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Abstract

Background: Abiraterone and MDV3100 are two effective anticancer agents for prostate cancer, however, the
mechanism of their downstream action remains undefined.

Methods: A dual fluorescent biosensor plasmid was transfected in LNCaP cells to measure mitophagy. The DNA of
LNCaP cells was extracted and performed with quantitative real-time PCR to detect mitochondrial DNA copy number.
JC-1 staining was utilized to detect the mitochondrial membrane potential and electron microscope was performed
to analyze mitochondrial morphology. Moreover, the protein levels of mitochondrial markers and apoptotic markers
were detected by western blot. At last, the proliferation and apoptosis of LNCaP cells were analyzed with CCK-8 assay
and flow cytometry after abiraterone or MDV3100 treatment.

Results: Mitophagy was induced by abiraterone and MDV3100 in LNCaP cells. The low expression level of mito-
chondrial DNA copy number and mitochondrial depolarization were further identified in the abiraterone or
MDV3100 treatment groups compared with the control group. Besides, severe mitochondria swelling and substantial
autophagy-lysosomes were observed in abiraterone- and MDV3100-treated LNCaP cells. The expression of mito-
chondria-related proteins, frataxin, ACO2 and Tom20 were significantly downregulated in abiraterone and MDV3100
treated LNCaP cells, whereas the expression level of inner membrane protein of mitochondria (Tim23) was signifi-
cantly upregulated in the same condition. Moreover, the proliferation of LNCaP cells were drastically inhibited, and
the apoptosis of LNCaP cells was increased in abiraterone or MDV3100 treatment groups. Meanwhile, the addition of
mitophagy inhibitor Mdivi-1 (mitochondrial division inhibitor 1) could conversely elevate proliferation and constrain
apoptosis of LNCaP cells.

Conclusions: Our results prove that both abiraterone and MDV3100 inhibit the proliferation, promote the apoptosis
of prostate cancer cells through regulating mitophagy. The promotion of mitophagy might enhance the efficacy of
abiraterone and MDV3100, which could be a potential strategy to improve chemotherapy with these two reagents.

Keywords: Prostate cancer, Mitophagy, Abiraterone, MDV3100

*Correspondence: liuming3222@bjhmoh.cn; zoulihui4371@bjhmoh.cn
*Jingli Han and Junhua Zhang contributed equally to this work

' The MOH Key Laboratory of Geriatrics, Beijing Hospital, National Center
of Gerontology, Beijing 100730, People’s Republic of China

3 Department of Urology, Beijing Hospital, National Center

of Gerontology, Beijing 100730, People’s Republic of China

Full list of author information is available at the end of the article

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://orcid.org/0000-0001-6995-744X
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12935-019-1021-9&domain=pdf

Han et al. Cancer Cell Int (2019) 19:332

Background

Prostate cancer (PCa) is one of the most common carci-
nomas in men with promptly increasing incidence rate
and high mortality in the past decade [1]. Abiraterone
acetate, the precursor of abiraterone, is an androgen bio-
synthesis inhibitor which is used in the treatment of pros-
tate cancer, specifically in combination with castration
and prednisone for the treatment of metastatic castra-
tion-resistant prostate cancer (nCRPC) and metastatic
high-risk castration-sensitive prostate cancer (mCSPC)
[2, 3]. Abiraterone also antagonizes androgen recep-
tor (AR), which plays a crucial role in the progression of
prostate cancer [4, 5]. MDV3100, the second-generation
antiandrogen enzalutamide, is another effective drug for
treatment of prostate cancer. MDV3100 binds directly
to AR and competitively inhibits androgen binding, thus
hampers AR nuclear translocation and AR-mediated
DNA binding [4, 6]. MDV3100 also has a therapeutic
effect on CRPC with elevated AR expression and non-
metastatic CRPC with increased prostate-specific anti-
gen (PSA) level (7, 8].

Over the past decade, many studies have demonstrated
that autophagy and mitophagy were frequently induced
by anticarcinogens under the stimulation of multiple
forms of cellular stresses [9, 10]. Autophagy is a con-
served homeostatic pathway that degrades damaged pro-
teins or organelles through the formation of autophagic
lysosomes with a two-membrane compartment [11].
Mitophagy is a type of autophagy, which maintains the
quality of mitochondria and maintains the health of cells
by scavenging aged and damaged mitochondria [12, 13].
Moreover, mitophagy would further activate autophagy
which is important for the regulation of cancer progres-
sion and helps to determine how cancer cells respond to
anticancer therapies [9, 14]. Therefore, the promotion or
suppression of mitophagy might be a potential strategy
for clinical therapy. Although the roles of abiraterone and
MDV3100 in anti-tumor activity have been reported [2,
14], the relationship between them and mitochondrial
functions, especially mitophagy, in prostate cancer cells
is still unclear.

