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Abstract
Background: Propofol has been reported to be related to the migration, inva-
sion, and epithelial-mesenchymal transition (EMT) of esophageal cancer (EC)
cells. However, the detailed mechanism has not yet been fully reported. The pur-
pose of this research was to elucidate the function of long non-coding RNA
TMPO antisense RNA 1 (lncRNA TMPO-AS1) and microRNA-498 (miR-498)
in propofol-regulated EC.
Methods: Transwell assay was performed to assess cell migratory and invasive
abilities. Western blot assay was employed to determine the levels of EMT
markers and hypoxia inducible factor-1 (HIF-1α). Quantitative real-time poly-
merase chain reaction (qRT-PCR) was carried out to detect the levels of TMPO-
AS1 and miR-498. Moreover, the interaction between TMPO-AS1 and miR-498
was predicted by starBase, and then confirmed by the dual-luciferase reporter
assay and RNA immunoprecipitation (RIP) assay.
Results: Propofol suppressed hypoxia-induced EC cell migration, invasion, and
EMT. Both TMPO-AS1 overexpression and miR-498 knockdown weakened the
effect of propofol on hypoxia-induced EC cell progression. Interestingly, TMPO-
AS1 targeted miR-498 and suppressed miR-498 expression. TMPO-AS1 regulated
EC cell progression via downregulating miR-498 expression.
Conclusions: Collectively, our findings demonstrated that propofol inhibited
hypoxia-induced EC cell mobility through modulation of the TMPO-AS1/miR-
498 axis, providing a theoretical basis for the treatment of EC.

Introduction

Esophageal cancer (EC), a common cancer, is the leading
cause of tumor-related death with a high incidence world-
wide.1,2 According to the statistics in 2016, there were
approximately 16 910 newly diagnosed cases and 15 910
deaths of EC patients in the USA. Moreover, the survival
rate of EC patients is low, and the recurrence rate has been
reported to be high after neoadjuvant chemo-radiother-
apy.3 Therefore, it is essential to explore new methods for
the treatment of EC patients.
Hypoxia is ordinary in the microenvironment of cancers

and is related to the mobility of cancer cells.4,5 Hypoxia-

inducible factor-1α (HIF-1α), a subunit of HIF, is identi-
fied as a transcription factor that is activated by hypoxia
and reported to be involved in the migration and epithe-
lial-mesenchymal transition (EMT) of tumors.4,6 Propofol,
a common sedation and hypnotic agent, is universally
applied in anesthesia of patients.7 Previous evidence has
suggested that propofol represses the effect of hypoxia on
cell growth through suppressing HIF-1α in prostate can-
cer.8 However, the function of propofol in hypoxia-regu-
lated EC cell progression is unclear.
Long non-coding RNAs (lncRNAs), more than 200

nucleotides in length, are a new group of transcripts that
have been shown to exert function in a variety of aspects,
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such as transcription, post-transcription, and epigenetic
regulation.9,10 TMPO antisense RNA 1 (TMPO-AS1), iden-
tified as an lncRNA, regulates the development of many
human cancers. For example, Yang et al. suggested that
TMPO-AS1 accelerated the proliferation and mobility, and
promoted apoptosis of cervical cancer cells via regulating
miR-577.11 Similarly, TMPO-AS1 modulated this cell pro-
gression in prostate cancer.12 However, the role and func-
tional mechanism of TMPO-AS1 in EC have not been
studied.
MicroRNAs (miRNAs) are a family of small non-coding

