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Background: Resistance to radiation therapy is still a challenge for treatment of pancreatic
cancer(PC). Long non-coding RNAs (IncRNA) HOTAIR has been found to play a oncogenic role in
several cancers. However, the correlation between HOTAIR and radiotherapy in PC is still unclear.
Methods: TCGA data was collected to analyze the expression of HOTAIR and its relationship
with PC progression. A series of functional experiments were conducted to explore the role of
HOTAIR in PC radiosensitivity and its underlying molecular mechanisms.

Results: By the analysis of the TCGA data, we found HOTAIR expression in PC tissues was
significantly higher than normal tissues and associated with tumor progression. The function
analysis showed HOTAIR was enriched in biological regulation and response to stimulus.And
in vitro study, the expression of HOTAIR was increased in PANC-1 and AsPC-1 cells after
radiation. We identified that HOTAIR knockdown could enhance radiosensitivity and influence
autophagy by up-regulating ATG7 expression in PC cells. By futher rescue experiments using
rapamycin, activation of autophagy could reversed the the inhibition of cell proliferation and
colony formation, as well as promotion of apoptosis mediated by HOTAIR knockdown, indicat-
ing that HOTAIR knockdown promoted radiosensitivity of PC cells by regulating autophagy.
Conclusion: Our finding revealed the the regulatory role of HOTAIR in radiosensitivity and
provided a a new sight to improve radiotherapy effciency in PC.
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Introduction

Pancreatic cancer (PC) is a kind of highly invasive potential tumor. The survival rate
of PC patients who have not performed radical resection is <2%, which is only 24%
even after early radical resection.! PC patients who have not undergone radical resec-
tion are with a median survival time <6 months. In the western countries, the death
caused by PC is the fourth, after lung cancer, colorectal cancer, and breast cancer.?
Radioresistance is one of the main reasons for poor prognosis of PC patients. How to
improve the sensitivity of PC with radiation is a clinical problem to be solved.

Long non-coding RNA (IncRNA) is of >200 nt in length, which is located in the
nucleus and cytoplasm.? LncRNA has stability splice site, and it is with a specific second-
ary structure and expression of the space—time specialty. It can regulate gene expression in
epigenetics, transcription, and post-transcription level.? Moreover, some studies indicated
that IncRNA is related to cancer radioresistance, for example, IncRNA NKLA can increase
laryngeal cancer cell radioresistance.* IncRNA HOTAIR is related to gynecologic cancer
cell radioresistance.’ IncRNA UCAL can increase prostate cancer radioresistance.® A num-
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ber of studies™® about PC have demonstrated that IncRNA can
promote PC genesis and development, such as IncRNA UCAL,
IncRNA DUXAP10, and IncRNA HOTAIR. However, the
functions of IncRNA in PC radioresistance are still unrevealed.

In addition, autophagy plays a vital role in cancer radiore-
sistance. Cancer radiation, as a physical agent, can kill cancer
cells. When tumor cells obtained high-energy radiation, their
genetic material (DNA) is destroyed, and the ability of self-
renewal, division, and proliferation is reduced.’ Cancer cells
adapted these negative factors through autophagy to remain
stable.!® Autophagy is a cellular metabolism with nutrient
deficiency or other metabolic stress. Maintaining degradation
of intracellular metabolic balance or aggregation of proteins
and organelles is the main function of autophagy. Autophagy
can make cancer cells survive from radiation therapy. Studies
have demonstrated that inhibition of autophagy in cancer cells,
such as breast cancer cells, nasopharyngeal carcinoma cells,
esophageal carcinoma cells, and lung cancer cells, increases
the radiation sensitivity of tumor cells.'® " Studies have shown
that in PC, autophagy can promote the development of the
occurrence of PC.'*!5 However, the role of autophagy in PC
is rarely reported. In the process of autophagy in cancer cells,
IncRNA also plays an important role. Xiao et al found that
IncRNA MALAT1 can increase the drug resistance of hepatic
cellular cancer (HCC) cells by regulating autophagy through
HIF-20-MALAT 1-miR-216b axis.!® Another research found
that IncRNA HILC may regulate apoptosis and invasion of
gastric cancer cells by regulating autophagy.'” To sum up,
IncRNA may have an effect on PC cell radioresistance through
regulating autophagy and PC cells. In the present study, we
intended to find the relationship between autophagy and PC
cell radioresistance, which may provide theoretical foundation
for the clinical radiotherapy of PC.

