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LncRNA HOTAIR participates in the
development and progression of adrenocortical
carcinoma via regulating cell cycle
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Abstract. — OBJECTIVE: To explore the role
of HOTAIR in the pathogenesis of adrenocortical
carcinoma (ACC) and its underlying mechanism.

PATIENTS AND METHODS: Differentially ex-
pressed IncRNA (HOTAIR) in ACC was screened
out from the GEO database. The survival analy-
sis and ROC curve were performed according to
HOTAIR expressions in ACC patients. The cor-
relation between HOTAIR expression and clini-
cal information of ACC patients was analyzed
by chi-square test. The univariate and multivar-
iate COX regression analysis was carried out to
analyze the relationship between HOTAIR ex-
pression, disease-free survival (DFS) and over-
all survival (OS) of ACC patients. We then de-
tected HOTAIR expression in 77 ACC tissues
and 30 normal tissues by qRT-PCR (quantitative
Real-time polymerase chain reaction). ACC cell
lines were further screened out for the following
in vitro experiments. After altering HOTAIR ex-
pression in ACC cells by plasmid transfection,
proliferation and cell cycle were detected by Cell
Counting Kit-8 (CCK-8) and colony formation as-
say, respectively. Finally, Western blot was uti-
lized to detect expressions of cell cycle-related
genes in ACC cells.

RESULTS: HOTAIR was overexpressed in ACC
tissues than that of normal tissues. HOTAIR ex-
pression was remarkably increased in ACC with
T3 and T4 stage than that of T1 and T2 stage.
Moreover, HOTAIR expression was remark-
ably increased in ACC with stage lll and IV than
that of stage | and Il. HOTAIR was an indepen-
dent prognostic factor for DFS and OS of ACC
patients. For in vitro experiments, inhibited pro-
liferation and arrested cell cycle were observed
in H295R cells transfected with si-HOTAIR. Op-
posite results were obtained after SW-13 cells
were transfected with HOTAIR overexpression
plasmid. Furthermore, expressions of cell cy-
cle-related genes, including Cyclin D1, p-Rb and
p-GSK3B were remarkably decreased after HO-
TAIR knockdown.

CONCLUSIONS: We demonstrated for the first
time that HOTAIR is overexpressed in ACC and

is a prognostic risk factor in ACC patients. HO-
TAIR participates in the development and pro-
gression of ACC via shortening cell cycle and
promoting proliferation of ACC cells.
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Introduction

Adrenocortical carcinoma (ACC) is a rare ma-
lignancy that originates in adrenocortical cel-
Is. The incidence of ACC is about 0.7/10000 to
2/10000, which frequently affects children youn-
ger than 5 years and adults in 40-50 years'>. ACC
is characterized as high malignancy and recur-
rence rate, strong invasiveness and poor progno-
sis. More seriously, the 5-year overall survival
rate of ACC is only 16-38%°. Higher malignancy
was found in adult ACC patients than that in chil-
dren*. However, the specific molecular mechani-
sm of ACC is still not fully elucidated’.

Recent works®” have shown that over 90%
of the human genomes can be transcribed into
non-coding RNAs (ncRNAs), which present li-
mited function or even without protein-coding
function. In-depth studies have demonstrated
that IncRNA participates in multiple biological
processes at different transcriptional levels. Dy-
sfunctional IncRNAs are proved to be related to
different diseases, including cancer®!°. Moreo-
ver, IncRNAs may affect epigenetic regulation
through chromatin-modifying complexes, thus
leading to the altered phenotypes required for
tumor progression and metastasis''"">. Therefo-
re, recognizing cancer-associated IncRNAs and
exploring their interaction with protein-coding
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genes are essential to inhibit cancer development.
Among them, Hox transcript antisense intergenic
RNA (HOTAIR) is one of the most studied IncR-
NAs. HOTAIR exerts its biological function in a
trans-silencing manner with 2158 bp in length'*.
Great progress has been made in exploration of
the effects of HOTAIR on breast cancer, colon
cancer, adrenocortical carcinoma and pancrea-
tic cancer, suggesting that HOTAIR may play a
direct role in regulating cancer progression'®®.
However, the underlying mechanism of HOTAIR
in ACC is still poorly understood. This study
aims to investigate the specific effect of HOTAIR
on ACC, so as to provide new directions in better
improving treatment efficacy.

Patients and Methods

Patients

GEO (Gene Expression Omnibus) database is
a public database that stores microarrays and se-
quencing data. We first downloaded GSE33371
dataset from GPL570 platform, containing 10
normal adrenal cortex tissues and 33 ACC tis-
sues. Clinical data of 92 ACC cases and their
corresponding genome-wide expression profiles
were downloaded from https://cancergenome.nih.
gov. Limma package was used to calculate dif-
ferentially expressed genes in GSE33371. TCGA
(The Cancer Genome Atlas) data were standardi-
zed in the MD Anderson Cancer Center.