RNAs, on average 22 nucleotides in length, that regulate
the levels of downstream genes through binding to 30-
untranslated region (UTR) of mRNA.13,14 Present studies
have demonstrated that miRNA acts as an oncogene or
tumor-suppressor to modulate cancer cell proliferation,
mobility, apoptosis, or autophagy.13,15,16 MiR-498, identi-
fied as an miRNA, has been shown to be lowly expressed
in a lot of cancers, including ovarian,17 colorectal,18 and
gastric19 cancers. Moreover, miR-498 level has been shown
to be decreased and miR-498 upregulation suppressed cell
development in esophageal squamous cell carcinoma
(ESCC).20 Therefore, it is essential to further analyze the
role of miR-498 in EC.
Here, we explored the effect of propofol on hypoxia-

induced cell mobility. Furthermore, the roles of TMPO-
AS1 and miR-498 in propofol-regulated EC cell progres-
sion were investigated. In addition, we analyzed the rela-
tionship between TMPO-AS1 and miR-498.

Methods

Cell culture and treatment

Human Het-1A cell line and two esophageal cancer lines
(EC109 and KYSE70) were obtained from the Cell Bank of
the Chinese Academy of Sciences (Shanghai, China). These
cells were kept in Roswell Park Memorial Institute 1640
medium (RPMI; Gibco, Grand Island, NY,USA) containing
10% fetal bovine serum (FBS; Gibco), 1 U/mL penicillin
(Sigma-Aldrich, St. Louis, MO, USA) and 1 mg/mL strep-
tomycin sulfate (Sigma-Aldrich) at 37�C with 5% CO2. For
hypoxia incubation, the cells were incubated in a hypoxic
incubator (1% O2 and 5% CO2). In addition, 5 μg/L prop-
ofol (Sigma-Aldrich) was used to treat the cells.

Cell migration and invasion assay

A transwell chamber (BD Biosciences, Bedford, MA, USA)
was used to analyze cell mobility based on the rec-
ommended manual. Briefly, treated or transfected cells
were mixed with medium without FBS, and then trans-
ferred into the upper chamber. Medium was introduced

into the lower chamber with 10% FBS. After 24 hours of
incubation, migratory cells on the lower chamber were
analyzed using a microscope. Five fields were randomly
selected in every sample. Matrigel was coated on the insert
of the chamber for invasion assay, and the steps were in
agreement with that in migratory assay.

Western blot assay

Total proteins were isolated from EC109 and KYSE70 cells
using lysis buffer (Beyotime Biotechnology, Shanghai,
China). Western blot assay was carried out as described
elsewhere.21 The primary antibodies (1:1000) against E-
cadherin (E-cad), Vimentin (Vim), hypoxia inducible fac-
tor-1 (HIF-1α), and β-actin, as well as relative secondary
antibodies (1:2000) were provided by Abcam (Cambridge,
MA, USA).

Cell transfection

Small interfering RNA against TMPO-AS1 (si-TMPO-
AS1), miR-498 mimic (miR-498), miR-498 inhibitor (anti-
miR-498), and their negative controls (si-NC, miR-NC,
and anti-NC) were provided by GenePharma (Shanghai,
China). For the overexpression of TMPO-AS1, its sequence
was cloned into the pcDNA3.1 vector (GenePharma).
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) was
used to perform the cell transfection assay.

RNA extraction and quantitative real-time
polymerase chain reaction (qRT-PCR)

Total RNA was extracted from EC109 and KYSE70 cells
using TRIzol reagent (Invitrogen) according to the manu-
facturer’s instructions. Subsequently, Prime Script RT
reagent kit (TaKaRa, Otsu, Japan) was applied to synthe-
size complementary DNA (cDNA), and SYBR Premix
ExTaq kit (TaKaRa) was employed to conduct qRT-PCR.
The quantity of gene was normalized to U6 level or glycer-
aldehyde 3-phosphate dehydrogenase GAPDH level with
the use of the 2-ΔΔCt method. The primers used in this
research were as follows: TMPO-AS1 (forward (F), 5’-CTT
TTGTGCGCCGTTTCCT-30; Reverse (R), 5’-CCCAGAGA
CGAAAGCTGCTT-30), miR-498 (F, 5’-AAGCCAGGGGG
CGTTT-30; R, 5’-GAACATGTCTGCGTATCTC-30), U6
(F, 5’-TGCGGGTGCTCGCTTCGGCAGC-30; R, 5’-CCAG
TGCAGGGTCCGAGGT-30), and (GAPDH) (F, 5’-ATCA
CTGCCACCCAGAAGAC-30; R, 5’-TTTCTAGACGGCAG
GTCAGG-30).
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Dual-luciferase reporter assay

