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Prostate cancer (PCa) is one of the most common types of tumors among males
worldwide. However, the roles of long noncoding RNAs (IncRNAs) in PCa remain
unclear. This study shows that IncRNA FAM83H-AS1 is upregulated in prostate
adenocarcinoma, bladder urothelial carcinoma, and kidney renal papillary cell
carcinoma samples. Androgen receptor (AR) signaling plays the most important role in
PCa tumorigenesis and development. In this study, the results validate that AR signaling is
involved in upregulating FAM83H-AS1 expression in PCa cells. Loss-of-function assays
demonstrate that FAM83H-AS1 acts as an oncogene in PCa by modulating cell
proliferation, cell cycle, and migration. Bioinformatics analysis demonstrates that
FAM83H-AS1 is remarkably related to the regulation of the cell cycle and DNA
replication through affecting multiple regulators related to these pathways, such as
CCNE2. Mechanically, we found that FAM83H-AS1 plays its roles through sponging
miR-15a to promote CCNE2 expression. These findings indicate that FAM83H-AS1 is a
novel diagnostic and therapeutic marker for PCa.

Keywords: prosate cancer, long non-coding RNA, FAM83H-AS1, CCNE2, proliferation, migration

INTRODUCTION

As one of the most common kinds of tumors (1), the mechanism related to the tumorigenesis and
development of prostate cancer (PCa) remains unclear. Most recently, long noncoding RNAs
(IncRNAs) were revealed to have a key role in PCa by affecting cell proliferation, metastasis,
apoptosis, autophagy, and chemoresistance (2, 3). Mechanically, IncRNAs could regulate multiple
PCa-related oncogenes and tumor suppressors (2-6). For example, IncRNA HOTAIR promotes
castration-resistant PCa progression through enhancing the transcriptional activity of androgen
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receptors (ARs) (6). The IncRNA ARLNC1 promotes PCa
proliferation through enhancing AR signaling via RNA-RNA
interaction (2). SChLAP1 promotes PCa migration and invasion
through suppressing SWI/SNF chromatin-modifying complex
(3). Exploring the molecular functions of IncRNAs may help us
to understand the pathogenesis of PCa.

FAMS83H-AS1 is an IncRNA related to cancer progression
regulation (7-11). FAM83H-ASI is reported to be overexpressed
in hepatocellular carcinoma (7), colon cancer (8), lung cancer
(9), gastric cancer (10), and bladder cancer (11). FAM83H-AS1 is
reported to be an oncogene through affecting cell proliferation,
migration, radioresistance, and proliferation in cancers (12,
13). For example, FAM83H-AS]1 is upregulated and correlated
to poor prognosis of glioma (12). Knockdown of this IncRNA
induced glioma cell cycle arrest and apoptosis via epigenetically
regulating CDKN1A (p21) (12). In ovarian cancer, Dou et al. find
that FAM83H-AS1 promotes tumor radioresistance and
progression via HuR protein (13). However, the clinical
importance and functions of FAM83H-ASI in prostate cancer
are still unknown.

In this study, we performed multi-institutional analysis to
identify differently expressed IncRNAs in PCa by using
TCGA and GEO data sets. FAM83H-AS1 is reported to be
overexpressed in PCa. Bioinformatics analysis and experimental
methods were both applied to investigate the roles of FAM83H-
AS1 in PCa. Our findings strongly indicate that FAM83H-AS1 is
related to PCa progression and is a multifunctional and
promising biomarker

MATERIAL AND METHODS

Public Data Set Analysis
The differently expressed mRNAs and IncRNAs in urinary
cancers were downloaded from GEPIA data sets. The
GSE513217 data set was used to confirm the upregulation of
FAMS83H-AS1 in PCa. A public ChIP-seq data set GSE55062 was
used to confirm that FAM83H-AS] is a direct target of AR.
The online software STRING (https://string-db.org/cgi/
input?sessionld=bqhwhS$54047Q&input_page_show_search=
on) was used to construct the protein-protein interaction
(PPI) network.

Tissue Collection

Eight normal prostate tissues and 20 PCa samples were acquired
from Tongji Hospital between January 2001 and December 2013,
and this was approved by the ethics committee of Tongji
University. Written informed consent was acquired from
all participants.

