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Abstract: Background: Choriocarcinoma is the most aggressive gestational trophoblastic disease, with massive
local trophoblast invasion and vascular percolation, resulting in multiple organ metastases. Recent evidence has
shown that long noncoding RNAs (lncRNAs) play an important role in tumor progression. This study aimed to investigate the expression and role of lncRNA PCA3 in the progression of choriocarcinoma. Methods: First, the expression
of lncRNA PCA3 in choriocarcinoma cells was detected using quantitative real-time PCR (qRT-PCR). Then functional
assays such as cell proliferation assay, wound healing assay, and invasion assay were conducted to determine the
role of PCA3. In addition, the specific molecular mechanism was studied using western blot, luciferase assay, and
rescue experiment. Results: We demonstrated that the expression of PCA3 is significantly higher in choriocarcinoma
cells in contrast to normal human chorionic trophoblast cells. Furthermore, PCA3 could promote cell proliferation,
migration and invasion in gestational choriocarcinoma cells and facilitated epithelial to mesenchymal transition
(EMT) in vitro. In addition, PAC3 could directly bind to miR-106b and effectively liberate the expression of its endogenous target matrix metallopeptidase 2 (MMP2). Conclusion: Our results suggest that PCA3 contributes to the
progression of choriocarcinoma by acting as a ceRNA against miR-106b.
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Introduction
Choriocarcinoma is a malignant tumor, the vast
majority of which is associated with pregnancy,
secondary to hydatidiform mole, abortion, or
normal delivery [1]. It is a highly malignant form
of gestational trophoblastic neoplasia (GTN)
with a high mortality rate [2], which develops in
approximately one in every 50,000 pregnancies [3]. Choriocarcinoma is associated with
early vascular invasion, and spreads hematogenously to, most commonly, lung, vagina, brain
and liver, which can cause destruction of the
organs and lead to hemorrhage and necrosis
[4]. Despite well-established chemotherapy,
about 25% of choriocarcinoma patients showed
incomplete response, or relapsed due to tumor
remission [5, 6]. Therefore, exploring the key
molecular mechanisms involved in choriocarcinoma progression would have a significant
impact for choriocarcinoma therapy.
Long noncoding RNAs (lncRNAs) are defined as
a class of transcript greater than 200 nucleo-

