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1  | INTRODUC TION

Oesophageal cancer is one of the most leading cause of mortality 
cancer worldwide, and oesophageal squamous cell carcinoma (ESCC) 
is the main type for oesophageal cancer arising from oesophageal 
epithelial cells.1,2 The recent epidemiology showed that oesophageal 
cancer is one of the five most common cancers in China, especially 
in middle area of China, and attributed for about 1 396 000 peo-
ple mortalities.3 Despite the multiple efforts made in recent years, 
treatments for oesophageal cancer are still not satisfied and chemo-
therapy resistance has becoming a new challenge for its treatment. 
Therefore, it is important to reveal the mechanism of ESCC and im-
prove the therapeutic effect of ESCC.

Epidermal growth factor receptor (EGFR), a transmembrane ty-
rosine kinase, plays critical role in several solid cancers and its che-
motherapy resistance regulation.4 It is reported that about 40%-70% 
of patients with ESCC have presented with high levels of EGFR ex-
pression5,6 and inhibiting the activity of EGFR might be promising 
to improve the outcome of patients with ESCC. Gefitinib is a well-
known orally active, reversible and selective EGFR inhibitor applied 
for ESCC treatment in clinic.7,8 However, the resistance of gefitinib 
has become a new challenge for ESCC treatment with unclear 
mechanism.9

Long non-coding RNAs (lncRNAs) is a class of transcripts with-
out coding capacity at a length of >200 nt and has reported to play 
critical roles in the pathogenesis and drug resistance of ESCC.10,11 
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Abstract
This study aimed to explore the underlying mechanism of linc01014 in oesophagus 
cancer gefitinib resistance. Gefitinib-resistant oesophagus squamous cell carcinoma 
(ESCC gefitinibR) cell lines were constructed by using different gefitinib treatment in 
FLO-1, KYAE-1, TE-8 and TE-5 cell lines and confirmed by MTS50 and proliferation 
assays. Expression of linc01014 was overexpressed/silenced in FLO-1 cells followed 
by gefitinib treatment, and then, the apoptosis-associated markers Bax and Bcl-2, 
and PI3KCA in PI3K signalling pathway were determined using Western blotting. 
MST50 and morphology analyses showed that ESCC gefitinibR cell lines presented 
obvious gefitinib resistance than their parental ESCC cell lines. ESCC gefitinibR cell 
lines showed significantly higher proliferation abilities than their parental ESCC cell 
lines after treating with gefitinib. Overexpression of linc01014 significantly inhibited 
the apoptosis of FLO-1 cells induced by gefitinib and silencing linc01014 obviously 
promoted the apoptosis of FLO-1 cells induced by gefitinib. Silencing linc01014 could 
significantly increase the gefitinib chemotherapy sensitivity of oesophagus cancer 
via PI3K-AKT-mTOR signalling pathway.
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LncRNA CCAT2 is associated with poor prognosis of ESCC.12 High 
expression of lncRNA TUG1 is identified to be associated with che-
motherapy resistance and poor prognosis of patients with ESCC.13 
Kang et al14 have revealed that lncRNA PART1 acts as a ceRNA to in-
duce gefitinib resistance in ESCC via miR-129/Bcl-2 pathway. Hence, 
it is significant to reveal the mechanisms of lncRNAs in regulating 
ESCC gefitinib resistance.

In this study, the role of lncRNA linc01014 involved in gefitinib 
resistance was explored in ESCC cell lines. According to these inves-
tigations, we hope to provide some new insights in solving gefitinib 
resistance in ESCC and improving the prognosis of patients with ESSC.

2  | MATERIAL S AND METHODS

2.1 | Cell culture

Human ESCC cell lines KYAE-1, TE8, TE5 and FLO-1 were purchased 
from the Chinese Type Culture Collection, Chinese Academy of 
Sciences (Shanghai, China). All cell lines were cultured in PRIM 1640 
medium (Gibco) supplemented with 10% fetal bovine serum (FBS, 
Gibco) and 100 U/mL penicillin/streptomycin (Sigma) at 37°C in a hu-
midified incubator with 5% CO2 in atmosphere. Cells were transfected 
with linc01014 mimic, si-linc01014 or negative control (NC) using lipo-
fectamine 2000 (Invitrogen) according to manufacturer's protocol.

