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Bufalin suppresses the migration and invasion of prostate
cancer cells through HOTAIR, the sponge of miR-520b
Jian-jun Zhang1,2, Xiao-hui Zhou3, Yan Zhou2, Yong-gang Wang2, Bin-zhi Qian4, Ai-na He2, Zan Shen2, Hai-yan Hu2 and Yang Yao2

Bufalin, the major active component of the traditional Chinese medicine ChanSu obtained from the skin and parotid venom glands of
toads, has long been known as an anticancer agent. Recent studies show that microRNAs (miRs) are involved in the anticancer activities of
bufalin, while long non-coding RNAs (lncRNAs) are known to interact with miRNAs to regulate various biological functions. In this paper,
we investigated the possible network related to the antimetastatic effect of bufalin in prostate cancer (PCa) cells. We demonstrated that
bufalin (0.05−10 µM) dose-dependently suppressed the proliferation of prostate cancer DU145 and PC3 cells with IC50 values of 0.89 and
1.28 µM, respectively. Furthermore, bufalin treatment significantly suppressed the cell migration and invasion. To explore the role of
lncRNAs in the antimetastatic activity of bufalin, we used an lncRNAmicroarray and found that HOX transcript antisense RNA (HOTAIR) was
the most markedly downregulated lncRNA in bufalin-treated PCa cells. Overexpression of HOTAIR counteracted the suppressing effects of
bufalin on DU145 and PC3 cells. We then predicted and verified that HOTAIR upregulated FGFR1 expression by sponging miR-520b in PCa
cells. In 40 patients with PCa bone metastasis, we used in situ hybridization or immunohistochemical assay to assess the HOTAIR and
FGFR1 expression, which revealed that both HOTAIR and FGFR1 expression were significantly higher in bone metastasis tissues than in the
primary PCa tissues. In addition, the level of serum HOTAIR was positively associated with the levels of serum bone metabolic markers (CTx,
OST, B-ALP and PINP) and may serve as a reasonable biomarker for PCa bone metastasis. Taken together, this is the first study revealing
that HOTAIR promotes PCa bone metastasis, and bufalin may be a promising candidate for the treatment of this disease.
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INTRODUCTION
Prostate cancer (PCa) is one of the most frequently diagnosed cancers
in males, especially in the western world [1, 2]. In PCa patients, the
bones are the most frequent, distant metastatic sites, and metastasis
to the bones is the first cause of mortality associated with PCa [3]. For
metastatic PCa, androgen deprivation therapy (ADT) is the preferred
systemic treatment. Unfortunately, most ADT-sensitive patients
experience disease progression in a few years, and their prostate
cancer eventually evolves into castration-resistant prostate cancer
(CRPC) [4]. The prognosis for CRPC remains very poor. Therefore, new
strategies that could improve the clinical outcomes of CRPC and PCa
bone metastasis urgently need to be explored.
Bufalin is the major active component of the Chinese medicine

ChanSu, which is obtained from the skin and parotid venom glands of
toads. In recent decades, many studies have corroborated the
anticancer properties of bufalin in various cancers, including leukemia,
lung cancer, gastric cancer and liver cancer [5–8]. Some studies have
also explored the inhibition of proliferation and the apoptosis-
inducing potential in PCa [9–13]. However, the effects of bufalin on
metastatic PCa remain obscure [14]. Recently, several studies have
discovered that microRNAs (miRNAs) are involved in the anticancer
activities of bufalin [9, 15, 16]. Long-noncoding RNAs (lncRNAs) are

known to interact with miRNAs to regulate various biological
functions [17–19], and the role of lncRNAs in the anticancer effects
of bufalin has not been discussed. In this study, we aimed to identify
the possible network that is activated by bufalin in PCa cells, and we
conducted a lncRNA microarray analysis in DU145 cells treated with
and without bufalin. We found that bufalin significantly inhibited the
cell proliferation, migration and invasion abilities of DU145 and PC3
cells. HOX transcript antisense RNA (HOTAIR) was found to be a key
lncRNA in the effects of bufalin on PCa cells. We proved that HOTAIR
was upregulated in PCa bone metastatic tissues compared with the
expression in primary PCa tissues, and the serum level of HOTAIR was
positively associated with serum levels of bone metabolic markers,
which are significantly elevated in patients with PCa bone metastasis
[20]. For the first time, we propose that the overexpression of HOTAIR
promotes PCa bone metastasis.

