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Abstract: Endometrial carcinoma is the most common gynecological malignancy among women worldwide. Although 
treatment for EC has improved with the introduction of Paclitaxel (Tax) chemotherapy, the majority of patients will 
develop resistance to the treatment, leading to poor prognosis. One of the causes of chemoresistance is the in-
creased ability to undergo autophagy. In this study, we identified that miR-218 was significantly down-regulated 
in Tax-resistant EC cells compared to the non-drug resistant cell lines, and overexpression of miR-218 sensitized 
paclitaxel resistant EC cells to paclitaxel. Moreover, we demonstrated that miR-218 directly binds to the 3’-UTR 
of HMGB1 gene. HMGB1 was upregulated in paclitaxel resistant EC cells, it mediated autophagy and contributed 
to chemotherapy resistance in endometrial carcinoma in vitro. HMGB1-mediated autophagy could be suppressed 
by miR-218 overexpression in Tax resistant EC cells. In summary, we determined the targeting role of miR-218 to 
HMGB1 and the regulation of miR-218 on the HMGB1-mediated cell autophagy during chemotherapy resistance in 
endometrial carcinoma cells. These results reveal novel potential role of miR-218 against chemotherapy resistance 
during the treatment of endometrial carcinoma.
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Introduction

Endometrial carcinoma is one of the most com-
mon female malignancies worldwide [1]. 
Presently, surgery combined with adjuvant or 
postsurgical chemotherapy is the predominant 
treatment strategy for endometrial cancer. 
Paclitaxel, one of the most promising antitumor 
agents for women with endometrial cancer, 
makes a great contribution to the improvement 
of the life quality and overall survival of patients 
bearing endometrial cancers [2]. Unfortunately, 
some patients observed the paclitaxel resis-
tance and suffered cancer recurrence or 
metastasis. Therefore, it is crucial to under-
stand the mechanism of paclitaxel-induced 
resistance to obtain the better clinical applica-
tion of paclitaxel.

Drug resistance can be intrinsic or acquired 
and arises from a variety of factors, including 
genetic differences in somatic cell tumors and 
individual patient-specific variations [3]. In cul-

ture, drug-resistant of cancer cells have been 
shown to associate with different mechanisms, 
such as autophagy, apoptosis etc. [3]. Recently, 
an increasing number of studies showed that 
phosphorylated cofilin 1 [4], Akt isoforms [5], 
Mdm2 [6] and cyclophilin A [2] associated with 
drug resistance in endometrial cancer cell line 
and placental leucine aminopeptidase (P-LAP) 
[7] as a determinant of chemoresistance in 
endometrial carcinoma cells. 

MicroRNAs (miRNAs) are an abundant group of 
endogenous non-coding RNAs (about 22 nt) 
that bind to target mRNAs mainly at their 3’-UTR 
[8]. Recent progress in cancer biology has 
shown that microRNAs as important gene regu-
lators in human genomes have been found to 
dysregulate proliferation in types of human can-
cer [9, 10], including endometrial carcinoma 
[11, 12]. Recently, the association between 
miRNA expression and the resistance to anti-
cancer drug in cancer is closely noticed, which 
is regarded for predicting chemosensitivity in 
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cancers. miR-375 was up-regulated in acquired 
Tax resistance in cervical cancer [13] and over-
expression of miR-17-5p sensitized paclitaxel 
resistant lung cancer cells to paclitaxel induced 
apoptotic cell death [14]. 

MiR-218, as a candidate tumor suppressor, 
greatly down-regulated in several types of can-
cer, such as cervical cancer [15], colon cancer 
[16], lung adenocarcinoma [17], prostate can-
cer [18] etc. In this study, we were interested to 
examine the role of miR-218 in the develop-
ment of Tax resistance in EC. Our data demon-
strated that HMGB1, one of the most important 
regulators of cellular autophagy, was a direct 
target of miR-218 in EC cells. MiR-218 played a 
critical role in the development of Tax resis-
tance by regulating cellular autophagy.

