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miR-564 inhibited metastasis and proliferation
of prostate cancer by targeting MLLT3
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Abstract. - OBJECTIVE: MiR-564 has been
discovered to be abnormally expressed in hu-
man malignancy. Two recent studies suggested
that miR-564 plays a role in tumor inhibition in
both lung and breast cancer. However, no evi-
dence reported the mechanism and function of
miR-564 in prostate cancer (PCa).

PATIENTS AND METHODS: The PCa tissues
and their adjacent normal tissues were collected
from 50 PCa patients. Expressions of miR-564
in tissues and cells were evaluated with RT-qP-
CR. The MTT [3-(4,5-dimethylthiazol-2-yl)2,5-di-
phenyl tetrazolium bromide] assay, flow cytom-
etry and Western-blot analysis, were applied to
detect the proliferation, cell cycle progression
and the protein expression of PCa cell lines (PC-
3 and DU-145). Migration and invasion of PCa
cells were analyzed by Transwell assays. Fur-
thermore, the correlation between miR-564 and
MLLT3 was assessed by luciferase reporter as-
say. Also, the PCa cells were transfected with
miR-564 mimics control and inhibitor.

RESULTS: In our present research, miR-564
was found dysregulated in PCa cells and to act
as a suppressor in PCa cell proliferation, pro-
gression of cell cycle, cell invasion and migra-
tion. MLLT3 (also known as Af9) is a proto-onco-
gene, which has first reported in leukemia, and
the regulation of its expression remains incom-
pletely elucidated. Also, it is first reported in our
study, suggesting that MLLT3 is a direct target of
miR-564. The results also showed a significant
negative correlation with miR-564 in PCa cells.
Furthermore, up-regulation of MLLT3 attenuates
the effects of miR-564 on the ability of PCa cells.

CONCLUSIONS: Our research demonstrat-
ed the suppressor function of miR-564 in PCa,
revealing restoration of miR-564 as a potential
therapeutic strategy for the treatment of PCa.
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Introduction

Prostate cancer (PCa) is an important public
health problem around the world. Its incidence
rate ranks 2™ in the male tumors, and its fatality
rate ranks 6" in all male tumors in the world'. Be-
sides, its incidence rate is 28.5/0.1 million people
currently?, and the incidence rate of PCa in China
also shows an increasing trend year by year.

The clinical symptoms of PCa lack specifici-
ty. It has no obvious symptoms in the early stage,
but hematuria, lower urinary tract obstruction or
irritation symptoms may occur in the progressi-
ve stage. The main complications of advanced
PCa include the refractory ostealgia, pathologi-
cal fractures, anemia and spinal cord compres-
sion, etc. It is reported that the incidence rate of
bone metastases is about 65-75%, and the 5-year
survival rate of patients is 25% with poor quality
of life’. Prostate Specific Antigen (PSA) combi-
ned with digital rectal examination is always re-
cognized as the best screening method for early
detection of PCa. However, PSA detection still
cannot completely distinguish benign from mali-
gnant cancer, and PCa cannot be completely ruled
out from patients with less than 4 ng/mL antigen,
either*. PLCO (Prostate, Lung, Colorectal, and
Ovarian) study results showed that PSA scree-
ning may lead to over-examination and treatment,
increased adverse reactions and complications,
and higher medical cost, but it cannot reduce the
mortality rate of males aged below 55 years old’.
Therefore, searching for a new screening method
of PCa has become one of the research hotspots in
recent years. More and more studies have focused
on the diagnosis of PCa by detecting the changes
in microRNA (miRNA) levels in human blood and
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urine samples. For example, Chen et al® identified
five miRNAs that were abnormally expressed in
the serum of PCa patient for the differential dia-
gnosis of PCa and benign prostatic hyperplasia.
Brace et al’ found that miR-141 and miR-375 are
important indexes of prognosis estimation of PCa
through the screening of plasma in patients with
non-PCa metastasis and PCa metastasis.

MiR-564 has firstly been described as potential
blood-based biomarkers in schizophrenia patients
together with six other miRNAs®. The later repor-
ts suggested miR-564 has an inhibitory effect on
lung cancer and breast cancer®'’. However, the
roles of miR-564 in PCa tumorigenesis and un-
derlying mechanisms remain unknown.