MATERIALS AND METHODS
Cells culture and proliferation assay
The CRPC cell lines DU145 and PC3 were obtained from the Cell Bank
of Type Culture Collection of the Chinese Academy of Sciences
(Shanghai, China). The cells were cultured in DMEM (Invitrogen,
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Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS,
HyClone, Logan, UT, USA), 100 μg/mL streptomycin, and 100U/mL
penicillin at 37 °C in an incubator with a constant air flow of 5% CO2

and 95% O2 and were routinely passaged every 2–3 days. Bufalin
(Sigma-Aldrich, St Louis, MO, USA) was dissolved to a concentration of
50mM in dimethyl sulfoxide (DMSO, Sigma-Aldrich, St Louis, MO,
USA) and was stored at −80 °C. The final concentrations were
0.05–10 µM. The cells that were treated with the vehicle only (DMSO,
0.1% in medium) served as the blank control. A Cell Counting Kit-8
(CCK-8, Dojindo Molecular Technologies, Dojindo, Japan) was used for
the cell proliferation assay and was performed according to the
protocol. The absorbance value was measured for each well at a
wavelength of 450 nm, and the reference wavelength was set at 630
nm. The experiments were repeated three times, and the percentage
of bufalin-induced proliferation inhibition was calculated by compar-
ison to that in the untreated control cells.

Wound healing assay
A wound healing assay was used to detect the migration ability of
PCa cells. DU145 and PC3 cells in a 6-well plate were carefully
scratched using 200 μL sterile pipette tips. Then, the wells were
washed twice and were incubated with fresh complete medium
(DMEM) with or without half of the IC50 of bufalin. Images were
taken at 24 h to evaluate the width of the wound using a
microscope (×4 objective) (1 × 71, Olympus).

Transwell assay
Boyden chamber (Corning Inc., Corning, NY, USA) assays were
used for Transwell assays. Generally, 1 × 105 cells are seeded into
the Matrigel-coated upper chamber. The concentrations of bufalin
in both the upper and lower chambers were equal to those used
in the wound healing assay. After culturing for 8 h, the cells that
migrated through the filter were fixed with 4% paraformaldehyde
and were stained with a 0.1% crystal violet solution. The invading
cells were counted in five random fields under the ×20 objective,
and images were obtained.

Microarray analysis of the lncRNA profiles
We analyzed the change in the lncRNA profiles between DU145
cells that were treated with and without the IC50 of bufalin for 24 h
using Agilent human lncRNA (4 × 180 K) (Bohao Biocompany,
Shanghai, China). For this array, the global expression of lncRNAs
was detected together after normalization with the log2 scale. We
identified the differentially expressed lncRNAs with a discriminat-
ing parameter of q < 0.05 [21].

Bioinformatics analysis of the HOTAIR, miR-520b and FGFR1
binding sites
We scanned the HOTAIR sequence to search for matched miRNAs
with complementary binding sites using our designed software [21].
Furthermore, we predicted the direct miRNA targets using the
TargetScan website.

Luciferase reporter assay
We constructed the wild-type (WT) or mutant (MUT) HOTAIR/
FGFR1 psiCheck2 dual-luciferase plasmid that contained the
binding site of miR-520b. Then, the plasmid was transfected into

HEK293T cells using Lipofectamine 3000. Renilla luciferase assays
were performed according to the protocol (Promega, Madison, WI,
USA).

qRT-PCR assay
The HOTAIR, miR-520b and FGFR1 levels were detected using a
PrimeScript RNA RT-PCR Kit (Sangon Biotech, Shanghai, China)
following the manufacturer’s protocol. The primer pairs are shown
in Table 1. The relative expression levels of HOTAIR, miR-520b and
FGFR1 were calculated using the 2−ΔΔCt method.

Western blot assay
The proteins in the cells were quantified using a BCA Protein Assay
Reagent Kit (Thermo Fisher, USA). The rabbit monoclonal FGRF1
antibody was purchased from Boster Biology Technology (Wuhan,
China), and the band density was quantified using ImageJ lab
software.

