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Anticancer effect of HOTTIP regulates human pancreatic
cancer via the metabotropic glutamate receptor 1 pathway

YIBIAO YE'?, YANSHAN LI??, YUNPING WEI'?, YUNXIUXIU XU'?, RUOMEI WANG'?, ZHIQIANG FU>*,
SHANGYOU ZHENG?*#, QUANBO ZHOU?**, YU ZHOU”, RUFU CHEN?* and TAO CHEN'*

lDepartment of Hepatobiliary Surgery, Sun Yat-sen Memorial Hospital, Sun Yat-sen University; 2Key Laboratory of

Malignant Tumor Gene Regulation and Target Therapy of Guangdong Higher Education Institutes; 3Depalrtment of

Blood Transfusion; 4Department of Biliary Pancreatic Surgery, Sun Yat-sen Memorial Hospital,

Sun Yat-sen University, Guangzhou, Guangdong 510120; 5Department of General Surgery,

Guangdong General Hospital, Guangzhou, Guangdong 510080, P.R. China

Received November 12, 2016; Accepted October 20, 2017

DOI: 10.3892/01.2018.8870

Abstract. The present study aimed to determine how the
expression and function of HOTTIP modifies, and regulates
the metabotropic glutamate receptor 1 (mGluR1) to affect
human pancreatic cancer cell viability. HOTTIP expression
was higher in human pancreatic cancer tissue compared
with in para-carcinoma tissue. However, downregulation of
HOTTIP expression was revealed to significantly reduce cell
viability, induce apoptosis, promote caspase-3 and caspase-8
activities and increase Bax expression in pancreatic cancer
cells. Additionally, downregulation of HOTTIP expression
significantly suppressed mGluR1 and mitigated activation of
the phosphoinositide 3-kinase (PI3K)/Akt/mechanistic target
of rapamycin (mTOR) pathway in pancreatic cancer cells.
To the best of our knowledge, the present study is the first to
identify that the anticancer effect of HOTTIP against human
pancreatic cancer functions the mGluR1 pathway.

Introduction

Pancreatic carcinoma refers to cancer in the pancreatic exocrine
secretion and accounts for 8-10% of all gastrointestinal tumors.
The mortality rate associated with pancreatic cancer has been
increasing globally. Due to the fact that pancreatic cancer is
asymptomatic, it is difficult to diagnose this disease during
early stages (1). The 5-year survival rate is only 1-4% and, with
the exception of surgery, there is no clear way of improving
the survival of patients with pancreatic cancer (2). Pancreatic
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cancer is not sensitive to traditional chemoradiotherapy (3).
Additionally, when using chemotherapeutics to treat pancre-
atic cancer, chemotherapy resistance and high recurrence rates
are two challenges faced in the clinic (4). If the primary tumor
is not surgically removed at an early stage, even if patients
receive first-line chemotherapy, the median survival rate of
pancreatic cancer is only ~8 months (3).

Long non-coding RNAs (IncRNAs) were originally
regarded as the ‘noise’ of genome transcription and the
by-product of RNA polymerase II transcription. IcnRNAs have
a transcript length of >200 nucleotides and were considered to
have no biological function (5). However, more recent research
indicates that IncRNAs participate in multiple important
regulatory processes, including genome blotting, chromatin
modification, transcriptional activation, transcriptional
interference and intranuclear transportation (6). Additionally,
lcnRNAs are associated with the genesis and development
of cancer (6). For example, abnormal IncRNA expression
has been observed in colon, breast and liver cancer (7-9).
HOTAIR and HOTTIP are two recently identified functional
IncRNAs (10). An in vitro experiment indicated that HOTAIR
regulates HOXDI10 and HOXC11, and that HOTTIP regulates
the transcription of HOXA13 (10). Certain studies demonstrate
that HOTAIR is abnormally expressed in breast, pancreatic,
colon and liver cancer (5,11).

Metabotropic glutamate receptors (mGluRs) belong to
the group of G protein-coupled receptors (GPCRs). Despite
possessing the same structure, with seven transmembrane
domains, mGluRs exhibit amino acid sequences and
molecular structures that differ from those of the majority
of GPCRs. mGluR1 was separated from other mGluRs early
on and is widely distributed in the brain (12). At present,
glutamate receptors are widely studied (13). The activation of
glutamate receptors may activate multiple signal pathways,
two of which are the phosphoinositide 3-kinase (PI3K)/Akt
and the mitogen-activated protein kinase (MAPK) path-
ways (14). The PI3K and Akt signaling pathways serve an
important role in regulating cell proliferation, and restraining
apoptosis (15). Akt is the serine/threonine protein kinase
that regulates cell proliferation and balances apoptosis.
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Increased Akt activity has been observed in a number of
types of human cancer, including colon cancer, ovarian
cancer, thymic carcinoma and gastric carcinoma, indicating
that there is an interaction between Akt and cell proliferation
rates (16). The present study attempted to assess the function
of HOTTIP in regulating human pancreatic cancer via the
mGluR1 pathway.