In this paper, we used a plasmid that can co-express
mitochondrial associated protein subunit VIII of
cytochrome ¢ oxidase (COX8) [15], non-pH-sensitive
discosoma red fluorescent protein (DsRed), and pH-sen-
sitive green fluorescent protein (pHluorin), which can be
used to detect mitophagy in cells because the intracel-
lular pH was reduced when mitophagy occurs [16]. The
combination of DsRed and pHluorin was called Rosella,
while COX8 is one of the mitochondria-specific proteins.
The intensity of pHluorin changed due to intracellular
pH in eukaryotic cells, while the intensity of DsRed did
not. The constructed plasmid used to measure mitophagy
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was named as pDsRed-Mito-Rosella, which determines
mitophagy with reduced green to red fluorescent ratio.
Human prostate adenocarcinoma cells lymph node car-
cinoma of the prostate (LNCaP) with high expression
of AR has long been considered as the closest model for
prostate cancer study, and its proliferation depends on
the activation of androgen receptor signaling pathway. It
can be used to investigate the downstream mechanism
of abiraterone and MDV3100 in the treatment of pros-
tate cancer [17]. Here, we found that abiraterone and
MDV3100 induced mitophagy measured via the plasmid
pDsRed-Mito-Rosella biosensor, which was consistent
with further identification of canonical mitophagy, mito-
chondrial membrane depolarization, mitochondria swell-
ing, and decreased expression of crucial mitochondrial
proteins such as ACO2, frataxin and ATP synthetase.
Moreover, the proliferation of prostate cancer cells was
inhibited and the apoptosis of prostate cancer cells was
promoted, both of which were converted by mitophagy
inhibitor Mdivi-1.

Materials and methods

Cell culture and transfection

LNCaP cells purchased from American Type Culture
Collection (ATCC) were cultured in RPMI-1640 medium
(Gbico, Thermo Fisher Scientific, USA) supplemented
with 10% fetal bovine serum (HyClone Inc., Utah, USA)
and incubated at 37 °C with 5% CO,. The exponentially
growing LNCaP cells were treated with 20 nmol/L abi-
raterone (Aladdin Industral Corp., Shanghai, China) for
24 h or 10 nmol/L MDV3100 (MedChem Express, Shang-
hai, China) for 48 h or 20 umol/L mdivi-1(MedChem
Express, Shanghai, China). The plasmids, pDsRed-
Rosella-LC3, pDsRed-Mito-Rosella and pDsRed-NC
were constructed in our laboratory referred the study of
Sargsyan et al. [16] and some alterations were made. Plas-
mid Rosella-LC3 consists of the complete open reading
frame (ORF) of human LC3B (Map1llc3b) joined in frame
with the 3’ end of the Rosella ORF (coding the C-termi-
nus) without a stop codon. Plasmid Mito-Rosella consists
of the subunit VIII of cytochrome c oxidase (COX8) ORF
without a stop codon fused in frame with the 5’ end of
the Rosella ORF (coding the N-terminus). LNCaP cells
were seeded in 6-well dish and transfected with plasmid
(2.5 pg/well) using lipofectamine 3000 reagent (Invitro-
gen, Thermo Fisher Scientific, USA) in accordance with
standard experimental procedure.

Confocal microscopy assay

To determine mitophagy or autophagy in LNCaP cells,
they were exposed to abiraterone or MDV3100 after 48 h
transfection, then the nuclei were stained with 1 pg/mL
DAPI (Thermo Fisher Scientific, USA) for 30 min. The
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fluorescence changes in response to drugs or vehicle
treatment were observed and measured in more than 25
fields with a confocal fluorescence microscope (Nikon,
Japan) at 10x40 magnification. Vehicle-treated cells
served as a control.