MLLT3 (also known as Af9), a proto-oncoge-
ne, was first reported in leukemia and involved
in many different cellular processes, such as cell
differentiation'!, cell fate decision'? and nervous
system development'®, MLLT3 gene has been re-
ported to play a pathological role in neurodeve-
lopmental diseases. A previous study showed that
disruption of MLLT3 was associated with mental
retardation, epilepsy and ataxia in human'*. A la-
ter study demonstrated that MLLT3 has promo-
tion function in lymphocytoma'.

In our study, we analyzed the biological fun-
ction of miR-564 in PCa cells. For the first time,
MLLT3 was identified to be a direct and functio-
nal target through which miR-564 acts as tumor
suppressor in PCa cells. These findings indicated
that the miR-564 has a tumor suppressive function
in the PCa progress and may become a potential
treatment for the PCa.

Patients and Methods

PCa Cases and Cells

This study included 50 PCa patients who re-
ceived treatment with radical prostatectomy at
Weifang People’s Hospital and underwent pa-
thological diagnoses to be confirmed as PCa.
Preoperative chemotherapy or radiotherapy
treatments were forbidden. The liquid nitrogen
was used to freeze PCa tissues and correspon-
ding adjacent normal tissues before being kept in
-70°C refrigerator. The adjacent normal tissues
have to be concerned by biological biopsy to be
sure that they do not include cancer cells. This
study was approved by the Ethics Committee of
Weifang People’s Hospital. Signed written infor-
med consents were obtained from all participants
before the study.

The human PCa lines (PC-3 and DU-145) to-
gether with the adult human prostatic epithelial
cell line (RWPE-1) were purchased from the Chi-
nese Academy of Sciences (Shanghai, China). All
cells were cultured in Roswell Park Memorial In-
stitute 1640 (RPMI 1640) medium (Thermo Fi-
sher Scientific, Inc., Waltham, MA, USA) com-
plemented with 10% fetal bovine serum (FBS),
100 mg/mL streptomycin and 100 IU/mL penicil-
lin (Thermo Fisher Scientific, Inc., Waltham, MA,
USA) in 5% CO, cell culture incubator.

qRT-PCR Analysis

Total RNA was procured by TRIzol reagent
in accordance with the manufacturer’s protocol.
TagMan miRNA assay (Applied Biosystems,
Foster City, CA, USA) was used to measure
the level of miR-564 expression normalized
to miRNA U6. SYBR green qPCR assay (Life
Science, San Diego, CA, USA) was used to me-
asure the level of MLLT3 expression and en-
dogenous controlled by GAPDH (Life Science,
San Diego, CA, USA).

Western Blot Analysis

Protein concentration was measured by using
bicinchoninic acid (BCA) reagent kit (Merck,
NJ, USA). Cell lysates were separated on polya-
crylamide gels and electro blotted onto nitrocel-
lulose membranes. Then, they were blocked with
blocking tris-buffered saline (TBS) with 0.05%
Tween 20, pH 7.6 with 5% skimmed milk. After
that, the blot was washed and incubated with an-
ti-MLLT3 antibody (Abcam, Cambridge, MA,
USA, Dilution 1:1000) or anti-GAPDH (Abcam,
Cambridge, MA, USA, Dilution: 1:1000) antibo-
dy, which was blotted to show equal protein loa-
ding at 4°C overnight.

Transfection

MiR-564 mimics control and inhibitor were
synthesized and transfected to PCa cell lines to
analyze biological function of miR-564. Then,
three groups were established to study the poten-
tial relevance between miR-564 and PCa. MiR-
564 mimics (PCa cell transfected by miR-564
mimics), mimics +MLLT3 (PCa cell transfected
by miR-564 mimics and siMLLT3) and NC
group (negative control). All the stuff was pur-
chased from Guangzhou RiboBio (Guangzhou,
China), and were transfected by using lipofecta-
mine RNAIMAX (Life Technologies, Carlsbad,
CA, USA) according to the manufacturer’s in-
structions.
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Figure 1. The expressions of miR-564 in prostate tissue
samples. Difference in the expression of miR-199a-3p betwe-
en prostate cancer tissues and corresponding adjacent normal
prostate tissues. ""p<0.0001 compared with RWPE-1.