Sample Collection

Adrenal gland tissues surgically resected in
Urology Surgery Department, Dongying Peo-
ple’s Hospital from July 2012 to July 2017 were
collected, including 77 ACC tissues and 30 nor-
mal adrenal tissues. All the samples have been
pathologically diagnosed as ACC. Samples were
immediately frozen in liquid nitrogen and stored
at -80°C for the following experiments. Enrolled
patients did not receive any preoperative radiothe-
rapy and chemotherapy. The study was approved
by the Hospital Ethics Committee and patients
were all informed consent. Each patient received
complete follow-up. The overall survival was cal-
culated from the day of the first surgery to the
death or the last day of follow-up.

RNA Extraction and gRT-PCR (Quantitative

Real-Time Polymerase Chain Reaction)
The total RNA was extracted from tissue sam-

ples by TRIzol method (Beyotime, Shanghai, Chi-

na) and then transcribed into complementary De-
oxyribose Nucleic Acid (cDNA) according to the
instructions of PrimeScript RT Master Mix (Invi-
trogen, Carlsbad, CA, USA). QRT-PCR was then
performed following the instructions of SYBR®
Green Master Mix (TaKaRa, Otsu, Shiga, Japan).
Primer sequences used in this study were as follows:
GAPDH, F: 5-CACCCACTCCTCCACCTTTG-3,,
R:  5-CCACCACCCTGTTGCTGTAG-3; HO-
TAIR, F: 5’>~-ATAGGCAAATGTCAGAGGGTT-3,
R: 5-ATTCTTAAATTGGGCTGGGTC-3".

Cell culture and Transfection

Human adrenal normal cell line (Y1) and ACC
cell lines (SW-13, H295R) were purchased from
ATCC (Manassas, VA, USA). Cells were cultured
in Dulbecco’s Modified Eagle Medium (DMEM)
(Gibco, Grand Island, NY, USA) containing 10%
FBS (fetal bovine serum), 100 U/mL penicillin
and 100 pug/mL streptomycin (HyClone, South
Logan, UT, USA), and inserted in a 5% CO, incu-
bator at 37°C.

Cells in good growth condition were selected
and seeded in the 6-well plates. Cell transfection
was performed when the cell confluence was up to
50%-60% according to the instructions of Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA).
The sequence of siRNA was as follows: sense:
5’-CATGGATCCACATTCTGCCCTGATTTC-
CGGAACC-3’; antisense: 5-ACTCTCGAGC-
CACCACACACACACAACCTACAC-3.

Cell Counting Kit-8 (CCK-8) assay

Transfected cellswere seeded into 96-well pla-
tes with 2x10° per well, with 6 replicates in each
group. 10 pLL of CCK-8 solution (Dojindo, Kuma-
moto, Japan) were added in each well after cell
culture for 6, 24, 48, 72 and 96 h, respectively.
The absorbance at 450 nm of each sample was
measure by a microplate reader (Bio-Rad, Hercu-
les, CA, USA).

Colony Formation Assay

Cells in the logarithmic growth phase were se-
eded into dishes containing 10 ml of pre-warmed
DMEM at a density of 50, 100 and 200 cells per
dish, respectively. Cell culture was terminated
when macroscopic colonies were formed in the
dish. Colonies were then washed with PBS (pho-
sphate-buffered saline), fixed with 4% parafor-
maldehyde and stained with Gimsa solution for
10-30 min. The number of colonies with over 10
cells were counted with a microscope at low ma-
gnification.
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Cell Cycle Detection

Cells in logarithmic growth phase were pre-
pared into single cell suspension, followed by
centrifugation at 1000 rpm for 5 min. Cells were
washed with PBS and fixed with 5 mL of 70%
pre-cooled ethanol. For cell cycle detection, 5 uL.
of Rnase (10 mg/mL) were added and incubated
at 37°C for 1 h. After that, 100 ug/mL PI (propi-
dium iodide) were used to stain in the dark for 30
min. Finally, 10,000 cells were counted and the
cell cycle was measured by flow cytometry (Par-
tec AG, Arlesheim, Switzerland).