Quantitative real-time PCR (qPCR)

Total DNA was isolated from LNCaP cells using TIAN-
combi DNA Lyse&Det PCR Kit (TIANGEN Biotech
Corp., Beijing, China). Quantitative real-time PCR was
performed to quantify mitochondrial DNA (mtDNA)
copy number and the internal control gene p-globin using
SYBR® Premix Ex TagTM II (Takara Biotech Co., Dalian,
China) and the specific primers: mtDNA 172- 5-AGG
ACAAGAGAAATAAGGCC-3' (forward), 5-TAAGAA
GAGGAATTGAACCTCTGACTGTAA-3' (reverse) and
B-globin 5-GTGCACCTGACTCCTGAGGAGA-3’ (for-
ward), 5’-CCTTGATACCAACCTGCCCAG-3' (reverse).
The conditions of PCR reaction were as follows: one cycle
of 95 °C for 30 s, 40 cycles of 95 °C for 5 s, and 60 °C for
30 s. Each reaction was repeated three times. The expres-
sion level of mtDNA was determined by relative quanti-
tative CT value of gene expression with 2724¢T method.

Mitochondrial membrane potential (mAy) detection
Mitochondrial membrane potential was measured
using the cationic dye, JC-1 (5',6,6'-tetrachloro-1,1/,3,3’-
tetraethylbenzimidazolylcarbocyanine iodide), and the
mitochondrial membrane potential disrupter, CCCP
(carbonyl cyanide 3-chlorophenylhydrazone) as a posi-
tive treatment. JC-1 can potential-dependently accu-
mulate in mitochondria indicated by a fluorescence
change from green to red. Therefore, the decline in the
red/green fluorescence intensity ratio can indicate mito-
chondrial depolarization. After LNCaP cells were treated
with abiraterone or MDV3100 as described above, they
were collected and incubated with 1 pmol/L JC-1 (Mito-
Probe™ JC-1 Assay Kit, Thermo Fisher Scientific, USA)
and exposed to darkness at 37 °C for 15 min. MAy was
detected by flow cytometry with Accuri C6 PLUS flow
cytometer (BD Biosciences, San Jose, CA, USA).

Protein isolation and western blot

The total proteins were extracted from the treated cells
with RIPA buffer (Beyotime Biotech, Haimen, China)
containing protease inhibitor cocktail (Thermo Fisher
Scientific, USA). The concentrations of total protein
lysates were determined by the enhanced bicinchoninic
acid (BCA) protein quantification assay kit (Zomanbio,
Beijing, China). Next, proteins (40 pug per well) were used
for 12% sodium dodecyl sulphate—polyacrylamide gel
electrophoresis. Then, the proteins were transferred to
polyvinylidene fluoride (PVDF) membranes which then
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were blocked with 5% skimmed milk. All kinds of anti-
bodies were diluted by antibody dilution solution (Beyo-
time Biotech, Haimen, China) and were incubated under
the manual instruction.

Transmission electron microscopy (TEM)

The treated cells were prepared with cold phosphate
buffer saline (PBS), trypsinized and centrifuged to accu-
mulate the cells into a mass. The cell clusters were fixed
with fresh 2.5% glutaraldehyde in 0.1 mol/L phosphate
buffer (pH 7.4) at 4 °C overnight. LNCaP cells were
washed with cold PBS and incubated in 1% osmium
tetroxide for 1 h at 4 °C. The cell clusters then under-
went a series of dehydration and embedded in epon resin.
The samples were cut into ultrathin sections and stained
with 2% uranyl acetate and photographed with a JEM-
1400 plus transmission electron microscope (JEOL Ltd.,
Tokyo, Japan) to analyze the cellular ultrastructure.

Cell proliferation analysis

LNCaP cells (5000 per well) were seeded in 96-well
plates one day before treatment with abiraterone and
MDV3100. After drug treatments, CCK-8 (Cell Counting
Kit-8, Dojindo Molecular Technologies, Inc., Rockville,
USA) was added to each well, and incubated in dark-
ness at 37 °C for 2 h. The absorbance of 96-well plate was
measured at room temperature by microporous plate
reader at 450 nm. Then the cell proliferation ability was
measured every 24 h, and the absorbance was normalized
toOh.

Flow cytometric (FCM) analysis of cell apoptosis

The treated LNCaP cells was explored with Annexin
V-FITC/PI (Zoman Biotech. Beijing, China) according to
the manufacturer’s protocol. 1 x 10° cells were suspended
in 500 pL Annexin V-FITC binding buffer containing
5 puL Annexin V-FITC and 10 pL propidium iodide. After
incubated in darkness for 30 min, the cells were subjected
to a FCM assay performed with Accuri C6 PLUS flow
cytometer (BD Biosciences, San Jose, CA, USA).