2.2 | Construction of ESCC cell lines with 
gefitinib resistance

Gefitinib-resistant cell lines of KYAE-1, TE8, TE5 and FLO-1 were 
constructed via repeatedly subcultured with an increasing concen-
tration of gefitinib (Sigma) starting from 0.1 μM/mL to final concen-
tration of 10.2 μM/mL. Finally, the gefitinib-resistant cell lines were 
collected and used for the following investigations.

2.3 | Cell proliferation assay

The cytotoxic effect of gefitinib on ESCC cell lines and the proliferation 
abilities of these cell lines under different treatments were detected by 
the MTS ([3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulphopheny)-2H-tetrazolium]) assay using CellTiter-96-AQueous 
One Solution Cell Proliferation Assay reagent (Promega). Briefly, cells 
were seeded in 96-well plates at a density of 5 × 103/well and main-
tained in PRIM 1640 medium contained with 10% FBS overnight. 
Then, cells were treated with gefitinib in dimethyl sulphoxide (DMSO, 
Sigma) at concentrations of 0, 1, 10, 20 and 30 μmol/L for 48 hours. 
Concentration of gefitinib that caused 50% inhibition on the MTS ac-
tivity (MTS50) was determined as previously reported. For proliferation 
detection, cells were seeded in 96-well plates at a density of 1 × 103/
well and maintained in PRIM 1640 medium contained with 10% FBS 
overnight. Then, cells were treated with MTS50 determined gefitinib 

concentration for 0, 48 and 72 hours. Subsequently, cell proliferation 
was determined. Each experiment was performed in triplicate, and av-
erage value was calculated as the results.

2.4 | Morphology study

Morphology of cells after treating with or without gefitinib was 
pictured under light microscope (Olympus CKX41) at 24, 48 and 
72 hours at 200× magnification. The morphological appearance of 
cells was compared at each time-point.

2.5 | Quantitative real-time PCR

After treatment, total RNA in cells was isolated using TRIzol reagent 
(Takara) according to manufacturer's protocol. cDNA was synthe-
sized using the GoScript™ Reverse Transcription System (Promega) 
according to manufacturer's instruction. Then, the expression of 
linc01014 was determined using SYBR Green Master Mix (Applied 
Biosystems) with a total of 2 μg cDNA as a template on a BioRad 
CFX96 Sequence Detection System (Bio-Rad company). Relative 
expression of linc01014 was analysed using 2−ΔΔCt method with 
GAPDH as the internal control. All premier sequences were pur-
chased from RiBio (Guangzhou, China).

2.6 | Western blotting

After treatment, cells were lysated with RIPA lysis buffer (Millipore) 
supplemented with protease inhibitors (Sigma). Protein concentra-
tions were measured using BCA method (Pierce) according to the 
manufacturer's protocol (Beyotime). Then, proteins were boiled with 
loading buffer and subjected for 10% SDS electrophoresis followed 
by transferring to polyvinylidene fluoride membranes (Millipore). 
Subsequently, membranes were blocked with 5% milk at room tem-
perature for 1  hour. Following this, membranes were incubated 
with a 1:1000 solution of primary antibodies (anti-PI3KCA, anti-
Bcl-2, anti-Bax and anti-β-actin, Cell Signaling Technology) at 4°C 
overnight. Then, membranes were incubated with the secondary 
antibody at room temperature for 1 hour and visualized using ECL 
method (Pierce).

Highlights

•	 ESCC gefitinib-resistant cell lines were successfully 
constructed.

•	 Overexpression of linc01014 significantly decreased the 
apoptosis of FLO-1 cells induced by gefitinib.