tides, which have no protein encoding ability,
and show less sequence conservation in related species [7]. Recently, increasing evidence
has suggested that lncRNAs are biologically
functional and have been implicated in the initiation, progression, and metastasis of various
types of cancers, and a number of lncRNAs
have been clarified [8-10].
The PCA3 gene is located on chromosome
9q21-22, in antisense orientation within intron
6 of the Prune homolog 2 gene (PRUNE2 or
BMCC1) [11, 12], which has been shown to be
significantly upregulated in prostate cancer
[13, 14]. Research has also showed that PCA3
enhances the ability of cell proliferation, invasion, and migration of prostate cancer and it is
currently used as a diagnostic tool and management strategy for prostate cancer [15, 16].
Liu et al. also found PCA3 expressed highly in
epithelial ovarian cancer and it may coordinate
EOC tumorigenesis [17]. The role of lncRNA
PCA3 in the progression of choriocarcinoma is
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still unknown. This study aimed to investigate
the specific molecular mechanism of lncRNA
PCA3 in choriocarcinoma. Assembling evidence
indicates that lncRNAs act as molecular sponges for microRNAs (miRNAs) through miRNA
response elements (MREs), thereby suppressing the expression of the miRNAs’ target, respectively. This is proposed as a competitive
endogenous RNA (ceRNA) hypothesis. LncRNAs
are involved in ceRNA networks and mRNAmiRNA-lncRNA crosstalk, and play an important role in human diseases through this regulatory network [18]. For example, lncRNA PCA3
can up-regulate PRKD3 expression by competitive miR-1261 sponging, thus further promoting
invasion and migration of prostate cancer [19].
LncRNA n335586 promoted cell migration,
invasion, and EMT through n335586/miR-924/
CKMT1A axis in hepatocellular carcinoma [20].
Shi et al. reported that lncRNA MALAT1 might
be a pro-oncogene that promoted the proliferation of choriocarcinoma by miR-218-mediated
Fbxw8 regulation [21].
In the study, we demonstrated that lncRNA
PAC3 is significantly upregulated in choriocarcinoma cells. Through sponging miR-106b, PCA3
promotes the expression of MMP2 thus facilitating the proliferation, migration, invasion and
EMT of choriocarcinoma cells. Our research
may provide novel understanding into lncRNA
function in choriocarcinoma progression.
Materials and methods
Human choriocarcinoma cell lines
The human chorionic trophoblast cell HTR-8
and the choriocarcinoma cell lines JAR, BeWo
and JEG-3 were from. HTR-8 cells and JAR cells
were incubated in Dulbecco’s modified Eagle’s
medium (DMEM) medium with 10% fetal bovine
serum (FBS); BeWo cells and JEG-3 cells were
supplemented in RPMI-1640 medium with 10%
FBS. All cells were supplemented with 1% PS
(100 mg/ml streptomycin sulfate and 100 UI/
ml penicillin sodium) and maintained at 37°C
and 5% CO2.
Cell transfection
The JAR cells were digested in the logarithmic
growth phase and subcultured into a sterile cul-
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ture plate; when the cells were 80%-90% confluent, Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA) was applied for transfection following the manufacturer’s instructions.
RNA isolation and qRT-PCR
Total RNA from choriocarcinoma cell lines were
extracted by TRIzol reagent (Invitrogen, Carlsbad, USA) according to the manufacturer’s
instructions. NanoDrop-2000 spectrophotometer was used to confirm the quantity and quality of the extracted RNA. RNA were reversely
transcribed by M-MLV (Promega, Madison, WI,
USA), and then Premix ExTaq II Kit (Takara) was
used to perform qPCR. The relative fold changes of candidate genes in the transcripts were
analyzed with 2-ΔΔCt method.
Dual-luciferase reporter assay
PCR assays were performed to amplify the
sequence which contains the predicted wildtype or mutant miR-106b binding sites of PCA3
and then we subcloned it into a pGL3-basic
vector (Promega Corporation, Madison, WI,
USA) which generated the reporter vectors
pGL3-PCA3-WT (PCA3-WT) and pGL3-PCA3MUT (PCA3-MUT). For luciferase reporter assay,
JAR cells were cultured in a 24 well plate and
co-transfected with 0.15 μg PCA3-WT or PCA3MUT together with miR-106b or miR-scrambled
control and 0.05 μg of the internal control vector containing renilla luciferase, pRL-TK (Promega) using Lipofectamine 2000 transfection
reagent (Invitrogen). JAR cells were lysed and
the luciferase activities were monitored 48 h
after post-transfection by the Dual Luciferase
Reporter Assay System (Promega, WI, USA).
Renilla luciferase activity was used for the
standardization.
Cell proliferation assay
MTT assay was conducted to detect cell proliferation in vitro. Briefly, after transfection, the
density of JAR cells in a 96-well plate was 5.0 ×
103 cells/well, and all groups were incubated
for 24, 48 hours, respectively. MTT was added
to each well (5 mg/mL, Sigma, USA) and the
culture was incubated for 4-6 hours at 37°C.
Cell viability was measured at 490 nm by the
MTT Cell Proliferation Kit (Cayman Chemical).
For more details, refer to Ref [21].
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bated appropriate secondary antibodies. The
GAPDH antibody was used as a control.
Statistical analysis
All data were from 3 independent experiments
and presented as means ± standard deviation
and processed using GraphPad Prism Software.
Student’s t test or analysis of variance (ANOVA)
was used for comparison between groups, and
the P value less than 0.05 was considered
significant.
Results
Figure 1. The relative expression of lncRNA PCA3 in
choriocarcinoma cells. The relative mRNA expression
levels of PCA3 in BeWo, JEG-3, JAR and HTR-8 cell
lines. The data are the mean ± SD of three independent experiments. (***P < 0.001).