Statistical analysis

Data were analyzed using the SPSS 20.0 statisti-
cal software package. The data were presented as the
mean x standard deviation (S.D.) of at least three inde-
pendent experiments. Unpaired ¢ test was used to deter-
mine significant differences between the treated and
control groups, and a p <0.05 was considered statistically
significant.
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Results

Abiraterone and MDV3100 both activate mitophagy

in LNCaP cell

In the DsRed and pHluorin combination dual fluores-
cent biosensors, COX8 can specifically label mitochon-
dria in LNCaP cell. In pDsRed-NC transfection groups,
the intensity of red and green fluorescent protein did not
change after abiraterone and MDV3100 treatment, while
in pDsRed-Mtio-Rosella transfection groups, abirater-
one and MDV3100 treatment remarkably decreased the
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green fluorescence intensity with a significant drop of
green to red fluorescent ratio (Fig. 1).

Besides, abiraterone and MDV3100 treatment groups
displayed accumulation of fluorescence cellular loca-
tion, while the fluorescence in control group has a dif-
fuse localization. Moreover, drug-treated groups had
undergone different levels of nuclear fragmentation and
nuclear shrinkage, providing evidence for abiraterone-
and MDV3100-induced apoptosis in LNCaP cells.
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Fig. 1 Abiraterone and MDV3100 induced mitophagy in LNCaP cells. a Representative micrographs of LNCaP cells transiently transfected with
pDsRed-NC expression plasmids. The cells were treated with vehicle alone (control), abiraterone, or MDV3100. b Representative micrographs

of green and red channel fluorescence of Mito-Rosella transiently transfected cells following treatments described above for a. The merged

panel shows overlap of fluorescence from the pHIluorin, DsRed and DAPI. The green/red fluorescence ratio of single cell under the above
conditions was quantitatively measured. Error bars represent mean £ S.D. of ratios for n= 25 cells per condition. The experiments were performed
three times, and a representative result is shown above; ***p <0.001 versus control, based on unpaired t-test. NC: normal control; DAPI:
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Mitochondrial DNA copy number, mitochondrial
membrane potential (mAy) and morphology detection

in abiraterone- and MDV3100-treated LNCaP cells

Further, we need to confirm whether abiraterone
and/or MDV3100 were involved in mitochondrial
damage. Mitochondrial DNA is quite unstable and
fragile without protection like nuclear membrane,
and to some extent reflects the state of the mitochon-
dria [18, 19]. In the current study, the copy number
of mtDNA decreased significantly in abiraterone-
and MDV3100-treat LNCaP cells compared to vehi-
cle indicating mtDNA damage was caused by both of
them (Fig. 2a).

The state and function of mitochondria can be evalu-
ated by the permeability of the mitochondrial mem-
brane, the capacity of the mitochondrial proton pump,
and the activity of the electron transport system, such
as mAy [20-23]. In order to evaluate the effects of these
two drugs on mitochondria, we used the specific mito-
chondrial probe JC-1 to detect the effects of these two
drugs on mAy of LNCaP cells. At the same time, we used
CCCP as a positive control to induce the decrease of
mitochondrial membrane potential. Consequently, mito-
chondrial depolarization was indicated by a decrease in
the red/green fluorescence intensity ratio in drug-treated
LNCaP cells, which is dependent on the membrane
potential (Fig. 2b, c). Moreover, severe mitochondria
swelling and the amount of autophagy-lysosomes were
observed in abiraterone- and MDV3100-treated LNCaP
cells through electron micrographs (Fig. 2d).

Western blot analysis of mitochondrial proteins

and mitophagy markers

Next, western blot analysis of mitochondrial marker
proteins will determine the extent of mitophagy. It is
well known that the decrease of mAy is accompanied
by the free passage of small molecules through the
mitochondrial membrane, thus depriving the ATP syn-
thase of its ability to provide sufficient energy, finally
leading to cell death [23]. Consistent with this, our
data showed the expression of ATP synthase was sig-
nificantly downregulated in abiraterone and MDV3100
treatment LNCaP cells. In addition, the expression of
crucial mitochondria-related proteins, frataxin, acon-
itase 2 (ACO2) and the translocase of the outer mem-
brane (Tom20) were apparently downregulated in
LNCaP cells following treatment of abiraterone and
MDV3100. Whereas the expression level of the trans-
locase of the inner membrane (Tim23) was signifi-
cantly upregulated in the same condition (Fig. 3a, b).
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Abiraterone and MDV3100 also induced autophagy