The interaction between TMPO-AS1 and miR-498 was
predicted by starBase. Wild TMPO-AS1 (TMPO-AS1 WT)
or mutant TMPO-AS1 (TMPO-AS1 MUT) was inserted
into the pGL3 vector (Promega, Madison, WI, USA). Then,
EC109 and KYSE70 cells were cotransfected with TMPO-
AS1 WT or TMPO-AS1 MUT and miR-338-3p or miR-
NC. Finally, the dual-luciferase system (Promega) was used
to examine the luciferase activity.

RNA immunoprecipitation (RIP) assay

The Magna RNA immunoprecipitation kit (Millipore, Bed-
ford, MA, USA) was employed for RIP assay in line with

the user’s protocol. Briefly, EC109 and KYSE70 cells were
lysed using RIP buffer, and then incubated with magnetic
beads coated with anti-Argonaute2 (AGO2) or anti-immu-
noglobulin G (IgG) antibodies. Then, RNA enrichment
was assessed by qRT-PCR assay.

Statistical analysis

The data are expressed as the mean ± standard deviation
(SD). Statistical analysis was carried out using the Student’s
t-test. P-values < 0.05 were considered statistically signifi-
cant. Each data group represented three biological
replicates × 3 technical replicates, unless otherwise
indicated.

Figure 1 The effect of propofol on hypoxia-induced EC cells. (a and b) Transwell assay was performed to assess cell migratory and invasive abilities.
(c) Western blot assay was carried out to detect the levels of EMT-markers and HIF-1α. *P < 0.05. EC109: , Normoxia; , Hypoxia; , Hypoxia
+DMSO; , Hypoxia+propofol; and Kyse70: , Normoxia; , Hypoxia; , Hypoxia+DMSO; , Hypoxia+propofol.
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Results

Propofol repressed hypoxia-induced
migration, invasion, and EMT of EC cells

First, to investigate whether propofol affected hypoxia-induced
cell mobility, a transwell assay was performed in EC cells
(EC109 and KYSE70). The results suggested that cell migration
and invasion were significantly promoted by hypoxia, and was
then partly rescued due to propofol treatment (Fig 1a and b).
Subsequently, we analyzed the levels of two EMT markers (E-
cad and Vim) and HIF-1α, and found that E-cad level was
downregulated and the levels of Vim and HIF-1α were
upregulated by hypoxia, whereas these actions were reversed by
propofol treatment (Fig 1c). Therefore, propofol suppressed
hypoxia-induced EC cell mobility via inhibiting HIF-1α
expression.

TMPO-AS1 overexpression weakened the
inhibitory effect of propofol on EC cell
progression

In this study, we analyzed the level of TMPO-AS1 in nor-
mal cells (Het-1A) and EC cells (EC109 and KYSE70), and
found that TMPO-AS1 level was increased in EC cells
(Fig 2a). This result indicated that TMPO-AS1 might be
involved in EC development. To explore whether TMPO-
AS1 was related to propofol-regulated EC cell progression,
TMPO-AS1 expression was determined in EC cells treated
with hypoxia or propofol. The results demonstrated that
TMPO-AS1 expression was dramatically upregulated by hyp-
oxia, and then partly rescued due to propofol treatment (Fig 2b
and c). TMPO-AS1 was then transfected into EC cells to
increase the level of TMPO-AS1. The efficiency was confirmed
by qRT-PCR assay (Fig 2d). Next, transwell assay was

