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Long non-coding RNA HOTTIP promotes renal cell carcinoma
progression through the regulation of the miR-615/IGF-2 pathway
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Abstract. Emerging evidence has indicated that long
non-coding RNA (IncRNA) HOXA transcript at the distal tip
(HOTTIP) regulates cell growth, differentiation, apoptosis
and cancer progression. However, the expression and function
of HOTTIP in the progression of renal cell carcinoma (RCC)
remain largely unknown. In this study, we investigated the
role of the IncRNA HOTTIP in RCC. The expression levels
of HOTTIP in RCC tissues and cell lines were determined
by RT-qPCR. The association between HOTTIP expression
and clinicopathological characteristics and prognosis was
analyzed in patients with RCC from the TCGA database.
Loss-of- function assays were designed and conducted to
verify the oncogenic function of HOTTIP in RCC progression.
Luciferase assay was performed to explore the mechanisms of
the miRNA-IncRNA sponge. The results revealed that HOTTIP
expression was upregulated in RCC. An increased HOTTIP
expression in RCC was associated with a larger tumor size and
a higher clinical stage, lymph node metastasis and vascular
invasion. Additionally, patients RCC with a high HOTTIP
expression had a significantly shorter overall survival (OS)
and disease-free survival (DFS). HOTTIP knockdown signifi-
cantly inhibited cell proliferation, migration and invasion, and
increased the apoptosis of RCC cells in vitro. Mechanistic
analyses revealed that HOTTIP functioned as a competing
endogenous RNA (ceRNA) for hsa-miR-615-3p, and led to
the derepression of its endogenous target, insulin-like growth
factor-2 (IGF-2), which is a protein hormone that exerts a
stimulatory effect on tumor cell growth. miR-615 inhibition
reversed the suppressive effects of HOTTIP knockdown on
RCC cell progression. HOTTIP regulated IGF-2 expression
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in a miR-615-dependent manner in RCC cells. In addition,
IGF-2 expression was significantly upregulated in the RCC
specimens and a positive association between the expression
of HOTTIP and IGF-2 in RCC tissues was detected. The effect
of HOTTIP was abolished by the siRNA-mediated silencing
of IGF-2 in RCC cells. On the whole, this study demonstrates,
for the first time, at least to the best of our knowledge, that the
HOTTIP/miR-615/IGF-2 axis plays an important role in RCC
progression and potentially contributes to the improvement of
RCC diagnosis and therapy.

Introduction

Renal cell carcinoma (RCC) is one of the most common malig-
nancy affecting adults, and the incidence of RCC has increased
over the past two decades (1). The mortality rate of patients with
RCC appears to be increasing each year (2). In addition, patients
with RCC respond poorly to conventional chemotherapy and
radiotherapy treatment (3). Thus, further understanding of the
molecular mechanisms responsible for the development and
progression of RCC is of particular importance.

It is well known that protein-coding genes account for
<2% of the total genome DNA, whereas a large number of
the human genome can be transcribed into non-coding
RNAs (ncRNAs) (4-6). Recently, new members of the
family of ncRNAs (>200 nucleotides) with limited or no
protein-coding potential, long ncRNAs (IncRNAs) have been
extensively studied in both physiological and pathological
processes (7,8). Accumulating evidence has indicated that
IncRNAs are emerging as key molecules in human malignan-
cies, disease progression and metastasis (5,9,10). However, the
role of IncRNAs in RCC remains unclear.

The HOXA transcript at the distal tip (HOTTIP) IncRNA,
located at the 5' end of the HOXA cluster, has recently been
functionally characterized (11). HOTTIP primarily targets
WDRS5/MLL complexes across HOXA by directly binding
the adaptor protein, WD repeat-containing protein 5 (WDRY),
leading to histone H3 lysine 4 trimethylation and the gene tran-
scription of several 5 HOX A genes (12).Ithas been demonstrated
that HOTTIP plays a major role in tumor progression (13). An
increased HOTTIP expression has been reported in various
types of cancer, such as non-small cell lung cancer (14) gastric
cancer (15), colorectal cancer (16) and prostate cancer (17).
In these tumors, HOTTIP may serve as a potential oncogene
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and may be a poor prognostic factor for patients. However, the
functions of HOTTIP and its potential mechanisms of action in
RCC have not yet been fully elucidated.

