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HOTTIP regulates progression of endometrial
cancer via activating PI3BK/AKT pathway
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Abstract. - OBJECTIVE: To investigate the
possible role of HOTTIP in the pathogenesis
of endometrial cancer (EC) and its underlying
mechanism.

PATIENTS AND METHODS: 76 EC tissues
and 76 adjacent normal tissues were collected
in this study. HOTTIP expression was detected
by qRT-PCR (quantitative Real-Time Polymerase
Chain Reaction), and its relationship with clin-
ical prognosis of EC patients was then ana-
lyzed. The effect of in vitro HOTTIP on prolifera-
tion, cell cycle, apoptosis, colony formation, and
migration was examined, respectively. Further-
more, the impact of HOTTIP on PI3K/AK
way was explored.

RESULTS: HOTTIP was remarkably o
pressed in EC patients. The survival rate
patients with high expression of HOTTIP
lower than that of patients with low expressi
whereas the pathological gradg

the proliferation, colon
tion of EC cells sho
whereas cell apopt

moted the EC
AKT pathway.

r that originates in the endome-
m. It is one of the most serious malignant
rs of the female reproductive system. Re-

ally and the disease onset has become younger.
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C development, such as PTEN
®The molecular pathogenesis of EC,
ver, has not yet been fully elucidated. As a
e, it is urgent to explore the under-
ing pathogenesis of EC, so as to provide new
directions for improving clinical treatment.

Long non-coding RNAs (IncRNAs) are a type
of RNA molecules with a transcript length of
more than 200 nt. Functionally, IncRNAs do not
encode proteins, but regulate gene expressions
at epigenetic, transcriptional and post-transcrip-
tional levels®¢. LncRNAs were originally thought
to be the noise of genomic transcription and
by-products of RNA polymerase II transcrip-
tion, which did not possess biological function.
However, accumulated evidence has shown that
IncRNAs are involved in almost all physiological
and pathological processes of the body and are
particularly related to the occurrence and devel-
opment of multiple tumors’. For example, GASS5
was identified as a tumor suppressor IncRNA,
which was capable of inducing cell growth arrest
and apoptosis in mammalian cell lines. GASS5
deficiency was associated with tumor formation®,
HOTTIP was found in human peripheral tissue
fibroblasts and was located on 7pl5.2. Studies
have confirmed that HOTTIP is transcribed from
upstream of HOXAI13 and then delivered into
the cytoplasm to form a non-coding RNA with
a length of 3764 nucleotides’. It has been report-
ed to regulate cell metabolism as an important
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molecular signal, which involves Bax/Bcl-2 and
other related cell signaling pathways. Besides,
HOTTIP was abundantly expressed in hepatocel-
lular carcinoma, which was positively correlated
with the malignancy degree of liver cancer'®!.
The role of HOTTIP in endometrial cancer, how-
ever, still needs further investigation.

Patients and Methods

Clinical Samples

All samples were collected from EC patients
who underwent surgical resection in resection
in Affiliated Hospital of Nanjing University of
Traditional Chinese Medicine from January 2001
to December 2016. A total of 76 patients were
included in our experiment and all specimens
resected during the surgery were immediate-
ly preserved in liquid nitrogen. Epidemiological
information about the patients was shown in
Table 1. All specimens were confirmed by H&E
(hematoxylin and eosin) staining by at least 2
independent pathologists. Patients did not receive
any preoperative radiotherapy, chemotheraas
hormone therapy. This study was appro
Ethics Committee of the Affiliated Hosp
Nanjing University of Traditional Chinese
icine. Signed written informed consent was |3
vided for each patient.

Cell Culture

HEC-1A, HEC-1B, Ishg
3CA cells were purchasc¥

information abou¥

Table I. Epidemiol C patients.

ture Collection (ATCC, Manassas, VA, USA).
HEC-1A cells were cultured in Mc5

cultured in DMEM (D
Medium) medium wj
streptomycin and 1
were maintainedgin
cubator at 5%
cell culture
Island, NY,

ells were transfected again
on the next day. The stably

uses required for the experiments
e all purchased from GenePharma (Shanghai,

Quantitative Reverse
Transcriptase-Polymerase Chain
Reaction (qRT-PCR)

Total RNA was extracted from the tissues and
cells using the TRIzol kit (Invitrogen, Carlsbad,
CA, USA), respectively, followed by measure-