Figure 2 The function of TMPO-AS1 in propofol-regulated EC cell progression. (a) The expression of TMPO-AS1 was determined by qRT-PCR assay
in normal cells (Het-1A) and EC cells (EC109 and KYSE70). (b and c) TMPO-AS1 expression was measured in EC109 and KYSE70 cells treated with
normoxia, hypoxia, hypoxia + DMSO, or hypoxia + propofol, respectively. (d) TMPO-AS1 expression was examined in EC109 and KYSE70 cells trans-
fected with vector or TMPO-AS1. , vector ; , TMPO-AS1. (e–h) Cell migratory and invasive abilities were assessed in hypoxia-administered
EC109 and KYSE70 cells treated with DMSO or propofol and transfected with vector or TMPO-AS1. (i and j) The levels of EMT markers and HIF-1α
were investigated by western blot assay. *P < 0.05. EC109+Hypoxia: , DMSO; , propofol; , propofol+vector; , propofol+TMPO-AS1; and
Kyse70+Hypoxia: , DMSO; , propofol; , propofol+vector; , propofol+TMPO-AS1.
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employed to assess cell mobility. As shown in Fig 2e–h, prop-
ofol treatment inhibited the migration and invasion of
hypoxia-treated EC cells, whereas this action was
impaired by TMPO-AS1 overexpression. In addition, we
found that TMPO-AS1 overexpression weakened the
effect of propofol on the levels of EMT markers and HIF-
1α (Fig 2i and j). These data revealed that propofol
exerted function including migration, invasion, and EMT
by downregulating TMPO-AS1 expression.

MiR-498 knockdown reversed the effect of
propofol on EC cell progression

In this study, we found that miR-498 level was remarkably
lower in EC cells compared with normal cells (Fig 3a).

Moreover, our results revealed that the miR-498 level was
dramatically decreased in hypoxic conditions, and then
increased due to propofol treatment (Fig 3b and c). Subse-
quently, whether miR-498 was involved in propofol-regu-
lated EC cell progression was investigated via transfection
of anti-miR-498 into hypoxia-induced EC cells. QRT-PCR
assay confirmed that the transfection with anti-miR-498
significantly downregulated miR-498 level (Fig 3d). Next,
transwell assay was employed to measure cell mobility. As
demonstrated in Fig 3e–h, cell migration and invasion were
suppressed by propofol treatment, and then promoted by
miR-498 knockdown. Furthermore, miR-498 knockdown
reversed the effect of propofol treatment on the levels of
EMT markers and HIF-1α (Fig 3i and j). These results
indicated that propofol regulated the growth of EC cells by
upregulating miR-498 expression.

Figure 3 The function of miR-498 in propofol-regulated EC cell progression. (a) The expression of miR-498 was detected by qRT-PCR assay in nor-
mal and EC cells. (b and c) MiR-498 expression was determined in EC109 and KYSE70 cells treated with normoxia, hypoxia, hypoxia + DMSO, or
hypoxia + propofol, respectively. (d) MiR-498 expression was measured in EC109 and KYSE70 cells transfected with anti-NC or anti-miR-498. ,
anti-NC; , anti-miR-498. (e–h) Cell migratory and invasive abilities were explored in hypoxia-administered EC109 and KYSE70 cells treated with
DMSO or propofol and transfected with anti-NC or anti-miR-498. (i and j) Western blot assay was employed to examine the levels of EMT-markers
and HIF-1α. *P < 0.05. EC109+Hypoxia: , DMSO; , propofol; , propofol+anti-NC; , propofol+anti-miR-498; and Kyse70+Hypoxia: ,
DMSO; , propofol; , propofol+anti-NC; , propofol+anti-miR-498.
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TMPO-AS1 acted as a sponge for miR-498