RNA immunoprecipitation (RIP) assay
An RIP assay was performed to further verify the sponge function
of HOTAIR using an EZ-Magna RIP kit (Millipore, USA) as previously
described [21]. Briefly, after the overexpression of HOTAIR for 24 h,
the total protein was extracted from DU145 and PC3 cells and was
incubated with an IgG or AGO2 antibody. Subsequently, the
relative levels of HOTAIR and miR-520b were analyzed by qRT-PCR.

Construction of the plasmids and transfection
The HOTAIR overexpression pcDNA3.1 plasmid and the siRNA-
HOTAIR pLK0.1, miR-520b-MIMIC and miR-520b-AMO (anti-micro-
RNA oligonucleotide) plasmids were constructed by Jierui Bio Com
(Shanghai, China). The plasmids were transfected into DU145 or
PC3 cells using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s protocol.

In situ hybridization (ISH) assay for HOTAIR
Paired paraffin sections of primary prostate tumors and bone
metastases from 40 PCa patients were collected. This study was
approved by the Shanghai Jiao Tong University Affiliated Sixth
People’s Hospital ethics committee. The ISH assay for HOTAIR was
performed as previously described [22]. The sections were stained
and scored on a three-tiered scoring system using the following
criteria: 0= negative; 1= equivocal/uninterpretable; 2=weak posi-
tive; 3= strong positive. The expression was scored by two
independent observers, and the mean value of both scores was used.

Immunohistochemical (IHC) assay for FGFR1
The IHC assay was performed as previously described [23]. Briefly,
after deparaffinization and antigen retrieval, the nonspecific
binding was blocked by incubating the specimens for 30 min in
10% bovine serum albumin. Subsequently, a rabbit anti-FGFR1
antibody (Boster Biology Technology, Wuhan, China) was used for
IHC staining. The specimens were then incubated with the
secondary antibody and Envision Plus Dual Link-labeled polymer
(DAKO, USA). Then, they were incubated with the chromogen
diaminobenzidine. FGFR1 staining was scored using the following
previously described criteria: 0= negative; 1= equivocal/uninter-
pretable; 2=weak positive; 3= strong positive [22].

Table 1. The qRT-PCR primers

Forward Reverse

HOTAIR 5′-GGTAGAAAAAGCAACCACGAAGC-3′ 5′-ACATAAACCTCTGTCTGTGAGTGCC-3′

FGFR1 5’-GGCTACAAGGTCCGTTATGCC-3’ 5’-GATGCTGCCGTACTCATTCTC -3’

U6 5′-CTCGCTTCGGCAGCACA-3′ 5′-AACGCTTCACGAATTTGCGT-3′

GAPDH 5′-ACAACTTTGGTATCGTGGAAGG-3′ 5′-GCCATCACGCCACAGTTTC-3′
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Measurement of serum bone metabolic markers
Serum samples from 80 PCa patients with and without bone
metastasis (n= 40 cases for each group) were collected and
stored at −80 °C. The serum levels of C-telopeptide-cross-linked
type I collagen (CTx), osteocalcin (OST), bone-specific alkaline
phosphatase (B-ALP) and procollagen type I N-terminal propep-
tide (PINP) were measured as previously reported [20].

Statistical analysis
The data analysis was performed using Statistical Package for
the Social Sciences version 19.0. P values were two-tailed, and P
< 0.05 was considered statistically significant. Continuous
variables are presented as the mean ± SD. The qualitative
variables are expressed as absolute and relative frequencies.
The Wilcoxon rank-sum test was used to compare the ISH and
IHC scores from the paired paraffin sections. A t-test was used to
evaluate the differences in the serum markers between the
two groups. Spearman correlation analysis was used to analyze
the association between the serum levels of HOTAIR and the
bone metabolic markers. A receiver-operating characteristics
(ROC) curve was plotted to determine how well the serum levels
of HOTAIR and the bone metabolic markers discriminated
between the PCa patients with and without bone metastasis.
An area-under-the-curve (AUC)-ROC value of >0.7 was taken
to indicate reasonable biomarker performance. The sensitivity

and specificity of each marker were calculated based on the
cutoff value.