Cell Proliferation and Cell Cycle Assay

PCa cells were harvested and inoculated into
96-well plates at a density of 2 x 10° cells for 48
hours, MTT solution (5 mg/mL, MultiSciences,
Hangzhou, China) was appended to each well
after 4-hour incubation. Then, 150 pL of dimethyl
sulfoxide (DMSO) was added to each well for so-
lubilizing the form azan formed. After 30 min, the
absorbance was measured by a microplate reader
(Bio-Rad, Hercules, CA, USA) set at 490 nm.

For cell cycle analysis, PCa cells were obtained
3 days after transfection. The number of PCa cells
in different cell phase was measured with the cell
cycle staining kit (Multi Sciences Biotech Co.,
Ltd., Hangzhou, China) by flow cytometry. The
rate of cells in GO/G1 or S phases is presented in
the results.

Luciferase Reporter Assays

PCa cells were co-transfected with pMIR-30U-
TR-MLLT3 or pMIR-30UTR-Mut MLLT3 and
miR-564 mimic or negative control (NC), and the
pMIR-Renilla plasmid (Promega, Madison, WI,
USA) followed being seeded into a 24-well plate.
The cells were then lysed post-transfection. The
luciferase activity was assessed using a Dual-Lu-
ciferase Reporter Assay System (Promega Cor-
poration, Madison, WI, USA), and results were
normalized to Renilla luciferase activity.

Cell Invasion and Migration Assays

Cell invasion and migration assays were per-
formed using Transwell plates (Corning Incorpo-
rated, Corning, NY, USA) with 8-pum-pore size
membranes with Matrigel (for invasion assay) or

without Matrigel (for migration assay). Briefly, 2
x 10*cells were planted into the upper chambers
with serum free medium, On the other hand, the
lower chamber was offered with medium con-
taining 10% fetal bovine serum (FBS) as a che-
moattractant. After 2 days incubating, the cells
on the top of membrane were wiped by a brush.
Subsequently, the membrane was stained by 0.2%
crystal violet followed drenched by 95% ethanol.
The cells of migrating or invading were noted by
an inverted microscope.

Statistical Analysis

Statistical analysis was performed with a Stu-
dent’s #-test or F-test. All p-values were two-si-
ded and p<0.05 were considered significantly and
analyzed by Prism 6 software (Version X; La Jol-
la, CA, USA).

Results

MiR-564 Expression Found Reduced
both Tissues and Cells of PCa

To examine the role of miR-564 in PCa, we
used qRT-PCR to detect the expression level of
miR-564 in PCa tissues and the adjacent normal
tissues. The results showed that the expression
of miR-564 is pretty lower in PCa tissues com-
pared with the adjacent normal tissues (p<0.05)
(Figure 1). Furthermore, we found the same
results in PCa cells compared to the RWPE-1
cell (p<0.05) (Figure 2). Together, we thought
miR-564 might have the regulatory effects in
PCa progression.
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Figure 2. The expressions of miR-564 in prostate cells. The
expression of miR-199a-3p in prostate cancer cell lines (PC-
3 and DU145) and normal prostate epithelial cells (RWPE-
1). **p<0.001 compared with RWPE-1.
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MIiR-564 Suppressed Proliferation
of PCa cells

To examine the function of miR-564 on proli-
feration of PCa cells, we performed MTT assay
to detect the cell proliferation rates. The MTT re-
sults showed that up-regulation of miR-564 signi-
ficantly decreased cell proliferation rates in both
PC-3 and DU-145 cells. In contrast, down-regu-
lation of miR-564 promoted cell growth of PCa
cells (p<0.05) (Figure 3A, B). In order to under-
stand the underlying mechanism, we make a fur-
ther experiment to explore whether the miR-564
influences on cell cycle progression. We found
that overexpression of miR-564 significantly in-
creased the percentage of cells at GO/G1 phase.
However, inhibition of miR-564 exhibited an op-
posite effect (p<0.05) (Figure 3C, D). As a result,
the present study suggested that miR-564 inhibi-
ted PCa cell growth via inducing cell-cycle arrest
at GO/G1 phase.

