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Abstract. — OBJECTIVE: To investigate the
possible role of hox transcript antisense inter-
genic RNA (HOTAIR) in the pathogenesis of ath-
erosclerosis and its underlying mechanism.
PATIENTS AND METHODS: The expression
of HOTAIR in peripheral blood lymphocytes of
atherosclerosis (AS) and healthy controls was
detected by quantitative Real-time-polymerase
chain reaction (QRT-PCR). In vitro AS model was
established by ox-LDL induction in Raw264.7
cells. Viability of Raw264.7 cells after ox-LDL
induction was detected by cell counting kit-8
(CCK-8) assay. Levels of TC (total cholesterol),
TG (triglyceride), LDL-C (low density lipoprotein
cholesterol) and HDL-C (high density lipoprotein
cholesterol) in Raw264.7 cells were detected
by enzyme-linked immunosorbent assay (ELI-
SA). Overexpression plasmid of HOTAIR was
constructed. Levels of TG, TC, LDL-C, and HDL
were detected again after HOTAIR overexpres-
sion by ELISA. CD68+ cells and CD168+ cells in
Raw264.7 cells were detected by flow cytometry.
Protein expressions of pro-inflammatory and an-
ti-inflammatory genes were detected by West-
ern blot. Lipid metabolism in Raw264.7 cells was
evaluated by oil red O staining and Western blot,
respectively. Finally, rescue experiments were
conducted to explore the specific mechanism of
HOTAIR in regulating AS development.
RESULTS: HOTAIR was lowly expressed in pe-
ripheral blood lymphocytes of AS patients and
Raw264.7 cells induced by ox-LDL. Overex-
pression of HOTAIR upregulated adipose genes
(PPARa and CPT-1) and downregulated lipogen-
esis genes (SREBP-1c and ACS). Besides, over-
expression of HOTAIR decreased expressions
of pro-inflammatory cytokines (TNF-a and IL-
1B), but increased expressions of anti-inflam-
matory cytokines (IL-4 and IL-10). In the in vitro
AS model, FXR1 was remarkably downregulated
in Raw264.7 cells. HOTAIR reduced inflammato-
ry response via promoting FXR1 expression in
Raw264.7 cells. Rescue experiments showed
that the effect of HOTAIR on nuclear factor-kap-
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pa B (NF-kB) pathway was reversed by FXR1
knockdown.

CONCLUSIONS: We found that TAIR was low-
ly expressed in AS patients. Overexpression of
HOTAIR can reduce the lipid accumulation and
inhibit inflammatory response by suppressing
FXR1 via NF-kB pathway.
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Introduction

Atherosclerosis (AS) is the most common and
serious type of arterial pathological changes. AS
often involves important organs, such as the heart
and brain, seriously affecting life quality of af-
fected population'?. Its occurrence and develop-
ment are closely related to the functional changes
of macrophages and the proliferation of vascular
smooth muscle cells (VSMCs). Current studies
have suggested that AS is resulted from both en-
vironmental factors and genetic factors. In addi-
tion to traditional risk factors for AS, such as age,
hypertension, dyslipidemia, smoking and diabe-
tes, genetic factors also lead to the occurrence and
development of AS. Genome-wide association
studies (GWAS) and gene-based single nucleoti-
de polymorphisms (SNPs) studies have identified
AS-related genetic variations®. However, these
genetic variations can only explain 6-10% of risk
changes for AS*°. With the active researches on
epigenetics in recent years, the role of epigenetics
in the occurrence and development of cardiova-
scular diseases has been well concerned. Long
non-coding RNA (IncRNA) is a non-coding RNA
with over 200 nucleotides in length®. Scholars
have shown that IncRNAs participate in many
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biological activities, such as dose compensation
effects, epigenetic regulation, cell cycle and cell
differentiation” ®. Hox transcript antisense inter-
genic RNA (HOTAIR) is one of the most studied
IncRNAs with 2158 bp in length. HOTAIR exerts
its biological function in a trans-silencing man-
ner’. Great advances have already been made on
HOTAIR function in breast cancer, colon cancer,
adrenocortical carcinoma, pancreatic cancer, and
other tumors'*'2, However, the potential mechani-
sm of HOTAIR in AS still remains unclear. Our
study aims to explore the role of HOTAIR in the
occurrence and progression of AS.

