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Abstract
This study aimed to investigate the function of lncRNA HEIH on promoting endometrial cancer cells’ tolerance of paclitaxel
(PTX). LncRNA HEIH expression was measured by QRT-PCR in endometrial cancer tissues, human healthy tissues and cell
lines. The PTX-resistant endometrial cancer cells (Ishikawa-RE and HHUA-RE) were intermittently exposed to increase con-
centrations of PTX and were constructed as evidenced by MTT assay. Besides, the specific siRNA of HEIH (siHEIH) and
pcDNA3.1-HEIH plasmid transfection were utilized to alter the expression of HEIH in the cells and investigate the effects of
HEIH on resistance to PTX in endometrial cancer cells. Moreover, MTT, colony formation and apoptosis analysis were taken
advantage to evaluate cell viability and proliferation when treated with PTX. Then, differential genes in PTX-resistant and HEIH-
knock-down PTX-resistant endometrial cancer cells were screened out by microarray analysis. Finally, gene-set enrichment
analysis was used to predict the promising signaling pathway of HEIH and western blotting analysis were performed to verify the
relevant genes expression of MAPK signaling pathway. LncRNA HEIH, the dysregulation of which involved in production of
drug-resistance, was overexpressed in PTX-resistant endometrial cancer cells. Up-regulating HEIH would activate MAPK
pathway, promote chemo-resistance of endometrial cancer cells and enhance cell proliferation and viability, whereas silencing
HEIH depressed the MAPK signaling pathway, contributed to restoring chemo-sensitivity to PTX and repressed cell physiolog-
ical process. Down-regulating lncRNA HEIH expression reversed the PTX-resistance of endometrial cancer cells through
MAPK signaling pathway.
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Introduction

Endometrial cancer is one of the eight most common causes of
cancer-related death among females [1]. It is also the leading
cause of gynecologic malignancy [2]. There were more than
5000 women diagnosed ever year and approximate 8000
death in America, furthermore with the incidence of the dis-
ease being in increasing steadily [3]. By the age of 75, the risk

of developing endometrial cancer for female was about 0.6%
in developing nations, which was doubled than developed
nations [4]. In the early period, for over 80% of the disease
located within the uterus, primary surgery along with radiation
treatment was curative enough. However, when it came to
advanced phase, chemotherapy displayed an irreplaceable role
under treatment [5]. So, uncovering the novel treatment strat-
egy to relieve this issue had far-reaching significance.

For endometrial cancer, paclitaxel (PTX) was a single-
agent with response rates of more than 20% [6]. For example,
synergy of PTX and trichostatin A was reported to inhibit the
cell growth and induce apoptosis in human endometrial carci-
noma cells [7]. Single-agent PTX was proved to be as effec-
tive as the combination of PTX and carboplatin, and more
effective than single carboplatin, in inhibiting proliferation
of endometrial cancer cells [8]. However, the therapeutic ef-
fect was not fairly effective resulting from the development of
resistance to chemotherapy [1]. Nevertheless, investigation
focused on the underlying molecular mechanism of chemo-
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resistance of endometrial cancer to the PTX was poor and
might provide a comprehensive insight into developing novel
therapeutic strategy.

Long non-coding RNAs (lncRNAs, ~200 nt) were a class
of RNAs that didn’t encode proteins [9]. Before it was found
to play an essential part in many cell life activities, researchers
believed this material without any biological function [10]. It
was understood that a large amount of non-coding RNAs,
both long and short, played critical roles in physiological
and pathological process that were essential for life
[11, 12]. Furthermore, some researchers reported that
some lncRNAs, such as lnc-PRKCQ-1 and lnc-
MTRNR2L1-2, which were significantly overexpressed
or down-regulated in proteasome inhibitors-resistant my-
eloma cell lines [13]. Besides, overexpression of
lncRNA FER1L4 in ovarian cancer cells suppressed
PTX resistance via regulating MAPK pathways [14].
Therefore, some lncRNAs might play a critical role in
the chemosensitivity of endometrial cancer and should
be considered into more researches.