Material and methods

Cell culture

Human endometrial carcinoma cell lines RL95-
2 and Ishikawa were used in this work. RL95-2 
cells (Shanghai Cell Bank, China) were routinely 
cultivated in complete growth medium compris-
ing Dulbecco’s Modified Eagle Medium: Nutrient 
Mixture F-12 (DMEM/F12) medium (HyClone, 
Logan, UT, USA) supplemented with 10% fetal 
bovine serum (FBS, Gibco, Invitrogen, Carlsbad, 
CA, USA), 1% penicillin-streptomycin (Invitro- 
gen), and 0.005 mg/mL insulin (Sigma-Aldrich, 
St. Louis, MO, USA). Ishikawa (ISK) cells were 
stored in our laboratory and maintained in 
RPMI-1640 (HyClone) containing 1% penicillin- 
streptomycin (Invitrogen) with 10% FBS (Gibco 
Invitrogen). The cells were incubated at 37°C, 
with 5% CO2. miR-218 mimics, miR-218 inhibi-
tor and their negative control were transiently 
transfected into endometrial carcinoma cells 
using Lipofectamine 2000 reagents (Invitrogen), 
following the manufacturer’s instructions. Cells 
were harvested after transfection for 48 h.

Tax treatment of cancer cell in vitro 

Cells were seeded and allowed to attach over-
night. On the second day, freshly prepared Tax 
was added. The concentration of Tax was 10 
µmol/L. The chemotherapeutical-treated cells 
were further cultured for cell proliferation assay 
at indicated time points or for western blot 
assay for 72 h.

Cell viability assay

Cells were seeded at 1000 per well in 96-well 
plates. Cell viability was evaluated using a Cell 
Counting Kit (CCK-8) according to the manufac-
turer’s instruction at indicated time. All results 
were from three separate experiments with six 
replicates.

mRNA and miRNA extraction and analysis

The total RNA (including miRNA) was extracted 
by Trizol (Invitrogen) according to the manufac-
turer’s instructions. For miRNA reverse tran-
scription (RT), special miR-218 RT forward 
primer (5’-AGAAGTGCTCAGAGAGGTGGA-3’) and 
reverse primer (5’-CCTTTGGGAGGGATATAGGTT- 
3’) were used. RNU6B (U6 small nuclear B non-
coding RNA) was used as an internal control. 
The forward primer of U6 was: 5’-AGGGGCCG- 
GACTCGTCATACT-3’) and reverse primer (5’-GG- 
CGGCACCACCATGTACCCT-3’). For the RT of 
total RNA, oligo (dT) was used as a common 
primer and β-actin was used as an internal con-
trol. The real-time polymerase chain reaction 
(PCR) was performed by the SYBR Green PCR 
master Mix (Applied Biosystems, Foster City, 
USA) according to the following conditions: 
95°C for 5 min followed by 35 cycles of amplifi-
cation at 95°C for 10 s, 58°C for 30 s, and 
72°C for 30 s.

Western blot analysis

Whole cell extracts were prepared with a cell 
lysis reagent (Sigma-Aldrich, St. Louis, MO, 
USA) according to the manual, and then, the 
protein was quantified by a BCA assay (Pierce, 
Rockford, IL, USA). Then, the protein samples 
were separated by SDS-PAGE (10%) and detect-
ed by Western blot using polyclonal (rabbit) 
anti-LC-3II, HMGB1 and anti-Beclin1 antibody 
(Santa Cruz Bio-technology, Santa Cruz, CA, 
USA). Goat anti-rabbit IgG (Pierce, Rockford, IL, 
USA) secondary antibody conjugated to horse-
radish peroxidase and ECL detection systems 
(SuperSignal West Femto, Pierce) were used for 
detection.

Luciferase activity assay

According to the expression of miR-218 with 
the HMGB1 3’-UTR, 3’-UTR sequence or three 
copies of the mutated 3’-UTR sequence of 
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Figure 1. miR-218 affected proliferation of anticancer drug-treated endometrial carcinomas. (A) miR-218 is down-
regulated in Tax-treated endometrial carcinoma cells. The expression of miR-218 was measured by qRT-PCR. (B) 
RL95-2 and Ishikawa cells with overexpressed/silenced miR-218. miR-218 overexpression decreased RL95-2 (C) 
and Ishikawa (D) cell growth. Cell viability was measured using a CCK-8 kit at indicated time point. Data were means 
± SD from three independent experiments performed in sextuple.

HMGB1 were amplified by PCR from human 
genomic DNA and inserted into psiCHECK-2 
vector immediately downstream from the stop 
codon of luciferase as described previously 
[19]. Endometrial carcinoma cell RL95-2 and 
ISK in six-well plates were transfected with 1 μg 
of the firefly luciferase report vector, 1 h post-
transfection with 25 nM of miR-218 mimics, 
miR-218 inhibitor or miR control. At 24 h  
post-transfection, firefly luciferase activities 
were measured consecutively using luciferase 
assays (Promega, Madison, WI, USA).