Wound healing assay
The JAR cells were incubated in six-well plates
with normal cell growth medium. When the
cells reached 85%, we scraped the cell layer
with a 50 μl sterile pipette tip, then washed it
with PBS for three times, and then cultured for
48 hours with 1% FBS medium. Cells were incubated with mitomycin C (10 μg/ml) for 1 hour at
37°C since cell proliferation may affect the
analysis of the scratch assays. Microscope was
used to obtain images of the tablets at different time points (0, 48 hours).
Cell invasion assays
Transwell chamber inserts with a 8 μm pore
with Matrigel were used to observe the invasive
ability of choriocarcinoma cells. 5 × 104 JAR
cells were seeded into the upper compartment
each insert, while the bottom of the insert was
incubated with 500 μl DMEM with 20% FBS.
Last, the cells were counted. Details of the
method are provided in Ref [21].
Western blot
Cultured or transfected cells were harvested
and lysed using extraction buffer with 1 mM
PMSF for 30 min on ice. The protein lysates
were separated in SDS-PAGE separation gel
and transferred to NC for 90 minutes at 300
mA. After blocking with 5% BSA for 2 h, the primary antibodies were added and incubated
with membranes at 4°C overnight, then incu1611

LncRNA PCA3 is highly expressed in choriocarcinoma cell lines
To explore the expression profiles of PCA3 in
choriocarcinoma, qRT-PCR analysis was performed in choriocarcinoma cell lines. The results showed that PCA3 were markedly overexpressed in BeWo cells, JEG-3 cells and JAR cells
compared with in HTR-8 cells (Figure 1).
LncRNA PCA3 enhances the proliferation, migration and invasion of choriocarcinoma cells
Due to the significant increase in the expression level of PCA3 in choriocarcinoma cells, we
conjectured that it may participate in the progression of choriocarcinoma. To further study
the function of PCA3 in choriocarcinoma,
pWPXL-PCA3 and si-PCA3 were constructed
and the effectiveness was verified using qRTPCR (Figure 2A). To assess the effect of PCA3
on the malignant behaviors of choriocarcinoma
cells, MTT assays were executed to calculate
whether PCA3 affected cell viability. JAR cells
transfected with pWPXL-PCA3 showed a considerable increase in cell viability compared to
the controls. In contrast, JAR cells transfected
with si-PCA3 demonstrated reduced cell viability (Figure 2B).
Then, wound healing test was performed. As
shown in Figure 2C, 2D, when PCA3 was overexpressed, the migration ability of JAR cells
were significantly increased, while PCA3 knockdown decreased the cell migration ability of JAR
cells. Next, we performed transwell assays to
estimate the invasive capacity of JAR cells. The
results showed that pWPXL-PCA3 enhanced the
invasion ability of choriocarcinoma cells, but siPCA3 inhibited the invasion ability of choriocarcinoma cells, which was consistent with the
Int J Clin Exp Pathol 2019;12(5):1609-1617
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Figure 2. LncRNA PCA3 promotes the proliferation, migration, and invasion of choriocarcinoma cells. A. RT-qPCR assay was performed after transfection with either pWPXL-PCA3 or si-PCA3. B. Cell viability was measured using MTT
assay following transfection with corresponding plasmids. C, D. Relative cell mobility was detected through wound
healing assays after transfection with either pWPXL-PCA3 or si-PCA3. E, F. Transwell invasion assay was executed
twenty-four hours post-transfection, using a transwell system with 8 μm pores in polycarbonate membranes. Representative views are shown. All photomicrographs were taken at 200 × magnification. The data are the mean ± SD of
three independent experiments. (*P < 0.5; **P < 0.01; ***P < 0.001).

results of the wound healing assay (Figure 2E,
2F).
LncRNA PCA3 promotes the EMT progression
of choriocarcinoma cells
It has been well known that EMT plays a key
role in cancer development, and confers can1612

cer cell transfer and invasion capabilities.
Therefore, we examined the expression of EMTrelated molecular markers. As shown in Figure
3A, 3B, the upregulation of PCA3 reduced the
protein levels of E-cadherin and cytokeratin,
but increased vimentin level in JAR cells. The
opposite influences were observed in cells
transfected with si-PCA3.
Int J Clin Exp Pathol 2019;12(5):1609-1617
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LncRNA PCA3 regulates the
expression of miR-106b by
directly interacting with it

Figure 3. LncRNA PCA3 promotes the EMT progression of choriocarcinoma
cells. A, B. Western blot assays were carried out to assess the protein levels
of EMT-associated molecules. GAPDH was used as a loading control. The
data are the mean ± SD of three independent experiments. (**P < 0.5;
***P < 0.001).