MiR-564 Inhibited Migration and
Invasion of PCa Cells

Migration and invasion are two most key fac-
tors in cancer cell proliferation. In the Transwell
experiments, results showed that migration and
invasion in both PC-3 and DU-145 cells were re-
stricted after up-regulation of miR-564 with mi-
mics. However, inhibition of miR-564 resulted in
promotion of migration and invasion in PCa cells
(»<0.05) (Figure 3G-H).

MLLT3 is a Direct Target of miR-564
in PCa Cells

In order to explore potential target of miR-564,
we made a prediction via searching three publicly
available algorithms (Target Scan, miRDB and
microRNA) to elucidate the putative and possible
targets of miR-564. Finally we found the MLLT3
was a supposed target of miR-564 (Figure 4A)
(564c). A recent study has demonstrated that the
MLLT3 has the function of promotion in lym-
phocytoma's. Thus, MLLT3 has caught our atten-
tion. To confirm whether miR-564 has regulation
effect on MLLT3, Firstly, we established lucife-
rase reporter vectors containing the wild or mu-
tant type miR-564 seed sequences of the MLLT3
30UTR. Increase the expression of miR-564 with
mimics result in the decrease of the luciferase
activity of the wide type MLLT3 30UTR reporter
gene, but it has no effect on mutant-type (Figure
4C). Furthermore, we found that up-regulation of
miR-564 decreases the expression level of pro-
tein of MLLT3 in both PC-3 and DU-145 cells in

Western blot experiment (Figure 3E-F). Secondly,
we explored the correlation between MLLT3 and
miR-564 on PCa cells. We set up three groups to
conduct the similar experiments (miR-NC group,
miR-564 mimics group, and the mimics + MLLT3
group) in PC-3 cells. As we expected, restoration
of MLLT3 has the reverse force on the depressing
effect induced by miR-564 on the proliferation
of PCa cells (Figure 4B), cell cycle progression
(Figure 4D), protein expression (Figure 4E), mi-
gration, and invasion (Figure 4F). Taken it all, the
results indicated that the up-regulation of miR-
564 has a negative relationship with MLLT3 in
PCa cell, miR-564 suppressed the metastasis and
proliferation of PCa cells, and MLLT3 restoration
partially weaken the inhibition of miR-564.

Discussion

PCa is a major public health problem in deve-
loped countries!!'®. Traditional treatments of PCa
rely on hormone therapy, but the cancer cells gra-
dually become insensitive and resistant to hor-
mone treatment as the disease progress'’. Thus, it
is important to explore the pathologic process of
disease development. Loss of cycle control is an
important pathological factor in the occurrence of
tumors including PCa. Cell cycle disorder is an
important cause for unstable genetic information
and malignant cell transformation'®. Studies have
showed a large number of cycle regulatory pro-
teins that are abnormally expressed in PCa. Many
cycle regulation- associated proteins will mutate in
PCa, which may lead to the activation of oncoge-
nes and inactivation of tumor-suppressor genes'.
The pharmacological basis of a lot of therapeutic
drugs of PCa, including the existing chemothe-
rapy drugs, is the cell cycle regulation®®. There-
fore, the study on the new cycle regulatory genes
will undoubtedly bring breakthroughs to the deve-
lopment of new targeted drugs of PCa. At present,
studies have demonstrated that miRNAs play an
important role in the transformation of stem cells
from G1 phase to S phase”', but the G1 phase of
tumor cells is short and G1/S detection sites are
lacked. At this point, tumor cells and embryonic
stem cells are similar. There are many miRNAs
that inhibit the tumor proliferation by regulating
cell cycle. For example, miR-765 arrests the cell
cycle in G2 phase via inhibiting HMGA 1%. MiR-
107 and miR-449a can induce the G1 phase arrest
by targeting CDK4/CDK6%. This phenomenon
suggests that miRNA may be closely related to



