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The incidence rate of esophageal squamous cell carcinoma (ESCC) has risen significantly in recent years. RNA binding
protein (RBP) has been attracting increased attention in the treatment of ESCC. Therefore, the primary aim of this study
was to explore the roles of the RBP Hu antigen R (HuR) in ESCC. The mRNA levels were detected via reverse transcrip-
tion-quantitative PCR, while the expression levels of protein were evaluated using western blotting. Cell proliferation was
estimated by cell counting kit-8 assay and colony formation assay. Flow cytometry was applied to measure cell apoptosis.
Luciferase assay and RIP assay were applied to verify whether interferon-p (IFN-p) was targeted by HuR. The results
unambiguously demonstrated that HuR was upregulated in ESCC. Overexpression of HuR alleviated chemosensitivity to
cisplatin in ESCC cells, as evidenced by increased cell proliferation and decreased apoptosis. Moreover, IFN-f was found
to be a target of HuR and downregulated in ESCC cells. And overexpression of IFN-{ abrogated the effects of HuR on
cisplatin-sensitivity of ESCC cells. Taken together, these findings suggested that HuR may alleviate the chemosensitivity of
ESCC cells to cisplatin via binding to IFN-B. Therefore, the HuR/IFN-f axis may be a novel biomarker for improving the

chemosensitivity of ESCC.
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Esophageal cancer (EC) is characterized by high
morbidity and mortality rates. Among all EC cases, esoph-
ageal squamous cell carcinoma (ESCC) takes up >90% [1].
Over recent years, there has been an increasing incidence of
EC worldwide [2]. As the ‘epicenter’ of ESCC, China contrib-
utes to 1/2 of new cases worldwide [3]. Although significant
breakthroughs have been achieved in clinical treatment, the
5-year survival rate of ESCC patients is still unsatisfactory
[4], which may be due to emerging chemoresistance and
distant metastasis [5, 6]. Thus, investigating potential molec-
ular mechanisms that promote the chemosensitivity of ESCC
is important.

RNA-binding proteins (RBPs) are a family of heteroge-
neous proteins, which are key factors in post-transcriptional
regulation and modulation of RNA stability [7]. Accumu-
lating evidence shows that aberrant RBP expression is
involved in the occurrence and development of various
diseases, including cancer [8, 9]. Hu antigen R (HuR), also

referred to as ELAV-like protein 1 (ELAVL1), is a ubiquitous
member of cancer-related RBPs [10]. Activated HuR contrib-
utes to its translocalization from the nucleus to the cytoplasm,
inducing the upregulation of cancer-related gene expres-
sion [11]. Furthermore, HuR interacts with its target genes
to promote cancer cells proliferation, migration, invasion,
and epithelial-mesenchymal metastasis [12-14]. Therefore,
HuR may serve as an oncogene in cancer. For instance,
HuR-induced transcriptional upregulation of isocitrate
dehydrogenase 1 promotes pancreatic cancer cells’ survival
and restores chemoresistance under low nutrient conditions
[15]. HuR also binds to CDK3 to enhance the proliferation of
breast cancer cells and inhibit their apoptosis [16]. Moreover,
the LINC00324/HuR/FAMS83B axis promotes the prolifera-
tion of gastric cancer cells [17]. In ESCC, high HuR expres-
sion levels are associated with poor prognosis, lymph node
metastasis, tumor invasion depth, and advanced stage [18,
19]. However, HuR knockdown induces the upregulation of
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IL-18 and suppresses the ESCC cells’ proliferation and metas-
tasis [20]. Thus, HuR may play the role of an oncogene in
ESCC. However, the potential molecular mechanisms have
not been fully elucidated.

The present study aimed to investigate the effects and the
underlying mechanisms of HuR on the chemosensitivity of
ESCC cells to cisplatin. By elucidating whether overexpres-
sion of HuR can inhibit the ESCC cells’ chemosensitivity
via blocking the IFN-{ interaction, in order to determine
whether targeting the HuR/IFN-p axis may serve as a novel
strategy for ESCC treatment.

Materials and methods

Cell culture. Four human ESCC cell lines TE-8, Ecal09,
TE-1, and KYSE30, and the normal HEEC cell line were
obtained directly from the American Type Culture Collec-
tion. All cells were grown in the DMEM medium supple-
mented with 10% FBS and 1% penicillin/streptomycin at
37°C with a 5% CO, atmosphere.