Patients and Methods

Lymphocyte Extraction

15 AS patients treated in the Tiantai People’s
Hospital of Zhejiang Province from 2015 to 2016
were selected. Meanwhile, 20 controls matched
with age, sex, and underlying diseases were ran-
domly selected. Blood sample of each subject was
collected and incubated with ACD (acid citrate
dextrose) anticoagulant at a ratio of 9: 1. Antico-
agulant blood was then added in the upper layer
of lymphocyte separation solution at a ratio of 1:
2, followed by centrifugation at 20°C, 400 g/min
for 30 min. Subsequently, cells were resuspended
in RPMI-1640 (Roswell Park Memorial Institu-
te-1640), followed by centrifugation at 200 g/min
for 10 min for three times. This study was appro-
ved by Hospital Ethic Committee and all subjects
gave informed consent.

RNA Extraction And Quantitative
Real-Time-Polymerase Chain Reaction
(qrt-PCR)

We used TRIzol (Invitrogen, Carlsbad, CA,
USA) to extract total RNA for reverse tran-
scription according to the instructions of Pri-
meScript RT reagent Kit (TaKaRa, Otsu, Shiga,
Japan). RNA concentration was determined by
a spectrophotometer (Hitachi, Tokyo, Japan).
The expression level of the target gene was cal-
culated using the 24T method. QRT-PCR re-
action parameters were: 94°C for 15 s, 55°C for
30 s and 72°C for 30 s, for a total of 40 cycles.
Primers used in the study were as follows: glyce-
raldehyde 3-phosphate dehydrogenase (GAPDH):
F:  5-CACCCACTCCTCCACCTTTG-3, R:
5'-CCACCACCCTGTTGCTGTAG-3"; HOTAIR:
F: 5-ATAGGCAAATGTCAGAGGGTT-3’, R:
S-ATTCTTAAATTGGGCTGGGTC-3".
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Cell Culture and ox-LDL Induction

Raw264.7 cells were obtained from ATCC
(American Type Culture Collection) (Manassas,
VA, USA). Cells were cultured in ECM (endothe-
lial cell medium) (Enzo Life Sciences, Raam-
sdonksveer, The Netherlands) containing 10%
fetal bovine serum (FBS) (Gibco, Rockville, MD,
USA), 100 U/mL penicillin and 100 pg/mL strep-
tomycin. Cells were maintained in a 5% CO, in-
cubator at 37°C. After cell confluence was up to
80%, Raw264.7 cells were induced with 40 pg/
mL ox-LDL for 24 h.

Cell Counting Kit-8 (CCK-8) Assay
Raw?264.7 cells were seeded in the 96-well pla-
tes at a density of 2x10°/mL. 10 pl of CCK-8 re-
agent (Dojindo Laboratories, Kumamoto, Japan)
were added in each well. After incubation for 2
h, the OD (optical density) value of each well was
measured at the wavelength of 450 nm by a mi-
croplate reader (Bio-Rad, Hercules, CA, USA).

Blood Lipid Detection

Levels of TC (total cholesterol), TG (triglyceri-
de), LDL-C (low density lipoprotein cholesterol)
and HDL-C (high density lipoprotein cholesterol)
in culture medium were detected by enzyme-lin-
ked immunosorbent assay (ELISA). Briefly, cor-
responding antibodies were diluted with coating
buffer to 1-10 pg/mL for overnight incubation at
4°C. Each sample was incubated with 0.1 mL of
antibody solution in a reaction well at 37°C for 1
h. Subsequently, 0.1 mL of diluted enzyme labe-
led antibody was added for another 1-h incubation,
followed by color developing with TMB substrate
solution. 0.05 mL of sulphuric acid was added for
termination. The optical density was detected at
the wavelength of 450 nm using ELISA detector.