in LNCaP cells

Since mitophagy requires autophagy, we have also ana-
lyzed autophagy (i.e., Rosella-LC3) after abiraterone and
MDV3100 treatment as well as mitophagy. In vehicle-
treated cells, the green/red double labeled Rosella-LC3
showed a punctate diffuse localization throughout the
cytoplasm. While abiraterone and MDV3100 treatment
resulted in the aggregation of Rosella-LC3 with signifi-
cantly reduced green fluorescence around the nucleus,
indicating the redistribution of autophagosomes in
low pH environment (Fig. 4a). Moreover, the relative
expression level of autophagic associated LC3A/B-I was
decreased, the expression of LC3A/B-II was increased,
and the ratio of LC3A/B-I to LC3A/B-II was significantly
decreased after abiraterone and MDV3100 treatment in
LNCaP cells (Fig.4b).

Abiraterone and MDV3100 significantly inhibit
proliferation, elevated apoptosis via the regulation

of mitophagy in LNCaP cells

In addition, effects on tumor cell proliferation, apop-
tosis and migration in LNCaP cells with abiraterone or
MDV3100 exposure were observed. Our study showed
the proliferation of LNCaP cells was inhibited signifi-
cantly at the 72 h treatment time points in abiraterone
or MDV3100 treated groups. However, the proliferation
of LNCaP cells conversely increased at 72 h in Mdivi-1
treated group as showed in Fig. 5a.

A large number of studies have shown that mitophagy
are closely related to apoptosis [24—26]. Consistent with
nuclear fragmentation observed in Fig. 1, we observed
that the apoptotic LNCaP cells significantly increased fol-
lowing both abiraterone (10.5%) and MDV3100 (14.4%)
treatment, while decreased with Mdivi-1 exposure, com-
pared to the vehicle (Fig. 5b).

Discussion

In this study, we identified the potential mechanisms
involved in the induction of mitophagy by abiraterone
and MDV3100 treatments and confirmed the regulatory
function of mitophagy on the anticancer effects of both
drugs in LNCaP cell.

Recently, accumulating studies have revealed that
reduced mitochondrial membrane potential, increased
mitochondrial fragmentation, abnormal mitochondrial
swelling and upregulated autophagic proteins, together
result in mitophagy [20, 24, 26], which is important in
various types of cancer. For instance, the proliferation
of colon cancer cells was remarkably inhibited through
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membrane potential (mAY) detection. The representative dot plots of JC-1 fluorescence in the LNCaP cells treated with 20 nmol/L abiraterone
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ACO2, ATP synthetase, Tim 23, Tom 20 and frataxin. LNCaP cells were treated with MDV3100 or abiraterone as designed. 3-actin served as a loading
control. b The grouping column diagram present the relative expression of mitochondrial-related proteins normalized to B-actin in LNCaP cells after
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mitophagy induced by mitochondrial-target anticancer
agent [20], and the cellular apoptosis of colorectal can-
cer was enhanced by inhibition of mitophagy activity [20,
27]. Among these findings, mitophagy seems to play two
opposite roles in cancer, the promotion of cancer pro-
gression and the inhibition of cancer development. Our
study demonstrated the positive regulation of mitophagy
on the antitumor activity of abiraterone and MDV3100 in
LNCaP cells.

Our study suggested that abiraterone and MDV3100
induced mitophagy in LNCaP cell powerfully supported
by apparent changes of mitochondrial morphology and
decreased mitochondrial membrane potential. Therefore,
the oxidized and damaged proteins are phagocytized by
mitochondria with lower membrane potential, promot-
ing the production of autophagosomes, which are then
eliminated by mitophagy. The activation of mitochondrial
permeability transition (MPT) enables small molecular
weight proteins to pass freely through the mitochondrial
membrane, depriving ATP synthetase of its ability to pro-
vide sufficient energy.