F.-J. Meng, F.-M. Meng, H.-X. Wu, X.-F. Cao

A PC-3 C 2500 2500 2500 80 S —
4 2 2 = miR-564
—~ Inhibitor 2% el e g 60 . - iibios
. —= Mimics 1500 1500 1500 s
®
§ 3 }. —e— Control 2 40 i
= 1000 1000 1000 z
> 2 § 20
% 500 500 500 g
<
a
0 o
L8 SN a~ B B a G061 s
0 Control Mimics Inhibitor
1 2 3 4 5
Time(day) PC_3
B DU-145 D 2500 2500 2500 80 & Control
4 2 = miR-564
~= Inhibitor - e e e = inhibitors
= Mimics 1500 1500 1500 s
8> . & 40
8 - Control £
b £y 1000 1000 1000 c
22 2
8 500 500 500 s
Q 0 0 0
o n N n o~ N a GoiG1 s
ol = . . . . Control Mimics Inhibitor
1 2 3 4 5
Time(day) DU-145
E G

uoneISIA

i

MLLTS3 protein expression

Invasive cells per field Migratory cells per field
. 8 & 8 8 g 2 3
/E E
i H

Mimics Inhibitor A

PC-3 Cell

Invasive cells per field Migration cells per field
o 8 & 3 8 _ o 3 3 %
E : E

Mimics

Inhibitor & & J@“"

o 8 & g
[=] _ = S
=1 = B, 0.5 &,
I o I <]
o S g =1
= R & 00
> S
& & Y
Ea & &
PC-3
F H =
SZ.O g’
i .k
€15
. .§1.o =
& & B & g
B =~ =, « 0.5 @,
g & 2 5 S
=] = =} =
s g2 5 fo
& & o
P 6-‘3- Q.Q\
DU-145

DU-145 Cell

Figure 3. MiR-564 inhibits the proliferation and motility of prostate cancer cells. PC-3 and DU-145 cells were transfection with
miR-564 mimics and inhibitor. 4-B, Effect of miR-564 on the cell proliferation. The cell proliferation of PCa cell transfection
with mimics or inhibitor were analyzed using MTT assay. (*»<0.05 vs. control group). C-D, Effect of miR-564 on the cell cycle.
The cell cycle phases of PCa cell transfection with mimics or inhibitor were analyzed using flow cytometry, (*p<0.05 vs. control
group; # p<0.05 vs. mimics group). E-F, Effect of miR-564 on the expression of MLLT3. The protein expression of MLLT3 of
PCa cell post-transfection with mimics or inhibitor were analyzed using western-blot assay (*»<0.05 vs. control group; ##p<0.01
vs. mimics group). G-H, Effect of miR-564 on the invasion and metastasis. The invasion and metastasis of PCa cell post-tran-
sfection with mimics or inhibitor were analyzed using transwell assay and detected by microscope (X200). (¥*p<0.05 vs. control

group; #p<0.05, #p<0.01 vs. mimics group).

the tumor cell cycle regulation. All these cycle-re-
lated tumor suppressor microRNAs are expected
to be new therapeutic targets for PCa. Here in our
study, we analyzed samples from 50 PCa patien-
ts. These results indicated that compared with
corresponding adjacent normal tissues, miR-564
expression was significantly down-regulated in
PCa. We also found that expressions of miR-564
in PC-3 and DU-145cell lines were significantly

decreased compared with RWPE-1 cells, sugge-
sting that miR-564 has a significant effect on PCa
development. Besides, over-expressed miR-564
inhibited the proliferation of PCa cells and had
the function of inducing cell-cycle dispute at G0/
G1 phase. The invasion and metastasis of prostate
cancer is a multi-step and multi-factor complex
process, involving a variety of adhesion-related
molecules, proteolytic enzymes, many cytokines
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western-blot assay. F The invasion and metastasis test by transwell assay. ("p<0.05, "p<0.01 vs. NC group; *p<0.05, #p<0.01

vs. mimics group).

and regulatory factors**. More and more eviden-
ce suggests that miRNA 1is also closely related
to the metastasis of PCa. For example, the sup-
pressor gene of tumor, p-63, can inhibit the tumor
metastasis via regulating the expression of miR-
205, and patients with p-63/miR-205 deletion are
often accompanied with high Gleason score and
easy tumor metastasis®®. Our findings suggested
that the ability of migratory and invasive of PCa
cells were restricted by up-regulation of miR-564,
suggesting that miR-564 has a certain inhibitory
effect on tumor proliferation.