Recently, a class of IncRNAs, referred to as competing
endogenous RNAs (ceRNAs), has been characterized,
including IncARSR and Linc00152 (18). For instance,
Inc-MDI1, the first identified ceRNA involved in myogenesis,
has been shown to control muscle cell differentiation by
competing for the binding of miR-133 and miR-135 (18). The
function of ceRNAs has been described as a novel regula-
tory mechanism of RNAs (19), and this is a newly proposed
mechanism that describes a crosstalk among IncRNAs,
mRNAs and their shared microRNAs (miRNAs or miRs).
ceRNAs protect mRNAs by acting as molecular sponges for
miRNAs that specifically repress the target mRNAs. This
hypothesis suggests that IncRNAs, mRNAs and pseudogenes
can communicate with each other by competing for common
miRNA response elements.

In this study, we demonstrate that HOTTIP expression
was significantly upregulated in RCC and was associated with
a larger tumor size and a higher clinical stage, lymph node
metastasis vascular invasion, and a shorter overall survival (OS)
and disease-free survival (DFS). The inhibition of HOTTIP
suppressed cell proliferation, migration and invasion in RCC. In
addition, IFG-2 was found to be a direct target gene of HOTTIP.
HOTTIP directly bound to miR-615 and effectively acted as a
sponge for miR-615 to modulate the suppression of IFG-2. To
the best of our knowledge, this study provides the first evidence
that the HOTTIP/miR-615/IFG-2 axis plays an important role
in RCC tumorigenesis and progression and may thus have diag-
nostic and therapeutic potential for use as a target in RCC.

Materials and methods

Ethics statement. The use of tissues for this study was
approved by the Medical Ethics Committee of Dalian Medical
University. Due to the retrospective nature of the study, the
Ethics Committee waived the need of written informed
consent by the patients. All the samples were anonymous.

Clinical samples. Tumor specimens were collected from
patients with primary RCC, who underwent surgery at the
Department of Urology, the First Affiliated Hospital of Dalian
Medical University (Dalian, China) from August, 2009 to
January, 2016. The cohort consisted of 57 patients, from whom
fresh tumor samples coupled with adjacent non-tumorous renal
tissues 5-10 cm away from the tumor edge were obtained and
subjected to HOTTIP and insulin-like growth factor-2 (IGF-2)
mRNA and protein expression analysis. All the fresh speci-
mens were stored at -80°C until use.

TCGA data analysis. The IncRNA expression profiles and
corresponding clinical information of the patients with RCC
were obtained from The Cancer Genome Atlas (TCGA) data
portal (up to May 27, 2016; https://cancergenome.nih.gov/).
After excluding the data without complete survival informa-
tion, a total of 529 patients with RCC and 72 paired non-tumor
renal samples were enrolled in this study. We also downloaded
the detailed clinical information of the patients with RCC,
including age, sex, tumor grade, AJCC cancer stage, etc.
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Cell culture and transfection. The human RCC cell lines (A-498,
786-0, Caki-1, Caki-2 and ACHN), the normal renal epithelial
cells HK-2, 293T cell line were obtained from the American
Tissue Culture Collection (ATCC, Manassas, VA, USA). The
cells were cultured in RPMI-1640 or DMEM (Gibco/Thermo
Fisher Scientific, Waltham, MA, USA) supplemented with
10% FBS (Gibco-BRL, Gaithersburg, MD, USA), 100 U/ml
penicillin and 100 mg/ml streptomycin (Gibco/Thermo Fisher
Scientific) in humidified air of 5% CO, at 37°C.

Small interfering RNAs (siRNAs) specifically targeting
human HOTTIP, IGF-2 and negative control siRNA (siNC)
were synthesized by Life Technologies/Thermo Fisher Scientific.
The target HOTTIP siRNA sequence was 5-UGGGAACCCG
CUAUUUCACUCUAUU-3'. The target IGF-2 siRNA sequence
was 5-GGGUUUUCUUUUGACUUAUTT-3". miR-615-3p
mimics (5'-UCCGAGCCUGGGUCUCCCUCUU-3"),
miR-615-3p inhibitor (5'-ACCGAGUCAGGGAUACCCA
CAA-3"), miR-615-3p mimic negative control (5'-UUCUCGA
ACGUGUCACGUUUU-3") and miR-615-3p inhibitor negative
control (5'-CAGUACUUUUGUGUAGUACA A-3") were chemi-
cally synthesized by RiboBio (Guangzhou, China). The cells
were grown in 6-well plates to 70% confluence and transfected
with the siRNAs (50 nM), mimics (20 nM) or inhibitors (20 nM)
for 48 h using Lipofectamine 2000 (Invitrogen/Thermo Fisher
Scientific) according to the manufacturer's instructions. The
transfection efficiency was examined by reverse transcrip-
tion-quantitative PCR (RT-qPCR).

