20% 
human serum for 1 h, then stained with Hoechst 33342.  
Confocal laser microscopy was performed using an 
LSM780 confocal microscope (Carl Zeiss, Thornwood, NY, 
USA).

Statistical analysis
Values are presented as the mean ± standard error of 

the mean based on at least three independent experiments.  
Images are representative of at least three independent 
experiments.  Statistical analyses were performed using 
GraphPad Prism 6(GraphPad Software, San Diego, CA, 

USA).  Statistical significance was assessed using individ-
ual t-tests with P < 0.05 considered significant.

Results
Microarray analysis identifies candidate microRNAs that 
mediate paclitaxel sensitivity in ESC cells

To identify microRNAs that promoted paclitaxel resis-
tance, two replicate paclitaxel-resistant cell lines (USPC1-
PTXR1 and USPC1-PTXR2) were established from USPC1 
cells.  The half maximal inhibitory concentration (IC50) for 
USPC1, USPC1-PTXR1, and USPC1-PTXR2 was 5.15, 
504.48, and 583.59 nM, respectively (Fig. 1B).  The cell 
growth of USPC1-PTXR1 and USPC1-PTXR2 cells were 
significantly degraded than the USPC1 cells (Fig. 1C).  

Microarray analysis was performed using USPC1 and 
USPC1-PTXR1 cells.  Seventeen microRNAs were up-reg-
ulated and 45 microRNAs were down-regulated in USPC1-
PTXR1 cells compared with USPC1 cells (Fig. 1D, E).  The 
largest up-regulated fold changes were observed in miR-
1290, miR-200b-3p, miR-1246 and miR-1268a with 9.74, 
4.40, 3.71 and 3.60 fold changes, respectively.  The largest 
down-regulated fold changes were observed in miR-
125b-5p, miR-99a-5p, let-7c and let-7b-5p with 14.3, 9.90, 
7.26 and 4.38, respectively.  Therefore, these were deter-
mined as candidate microRNAs.  

Let-7c as a candidate therapeutic target for paclitaxel-
resistant ESC cells

To validate the eight therapeutic target candidate 
microRNAs, we performed inhibitor treatment for the up-
regulated microRNAs and precursor treatment for the 
down-regulated microRNAs in USPC1-PTXR1 cells.  
Inhibitor treatment did not produce significant IC50 
changes in the up-regulated microRNAs.  However, of the 
down-regulated microRNAs, let-7c precursor treatment 
produced the greatest increase in paclitaxel-mediated cyto-
toxicity (Fig. 2B).  The let-7c precursor treatment effect 
was replicated in USPC1-PTXR2 cells (Fig. 2C).

To confirm that let-7c is involved in paclitaxel resis-
tance in ESC, USPC1 cells were treated with paclitaxel and 
the let-7c inhibitor and the IC50 was calculated.  The IC50 
was 15.0 nM in negative control USPC1 cells and 25.5 nM 
in let-7c inhibitor-treated cells (Fig. 2D), indicating that let-
7c inhibitor treatment desensitized cells to paclitaxel.  
These results suggest that let-7c might be a therapeutic tar-
get in paclitaxel-resistant ESC.

Let-7c inhibition decreases paclitaxel-induced apoptosis
Paclitaxel inhibits microtubule depolymerization, 

selectively arrests cells in the G2/M phase of the cell cycle, 
and induces apoptosis in cancer cells (Barbuti and Chen 
2015).  Let-7c inhibition significantly inhibited paclitaxel-
induced PARP cleavage (Fig. 3A, B), and tended to inhibit 
paclitaxel-induced caspase-3 cleavage (Fig. 3A, C).  These 
results indicate that let-7c inhibition provides an inhibitory 
effect on paclitaxel-induced apoptosis.
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It is also known that paclitaxel-induced microtubule 
depolymerization disrupts mitotic spindle formation, result-
ing in the failure of cells to complete normal mitosis 
(Jordan et al. 1991). Polynuclear formation is one result of 
mitosis failure in response to paclitaxel-induced microtu-
bule depolymerization (Gascoigne and Taylor 2009).  
Let-7c inhibition decreased paclitaxel-induced polynuclear 
formation (Fig. 3D).  These results suggest that let-7c inhi-
bition may reduce apoptosis by inhibiting paclitaxel-
induced microtubule depolymerization.