RESULTS
Bufalin suppressed the viability and invasion of PCa cells in vitro
The proliferation assay revealed that bufalin significantly inhibited
the proliferation of DU145 and PC3 cells in a dose-dependent
manner (Fig. 1a). The IC50 at 24 h was determined to be 0.89 and
1.28 μM for the DU145 and PC3 cells, respectively. Wound healing
assays and Transwell assays were performed to determine the
antimetastatic activity of bufalin. As shown in Fig. 1b, d, compared
with the migration rates of the control group, the migration rates
of the DU145 and PC3 cells that were treated with bufalin were
markedly decreased from 72.1% to 34.3% and from 70.8% to
33.6%, respectively. In the Transwell assay, bufalin inhibited PCa
cell invasion through the Transwell membrane compared with
that in the control group (Fig. 1c, d).

Bufalin downregulated HOTAIR expression
To explore the role of lncRNAs in the activity of bufalin, we
screened the functional lncRNA change in DU145 cells that were
exposed to the IC50 of bufalin using a lncRNA microarray. Among
the changed lncRNAs (Fig. 2a), we selected HOTAIR for further
study because it was the most markedly downregulated lncRNA,

Fig. 1 Bufalin regulates the cell proliferation, migration and invasion of PCa cells. a After exposure to various concentrations (0.05–10 µM) of
bufalin for 24 h, the viability of DU145 and PC3 cells was assessed with a CCK-8 assay. The proliferation ratio decreased dose-dependently.
b After incubation with half of the IC50 of bufalin, the wound healing assay indicated that bufalin impaired wound healing; the results were
almost half the value of the control group. c Transwell assays showed that the invasion rates of PCa cells decreased sharply in the bufalin-
treated group. d Comparisons of the migration rates and relative invasion rates between the bufalin and control groups are shown (*P < 0.05
compared with the control)

Bufalin suppresses metastasis of prostate cancer cells through HOTAIR
JJ Zhang et al.

1230

Acta Pharmacologica Sinica (2019) 40:1228 – 1236



and the result can be repeated and verified by qRT-PCR.
Furthermore, we verified that the level of HOTAIR in DU145 and
PC3 cells was reduced in a dose-dependent manner (Fig. 2b).

HOTAIR complementary sequence binds to miR-520b as a
competing endogenous RNA (ceRNA)
To explore the downstream signaling pathway of HOTAIR in the
tumor suppressor function of bufalin, we identified the potential
sponge function of HOTAIR on miRNAs. We found that there was
one seed sequence of miR-520b that was complementary to the 3′
UTR of HOTAIR (Fig. 3a). A dual-luciferase reporter assay was used
to confirm the direct correlation between miR-520b and HOTAIR.
The transfection of both the WT HOTAIR and miR-520b-MIMIC
plasmids into DU145 cells decreased the reporter activity (Fig. 3b).
AGO2 is a key component of RNA-induced silencing complexes,
which are formed when miRNAs combine with lncRNAs [24]. The
results of the RIP assay showed that HOTAIR and miR-520b were
significantly higher in the AGO2-containing miRNA complexes
than they were in the control IgG immunoprecipitation com-
plexes, further verifying the sponge function of HOTAIR for miR-
520b (Fig. 3c).

FGFR1 was a direct target gene of miR-520b
The potential targets of miR-520b were predicted by a TargetScan
analysis. There was one seed sequence for miR-520b in the 3′ UTR of
FGFR1, a well-known oncogenic gene in PCa [25] (Fig. 4a). Similarly, to
confirm the direct interaction between miR-520b and FGFR1,
luciferase reporter plasmids were constructed for both WT FGFR1
and MUT FGFR1. As displayed in Fig. 4b, the luciferase activity of WT
FGFR1 but not MUT FGFR1 inversely correlated with the miR-520b
expression levels. To validate the regulatory effect of miR-520b on
FGFR1, we transfected miR-520b-MIMIC and miR-520b-AMO into
DU145 cells. Both the mRNA and protein levels of FGFR1 were
inversely correlated with the miR-520b levels (Fig. 4c, d).