Cell proliferation assay. Cell proliferation was measured
by MTT assay. Briefly, the cells were seeded into 96-well
plates at 1,000 cells/well and incubated for 1, 2, 3 and 4 days.
Subsequently, 20 ul of MTT (5 mg/ml; Sigma, St. Louis, MO,
USA) were added to each well and followed by incubation
at 37°C for 4 h. Viable cells were evaluated by absorbance
measurements at 490 nm using a microplate reader (Molecular
Devices, Sunnyvale, CA, USA).

Flow cytometric analysis. To analyze cell cycle progression, the
cells fixed and incubated with RNase A (0.25 mg/ml; Sigma)
followed by treatment with propidium iodide (PI; Nanjing
KeyGen Biotech Co., Ltd., Nanjing, China). The cell cycle
was analyzed using a FACSCalibur flow cytometer (Beckman
Coulter, Brea, CA, USA). For apoptosis assay, the cells were
seeded at a density of 1x10° cells/well and cultured in 6-well
plates at 37°C and transfected with HOTTIP siRNA. After 48 h,
the cells, including, the adhesive and floating cells were harvested
and washed twice with cold PBS and re-suspended in 1X binding
buffer (Invitrogen/Thermo Fisher Scientific). Subsequently, 10 pl
of Annexin V-FITC (Invitrogen/Thermo Fisher Scientific) and
5 pl of PI were added to each cell suspension. The fluorescence
of the stained cells was then analyzed by flow cytometry.

Matrigel invasion assay. A Matrigel invasion chamber
(BD Biosciences, Bedford, MA, USA) was used for the
Matrigel invasion assay. In brief, the cells were seeded into the
top chamber with serum-free medium. The lower chamber was
filled with 10% FBS. The cells were incubated for 48 h and the
cells that did not invade through the pores were removed using
a cotton swab. The cells on the lower surface of the membrane
were stained with crystal violet at room temperature for 20 min
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Table I. Sequences of primers used for RT-qPCR.
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Name Forward primer (5'-3") Reverse primer (5'-3")
HOTTIP CCTAAAGCCACGCTTCTTTG TGCAGGCTGGAGATCCTACT-3
IGF-2 AGACCCTTTGCGGTGGAGA GGAAACATCTCGCTCGGACT
pri-miR-615 GCAAGTCGAGCATTTTACCTGC GCCATGTGTCCACTGAAATGTG
pre-miR-615 ACACTCCAGCTGGGTCCGAGCCTGGGTCTC TGGTGTCGTGGAGTCG

GAPDH CAGCCTCAAGATCATCAGCA TGTGGTCATGAGTCCTTCCA
U6 ATTGGAACGATACAGAGAAGATT GGAACGCTTCACGAATTTG

HOTTIP, HOXA transcript at the distal tip ; IGF-2, insulin-like growth factor 2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

(Sigma) and counted under a dissecting microscope (Olympus
Optical, Tokyo, Japan). The experiment was repeated 3 times.

RT-gPCR. RNA was extracted from cells or clinical samples
using TRIzol reagent (Invitrogen/Thermo Fisher Scientific).
Subsequently, 1 ug RNA was reverse transcribed into cDNA
using PrimeScript RT-polymerase (Takara, Dalian, China).
Quantitative PCR (QPCR) was performed using the SYBR
Premix Ex Taq™ kit (Takara). gPCR for mRNA expression
was conducted as follows: Initial denaturation at 95°C for
30 sec, followed by 40 cycles of annealing at 95°C for 15 sec
and extension at 60°C for 30 sec. qPCR for miRNA expres-
sion was conducted as follows: Initial denaturation at 95°C for
3 min, followed by 40 cycles of annealing at 95°C for 12 sec
and extension at 62°C for 60 sec. GAPDH was used as an
internal control. The results were quantified using the 2-24¢4
method (20). The primers were synthesized by Ribobio Co.
The corresponding primers are listed in Table 1.

Western blot analysis. Western blot analyses were performed
as previously described (21). In brief, the cells were lysed
by a radio immunoprecipitation assay (RIPA) buffer and
extracted using Mammalian Protein Extraction Reagent
(both from Thermo Fisher Scientific). The concentration
of the protein was determined using the Bradford Protein
Assay kit (Beyotime Institute of Biotechnology). Protein
lysates (30-50 ug) were separated on a 10% SDS/PAGE gel
and transferred onto polyvinylidene fluoride membranes
(PVDF; Millipore, Billerica, MA, USA). The membranes were
then blocked with 5% non-fat milk at room temperature for
1.5 h, and the membranes were then incubated with primary
antibody at 4°C overnight, followed by 1 h of incubation with
anti-mouse IgG/horseradish peroxidase-conjugated secondary
antibody (sc-2380; Santa Cruz Biotechnology, Dallas,
TX, USA) at room temperature. Immunocomplexes were
visualized by chemiluminescence using ECL (Santa Cruz
Biotechnology). The relative band intensity was calculated
using ImagelJ software (version 1.50; National Institutes of
Health, Bethesda, MD, USA). The following antibodies and
dilutions were used: IGF-2 (1:2,000; cat. no. sc-293176, mouse
mAb), GAPDH (1:2,000; cat. no. sc-47724, mouse mAb) (both
from Santa Cruz Biotechnology).