Materials and methods

Patient samples. The present study was approved by the
Research Ethics Committee of Sun Yat-sen Memorial
Hospital (Guangzhou, China) and written informed consent
was obtained from all patients (age range 56-67 years, mean
66.55+9.12 years; 3 male and 3 female). The pancreatic cancer
tissue samples and adjacent non-tumor tissues of 8 patients
were available from the Department of Hepatobiliary Surgery,
Sun Yat-sen Memorial Hospital from June 2015 to September
2015. All the tissue samples were collected and immediately
snap frozen in liquid nitrogen and stored at -80°C.

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (PCR) analyses. Total RNA
was isolated from tissues using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA), according
to the manufacturer's protocol. cDNA was synthesized with
PrimeScript™ 1st Strand cDNA Synthesis Kit (6110A; Takara
Biotechnology Co., Ltd., Dalian, China) at 37°C for 60 min and
oligo (dT) primer (Takara Biotechnology Co., Ltd.) according
to the manufacturer's protocol. ABI Prism 7500 real-time
system (Applied Biosystems; Thermo Fisher Scientific, Inc.)
was used, along with a SYBR Premix Ex Taq™ II kit (Takara
Biotechnology Co., Ltd.). The primer sequences were as
follows: HOTTIP forward, 5-CCTAAAGCCACGCTTCTT
TG-3" and reverse, 5-TGCAGGCTGGAGATCCTACT-3";
GAPDH forward, 5'-GTCAACGGATTTGGTCTGTATT-3'
and reverse, 5'-AGTCTTCTGGGTGGCAGTGAT-3". The
thermocycling conditions of the PCR were as follows: 94°C
for 20 sec, 94°C for 15 sec, 58°C for 30 sec to anneal and 72°C
for 25 sec, repeated for 40 cycles. The mRNA expression was
quantified using the 222 method (17).

Cell culture and cell proliferation assay. The human pancre-
atic cancer SW1990 cell line was purchased from the Culture
Center of Sun Yat-sen University (Guangzhou, China) and
was maintained in Dulbecco's modified Eagle's medium
(Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with
10% fetal bovine serum (Gibco; Thermo Fisher Scientific,
Inc.), penicillin (100 IU/ml) and streptomycin (100 pg/ml,
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at 37°C
in a 5% CO, humidified atmosphere. 500 ng of HOTTIP
siRNA and the negative control siRNA were purchased from
Qiagen GmbH (Hilden, Germany). The siRNA sequences are
as follows: HOTTIP, 5-UGGGAACCCGCUAUUUCACUC
UAUU-3'; negative control, 5-UGACAACUCUUAGGGACC
UA-3'. Cells (1x10° cell/well) were grown on 96-well plates
until they reached 70% confluence and were subsequently
transfected using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.). Following transfection for 24, 48 and
72 h, cell proliferation was determined using MTT (20 pl,
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50 mg/kg) for 4 h. Dimethyl sulfoxide was added to every well
and the fluorescence intensity was measured using a fluores-
cence microplate reader (model no. 680; Bio-Rad Laboratories,
Inc., Hercules, CA, USA) at 570 nm.

Assessment of apoptosis by flow cytometry. Following transfec-
tion for 48 h, cells were harvested at 1,000 x g for 10 min at
4°C and washed twice with cold phosphate buffered saline, then
resuspended in 1X Binding buffer (Invitrogen; Thermo Fisher
Scientific, Inc.). A total of 10 ul Annexin V-fluorescein isothio-
cyanate (Invitrogen; Thermo Fisher Scientific, Inc.) and 5 ul
propidium iodide (Invitrogen; Thermo Fisher Scientific, Inc.)
were added to each cell. Following staining for 15 min at room
temperature, flow cytometry (Beckman Coulter, Inc., Brea, CA,
USA) was performed at 488 nm in order to analyze the rate of
apoptosis using Flowjo 7.6.1 (FlowJo LLC, Ashland, OR, USA).