•	 Silencing linc01014 obviously promoted the apoptosis 
of FLO-1 cells induced by gefitinib.
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2.7 | Statistical analyses

SPSS 19.0 (SPSS Incorporation) was used to perform statisti-
cal analyses in this study. Data in this study were presented with 
mean ± standard deviation (SD). Comparisons among groups were 
analysed using Student's t test or one-way ANOVA analysis. P < .05 
was considered statistically significant.

3  | RESULTS

3.1 | Evaluation for gefitinib-resistant cell lines

The sensitivity of ESCC and ESCC gefitinibR cells to gefitinib was 
determined by MTS viability assay and cell morphology. The MTS 
assay showed that FLO-1-gefitinibR cell lines showed remarkably 
higher relative MTS activity than FLO-1 cells at concentration of 0.10-
10.0  μmol/L, indicating that FLO-1-gefitinibR cell lines presented a 
higher gefitinib resistance that FLO-1 cells (Figure 1A). According to 
these, the KYAE-1-gefitinibR, TE8-gefitinibR and TE5-gefitinibR cell 
lines were successfully constructed (Figure 1A). When FLO-1 and FLO-
1-gefitinibR cells were cultured in the medium with 10 μmol/L gefi-
tinib, FLO-1 cells presented a shrank and rounded-up morphology and 
increased detachment after 48-hours culturing, but FLO-1-gefitinibR 

cells showed increase in confluence from 0 to 48 hours and a slight 
detachment at 72  hours, indicating that FLO-1-gefitinibR cells pre-
sented a higher gefitinib resistance that FLO-1 cells (Figure 1B).

3.2 | ESCC gefitinibR cell lines presented higher 
proliferation than ESCC

To further confirm the property of gefitinibR cells, the proliferation 
of ESCC and ESCC gefitinibR cells were determined after treated 
with 10μM of gefitinib. The results showed that the proliferation 
of ESCC cell lines and ESCC gefitinib cell lines were significantly 
inhibited after treating with gefitinib, while the inhibitive extent in 
FLO-1, KYAE-1, TE8 and TE5 cells were significantly higher than that 
in FLO-1-gefitinibR, KYAE-1-gefitinibR, TE8-gefitinibR and TE5-
gefitinibR cells, indicating that ESCC gefitinibR cells showed more 
gefitinib resistance than their parental ESSC cells (Figure 2).

3.3 | Confirmation the expression of linc01014 in 
FLO-1 cells

To further reveal the mechanism of gefitinib resistance, the expres-
sion of linc01014 was altered in FLO-1 cells and assessed using 

F I G U R E  1   MTS50 and morphology of 
ESCC gefitinib-resistant cell lines
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RT-qPCR. The result showed that linc01014 was significantly de-
creased/increased in FLO-1 cells (Figure 3), indicating that these cell 
lines could be used for the following investigations.

3.4 | Overexpression of linc01014 promotes the 
apoptosis of FLO-1 cells induced by gefitinib

To further reveal the function of linc01014, gefitinib (5 μm) was used 
to treat FLO-1 cells after altering the expression of linc01014. The 
result showed that overexpression of linc01014 could significantly 
increase the expression of Bcl-2 and PI3CA, but decrease the ex-
pression of Bax, indicating that linc01014 could inhibit the apoptosis 
of FLO-1 cells induced by gefitinib. However, silencing the expres-
sion of linc01014 could significantly increase the expression of Bax, 
but decrease the expression of Bcl-2 and PI3KCA, indicating that 
silencing linc01014 could promote the apoptosis of FLO-1 cells in-
duced by gefitinib (Figure 4).