Let-7c might contribute to paclitaxel resistance by 
inhibition of Aurora-B expression in ESC cells

Aurora-B activity is known to modulate taxane 
response in non-small cell lung cancer(Al-Khafaji et al. 
2017), and it is also known that let-7a microRNA inhibits 
cell growth of endometrial carcinoma targeting Aurora-
B(Liu et al. 2013).  Based on these previous findings, we 
studied whether let-7c mediates Aurora-B expression in 
ESC cells.    

To define the molecular mechanisms underlying let-
7c-mediated paclitaxel sensitivity, we compared Aurora-B 
expression levels in USPC1 and USPC1-PTXR1 cells.  
Aurora-B mRNA and protein expression was higher in 
USPC-PTXR1 cells compared with USPC1 cells (Fig. 4A, 
B). Let-7c inhibition increased Aurora-B expression in 
USPC1 cells (Fig. 4C, D) but decreased Aurora-B expres-
sion in USPC1-PTXR1 cells (Fig. 4E, F).  Overall, these 
results suggest that let-7c mediates paclitaxel resistance via 
inhibition of Aurora-B expression in ESC cells.

Discussion
There is an urgent need to discover novel therapeutic 

strategies for chemo-resistant cancer.  MicroRNAs regulate 
drug resistance in various cancers (Si et al. 2019).  The cur-
rent study demonstrated that inhibition of the microRNA 
let-7c desensitized ESC cells to paclitaxel and up-regulated 
Aurora-B expression.  Therefore, let-7c may represent a 
novel therapeutic target for patients with paclitaxel-resistant 
ESC.

Let-7c has been reported to inhibit cell proliferation in 

human hepatocellular carcinoma (Zhu et al. 2015) and chol-
angiocarcinoma (Xie et al. 2018).  Our study is the first to 
present a relationship between let-7c and paclitaxel resis-
tance in ESC.  

The cellular target for paclitaxel has been identified as 
β-subunit of tubulin in microtubules.  Mutations in 
β-tubulin can disrupt microtubule assembly, conferring tax-
ane resistance (Yin et al. 2010).  It has been reported that 
restoration of miR-200c enhanced sensitivity to paclitaxel 
in endometrial, breast and ovarian cancer cell lines, and one 
of the direct target of miR-200 is β-tubulin (Cochrane et al. 
2009).  In this study, miR-200b was up-regulated in pacli-
taxel-resistant ESC cells.  It seems that miR-200 is one of 
the therapeutic target for paclitaxel-resistant ESC, but let-7c 
showed higher anti-tumor effect for paclitaxel-resistant 
ESC cells than miR-200 in our study.  

Previous studies have indicated a link between the let7 
family, Aurora-B, and cancer.  Aurora-B is a serine/threo-
nine kinase that controls progression through each phase of 
mitosis.  Its primary roles are in the construction of mitotic 
spindle, segregation of chromosomes, and completion of 
cytokinesis (Fu et al. 2007).  Aurora-B ensures the proper 
attachment of chromosomes to the microtubules of the 
mitotic spindle by correcting microtubules attached to the 
wrong kinetochore (merotelic attachments).  The inability 
to correct these mis-attachments is a major source of chro-
mosome instability in cancer cells, which is an underlying 
cause of aneuploidy (Noujaim et al. 2014).  Aurora-B activ-
ity is known to modulate taxane response in non-small cell 
lung cancer cells (Al-Khafaji et al. 2017), let7 microRNAs 
repress Aurora-B and regulate cell proliferation (Johnson et 
al. 2007), and let-7i inhibits malignant cell phenotypes in 
part by targeting Aurora-B in osteosarcoma cells (Zhang et 
al. 2015).  Based on the previous findings, we have further 
examined whether let-7c regulates Aurora-B expression.  
The current study indicated that let-7c negatively regulates 
Aurora-B expression.  However, further studies like target 
prediction and reporter assays are necessary to confirm that 
Aurora-B is a direct target of let-7c.  