Cell Transfection

After cell confluence was up to 60-80%, cell
transfection was performed following the ma-
nufacturer’s instructions of Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA). Overexpression
plasmid of HOTAIR was: sense: 5’-CATGGA-
TCCACATTCTGCCCTGATTTCCGGAACC-3’;
antisense: 5’-ACTCTCGAGCCACCACACACA-
CACAACCTACAC-3".

Oil Red O Staining

Raw264.7 cells were fixed with formaldehyde
for 10 min, immersed with 60% isopropanol and
stained with oil red O for 10 min. The excess oil
red O was washed and cells were re-stained with
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Figure 1. HOTAIR was lowly expressed in AS patients. 4, QRT-PCR results showed that HOTAIR was lowly expressed in
peripheral blood lymphocytes of AS patients than that of healthy controls. B, CCK-8 assay showed that viability of Raw264.7
cells was gradually decreased with the prolongation of ox-LDL induction. C, Elevated levels of TG, TC and LDL-C, as well
as reduced HDL-C level were observed in Raw264.7 cells treated with ox-LDL for 24 h compared with those of controls. D,
HOTALIR expression was downregulated in ox-LDL-induced Raw264.7 cells.

hematoxylin. Stained lipid droplets were captured
using an optical microscope (Nikon, Tokyo, Japan).

Flow Cytometry

Third-passage Raw264.7 cells were collected and
adjusted to a density of 3000-6000/uL. Cells were
incubated with CD68 and CD168 labeled antibodies
for 25 min in dark. After fixation with formaldehyde
at 4°C overnight, positive expressions of CD68 and
CD168 were detected by flow cytometry.

Western Blot

Raw264.7 cells were lysed using a cell lysis
buffer, shaken on ice for 30 min, and centrifuged
at 4°C, 14,000 xg for 15 min. Total protein con-
centration was calculated by BCA (bicinchoni-
nic acid) protein assay kit (Pierce Biotechnology,
Rockford, IL, USA). The extracted proteins were
separated on a 10% SDS-PAGE (sodium dodecyl
sulphate-polyacrylamide gel electrophoresis) gel
and subsequently transferred to a PVDF (poly-
vinylidene difluoride) membrane (Millipore, Bil-
lerica, MA, USA). Western blot analysis was per-
formed according to standard procedures.

Statistical Analysis

SPSS (Statistical Product and Service Solu-
tions) 13.0 software (SPSS Inc., Chicago, IL,
USA) was used for data analyses. Data were
expressed as mean + standard deviation. Conti-
nuous variables were analyzed the #-test. p<0.05
was considered statistically significant.

Results

HOTAIR was Lowly Expressed in AS
Patients

QRT-PCR results showed that HOTAIR was
lowly expressed in peripheral blood lymphocytes
of AS patients than that of healthy controls (Figu-
re 1A). In vitro AS model was subsequently con-
structed by ox-LDL induction in Raw264.7 cells.
CCK-8 assay showed that viability of Raw264.7
cells was gradually decreased with the prolonga-
tion of ox-LDL induction (Figure 1B). Induction
of 40 pg/mL ox-LDL for 24 h was selected for the
following experiments. Elevated levels of TG, TC
and LDL-C, as well as reduced HDL-C level were
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Figure 2. Overexpression of HOTAIR inhibited inflammatory response in Raw264.7 cells. A, Transfection efficacy of ove-
rexpression plasmid of HOTAIR was verified in Raw264.7 cells. B, ELISA data indicated that HOTAIR overexpression down-
regulated levels of TG, TC and LDL-C, whereas upregulated HDL-C level. C, Flow cytometry results indicated downregulated
CD68" cells and upregulated CD168" cells after HOTAIR overexpression. D, Oil red O staining showed less stained lipid dro-
plets after HOTAIR overexpression. £, HOTAIR overexpression remarkably upregulated PPARa and CPT-1, whereas down-
regulated SREBP-1c and ACS in Raw264.7 cells. F, Western blot results showed that pro-inflammatory factors were elevated
and anti-inflammatory factors were decreased by transfection of HOTAIR overexpression plasmid.