4  | DISCUSSION

In recent decades, several chemotherapy drugs have been ex-
plored and applied for cancer therapy, but drug resistance is be-
coming a new challenge for clinical therapy, which is one of the 
major cause for failure treatment in clinic.15 Although many ef-
forts have been made, the mechanism of drug resistance remains 
unclear and need to be further explored. Along with the research 
of lncRNA, the regulatory mechanism of lncRNA in cancer pro-
vides us a new insight to understand the mechanism of drug 
resistance.16

Gefitinib is a common chemotherapy choice for patients with 
ESSC.17 The previous study has revealed that gefitinib could sen-
sitize mutations in ESCC to chemotherapy treatment.18 Mechanism 
research has identified that gefitinib could sensitize mutation in 
ESCC cell line KYSE450 via EGFR.19 However, a phase II study about 
gefitinib in treating ESCC showed that although the overall response 
rate could reach 90%, the complete response was only 40% and 

median progression-free survival was 7.0 months,7 suggesting there 
might be a large room to improve this treatment.

The previous studies revealed that PI3K/AKT/mTOR signalling 
pathway play crucial role in the pathogenesis of ESCC.20,21 PIK3CA 
is a subunit of PI3K and often responsible for the activity of PI3K/
Akt/mTOR signalling pathway.22 Mutation of PI3KCA could cause 
neoplastic transformation and accelerate cancer progression.23,24 
Shigaki et al25 have demonstrated that PIK3CA mutation is sig-
nificantly associated with a favourable prognosis of patients with 
ESCC after curative resected treatment. Lin et al26 have identified 
that PI3KCA mutation and PI3K overexpression are significantly 
correlated with the age, tumour staging and clinical characteristics 
of patients with ESCC. PIK3CA mutation and overexpression are 
also considered to be the prognostic markers for Chinese ESCC 
patients.27 In addition, EGFR mutant actives PI3K/AKT signalling 
pathway via ERBB3 and inhibiting the ERBB3/PI3K/AKT signalling 
pathway is essential for gefitinib anti-cancer effect.28 These findings 

F I G U R E  2   Proliferation of ESCC 
gefitinib-resistant cell lines

F I G U R E  3   mRNA expression of linc01014 in FLO-1 cells. 
Compared with the negative control (NC) group, **P < .01



1674  |     FU et al.

suggested that modulating the PI3K/AKT/mTOR signalling pathway 
might alter the anti-effect of gefitinib in treating ESCC.

Linc01014 is newly identified PIK3CA corresponding lncRNA 
(http://www.nonco​de.org/show_rna.php?xml:id=NONHS​AT093​
370&versi​on=2&utd=1#), indicating that linc01014 might play a po-
tential role in regulating the PI3K/AKT/mTOR signalling pathway via 
PIK3CA. In the current study, we have identified that overexpression 
of linc01014 could significantly increase the expression of PIK3CA and 
Bcl-2, but decrease the expression of Bax. In addition, inhibiting the ex-
pression of linc01014 could obviously inhibit the expression of PIK3CA 
and Bcl-2, but induce the expression of Bax after treated with gefitinib. 
These findings suggested that linc01014 could significantly regulate 
the activity of PI3K/Akt/mTOR signalling pathway via regulating the ex-
pression of PIK3CA to altering the sensitivity of ESCC cells to gefitinib.

There were still some limitations in this study. First, because of 
the limited clinical samples, the expression of linc0104 in ESCC and 
gefitinib-resistant ESCC tissue samples was not explored, which 
might impair the significance of our study. Moreover, lncRNAs have 
many regulatory mechanisms to modulate the pathogenesis of dis-
ease, but because of the shortage of research funds, the exact mech-
anism of linc0104 in regulating gefitinib resistance in ESCC was not 
further explored. A deepened exploration about linc0104 in gefitinib 
resistance is still required in the further.

In conclusion, linc0104 might play a critical role in the pathogen-
esis of ESCC. Silencing of linc01014 could significantly promote the 
sensitivity of ESCC cell lines to gefitinib and increasing the apoptosis 
of ESCC cells via PI3K/AKT/mTOR signalling pathway. These finding 
might be of importance in understanding and treatment of ESCC ge-
fitinib resistance in clinic.
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