Figure 4. LncRNA PCA3 down-regulates the expression of miR-106b by targeting it. A. The mRNA level of miR-106b in JAR cells was measured using
RT-qPCR following transfection with pWPXL-PCA3 and PCA3 inhibitor plasmids, respectively. B. Sequence alignment and schematic diagram of miR106b with the wild-type (top) and mutated (bottom) 3’UTR of PCA3. C, D.
The Luciferase activity of the reporter vectors was detected in JAR cells after
48 h of cotransfection of wild type or mutant PCA3-3’UTR with miR-106b
respectively; pRL-TK was used for normalization. The data are the mean ±
SD of three independent experiments. (***P < 0.001; ns, not significant).

In conclusion, PCA3 accelerated cell viability,
growth, migration/invasion and EMT in choriocarcinoma cells which indicated that PCA3 may
function as an oncogene in choriocarcinoma.
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To explore the relationship
between PCA3 and miR-106b
in choriocarcinoma, RT-qPCR
assay was performed. As shown in Figure 4A, the mRNA
levels of miR-106b were markedly decreased after PCA3
overexpressed, and increased
when PCA3 was knocked down in JAR cells. These results
suggest that PCA3 inhibits the
expression of miR-106b in JAR
cells.
Numerous Evidence has revealed that lncRNAs can act
as a competing endogenous
RNA by binding to specific
microRNAs. We conducted dual-luciferase reporter assay to
confirm whether PCA3 plays
its role in such a way. We subcloned the pGL3-promoter vector containing wild-type (WT)
or mutant(WT) miR-106b putative binding sites in PCA3
(Figure 4B). The result of Dualluciferase assays suggested
that the luciferase activities
were significantly decreased
after we co-transfected cells
with mimics PCA3-WT and
miR-106b but not the PCA3MUT (Figure 4C, 4D). These
data demonstrate that PCA3
regulates the expression of
miR-106b through directly biding it.
LncRNA PCA3 regulates the
progression of choriocarcinoma through regulation of
MMP2

Previous studies have shown that MMP-2 is a
target of miR-106b [22]. To identify whether
lncRNA PCA3 exerted its function through
MMP2 in choriocarcinoma cells, rescue experi-
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Figure 5. LncRNA PCA3 regulates the progression of choriocarcinoma through regulation of MMP2. A. The mRNA
levels of MMP2 were determined by RT-qPCR in JAR cells. B, C. The protein levels of MMP2 were determined by
western blot assays in JAR cells. D. MTT assays were used to test the viability and proliferation of co-transfection
with pWPXL-PCA3/si-PCA3 and MMP2 mimics/MMP2 inhibitors.

ments were conducted. First, MMP2 mimics
and inhibitors were constructed and the effectiveness was verified using qRT-PCR and western blot (Figure 5A-C). Then we knocked down MMP2 in PCA3-overexpressed JAR cells.
Knockdown of MMP2 attenuated the decrease
in proliferation of choriocarcinoma cells caused
by PCA3 overexpression. In contrast, MMP2
overexpression resulted in the opposite effect
(Figure 5D). Our data strongly suggest that
lncRNA PCA3 acts as a sponge for miR-106b to
up-regulate the expression of its target, MMP2,
thereby promoting progression in choriocarcinoma cells.
Discussion
PCA3 is a well-characterized lncRNA that has
been approved as a new biomarker with fairly
high specificity and sensitivity in prostate cancer. One study found that the diagnostic accuracy of the first prostate biopsy in Chinese
patients with a PSA level of 4.0-10.0 ng/mL
1614