Luciferase reporter assays. To determine whether IGF-2 is a
direct target of miR-615, Luciferase reporter vectors (control),

or vectors containing wild-type (pGL3-IGF-2-3'-UTR-Full or
mutated (pGL3-IGF-2-3'-UTR-Mut) 3'-UTRs of IGF-2 mRNA
(Shanghai GenePharma Co., Ltd.) were co-transfected into 293T
cellswithmiR-615mimics,using Lipofectamine 2000.Toconfirm
whether HOTTIP can interact with miR-615 HOTTIP-W'T/
HOTTIP-MUT were examined through PCR and a mutagenesis
kit. The fragments, including the predicted binding sites, were
cloned into a pmirGLO vector (Promega, Madison, WI, USA) as
pmirGLO-HOTTIP-WT/pmirGLO-HOTTIP-MUT plasmids.
All the plasmids were constructed by GeneChem (Shanghai,
China). pmirGLO-HOTTIP-WT/pmirGLO-HOTTIP-MUT
were co-transfected with miR-615 mimics into 293T cells. At
48 h post-transfection, the cells were harvested and then assayed
for reporter gene activities using the Dual-Luciferase Reporter
Assay System (Promega) according to the manufacturer's
instructions.

miRNA target gene prediction. To identify the possible
molecular mechanisms of action of the miRNA and the
miRNA target, we retrieved putative miRNA-mRNA interac-
tions by prediction algorithms from TargetScan (http:/www.
targetscan.org/vert_71/).

Statistical analysis. All statistical analyses were performed
using the SPSS 17.0 software package (SPSS, Chicago, IL,
USA). The significance of differences between groups was
estimated by one-way ANOVA, followed by LSD post-hoc
tests. The results are reported as the means + SD. A Chi-square
test were used to compare the associations between HOTTIP
expression and the patient clinicopathological parameters.
Wilcoxon signed-rank test was used to compare the differ-
ences of HOTTIP expression between normal and cancer from
TCGA database. Survival analyses were performed using the
Kaplan-Meier method and survival differences were estimated
using the log-rank test. The correlations of different genes
were assessed by Pearson's correlation analysis. Statistical
significance was assigned at P<0.05. All experiments were
performed at least 3 times with triplicate samples.

Results

Association between HOTTIP expression and patient clini-
copathological characteristics. Initially, RT-qPCR was used
to examine HOTTIP expression in the 57 matched tissues and
a panel of RCC cell lines (A-498, 786-0, Caki-1, Caki-2 and
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Figure 1. HOTTIP expression and its association with the clinical parameters in renal cancer tissues. (A) Expression of HOTTIP in RCC from our clinical
specimens. (B) Results of RT-qPCR showing the expression levels of HOTTIP in RCC cell lines. (C) HOTTIP RNAseq expression data were retrieved from the
TCGA database. The Wilcoxon signed-rank test was used for the comparison. (D) The overall survival (OS) and disease-free survival (DFS) curve for patients
with RCC with low vs. high HOTTIP expression (Kaplan-Meier method). "P<0.05, “P<0.01. RCC, renal cell carcinoma.

ACHN). The results revealed that HOTTIP expression was
significantly increased in all renal cancer tissues compared
with the matched normal kidney tissues (Fig. 1A). HOTTIP
expression was also significantly increased in four RCC cell
lines (A-498, 786-0, Caki-1 and ACHN), but not in the Caki-2
cell lines, compared with that in the normal prostate epithelial
cell line, HK-2 (Fig. 1B, P<0.05). The A-498 and 786-O cells
exhibited the highest HOTTIP expression. Thus, the A-498
and 786-0 cells were used as a model to perform the following
experiments to examine the effects of HOTTIP on the prolif-
eration, apoptosis, migration and invasion of RCC cells in vitro.