Subsequently, we searched the potential targets
through which miR-564 exerted its effect on PCa
cells. MLLT3 aroused our interest after it was
analyzed in three online bioinformatics databases,
which have been suggested to have the function
of promotion in malignancy'. As we expected,
we found that the expression of miR-564 nega-

tively correlated with the expression of MLLT3
utilizing in luciferase assay and Western blot. Mo-
reover, MLLT3 overexpression seriously impacts
the inhibitive function of miR-564 on PCa cells in
cell proliferation, cell cycle, the invasion and me-
tastasis of cell, indicating that miR-564/ MLLT3
axis may be an important mechanism in the tumo-
rigenesis and development of PCa.

Conclusions

We explored the tumor inhibitory function of
miR-564 in PCa cells. MLLT3, as the direct and
function target of miR-564, attenuated the sup-
pressor effect in metastasis and proliferation of
PCa cell. Thus, restoration of miR-564 could be
a potential therapeutic strategy for the treatment
of PCa.



F.-J. Meng, F.-M. Meng, H.-X. Wu, X.-F. Cao

Conflict of interest
The authors declare no conflicts of interest.

1)

10)

11)

12)

References

Xu CG, Yang MF, Fan JX, WanGg W. MiR-30a and
miR-205 are downregulated in hypoxia and mo-
dulate radiosensitivity of prostate cancer cells by
inhibiting autophagy via TP53INP1. Eur Rev Med
Pharmacol Sci 2016; 20: 1501-1508.

Di Franco R, BorziLLo V, Ravo V, AMeTrANO G, CAMMA-
ROTA F, Rossetm S, Romano FJ, D'Anietto C, CavALere C,
lovane G, PorriceLl MA, Muto M, BErRrReTTA M, FACCHINI
G, Muro P. rectal/urinary toxicity after hypofractio-
nated vs. conventional radiotherapy in high risk pro-
state cancer: systematic review and meta analysis.
Eur Rev Med Pharmacol Sci 2017; 21: 3563-3575.

SmitH JJ, SoLoway MS, Young MJ. Complications of
advanced prostate cancer. Urology 1999; 54: 8-14.

CrawrorD ED, MouL JW, Rove KO, Petraway CA,
Laverato LE, HucHes A. Prostate-specific antigen
1.5-4.0 ng/mL: a diagnostic challenge and danger
zone. BJU Int 2011; 108: 1743-1749.

ANDRIOLE GL, CrawrForD ED, GruBe RR, Buys SS, CHIA
D, CHurcH TR, Fouap MN, GEeLmANN EP, Kvale PA,
Rebing DJ, WEissreLp JL, YokocH LA, O'Brien B, Ciarp
JD, RatHMELL JM, Ritey TL, Haves RB, Kramer BS, Izmir-
LIAN G, MiLLER AB, Pinsky PF, Prorok PC, GoHAGAN JK,
BerG CD. Mortality results from a randomized pro-
state-cancer screening trial. N Engl J Med 2009;
360: 1310-1319.

CHEN ZH, ZHanG GL, LI HR, Luo JD, Li ZX, CHeN GM,
YanG J. A panel of five circulating microRNAs as
potential biomarkers for prostate cancer. Prostate
2012; 72: 1443-1452.

Brase JC, JOHANNES M, ScHLomm T, FALTH M, HAESE A,
SteuBer T, BeissBartH T, Kuner R, Surtvann H. Circu-
lating miRNAs are correlated with tumor progres-
sion in prostate cancer. Int J Cancer 2011; 128:
608-616.

Lai CY, Yu SL, HsieH MH, CHen CH, CHEN HY, WEN
CC, Huana YH, Hsiao PC, Hsiao CK, Liu CM, YanG PC,
Hwu HG, CHen WJ. MicroRNA expression aberra-
tion as potential peripheral blood biomarkers for
schizophrenia. PLoS One 2011; 6: e21635.

YANG B, Jia L, Guo Q, Ren H, Hu D, ZHou X, Ren Q,
Hu 'Y, Xie T. MiR-564 functions as a tumor suppres-
sor in human lung cancer by targeting ZIC3. Bio-
chem Biophys Res Commun 2015; 467: 690-696.

Mutiu M, Saatcl O, ANsArl SA, YURDUSEV E, SHEHWANA
H, Konu O, Raza U, SaHin O. MiR-564 acts as a
dual inhibitor of PISK and MAPK signaling networ-
ks and inhibits proliferation and invasion in breast
cancer. Sci Rep 2016; 6: 32541.