LncRNA-HEIH, locating in chromosome 5, was one mem-
ber of lncRNA family, which was first identified and investi-
gated in hepatocellular carcinoma [15], finding its high-
expression in the patients with hepatocellular carcinoma
[16]. Moreover, investigators considered HEIH might be a
cancer-promoting factor resulting from its inhibition
for cell differentiation in G0/G1 [17]. For example,
HEIH promoted melanoma cell proliferation and migra-
tion [15]. Besides, the differential expression of HEIH
was uncovered in HPV-negative head and neck squa-
mous cell carcinoma [18]. However, the biological
roles and effects of HEIH on drug-resistance, in endo-
metrial cancer, were elusive and deserved our deeper
investigation.

In the present study, we aim to investigate the function of
lncRNA HEIH, via regulating HEIH expression in the cell
models, in promoting the resistance of two kinds of endome-
trial cancer cells to PTX. These results demonstrated that the
expression of HEIH involved in influencing the PTX resis-
tance of cancer cells. The investigation was conducted to de-
velop promising treatment strategies and improve the effec-
tiveness of drug combination.

Materials and Methods

Clinical Tissue Sample

We obtained 45 endometrial tumor tissues and their adjacent
tissues from patients in West China Second University
Hospital. All specimens were collected from the uterus
and placed in liquid nitrogen immediately after resection
before putting them in the refrigerator at −80 °C.

Preoperative chemotherapy and radiotherapy were not
used to treat the above patients, and all of them gave
informed consent before experiments. The study has
been approved by the ethics committee of West China
Second University Hospital.

Cell Culture and Construction of Resistance Cell Model

Human endometrial cancer cell lines (Ishikawa, HHUA) and
hESC (Human endometrial stromal cells) were purchased
from BeNa Culture Collection (Beijing, China) and cultured
based on the specification of the company. To begin with,
Ishikawa and HHUA cells at log-growth phase were treated
with 0.1 μM PTX for 24 h. PBS was then used to
remove fresh medium containing PTX for continuous
culture. After cells were passed for three times, concen-
tration of PTX was gradually elevated 0.2, 0.5, 1.0 and
2.0 μM until these cells could maintain stable growth at
2.0 μM PTX to establish drug resistant cell strain. Then
Ishikawa, Ishikawa-RE, HHUA-RE and HHUA cells
were treated with 0, 0.25, 0.5, 1.0, 2.5, 5.0 and 10.0 μM
PTX to verify the successful construction of drug-resistance
cell lines. Moreover, all cells were cultured under the condi-
tion containing 5% CO2 at 37 °C and collected in the
logarithmic phase.

Cell Transfection

The pcDNA3.1-HEIH and specific siRNA against HEIH,
named as siHEIH, were purchased from Shanghai
GenePharma (GenePharma, Shanghai, China). Every cell line
was placed in 6-well plates to a confluence of 70–90% in the
previous day before transfection, and then was transfected
with vector or siRNA using Lipofectamine 2000 Reagent
(Life technologies) according to the manufacturer’s instruc-
tions. The grouping information is as follows: Ishikawa,
Ishikawa+pcDNA3.1-HEIH (Ishikawa+HEIH), Ishikawa-
RE, Ishikawa-RE + siHEIH, HHUA, HHUA+pcDNA3.1-
HEIH (HHUA+HEIH), HHUA-RE and HHUA-RE +
siHEIH. Cells were incubated at 37 °C in a humidified incu-
bator with 5% CO2. After incubation for 48 h, cells were
harvested.

MTT Assay

The transfected cells were seeded in 96-well plates which
contained 2 × 103 cells per well. The cells in all groups were
treated with PTX after reaching 70%–80% and incubated for
48 h. Next, MTT was added to those wells to reach the final
concentration of 0.5 mg/ml. After 4 h, add DMSO to the well
to dissolve the formazan. Finally, an enzyme-linked immuno-
sorbent assay reader was used to measure absorbance at
490 nm.
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Quantitative PCR Analysis

The Trizol reagent (Invitrogen, CA, USA) was utilized to
isolate RNA from cell lysates. After quantification by
NanoDrop 2000 (Thermo Fisier Scientific Inc., USA),
Random Primers (Invitrogen) were used to generate cDNA
according to the manufacturer’s protocol. Real time system
was utilized for quantitative reverse transcriptase–PCR
(qRT–PCR) reactions. A relative quantification method was
used to analyze the qRT-PCR data that were depicted as aver-
age fold change versus the control group (β-actin was utilized
as internal control). The primers used in qRT-PCR were
shown as follows: HEIH forward 5’-AAGAACTCTTCGCT
CCAGCC-3′, HEIH reverse 5’-ACAAAAGCAGACTA
GGGCGG-3′; β-actin forward 5’-GGACTTCGAGCAAG
AGATGG-3′, β-actin reverse 5’-AGCACTGTGTTGGC
GTACAG-3′. The relative expression levels were analyzed
using the eq. 2-ΔΔCt method.