observed in Raw264.7 cells treated with 40 ug/
mL ox-LDL for 24 h compared with those of con-
trols (Figure 1C). Furthermore, we detected HO-
TAIR expression in ox-LDL-induced Raw264.7
cells and found it was remarkably downregulated
(Figure 1D). The above results indicated that the
expression of HOTAIR is reduced during AS pro-
gression.

Overexpression of HOTAIR Inhibited
Inflammatory Response in Raw264.7
Cells

Overexpression plasmid of HOTAIR was first
constructed and its transfection efficacy was ve-
rified in Raw264.7 cells (Figure 2A). ELISA data
indicated that HOTAIR overexpression downre-

gulated levels of TG, TC and LDL-C, whereas
upregulated HDL-C level (Figure 2B). Oil red O
staining also showed less stained lipid droplets
after HOTAIR overexpression (Figure 2D). Pro-
tein expressions of adipose genes and lipogenesis
genes were detected by Western blot. HOTAIR
overexpression remarkably upregulated PPARa
and CPT-1, whereas downregulated SREBP-1c
and ACS in Raw264.7 cells (Figure 2E). Since in-
flammation is a basic feature of AS, we further
examined the effect of HOTAIR on the inflamma-
tory response in Ox-LDL-induced macrophages.
Flow cytometry results indicated downregulated
CD68" cells and upregulated CD168" cells after
HOTAIR overexpression (Figure 2C). Western
blot results also showed that pro-inflammatory
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factors were elevated and anti-inflammatory fac-
tors were decreased by transfection of HOTAIR
overexpression plasmid (Figure 2F).

HOTAIR Promoted FXR1 Expression

FXRI1 can affect the plasma levels of HDL,
LDL, and TG by regulating genes related to lipid
metabolism. To further explain the mechanism of
HOTAIR in the involvement of AS, we found that
FXR1 expression was remarkably reduced after
ox-LDL treatment in Raw264.7 cells (Figure 3A).
The downregulated FXR1 expression was incre-
ased after HOTAIR overexpression (Figure 3B).
Subsequently, FXR1 siRNA was constructed to
carry out the rescue experiments and its tran-
sfection efficacy was verified (Figure 3C). We
found that FXR1 knockdown resulted in upregu-
lated TNF-a and IL-1pB, as well as downregulated
IL-4 and IL-10 (Figure 3D). These results indi-
cated that HOTAIR can reduce the inflammatory
response by promoting FXR1 expression.
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HOTAIR Inhibited NF«B Pathway

NF-kB is involved in many significant phy-
siological responses. Therefore, we detected the
expressions of p-p65, p65, p-IkBa and IkBa after
overexpression of HOTAIR. The results showed
that HOTAIR can inhibit the activation of NF-xB
pathway (Figure 4A). To observe whether FXR1
is involved in the regulation of NF-kB pathway
by HOTAIR, we co-transfected FXR1 siRNA and
HOTAIR overexpression plasmid in Raw264.7
cells. The results showed that FXR1 knockdown
can reverse the inhibited NF-kB pathway induced
by HOTAIR overexpression (Figure 4B). These
results indicated that HOTAIR can inhibit NF-xB
pathway by regulating FXRI.