Materials and methods

The Cancer Genome Atlas (TCGA)
analysis

The pancreatic adenocarcinoma (PAAD) genomic data were
downloaded from TCGA database (https://cancergenome.nih.

gov). The expression data were pretreated by Bioconductor
package. A total of 179 PC cases with detailed clinical infor-
mation and the corresponding HOTAIR expression data were
included in this study. The PC cases were divided into two
groups according to the clinical information to analyze the
relationship between HOTAIR expression and clinicopatho-
logical features. Kaplan—-Meier method was used to draw the
survival curves compared with the log-rank test.

Function analysis

The function enrichment analysis was conducted on the high
and low HOTAIR expression in PC cases. The biological pro-
cess category was used in the analysis. Statistical significance
was considered as P<0.05.

Cell culture and transfection

The human PC cell lines PANC-1 and AsPC-1 cells were
purchased from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). Cells were cultured in DMEM
(Sigma-Aldrich Co., St Louis, MO, USA) with 10% FBS at
37°c in humidified air with 5% CO,. All the vector plasmids
such as pcDNA3.1-HOTAIR, si-HOTAIR, and negative
control were chemically synthesized by Genechem Co. Ltd.
(Shanghai, China). Cell transfection was performed using
Lipofectamine 2000 (Thermo Fisher Scientific, Waltham,
MA, USA).

Radiation treatment of cells

Cells were irradiated by Varian Clinac 23EX with 6-MV
X-ray at 400 cGy/min dose rate. Cells were exposed to dif-
ferent doses of irradiation treatment (0, 2, 4, 6, and 8 Gy).
After 24-96 hours, the cells were used for other analysis. For
time-course experiment, the cells received 4 Gy and then were
collected for quantitative real-time PCR (qQRT-PCR) analysis
every 2 hours for 24 hours after irradiation.

qRT-PCR

Total RNA from cells was extracted by using TRIzol regent
(Thermo Fisher Scientific). First-strand complementary
DNA (cDNA) was synthesized using random primers using a
RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher
Scientific). qRT-PCR was performed by SYBR Premix Ex
Taq II (Takara, Dalian, China). The relative expression of
HOTAIR was calculated by the 2744°T method and normalized
with GAPDH as the internal control. The primers used were
as follows: HOTAIR, 5-CAGTGGGGAACTCTGACTCG-3’
forward and 5-GTGCCTGGTGCTCTCTTACC-3’ reverse;
GADPH, 5-CGGAGTCAACGGATTTGGTCGTAT-3 for-
ward, 5-AGCCTTCTCCATGGTGGTGAGAC-3’ reverse.

Proliferation assay

Cells were inoculated into a 96-well plate and transfected
with si-HOTAIR or si-NC and then exposed to 4 Gy dose
X-ray. At 0, 24, 48, 72, and 96 hours after radiation, 20 uL
MTT reagent (Sigma-Aldrich Co.) was added into each well
and incubated for another 4 hours at 37°C in the dark. The
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medium was removed and 150 pL of dimethyl sulfoxide was
added to each well for another 15 minutes. The optical density
(OD) value was measured at 490 nm with a multi-functional
microplate reader (BioTek, Winooski, VT, USA).

Flow cytometric analysis of apoptosis
PANC-1 and AsPC-1 cells were inoculated into a six-well
plate and transfected with si-HOTAIR or si-NC for 24 hours.
Then the cells were treated with a 4 Gy dose X-ray. At 24
hours after irradiation treatment, annexin-V, fluorescein
isothiocyanate, and propidium iodide apoptosis detection
kit was used to measure cell apoptosis rate. Each experiment
was conducted at least three times.

Colony formation assay

PANC-1 and AsPC-1 cells (1,000 cells/plate) transfected with
si-HOTAIR or si-NC were seeded in six-well plates. At 24 hours
after incubation, the cells were treated with different doses (0, 2,
4, 6, and 8 Gy) of X-ray irradiation at a dose rate of 3.5 Gy/min
and seeded into 60 mm dishes until visible colonies appeared.
The colonies were then stained with crystal violet (Santa Cruz
Biotechnology Inc., Dallas TX, USA) and were counted.
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Figure | The expression of HOTAIR in PC samples and function analysis.