HOTAIR inhibits miR-520b expression and upregulates FGFR1
expression
As mentioned above, HOTAIR interacts with miR-520b directly in
PCa cells. Next, we investigated whether HOTAIR affects the
expression of miR-520b and its target gene FGFR1. After
the overexpression or silencing of HOTAIR in PCa cells (Fig. 5a),
the expression levels of miR-520b and FGFR1 were evaluated

using qRT-PCR. The results revealed that the miR-520b expression
level negatively correlated with the HOTAIR expression level in
DU145 and PC3 cells (Fig. 5b). Conversely, the mRNA and protein
levels of FGFR1 positively correlated with the HOTAIR expression
level (Fig. 5c, d).

Overexpression of HOTAIR reversed the bufalin effect
To further determine whether HOTAIR is a key mediator of the
bufalin effect, we overexpressed HOTAIR in PCa cells that were
treated with bufalin. As expected, the viability of DU145 and PC3
cells significantly increased in the HOTAIR overexpression group
compared with that in the control group (Fig. 6a). In addition, the
wound healing assay and the Transwell assay revealed that the
overexpression of HOTAIR reversed the suppressive effect of
bufalin on DU145 and PC3 cells (Fig. 6b–d). Moreover, the increase
of miR-520b in both PCa cell types after exposure to bufalin was
counteracted by the overexpression of HOTAIR (Fig. 6e). For
FGFR1, the mRNA and protein levels were much higher in the
HOTAIR overexpression group than the levels in the control group
(Fig. 6f, g).

HOTAIR and FGFR1 were upregulated in PCa bone metastatic
tissues, and serum HOTAIR was positively associated with bone
metabolic markers
HOTAIR was reported to promote cancer metastasis in a variety of
cancers. In this study, we investigated the potential function of
HOTAIR in PCa bone metastasis for the first time. As shown in
Fig. 7a, we found that bone metastatic tissues had significantly
increased HOTAIR expression compared with the primary PCa
tissues; the mean ISH scores of HOTAIR were 2.08 and 1.38,
respectively (P < 0.05). Accordingly, as a target gene in the
HOTAIR/miR-520b/FGFR1 axis, FGFR1 expression in bone meta-
static tissues was significantly higher than that in the primary PCa
tissues, and the mean IHC scores of FGFR1 were 1.97 and 1.15,
respectively (P < 0.05, Fig. 7b). Serum bone metabolic markers
are found to be elevated in PCa patients with bone metastasis and
are often used to diagnose bone metastasis and to monitor
disease progression [20, 26–28]. Likewise, we found that the
serum levels of bone metabolic markers, including CTx, OST, B-ALP
and PINP, in PCa patients with bone metastasis were significantly
higher than those in patients without bone metastasis (Table 2).
Furthermore, the serum HOTAIR levels were positively associated

Fig. 2 Change in lncRNA profiles in PCa cells treated with bufalin. a The changes in the lncRNA profiles in DU145 cells after bufalin treatment
indicated that the most markedly downregulated lncRNA was HOTAIR. b As detected by qRT-PCR, the HOTAIR levels in the DU145 and PC3
cells significantly decreased by 2–6-fold after treatment with bufalin (*P < 0.05 compared with the control)
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with the levels of the aforementioned bone metabolic markers in
PCa patients (P < 0.05, Fig. 7c). All of the AUC-ROC values for the
serum HOTAIR and bone metabolic markers were >0.7 (Fig. 7d),
which indicates a reasonable biomarker performance. Notably, the
serum HOTAIR marker had comparable sensitivity and specificity
to those of the bone metabolic markers. The respective sensitivity
and specificity of the serum markers were as follows: HOTAIR, 70%
and 72.5% at a cutoff value of 0.39 ng/mL; CTx, 77.5 and 75% at a
cutoff value of 599.9 ng/mL; OST, 70% and 75% at a cutoff value of
23.89 ng/mL; B-ALP, 67.5% and 90% at a cutoff value of 19.39 ng/
mL; and PINP, 77.5% and 80% at a cutoff value of 69.2 ng/mL.
These results suggest that the serum HOTAIR marker might serve
as a reasonable biomarker for PCa bone metastasis.