We then investigated the association between HOTTIP
expression with the clinicopathological characteristics of
patients with RCC from the TCGA database. Consistently,
the quantification of the HOTTIP levels demonstrated signifi-
cantly higher expression levels of HOTTIP in the tumors
compared with the matched adjacent normal tissues (Fig. 1C,
P<0.05). According to the median of the HOTTIP expression
value in TCGA, the samples were divided into the high and
low expression groups. As presented in Table II, an increased
HOTTIP expression was significantly associated with a high

TNM stage (P =0.003), tumor size (P=0.001), and pathological
grade (P=0.005). However, HOTTIP protein expression was
not associated with other clinicopathological characteristics
such as sex, lymph node involvement and distant metastasis.
In addition, patients with RCC with high HOTTIP expression
levels had a shorter OS and DFS than those with low HOTTIP
expression levels (Fig. 1D), as shown by Kaplan-Meier survival
analysis. These results demonstrated that a high expression
level of HOTTIP was associated with a poor prognosis in RCC.
The upregulation of HOTTIP may thus play an important role
in RCC development and progression.

Effect of HOTTIP on the viability, cell cycle progression,
apoptosis and invasion of renal cancer cells. Subsequently, the
knockdown of HOTTIP using siRNA in the A-498 and 786-O
cells was performed to evaluated the biological role of HOTTIP
in RCC cell proliferation, migration and invasion. The results
of RT-qPCR performed at 48 h post-transfection confirmed
the silencing efficiency. Following transfection with HOTTIP
siRNA (si-HOTTIP), HOTTIP expression was downregulated
in the A-498 and 786-0O cells (Fig. 2A). The results of MTT
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Figure 2. Effect of HOTTIP knockdown on renal cancer cell function. A-498 and 786-O cells were transiently transfected with either si-HOTTIP (a final
concentration of 50 nM) or control (si-NC). (A) Results of RT-qPCR showing the mRNA expression of HOTTIP in A-498 and 786-0 cells which significantly
decreased following transfection with HOTTIP siRNA compared with the control cells. (B) Results of MTT assay showing that HOTTIP knockdown inhibited
the proliferation of A-498 and 786-O cells. (C) Cell cycle analysis of the cells in which HOTTIP was knocked down. The A-498 and 786-0O cells were
transfected with si-HOTTIP or control shRNA for 48 h, then fixed and stained with propidium iodide, and analyzed by flow cytometry. (D) Apoptosis of cells
were measured using a FACScan flow cytometer after staining with FITC-Annexin V and propidium iodide. (E) Matrigel-based invasion assay was performed
using chambers with 10% FBS as a chemoattractant. Representative images and quantitative analysis are presented. Data are presented as the means + SD of
3 independent experiments performed in triplicate. si-NC, negative control siRNA; si-HOTTIP, siRNA against HOTTIP.

assay then revealed that cell viability was suppressed following
transfection with si-HOTTIP compared with the negative control
in both the A-498 and 786-0 cell lines (Fig. 2B). To further
investigate the observed inhibition of proliferation following
HOTTIP knockdown, we compared the cell cycle profiles of the
cells in which HOTTIP was knocked down by flow cytometry.
The results revealed that the inhibition of HOTTIP led to a
decrease in the number of cells in the S phase and an increase in
the percentage of cells in the GO/G1 phase (Fig. 2C).

Some IncRNAs have been reported to play important
roles in tumor cell apoptosis (22,23). Thus, in this study, to
examine the effects of HOTTIP on RCC cell apoptosis, the
percentage of apoptotic cells was measured by flow cytom-
etry with Pl and Annexin V double staining. The results
revealed that the apoptotic population was notably increased
in the A-498 and 786-0 cells in which HOTTIP was knocked
down compared with the controls (Fig. 2D). Subsequently, we

examined the effects of HOTTIP knockdown on cell inva-
sion. We performed a Matrigel assay, as shown in Fig. 2E.
The knockdown of HOTTIP induced a significant decrease in
invasiveness compared with the controls. Collectively, these
results clearly indicated that the downregulation of HOTTIP
markedly suppressed the proliferation and invasion of RCC
cells in vitro, and promoted cell apoptosis.

Reciprocal repression of HOTTIP and miR-615. As stated in
the Introduction, increasing numbers of studies have suggested
that IncRNAs may act as ceRNAs in regulating the biological
functions of miRNAs. In this study, to further explore the
underlying mechanisms of action of HOTTIP and its role in
the development of RCC, we first examined a set of miRNAs
that were predicted to bind HOTTIP using TargetScan.
Bioinformatics analysis revealed that the HOTTIP transcript
contained putative binding sites for miR-615-3p (Fig. 3A). To
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Table II. Association of HOTTIP expression with clinicopathological characteristics of patients with renal cell carcinoma from
the TCGA database.