Autophagy-related detection
The autophagy flux detection was the same as that in our
previous study.'®!°

Statistical analysis

Data analyses were performed using the SPSS 17.0 software
(SPSS Inc., Chicago, IL, USA). The results are presented as
mean * SD; statistical analyses were performed using Stu-
dent’s ¢-test or analysis of variance. P<0.05 was considered
statistically significant.

Results

Expression profile and function analysis
of HOTAIR in PC

To explore the expression profile of IncRNA HOTAIR in PC
tissues, we analyzed the PAAD genomic data which can be
downloaded from TCGA database (https://cancergenome.nih.
gov). By analysis of the RNA-seq data, we found that HOTAIR
was significantly upregulated in PC tissue samples than

normal pancreatic tissues, where the raw data were obtained
from GTEx (Figure 1A). To analyze the relationship between
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Notes: (A) The expression of HOTAIR in 179 PC samples from TCGA database, compared with normal pancreatic tissues from GTEx. (B) The expression profile of
HOTAIR in NO (negative lymph node metastasis) samples or in NI (lymph node metastasis) samples. (C) The expression profile of HOTAIR in T|-T4 samples. (D) Kaplan—
Meier analysis of 179 PC patients in low HOTAIR samples or high HOTAIR samples. (E) Function analysis of HOTAIR in PC samples. *P<0.05.

Abbreviations: GTEx, genotype-tissue expression; HOTAIR, HOX transcript antisense RNA; PC, pancreatic cancer.
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HOTAIR expression and clinicopathological features, the
results showed that HOTAIR expression was correlated with
tumor T stage and lymph node metastasis. The expression of
HOTAIR was significantly higher in lymph node metastasis
group (Figure 1B) and was correlated with T stage (Figure
1C). In addition, Kaplan—Meier analysis of 179 PC patients
presented that PC patients with high HOTAIR expression has
a poor prognosis than patients with relatively low HOTAIR
expression (Figure 1D). Function analysis of biological pro-
cess for HOTAIR in PC showed that biological regulation
and metabolic response to stimulus were the most enriched
processes (Figure 1E). Taken together, these results indicated
that HOTAIR plays an important role in PC progression.

HOTAIR was upregulated after

radiotherapy in PC samples and cells
Growing evidence has shown that IncRNA can participate in
the process of radiosensitivity. To explore the role of HOTAIR
in radiotherapy, we performed RNA-seq analysis in PC samples
which had received radiation therapy. There are 119 PC patients
who had received radiotherapy and 44 PC patients without
radiotherapy. Differential expression analysis revealed a set of
differentially expressed genes, in which red points represented
upregulated genes and green points represented downregulated
genes (Figure 2A). The analysis revealed HOTAIR was one
of the significant upregulated gene expression (Figure 2B).
In in vitro experiments, we detected whether radiation treat-
ment could influence the expression of HOTAIR in PC cells.
When treated with 4 Gy X-ray in PANC-1 and AsPC-1 cells,
the expression of HOTAIR was significantly increased after
24 hours (Figure 2C and D). Additionally, HOTAIR expres-
sion was measured in PANC-1 and AsPC-1 cells after differ-
ent doses (0, 2, 4, 6 Gy) of radiation treatment for 24 hours
(Figure 2E and F). Taken together, these results indicated that
the expression of HOTAIR in PC cells can be modulated by
radiation treatment in time- and dose-dependent manners.

HOTAIR knockdown enhances

radiosensitivity of PC cells

According to the upregulation of HOTAIR in response to
radiation treatment, we next explored whether HOTAIR could
affect the radiosensitivity in PC cells. First, we used three
different siRNAs to knock down HOTAIR expression in PC
cells. The si-HOTAIR3 has the highest transfection efficiency
(Figure 3A and B). Consequently, we used si-HOTAIR3
in the follow-up experiments. PANC-1 and AsPC-1 cells
were exposed to 4 Gy radiation treatment transfected with
si-NC or si-HOTAIR. The results indicated that knockdown