Apoptosis Analysis

To investigate the effect of HEIH on cell apoptosis when treat-
ed with PTX, flow cytometry (FCM) assay was performed.
We detached cells by trypsinization and collected them by
centrifugation for 5 min. Then those cells were assayed by
staining with 50 μl Annexin V binding buffer and 10 μl fresh-
ly prepared Annexin V–propidium iodide (PI) in dark for
30 min. Finally, a FACSC alibur flow cytometry (BD
Biosciences, San Jose, CA, USA) was used to detect cell
apoptosis.

Colony Forming Assay

Cells in all groups were seeded on 12-well cell culture dishes at
400 cells/well. On day 1 (day post-seeding), cells were treated
with 2.5 μM PTX. All conditions were performed in quadru-
plicate. Cells were maintained for 2 weeks at which point they
fixed with 4% paraformaldehyde for 15 min, to stationary
phase. Next, appropriate amount of GIMSA was used to dye
the cells for 10–30 min. Furthermore, colonies counted using
the GelCount (Oxford Optronix, United Kingdom).

Bioinformatics Analysis

Microarray analysis was used to screen out differentially
expressed genes in PTX-resistant endometrial cancer cells and
HEIH-knock-down PTX-resistant endometrial cancer cells.
Differential genes were selected based on their fold change
and adjusted p-values, which were generated by R package.
The inclusion criteria were set as follows: FDRPadj <0.05
and |log2(fold change)| > 1. Gene-set enrichment analysis
(GSEA) of the differential genes was conducted to elucidate
the regulation of HEIH on MAPK signaling pathway.

Western Blot Assay

Total protein lysates were obtained using Protein Extraction
Kit (QIAGEN, USA), and quantified by Bradford Protein
Assay Kit (Beyotime, Beijing, China). 20 μg of total protein
lysate was loaded in each lane and samples were separated by
SDS-PAGE. Proteins were then transferred to a
polyvinylidene fluoride (PVDF) membrane, first blocked with
Tris-buffered saline (TBS) with skim milk at room tempera-
ture for 60 min. Subsequently the membrane was incubated
with primary antibodies: p-p38 MAPK and total p38 MAPK
(Cell Signaling Technology, Boston, MA, USA), p-AKT1
(phospho S473) (ab81283, Abcam, Cambridge, MA, USA),
total AKT1 (ab28422, Abcam, Cambridge, MA, USA), c-Fos
(ab190289, Abcam, Cambridge, MA, USA), c-Jun (ab32137,
Abcam, Cambridge, MA, USA) and β-actin (sc-1616, Santa
Cruz Biotechnology, Santa Cruz, CA, USA). The incubation
with primary antibodies was carried out at 4 °C overnight
followed by an one-hour incubation of the secondary antibody
at room temperature. The immunoreactive protein bands were
visualized by ECL Kit (Pierce, Thermo Fisher Scientific, IL,
USA). The experiment was performed three separate times.

Statistical Analysis

All data were analyzed byGraphpad Software, version 6.0 (La
Jolla, CA, USA) and represented as the mean the mean ± stan-
dard deviation (SD). The all results of two different groups
was evaluated by Pearson’s correlation analysis. All experi-
ments were repeated at least thrice, and if P < 0.05, the data
was considered to indicate statistical significance.