Assessment of caspase-3 and caspase-8 activities. Cultured
cells (1x109 cell/well) were lysed in radioimmunoprecipitation
assay (RIPA) buffer (Beyotime Institute of Biotechnology,
Nanjing, China) and protein was quantified using a bicin-
choninic acid (BCA) assay. A total of 10 ug protein was
incubated with caspase-3 (cat. no. C1116; Beyotime Institute
of Biotechnology) and caspase-8 (cat. no. C1152; Beyotime
Institute of Biotechnology) activity kits for 1 h at 37°C. The
fluorescence intensity was measured using a fluorescence
microplate reader (model no. 680; Bio-Rad Laboratories, Inc.)
at 450 nm.

Western blot analysis. Cultured cells were lysed in RIPA buffer
and protein was quantified using BCA assay. Protein (50 ug)
was loaded and separated by 10% SDS-PAGE gel and trans-
ferred onto polyvinylidene fluoride (PVDF) membranes. The
PVDF membranes were blocked using Tris-Buffered Saline
with 0.1% Tween 20 (TBS-T) buffer containing 5% skimmed
milk at 37°C for 1 h and incubated with primary antibodies
against the following: Bax (cat. no. 5023; 1:2,000), mGluR1
(cat. no. 12551; 1:2,000), PI3K (cat. no. 4249; 1:2,000), p-Akt
(cat. no., 4060; 1:2,000), p-mTOR (cat. no. 5536; 1:2,000) and
GAPDH (cat. no. 2118; 1:5,000; all Cell Signaling Technology,
Inc., Danvers, MA, USA) overnight at 4°C. The membranes
were washed three times with TBS-T for 5 min and incubated
with a horseradish peroxidase-conjugated rabbit IgG or mouse
IgG secondary antibody (cat. no. sc-2004; 1:5,000; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) for 1 h at 37°C. The
membrane was visualized using a Plus-ECL kit (PerkinElmer,
Inc., Waltham, MA, USA) and quantified using ImageJ 3.0
(ImageJ Software; National Institutes of Health, Bethesda,
MD, USA).

Statistical analysis. All data are presented as the mean =+ stan-
dard error. Experimental results were assessed using ¥’ test,
Student's t-test or one-way analysis of variance followed by
Tukey's post-hoc test as appropriate. P<0.05 was considered to
indicate a statistically significant difference.

Results

HOTTIP expression in human pancreatic cancer tissue
and para-carcinoma tissue. In the present study, HOTTIP
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Figure 1. HOTTIP expression in human pancreatic cancer and para-carci-
noma tissues.

expression in human pancreatic cancer tissue and para-carci-
noma tissue was investigated. As demonstrated in Fig. 1,
HOTTIP expression was higher in the human pancreatic cancer
tissues compared with that in the para-carcinoma tissues.

Downregulated expression of HOTTIP reduces cell growth
and induces apoptosis of pancreatic cancer cells. The effect
of HOTTIP on pancreatic cancer cell growth was analyzed.
As demonstrated in Fig. 2, compared with negative group, the
downregulated expression of HOTTIP reduced cell viability
at 48 h and induced apoptosis of pancreatic cancer cells,
compared with the negative group (P=0.0032 and P=0.077).

Downregulated expression of HOTTIP promotes caspase-3
and caspase-8 activity, and increases Bax expression in
pancreatic cancer cells. The present study also detected
the effect of HOTTIP on pancreatic cancer cell apoptosis,
caspase-3 and caspase-8 activities and Bax expression in
pancreatic cancer cell. As demonstrated in Fig. 3, the down-
regulated expression of HOTTIP promoted caspase-3 and
caspase-8 activities, Bax protein expression, and suppressed
mGluR1, PI3K, p-Akt and p-mTOR protein expression in
pancreatic cancer cells.

Discussion

Pancreatic cancer is an asymptomatic malignant tumor with
a high invasive capacity and the majority of patients are
diagnosed in middle and advanced stages. The 5-year survival
rate is low and prognosis is poor (18). Pancreatic ductal adeno-
carcinoma is the most common type of pancreatic cancer and
presents the highest mortality rate (19). Suppression of apop-
tosis is an important factor in the genesis and development
of pancreatic cancer. Bcl-2 family proteins dominate in the
apoptosis and regulation of pancreatic cancer cells. The Bcl-2
family includes apoptosis-inhibiting factors (Bcl-2, Bel-xL,
Bcl-2, Bfl-1, Brag-1, Mcl-1 and Al) and apoptosis-promoting
motors (Bax, Bak, Bcl-xS, Bad, Bid, Bik and Hrk) (18). The
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Figure 2. Downregulated expression of HOTTIP reduces cell viability and
induces apoptosis of pancreatic cancer cells. Downregulated expression of
HOTTIP (A) reduced cell viability and (B) induced apoptosis of pancreatic
cancer cells. negative, negative control group; FCM, flow cytometry. "P<0.05
compared with control group.

specific function of them determines whether or not cells
undergo apoptosis. To a certain extent, apoptosis or apoptosis
inhibition is determined by gene regulation (20).