of HOTAIR could further inhibit the proliferation of PC
cells compared with only radiation treatment (Figure 3C
and D). Additionally, knockdown of HOTAIR or radiation
therapy could induce apoptosis of PC cells. Combination
of si-HOTAIR and radiation therapy significantly increased
the apoptosis rates of PANC-1 and AsPC-1 cells compared
to si-HOTAIR or 4 Gy+ si-HOTAIR treatment (Figure 3E
and F). Moreover, after exposed to various doses of X-ray,
colony formation assay was performed in PC cells transfected
with si-NC or si-HOTAIR. The results showed that the PC
cell knockdown of HOTAIR were more sensitive to X-ray
irradiation than si-NC group (Figure 3G and H). These results
indicated that HOTAIR knockdown can enhance radiosen-
sitivity of PC cells.

HOTAIR can promote autophagy of PC

cells

Growing evidence has demonstrated that autophagy is
involved in radiosensitivity in cancer cells. And several
studies have found that IncRNA can participate in the regula-
tion of autophagy. We hypothesized that HOTAIR affected
radiosensitivity through regulating autophagy in PC cells. To
probe for the relationship between HOTAIR and autophagy,
we detected the autophagy flux level when PC cells were
overexpression of HOTAIR and knockdown of HOTAIR. The
results showed that the ratio of LC3-1I/LC3-I was increased.
Because autophagy is a dynamic process, both induction of
autophagosome formation and inhibition of autophagosomes
degradation can lead to the accumulation of LC3-II. So we
used bafilomycin to inhibit the degradation of LC3-II. The
result showed that accumulation of LC3-II was enhanced
in treated with bafilomycin and HOTAIR overexpression
cells, which suggests that HOTAIR promoted the autopha-
gosome formation (Figure 4A and B). Then we utilized the
LC3-fused GFP construct (pGFP-LC3) to investigate the
distribution of autophagic marker protein LC3. We found
that the GFP-LC3 puncta increased in the HOTAIR overex-
pression group (Figure 4C and D). In addition, we observed
the formation of autophagosome and autophagolysosome
in PC cells transfected with pcDNA3.1-HOTAIR by the
TEM method (Figure 4E). HOTAIR markedly increased the
number of autophagosomes (Figure 4F). These results sup-
port that HOTAIR can promote autophagy flux of PC cells.

HOTAIR promotes autophagy by
upregulating Atg7 expression

Autophagy is a dynamic and continuous catabolic pro-
cess, which involves multiple stages. Many autophagy-
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Figure 2 The effect of radiation on HOTAIR expression in PC samples and cells.
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Notes: (A) Volcano plots reporting the adjusted P-value and the log2 fold change of gene expression profile. Red points represented upregulated genes and green points
represented downregulated genes. (B) HOTAIR expression was analyzed in 119 PC patients who received radiotherapy and 44 PC patients without radiotherapy. (C, D)
HOTAIR expression was detected in PANC-1 and AsPC-1 cells every 2 hours after 0 or 4 Gy of radiation treatment. (E, F) HOTAIR expression was detected in PANC-|
and AsPC-| cells after different doses (0, 2, 4, 6 Gy) of radiation treatment for 24 hours. *P<0.05.

Abbreviations: HOTAIR, HOX transcript antisense RNA; PC, pancreatic cancer.

related genes (ATG) take part in the progression of each
stage.

To explore the molecular mechanism by which HOTAIR
promotes autophagy in PC cells, we used qRT-PCR to detect
the main autophagy-related gene expression change in PC
cells, which overexpressed HOTAIR. Among autophagy-
related genes of ATG3, ATGS, ATG7, ATG9, ATG10, ATG12,

ATG14, and Beclinl, the expression of ATG7 was markedly
increased by HOTAIR at mRNA level (Figure SA and B). In
addition, the protein level of ATG7 was also upregulated in
our immunoblot assay (Figure 5C and D). On the contrary,
knockdown of HOTAIR decreased ATG7 expression (Figure
SE and F). ATG7 is a key regulator of the autophagosome
formation and responsible for vesicle progression.?’ These
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Figure 3 The effect of HOTAIR knockdown on radiosensitivity in PC cells.
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Notes: (A, B) The transfection efficiency of si-HOTAIRI, si-HOTAIR2, and si-HOTAIR3 was performed by qRT-PCR in PANC-I| and AsPC-| cells. (C, D) MTT assay was
performed to evaluate cell viability at 24, 48, 72, and 96 hours after PC cells transfected with si-HOTAIR or si-NC exposed to 4 Gy radiation. (E, F) Apoptosis rate was
detected in PC cells transfected with si-HOTAIR or si-NC exposed to 4 Gy radiation after 24 hours. (G, H) Colony formation assay was performed in PC cells transfected

with si-NC or si-HOTAIR exposed to various doses of X-ray. *P<0.05.