DISCUSSION
Bufalin exhibits significant anti-tumor activities in a variety of
cancers. However, the antimetastatic activity of bufalin in prostate
cancer has yet to be determined. The migratory and invasive
behavior of cancer cells is the foundation for tumor metastasis. In
this study, we investigated whether bufalin can suppress the
migratory and invasive abilities of DU145 and PC3 cells using a
wound healing assay and a Transwell assay. The results suggest
that bufalin significantly inhibited the migration and invasion of
PCa cells.
The dysregulation of lncRNAs has been implicated in various

aspects of cellular homeostasis, such as proliferation, apoptosis,

mobility, invasion, and metastasis [29]. To identify the possible
role of lncRNAs regulated by bufalin in PCa cells, we performed a
lncRNA microarray in DU145 cells treated with and without
bufalin. Our findings suggest that HOTAIR is a key lncRNA that is
involved in the effects of bufalin on PCa cells, and this result was
confirmed by qRT-PCR in DU145 and PC3 cells. HOTAIR is a
recently discovered oncogenic lncRNA that is associated with a
poor prognosis for various malignancies, including prostate cancer
[22, 30–32]. Oliveira described that HOTAIR genetic variants were
significantly associated with a shorter biochemical recurrence-free
survival in patients with pT3-stage PCa [33]. Chang et al. found
that HOTAIR promotes neuroendocrine differentiation in CRPC
[34]. Similarly, Zhang et al. reported that the overexpression of
HOTAIR enhances the proliferation and invasion of castration-
resistant cells, and the levels of HOTAIR constantly increase in
LNCaP cell lines treated with enzalutamide [35]. HOTAIR has been
known as a lncRNA that promotes cancer metastasis from the time
it was discovered [36]: HOTAIR was found to promote metastasis
in a variety of cancers, such as breast cancer, non-small-cell lung
cancer, colorectal cancer and hepatocellular carcinoma
[22, 31, 37, 38]. However, to our knowledge, no study has
explored the role of HOTAIR in PCa bone metastasis. Although
comparisons between the primary PCa tissues and PCa bone
metastatic tissues have been made in previous reports [39, 40],
comparisons between matched pairs are scarce and are even rarer
for comparisons of PCa lncRNAs. In this study, we proved that
HOTAIR was upregulated in PCa bone metastatic tissues compared

Fig. 3 HOTAIR regulates miR-520b as a competing endogenous RNA. a The binding region between HOTAIR and miR-520b is highlighted in
red. The MUT sequence of HOTAIR is highlighted in yellow. b The luciferase activity decreased significantly in the WT HOTAIR transfection
group compared with that in the control, and the luciferase activity for the MUT HOTAIR group did not change significantly compared with
that in the control (*P < 0.05 compared with the control). c After the overexpression of HOTAIR in DU145 and PC3 cells, the total protein was
incubated with an IgG or AGO2 antibody, and the HOTAIR and miR-520b expression levels were significantly higher in the AGO2 group than
they were in the IgG group (*P < 0.05 compared with the IgG group)
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Fig. 4 FGFR1 is a direct target gene of miR-520b. a The binding region between FGFR1 and miR-520b is highlighted in red. The MUT sequence
of FGFR1 is highlighted in yellow. b The luciferase activity decreased significantly in the WT FGFR1 transfection group compared with that in
the control, and the luciferase activity for the MUT FGFR1 group did not change significantly compared with that in the control (*P < 0.05
compared with the control). c After transfection with miR-520b-MIMIC or miR-520b-AMO in DU145 cells, the FGFR1 mRNA expression level
negatively correlated with the level of miR-520b (*P < 0.05 compared with the control). d The FGFR1 protein level was the same as the mRNA
level