Bioinformatics analysis tool starBase predicted that miR-
498 was a potential target of TMPO-AS1 (Fig 4a). A dual-
luciferase reporter assay was carried out to verify this inter-
action. As shown in Fig 4b and c, miR-498 overexpression

remarkably reduced the luciferase activity of TMPO-AS1
WT, and did not affect the luciferase activity of TMPO-
AS1 MUT, meaning that TMPO-AS1 interacted with miR-
498. Moreover, the interaction between TMPO-AS1 and
miR-498 was confirmed by RIP assay (Fig 4d and e). Next,

Figure 4 The interaction between TMPO-AS1 and miR-498. (a) The interaction between TMPO-AS1 and miR-498 was predicted by starBase. The
red color represents the mutated sites. (b and c) The luciferase activity was analyzed in EC109 and KYSE70 cells transfected with TMPO-AS1 WT or
TMPO-AS1 MUT and miR-498 or miR-NC. EC109: , miR-NC; , miR-498; and Kyse70: , miR-NC; , miR-498. (d and e) RIP assay was used to
verify the interaction between TMPO-AS1 and miR-498. EC109: , anti-lgG; , anti-ago2; , Input; and Kyse70: , anti-lgG; , anti-ago2; ,
Input. (f) TMPO-AS1 expression was detected in EC109 and KYSE70 cells transfected with si-NC or si-TMPO-AS1. , si-NC; , si-TMPO-AS1. (g)
MiR-498 level was investigated in EC109 and KYSE70 cells transfected with si-NC, si-TMPO-AS1, vector, or TMPO-AS1, respectively. *P < 0.05. ,
si-NC; , si-TMPO-AS1; , vector; , TMPO-AS1.

Figure 5 The function of miR-498 in TMPO-AS1-regulated EC cell progression. (a–d) Transwell assay was used to analyze cell migratory and invasive
abilities in hypoxia-administered EC109 and KYSE70 cells transfected with si-NC, si-TMPO-AS1, si-TMPO-AS1 + anti-NC, si-TMPO-AS1 + anti-miR-
498, respectively. (e and f) The levels of EMT markers and HIF-1α were detected by western blot assay. *P < 0.05. EC109+Hypoxia: , si-NC; , si-
TMPO-AS1; , si-TMPO-AS1+anti-NC; , si-TMPO-AS1+anti-miR-498; and Kyse70+Hypoxia: , si-NC; , si-TMPO-AS1; , si-TMPO-AS1+anti-
NC; , si-TMPO-AS1+anti-miR-498.
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TMPO-AS1 regulated miR-498 expression was analyzed
through transfection of TMPO-AS1 or si-TMPO-AS1 into
EC cells. First, qRT-PCR assay confirmed that the transfec-
tion with si-TMPO-AS1 significantly reduced the level of
TMPO-AS1 (Fig 4f). Subsequently, our data suggested that
miR-498 expression was remarkably upregulated by
TMPO-AS1 knockdown and downregulated by TMPO-
AS1 overexpression (Fig 4g). Thus, TMPO-AS1 targeted
miR-498 and negatively regulated miR-498 expression.

MiR-498 knockdown attenuated effect of
TMPO-AS1 depletion on EC cell progression

To explore whether TMPO-AS1 exerted its function via
downregulating miR-498 expression, hypoxia-administered
EC cells were transfected with si-NC, si-TMPO-AS1, si-
TMPO-AS1 + anti-NC, si-TMPO-AS1 + anti-miR-498,
respectively. Then, transwell assay was applied to measure
cell mobility. As demonstrated in Fig 5a–d, TMPO-AS1
knockdown suppressed cell migration and invasion,
whereas this action was weakened by miR-498 depletion.
Moreover, we found that miR-498 depletion reversed the
effect of TMPO-AS1 knockdown on the levels of EMT
markers and HIF-1α (Fig 5e and f). Therefore, TMPO-AS1
suppressed the expression of miR-498 to modulate the
growth of EC cells.