LncRNA HOTTIP expression

Number of cases Low (n = 38) High (n = 38) p-value
38 38 0.3527

32 18 14

44 20 24
0.5894

58 30 28

18 8 10
<0.0001*

40 30 10

36 8 28
0.0012*

34 24 10

42 14 28
0.0211*

15 3 12

61 35 26
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ment of RNA concentration using an ultraviolet
spectrophotometer (Hitachi, Tokyo, Japan). The
complementary Deoxyribose Nucleic Acid (cD-
NA) was synthesized according to the instruc-
tions of the PrimeScript™ RT MasterMix kit
(Invitrogen, Carlsbad, CA, USA). The reaction
conditions were as follows: 40°C for 6 min and
65°C for 25 min. QRT-PCR reaction conditions
were as follows: 95°C for 1 min, 95°C for 30 s,
and 60°C for 40 s, for a total of 40 cycles. The
relative expression level of the target gene was
expressed by 244¢, Primer sequences used in
this study were as follows: HOTTIP, F: CCTA-
AAGCCACGCTTCTTTG; R: TGCAGGCTG-
GAGATCCTACT.

Western Blot

The radioimmunoprecipitation assay (RIPA)
protein lysate was used to extract the total
protein in each group of cells. The BCA (bicin-
choninic acid) method was performed to quan-
titate the protein concentration. Protein samples
were electrophoresed on polyacrylamide gels
and then transferred to polyvinylidene diflu-
oride (PVDF) membranes (Merck Millaare
Billerica, MA, USA). After blocking
skimmed milk, the membranes were inc
with primary antibody (Cell Signaling Tec
ogy, Danvers, MA, USA) at 4°C overnight.
membrane was incubated with

10% FBS (fetal
culture plate.

Cells at logarithmic growth were routinely
ssted, centrifuged and adjusted to a density
3/rnL The single cell suspension was
adde to 6-well plates. After 7 d-incubation,

500 pL of 1% crystal violet was utilized to
stain cells at room temperature for 1 j
an inverted microscope (Nikon, Zg
pan), 5 randomly selected fields

used to count the colony nu
clone).

Transwell Assay

Totally 500 pL
added to the low
a 37°C incubat
seeded in the

osis, cells were digested, washed
ice w1th 4°C pre-cooled phosphate-buffered
S) and centrifuged at 1000 rpm for
otally 500 pL of PBS was added to re-
suspend the collected cells. The cells were then
resuspended in 100 pL of Annexin V Binding
Buffer, mixed with 5 pL. Annexin V-APC and 5
pL PI (propidium iodide), and incubated at 4°C
for 20 min in the dark before the flow cytometric
analysis.

For cell cycle, cells were digested, washed and
fixed overnight with 70% pre-cooled ethanol.
After being washed with PBS again, about 150
puL of PI (Invitrogen, Carlsbad, CA, USA) was
added to stain the cells at 40°C for 30 min in the
dark. Flow cytometry was used to examine the
distribution of 10* cells.

Statistical Analysis

SPSS17.0 (Statistical Product and Service
Solutions) statistical software package (SPSS
Inc., Chicago, IL, USA) and the GraphPad Prism
5.0 software system (La Jolla, CA, USA) were
introduced for data analysis and image editing,
respectively. The #-test was used to analyze the
difference between the two groups and the chi-
square test was used to analyze the classifica-
tion data. p < 0.05 was considered statistically
significant.
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Results

HOTTIP Was Upregulated in EC Tissues

By analyzing the 76 pairs of collected speci-
men of EC and adjacent normal tissues, we found
that HOTTIP was overexpressed in EC tissues
than that of adjacent normal tissues (Figure 1A).
Based on the expression level of HOTTIP in
tumor tissues, subjects were further assigned
to high expression and low expression groups
(Figure 1B). Overexpressed HOTTIP was closely
related to poor prognosis of EC (Figure 1C). More
seriously, EC patients with high expression of
HOTTIP were often accompanied by lymph node
metastasis. The pathological grade and tumor
size in high expression group were also higher
than those of the low expression group. No signif-
icant difference in pathological types was found
between the two groups (Table I). Above data
indicated that HOTTIP might be involved in the
occurrence of endometrial cancer.

HOTTIP Regulated Proliferation,
Apoptosis, and Migration of EC Cells
We examined the HOTTIP level in fiygme
dometrial cancer cell lines. The results
that the expression level of HOTTIP w¥
highest in HEC-1B and lowest in KLE cells
ure 2A). Therefore, we performed subseq
studies using these two cell lige

HOTTIP exhibited a remarkable 1nh1b1t0ry ef-
fect on the apoptosis of tumor cells. Exprass
of apoptosis-related genes, including
cleaved Caspase-3, were found to,

ity of EC cells (Figure
suggested that HOTTIP,

g that HOTTIP might regu-
and apoptosis of tumor cells

Discussion

EC 15 one of the most common malignant
tumors of the female reproductive system. Al-
though most EC patients can be diagnosed and
treated in an early stage, about 15% of EC pa-
tients are diagnosed with advanced or occult
metastases, resulting in poor outcome after sur-
gery, radiotherapy, and chemotherapy, and even
high mortality'*'*. Abnormally expressed long
non-coding RNAs (IncRNAs) and their important
functions have been reported in various tumors.
In this study, we found that HOTTIP expression
was upregulated in EC tissues, which was closely
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that of patients with low expression.
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g 1. HOTTIP was upregulated in endometrial carcinoma. A, HOTTIP was significantly upregulated in EC patients. B,
pn of HOTTIP in EC patients. C, The survival rate of EC patients with high expression of HOTTIP was lower than