Plasmid construction and dual-luciferase re-
porter assay

For miR-218 precursor transfection, RL95-2 
and Ishikawa cells were cotransfected with 
miR-218 and HMGB1/mut-HMGB1 dual-lucifer-
ase miRNA target expression vectors using 
Lipofectamine 2000 (Invitrogen). Luciferase 
activity was assessed using the Dual-Luciferase 
Reporter Assay System (Promega, 48 hours 
after transfection).

TALEN design and construction

The exon and its immediate flanking regions of 
HMGB1 (high mobility group box-1 protein) were 
scanned for putative TALEN binding pairs using 
the TAL Effector Nucleotide Targeter 2.0 [20]. 
The site: TCACAGCCATTGCAGTACA was chose. 
Performing as previously, the binding pairs 
HMGB1-L and HMGB1-R were respectively 
assembled into the pTALEN-v2-L and pTALEN-
v2-R backbones, yielding pTALEN-HMGB1-L 
and pTALEN-HMGB-R. RL95-2 and Ishikawa 
cells were transfected with a mixture of pTALEN-
HMGB1-L, pTALEN-HMGB1-R (untreated cells 
were used as control). Cells were trypsinized 
and resuspended after transfection for 4 days. 
The transfected cells were expanded. To con-
firm HMGB1 disruption, western blot and PCR 
were performed. Whole cell extracts were ana-
lyzed by western blot, and the targeted exon 
was PCR-amplified from genomic DNA isolated 
from individual clones. The following day, medi-
um were refreshed and grown an additional 24 
h prior to harvesting for further analysis.
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Figure 2. miR-218 targets 3’ UTR of HMGB1 and suppresses the expression of HMGB1. (A, B) Luciferase reporter assay with co-transfection of wild-type or mutant 
HMGB1 and miR-218 mimics or miR-218 inhibitor or mimics-control or inhibitor-control or blank control in RL95-2 (A) and ISK (B) cells. Error bars represent ± S.E. 
and *, P < 0.05 versus control. (C, D) Western blot analysis was performed to examine the effects of Tax-treat on expression of HMGB1. HMGB1 is up-regulated in 
Tax-treated endometrial carcinoma cells. (E) qRT-PCR analyses were performed to determine the mRNA levels of HMGB1. (F) The decreased expression of HMGB1 
in miR-218 over expressing cells.
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Figure 3. HMGB1 regulates autophagy during chemotherapy in osteosarcoma cells. A-C. Tax treatment promoted the conversion of LC3B-I to LC3B-II and the Beclin1 
expression and assayed by Western blot. β-action was detected as the loading control, bars represent mean ± S.E. from three independent experiments (**P < 0.05 
vs. control, where n = 3). D and E. HMGB1 gene knocked out in RL95-2 cells and Ishikawa cells. Western blot results showed the expression of HMGB1 protein in 
endometrial carcinoma cells. F-H. HMGB1 silencing affected the expression of LC3B and the Beclin1 in RL95-2 cells and Ishikawa cells. In control group, RL95-2 
cells and Ishikawa cells were treated with Tax. In Talen group, RL95-2 cells and Ishikawa cells were HMGB1 gene knock-out cells and treated with Tax.
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Statistical analysis 

Data in the present study were represented as 
means ± SD of at least three independent 
experiments except as indicated. Student’s 
unpaired t test was used for comparison 
between two groups. Values were considered 
significantly different when P < 0.05.

Results

MiR-218 is down-regulated in Tax-resistant en-
dometrial carcinoma cells

We prepared Tax-resistant endometrial carci-
noma cell (RL95-2 and Ishikawa) from Tax sen-
sitive cells by exposing cells to Tax for 72 hours 
[13]. We further validated the array data for 
miR-218 by qRT-PCR. The qRT-PCR assay 
revealed that miR-218 is down-regulated in 
Tax-resistant cells compared to Tax sensitive 
cells. Figure 1A showed a ~71.6% down-regula-
tion in the relative miR-218 expression level in 
RL95-2 cells. Ishikawa-Tax cells exhibited 
almost ~66.5% down-regulation of relative miR-
218 expression compared to that of Tax sensi-
tive Ishikawa cells, indicating association 
between miR-218 and Tax resistance was not 
cell line specific. 