HOTTIP
Covariate Classification Low expression, n (%) High expression, n (%) P-value
Age, years <61 102 (19.28) 179 (33.84) 0.775
>61 93 (17.58) 155 (29.30)
Sex Female 71 (13.42) 114 (21.55) 0.596
Male 124 (23.44) 220 (41.59)
Pathological grade I-1I 104 (19.77) 137 (26.05) 0.005
MI-1v 89 (16.92) 196 (37.26)
Lymph node involvement NO-N1 88 (16.64) 151 (28.54) 0.986
N2-NX 107 (20.23) 183 (34.59)
Distant metastasis MO 162 (30.74) 258 (48.96) 0.139
MI1-MX 33 (6.26) 74 (14.04)
Tumor T (size) T1-T2 145 (27.41) 200 (37.81) 0.001
T3-T4 50 (9.45) 134 (25.33)
TNM stage I-1T 135 (25.67) 187 (35.55) 0.003
MI-1v 59 (11.22) 145 (27.57)
Values in bold indicate statistical significance (P<0.05) as determined by the Chi-square test.
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Figure 3. Reciprocal repression of HOTTIP and miR-615. (A) starBase prediction indicated that miR-615 could bind to HOTTIP. (B and C) A-498 cells were
transiently transfected with either si-HOTTIP or the control (si-NC). (B) Results of RT-qPCR showing the expression of miR-615 in A-498 cells. (C) RT-qPCR
analysis was performed to determine the effects of HOTTIP on the expression levels of pri-miR-615, pre-miR-615 and mature miR-615. (D) RT-qPCR analysis
was performed to determine the transfection efficiency of miR-615 mimic or inhibitor (a final concentration of 20 nM). (E) RT-qPCR analysis of HOTTIP
expression in A-498 cells transfected for 48 h with miR-NC, miR-615 mimic, miR-NC inhibitor and miR-615 inhibitor. (F) The luciferase reporter assay
demonstrated that the overexpression of miR-615 reduced the intensity of fluorescence in 293T cells transfected with the HOTTIP-WT vector, while it had no
effect on the HOTTIP-MUT vector. "P<0.05, “P<0.01. si-NC, negative control siRNA; si-HOTTIP, siRNA against HOTTIP.
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Figure 4. HOTTIP activity is partially exerted through its negative regulation of miR-615. si-HOTTIP and miR-615 inhibitor were co-transfected into A-498
and 786-0 cells. (A) Cell viability was detected by MTT assay at 24, 48 and 72 h after transfection. ‘P<0.05, “P<0.01. (B) Cell apoptosis was measured
using a FACScan flow cytometer and the quantification of apoptosis is shown. (C) Cell migration was analyzed by Matrigel assay 48 h after transfection.
The invasiveness of the cells was evaluated by counting the cells that had migrated through the Transwell membranes with Matrigel. si-NC, negative control

siRNA; si-HOTTIP, siRNA against HOTTIP.

further examine this hypothesis, we performed RT-qPCR assay
to detect the changes in miR-615 expression in the A-498 and
786-0 cells transfected with si-HOTTIP, and found that the
expression of miR-615 was increased following transfection
with si-HOTTIP (Fig. 3B). To explore the underlying mecha-
nisms of the regulation of miR-615 expression by HOTTIP, we
examined the effects of HOTTIP on the expression levels of
pri-miR-615 and pre-miR-615 by RT-qPCR. The expression
levels of pri-miR-615 or pre-miR-615 were not affected by
si-HOTTIP (Fig. 3C), suggesting that the HOTTIP-mediated
regulation of miR-615 was likely achieved through a post-tran-
scriptional mechanism. To determine whether miR-615
negatively and reciprocally regulated HOTTIP, miR-615 mimic
or inhibitor were transfected into the A-498 cells (Fig. 3D),
and a significant inhibition of HOTTIP expression by miR-615
mimic was observed. Conversely, the miR-615 inhibitor mark-
edly increased HOTTIP expression (Fig. 3E).

Moreover,we also performed a dual-luciferase reporter assay to
investigate the potential interaction of HOTTIP with miR-615.
We obtained HOTTIP-WT/HOTTIP-MUT through PCR and
a mutagenesis kit. The fragments, including the predicted

binding sites, were cloned into a pmirGLO vector as pmirGLO-
HOTTIP-WT/pmirGLO-HOTTIP-MUT. The recombinant
plasmids were transiently co-transfected with a miR-615 mimic
and scrambled oligonucleotides into 293T cells. Our results
demonstrated miR-615 overexpression reduced the luciferase
activity of the pmirGLO-HOTTIP-WT reporter vector, but not
that of the empty vector or pmirGLO-HOTTIP-MUT reporter
vector (Fig. 3F). These results suggested that the interaction
between HOTTIP and miR-615 had reciprocal effects.