Results

High-Expression of HEIH in Endometrial Cancer
Tissues and Construction of PTX-Resistant Cell Model

To investigate the expression of HEIH in endometrial cancer
tissues, QRT-PCR was employed. HEIH was up-regulated in
tumor tissues compared with adjacent tissues (Fig. 1a, P <
0.01). Furthermore, two endometrial cancer cell lines, Ishikawa
and HHUA, were involved in further study. QRT-PCR analysis
demonstrated that HEIH was up-regulated in endometrial cancer
cells, Ishikawa and HHUA, compared with hESC (Fig. 1b, P <
0.05). MTT assay was utilized to determine cell viability when
cells were treated with PTX. The results showed the construction
of PTX-resistance cell lines were successful (Fig. 1c & d,
P < 0.05). Besides, MTT assay demonstrated that higher cell
viability was observed in Ishikawa-RE and HHUA-RE group
cells when treated with paclitaxel compared with the matched
control groups (Fig. 1e, P < 0.01). This result suggested success-
ful construction of PTX-resistance cell models.
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HEIH Was Overexpressed in Drug-Resistance Cells

To evaluate the role of HEIH in paclitaxel-resistance, we firstly
detected the expression of HEIH in PTX-resistance cells and
endometrial cancer cells. HEIH was up-regulated in Ishikawa-
RE and HHUA-RE group cells compared with endometrial
cancer cell lines (Fig. 2a & b, P < 0.01). Moreover, siHEIH
was performed to silence HEIH in Ishikawa-RE and HHUA-
RE cells and pcDNA-3.1-HEIH plasmid was performed to up-
regulate HEIH in Ishikawa and HHUA cells respectively. The
high-expression level of HEIH was demonstrated in pcDNA-
3.1 HEIH transfection group, named Ishikawa+HEIH and
HHUA+HEIH, whereas HEIH expression was down-
regulated in siRNA transfection group, named Ishikawa-RE +
siHEIH and HHUA-RE + siHEIH (Fig. 2c & d, P < 0.01).

The Function of HEIH on Cell Proliferation
and Viability

After altering HEIH expression, the effects of HEIH on cell via-
bility were investigated byMTTanalysis. Figure 3a & b showed
that drug-resistance cell lines, Ishikawa-RE and HHUA-RE, pre-
sented higher cell viability compared with Ishikawa and HHUA
cell lines when treated with PTX. Up-regulating HEIH expres-
sion in HHUA and Ishikawa cells enhanced cell viability under
PTX treatment. Knocking down HEIH expression via siRNA
restored the sensitivity of Ishikawa-RE and HHUA-RE cells to

PTX (P< 0.01). Moreover, colony forming assay was used to
evaluate cell proliferation ability after transfecting. As shown in
Fig. 3c & d, Ishikawa-RE and HHUA-RE cells presented stron-
ger cell proliferation compared with Ishikawa or HHUA cells.
HEIH overexpression enhanced PTX-resistance of Ishikawa and
HHUA cells, while si-HEIH suppressed PTX-resistance of
Ishikawa-RE and HHUA-RE cells (all P < 0.05). These results
proved that HEIH overexpression could promote drug-resistance
ability of endometrial cancer cells to PTX and knocking down
HEIH expression partly recovered the sensitivity of Ishikawa-RE
and HHUA-RE to PTX.

HEIH Overexpression Depressed Cell Apoptosis
in Drug-Resistance Cells

Before FCM assay being exerted to determine cell apoptosis
ratio, pcDNA-3.1 HEIH or siRNA HEIH was transfected into
endometrial cancer cells and PTX-resistance cells along with
PTX treatment respectively. According to Fig. 4a, overexpres-
sion of HEIH in Ishikawa could significantly attenuate cell
apoptosis induced by PTX compared with non-transfection
Ishikawa, and suppressing HEIH expression in Ishikawa-RE
cells contributed to higher cell apoptosis ratio compared with
Ishikawa-RE cells (P < 0.01). Besides, similar trends were
also observed in HHUA and HHUA-RE cells (Fig. 4b, P <
0.01). In conclusion, HEIH could hinder cell apoptosis to
enhance the resistance of endometrial cancer cells to PTX.

Fig. 1 High-expression of HEIH in endometrial cancer tissues and
construction of PTX-resistance cell model. a QRT-PCR detected the
expression of HEIH in adjacent and tumor tissues. **P < 0.01 vs adjacent
tissues. b Q RT-PCR was utilized to evaluate HEIH expression level in
three cell lines, hESC, Ishikawa and HHUA. *P < 0.05 vs hESC group. c
Cell viability of Ishikawa and Ishikawa-REwrer determined when treated

with different concentrations of PTX via MTT assay. **P < 0.01 vs
Ishikawa group. d Cell viability of HHUA and HHUA-RE were
determined when treated with different concentrations of PTX via MTT
assay. **P < 0.01 vsHHUA group. (E)MTTassaywas taken advantage to
assess cell viability with 2.5 μM PTX treatment. **P < 0.01 vs Ishikawa
group and ##P < 0.01 vs HHUA group
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HEIH Knocking Down Inhibited MAPK Pathway
in Drug-Resistance Cells