was moderately improved by using PCA3 detection [12]. In addition, increased PCA3 mRNA
levels were correlated with PCa independently
of PSA levels [23]. Lin et al. also found that
PCA3 elevation in peripheral blood is associated with PCa, and the detection of PCA3 may
significantly reduce adverse screening outcomes, which indicates that its expression in
peripheral blood had a promising clinical application value in the early diagnosis of PCa [21].
Furthermore, lncRNA PCA3 could also be a
novel therapeutic target of ovarian carcinoma
[9]. However, no function was reported in choriocarcinoma. In this study, we demonstrated
that PCA3 is significantly upregulated in human
choriocarcinoma tissues and choriocarcinoma
cell lines. Gain and loss of function assays indicated that PCA3 significantly enhanced proliferation, migration, invasion and EMT of choriocarcinoma cells. Therefore, these findings
revealed that PCA3 may act as an oncogene in
choriocarcinoma.
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Recent evidence shows that there is a novel
regulatory mechanism between lncRNAs and
miRNAs. LncRNAs may bind to miRNAs by acting as endogenous miRNA sponges to regulate
the miRNA expression and their function and
thus de-repress the expression of its target
[24]. Inspired by this, we speculated that
lncRNA PCA3 may act in the same way. Based
on bioinformatics prediction, we focused on
miR-106b. RT-qPCR assay, western blot assay,
and luciferase reporter assay showed that
PCA3 could directly interact with miR-106 and
suppress its expression.
Previous work has shown that miR-106b had
different effects in different cancers. In thyroid
cancer and ovarian epithelial carcinoma [2528], it may act as a tumor suppressive factor,
while in the serum of renal cell carcinoma and
gastric cancer [29-32], miR-106 was up-regulated and had an opposite function. Li also
found that miR-106b could inhibit the invasion
and proliferation of JAR and JEG3 cells through
targeting MMP-2, and had a relationship with
the pathogenesis of pre-eclampsia [33]. In the
present study, we confirmed that lncRNA PCA3
regulates the progression of choriocarcinoma
through regulation of MMP2 by acting as a
ceRNA against miR-106, which may be valuable
for the development of novel diagnostic and
treatment approaches for choriocarcinoma.
Conclusion
Our study demonstrated that PCA3 was upregulated in choriocarcinoma cell lines, and its overexpression enhanced cell proliferation, migration, invasion, and EMT. Mechanistic experiments elucidated that PCA3 contributes to the
progression of choriocarcinoma by acting as
a ceRNA against miR-106b, which indicates
PCA3 may act as a biomarker in choriocarcinoma and provides anunderstanding of the pathogenesis and development of choriocarcinoma.
Disclosure of conflict of interest
None.
Address correspondence to: Li-Ying Han, Department of Obstetrics and Gynecology, The Second
Hospital of Jilin University, Ziqiang Street No. 218,
Nanguan District, Changchun 130041, Jilin Province,
China. E-mail: han_liying2009@163.com

1615

References
[1]

Chen TW, Liu HW, Liou YJ, Lee JH and Lin CH.
Over-expression of stomatin causes syncytium
formation in nonfusogenic JEG-3 choriocarcinoma placental cells. Cell Biol Int 2016; 40:
926-933.
[2] Zhao J, Xiang Y, Xiao C, Guo P, Wang D, Liu Y
and Shen Y. AKR1C3 overexpression mediates
methotrexate resistance in choriocarcinoma
cells. Int J Med Sci 2014; 11: 1089-1097.
[3] Shen Y, Xiang Y, Xiao C and Zhao J. [Regulation
mechanism of autophagy-related protein LC3
by c-Jun in methotrexate resistant human choriocarcinoma JEG-3 cells]. Zhonghua Fu Chan
Ke Za Zhi 2014; 49: 531-535.
[4] Shen X, Han B, Shen Y, Yang J, Ren T, Sha G
and Xiang Y. [Expression of C1QBP gene and
its correlation with drug resistance in human
resistance choriocarcinoma cell line]. Zhonghua Fu Chan Ke Za Zhi 2014; 49: 616-620.
[5] Yu LL, Chang K, Lu LS, Zhao D, Han J, Zheng
YR, Yan YH, Yi P, Guo JX, Zhou YG, Chen M and
Li L. Lentivirus-mediated RNA interference targeting the H19 gene inhibits cell proliferation
and apoptosis in human choriocarcinoma cell
line JAR. BMC Cell Biol 2013; 14: 26.
[6] Mak VC, Lee L, Siu MK, Wong OG, Lu X, Ngan
HY, Wong ES and Cheung AN. Downregulation
of ASPP2 in choriocarcinoma contributes to increased migratory potential through Src signaling pathway activation. Carcinogenesis 2013;
34: 2170-2177.
[7] Zhang A, Zhang J, Kaipainen A, Lucas JM and
Yang H. Long non-coding RNA: a newly deciphered “code” in prostate cancer. Cancer Lett
2016; 375: 323-330.
[8] Yang Z, Yu L and Wang Z. PCA3 and TMPRSS2ERG gene fusions as diagnostic biomarkers for
prostate cancer. Chin J Cancer Res 2016; 28:
65-71.
[9] Roberts MJ, Richards RS, Chow CW, Doi SA,
Schirra HJ, Buck M, Samaratunga H, PerryKeene J, Payton D, Yaxley J, Lavin MF and
Gardiner RA. Prostate-based biofluids for the
detection of prostate cancer: a comparative
study of the diagnostic performance of cellsourced RNA biomarkers. Prostate Int 2016; 4:
97-102.
[10] Neveu B, Jain P, Tetu B, Wu L, Fradet Y and
Pouliot F. A PCA3 gene-based transcriptional
amplification system targeting primary prostate cancer. Oncotarget 2016; 7: 1300-1310.
[11] Lemos AE, Ferreira LB, Batoreu NM, de Freitas
PP, Bonamino MH and Gimba ER. PCA3 long
noncoding RNA modulates the expression of
key cancer-related genes in LNCaP prostate
cancer cells. Tumour Biol 2016; 37: 1133911348.