Cell transfection. All the overexpression lentiviral vectors
and siRNAs were purchased from GenePharma (Shanghai,
China). HuR or IFN-B overexpressing lentivirus was used
to infect ESCC cells. TE-8 and KYSE30 cells (approximately
5x10%) in the logarithmic growth phase were seeded into
six-well plates, respectively. When the cells grow to 50%
confluence, lentiviruses of different groups were added to
infect cells. After 72 h, the fluorescent protein expression was
observed under an inverted fluorescence microscope. Then,
1 pg/ml puromycin was added to each well and continued to
culture for 2 weeks to obtain stable transfected cells. si-HuR
was used to construct HuR knockdown cells and si-NC was
used as a control. According to the manufacturer’s protocol,
siRNA at a final concentration of 5 nM was used for transient
transfection using Lipofectamine 2000 (Invitrogen).

The information for used plasmids and siRNA is as
follows: si-HuR: GAACGAAUUUGAUCGUCAACUATAT;
si-IFN-B: GCUCUCCUGUGUGCUUCUCCACUAJTAT.

For the overexpression of HuR and IFN-p, the full length
of the CDS region of HuR and IFN-f were synthesized and
cloned into a plvx vector, respectively. BamHI and Kpnl were
used to build the overexpressing constructs of IFN-f. NotI
and Kpnl were used to build the overexpressing constructs
of HuR.

Reverse transcription-quantitative PCR (RT-qPCR).
Total RNA was collected from the cells. RNA was reversed
transcription to cDNA using a First-Strand cDNA Synthesis
Kit (Invitrogen; Thermo Fisher Scientific, Inc.). qPCR
experiments were performed using SYBR Premix Ex Taq II
(Qiagen, Inc.) on a Step One Plus Real-Time PCR system
(Applied Biosystems) under the following thermal cycling
conditions: initial denaturation for 2 min at 50°C, 10 min
at 95°C, 40 cycles at 95°C for 15 s, and 60°C for 1 min.
GAPDH was utilized as an internal control. The mRNA
expression level was calculated with the 272 method.

Each experiment was performed at least in triplicate. The
sequences of the primers used in this study are as follows:
HuR: 5-TCCCAACCGGGGTAATACCTG-3" (sense),
5-AATCCCGCTTACTGCACACTG-3’ (antisense); IFN-p:
5-CAGAAGGAGGACGCCGCATTGAC-3" (sense),
5-CCAGGCACAGTGACTGTACTCC-3’ (antisense); and
GAPDH: 5-TGTGGGCATCAATGGATTTGG-3’ (sense),
5-ACACCATGTATTCCGGGTCAAT-3’ (antisense).

RNA immunoprecipitation (RIP) assay. The interac-
tion between HuR and IFN-p was determined with a RIP
kit (EMD Millipore). Briefly, the cells (approximately 4x10°)
were lysed in NP-40 lysis buffer (10 mM Tris-HCI, pH7.4;
10 mM NaCl; 0.5% NP40; 1 mM DTT; 200 U/ml RNase
OUT, EDTA-free protease inhibitor cocktail ). Then, the lysis
mixture was centrifuged and the supernatant was incubated
with specific antibody (5 pl)-magnetic beads in RIP buffer
(150mM NaCl; 10mM Tris-HCl, pH7.4; 1mM EDTA;
1mM EGTA, pH 8.0; 1% Triton X-100; 0.5% NP40, 1 mM
DTT, 200 U/ml RNase OUT, EDTA-free protease inhibitor
cocktail) at 4°C overnight. 10% lysis supernatant was used
as Input. On the following day, the mixture was centrifuged
to obtain the protein-RNA complex and further digested
with proteinase K to extract RNA. Finally, the abundance
of mRNA expression level was measured by RT-qPCR. The
input was used for normalization. The antibodies used in this
experiment were as follows: anti-HuR (ab242410, Abcam),
anti-IFN-B (ab275880, Abcam), anti-GAPDH (ab128915,
Abcam), anti-IgG (ab6715, Abcam), HRP-linked secondary
antibody (6401-05, Biovision).