The mechanism of apoptosis remains unclear, but over
time, basic studies on apoptosis have made progress, hypoth-
esizing that the series of ordered cascade reactions associated
with apoptosis in cells is able to activate a group of proteases
known as caspases (21), which belong to the cysteine protease
family (22). Caspase promotes apoptosis, reconstructing
the cytoskeleton, terminating DNA repair, destroying DNA
and nuclear structure and reducing formation of the apop-
totic body (23). Certain studies in biological chemistry and
genetics have indicated that the caspase protease family has
important functions at every stage of apoptosis (23,24). The
results of the present study demonstrated that the downregu-
lated expression of HOTTIP reduced cell viability, induced
apoptosis, promoted caspase-3 and caspase-8 activity,
and increased Bax expression in pancreatic cancer cells.
Chen et al (25) demonstrated that the higher expression level
of HOTTIP is correlated with positive lymph node metas-
tasis and poor overall survival rates in different types of
human cancer.

Certain studies have reported that mGIluR1 may hinder
apoptosis by activating the PI3K/Akt pathway (26,27). The
PI3K/Akt signaling pathway regulates the crucial cellular
biological process involved in the genesis and development of
cancer, including transcription, translation, metabolism, angio-
genesis, apoptosis, proliferation, and regulation of cell cycle
progression, migration and invasion of cells (26,27). p-Akt is
able to phosphorylate the downstream tyrosine and tryptophan
residues, so as to activate downstream factors, cause the
apoptosis of suppressor cells, promote cellular proliferation,
growth, movement and invasion, and promote tumor angio-
genesis (28). In vivo and in vitro experiments have indicated
that following restrained activity of the PI3K-Akt signaling
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Figure 3. Downregulated expression of HOTTIP promotes caspase-3 and caspase-8 activity and Bax expression, and suppresses mGluR 1 and PI3K/Akt/mTOR
pathway in pancreatic cancer cells. Downregulated expression of HOTTIP promoted (A) caspase-3 and (B) caspase-8 activities, and (C) Bax, (D) mGluR1,
(E) PI3K, (F) p-Akt and (G) p-mTOR expression in pancreatic cancer cells, as determined by statistical analysis and (H) western blot analysis. Bax; B-cell
lymphoma 2-like protein 4; mGluR1, metabotropic glutamate receptor 1; PI3K, phosphoinositide 3-kinase; p, phosphorylated; mTOR, mechanistic target of
rapamycin; negative, negative control group. ‘P<0.05 compared with control group.

pathway, pancreatic cancer cells undergo hindered prolifera-
tion, promoted apoptosis and reduced invasive ability (29). The
present study confirmed that the downregulated expression of
HOTTIP suppressed mGluR1 and mitigated activation of the
PI3K/Akt/mTOR pathway in pancreatic cancer cells.

With regards to IncRNAs, HOTAIR is widely studied. By
reprogramming the chromosome state to control the expres-
sion of numerous genes represented by HOXDI0, the functions
of HOTAIR may be elucidated (30). Additionally, HOTAIR is
associated with breast and liver cancer (30). HOTAIR is mark-
edly reduced in lung cancer tissues, reinforcing the concept
that the HOTAIR gene may have an important function in

lung cancer (31). HOXDIO0 is another gene that is associated
with cancer (30). Although there is no clear difference in
HOXDI10 expression in cancerous tissues and healthy tissues,
the gene has been revealed to be associated with lymphatic
metastasis (32). Additionally, HOXD10 expression has been
significantly increased in cancer tissues with lymphatic metas-
tases (31). An in vitro experiment indicated that HOXDI10 is
modulated by the HOTAIR gene (10).

Taken together, the results of the present study demon-
strated that downregulated expression of HOTTIP suppressed
mGluR1 and mitigated the activation of the PI3K/Akt/mTOR
signaling pathway in pancreatic cancer cells. Therefore,
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HOTTIP, which exhibits a significantly higher expression
in human pancreatic cancer tissues compared with that in
para-carcinoma tissues, may be a potential drug for the treat-
ment of pancreatic cancer. Additionally, the PI3K/Akt/mTOR
pathway may provide potential novel targets for the future
treatment of pancreatic cancer.
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