Western Blot

Total protein was extracted from treated cells
by radioimmunoprecipitation assay (RIPA) so-
lution (Invitrogen, Carlsbad, CA, USA). Protein
sample was separated by electrophoresis on 10%
SDS-PAGE (sodium dodecyl sulphate-polya-
crylamide gel electrophoresis) and then transfer-
red to PVDF (polyvinylidene difluoride) membra-
ne (Roche, Basel, Switzerland). After membranes
were blocked with skimmed milk, the membranes
were incubated with primary antibodies (Cell Si-
gnaling Technology, Danvers, MA, USA) over-
night at 4°C. The membranes were then washed
with TBST (Tris-buffered saline with Tween 20)
and followed by the incubation of secondary an-
tibody. The protein blot on the membrane was
exposed by chemiluminescence.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 statistical software (IBM, Armonk,
NY, USA) were used for data analysis. Measu-
rement data were expressed as mean + standard
deviation (X+s) and compared using the #-test. x-
test was performed to test the classification data.
Kaplan-Meier survival curve was used for survi-
val analysis, and those indicators with significant
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differences in survival were included into the
COX regression analysis. p<0.05 considered the
difference was statistically significant.

Results

HOTAIR was Overexpressed in ACC
Tissues Analyzed from GEO Database

LncRNA expression profiles of ACC were
downloaded from the GEO database. Differen-
tially expressed IncRNAs in 10 normal tissues
and 33 ACC tissues in the GSE33371 data were
analyzed by the Limma package. Totally, there
were 248 upregulated IncRNAs and 127 down-
regulated IncRNAs. Among them, HOTAIR was
the significantly upregulated IncRNA in ACC (Fi-
gure 1A and 1B).

Clinical information and IncRNA expres-
sions of ACC patients were downloaded from the
TCGA database. The results showed no differen-
ce in HOTAIR expression between ACC patien-
ts older than 50 years and those younger than 50
years (Figure 2A). Higher HOTAIR expression
was found in the distant metastasis group, lymph
node metastasis group, residual tumor group, ad-
vanced tumor group and local tumor infiltration
group, respectively (Figure 2B-2F). To investigate
the relationship between HOTAIR expression and
clinical data, ACC patients were further assigned
into high-expression and low-expression group
according to their expression levels of HOTAIR.
Specifically, higher tumor stage, deeper tumor in-
filtration and more residual tumors were found in
ACC patients with higher expression of HOTAIR.
However, HOTAIR expression was not associated
with age, gender, lymph node metastasis and di-
stant metastasis of ACC patients (Table I).

We next detected the correlation between HO-
TAIR expression, disease-free survival (DFES)
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Table I. Correlation between HOTAIR expression and clinicopathological characteristics of ACC.

Expression level
Variables Number of cases Low High p-value
Age 0.9056
<50 40 20 20
>50 37 18 19
Gender
Female 29 16 13 0.4271
Male 48 22 26
Residual tumor
No 55 32 23 0.0087
Yes 15 3 12
Stage
/11 46 29 17 0.0034
1/Iv 31 9 22
Distant metastasis
No 62 34 28 0.0502
Yes 15 4 11
Lymph node metastasis
No 68 35 33 0.3064
Yes 9 3 6
Depth of invasion
T1+T2 51 31 20 0.0049
T3+T4 26 7 19

and overall survival (OS) in ACC patients throu-
gh Kaplan-Meier and log-rank analysis. The data
illustrated that upregulated HOTAIR was negati-
vely correlated with DFS (Figure3A and 3B) and
OS (Figure3C and 3D). Furthermore, HOTAIR
was proved to be an independent prognostic fac-
tor in OS and DFS of ACC patients through COX
regression analysis, suggesting that overexpres-
sed HOTAIR indicates a worse prognosis of ACC
patients (Table III).

HOTAIR was Upregulated in Human ACC
Samples

We detected mRNA expressions of HOTAIR
in 77 ACC tissues and 30 normal adrenal gland

tissues by qRT-PCR. The results showed a higher
expression of HOTAIR in ACC tissues than that
of normal adrenal gland tissues (Figure 4A). By
analyzing the infiltrative depth in ACC, we found
higher expression of HOTAIR in T1 and T2 stage
than that of T3 and T4 stage (Figure 4B). TNM
(tumor, node, metastasis) staging showed that hi-
gher expression of HOTAIR was found in ACC
with stage III and IV than that of stage I and II
(Figure 4C). After ACC patients were further as-
signed into high-expression and low-expression
of HOTAIR, DFS was remarkably decreased in
high-expression group (p=0.0020, Figure 4D).
These results indicated that HOTAIR may be in-
volved in ACC development.

Table II. Univariate and multivariate Cox regression analyses HOTAIR for DFS of patients in study cohort.