The oncogenic functions of HOTTIP are partially mediated
through the negative regulation of miR-615. In order to verify
the reciprocal repression of HOTTIP and miR-615, and to
determine whether HOTTIP exerts its biological functions
through miR-615, we performed a rescue experiment. We
co-transfected si-HOTTIP and miR-615 inhibitor into the
A-498 and 786-0 cell lines. The results revealed that the
miR-615 inhibitor significantly reversed the suppressive effects
exerted by the knockdown of HOTTIP on cell proliferation
and invasion, and the promoting effects on the apoptosis of
A-498 and 786-0 cells (Fig. 4), suggesting that HOTTIP plays
its oncogenic role in RCC cells through miR-615.
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Figure 5. IGF-2 is a direct target of miR-615. (A) Bioinformatics analysis predicted the miR-615 binding sites in IGF-2. (B) Luciferase reporter assay of 293
cells transfected with the IGF-2-3-UTR-WT or mutant reporter vector containing mutation (IGF-2-3'-UTR-MUT) in the miR-615 binding sites and miR-615
mimic. (C and D) A-498 cells were transfected with miR-615 mimic (20 nM) or inhibitor (20 nM) for 48 h. (C) Results of RT-qPCR showing the mRNA
expression of IGF-2 and (D) results of western blot analysis showing the protein expression of IGF-2 in cells.

IGF-2 is a direct target of miR-615. Based on the above-
mentioned results, we aimed to identify the main target genes of
miR-615, which were predicted using the TargetScan website.
IGF-2 was predicted to be one of the targets of miR-615 (Fig. 5A).
As it has been reported that IGF-2 is involved in cancer
progression (24,25)], in this study, we thus selected IGF-2 as
our target gene to study the mechanisms responsible for the
HOTTIP-induced progression of RCC mediated by miR-615.
The results of luciferase reporter assay revealed that miR-615
mimics significantly reduced luciferase activity compared
to miR-615 NC in the wild-type IGF-2 construct, whereas
the luciferase activity in the IGF-2-MUT construct exhibited
no change in the cells transfected with miR-615 mimics and
miR-615 NC group (Fig. 5B), suggesting that miR-615 directly
binds to IGF-2-3'-UTR. Consistent with the results of reporter
assay, the IGF-2 mRNA and protein expression levels were
decreased in the presence of miR-615 mimic in the A-498
cells. Conversely, when miR-615 expression was inhibited, the
opposite effects were observed (Fig. 5C and D). These results
indicated that IGF-2 was a direct target of miR-615.

HOTTIP regulates IGF-2 expression in an miR-615-depen-
dent manner in RCC cells. According to the ceRNA concept,
IncRNAs can act as ceRNAs to carry out their regulatory
functions (26). In this study, we found that HOTTIP shared
regulatory miR-615 binding sites with IGF-2 (Figs. 3A and 5A).

To determine whether HOTTIP interacts with miR-615 to
regulate IGF-2 expression, we examined the mRNA and
protein levels of IGF-2. The inhibition of HOTTIP signifi-
cantly decreased the expression of IGF-2 at the mRNA and
protein level, and this effect was significantly attenuated by
miR-615 inhibitor (Fig. 6A and B), indicating that HOTTIP
regulated IGF-2 expression in a miR-615-dependent manner.

Furthermore, we assessed the correlation between HOTTIP
mRNA and IGF-2 expression in RCC tissues. Compared with
normal kidney tissues, the mRNA levels of IGF-2 were signifi-
cantly higher in renal cancer tissues (Fig. 6C). In addition, we
found that HOTTIP expression significantly and positively
correlated with IGF-2 expression (two-sided Pearson' s corre-
lation, r=0.314, P<0.0001; Fig. 6D).

To further examine whether HOTTIP carries out its
biological functions through IGF-2, we performed rescue
experiments by inhibiting IGF-2 expression in the cells in
which HOTTIP was knocked down (Fig. 6E). MTT assay
revealed that cell growth was reduced in the RCC cells in
which HOTTIP was knocked down, whereas si-IGF-2 partially
reversed the reduction of the cell proliferative ability (Fig. 6E).

Discussion

IncRNAs have been found to be involved in many biological
processes, including carcinogenesis (27,28). In RCC, several
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Figure 6. HOTTIP regulates IGF-2 expression in an miR-615-dependent manner in RCC cells. (A and B) si-HOTTIP (50 nM) and miR-615 inhibitor (20 nM)
were co-transfected into A-498 and 786-0O cell lines. (A) The expression level of IGF-2 was evaluated by RT-qPCR. (B) Western blot and densitometric
analyses showing the protein expression of IGF-2 in A-498 and 786-0 cells. (C) IGF-2 mRNA expression in normal kidney and matched renal cancer tissues.
“P<0.01. (D) Pearson's correlation between HOTTIP mRNA and IGF-2 mRNA expression. (E) si-HOTTIP and si-IGF2 were co-transfected into A-498 and
786-0 cells. The results of western blot analysis revealed that IGF-2 was effectively silenced by transfection with si-IGF in A-498 and 786-0 cells. Cell
viability was detected by MTT assay at 24, 48 and 72 h after transfection. "P<0.05. RCC, renal cell carcinoma.