Cell Culture, Androgen Treatment, and
Transfection

All cells were purchased from the ATCC and cultured in an
RPMI1640 medium with 10% FBS (GIBCO) at 37°C with
5% CO,.

siRNAs were obtained from GenePharma (GenePharma) and
transfected into PCa cells using a RNAIMAX reagent
(Invitrogen). The siRNAs are listed in Table S1. All of these
assays were conducted according to the supplier’s instructions.
The sequences of siRNAs were as follows: si# FAM83H-AS1-1:
5-CCGGTGGCCTCTTGTTATT-3', si#FAM83H-AS1-2: 5'-
CCTCTTGTTATTGACCCTT-3', and si-AR: 5- CCGAGGA
GCUUUCCAGAAU-3'".

qRT-PCR Analysis

RNA was isolated using Trizol reagent (Sangon Inc.). Reverse
transcription was applied using a PrimeScript' ' RT reagent kit
(Takara). qRT-PCR was conducted with SYBR green PCR
Master Mix (TOYOBO) with the ABI 7500 system. Primers are
listed in Table S1. Relative levels of genes were determined using
the 224" method. All of these assays were conducted based on
the supplier’s instructions.

Chromatin Immunoprecipitation (ChiP)
Assay

ChIP was conducted according to a previous report (14).

Cell Proliferation Assay

CCK-8 (Dojindo) was applied to detect cell proliferation with or
without transfection, and 2000 transfected cells were cultured in
96-well plates and detected each day with a microplate reader
(Bio-Tek) based on the supplier’s instructions.

Cell Cycle Assay

Transfected cells were fixed in 0.03% triton X-100 at room
temperature for 5 min and were stained with propidium oxide
with a FACScalibur flow cytometer (BD) and analyzed with
ModFit software (Verity Software House) following the
supplier’s instructions.

Transwell Assay

For this, 2x10° cells in 100 pL FBS-free medium were transferred
to the top chamber of 8-um culture inserts (Corning) coated with
or without 50 pg matrigel matrix dilution (BD, Bedford, MA,
USA). Twenty percent FBS-DMEM was added to the lower
chamber of the culture inserts. After 24 h, these inserts were
treated with methanol for 10 min and stained by DAPI for
10 min. A Leica DMI4000B microscope (Leica Microsystems,
Heidelberg, Germany) was utilized for counting migrated and
invaded cells in three random fields (x20).

Western Blotting Analysis

Western blotting was conducted according to a previous report
(15) using antibodies against CCNE2 (ab226972, Abcam) and
GAPDH (ab9485, Abcam).

Dual-Luciferase Reporter Assay

Relative luciferase activity was determined with the Dual-
Luciferase® Reporter Assay System based on supplier’s
instructions (Promega).
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Statistical Analysis

All results are shown as mean + SEM. By using GraphPad
Prism software, we determined the statistical analyses using
T-test. A p < 0.05 was considered statistical significance.

RESULTS

Screening of Differently Expressed
IncRNAs in Urinary Cancers

Bladder, kidney, and prostate cancers are the most common
cancers in the urinary system. To determine the mechanisms
involved in regulating tumor development, we screened
differently expressed IncRNAs in these cancers. A total of 687
dysregulated IncRNAs in prostate adenocarcinoma (PRAD), 546
dysregulated IncRNAs in bladder urothelial carcinoma (BLAC),
and 368 dysregulated IncRNAs in kidney renal papillary cell
carcinoma (KIRP) were identified by using GEPIA (16) data sets
(Figure 1A).

By integrating the analysis of these IncRNAs, 24 IncRNAs were
found to be differently expressed in PRAD, BLAC, and KIRP,
indicating that they play regulatory roles in the progression of
these cancers (Figure 1A). Among these genes, the present study
focused on the novel IncRNA FAM83H-ASI, which is related to
the development of multiple human cancers and whose functions
in prostate cancer remained largely unknown.

FAMS83H-AS1 Is Upregulated in PCa

As presented in Figure 1, the results reveal that FAM83H-ASI is
upregulated in PRAD (Figure 1B) and BLAC (Figure 1C). We
also analyzed the expression level of FAM83H-AS1 in kidney
chromophobe (KICH), kidney renal clear cell carcinoma (KIRC),
and KIRP. Our results show that FAM83H-AS1 is upregulated in
KIRP; however, it is downregulated in KIRC and KICH samples
compared to normal samples. Furthermore, the GEO data set
GSE5132 (17) was used to validate the upregulation of FAM83H-
AS1 in PCa. The result demonstrates that this IncRNA is indeed
upregulated in PCa compared to normal prostate tissues
(Figure 1E).
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FIGURE 1 | FAM83H-AS1 was dysregulated in PCa, bladder cancer, and kidney cancer. (A) Screening of differently expressed INncRNAs in PRAD, BLAC, and
kidney cancer. (B-D) FAM83H-AS1 was enhanced in PRAD (B), BLAC (C), and KIRP (D) by analyzing GEPIA databases. (E) FAM83H-AS1 was enhanced in PRAD
by analyzing the GSE5132 database. (F) gRT-PCR analysis of FAM83H-AS1 expressions in 20 PCa samples and 8 normal tissues. (G) gRT-PCR analysis of