Discussion

Atherosclerosis (AS) is a disease in which the
inside of an artery narrows due to the buildup of
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Figure 3. HOTAIR promoted FXR1 expression. 4, FXR1 expression was remarkably reduced after ox-LDL treatment in
Raw264.7 cells. B, The downregulated FXR1 expression was increased after HOTAIR overexpression. C, Transfection effi-
cacy of FXR1 siRNA was verified. D, FXR1 knockdown resulted in upregulated TNF-o and IL-1B, as well as downregulated

IL-4 and IL-10.
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Figure 4. HOTAIR inhibited NF-kB pathway. 4, HOTAIR can inhibit the activation of NF-kB pathway. B, FXR1 knockdown
can reverse the inhibition of NF-kB pathway induced by HOTAIR overexpression.

plaque. Research on the pathogenesis of AS has
been a hot topic in the study of cardiovascular di-
seases. It is believed that lipid infiltration, prolife-
ration of smooth muscle cells and the thrombosis
may explain for AS development. The comprehen-
sive mechanism of AS is still not fully elucidated.
Human Genome Project revealed that only about
2% of the genes express proteins. The majority of
genes do not express proteins, which are non-co-
ding RNAs (ncRNAs)“. Based on nucleotide
sequence lengths and their biological functions,
ncRNAs are divided into small interfering RNAs
(siRNAs), microRNAs (miRNAs), PIWI-inte-
racting RNAs, and IncRNAs'. HOTAIR was
the first IncRNA to be found to have trans-tran-
scriptional regulation that was only expressed in
mammals. Human HOTAIR has a full length of
2,158 base pairs and is located between HOXCI11
and HOXC12 on chromosome 12q13.13 with 6
exons®. Scholars'"® have shown that HOTAIR
regulates the proliferation and apoptosis of bre-
ast cancer, liver cancer, esophageal cancer, lung
cancer and other cancer cells in vitro. In this
study, HOTAIR expression was lowly expressed
in peripheral blood lymphocytes in AS patients.
HOTAIR was also lowly expressed in Raw264.7

cells after ox-LDL induction. Ross' showed that
AS is an inflammatory disease. AS is a chronic
compensatory inflammatory reaction under the
interaction of various factors, such as abnormal
lipid metabolism, chronic inflammation, immu-
ne disorders, and inheritance. AS pathogenesis
involves lipid deposition in vascular intima, en-
dothelial cell damage, adhesion and infiltration of
platelet, smooth muscle cell proliferation, colla-
gen fibrosis, and foam cell formation®. The in-
flammatory response is a central link in plaque
formation and instability. Overexpression of HO-
TAIR reduced lipid metabolism in ox-LDL-indu-
ced macrophages. It also alleviated inflammation
via regulating expression levels of inflammatory
factors. We proposed that HOTAIR may serve
as a target drug for preventing and treating AS.
FXR1 is a member of nuclear receptor superfa-
mily, and is expressed in the liver, kidney, adrenal
gland and small intestine*’. FXR1 is involved in
lipid metabolism, glucose metabolism, inflam-
mation, and tumor development. FXR1 can redu-
ce the accumulation of neutral lipids in diabetic
rats and downregulate blood lipid levels. Relative
genes that are regulated by FXR1 could reduce
bile acid synthesis. Besides, FXR1 participates in
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the regulation of cholesterol metabolism by inhi-
biting CYP7A1 activity??. In the present work,
FXR1 was lowly expressed in the in vitro AS mo-
del. FXR1 was negatively regulated by HOTAIR,
thereby decreasing the inflammatory response in
Raw264.7 cells. Transcription factors of the NF-
kB family participate in many key physiological
responses, such as inflammatory responses, cell
proliferation, differentiation, adhesion, and apop-
tosis®. In the process of AS, NF-kB pathway has
been shown to be closely related to sterility in-
flammatory immune response®*. The mammalian
NF-kB family consists of five members, including
p65, RelB, c-Rel, p50, and p52. They are capable
of activating target gene expressions via binding
to kB enhancers®. In this study, HOTAIR inhibi-
ted the activation of NF-xB pathway, which could
be reversed by FXR1 knockdown.

Conclusions

We found that HOTAIR was lowly expressed
in AS patients. Overexpression of HOTAIR can
reduce the lipid accumulation and inhibit inflam-
matory response by suppressing FXR1 via NF-xB
pathway.
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