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Tetramethylpyrazine reduces prostate cancer malignancy through
inactivation of the DPP10-AS1/CBP/FOXMI1 signaling pathway

YIZHOU", ZHIEN ZHOU'", ZHIGANG J1', WEIGANG YAN'!, HANZHONG LI' and XIAO YU?

Departments of 1Urology and 2Pathology, Peking Union Medical College Hospital,
Chinese Academy of Medical Science and Peking Union Medical College, Beijing 100000, P.R. China

Received August 31, 2019; Accepted February 6, 2020

DOI: 10.3892/ij0.2020.5036

Abstract. Tetramethylpyrazine (TMP), a Chinese herbal
medicine, has been reported to possess anticancer effects.
Emerging evidence suggests that various long noncoding
RNAs (IncRNAs) serve important roles in cancer initiation
and progression. In the present study, the tumor-suppressive
effects of TMP in human PCa cells was examined and the
underlying mechanisms of its actions were determined. The
data showed that TMP treatment reduced cell viability and
increased apoptosis in a dose-dependent manner. Reverse
transcription-quantitative PCR showed TMP treatment
increased the expression of IncRNA DPP10-ASI1 in PCa
cells. Furthermore, DPP10-AS1 was also upregulated in
TMP-resistant PCa cells. Knockdown of DPP10-AS1 reversed
TMP resistance, whereas increased expression of DPP10-AS1
abrogated the TMP-mediated cytotoxicity in PCa cells. In addi-
tion, forkhead box M1 (FOXM 1) was verified as the functional
target of DPP10-ASl1, and knockdown of FOXM1 reversed the
TMP/DPP10-AS1-induced cell cytotoxicity. Mechanistically,
DPP10-AS1 was associated with CREB binding protein,
thereby induced H3K27ac enrichment at the promoter region
of the FOXM1 gene. In conclusion, the present study showed
that TMP may be a promising treatment agent for PCa and
IncRNA DPP10-AS1 may be a promising therapeutic target
for TMP treatment.

Introduction

Prostate cancer (PCa) is one of the most common types of
cancer, and is a leading cause of cancer-associated among men
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worldwide (1). Tumor growth in the early-stages of prostate
cancer development is dependent on the presence of andro-
gens, and androgen deprivation therapy (ADT) is the primary
treatment used for androgen-dependent prostate cancer (2).
However, a notable subset of patients experience recur-
rence and progression following the failure of ADT, which
is the leading cause of PCa-associated death (3). Therefore,
understanding the pathogenesis of PCa and identifying novel
treatment choices are urgently required.

Tetramethylpyrazine (TMP) is one of the active
compounds extracted from the Chinese medicinal plant
Ligusticum chuanxiong (4). TMP has been widely used in
Chinese herbal medicines for various purposes, including
treating neurovascular and cardiovascular diseases, as it
possesses anti-oxidant and anti-inflammatory properties (5).
TMP has been shown to influence cancer progression in lung
cancer (6), bladder cancer (7), breast cancer (8) and gastric
cancer (9), beyond its traditional roles. In our previous study, it
was shown that TMP exerted anti-cancer effects in PCa (10).
To the best of our knowledge, there are no studies examining
the molecular mechanisms underlying the effects of TMP in
cancer.

Long-chain non-coding RNA (IncRNA) is a type of
non-coding RNA, 200-100,000 bases in length, which lack an
effective open reading framework and is transcribed by RNA
polymerase II without protein coding function (11). LncRNAs
serve as transcription regulators through interfering with the
binding of transcription factors to promoters, interfering with
gene transcription and chromatin remodeling; or by binding to
proteins through chaperones, regulating subcellular localiza-
tion of proteins (12-14). The antisense IncRNAs are a subtype
of IncRNA molecules transcribed from the opposite DNA
strand of protein-coding or non-protein-coding genes (15).
At present, only a few antisense IncRNAs have been exten-
sively studied, such as AGAP2-AS1 (16) and ZEB1-AS1 (17).
Whether antisense IncRNAs participate in the progression of
PCa and the TMP-induced anti-cancer effects, and the mecha-
nisms underlying the regulatory mechanisms of TMP have not
been studied.