Int J Clin Exp Pathol 2019;12(5):1609-1617

lncRNA PCA3 in choriocarcinoma
[12] He JH, Li BX, Han ZP, Zou MX, Wang L, Lv YB,
Zhou JB, Cao MR, Li YG and Zhang JZ. Snailactivated long non-coding RNA PCA3 up-regulates PRKD3 expression by miR-1261 sponging, thereby promotes invasion and migration
of prostate cancer cells. Tumour Biol 2016;
[Epub ahead of print].
[13] Hanze J, Jakubowski P, Heers H, Hegele A,
Timmesfeld N, Hofmann R and Olbert PJ.
Assessing blood platelets as RNA biomarker
source for prostate cancer. Biomarkers 2016;
21: 653-659.
[14] Feibus AH, Sartor O, Moparty K, Chagin K,
Kattan MW, Ledet E, Levy J, Lee B, Thomas R
and Silberstein JL. Clinical use of PCA3 and
TMPRSS2: ERG urinary biomarkers in AfricanAmerican Men undergoing prostate biopsy. J
Urol 2016; 196: 1053-1060.
[15] Zheng K, Dou Y, He L, Li H, Zhang Z, Chen Y, Ye
A, Liu W and Kong L. Improved sensitivity and
specificity for prostate cancer diagnosis based
on the urine PCA3/PSA ratio acquired by sequence specific RNA capture. Oncol Rep 2015;
34: 2439-2444.
[16] Salameh A, Lee AK, Cardo-Vila M, Nunes DN,
Efstathiou E, Staquicini FI, Dobroff AS, Marchio
S, Navone NM, Hosoya H, Lauer RC, Wen S,
Salmeron CC, Hoang A, Newsham I, Lima LA,
Carraro DM, Oliviero S, Kolonin MG, Sidman
RL, Do KA, Troncoso P, Logothetis CJ, Brentani
RR, Calin GA, Cavenee WK, Dias-Neto E,
Pasqualini R and Arap W. PRUNE2 is a human
prostate cancer suppressor regulated by the
intronic long noncoding RNA PCA3. Proc Natl
Acad Sci U S A 2015; 112: 8403-8408.
[17] Quek SI, Wong OM, Chen A, Borges GT, Ellis
WJ, Salvanha DM, Vencio RZ, Weaver B, Ench
YM, Leach RJ, Thompson IM and Liu AY.
Processing of voided urine for prostate cancer
RNA biomarker analysis. Prostate 2015; 75:
1886-1895.
[18] Mikhaylenko DS, Perepechin DV, Grigoryeva
MV, Zhinzhilo TA, Safronova NY, Efremov GD
and Sivkov AV. [PCA3 and tmprss2: ERG genes
expression in biopsies of benign prostate hyperplasia, intraepithelial neoplasia, and prostate Cancer]. Urologiia 2015; 46-50.
[19] Marangoni K, Neves AF, Rocha RM, Faria PR,
Alves PT, Souza AG, Fujimura PT, Santos FA,
Araujo TG, Ward LS and Goulart LR. Prostatespecific RNA aptamer: promising nucleic acid
antibody-like cancer detection. Sci Rep 2015;
5: 12090.
[20] Gezer U, Tiryakioglu D, Bilgin E, Dalay N and
Holdenrieder S. Androgen stimulation of PCA3
and miR-141 and their release from prostate
cancer cells. Cell J 2015; 16: 488-493.
[21] Drayton RM, Rehman I, Clarke R, Zhao Z, Pang
K, Miah S, Stoehr R, Hartmann A, Blizard S,