Abbreviations: NC, negative control; si-, small interfering; qRT-PCR, quantitative real-time PCR; HOTAIR, HOX transcript antisense RNA; PC, pancreatic cancer.

data revealed that HOTAIR promoted autophagy by target-
ing Atg7.

HOTAIR affects radiosensitivity of PC

cells by regulating autophagy

Based on the results of HOTAIR regulating autophagy in
PC cells, we further validated this regulatory axis between
HOTAIR, autophagy, and radiosensitivity. The result showed
that rapamycin treatment restored the autophagy levels in
HOTAIR knockdown cells (Figure 6A and B). PANC-1 and

AsPC-1 cells were exposed to 4 Gy radiation transfected with
si-NC or si-HOTAIR or combined si-HOTAIR and rapamycin
(an activator of autophagy). MTT assay results showed that
HOTAIR knockdown markedly decreased cell proliferation
but rapamycin significantly reversed this effect in PC cells
(Figure 6C and D). In addition, rapamycin-mediated activa-
tion of autophagy in part reversed the apoptosis effect of si-
HOTAIR (Figure 6E and F). Knockdown of HOTAIR notably
reduced colony formation rates in PANC-1 and AsPC-1 cells,
which was reversed by rapamycin (Figure 6G and H). These
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under fluorescence microscope. (E) Transmission electron microscopy showed autophagosome formation was detected in PC cells transfected with pcDNA3.1-HOTAIR.
(F) The number of autophagosomes was counted in pcDNA3.| and pcDNA3.1-HOTAIR group; *P<0.05.

Abbreviations: LC3, microtubule-associated protein | light chain 3; HOTAIR, HOX transcript antisense RNA; PC, pancreatic cancer.

results indicated that HOTAIR knockdown promoted radio-
sensitivity of PC cells by regulating autophagy.

Discussion

Accumulated evidence has identified that IncRNA can affect
a number of biological processes of cancer cells, such as
proliferation, migration, metastasis, apoptosis, and so on.?!?
And more and more IncRNAs have been found to be aber-
rantly expressed in PC cells and involved in various steps of
PC progression. Many IncRNAs have the potential value in
diagnosis and prognosis in PC.?* By next-generation sequenc-

ing method, Miiller et al>* have found that 43 IncRNAs
were abnormally expressed in PC tissues. In addition,
Wang et al*® aimed to probe for the potential biomarkers in
7,419 IncRNAs by microarray, in which chip platform was
designed for screening IncRNA. The results showed that
HOTTIP-005, XLOC_006390, and RP11-567G11.1 were
significantly increased in PC tissue. HOTAIR was a IncRNA
transcribed from the antisense strand of the HOXC gene locus
and has been demonstrated to be overexpressed in various
carcinomas.? In the present study, we identified HOTAIR
expression profile in PC RNA-seq data from TCGA database.
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Abbreviations: ATG7, autophagy-related gene 7; HOTAIR, HOX transcript antisense RNA.

The advantage of TCGA database is its large sample size
and detailed clinical parameter information. Therefore, the
result is more persuasive. Our analysis result revealed that
HOTAIR was upregulated in PC tissues and significantly
related to prognosis. Besides, the function analysis showed
that the abnormal expression of HOTAIR was associated with
biological regulation and metabolic response to stimulus.
Radiotherapy is one of the main treatment approaches
for PC patients.”” However, radioresistance is still the main
limitation for the radiation treatment. Several IncRNAs have
been found to play an important role in radiosensitivity.? 3
The expression of IncRNA PVT1 has been identified to
be increased after radiation in non-small-cell lung cancer
(NSCLC) tissues. And PVT1 knockdown enhanced radio-
sensitivity of NSCLC cells by sponging miR-195. Shen et

al®® demonstrated that LincRNA-p21 knockdown enhances
radiosensitivity of hypoxic tumor cells through HIF-1/Akt/
mTOR/P70S6K pathway. Yang et al found that ectopic
expression of IncRNA GACAT3 can enhance the effect of
radiotherapy in A549 cells.?® These evidence revealed that
IncRNA can influence radiosensitivity of cancer cells. From
the result of our function analysis, we suspected that HOTAIR
may participate in the biological regulation and response to
stimulus in PC cells. In in vitro study, our results showed that
HOTAIR knockdown enhances radiosensitivity of PC cells.
This finding indicated that HOTAIR maybe a potential target
for improving the efficiency of radiotherapy.