In the present study, the antisense IncRNA termed
DPP10-ASI, which is located on chr 2ql4.1, and contains 744
nt was examined in PCa. The status of DPP10-AS1 in PCa
has not been investigated to the best of our knowledge, thus,
the expression levels and functional roles of DPP10-AS1 of


https://www.spandidos-publications.com/10.3892/ijo.2020.5036

ZHOU et al: TETRAMETHYLPYRAZINE INHIBITS PROGRESSION OF PROSTATE CANCER

DPP10-AS1 in PCa, and its role in TMP-induced anti-cancer
effects were determined. It was shown that DPP10-ASl1
expression was downregulated in TMP-treated PCa cells, and
upregulation of DPP10-AS1 reversed the anti-cancer effects
induced by TMP. Mechanistically, DPP10-AS1 increased the
expression of forkhead box M1 (FOXM1I) via H3K27 acetyla-
tion modification at the FOXM promoter region.

Materials and methods

Clinical specimen. A total of 35 pairs of PCa tissues and
adjacent normal tissues were collected by puncture biopsy
between January 2014 and June 2017, and snap-frozen in liquid
nitrogen instantly. The median age of the patients recruited
in the present study was 53 years (age range, 42-69 years).
Patients who received radiotherapy and chemotherapy prior to
puncture biopsy were excluded. The enrolled patients provided
written informed consent, and the present study was approved
by the Research Ethics Committee of Peking Union Medical
College Hospital.

Cell culture and treatment. The PCa cell lines, PC3 and
DU145, and one prostate epithelial cell line, hPrEC, were all
purchased from Shanghai Institutes for Biological Sciences
Cell Resource Center (Shanghai, China). PC3 and DU145 cells
were grown in DMEM (Thermo Fisher Scientific, Inc.) supple-
mented with glucose and 10% FBS (Thermo Fisher Scientific,
Inc.). hPrEC cells were cultured in prostate epithelium basal
media (Shanghai Bangjing Industry Co., Ltd.) and all the cells
were cultured in a humidified incubator at 37°C with 5% CO,.
The TMP-resistant PC3 sub-line (PC3-R) was established by
continuously treating PC3 cells with TMP (500 pg/l; Mansite
Biotechnology, Co., Ltd.) for 3 months.

Cell transfection. Small interfering (si)RNAs targeting
DPP10-AS1 (si-DPP10-AS1, GFP-labeled) and FOXM1I
(si-FOXM1) plasmids were synthesized by Shanghai
GenePharma Co., Ltd. DPP10-AS1, CREB binding protein
(CBP) and FOXM1 cDNA was generated and subcloned
into a pcDNA3.1 vector, termed p-DPP10-AS1, p-CBP or
p-FOXMI, respectively. p-DPP10-AS1 was further cloned into
an Ad.Max™ adenovirus vector (Shanghai GeneChem Co.,
Ltd.) for in vivo studies. Plasmid constructs were transfected
into cells at 70-90% confluency using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) for 6 h with a final
concentration of 100 nM plasmid according to the manufac-
turer's protocol. The sequences of the siRNAs are presented
in Table I.

RNA extraction and reverse transcription-quantitative
(RT-q)PCR. Total RNA was extracted using TRIzol® reagent
(Thermo Fisher Scientific, Inc.). The concentration of extracted
RNA was determined using a Qubit 4.0 spectrophotometer
(Thermo Fisher Scientific, Inc.). For DPP10-AS1 and FOXM1
expression analysis, RT was performed using a TagMan
High-Capacity cDNA Reverse Transcription kit and a TagMan
Fast PCR Master mix (Applied Biosystems; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol. The
thermocycling conditions for gPCR were: 95°C for 30 sec;
followed by 45 cycles of 95°C for 5 sec and 60°C for 30 sec. At
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the beginning of the logarithmic phase of PCR amplification,
cycle quantifications (Cq) were appointed and the repeated Cq
values were analyzed using the 224 method (18). GAPDH was
used to normalize the relative expression levels of IncRNA and
mRNA. The sequences of the primers are shown in Table I.

Cell viability assay. PCa cells (1x10° cells per well) were
seeded in 96-well plates and cultured for 24 h prior to analysis
of cell proliferation using a Cell Counting Kit-8 (CCK-8)
assay (Dojindo Molecular Technologies, Inc.). Cells were
cultured for a further 24, 48 or 72 h. After the set incubation
times, 10 1 CCK-8 solution was added and cells were further
incubated at 37°C for 4 h. To obtain cell growth curves, the
optical density of the plates were measured at 450 nm using a
microplate spectrophotometer (Thermo Fisher Scientific, Inc.).
All experiments were performed in triplicate.