FAM83H-AS1 expressions in cell lines. *p < 0.05, **p < 0.01; **p < 0.001.
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To validate the expression profile of FAM83H-ASI in public
data sets, we detected FAM83H-ASI levels in PCa samples. The
expression of FAM83H-AS1 in 20 PCa was higher than that in 8
normal prostate tissues, suggesting the potential important role
of FAM83H-AS1 in PCa (Figure 1F). We detected the
expression of this IncRNA in PCa-related cell lines with RT-
PCR. The results indicate that FAM83H-AS1 is upregulated in
PCa cell lines compared to normal prostate WPMY-1 cells
(Figure 1G).

FAM83H-AS1 Is a Direct Target of AR

AR has a key role in PCa by regulating downstream proteins,
IncRNAs, and miRNAs. By conducting coexpression analysis of
AR in PCa using a TCGA data set, we identified 2987 potential AR-
regulating genes with absolute Pearson correlation coefficient > 0.3,
including 254 IncRNAs and 2733 mRNAs. Very interestingly, we
observed that FAM83H-AS1 was significantly positively correlated
to the expression levels of AR (p < 0.001, R = 0.39) (Figure 2A). To
further validate these results, we analyzed public ChIP-seq data sets

involved in AR, including GSE55062 (18, 19). As shown in Figure
2, we found AR peaks in FAM83H-AS] loci significantly increased
after DHT treatment compared to the control group by analyzing
GSE55062 (Figure 2B).

We next detected the expression of FAM83H-ASI in LNCaP
cells after treating with DHT. We found that, in LNCaP cells,
FAMS83H-AS1 upregulation increased after DHT treatment
(Figure 2C). Then, a dose-dependent DHT stimulation assay
indicated that FAM83H-AS1 was significantly induced in both
LNCaP and LNCaP-AI cells (Figures 2D, E). Moreover, we
revealed that AR knockdown remarkably decreased FAM83H-
ASI levels in LNCaP and LNCaP-AI cells (Figures 2F, G).
Finally, ChIP-PCR assay revealed that AR was remarkably
enriched in the AREs of FAM83H-AS1 after treating with
DHT for 4 h compared with control (Figure 2H). The
potential androgen response elements (AREs) around
FAMS83H-AS1 transcription start sites were predicted
according to the Genomatix database. Collectively, these
findings show AR directly regulates FAM83H-ASI.
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Function Enrichment of FAM83H-AS1
We performed function enrichment analysis to reveal the
potential roles of FAM83H-AS1 using its coexpressing genes
according to Guttman et al’s report (18). By using the GEPIA
database (http://gepia.cancer-pku.cn/), the top 200 genes were
selected as the potential targets of FAM83H-AS1 in PCa.

Go analysis revealed that FAM83H-AS1 was enriched in mitotic
cytokinesis, mitotic metaphase plate congression, microtubule-
based movement, double-strand break repair, transcription, cell

cycle, cytokinesis, telomere capping, and DNA replication,
demonstrating that FAM83H-AS1 may play a crucial role in
promoting PCa proliferation (Figure 3A). The PPI network was
further used to reveal the interaction among 200 genes (Figure 3B).

Knockdown of FAM83H-AS1 Suppressed
PCa Cell Proliferation and Migration

We first determined the subcellular location of LINC00304 in
LNCaP and DU-145 cells and showed that LINC00304 was
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FAMB3H-AS1 in PCa using the DAVID system.
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located in cytoplasm (Figure 4A). Next, we used siRNAs to
evaluate the roles of FAM83H-AS1 in PCa. The knockdown
efficiency is shown in Figure 4 (Figures 4B-D). Then, the CCK-
8 assay was employed, and the results show FAM83H-AS1
knockdown significantly inhibited the proliferation rate in
LNCaP (Figure 4E), PC-3 (Figure 4F), and DU145 (Figure
4G). In addition, a flow cytometry assay showed knockdown of
FAMBS83H-AS1 contributed to the increase of cells in the Gl
phase and the decreased of cells in S phase in LNCaP (Figure 4H,
Figure S1A) and DU145 (Figure 41, Figure S1B) cells. These
findings indicate that FAM83H-AS1 has a similar role in both
AR-positive and AR-negative PCa cells.