On the other hand, abiraterone and MDV3100 can
also induce disordered expression of crucial mito-
chondrial proteins in LNCaP cells. Mitochondria
must import all the proteins needed for their function
through the adventitia translocation enzyme (TOM)
and the intimal translocation enzyme (TIM). The
decrease of TOM and the increase of TIM we detected
may affect the material transport of mitochondria and
lead to mitochondrial dysfunction. In addition, the
decreased expression of ATP synthase, frataxin and
ACO2, all of which were closely related to energy pro-
duction, were detected after the induction of abira-
terone and MDV3100. Mitochondrial ATP synthase
located in mitochondrial inner membrane catalyzes
ATP synthesis, utilizing an electrochemical gradient
of protons across the inner membrane during oxida-
tive phosphorylation. Frataxin appears to function in
some capacity for iron-storage for the mitochondria,
also function as an activator of oxidative phosphoryla-
tion to increase mitochondrial membrane potential and
elevate cellular ATP [28]. Therefore, alterations of the
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Fig. 4 Abiraterone and MDV3100 induced autophagy in LNCaP cells. a Representative micrographs of LNCaP cells transiently transfected with
expression plasmids for Rosella-LC3 and treated with abiraterone and MDV3100. The green to red fluorescence ratio was measured in single cell
under exposure described above. Error bars represent mean = S.D. of ratios for n=25 cells per condition. ***p <0.001 versus control, based on
unpaired t-test. b Western blotting show effects of abiraterone and MDV3100 on expression of endogenous LC3 lipidation. B-actin was served as a
loading control. ¢ Grouped column diagram present the ratio of LC3A/B-I to LC3A/B-Il quantified after normalization with B-actin in LNCaP cells with
abiraterone or MDV3100 treatment. Error bars represent mean 4 S.D. of three independent experiments and a representative result is shown above,
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mitochondrial membrane potential that stimulated by
abiraterone and MDV3100 treatment play an essen-
tial role in the regulation of mitophagy. Aconitase 2 is
encoded in the nucleus while functions in the mito-
chondrion and catalyzes the interconversion of citrate
to isocitrate in the second step of the TCA cycle [29].
Thus the dysfunction of these mitochondrial function
related proteins aggravates the energy deficiency and
eventually led to cell death.

Further, in order to clarify the function of abiraterone
and MDV3100 on LNCaP cells through mitophagy, we
used mitophagy inhibitor Mdivi-1 in LNCaP cells. The

results showed that proliferation of LNCaP cells were
enhanced and the apoptosis was inhibited after block-
ing mitophagy. Therefore, abiraterone and MDV3100
can affect the proliferation and apoptosis of LNCaP
cells through mitophagy.

Conclusions

Taken together, mitophagy may not be the direct cause of
cell death, but it does represent an adaptive response to
chemotherapeutic stress that could restricts cell function
by promoting apoptosis, inhibiting cellular proliferation.
Therefore, the promotion of mitophagy might enhance
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Fig. 5 Abiraterone and MDV 3100 mediated cell proliferation and apoptosis in LNCaP cells through regulating mitophagy. a The blockade of
mitophagy and abiraterone- and MDV3100-mediated inhibition of proliferation in LNCaP cells. LNCaP cells were treated with mdivi-1 or abiraterone
or MDV3100 for 24 h, 48 h and 72 h, respectively. The absorbance values with CCK-8 were detected at 450 nm. Error bars represent mean =+ S.D. of
three independent experiments, *p <0.05, **p <0.01, ***p <0.001 versus control, based on t-test. b Representative dot plots of Annexin-V-FITC and
PE stained by propidium iodide (PI) in the LNCaP cells following treatments described above for AMDV3100 Error bars represent mean =+ S.D. of
three independent experiments, *p < 0.05, **p <0.01 versus control, based on t-test. Mdivi-1: Mitochondrial division inhibitor 1

the efficacy of abiraterone and MDV3100, which could be
a potential strategy to improve the efficacy of chemother-
apy with these two reagents.

Abbreviations

PCa: prostate cancer; mCRPC: metastatic castration-resistant prostate cancer;
mCSPC: castration-sensitive prostate cancer; LNCaP: lymph node carcinoma
of the prostate; ACO2: aconitase 2; Tom20: the translocase of the outer
membrane; Tim23: inner membrane protein of mitochondria; CCCP: carbony!
cyanide 3-chlorophenylhydrazone; Mdivi-1: mitochondrial division inhibitor

1; ATCC: American Type Culture Collection; ORF: open reading frame; COX8:
the subunit VIIl of cytochrome c oxidase; LC3: light chain 3; DsRed: discosoma
red fluorescent protein; pHluorin: pH-sensitive green fluorescent protein; MPT:
mitochondrial permeability transition.