Western blot analysis. Total protein was harvested from
cells. Protein concentrations were calculated with the BCA
kits (Beyotime Institute of Biotechnology). Next, an equal
amount of protein was loaded onto 12% SDS-polyacrylamide
gels and run at 120 V. Then, the separated protein was trans-
ferred onto PVDF membranes and then blocked with 5%
skimmed milk. After PVDF membranes washing thrice with
PBS, the membranes were incubated with primary antibodies
(anti-HuR, ab242410, Abcam; anti-IFN-f, ab275880, Abcam;
anti-GAPDH, ab128915, Abcam) overnight at 4°C in the
dark. On the following day, the membranes were incubated
with an anti-rabbit antibody (6401-05, Biovision) at room
temperature for 2 h. Subsequently, the bands were visualized
using an ECL kit, following the analysis with Quantity One
software (Bio-Rad).

Colony formation assay. After transfection for 48 h,
cells were digested and then washed with PBS. Then cells
suspension was prepared and seeded into a six-well plate at
the density of 1000 cells/well. Next, cell plates were cultured
in the incubator with a humidified 5% CO, atmosphere at
37°C for 14 days. When the visible clones of cells appeared,
the cells were fixed with 4% ethanol. Subsequently, the cells
were stained with 1% crystal violet (Beyotime) and then
dehydrated for 15 min. Finally, the colonies were imaged
with a microscope and the colonies containing at least 15
cells were counted manually.
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Cell Counting Kit-8 (CCK-8) assay. The cell viability was
determined by a CCK-8 kit (Sigma-Aldrich). Briefly, cells
(3x10*/well) were plated in a 96-well plate. Then, cells were
incubated with 10 pl of CCK-8 regents for 2 h at 37°C. The
viability of cells was calculated at 0, 12, 24, 48, and 72 h based
on the optical density values at 450 nm. Each experiment was
conducted thrice.

Flow cytometry. The apoptosis detection kit (Dojindo
Molecular Technologies) was employed to measure cell
apoptosis. After 48 h of transfection, cells (approximately
1x10°) were collected and stained with Annexin-V-FITC
and PI in the dark for 15 min. Flow cytometer (BD Biosci-
ences) was applied to measure the apoptosis of stained cells
and FlowJo software (FlowJo, LLC) was used to analyze the
apoptotic rate.

Dual-luciferase reporter assay. A wide-type IFN-f 3’
untranslated region (3’UTR) containing the HuR binding
sequence was introduced into a psiCHECK-2 luciferase
vector (Promega). Mutated IFN-p 3’'UTR without HuR
binding sequence was also introduced into the psiCHECK-2
luciferase vector. Lipofectamine® 2000 (Invitrogen) was
used to co-transfect cells with HuR or NC overexpression
plasmids and IFN-B 3’UTR WT or IFN-B 3UTR MUT.
Luciferase activity was measured using a luciferase reporter

kit (Promega). Renilla luciferase was used as an internal
reference. Each experiment was performed three times.

Statistical analysis. The data in this study were analyzed
using GraphPad 5.0 (GraphPad Software). All values were
presented as mean * SD. The difference between the two
groups was evaluated with a Student’s t-test. Used one-way
ANOVA to compare the multiple group differences. A
p-value <0.05 was indicated statistically significant.

Results

Cisplatin downregulates HuR in ESCC cells. To study the
effects of HuR in ESCC, we first examined the HuR expres-
sion level in ESCC cells by RT-qPCR. We found that HuR was
significantly upregulated in ESCC cells (Figure 1A). Similarly,
the protein levels of HuR were also obviously reduced in
ESCC cells (Figure 1B). And TE-8 and KYSE30 cell lines with
the highest and lowest upregulation were selected for the
following experiments. Next, in order to investigate whether
HuR was related to the chemotherapy resistance of ESCC, we
treated the cells with cisplatin. As expected, the data demon-
strated that the mRNA (Figure 1C) and protein (Figure 1D)
expression levels of HuR were markedly decreased by cispl-
atin in a dose-dependent manner. These results illustrated
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Figure 1. Cisplatin downregulates HuR in ESCC cells. RT-qPCR and western blot were performed to calculate the HuR mRNA (A) and protein (B)
expression level in ESCC (TE-8, Ecal09, TE-1, and KYSE30) and normal (HEEC) cell lines. HuR mRNA (C) and protein (D) expression levels in
different concentrations of cisplatin-treated cells. Abbreviations: ESCC-esophageal squamous cell carcinoma; HuR-Hu antigen R; RT-qPCR-reverse
transcription-quantitative PCR. *p<0.05, **p<0.01, **p<0.001
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that HuR may act an important role in ESCC chemotherapy
resistance.