Moreover, a transwell assay showed silencing of FAM83H-
AS1 suppressed PC-3 (Figures 5A, B) and DU145 cell migration
(Figures 5C, D).

FAM83H-AS1 Enhanced CCNE2
Expression via miR-15a

Co-expression analysis indicates that FAM83H-AS1 was
significantly correlated to CCNE2 expression in PCa.
Moreover, bioinformatics analysis indicates that FAM83H-AS1

has a potential effect on the miR-15a/CCNE2 axis. miR-15a has
been demonstrated to suppress the progression of multiple
cancers, including PCa. CCNE2 is involved in regulating the
cancer cycle, apoptosis, and metastasis.

Then, we detected FAM83H-AS1 expression after
overexpressing miR-15a in PCa cells. As present in Figure 8,
we find the RNA levels of FAM83H-ASI were suppressed after
transfecting miR-15a in PC-3 (Figure 6A) and DU145 (Figure
6B) cells. After cotransfecting FAM83H-AS1 wild-type or
mutant luciferase reporter plasmids with miR-15a in PCa cells,
we found the relative luciferase activity of the FAM83H-AS1
wild-type reporter (Figures 6C, D), not FAM83H-AS1 mutant
reporter (Figures 6E, F), was suppressed after overexpressing
miR-15a in both PC-3 and DU145.

Next, we detected whether FAM83H-AS1 modulates CCNE2
via miR-15a. We found that miR-15a suppressed the luciferase
activity of CCNE2 wild type, but not mutant CCNE2 (Figures
7A-D). Moreover, miR-15a decreased the RNA and protein
levels of CCNE2 in PCa cells (Figures 7E-G). In addition, our
results report that silencing of FAM83H-AS1 suppressed CCNE2
expression in PC-3 and DU145 cells (Figures 7H-J).
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not affect the luciferase activity of the FAM83H-AS1 mutant luciferase reporter vector in PC-3 (E) and DU145 (F). *p < 0.05. nsn not significant.
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FIGURE 7 | FAM83H-AS1 upregulated CCNE2 via miR-15a in PCa. (A, B) An miR-15a mimic suppressed the luciferase activity of the CCNE2 vector in PC-3
(A) and DU145 (B). (C, D) An miR-15a mimic did not affect the Iuciferase activity of the CCNE2 mutant vector in PC-3 (C) and DU145 (D). (E, F) gRT-PCR
analysis was used to detect CCNE2 expression after overexpression of miR-15a in PC-3 (E) and DU145 (F). (G, H) gRT-PCR analysis was applied to detect
CCNE2 expression after knockdown of FAM83H-AS1 in PC-3 (G) and DU145 (H). *p < 0.05, **p < 0.01.

FAM83H-AS1 Enhanced PCa Cell
Proliferation and Migration Through
CCNE2

To test whether FAM83H-AS1 promoted the progression of PCa
though CCNE2, we conducted recuse experiments and found
cotransfection of siFAM83H-AS1 and CCNE2 promoted PCa
cell proliferation and migration compared to transfection of
siFAM83H-AS1 (Figures 8A-D).

Finally, we analyzed the expression levels of CCNE2 in PCa.
The results show that CCNE2 was overexpressed in PCa samples
compared to normal prostate tissues (Figure 8E). We also
analyzed the associations between CCNE2 and FAMB3H-ASI1.
The results show FAMB3H-ASI significantly correlates to
CCNE2 in PCa samples using GEPIA database (Figure 8F).

DISCUSSION

In this study, we identified that a novel IncRNA, FAM83H-AS],
plays a crucial role in PCa. We show that FAM83H-AS1 is
overexpressed in PRAD, BLAC, and KIRP samples. Moreover,
the results validate that AR signaling is involved in upregulating
FAMB83H-AS1 expression in PCa cells. Loss-of-function assays
demonstrate that FAM83H-AS1 has a oncogenetic role in PCa by
modulating cell proliferation, apoptosis, and migration.