TUNEL assay. An in-situ cell death detection kit (Roche
Diagnostics) was used to measure cell apoptosis according to
the manufacturer's protocol. Transfected cells (5x10° cells/well)
were cultured in a 24-well plate for 24 h. Subsequently, cells
were fixed with 4% paraformaldehyde for 60 min at room
temperature and subsequently incubated in 0.1% Triton X-100
for 2 min on ice. After permeabilization with Triton X-100, a
total of 50 xl mixed TUNEL solution (prepared according to the
manufacturer's protocol) was added and cells were incubated at
37°C for 1 h. The nuclei of cells were stained using DAPI for 1 h
at room temperature and images were taken using a fluorescence
microscope (magnification, x20; Nikon Corporation).

Bioinformatics analysis. The putative binding site of H3K27ac
at the promoter region of DPP10-AS1 gene was predicted
using UCSC Genome Browser (19). The full sequence of
DPP10-AS1 gene can be accessed with the NCBI Reference
Sequence: NC_00002.12.

RNA immunoprecipitation (RIP) and chromatin immuno-
precipitation (ChIP). RIP analysis was performed in PCa
cells using a Magna RIP RNA-binding protein immunopre-
cipitation kit (EMD Millipore) according to manufacturer's
protocol. Briefly, cells were collected after washing with cold
PBS and RIP lysis buffer was added. The suspension was then
centrifuged and 100 pl from each cell lysate was transferred
to the RIP immunoprecipitation buffer, which contained CBP
antibody (1:100; Abcam; cat. no. ab2832) or IgG as the negative
control (1:200; EMD Millipore; cat. no. 12-371). The magnetic
beads were washed with RIP wash buffer and incubated with
proteinase K at 55°C for 30 min. Subsequently, RNA was
extracted for RT-qPCR analysis.

ChIP assay was performed using an EZ-Magna ChIP
kit (EMD Millipore). To generate the chromatin fragments
(200-300 bp in length) cells were treated with formaldehyde
for 10 min followed by sonication at 4°C. Subsequently,
ChIP-specific antibodies against H3K27ac (1:100; Abcam; cat.
no. ab4729), CBP (1:100; Abcam; cat. no. ab2832) and normal
mouse IgG polyclonal antibody (1:100; EMD Millipore; cat.
no. 12-371) were used for immunoprecipitation. RNA was
recovered using an EpiTect ChIP qPCR assays (cat. no. 334001;
Qiagen, Inc.), according to the manufacturer's protocol and
analyzed by qPCR.
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Table I. Sequences of the primers and siRNAs.

Gene Sequence, 5'-3'
DPP10-AS1
Forward AGATTGTGGCCTGAGGTGC
Reverse TTAGGAGTTCCACCGACGTG
FOXM1
Forward GGAGGAAATGCCACACTTAGCG
Reverse TAGGACTTCTTGGGTCTTGGGGTG
CREB binding
protein
Forward GTGCTGGCTGAGACCCTAAC
Reverse GGCTGTCCAAATGGACTTGT
GAPDH
Forward GCACCGTCAAGGCTGAGAAC
Reverse ATGGTGGTGAAGACGCCAGT
si-DPP10-AS1 CCUAAAGGGAUGCCUUCAATT
si-FOXM1 UAGUAACUCUGGCCAUAGCTT
si-negative CAGGUGGACUCACAAUUCCTT
control

siRNA, small interfering; FOXM1, forkhead box M1.

Nucleocytoplasmic separation. Nuclear and cytosolic fractions
were separated using a Nuclear/Cytosol Fractionation kit (cat.
no. K266-25; BioVision, Inc.) according to the manufacturer's
protocol. Subsequently, RT-qPCR was used to determine the
expression of DPP10-AS1, GAPDH and Ul in the nucleus and
cytoplasm of PC3 and PC3-R cells.

RNA florescent in situ hybridization (FISH). Hybridization was
performed using a FISH kit (Guangzhou RiboBio Co., Ltd.)
according to the manufacturer's protocol. Briefly, 4% paraformal-
dehyde was used to fix the PCa cells (15 min at room temperature)
followed by permeabilization with 0.5% Triton X-100 for 15 min
at room temperature. Subsequently, the cells were cultured with
specific GFP-labeled DPP10-AS1 probes (Guangzhou RiboBio
Co., Ltd.) overnight at 4°C. All fluorescent images were captured
using Nikon A1Si Laser Scanning Confocal Microscope (magni-
fication x100; Nikon Corporation).