HOTTIP regulates progression of endometrial cancer via activating PI3K/AKT pathway

A

E 5 O LV-Vector
5 L) 3 LV-HOTTIP
24
- & 4
5 B E
g3 g
s . 3°
] §
g’
$1 * g,
3|l 1
€ o
HEC-1A HEC-1B AN3CA KLE Ishikawa oy KE
HEC-1B KLE HEC-1B
g™ o M g™ o om = paiied
€ as s =2 L
S |
§ %0. = oGt E 5 02 GGt £
F 2 ; 0.6-
2 g
2 = 2 04
% % 40 Q
¥ 2 %2
3 . 3 !
LWVector  LV-HOTTIP LV-Vector  LVHOTTIP oh 20 aon
HEC-1B £ Lv-Vector

G

LV-Vector LV-HOTTIP LV-Vector

15, O3 LV-HOTTIP

2
H

HEC-1B KLE

e Bax
M e Cleaved caspase3

R G.rDH

LV-Vector LV-HOTTIP 3 Vector LV-HOTTIP Bax Cleaved caspase 3

k3

£ LV-Vector
3 Lv-HOTTIP

151 O3 LV-Vector
£ LV-HOTTIP

leaved caspase3

5

o

Intergrated Density

°
@

GAPDH

Intergrated Density

°
s
e

O LV-Vector

HEC-1B
- 25, O3 LV-HOTTIP

»
o

o

Fold change in cell migration

LV-HOTTIP

.0-
HEC-1B KLE
Figure 2. HOTTIPE, jon, apoptosis and migration. 4, HOTTIP expressions in HEC-1A, HEC-
1B, Ishikawa, KL 8 don of HOTTIP expression after transfection of lentivirus. C-H, Effect of

cle (C), cell protiferation (D), colony formation (E), apoptosis (F), apoptotic key proteins (G)
C-1B and KLE cells.

LV-Vector LV-HOTTIP

KLE
p-PI3K O3 LV-Vector . e P-PI3K O3 LV-Vector
O LV-HOTTIP . 0 LV-HOTTIP
PI3K > 20 T - Pk £ -
3
2L S AT 3
2 ©
€10 51
£ 0.5 =
0.0 -— GAPDH p-PI3K p-AKT

p-P'I3K p-l{KT
LV-Vector LV-HOTTIP
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related to poor prognosis of EC patients. Our data
showed that upregulated HOTTIP could promote
cell proliferation and migration, and inhibit cell
apoptosis. In addition, HOTTIP might regulate
cellular functions by activating PI3K/AKT path-
way.

P13K/AKT pathway is extensively presented
in different types of cells, which is capable of
regulating cell growth, proliferation, and differ-
entiation'>. Abnormal activation of P13K/AKT
can lead to infinite cell proliferation and resis-
tance to apoptosis, which is associated with the
occurrence of many tumors. AKTis proved to
be responsible for cell proliferation and apop-
tosis'®!”. Overactivated P13K/AKT pathway can
also directly enhance the aggressiveness and me-
tastasis of tumors through multiple mechanisms.
PI(4,5)P2 and PI(4)P, as the active products of
PI3K, stimulate actin-enhanced cell metastasis
or promote adhesion of tumor cells and extracel-
lular matrix through integrin and calcium linker.
Meanwhile, activated AKT promotes the degra-
dation of extracellular matrix by upregulating the
express10n of MMP-9, which contributes to the
invasion and metastasis of cancer cells'®". g
study, we found that the activation of A
accompanied by the increased cell prolifd
and migration, which is consistent with pre
studies on other tumors.

Apoptosis is the programmeg
controlled by multiple genes.
ulation of apoptosis and ag

various mechanis
of Bcl-2 family,

s?°. Pro-apoptotic
her malntam the

rs. For example, non-phos-
heterodimerize with Bcl-2
ing in the loss of anti-apoptotic

It has” been reported that activation of PI3K/
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AKT phosphorylates Serl36 of Bad. Phosphory—
lated Bad in turn dissociates from Bcl-2 Qidas

on the mitochondrial membrane, allg
regain its anti-apoptotic effect”.
overexpressed HOTTIP remarkaj
pressions of Bax and cleaved
exerting an anti-apoptotic effect.

our study,
inhibited ex-
e-3, thereby
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