Upregulation of HuR alleviates the ESCC cells’
chemosensitivity. To further investigate the biological
functions of HuR in ESCC, we performed cell transfection

to construct HuR overexpressing cells after cisplatin treat-
ment. RT-qPCR and western blot results suggested that
HuR mRNA (Figure 2A) and protein (Figure 2B) expression
were obviously increased in cells with HuR overexpression
plasmids transfection, which indicates that cells have been
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Figure 2. Upregulation of HuR alleviates the chemosensitivity of ESCC cells. Transfected TE-8 and KYSE30 cells with HuR OE plasmid and NC OE
plasmid. A) RT-qPCR was done to determine the HuR mRNA expression level in transfected cells. B) HuR protein expression level in transfected cells.
C) CCK-8 assay was applied to investigate the viability of transfected TE-8 and KYSE30 cells. D) Colony formation assay was performed to measure the
proliferation of transfected TE-8 and KYSE30 cells. E) Flow cytometry was conducted to calculate the apoptotic rates in transfected TE-8 and KYSE30
cells. Abbreviations: OE-overexpression; NC-negative control; ESCC-esophageal squamous cell carcinoma; HuR-Hu antigen R. *p<0.05, **p<0.01,
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successfully transfected. Next, we conducted the CCK-8
assay to detect cell proliferation. The results indicated that
overexpression of HuR antagonized the cisplatin-induced
decrease of ESCC cell viability in TE-8 and KYSE30 cells
(Figure 2C). Consistent with this, the results of the colony
formation assay showed that overexpression of HuR reversed
the decrease of colony formation ability induced by cisplatin
(Figure 2D). Furthermore, HuR overexpression also attenu-
ated the increase of the apoptosis rate in TE-8 and KYSE30
cells caused by cisplatin. (Figure 2E). These results suggested
that HuR overexpression reduced the chemosensitivity of
ESCC cells to cisplatin.

IFN-B is a direct target of HuR. According to reports,
HuR is widely involved in the post-transcriptional regula-
tion of genes as an mRNA binding protein. There are three
RNA recognition motifs on the HuR protein, which can
bind to specific sites of the ARE element on the mRNA.
Surprisingly, we found that there are typical ARE elements
on the 3’UTR of IFN-P using bioinformatics software, which
may mean that HuR can bind to IFN-p. Therefore, RIP and
luciferase assays were conducted to verify the relation-
ship between IFN- and HuR. We observed that the lucif-
erase activity was obviously reduced in cells co-transfected
with IFN-B 3'UTR WT and HuR overexpression plasmid.
However, there was no significant difference in the IFN-$
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eration was examined by CCK-8 assay and colony forma-
tion assay. We found that overexpression of HuR abated
the decline in cell proliferation (Figure 4D) and colony
formation ability (Figure 4E) induced by cisplatin, which
was reversed by the overexpression of IFN-B. Finally, cell

apoptosis was also measured by flow cytometry. Overexpres-
sion of IFN-[ antagonized the effects of HuR on cisplatin-
induced apoptosis of TE-8 and KYSE30 cells (Figure 4F).
These results confirmed that HuR regulated cell prolifera-
tion, apoptosis, and chemosensitivity to cisplatin by IFN-p.
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Discussion

Accumulating evidence has revealed that RBP participates
in the initiation and growth of tumors [8-11]. Dysregu-
lated RBP functions as an oncogene or antineoplastic gene
to modulate cancer chemosensitivity and development,
including ESCC [13-17]. However, the potential roles of HuR
in the chemosensitivity of ESCC remain unknown. In the
current study, HuR was upregulated in ESCC cells. However,
cisplatin exposure decreased the expression of HuR. Thus,
it was suggested that HuR may fulfill the oncogene role in
ESCC, and HuR overexpression alleviated the chemosen-
sitivity of ESCC cells to cisplatin, which was manifested
by increased proliferation and decreased apoptotic rates of
ESCC cells. Therefore, overexpression of HuR may abate the
effects of chemotherapeutics on ESCC treatment. However,
potential mechanisms have not yet been elucidated.