Overexpressed miR-218 sensitized EC cells to 
paclitaxel

To explore the biological roles of miR-218 in 
Tax-treated endometrial carcinoma cells, we 
stably overexpressed miR-218 in RL95-2 and 
Ishikawa cells by transfecting miR-218 mimics 
and miR-218 inhibitor and then selected by 
puromycin. Also, we established mimics control 
(pre-con), inhibitor control (anti-con) and 
untransfected (con) groups as control. The 
overexpression/silencing of miR-218 in endo-
metrial carcinoma cells were confirmed by 
RT-PCR (Figure 1B). The stable cells were seed-
ed in 96-well plates and measured by CCK-8 kit 
for cell growth at indicated time points. 
Overexpression of miR-218 exhibited much 
lower cell viability (Figure 1). As shown in Figure 
1C, overexpressed-miR-218 decreased Tax-
treated RL95-2 cells viability (0.626 ± 0.007) 
compared with pre-con group (0.744 ± 0.005), 
while miR-218 silencing increased Tax-treated 
RL95-2 cells viability (0.824 ± 0.014) com-
pared with anti-con group (0.748 ± 0.003). 
Similar results were obtained in Tax-treated 

Ishikawa cells (Figure 1D). In conclusion, our 
results demonstrated that overexpression miR-
218 inhibited the proliferative capability of EC 
cell post-anticancer drug treatment, thus sensi-
tizing the cancer cells to those drugs.

MiR-218 targets 3’ UTR of HMGB1 and sup-
presses the expression of HMGB1

High mobility group box 1 (HMGB1), a chroma-
tin-binding nuclear protein, plays a role in facili-
tating autophagy following cytotoxic insults 
including starvation [21-23]. Recent studies 
showed that HMGB1 was direct target of miR-
218 which was validated in cancer cells before 
[19]. As shown in Figure 2A and 2B, co-trans-
fection of miR-218 suppressed the luciferase 
activity of the reporter containing wild-type 
HMGB1 3’ UTR sequence, but failed to inhibit 
that of mutated HMGB1 by dual-luciferase 
reporter assay. These data suggested that miR-
218 could directly target the 3’-UTR sequences 
of HMGB1. As shown in Figure 2C, HMGB1 pro-
tein is up-regulated in Tax-treated endometrial 
carcinoma cells, and the up-regulation was also 
demonstrated in HMGB1 mRNA level (Figure 
2E). Figure 2F revealed that HMGB1 was down-
regulated by miR-218 overexpression and 
upregulated by miR-218 silencing in protein 
level. These results agree with the fact that 
miR-22 regulates HMGB1 by targeting the 
3’-UTR of it and suppressing its translation.

HMGB1 regulates autophagy during chemo-
therapy in EC cells

Tax induces programmed cell death by autoph-
agic induction in cancer cells [24-26]. Tumor 
cells use this cytoprotective autophagy as a 
defense from apoptotic cell death which in turn 
contributes to development of Tax resistance. 
Previous study showed that HMGB1 interacted 
with Beclin1 [27, 28] and LC3B, thereby pro-
moting autophagy [28]. Beclin1 and LC3B are 
autophagy-related markers and are critical for 
regulating autophagy. Microtubule-associated 
LC3 tends to monitor levels of autophagy. When 
autophagy is upregulated, LC3 is cleaved (LC3-
I) and then conjugated to phosphatidylethanol-
amine (LC3-II), which is recruited to the 
autophagophore. In this study, the autophagy 
stimulation by the anticancer drug treatment in 
EC cells was also confirmed by the assay of 
autophagy-related biomarker expressions us- 
ing western blot analysis. As shown in Figure 3, 
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Figure 4. miR-218 suppressed HMGB1-mediated autophagy in endometrial carcinoma cells. Cells were not trans-
fected (con), or transfected either with miR-218 mimics (pre-miR-218), mimics control (pre-con), miR-218 inhibitor 
(anti-miR-218) or inhibitor control (anti-con). After 24 h, cell lysates were prepared for Western blotting with antibody 
against Beclin1 and LC3B, and β-action was used as loading control. Relative Beclin1 protein and LC3B punctae ex-
pression levels were quantified by WB analysis in Tax-treated RL95-2 cells and Ishikawa cells, bars represent mean 
± S.E. from three independent experiments (**P < 0.05 vs. control, where n = 3).

accumulation of LC3 puncta in EC cells was sig-
nificantly higher in Tax treatment groups (Figure 
3A) and significantly high levels of LC3-I to LC3-
II conversion and Beclin1 expression were also 
observed in the EC cells which were treated 
with Tax. Then, we determined the correlation 
of the high autophagy level following Tax treat-
ment with the upregulated HMGB1 in the EC 
cells, we knockout HMGB1 in RL95-2 cells and 
Ishikawa cells via the method as previously 
described and then treated with Tax for 72 h 
[29]. The talen-knockout treat significantly 
decreased HMGB1 expression by Western blot-
ting (Figure 3D). As expected, HMGB1 knock-
down in Tax-treated cells decreased levels of 
autophagy as shown by decreased the expres-
sion of Beclin1, but had no further effects on 
LC3B-II and LC3B punctae (Figure 3F). These 
results confirmed the HMGB1-mediated 
autophagy during chemotherapy in EC cells.