Acknowledgements
Not applicable.

Authors’ contribution

JH,JZ, LZ, and FX designed the experiments. JH and JZ mainly performed
the experiments and analyzed the results. JH wrote the paper with LZ and JZ.
The others participated in trouble shooting, analyzing and writing during this
work. All authors read and approved the final manuscript.

Funding

This work was supported in part by Grant 20172X09304026 from the National
Science and Technology Major Project for Significant New Drugs Creation,
Grant 81871107 and 81870048 from the National Natural Science Foundation
of China, Grant BJ-2018-137 from the Beijing Hospital Nova Project.



Han et al. Cancer Cell Int (2019) 19:332

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! The MOH Key Laboratory of Geriatrics, Beijing Hospital, National Center

of Gerontology, Beijing 100730, People’s Republic of China. 2 Department

of Pathology, Beijing Hospital, National Center of Gerontology, Beijing 100730,
People’s Republic of China. > Department of Urology, Beijing Hospital, National
Center of Gerontology, Beijing 100730, People’s Republic of China. * Clinical
Biobank, Beijing Hospital, National Center of Gerontology, Beijing 100730,
People’s Republic of China.

Received: 6 August 2019 Accepted: 8 November 2019
Published online: 10 December 2019

References

1. Pinsky PF, Miller E, Prorok P, Grubb R, Crawford ED, Andriole G. Extended
follow-up for prostate cancer incidence and mortality among partici-
pants in the prostate, lung, colorectal and ovarian randomized cancer
screening trial. BJU Int. 2018;123(5):854-60.

2. Guns EST, Toren PJ, Kim S, et al. Anticancer activity of a novel selective
CYP17A1 inhibitor in preclinical models of castrate-resistant prostate
cancer. Mol Cancer Ther. 2014;14(1):59-69.

3. Facchini G, Cavaliere C, Aniello CD, lovane G. Abiraterone acetate
treatment in patients with castration-resistant prostate cancer with
visceral metastases: a real-world experience. Anti-Cancer Drugs.
2018,30(2):179-85.

4. YinL, HuQ CYP17 inhibitors-Abiraterone, C17, 20-lyase inhibitors and
multi-targeting agents. Nat Rev Urol. 2014;11(1):32-42.

5. Parson W, Akbor M, Klocker H, et al. Critical role of androgen receptor
level in prostate cancer cell resistance to new generation antiandrogen
enzalutamide. Oncotarget. 2016;7(37):59781-94.

6. Semenas J, Dizeyi N, Persson JL. Enzalutamide as a second generation
antiandrogen for treatment of advanced prostate cancer. Drug Des Devel
Ther. 2009;2013(7):875-81.

7. Saad F. Evidence for the efficacy of enzalutamide in postchemo-
therapy metastatic castrate-resistant prostate cancer. Ther Adv Urol.
2013;5(4):201-10.

8. Hussain M, Fizazi K, Saad F, et al. Enzalutamide in men with non-
metastatic, castration-resistant prostate cancer. N Engl J Med.
2018;378(26):2465-74.

9. Hippert MM, O'Toole PS, Thorburn A. Autophagy in cancer: good, bad, or
both? Cancer Res. 2006;66(19):9349-51.

10. Chourasia AH, Boland ML, Macleod KF. Mitophagy and cancer. Cancer
Metab. 2015;3(1):1-12.

11. Chen P, Cescon M, Bonaldo P, Chen P, Cescon M, Bonaldo P. Autophagy-
mediated regulation of macrophages and its applications for cancer.
Autophagy. 2016;8627:192-200.

Page 10 of 10

12. Ashrafi G, Schwarz TL. The pathways of mitophagy for quality control and
clearance of mitochondria. Cell Death Differ. 2013;20(1):31-42.

13. Kurihara', KankiT, Aoki Y, et al. Mitophagy plays an essential role in reduc-
ing mitochondrial production of reactive oxygen species and mutation
of mitochondrial DNA by maintaining mitochondrial quantity and quality
in yeast. J Biol Chem. 2012,287(5):3265-72.

14. Li Z, Bishop AC, Alyamani M, et al. Conversion of abiraterone
to D4A drives anti-tumour activity in prostate cancer. Nature.
2015;523(7560):347-51.