Fig. 5 HOTAIR downregulates miR-520b expression and upregulates FGFR1 expression. a The HOTAIR levels in DU145 and PC3 cells were
evaluated by qRT-PCR, and the levels increased significantly in the overexpression group but decreased dramatically in the silencing group
(*P < 0.05 compared with the control). b After the overexpression or silencing of HOTAIR in DU145 and PC3 cells, the miR-520b level negatively
correlated with the level of HOTAIR (*P < 0.05 compared with the control). (c, d) After the overexpression or silencing of HOTAIR in DU145 and
PC3 cells, the mRNA (c) and protein levels (d) of FGFR1 positively correlated with the levels of HOTAIR (*P < 0.05 compared with the control)
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with the expression in matched primary PCa tissues by an ISH
assay, and the serum level of HOTAIR was positively associated
with that of bone metabolic markers. This is the first study to
indicate the involvement of HOTAIR in PCa bone metastasis. Our
study suggests that HOTAIR is a promising, potential biomarker
and therapeutic target for PCa bone metastasis.
With regard to the mechanisms that lncRNAs use to regulate

various biological functions, studies have demonstrated that
lncRNAs are able to function as a sponge of miRNAs and are
able to rescue the miRNA-targeted messenger RNAs [17]. This so-
called ceRNA system further complicates the molecular mechan-
isms of tumorigenesis, cancer development and metastasis [18].
Zheng et al. reported that HOTAIR endogenously competes with
miR-148a to regulate DLGAP1 in head and neck tumor cells [19].
Chang et al. found that HOTAIR regulates CCND1 and CCND2
expression by sponging miR-206 in ovarian cancer cells [41]. Hong
et al. described that HOTAIR can regulate the HIF-1α/AXL axis in
renal cell carcinoma through the inhibition of miR-217 [42].
Similarly, we found that HOTAIR promoted PCa cell migration and
invasion by sponging miR-520b, and this ceRNA mechanism was
validated by a dual-luciferase reporter assay and an RIP assay. We

observed a negative correlation between the levels of HOTAIR and
the levels of miR-520b. Further studies are needed to investigate
the downstream genes of HOTAIR/miR-520b in PCa.
In this study, we used bioinformatics analyses to predict that

FGFR1 is a target gene of miR-520b and validated this result by a
dual-luciferase reporter assay. Moreover, HOTAIR can regulate
FGFR1 expression by sponging miR-520b in vitro. FGFR1 is a
potential target for cancer treatment because of its prominent role
in tumorigenesis and cancer progression [25]. FGFR1 expression is
significantly higher in poorly differentiated PCa cells compared
with the expression in well-differentiated PCa cells [43]. Similarly,
we found that FGFR1 expression was higher in bone metastatic
tissues than it was in primary PCa tissues.
To verify whether the HOTAIR/miR-520b/FGFR1 axis plays an

important role in the effects of bufalin on PCa cells, the reverse
test was performed. As expected, after overexpressing HOTAIR in
PCa cells, the effects of bufalin on cell proliferation, migration, and
invasion, and on the expression of miRNA-520b and FGFR1 were
reversed significantly.
In summary, our study is the first demonstration that lncRNAs

participate in the anticancer effects of bufalin. The HOTAIR/miR-

Fig. 6 The HOTAIR/miR-520b/FGFR1 axis plays an important role in the effects of bufalin on PCa cells. a The viability ratio of DU145 and PC3
cells in the HOTAIR overexpression group was significantly higher than that in the NC group after bufalin treatment (*P < 0.05 compared with
the blank group, ##P < 0.05 compared with the bufalin+NC group). b The wound healing assay revealed that the overexpression of HOTAIR
reversed the suppressive effect of bufalin on the migration of PCa cells. c The Transwell assay demonstrated that HOTAIR significantly
promoted PCa cell invasion. d Comparisons of the migration rates and relative invasion rates between the NC and HOTAIR groups are
shown (*P < 0.05). e Bufalin upregulated the relative level of miR-520b in PCa cells, and this effect was reversed by the overexpression of
HOTAIR (*P < 0.05 compared with the blank group, ##P < 0.05 compared with the bufalin+NC group). f, g The overexpression of HOTAIR
counteracted the downregulation effects of bufalin on expression of FGFR1 at both the mRNA (f) and protein levels (g) (*P < 0.05 compared
with the blank group, ##P < 0.05 compared with the bufalin+NC group)
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520b/FGFR1 axis plays an important role in the effects of bufalin
on PCa cells. Moreover, for the first time, we provide clinical
evidence that the overexpression of HOTAIR promotes PCa bone
metastasis.
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