To explore the underlying molecular mechanisms of HEIH on
PTX resistance, microarray analysis was performed to screen
out differentially expressed genes in PTX-resistant endometri-
al cancer cells and HEIH-knock-down PTX-resistant endome-
trial cancer cells. Total 1458 differential gene were screened
out and top 10 upregulated and downregulated gene were
displayed in Fig. 5a. GSEA results displayed that MAPK sig-
naling pathway was suppressed after knocking down HEIH in
endometrial cancer cells (Fig. 5b). Figure 5c showed differen-
tial genes in MAPK signaling pathway. Among these differ-
ential genes, AKT1, Fos and Jun were low-expressed in
siHEIH transfection group (Fig. 5c). The relative protein
levels of p-p38 were also detected to investigate on
MAPK signaling pathway. The high-expression levels
of p-p38, p-AKT1, c-Fos and c-Jun were demonstrated
in Ishikawa+HEIH and HHUA+HEIH groups compared
with Ishikawa and HHUA groups, whereas correspond-
ing expressions were down-regulated in Ishikawa-RE +

siHEIH and HHUA-RE + siHEIH groups compared with
Ishikawa-RE and HHUA-RE groups respectively. These
results suggest that HEIH may perform its functions by
activating MAPK signaling pathway in PTX-resistance
cancer cells (Fig. 5d & e, P < 0.01).

Discussion

In the present study, chemo-resistance cell models were con-
structed to further study, which uncovered that dysregulation
of lncRNA HEIH, in endometrial cancer cells, contributed to
the forming of resistance to PTX and influenced cell viability,
proliferation and apoptosis.

As showed by previous investigation, lncRNA HEIH was
overexpressed in colorectal cancer cells, which would pro-
mote tumorigenesis via regulating Bcl-xL expression [19].
Moreover, there was research indicating that lncRNA HEIH,
which was up-regulated in liver cells, promoted cells prolifer-
ation and even played a crucial role in regulating the invasion
ability of liver cancer cells [20]. Besides, lncRNA HEIH was

Fig. 2 Relative expressions of HEIH in endometrial cancer cells and
PTX-resistance cells. a-b QRT-PCR was employed to evaluate relative
expression level of HEIH in Ishikawa-RE, HHUA-RE, Ishikawa and
HHUA. **P < 0.01 vs the matched control group. c-d QRT-PCR was

performed to assess expression level of HEIH in Ishikawa, HHUA,
Ishikawa-RE and HHUA-RE after transfecting with pcDNA3.1-HEIH
or siHEIH, respectively. **P < 0.01 vs Ishikawa or HHUA group.
##P < 0.01 vs Ishikawa-RE or HHUA-RE group
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up-regulated in hepatocellular carcinoma cells and
interacted with zeste homolog 2, which could promote
cell proliferation and metastasis via repressing zeste ho-
molog 2 target genes [16]. In addition, Bawa et al.

reported that HEIH was a kind of lncRNAs upregulated
in prostate cancer via utilizing multiple RNA-seq
datasets to take an integrative analysis [11]. However,
investigation focused on function of HEIH in the

Fig. 3 Dysregulation of HEIH influences cell viability and
proliferation. a Cell viability was determined by MTT assay for
Ishikawa, Ishikawa+HEIH, Ishikawa-RE and Ishikawa-RE + siHEIH
with PTX treatment. b Cell viability was determined by MTT assay for
HHUA, HHUA+HEIH, HHUA-RE and HHUA-RE + siHEIH with PTX
treatment. c The representative images of colony forming assay and

colony forming cell number of different groups with PTX treatment. d
The representative images of colony forming assay and colony forming
cell number of different groups with PTX treatment. *P < 0.01 and
**P < 0.01 vs Ishikawa or HHUA group. ##P < 0.01 vs Ishikawa-RE or
HHUA-RE group
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tumorigenesis of endometrial cancer and chemotherapy
was rare. In the study herein, the overexpression of
lncRNA HEIH in endometrial cancer tissues and cells
was illustrated through QRT-PCR assay.