Univariate analysis

Multivariate analysis

Variables p-value HR 95% CI p-value HR 95% CI

Age 0.993 1.000 0.978-1.022 0.687 1.005 0.981-1.029
Gender 0.177 1.805 0.766-4.250 0.09 2.236 0.881-5.675
Residual 0.000 2.480 1.549-3.969 0.524 1.285 0.595-2.776
Stage 0.000 2.462 1.636-3.707 0.000 2.201 1.416-3.419
M 0.000 4.932 2.089-11.645 0.635 0.673 0.131-3.458
N 0.040 2.905 1.049-8.046 0.472 0.655 0.207-2.076
T 0.000 2.183 1.489-3.201 0.906 0.943 0.359-2.478
HOTAIR 0.000 1.547 0.321-1.812 0.000 1.521 1.291-1.792
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Table Ill. Univariate and multivariate Cox regression analyses HOTAIR for OS of patients in study cohort.

Univariate analysis Multivariate analysis

Variables p-value HR 95% ClI p-value HR 95% CI

Age 0.131 1.019 0.994-1.045 0.228 1.017 0.990-1.044
Gender 0.115 0.514 0.225-1.176 0.118 0.513 0.222-1.185
Residual 0.243 1.347 0.817-2.222 0.027 1.991 1.079-3.673
Stage 0.469 1.171 0.763-1797 0.804 1.372 0.113-16.641
M 0.303 1.615 0.648-4.022 0.862 0.852 0.141-5.170
N 0.261 1.888 0.624-5.712 0.457 1.649 0.441-6.159
T 0.803 1.090 0.555-2.139 0.929 0.958 0.374-2.453
HOTAIR 0.365 0.923 0.775-1.098 0.054 0.800 0.638-1.004

HOTAIR Promoted Proliferation
of ACC Cells

To investigate the effect of HOTAIR on ACC
cells, we first detected HOTAIR expressions in
normal human adrenal cell line (Y1) and ACC cell
lines (SW-13 and H295R) by qRT-PCR. HOTAIR
was found to be overexpressed in ACC cells (Fi-

gure 5A). Transfection efficacy of HOTAIR ove-
rexpression plasmid and si-HOTAIR were then ve-
rified, respectively (Figure 5B and 5C). For in vitro
experiments, viability of ACC cells was remar-
kably reduced after HOTAIR knockdown (Figure
5D). Colony formation obtained similar results as
well (Figure SE). We then transfected with HO-
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Figure 2. The relationship between HOTAIR expression and clinical data of ACC patients. 4, No difference in HOTAIR
expression was found between ACC patients who were older than 50 years and those younger than 50 years. B-F, Higher HO-
TAIR expression was found in the distant metastasis group (B), lymph node metastasis group (C), residual tumor group (D),
advanced tumor group (E) and local tumor infiltration group (F).
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Figure 3. HOTAIR expression was negatively correlated with DFS and OS. 4-B, DFS was decreased in ACC patients with
higher expression of HOTAIR. C-D, OS was decreased in ACC patients with higher expression of HOTAIR.

TAIR overexpression plasmid in SW-13 cells, and
both viability and colony formation abilities were
remarkably elevated (Figure SF and 5G). The abo-
ve data suggested that upregulated HOTAIR could
promote proliferation of ACC cells.

HOTAIR Participated in the Development
and Progression of ACC via Regulating
Cell Cycle

To further explore the biological function of
HOTAIR in ACC cells, we detected cell cycle
after altering HOTAIR expression. The resul-
ts showed that the ratio of GO/G1 was elevated
after HOTAIR knockdown (Figure 6A). Opposite
results were obtained after overexpressing HO-
TAIR in SW-13 cells (Figure 6B). Cell cycle-rela-
ted genes, including Cyclin D1, p-Rb and GSK3f
were found to be downregulated in ACC cells
after HOTAIR knockdown (Figure 6C and 6D),
indicating that HOTAIR participates in the deve-
lopment and progression of ACC via regulating
cell cycle.

Discussion
ACC is a malignant tumor that originates in

adrenal cortical cells, which is manifested as lum-
bar masses, lumbar pain, fatigue and emaciation'.