15. Rizzuto R, Nakase H, Darras B, et al. A gene specifying subunit VIIl of
human cytochrome c oxidase is localized to chromosome 11 and
is expressed in both muscle and non-muscle tissues. J Biol Chem.
1989;264(18):10595-600.

16. Sargsyan A, Cai J, Fandino LB, et al. Rapid parallel measurements of
macroautophagy and mitophagy in mammalian cells using a single
fluorescent biosensor. Sci Rep. 2015;5(1):1-11.

17. Jin ML, Kim YW, Jeong KW. BAF53A regulates androgen receptor-medi-
ated gene expression and proliferation in LNCaP cells. Biochem Biophys
Res Commun. 2018;505(2):618-23.

18. Mei H, Sun S, Bai Y, ChenY, Chai R, Li H. Reduced mtDNA copy number
increases the sensitivity of tumor cells to chemotherapeutic drugs. Cell
Death Dis. 2015;6(4):e1710.

19. Zhang P, Lehmann BD, Samuels DC, et al. Estimating relative mito-
chondrial DNA copy number using high throughput sequencing data.
Genomics. 2017;109(5-6):457-62.

20. Boyle KA, Van Wickle J, Hill RB, Marchese A, Kalyanaraman B, Dwinell MB.
Mitochondria-targeted drugs stimulate mitophagy and abrogate colon
cancer cell proliferation. J Biol Chem. 2018;293(38):14891-904.

21. Teodorof-Diedrich C, Spector SA. Human immunodeficiency virus type
1 gp120 and Tat induce mitochondrial fragmentation and incomplete
mitophagy in human neurons. J Virol. 2018;92(22):e00993-18.

22. Wang C, Qi'S, Liu C, Yang A, Fu W. Mitochondrial dysfunction and Ca2+
overload in injured sertoli cells exposed to bisphenol A. Environ Toxicol.
2017,32(3):823-31.

23. Youle R. Mechanisms of mitophagy. Nat Rev Mol Cell Biol.
2010;12(1):9-14.

24. LiuL,Yang M, Kang R, et al. HMGB1-induced autophagy promotes
chemotherapy resistance in leukemia cells. Leukemia. 2011;25(1):23-31.

25. Radogna F, Cerella C, Gaigneaux A, Christov C, Dicato M, Diederich M.
Cell type-dependent ROS and mitophagy response leads to apoptosis or
necroptosis in neuroblastoma. Oncogene. 2015;35(29):3839-53.

26. Feng D, Liu L, ZhuY, Chen Q. Molecular signaling toward mitophagy and
its physiological significance. Exp Cell Res. 2013;319(12):1697-705.

27. Lili He, Kebo Gu. Tanshinone IIA regulates colorectal cancer apoptosis via
attenuation of Parkin-mediated mitophagy by suppressing AMPK/Skp2
pathways. Mol Med Rep. 2018;18(2):1692-703.

28. LiuP LinH, XuY, et al. Frataxin-mediated PINK1-parkin-dependent
mitophagy in hepatic steatosis: the protective effects of quercetin. Mol
Nutr Food Res. 2018;62(16):1-40.

29. Haggie PM, Verkman AS. Diffusion of tricarboxylic acid cycle enzymes in
the mitochondrial matrix in vivo. J Biol Chem. 2002;277(43):40782-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Abiraterone and MDV3100 inhibits the proliferation and promotes the apoptosis of prostate cancer cells through mitophagy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Cell culture and transfection
	Confocal microscopy assay
	Quantitative real-time PCR (qPCR)
	Mitochondrial membrane potential (mΔψ) detection
	Protein isolation and western blot
	Transmission electron microscopy (TEM)
	Cell proliferation analysis
	Flow cytometric (FCM) analysis of cell apoptosis
	Statistical analysis

	Results
	Abiraterone and MDV3100 both activate mitophagy in LNCaP cell
	Mitochondrial DNA copy number, mitochondrial membrane potential (mΔψ) and morphology detection in abiraterone- and MDV3100-treated LNCaP cells
	Western blot analysis of mitochondrial proteins and mitophagy markers
	Abiraterone and MDV3100 also induced autophagy in LNCaP cells
	Abiraterone and MDV3100 significantly inhibit proliferation, elevated apoptosis via the regulation of mitophagy in LNCaP cells

	Discussion
	Conclusions
	Acknowledgements
	References