Discussion

Esophageal cancer, with a high invasion and metastasis
rate, is a common tumor worldwide.22 Hypoxia exists in
many solid tumor microenvironments.23 In these tumor
cells, hypoxia condition induced the increase of HIF-1α
level, and thus regulated the expression of downstream
genes, which led to the change of cell progression.24,25 Pre-
vious evidence has revealed that propofol is capable of
reversing the effect of hypoxia on cell growth. For example,
Qian et al. suggested that hypoxia upregulated HIF-1α level
to promote the EMT of prostate cancer cells, whereas
propofol treatment impaired this effect via suppression of
HIF-1α.8 Gao et al. demonstrated that propofol suppressed
hypoxia-induced cell progression in pancreatic cancer.26

Consistent with these data, our results indicated that prop-
ofol weakened the inhibitory effect of hypoxia on EC cell
migration, invasion, and EMT through downregulating
HIF-1α level. Therefore, propofol acted as a negative regu-
lator in hypoxia-induced EC cell progression.
In recent years, many lncRNAs have been reported to

play pivotal roles in propofol-regulated cancer cell progres-
sion. For example, Sun et al. confirmed that propofol
inhibited the development of hepatocellular carcinoma via
increasing the level of lncRNA DGCR5.27 Chen et al. rev-
ealed that propofol reduced the level of lncRNA ANRIL to

repress the proliferation and mobility of thyroid cancer
cells.28 In this study, we found that TMPO-AS1 was highly
expressed in EC cells, and TMPO-AS1 expression was
downregulated due to the treatment of propofol. Further-
more, TMPO-AS1 overexpression promoted EC cell devel-
opment inhibited by propofol. Nowadays, the function of
TMPO-AS1 in EC is unknown, but TMPO-AS1 has been
reported to promote cell development in many other can-
cers, such as breast cancer,29 cervical cancer,11 prostate
cancer,12 and non-small cell lung cancer.30 Therefore,
TMPO-AS1 acts as a positive regulator in EC cells. These
data indicated that propofol inhibited hypoxia-induced EC
cell progression through downregulating TMPO-AS1 level.
Mounting evidence demonstrates that lncRNA acts as a

sponge for miRNA to regulate the level of target miRNA
in human cancers.31 For example, LncRNA PTCSC3
targeted miR-574-5p to decrease the level of miR-574-5p
in cervical cancer.32 We next used the bioinformatics anal-
ysis tool starBase to predict the potential targets of TMPO-
AS1, and found that TMPO-AS1 was able to bind to miR-
498. The interaction between TMPO-AS1 and miR-498
was then verified by the dual-luciferase reporter assay and
RIP assay. Moreover, we confirmed that TMPO-AS1 nega-
tively regulated miR-498 level. These results suggested that
TMPO-AS1 downregulated miR-498 expression through
interaction.
Previous studies have suggested that miR-498 level was

lower in EC tissues/cells than in normal tissues/cells.33

Here, we detected the level of miR-498 in EC cells. In
agreement with the previous data, our results confirmed
that miR-498 expression was downregulated in EC cells.
Previously, the role of miR-498 in propofol-regulated cell
progression was unknown. In the present study, we dem-
onstrated that propofol inhibited the mobility of EC cells
through upregulating the level of miR-498. Furthermore,
we confirmed that TMPO-AS1 exerted function via regu-
lating miR-498 expression in hypoxia-induced EC cell pro-
gression. Generally, one lncRNA can modulate multiple
miRNAs,34 so it is speculated that TMPO-AS1 regulated
the growth of EC cells via mediating the levels of various
miRNAs. Therefore, more experiments are needed to
investigate the functional mechanism of TMPO-AS1
in EC.
In conclusion, in this study we demonstrate that prop-

ofol suppressed hypoxia-induced EC cell migration, inva-
sion, and EMT through modulating TMPO-AS1/miR-498
axis. Our findings provide a potential target for the therapy
of EC patients.
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