A kind of anticancer compound, PTX, which was extracted
from the Pacific yew tree, could stabilize microtubules and

then exerted defects in the mitotic spindle assembly to involve
in cellular fission [21]. However, Li et al. pointed out that
efficacy could be reduced according to lower sensitivity to
PTX in cancer cells [22]. Some reporters focused on the ef-
fects of lncRNA on chemo-resistance in certain cancers, indi-
cating the important role of lncRNA in this filed. For example,

Fig. 4 HEIH affect PTX-resistance through regulating cell apoptosis.
a FCM assay was utilized to determine cell apoptosis ratio in different
groups, Ishikawa, Ishikawa+HEIH, Ishikawa-RE and Ishikawa-RE +
siHEIH after PTX treatment. b FCM assay was utilized to determine

cell apoptosis ratio in different groups, HHUA, HHUA+HEIH, HHUA-
RE and HHUA-RE + siHEIH after PTX treatment. **P < 0.01 vs
Ishikawa or HHUA group. ##P < 0.01 vs Ishikawa-RE or HHUA-RE
group
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Liu et al. suggested that upregulation of lncRNA HOTAIR
involved in the cisplatin resistance of lung adenocarcinoma
cells [23]. Besides, lncRNA CCAT1 modulating the sensitiv-
ity of PTX in nasopharynx cancers cells via miR-181a/CPEB2
axis was reported by Wang et al. [24]. Similarly, in our study,

drug-resistance cell models were applied to demonstrate
lncRNA HEIH contributed to PTX resistance in endometrial
carcinoma.

Mitogen-activated protein kinase (MAPK) is an important
signaling pathway in cells, mainly involving c-Jun NH2-

Fig. 5 Knocking down HEIH resulted in suppression of MAPK
signaling pathway. a Heatmap for differential genes in PTX-resistant
HHUA-RE and HHUA-RE/si-HEIH cells. b Gene-set enrichment
analysis of differential genes showed that MAPK signaling pathway
was suppressed after knocking down HEIH in PTX-resistant
endometrial cancer cells. c Heatmap for differential genes in MAPK
signaling pathway among HHUA-RE and HHUA-RE/si-HEIH cells. d
Western blot was conducted to detect relative protein levels involved in

MAPK pathway in 4-group, Ishikawa cells, Ishikawa, Ishikawa+HEIH,
Ishikawa-RE and Ishikawa-RE + siHEIH after PTX treatment. eWestern
blot was conducted to detect relative protein levels involved in MAPK
pathway in 4-group, HHUA cells, HHUA, HHUA+HEIH, HHUA-RE
and HHUA-RE + siHEIH after PTX treatment. *P < 0.05, **P < 0.01 vs
Ishikawa or HHUA group. #P < 0.05 vs Ishikawa-RE or HHUA-RE
group
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terminal kinase/stress-activated protein kinase, extracellular
signal regulated protein kinase and p38-MAPK [25]. The
p38-MAPK signaling pathway has complex effects on tumors
[26]. c-jun and c-fos are two transcriptions factors known to
be regulated by MAPK cascades. ERK1/2, one of MAPK
kinases, was indicated to promote the development of cervical
neoplasm cells via regulating the expression of c-FOS and c-
JUN proteins [27], while folate receptor alpha was proved to
regulate the growth of cervical cancer cells by activating
ERK1/2/c-Fos/c-Jun [28]. Additionally, the function of
MAPK pathway on drug-resistance in cancer cells has long
been investigated. For instance, activation ofMAPK signaling
was proved to result in resistance to saracatinib (AZD0530) in
ovarian cancer [29]. LncRNA SNHG12 was found to cause
multidrug resistance through activating the MAPK/Slug path-
way in non-small cell lung cancer [30]. However, the role of
MAPK pathway on PTX resistance in endometrial cancer was
unclear and deserved deeper investigation. Consequently, our
research focused on this area.

In conclusion, these results demonstrated that silencing
lncRNA HEIH played a critical role in restoring che-
mo-sensitivity, suppressing cell proliferation and pro-
moting cell apoptosis via MAPK pathway when treated
with PTX. Therefore, this research exerted far-reaching
significance in developing promising therapy for pa-
tients with endometrial cancer.
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