At present, the molecular mechanism of ACC de-
velopment has not yet been elucidated, which brin-
gs great challenges to the clinical diagnosis and
treatment of ACC. Human genome project has re-
vealed that only about 2% of genes could encode
proteins, which are called non-coding RNAs (ncR-
NAs)". Based on the molecular size and biological
function, ncRNAs are further divided into small
interfering RNAs (siRNAs), microRNAs (miR-
NAs), PIWI-interacting RNAs (piRNAs) and long
non-coding RNAs (IncRNAs)*. Multiple studies
have shown that ncRNA exerts a crucial role in tu-
mor progression®'. HOTAIR is the first discovered
IncRNA only expressed in mammals, which regu-
lates gene expressions at trans-transcriptional level.
Human HOTAIR is located between HOXC11 and
HOXC12 on chromosome 12q13.13 and includes 6
exons®. Scholars have shown that HOTAIR has si-
gnificant effects on the proliferation and apoptosis
of breast cancer, liver cancer, esophageal cancer
and lung cancer'> 1% 2,

Previous investigations?* have demonstrated
that HOTAIR can bind to mammalian polycomb
repressive complex 2 (PRC2) and histone de-
methylase complex (LSD1/REST), so as to exert
scaffolding function. EZH2 subunit that exerts
the major role in PRC2 catalyzes the methylation
of histone H3 lysine K27 (H3K27) to generate
H3K27me3 (a transcriptional repression mar-
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Figure 4. HOTAIR was upregulated in ACC tissues. 4, Higher expression of HOTAIR in ACC tissues than that of normal adre-
nal gland tissues. B, Higher expression of HOTAIR was found in T1 and T2 stage than that of T3 and T4. C, Higher expression of
HOTAIR was found in ACC with stage Il and I'V than that of stage I and II. D, DFS was remarkably decreased in high-expression
group. E, ROC curve between HOTAIR expression and sensitivity and specificity of HOTAIR in diagnosing ACC.

ker). H3K27me3 further recruits PRC2 to spe-
cific sites to silence the HOXD locus and related
transcriptional genes, such as HOXD10, JAM?2,
PCDHI0, etc., thereby leading to the metastasis
or recurrence of malignant tumors'’. In the pre-
sent work, HOTAIR was overexpressed in ACC
by analyzing GSE33371. HOTAIR was remar-
kably increased in the distant metastasis group,
lymph node metastasis group, residual tumor
group, advanced tumor group, and local tumor
infiltration group. Moreover, HOTAIR was ne-
gatively correlated with the prognosis, but posi-
tively correlated with tumor grade, local tumor
invasion and tumor remnants of ACC. HOTAIR
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was proved to be an independent prognostic risk
factor for DFS and OS in ACC patients by univa-
riate and multivariate COX regression analysis.
Cell cycle is the series of events that take place
in a cell leading to its division and duplication
of its DNA (DNA replication) to produce two
daughter cells. Abnormal cell cycle is frequently
seen in cancer cells®. Therefore, regulation of
tumor cell cycle is an important strategy for can-
cer therapy. Cyclins are capable of inducing cell
cycle progression and activating corresponding
downstream ligands, thereafter leading to the
abnormal separation of each cell cycle phase. In
particular, Cyclin D1 is a key checkpoint protein
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Figure 5. Upregulated HOTAIR promoted proliferation of ACC cells. 4, HOTAIR expression in Y1, SW-13 and H295R
cells. B, Transfection efficacy in H295R cells. C, Transfection efficacy in SW-13 cells. D, Decreased viability after HOTAIR
knockdown. E, Decreased proliferation after HOTAIR knockdown. F, Increased viability after HOTAIR overexpression. G,

Increased proliferation after HOTAIR overexpression.

responsible for cell cycle transformation from
S phase to G1 phase. Functionally, Cyclin D1
mainly participates in transcriptional regulation
and DNA repair in the cell cycle progression?.
Our study found that Cyclin D1 expression was
inhibited after HOTAIR knockdown, suggesting
that downregulated HOTAIR remarkably arrests
the cell cycle in G1 phase, thereby inhibiting cell
cycle progression and cell proliferation of ACC
cells. GSK3p is a highly conserved protein ki-

nase that is inhibited by phosphorylated AKT.
GSK3p controls cell cycle activity through pho-
sphorylated substrates, including c-myc, Cyclin
D1 and Cyclin E. In this study, p-GSK3p was
downregulated in ACC cells after inhibition of
HOTALIR, thereby prolonging the cell cycle. Rb
gene is a tumor suppressor gene distributed in
the nucleus, which can regulate cell prolifera-
tion, differentiation and apoptosis?’. The pho-
sphorylated and dephosphorylated forms of the
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Rb protein regulate in vitro biological function?®.
Cyclic-dependent protein kinases (CDKs) could
inactivate Rb into phosphorylation state®. Our
study pointed out that phosphorylated Rb is
downregulated after HOTAIR knockdown, thus
blocking the cell cycle of ACC cells.

Conclusions

We demonstrated for the first time that HO-
TAIR is overexpressed in ACC and is a prognostic
risk factor in ACC patients. HOTAIR participates
in the development and progression of ACC via

shortening cell cycle and promoting proliferation
of ACC cells.
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