Immunohistochemistry (IHC) analysis and scoring methods.
Tumor tissues from nude mice were rehydrated using a graded
sequence of ethanol solutions (70, 85, 95 and 100%) followed
by deionized water. Subsequently, tissues were immersed in
citrate buffer (0.01 mol/l) and heated to 95°C for 30 min. Slides
were washed with PBS solution followed by treatment with
1% Triton X-100 solution for 30 min at room temperature, and
stained using a biotin-streptavidin CytoScan™ horseradish
peroxidase Detection system according to the manufacturer's
protocol (EMD Millipore), followed by incubation with a
primary antibody targeting FOXM1 (1:200; Abcam; cat.
no. ab184637) overnight at 4°C. The presence of brown chro-
mogen in the cytoplasm indicated positive immunoreactivity.
The immunostaining intensity of each sample was graded
as follows: Negative, 0; weak, 1; moderate, 2; or strong, 3.
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The proportion of positively stained cells is represented as
a percentage of the total number of cells. The final score
was then calculated as the intensity score multiplied by the
percentage of cells stained. Images were visualized using
a confocal Nikon ECLIPSE Ti (magnification x40; Nikon
Corporation) and processed using Nikon NIS-Elements soft-
ware (version 1.0; Nikon Corporation).

In vivo nude mouse model. Tumor xenografts were established
using male BALB/c nude mice (4-6 weeks old), which were
purchased from the Model Animal Research Center of Nanjing
University. PC3 cells were stably infected with p-DPP10-AS1
or p-NC, and 3x10° cells were subcutaneously injected into
nude mice followed by treatment with TMP or PBS (50 mg/kg)
once every two days for 6 weeks. The mice were divided into
3 groups (5 mice in each group): i) Group I, PBS treatment +
p-NG; ii) group II, TMP treatment + p-NC; and iii) group III,
TMP treatment + p-DPP10-ASI. Subsequently the mice were
sacrificed after 30 days, the grafted tumors were removed,
and the weights of the neoplasms were measured immedi-
ately after resection. After weighing, the tissues were fixed
for sectioning with 4% paraformaldehyde followed by THC
staining for FOXM1, as described above. Animal experiments
were approved by the Institutional Review Board of Peking
Union Medical College Hospital.

Western blotting. RIPA lysis buffer consisting of 150 mM
NaCl, 1% Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS,
50 mM Tris (pH 8) and protease inhibitors cocktail (Promega
Corporation) was used to lyse the cells and exosome samples.
Protein concentration was measured using a bicinchoninic
acid assay (cat. no. BCAI-1KT, Sigma Aldrich; Merck
KGaA). Proteins (25 mg per lane) were loaded on a 10%
SDS gel, resolved using SDS-PAGE and transferred to PVDF
membranes using a Trans-Blot system (Bio-Rad Laboratories,
Inc.). Subsequently, the membranes were incubated with
specific primary antibodies against FOXM1 (1:1,000; Abcam;
cat. no. abl184637), CBP (1:1,000; Abcam; cat. no. ab2832),
and GAPDH (1:5,000; Abcam; cat. no. ab9485) at 4°C over-
night and subsequently incubated with the goat anti-rabbit
polyclonal horseradish peroxidase-conjugated secondary
antibody (1:5,000; Abcam; cat. no. ab7090) for 1 h at room
temperature. Membranes were developed using an enhanced
chemiluminescent reagent and visualized using a ChemiDoc
XRS Imaging system and analyzed using the accompanying
software Image Lab version 3.0 (Bio-Rad Laboratories, Inc.).

Statistical analysis. GraphPad Prism Software version 5.0.1
(GraphPad Software, Inc.) was used to perform statistical
analysis. A two-tailed Student's t-test, one-way ANOVA
with a Tukey's post-hoc test or Pearson's correlation analysis
were used to compare differences. Data are presented as the
mean =+ standard error of the mean. P<0.05 was considered to
indicate a statistically significant difference.