Overexpressed miR-218 inhibits the antican-
cer agent-induced autophagy

To determine the possible contribution of miR-
218 to the autophagy in the drug-treated EC 

cells, we assayed the autophagy in RL95-2 
cells and Ishikawa cells post Tax treatment and 
the miR-218 mimics or miR-Con transfection. 
Results showed that miR-218 overexpression 
significantly decreased Beclin1 expression, 
while miR-218 silencing increased Beclin1 
protein level (Figure 4). And a significantly high 
level of LC3-I to LC3-II conversion and 
decreased accumulation of LC3B punctae were 
also confirmed by WB assay, in both RL95-2 
cells and Ishikawa cells transfected with miR-
218 mimics. These results revealed that 
overexpressed miR-218 inhibited the antican- 
cer drug-induced autophagy in EC cells.

Discussion

Despite recent advances in understanding the 
cancer signaling network and in developing 
new therapeutic strategies, endometrial carci-
noma shows poor prognosis and high inci-
dence. Drug resistance is major obstacle in the 
treatment of endometrial carcinoma by limiting 
the efficacy both of conventional chemotherapy 
and novel biological agents. Therefore, new 
and more innovative approaches are required 
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for treatment of this cancer. In the past decade, 
a large body of researches has demonstrated 
that microRNAs were involved in the regulation 
of cellular chemosensitivity [30-32]. For exam-
ple, miR-449a was reported to regulate prolif-
eration and chemosensitivity to cisplatin by tar-
geting cyclin D1 and BCL2 in SGC7901 cells 
[30] and miR-125b inhibitor enhance the che-
mosensitivity of glioblastoma stem cells to 
temozolomide by targeting Bak1 [33]. MiR-218 
is a tumor suppressor microRNA, and previous 
studies have confirmed that miR-218 inhibited 
cancer cell proliferation and invasion through 
targeting oncogenic genes in certain cancers 
[18, 34, 35]. A recent study has shown that 
miR-218 could inhibit the growth of cervical 
cancer and promote its sensitivity to drug-
based chemotherapy [36-38]. In this study, we 
also confirmed that miR-218 was significantly 
down-regulated in Tax-resistant endometrial 
carcinoma cells, and overexpression of miR-
218 increased Tax-induced chemosensitivity 
both in RL95-2 cells and Ishikawa cells. MiR-
218 overexpression inhibited the proliferative 
capability of EC cell post-anticancer drug treat-
ment, thus sensitizing the cancer cells to Tax.

Autophagy is a tightly regulated lysosomal deg-
radation pathway, helping to maintain a bal-
ance among the synthesis, degradation, and 
subsequent recycling of cellular products [39]. 
To date, an increasing number of studies have 
revealed a critical role for autophagy in cancer 
development and therapy. High-mobility group 
box 1 (HMGB1), known primarily regulator of 
autophagy, is expressed in many normal cells 
and has also been confirmed to involve in can-
cer development by interfering with several sig-
naling pathways [40-42]. Recently, studies sug-
gested that HMGB1 bounded to the autophagy 
regulator Beclin1 and regulated the formation 
of the Beclin1-PI3KC3 complex that facilitates 
autophagic progression [21]. Induction of 
autophagy by HMGB1 is important for tumor 
development and a novel target for cancer ther-
apy [21, 43]. Present study clearly reconfirmed 
that the expression of HMGB1 and Beclin1 
were upregulated decreased by anticancer 
agents, Tax, in EC cells in vitro, which were 
reversed by overexpression of miR-218. 
Moreover, HMGB1 knockout also suppressed 
Beclin1 expression in Tax treated EC cells. In 
conclusion, our results revealed that HMGB1 
was directly targeted by miR-218, and overex-
pressed miR-218 could suppress the HMGB1 

level, and block the HMGB1-mediated autopha-
gy in drug-treated EC cells.

In summary, our study shows that miR-218 
expression was downregulated, following the 
HMGB1 upregulation during the anticancer 
drug treatment in EC cells in vitro. And the miR-
218 targeted HMGB1 directly and overex-
pressed miR-218 inhibited the HMGB1-
mediated autophagy in endometrial carcinoma 
cells. These findings identified the role of miR-
218 in HMGB1-mediated autophagic chemo-
therapy resistance during the treatment of 
endometrial carcinoma, suggesting that miR-
218 may be a novel target for endometrial car-
cinoma therapy.
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