HuR participates in the progression and drug resistance
of multiple types of cancer [12-15, 21, 22]. For example, the
aberrant expression of HuR contributes to treatment resis-
tance and tumor growth by increasing the expression of Bcl-2
in glioma [23]. Therefore, the possible roles of HuR in the
chemosensitivity of cancer have attracted increasing atten-
tion. According to the published literature, the downregu-
lation of HuR and YAP1 promotes the osteosarcoma cells’
chemosensitivity [24]. Moreover, suppressing the interaction
between HuR and MDRI alleviates adriamycin resistance
in chronic myelogenous leukemia [25]. Overexpression of
HuR contributes to the development and chemosensitivity
of ESCC [18-20]. However, the potential underlying mecha-
nisms have not been fully elucidated.

Previous studies have reported that RBP modulates the
progression of cancer by upregulating or degrading its target
via binding to its target genes through a 3’UTR sequence [26].
HuR-induced inhibition of caspase-2 enhances the chemore-
sistance of colon cancer [27]. HuR also interacts with ELAVL1
to promote tumor metastasis of malignant peripheral nerve
sheath tumors [28]. In addition, the HuR/MDRI axis may
serve as a biomarker for alleviating the chemoresistance of
chronic myelogenous leukemia cells to adriamycin [25].
Thus, blocking the interaction between HuR and its target
gene may be a promising strategy to improve chemotherapy.

Our results found that HuR could directly target IFN-f
in ESCC cells. IFN-B, a member of type I IFNs, is essen-
tial for the innate and adaptive antiviral host defense and
the pathogenesis of autoimmunity. Additionally, recent
studies revealed that IFN-p possesses anti-tumor proper-
ties, including anti-angiogenic, immunomodulatory, anti-
proliferative, pro-apoptotic, and promotes the chemosensi-
tivity of tumor cells. IFN-B combined with chemotherapy,
such as anti-PD-1/PD-L1, has beneficial clinical results [29].
In ESCC, IFN-B-mediated upregulation of IRF1-antisense
inhibits carcinogenesis by inducing an IFN response. There-
fore, it was suggested that IFN- may enhance the chemosen-
sitivity of ESCC cells.

In this study, IFN-B was downregulated in ESCC cells
and HuR negatively regulated the expression of IFN-p. It is
contrary to the regulation of IFN-f by HuR in cell resistance
to viral infections. Previous studies have shown that HuR
can stabilize the expression level of IFN-f in HeLaS3 cells.
When HuR expression is decreased by siRNA, the expres-
sion of IFN-f mRNA in response to poly I:C stimulation is
severely impaired in HeLaS3 cells, which severely hindered
the type I IFN response [30, 31]. These opposite effects may
be due to the differences in the regulatory mechanisms of
various types of tumor cells in response to different stimuli.
The mechanism of cancer occurrence and drug resistance
is complicated. This dual effect is very common in cancer,
which depends on the type of tumor and the characteristics
of treatment. For example, IL-27 had a direct inhibitory effect
on proliferation in human pediatric acute myeloid leukemia
(AML) cells expressing the WSX1/gp130 receptor. But
contrary to the findings of pediatric AML, IL-27 promoted
the proliferation of adult AML cell lines co-expressing
WSX1 and gpl30 [32-34]. Moreover, our results demon-
strated that IFN-p promoted the chemosensitivity of ESCC
cells, inhibited ESCC cell proliferation, and increased cell
apoptosis. Based on these results, the HuR/IFN-{ axis may
be a promising target for ESCC. The regulatory effect and
mechanism of HuR/IFN-f on drug resistance in tumors still
need more research to clarify in the future.

In summary, our study demonstrated that HuR was upreg-
ulated significantly in ESCC. HuR overexpression alleviated
the chemosensitivity of ESCC cells to cisplatin by targeting
IFN-p. These findings suggest a novel strategy for sensitizing
ESCC cells to chemotherapeutics.
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