Results
TMP reduces the proliferation and promotes apoptosis of

PCa cells by targeting DPP10-AS1. Our previous study
showed that PC3 and DUI145 are appropriate cell models
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Figure 1. DPP10-AS1 is involved in the TMP-induced anti-PCa effects. (A) A CCK-8 assay showed that cell viability was decreased in PCa cells treated with
TMP in a concentration-dependent manner. "P<0.05 vs. Control. (B) A TUNEL assay showed that TMP treatment increased apoptosis. 'P<0.05. (C) RT-qPCR
analysis showed that DPP10-AS1 expression was upregulated in PC3 and DU145 compared with normal prostate epithelial hPrEC cells. "P<0.05. (D) RT-qPCR
analysis showed that DPP10-ASI expression was significantly upregulated in PCa tissues compared with the adjacent normal tissues. (E) RT-qPCR analysis
showed that 500 pg/l TMP treatment significantly decreased DPP10-AS1 expression in PC3 and DU145 cells. "‘P<0.05. (F) DPP10-AS1 expression was
significantly increased following transient transfection of a DPP10-AS1 overexpression vector in PCa cells. ““P<0.001. (G) A TUNEL assay confirmed that
DPP10-AS1 overexpression partially reversed TMP-induced cell apoptosis. "P<0.05. (H) A CCK-8 assay showed that overexpression of DPP10-ASI partially
reversed TMP-induced tumor suppression effects. "P<0.05. TMP, tetramethylpyrazine; PCa, prostate cancer; CCK-8, Cell Counting Kit-8; RT-qPCR, reverse
transcription-quantitative PCR; OD, optical density; NC, negative control; p-, pcDNA3.1 overexpression vector.

for assessing the effects of TMP in PCa (10). To confirm
the anti-cancer effects of TMP in PCa, the cell viability of
cells treated with different concentrations of TMP was
determined. The CCK-8 assay showed that cell viability was
suppressed in a concentration-dependent manner (Fig. 1A),
whereas the TUNEL assay showed that TMP increased cell
death (Fig. 1B), suggesting that TMP reduced progression
of PCa. To determine whether DPP10-AS1 was involved in
the TMP-induced anti-cancer effects, the expression levels
of DPP10-AS1 in PCa were measured. Fig. 1C showed that
DPP10-ASI expression was upregulated in PC3 and DUI145
cells compared with prostate epithelial cells. In addition,
DPP10-AS1 levels were also increased in PCa tissues
compared with normal tissues (Fig. 1D). Importantly, TMP
treatment significantly reduced DPP10-AS1 levels in PCa
cells compared with the control cells (Fig. 1E). To verify the
functional role of DPP10-AS1, DPP10-AS1 was overexpressed
in PCa cells treated with TMP (Fig. 1F), and it was shown that
DPP10-ASI significantly reversed the anti-cancer effects of
TMP in PCa cells, as evidenced by increase in apoptosis and
proliferation (Fig. 1G and H).

Overexpression of DPP10-ASI reverses TMP resistance
in PCa cells. To further verify the role of DPP10-ASI in

TMP-induced anti-tumor effects, a TMP-resistant PC3
sub-line (PC3-R) was established by continuously treating
PCa cells with TMP (500 pg/l) for 3 months. As shown in
Fig.2A,PC3-R cells showed specific morphological changes in
contrast to the sensitive parental cell lines, such as reduced cell
polarity, increased number of pseudopodia and enlarged inter-
cellular separation. Furthermore, the established PC3-R cells
showed increased cell viability compared with the parental
cells when treated with 500 mg/l TMP (Fig. 2B and C).
RT-qPCR analysis showed expression of DPP10-AS1 was
significantly higher in the PC3-R cells compared with the PC3
cells (Fig. 2D). Therefore, DPP10-AS1 expression was down-
regulated in PC3-R cells by transient transfection of specific
siRNA (Fig. 2E and F). As shown in Fig. 2F, knockdown of
DPP10-ASI partially reversed TMP resistance of PC3-R cells
as evidenced by increased cell cytotoxicity caused by TMP
treatment. Together, these data suggest that DPP10-ASI is
essential for TMP resistance in PCa cells.