ESC demonstrates higher rates of recurrence and a 
tendency for distant, extrauterine metastases compared with 

Fig. 1.  Microarray-identified microRNAs that mediate paclitaxel sensitivity in endometrial serous carcinoma cells.  
 A. The schematic schedule for establishing paclitaxel-resistant cells.
 B. IC50 for USPC1, USPC1-PTXR1, and USPC-PTXR2 cell lines.  Cells were plated in 96-well plates and treated with 

paclitaxel for 72 h.  The results were expressed as the means ± SEM values from three assays.  The values of absorbance 
of each cells were compared using unpaired t-test.  

 ***P < 0.005
 C. The proliferation rates of the USPC1-PTXR1 and USPC1-PTXR2 cells were similar to that of the USPC1 cells.  

USPC1, USPC1-PTXR1 and USPC1-PTXR2 cells were plated in 96-well plates and cell growth were determined using 
Cell Counting Kit-8.  The results were expressed as the means ± SEM values from three assays.  The values of 
absorbance of each cells were compared using unpaired t-test.  

 ***P < 0.005
 D. Microarray analysis was performed in USPC1 and USPC1-PTXR1 cells.  Seventeen microRNAs were significantly 

up-regulated in USPC1-PTXR1 cells compared with USPC1 cells.  The microRNAs with the four largest up-regulated 
fold changes were selected as candidates.  

 E. Forty-five microRNAs were down-regulated in USPC1-PTXR1 cells compared with USPC1 cells.  The microRNAs 
with the four largest down-regulated fold changes were selected as candidates. 
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Fig. 2. Let-7c as a therapeutic target for paclitaxel-resistant endometrial serous carcinoma cells.
 A. USPC-PTXR1 cells were treated with inhibitors that targeted the up-regulated microRNAs.  USPC1-PTXR1 cells 

were plated in a 96-well plate and transfected with each inhibitor for 24 h before being treated with paclitaxel for 72 h.  
Cell viability was assessed using the Cell Counting Kit-8 and IC50 values were determined. 

 B. USPC-PTXR1 cells were treated with precursors that targeted the down-regulated microRNAs.  USPC1-PTXR1 cells 
were plated in a 96-well plate and transfected with each precursor for 24 h before being treated with paclitaxel for 72 h.  
Cell viability was assessed using the Cell Counting Kit-8 and IC50 values were determined. 

 C. USPC1-PTXR2 cells were plated in a 96-well plate and transfected with let-7c precursor and control precursor for 24 
h before being treated with paclitaxel for 72 h.  Cell viability was assessed using the Cell Counting Kit-8 and IC50 
values were determined. 

 D. USPC1 cells were plated in a 96-well plate and transfected with let-7c inhibitor and control inhibitor for 24 h before 
being treated with paclitaxel for 72 h. Cell viability was assessed using the Cell Counting Kit-8 and IC50 values were 
determined.  IC50 values represent the mean ± SEM of three independent experiments. 

 *P < 0.05
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Fig. 3.  Let-7c inhibition desensitized endometrial serous carcinoma cells to paclitaxel.
 A. USPC1 cells were transfected with control or let-7c inhibitors for 24 h then treated with paclitaxel (5 nM) for 24 h.  

Extracted proteins were submitted to immunoblot analysis using antibodies specific for PARP, cleaved caspase-3, and 
β-actin.  For the cropped blots, protein samples were run under the same conditional treatments and processed in parallel.  

 B. Quantified cleaved PARP protein levels.  Results are representative of three independent experiments.  Values 
represent the mean ± SEM.  

 *P < 0.05
 C. Quantified cleaved Caspase3 protein levels.  Results are representative of three independent experiments.  Values 

represent the mean ± SEM.  PTX: paclitaxel.
 D. Nuclear USPC1 cell shapes were evaluated by immunofluorescence microscopy.  USPC1 cells plated on glass-

bottom 35 mm dishes were transfected with control or let-7c inhibitors for 24 h then treated with DMSO or paclitaxel (5 
nM) for 24 h.  After treatment, cells were stained with Hoechst 33342.  Representative images are shown.  
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Fig. 4.  Let-7c is involved in paclitaxel resistance inhibiting Aurora-B expression in endometrial serous carcinoma cells.  
 A. Aurora-B mRNA expression levels were determined using quantitative real-time PCR with a specific probe targeting 

Aurora-B mRNA.  They were normalized to glyceraldehyde-3-phosphate dehydrogenase mRNA expression levels in 
USPC1, USPC1-PTXR1, and USPC1-PTXR2 cells.