1616

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Lavin M, Bryant HE, Martens-Uzunova ES,
Jenster G, Hamdy FC, Gardiner RA and Catto
JW. Identification and diagnostic performance
of a small RNA within the PCA3 and BMCC1
gene locus that potentially targets mRNA.
Cancer Epidemiol Biomarkers Prev 2015; 24:
268-275.
Wu H, Li Z, Wang Y, Yang P, Li Z, Li H and Wu C.
MiR-106b-mediated Mfn2 suppression is critical for PKM2 induced mitochondrial fusion.
Am J Cancer Res 2016; 6: 2221-2234.
Donovan MJ, Noerholm M, Bentink S, Belzer S,
Skog J, O’Neill V, Cochran JS and Brown GA. A
molecular signature of PCA3 and ERG exosomal RNA from non-DRE urine is predictive of initial prostate biopsy result. Prostate Cancer
Prostatic Dis 2015; 18: 370-375.
Yen CS, Su ZR, Lee YP, Liu IT and Yen CJ. miR106b promotes cancer progression in hepatitis
B virus-associated hepatocellular carcinoma.
World J Gastroenterol 2016; 22: 5183-5192.
Zheng L, Zhang Y, Lin S, Sun A, Chen R, Ding Y
and Ding Y. Down-regulation of miR-106b induces epithelial-mesenchymal transition but
suppresses metastatic colonization by targeting Prrx1 in colorectal cancer. Int J Clin Exp
Pathol 2015; 8: 10534-10544.
Zhang Y, Zhao YP, Gao YF, Fan ZM, Liu MY, Cai
XY, Xia ZK and Gao CL. Silencing miR-106b improves palmitic acid-induced mitochondrial
dysfunction and insulin resistance in skeletal
myocytes. Mol Med Rep 2015; 11: 3834-3841.
Xiang W, He J, Huang C, Chen L, Tao D, Wu X,
Wang M, Luo G, Xiao X, Zeng F and Jiang G.
miR-106b-5p targets tumor suppressor gene
SETD2 to inactive its function in clear cell renal
cell carcinoma. Oncotarget 2015; 6: 40664079.
Li KK, Xia T, Ma FM, Zhang R, Mao Y, Wang Y,
Zhou L, Lau KM and Ng HK. miR-106b is overexpressed in medulloblastomas and interacts
directly with PTEN. Neuropathol Appl Neurobiol
2015; 41: 145-164.
Gong C, Qu S, Liu B, Pan S, Jiao Y, Nie Y, Su F,
Liu Q and Song E. MiR-106b expression determines the proliferation paradox of TGF-beta in
breast cancer cells. Oncogene 2015; 34: 8493.
Cioffi M, Vallespinos-Serrano M, Trabulo SM,
Fernandez-Marcos PJ, Firment AN, Vazquez
BN, Vieira CR, Mulero F, Camara JA, Cronin UP,
Perez M, Soriano J, B GG, Castells-Garcia A,
Haage V, Raj D, Megias D, Hahn S, Serrano L,
Moon A, Aicher A and Heeschen C. MiR-93 controls adiposity via inhibition of Sirt7 and Tbx3.
Cell Rep 2015; 12: 1594-1605.
Choi N, Park J, Lee JS, Yoe J, Park GY, Kim E,
Jeon H, Cho YM, Roh TY and Lee Y. miR-93/

Int J Clin Exp Pathol 2019;12(5):1609-1617

lncRNA PCA3 in choriocarcinoma
miR-106b/miR-375-CIC-CRABP1: a novel regulatory axis in prostate cancer progression.
Oncotarget 2015; 6: 23533-23547.
[32] Zhou Y, Hu Y, Yang M, Jat P, Li K, Lombardo Y,
Xiong D, Coombes RC, Raguz S and Yague E.
The miR-106b~25 cluster promotes bypass of
doxorubicin-induced senescence and increase
in motility and invasion by targeting the E-cadherin transcriptional activator EP300. Cell
Death Differ 2014; 21: 462-474.

1617

[33] Li M, Guan X, Sun Y, Mi J, Shu X, Liu F and Li C.
miR-92a family and their target genes in tumorigenesis and metastasis. Exp Cell Res
2014; 323: 1-6.

Int J Clin Exp Pathol 2019;12(5):1609-1617