LncRNA DPPI10-AS1 mediates TMP-induced cell cytotoxicity
by directly targeting FOXM1. To identify the target genes of
DPP10-AS1, StarBase v2.0 was used (20), and 7 candidate
genes associated with DPP10-AS1 were identified (Table II).
In addition, in our previous study it was shown that TMP
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Figure 2. Overexpression of DPP10-ASI reverses TMP resistance in PCa cells. (A) Morphological presentation of the TMP resistant PC3-R cells and the
parental PC3 cells. PC3-R cells showed specific changes compared with parental cells, including loss of cell polarity, increased formation of pseudopodia and
intercellular separation. (B) Cell Counting Kit-8 assay showed that PC3-R cells exhibited increased cell viability compared with PC3 cells when treated with
500 pg/l TMP. "P<0.05. (C) PC3-R cells showed exhibited higher ICs, values compared with the PC3 cells (1,390 vs. 821 mg/1, respectively). (D) A reverse tran-
scription-quantitative PCR assay showed that DPP10-AS1 expression was upregulated in PC3-R cells compared with the PC3 cells. "P<0.05. (E) GFP-labelled
siRNAs targeting DPP10-AS1 was transfected into PC3-R cells. (F) Expression of DPP10-AS1 was knocked down by transfection of si-DPP10-AS1 in PC3-R
cells. “"P<0.001. (G) Knockdown of DPP10-ASI increased TMP-induced cell cytotoxicity in PC3-R cells. "P<0.05. TMP, tetramethylpyrazine; si, small

interfering; OD, optical density; NC, negative control.

inhibited PCa progression by downregulating the expression
of FOXM1 (10). Thus, the expression levels of these 8 poten-
tial target genes was assessed. The results showed that the
expression of FOXM1 was upregulated by DPP10-AS1 over-
expression and downregulated when DPP10-AS1 was silenced
(Fig. 3A). Furthermore, FOXM1 expression levels were
higher in the TMP-resistant PC3-R cells compared with the
PC3 cells (Fig. 3B). The other 7 genes were not regulated by
DPP10-ASI (data not shown). To determine whether FOXM ]
was a functional target of DPP10-AS1, FOXM1 knockdown
and overexpression vectors were transfected into the PC3 and
PC3-R cells, respectively (Fig. 3C). By performing a CCKS8
assay, it was shown that silencing of FOXM1I abrogated the
influence of DPP10-ASI1 in PC3 cells treated with TMP
(Fig. 3D). Similarly, overexpression of FOXM1I partially
reversed DPP10-AS1 knockdown-induced effects in PC3-R
cells (Fig. 3E).

LncRNA DPPI0-ASI increases FOXMI expression by
inducing H3K27 acetylation at the promoter region. It has
been shown that the CBP, an acetyltransferase, is recruited to
the C-terminal region of FOXMI1 and enhances its transcrip-
tional activity at specific stages of the cell cycle (21). To verify
whether DPP10-AS1 upregulates FOXM1 by histone acetyla-
tion, mediated by H3K27ac modification at the C-terminal
region, the transcriptional modification regions were analyzed
using UCSC Genome Browser. Fig. 4A showed the presence
of a potential region which may be enriched in H3K27ac
upstream of the FOXM1 promoter region. Subsequently,
ChIP was performed using an anti-H3K27ac antibody in PCa
cells. The results showed that H3K27ac was enriched at the

FOXM1 promoter region in both PC3 and PC3-R cells. In
addition, the enrichment level of H3K27ac was significantly
increased in PC3-R cells compared with PC3 cells (Fig. 4B).
To further determine whether DPP10-AS1 regulated H3K27ac
enrichment, the subcellular localization of DPP10-AS1 was
determined in PCa cells. RT-qPCR analysis of DPP10-AS1
in the nucleus and cytoplasm showed that DPP10-AS1 was
primarily distributed in the nucleus (Fig. 4C). The results of a
FISH assay with a DPP10-AS1 specific probe showed results
consistent with the RT-qPCR results (Fig. 4D), suggesting that
DPP10-ASI1 was primarily located in the nucleus of PCa cells.
Overexpression of DPP10-AS1 significantly increased the
enrichment of H3K27ac, whereas knockdown of DPP10-AS1
decreased the enrichment levels (Fig. 4E). Furthermore, TMP
treatment (500 ug/l) decreased H3K27ac enrichment at the
FOXM1 promoter region in PC3 cells (Fig. 4F). Together, these
results show that DPP10-AS1 may increase FOXM 1 expression
by increasing H3K27ac modifications at the promoter region
of FOXM1.

CBP is essential for DPP10-ASI-mediated H3K27ac modi-
fications. CBP is a histone acetyltransferase which serves
an important role in histone acetylation (22). To determine
whether CBP participated in DPP10-AS1-induced histone
modification, CBP overexpression plasmids were transfected
into the PC3 and PC3-R cells (Fig. 5A). As shown in Fig. 5B,
overexpression of CBP promoted FOXMI1 expression at
both the mRNA and protein expression levels. Thus whether
DPP10-AS1 directly interacted with CBP was determined
and the results showed that CBP expression was not altered
by downregulation or upregulation of DPP10-AS1 (Fig. 5C).
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Table II. Potential targets of DPP10-AS1? predicted by StarBase version 2.0.