 B. Extracted proteins from USPC1, USPC1-PTXR1 and USPC1-PTXR2 cells were submitted to immunoblot analysis 
using antibodies specific for Aurora-B and β-actin.  

 C,D. USPC1 cells were transfected with control or let-7c inhibitor for 24 h followed by treatment with paclitaxel (5 
nM).  Protein and mRNA were then extracted.  Aurora-B mRNA expression levels were determined using quantitative 
real-time PCR with a specific probe targeting Aurora-B mRNA.  They were normalized to glyceraldehyde-3-phosphate 
dehydrogenase mRNA expression levels(C).  Extracted proteins were submitted to immunoblot analysis using 
antibodies specific for Aurora-B and β-actin(D).  

 E, F. USPC1-PTXR1 cells were transfected with control or let-7c precursor for 24 h followed by treatment with pacli-
taxel (500 nM).  Proteins and mRNAs were then extracted.  Aurora-B mRNA expression levels were determined using 
quantitative real-time PCR with a specific probe targeting Aurora-B mRNA.  They were normalized to glyceraldehyde-
3-phosphate dehydrogenase mRNA expression levels (E).  Extracted proteins were submitted to immunoblot analysis 
using antibodies specific for Aurora-B and β-actin(F).

 For the cropped blots, protein samples were run under the same conditional treatments and processed in parallel.  Values 
represent the mean ± SEM of three independent experiments.  

 *P < 0.05, ***P < 0.005.  
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other endometrial cancer subtypes (Chang-Halpenny et al. 
2013).  In this study, let-7c inhibition did not affect cell 
migration in USPC1 cells (data not shown).  It seems that 
let-7c does not contribute to cell migration.

Zhan et al. (2013) reported that let-7c modulates cispl-
atin response in part by targeting ATP-binding cassette sub-
family C member 2 (ABCC2).  This protein transports vari-
ous molecules across extra- and intra-cellular membranes.  
It is also a member of the MRP subfamily, which is 
involved in multi-drug resistance.  It has been reported that 
ABCC2 correlates with cisplatin resistance (Surowiak et al. 
2006) and paclitaxel resistance (Huisman et al. 2005).  
Notably, let-7c inhibition in USPC1 cells did not contribute 
to cisplatin sensitivity (Data not shown), and let-7c precur-
sor treatment in USPC1 cells did not decrease ABCC2 
mRNA expression in the current study (Data not shown).  
Therefore, let-7c does not appear to contribute to cisplatin 
and paclitaxel sensitivity in ESC via ABCC2.  The effects 
of let-7c inhibition in USPC1 cells seems to be specific to 
paclitaxel.

Therapeutic small-interfering RNAs (siRNA) were 
granted FDA approval in 2018, yet microRNA drugs have 
not yet translated into FDA-approved candidates for medi-
cal intervention.  However, candidate drugs are in clinical 
development and phase 1 and phase 2 clinical tri-
als. Clinical utility in peripheral tissues for microRNA 
mimics that overexpress transcripts and microRNA repres-
sors that silence transcript function have recently been 
reported (Hanna et al. 2019).  Because microRNAs are 
smaller than proteins, they can be introduced to cells using 
techniques similar to those used for small siRNAs (Kota et 
al. 2009).  In the first study to demonstrate let7’s tumor-
suppressor activity and potential therapeutic role in lung 
cancer, Esquela‐Kerscher et al. (2008) reported that the 
let-7 microRNA reduces tumor mass in murine lung cancer.  

Several earlier phase trials are currently investigating 
new microRNA drug candidates.  For example, Regulus 
Therapeutics announced RGLS5579, which targets miR-
10b, for potential trials in glioblastoma patients (Ghosh et 
al. 2018).  Further improvement of microRNA delivery sys-
tems through the development of more specific carriers will 
enhance the specificity and efficiency of microRNA 
replacement therapy for cancers.  With these advancements, 
microRNA let-7c precursor is expected to be a promising 
treatment option for paclitaxel-resistant ESC.
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