IncRNAs have been reported to play important roles in
tumorigenesis (29-32). For instance, Linc00152 is a positive
prognostic factor in RCC. Hirata et al reported that MALAT1
promoted aggressive RCC through Ezh2 and interacted with
miR-205 (32). In this study, we investigated the functional
role and clinical significance of IncRNA HOTTIP in RCC. In

several types of cancer, HOTTIP has been reported to be a
potent oncogene (14,17,33-35). In the present study, our results
confirmed that HOTTIP expression was significantly higher
in RCC tissues and cell lines. A high HOTTIP expression
was also associated with a poor clinical outcome in patients
with RCC. The downregulation of HOTTIP inhibited cell
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proliferation and invasion, and promoted the apoptosis of the
RCC cells. In addition, we found that HOTTIP had a dual
effect on cell proliferation and invasive ability. However, we
did not determine whether the reduced invasive ability of the
si-HOTTIP-transfected cells was due to reduced viability and/
or increased apoptosis. On the whole, however, our results
suggest that HOTTIP functions as an oncogene and may thus
be a potential therapeutic target for RCC.

Although HOTTIP has been suggested to act as an onco-
gene in different cancers, little is known about the underlying
molecular mechanism. ceRNA theory is the most important
theory regarding IncRNA, and IncRNA has been shown to be
a sponge for regulating the expression and function of miRNA.

It has reported been that IncRNAs play a crucial role in
multiple processes in cells by acting as ceRNAs to regulate
miRNAs (9). In this study, we discovered that HOTTIP and
miR-615 negatively regulated each other and were involved
in the ceRNA regulatory network. HOTTIP knockdown
increased miR-615 expression due to HOTTIP functioning
as an endogenous miRNA sponge to bind to miR-615; the
inhibition of HOTTIP abrogated this sponge, leading to an
increase in miR-615 expression. Recent studies have indicated
that miR-615 plays a tumor suppressive role in hepatoma
cells (36), breast cancer cells (37) and pancreatic ductal
adenocarcinoma (38). However, its role on RCC has not yet
been investigated, at least to the best of our knowledge. In
this study, we provide evidence that miR-615 targets not only
protein-coding genes, but also the IncRNA HOTTIP. Hence,
the identification of HOTTIP as an miR-615 target expands
the repertoire of miR-615 targets. Furthermore, HOTTIP is
able to repress miR-615, forming a reciprocal negative regula-
tory loop. These results provide further supporting evidence
of the ceRNA regulatory network. Moreover, we found that
HOTTIP carried out is oncogenic function through miR-615
in RCC cells. Taken together, these data strongly suggest that
HOTTIP directly targets miR-615 and affects the biological
characteristics of RCC cells by negatively regulating miR-615.

The IGF pathway is frequently activated in a variety of
cancers (39). IGF-2 is maternally imprinted in the majority of
normal tissues, with only the paternal allele expressed (40).
In many tumors, however, this imprinting is lost, leading to
the biallelic expression of the gene. The overproduction of
the growth factor promotes the malignant behavior of tumor
cells (41,42). The ceRNA hypothesis indicates that IncRNAs
may functions as ceRNAs by acting as endogenous decoys for
miRNAs, which in turn affects the binding of miRNAs on their
targets. In this study, the results of reporter assays indicated
that IGF-2 was a direct target of miR-61 and that miR-615
downregulated the activity of the IGF-2-3'-UTR in RCC cells.
Furthermore, the overexpression of miR-615 decreased IGF-2
expression in A-498 cells. In agreement with HOTTIP being a
decoy for miR-615, we proved that the inhibition of HOTTIP
significantly decreased IGF-2 expression, which was partially
reversed in the presence of miR-615 inhibitor. Furthermore,
we found that si-IGF-2 partially reversed the reduction of cell
proliferation ability induced by si-HOTTIP. Therefore, the
HOTTIP/miR-615/IGF-2 axis may play an important role in
RCC progression.

In conclusion, in this study we demonstrated that HOTTIP
contributed to carcinogenesis and functioned as a miRNA
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sponge to attenuate the endogenous function of miR-615,
which negatively modulated IGF-2 expression in RCC. Due
to this crucial role which HOTTIP plays in the progression
of RCC, it may thus serve as a therapeutic target, as well as
prognostic biomarker for RCC.
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