Target gene ID Pair gene name

Total reads number

Free energy Align score

ENSG00000089123 TASP1 2 -39.5 28
ENSG00000105700 KXD1 1 -44 8 25
ENSG00000113163 COL4A3BP 1 -39 16
ENSG00000133316 WDR74 1 -12.2 16
ENSG00000222328 RNU2-2P 1 -12.2 16
ENSG00000233876 GAPDHP68 1 -34 21.5
Entrez100008588 RNA18N5 1 -25.7 27
?Gene ID, ENSG00000235026.
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Figure 3. DPP10-AS1 targets FOXM1 in PCa cells. (A) FOXM1 expression was upregulated in the DPP10-AS1 overexpressing PC3 cells. Silencing of
DPP10-AS1 resulted in downregulation of PC3-R cells at both the mRNA and protein expression levels. “P<0.05. (B) The mRNA and protein expression levels
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OD, optical density; NC, negative control; p-, pcDNA3.1 overexpression vector.

Thus it was hypothesized that DPP10-AS1 may recruit CBP
rather than modulate its expression. By performing RIP assays
with an anti-CBP antibody, it was shown that DPP10-AS1
was associated with CBP, and enrichment was higher in the
PC3-R cells compared with the PC3 cells (Fig. 5E). In addi-
tion, CBP was enriched at the FOXM1 promoter region, and
dysregulated expression of DPP10-AS1 affected the enrich-
ment of CBP at the FOXM1 promoter (Fig. 5F). Together,

these results showed that DPP10-AS1 interacted with CBP,
thereby inducing H3K27ac modification in the FOXM1I
promoter region.

TMP suppresses tumor growth of PCa in vivo by targeting
DPPI10-ASI. To identify the suppressive function of TMP
during PCa progression, an in vivo nude mouse model bearing a
PC3 xenograft was established. PC3 cells stably overexpressing
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Figure 4. DPP10-ASI increases the expression of FOXM1 by modifying H3K27 acetylation. (A) Bioinformatics analysis predicted that the promoter region of
FOXM1 possessed H3k27c binding areas. (B) A chromatin immunoprecipitation assay was used to verify the enrichment of H3K27ac at the FOXM 1 promoter
region in PC3 and PC3-R cells. "P<0.05. (C) A nucleocytoplasmic separation-based quantitative PCR assay verified that DPP10-AS1 was primarily distributed
in the nucleus of PC3 and PC3-R cells. GAPDH served as the cytoplasmic positive control, and Ul was used as the nuclear positive control. (D) Fluorescence
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p-, pcDNA3.1 overexpression vector.

DPP10-AS1 or a negative control vector were injected into the
underarm area of mice. Quantitative data showed that TMP
treatment significantly reduced tumor growth in Group II vs. [;
however, this effect was significantly reversed by co-expression
of DPP10-AS1 (Group III vs. IT; Fig. 6A).

The expression levels of FOXM1 was determined in
tumor tissues using an THC assay. As shown in Fig. 6B,
FOXMI expression levels were significantly reduced in tumor
tissues from mice treated with TMP (Group II vs. I), and this
alteration was partially reversed in tissues co-transfected with
DPP10-AS1 (Group III vs. II).

Discussion

Patients with advanced PCa who develop resistance to
hormone therapy have limited therapeutic options in the