Pina C, May G, Sones S, HonG D, Enver T. MLLT3 re-
gulates early human erythroid and megakaryocytic
cell fate. Cell Stem Cell 2008; 2: 264-273.

VoceL T, Gruss P. Expression of Leukaemia asso-
ciated transcription factor Af9/MIIt3 in the cerebral

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

cortex of the mouse. Gene Expr Patterns 2009; 9:
83-93.

ButtNer N, JorNsen SA, KuaLer S, VoceL T. Af9/MIIt3
interferes with Tbr1 expression through epigene-
tic modification of histone H3K79 during develop-
ment of the cerebral cortex. Proc Natl Acad Sci U
S A2010; 107: 7042-7047.

PramPARO T, GROSSO S, MESsA J, ZATTERALE A, BoNaGgLA MC,
CHessA L, Baestri P, RoccH M, Zurrarol O, GIORDA R.
Loss-of-function mutation of the AF9/MLLT3 gene in
a girl with neuromotor development delay, cerebellar
ataxia, and epilepsy. Hum Genet 2005; 118: 76-81.

Zuang T, Luo Y, Wang T, Yang JY. MicroR-
NA-297b-5p/3p target MIIt3/Af9 to suppress lym-
phoma cell proliferation, migration and invasion in
vitro and tumor growth in nude mice. Leuk Lym-
phoma 2012; 53: 2033-2040.

ZHang HM, Qiao QD, Xie HF, We JX. Breast can-
cer metastasis suppressor 1 (BRMS1) suppresses
prostate cancer progression by inducing apoptosis
and regulating invasion. Eur Rev Med Pharmacol
Sci 2017; 21: 68-75.

SturGe J, Catey MP, Waxvan J. Bone metastasis in
prostate cancer: emerging therapeutic strategies.
Nat Rev Clin Oncol 2011; 8: 357-368.

DoHerty SC, McKeowN SR, McKeLvey-MARTIN V, Dow-
NEs CS, ATalA A, Yoo JJ, SivpsoN DA, Kaurmann WK.
Cell cycle checkpoint function in bladder cancer. J
Natl Cancer Inst 2003; 95: 1859-1868.

Lee JT, LEnmanN BD, TerriAN DM, CHAPPELL WH, STIVALA
F, LiBRA M, MARTELLI AM, STEELMAN LS, McCusrey JA.
Targeting prostate cancer based on signal tran-
sduction and cell cycle pathways. Cell Cycle 2008;
7:1745-1762.

Diaz-MoraLLl S, TARRADO-CASTELLARNAU M, MIRANDA A,
Cascante M. Targeting cell cycle regulation in can-
cer therapy. Pharmacol Ther 2013; 138: 255-271.

WARD EJ, SHCHERBATA HR, Reynowps SH, FiscHER KA,
Hatrieo SD, RuoHola-Baker H. Stem cells signal to
the niche through the Notch pathway in the Dro-
sophila ovary. Curr Biol 2006; 16: 2352-2358.

LeunG YK, CHan QK, NG CF, Ma FM, Tse HM, To KF,
MarancHEE J, Ho SM, Lau KM. Hsa-miRNA-765 as a
key mediator for inhibiting growth, migration and
invasion in fulvestrant-treated prostate cancer.
PLoS One 2014; 9: €98037.

Liang LH, He XH. Macro-management of microR-
NAs in cell cycle progression of tumor cells and its
implications in anti-cancer therapy. Acta Pharma-
col Sin 2011; 32: 1311-1320.

Hubson BD, Kute KS, Loots GG. Prostate cancer in-
vasion and metastasis: insights from mining geno-
mic data. Brief Funct Genomics 2013; 12: 397-410.

Tuca P, Acostint M, Grespl F, MARKERT EK, TERRINONI
A, VouspeN KH, MuLLer PA, DotscH V, KEHRLOESSER S,
SAYaN BS, GiacconNe G, Lowe SW, TakaHasHi N, VAN-
DENABEELE P, KNniGHT RA, Levine AJ, MeLno G. Loss of
p63 and its microRNA-205 target results in enhan-
ced cell migration and metastasis in prostate can-
cer. Proc Natl Acad Sci U S A 2012; 109: 15312-
15317.