Next, our aim is to research the mechanism of HOTAIR
regulating radiosensitivity in PC cells. A growing number of
studies have found that autophagy is related to radiosensitivity.>!
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Figure 6 HOTAIR affects radiosensitivity of PC cells by regulating autophagy.

2 4 6 8
Radiation treatment (Gy)

B

si-HOTAIR - + +
Rapamycin - - +
LC3-I
LC3-II
B-actin
AsPC-1
S 100
(o]
T 80
8
o 60 .
[&] *
g 40 _
£ 4Gy+si+NC
2 20 4Gy+si+HOTAIR
< 4Gy+si+HOTAIR+Rapamycin
0
0 24 48 72 96
Time (h)
40
S
230
©
220
o
Q.
310
<
0
© & $
& o S
x%\x O« QQ&
bga \x‘b\x Q}Q_’b
O a
(©)
X
2
*X
NG
AsPC-1
1
c
K] *
‘g 0.1 *
©
2
% 0.01
€N si-NC
si-HOTAIR
si-HOTAIR+Rapamycin
0.0001

2 4 6 8
Radiation treatment (Gy)

Notes: (A, B) The effect of rapamycin treatment on autophagy levels in HOTAIR knockdown cells. (C, D) PANC-I and AsPC-1 cells were transfected with si-NC or si-
HOTAIR or combined si-HOTAIR and rapamycin. Cell proliferation was detected at the indicated times after 4 Gy of radiation treatment. (E, F) Cell apoptosis was tested
by flow cytometry at 24 hours after radiotherapy. (G, H) Colony formation assay was performed in PC cells with different doses of radiation treatment. *P<0.05.

Abbreviations: HOTAIR, HOX transcript antisense RNA; PC, pancreatic cancer.
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Autophagy is a conserved lysosome-mediated and dynamic
process that can generate energy and nutrients for maintaining
cellular homeostasis.® It is widely accepted that autophagy
plays a protective role in cancer cells during stressors.** Not
only that, many studies have identified that autophagy can
protect cells from IR-induced cellular damage and enhance
radioresistance.*** Inhibition of autophagy is important for the
improvement of efficacy of radiotherapy in cancer. Recently,
some studies found that IncRNA could activate autophagy by
regulating Atg gene expression in cancer cells.'*** Based on
these findings, we suspected that whether HOATIR as a IncRNA
could influence radiosensitivity by regulating autophagy in PC
cells. Our study found that the ratio of LC3-II/LC3-I and the
formation of autophagosome were increased when HOTAIR
was overexpressed, indicating that HOTAIR can promote
autophagy in PC cells. Furthermore, we utilized the activator
of autophagy in the rescue experiments. Our results showed that
rapamycin could reverse the inhibition of cell proliferation and
colony formation, as well as promotion of apoptosis in vitro
mediated by HOTAIR knockdown. It revealed that HOTAIR
knockdown promoted radiosensitivity of PC cells by regulating
autophagy. Our finding was consistent with a previous study
about non-coding RNA and radiotherapy, for example, Peng
et al found that inhibition of miR-23b increases autophagy
to promote radioresistance.’” However, the detail molecular
mechanism about this phenomenon should be further explored.

Conclusion

In conclusion, we identified that HOTAIR plays a key role in PC
progression and it is correlated with radiotherapy through the
analysis of the TCGA database. From in vitro approaches, we
found that HOTAIR expression can be upregulated by radiation.
And our study showed that HOTAIR knockdown can enhance
radiosensitivity via regulating autophagy in PC cells. Our inves-
tigation of the relationship between HOTAIR and radiotherapy
provided a novel highlight for IncRNA in cancer therapy.
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