clinic at present, and therefore, several patients turn to alter-
native treatments (23). In recent years, the interest in herbal
remedies has grown rapidly in the industrialized world, since
these drugs are increasingly considered as effective and safe
alternatives to synthetic drugs (24-26). In the present study, the
effects of TMP on PCa, and the underlying mechanisms were
determined. TMP is the standardized unique extract from
Ligusticum chuanxiong, and is one of the few well-established
plant products. TMP was shown to exhibit anti-cancer effects
in PCa by downregulating the expression levels of IncRNA
DPP10-ASI1. Mechanistically, DPP10-AS1 suppressed FOXM1
expression via histone modification at the FOXM1I promoter
region. These data suggest that TMP may serve as a useful
therapeutic option for treatment of patients with PCa, and
IncRNA DPP10-AS1 may serve as a potential therapeutic
target.
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TMP is a major bioactive component of
Ligusticum chuanxiong which has been shown to reduce the
initiation and progression of cardiovascular diseases (27),
and exhibits anti-inflammatory properties in several patho-
logical processes (28). Several studies have also shown that
TMP exhibits anti-cancer properties. Cao et al (29) showed
that TMP inhibited progression of hepatocellular carci-
noma by inducing apoptosis and autophagy. Jia et al (30)
demonstrated that TMP treatment suppressed lung cancer
growth through disruption of angiogenesis via regulation
of the BMP/Smad/Id-1 signaling pathway. Consistently, in
the present study, the anti-cancer properties of TMP in PCa
were demonstrated. PC3 and DU145 cells exhibit differing
sensitivities to TMP, possibly due to the difference of cell
membrane permeability and material transport (10). In our
previous study, the anti-tumor role of TMP in PCa was
shown to be primarily mediated through downregulation of
FOXM]1. However, the detailed regulatory mechanism were
unclear. In the present study, the role of IncRNA DPP10-AS1
in TMP-mediated effects was demonstrated.

Antisense IncRNAs are a group of noncoding genes
oriented from protein coding or noncoding loci in the
opposite respective direction, and widely participate in
the regulation of multiple biological and pathological
processes (31). These noncoding antisense transcripts,
consistent with other types of IncRNAs, may serve as onco-
genes or tumor suppressor genes through upregulation of
transcription of specific genes (32). For example, IncRNA
ZEB1-ASI functions as an oncogene in prostate cancer
through epigenetic activation of ZEBI1 and indirectly regu-
lating downstream molecules (33). LncRNA DPP10-AS1 is
localized in the antisense DNA stand of the DPPI0 gene,
which is strongly associated with asthma susceptibility,
possibly through regulating the activities of chemokines
and cytokines (34). However, the function of DPP10-AS1
in cancer occurrence and other diseases have not been
reported, to the best of our knowledge, and thus the present
study is the first to investigate the role of DPP10-ASI in
PCa progression and therapy.

As the essential role of FOXMI in TMP-induced
anti-tumor effects were demonstrated in our previous study,
the presence of a functional link between DPP10-AS1 and
FOXM]1 was assessed in the present study. By overexpressing
or knocking-down FOXM]1 expression, FOXM1 was verified
as a direct target of DPP10-AS1, and was responsible for
the functional effects of DPP10-AS1. To determine how
DPP10-AS1 affected FOXMI1 expression, the epigenetic
modifications of FOXM]1 in PCa cells were determined, as
described previously (35,36). DNA methylation and acetylation
are two common epigenetic modifications that are essential
in the maintenance of transcription, and closely associated
with progression and prognosis of various diseases (37-39).
A previous study showed that epigenetic modifications may
influence protein coding loci as well as noncoding loci
based on a genome-wide sequence analysis (40). Histone
acetylation is a common epigenetic modification at gene
promoter regions which activate transcription, may induce
upregulation of associated transcripts, and thus may be
associated with malignant progression (41). For example,
Myd88 is activated due to H3K27ac modification at the
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promoter region in hepatocellular carcinoma, and this results
in tumor growth and metastasis (42); SNHGI4 noncoding
RNA activated PABPCI transcription via the H3K27ac
modification at its promoter region, further regulating
chemoresistance in breast cancer (43).

Histone acetylation is required for regulating gene
transcription by promoting or repressing DNA replication
activity (44,45). The role of CBP in DPP10-ASI-mediated
histone acetylation was also shown in the present study.
CBP/p300 was the first discovered mammalian histone
acetyltransferase, and belongs to the GCN5-related
N-acetyltransferase family (46). CBP-mediated acetylation of
H3K?27 facilitates the transcription of downstream genes (47).
CBP has been reported to be involved in the progression of
several types of cancer, such as gastric cancer and lung adeno-
carcinoma; however, the underlying mechanism by which CBP
regulates the pathogenesis of various tumors is still unknown.
The present provides an alternate perspective, where CBP
interaction with noncoding RNAs may serve as the mecha-
nism underlying cancer progression.

In conclusion, the present study verified the anti-tumor
effects of TMP in PCa, and further identified the essential
role of the DPP10-AS1/CBP/FOXMI1 regulatory pathway
in TMP-induced suppression of PCa progression. These
data suggest the potential significance of DPP10-AS]1 as a
promising therapeutic target and predictive indicator of PCa
progression.
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