Mechanically, we found that FAM83H-ASI played its roles
though sponging miR-15a to promote CCNE2 expression.
These findings showed FAM83H-AS1 is a potential diagnostic
and therapeutic marker for PCa. Very interestingly, an
independent study demonstrates that FAM83H-AS1 was
involved in regulating tumorigenesis in bladder cancer,
supporting that FAM83H-AS1 is a key regulator in urinary
cancers. LncRNAs have a key role in PCa progression. For
example, CCAT1 interacts with miR-28-5p to promote PCa
cell proliferation (20). PAX5-induced FOXP4-AS1 sponged
miR-3184-5p to induce PCa growth (21). HORASS is related
to castration-resistant PCa through modulating AR signaling
(22). The present study focuses on exploring the functions of a
novel IncRNA FAM83H-AS1 in PCa. FAM83H-AS1 is widely
reported as an oncogene in multiple cancer types (7, 10, 12, 23).
This IncRNA could affect cancer cell growth and metastasis in
cancer cells. This study shows that FAM83H-ASI is an AR-
regulating IncRNA. Co-expression analysis reveals that
FAMB83H-AS] significantly correlates to the expression of AR.
An RT-PCR assay shows that FAM83H-ASI expression was
induced after DHT treatment. A ChIP-PCR assay and ChIP-seq
show that AR protein is recruited to the AREs of FAM83H-AS1
after DHT treatment compared with the control. These findings
show AR directly regulates FAM83H-AS1. FAM83H-AS1
knockdown reduces PCa cell proliferation but promotes cell
cycle arrest and apoptosis. Distant metastases remain a
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FIGURE 8 | FAM83H-AS1 enhanced PCa progression via CCNE2. (A, B) CCNE2 rescued the proliferation suppression after knockdown of FAM83H-AS1 in both
PC-3 (A) and DU145 (B) cells. (C, D) Overexpression of CCNE2 rescued the migration suppression after knockdown of FAM83H-AS1 in both PC-3 (A) and DU145
(B) cells. (E) The results show that CCNE2 was overexpressed in PCa samples compared to normal prostate tissues. (F) The results show that FAMB3H-AS1
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challenge in the treatment of PCa. Therefore, we focus on
exploring the effects of FAM83H-AS1 on PCa metastasis. This
study demonstrates that FAM83H-AS1 silencing suppresses PC-
3 and DU145 migration.

Over the past decades, CeRNA regulation of IncRNAs is
demonstrated to be a key mechanism driving cancer progression.
For example, ABHD11-AS1 modulates papillary thyroid cancer
progression by acting as a CeRNA to affect miR-199a-5p activity
(24). TTN-AS1 enhances the metastasis of lung cancer via
regulating the miR-142-5p/CDK5 axis (25). In this study, we
conducted functional enrichment analysis of FAM83H-AS1 in

PCa. We show that FAM83H-ASL is related to the regulation of
cell cycle and DNA replication, which is consistent with the above
findings. ceRNA network analysis was subsequently conducted and
revealed that FAM83H-AS1 may play its role in PCa through the
miR-15a/CCNE2 axis. Further validation demonstrates that
overexpression of miR-15a remarkably suppressed CCNE2 and
FAMB83H-AS1 expression. The luciferase reporter assay further
shows CCNE2 and FAM83H-ASI1 are direct targets of miR-15a.
Of note, the rescue assay showed that FAM83H-AS1 promoted cell
proliferation and migration of PCa through sponging miR-15a to
promote CCNE2 expression in PCa.
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miR-15a works as a tumor-suppressive miRNA in gastric
cancer (26-28), lung cancer (29, 30), liver cancer (31), and PCa
(32, 33). In PCa, the miR-15a/miR-16 cluster was found to
suppress tumor invasion by suppressing the TGF-f signaling
pathway to inhibit growth through CCND1 and WNT3A (32).
In addition, miR-15 and miR-16 are also found to be
downregulated in fibroblasts surrounding the prostate tumors.
The suppression of miR-15 and miR-16 in fibroblasts enhanced
expression of Fgf-2 and Fgfrl to promote PCa proliferation and
migration. Moreover, miR-15a is reported to be reduced in PCa
tissues and plasma samples, suggesting it could be a potential
biomarker for PCa (34). CCNE2 is a key regulator of cell cycle
(35). A recent study shows that CCNE2 is also involved in
regulating cancer apoptosis and migration (35, 36). In NSCLC
cells, CCNE2 enhances tumor proliferation, invasion, and
migration (35). In pancreatic ductal adenocarcinoma, Yang
et al. reports that CCNE2 could rescue tigecycline-suppressed
cell metastasis.

Several limitations are also included in this study. First, no
functional explorations of FAM83H-AS1 in kidney cancer and
bladder cancer were performed in this study. In a future study,
we will perform more loss- and gain-of-function assays in kidney
cancers. Second, the further confirmation of our findings using in
vivo assays should strengthen the functional importance of
FAMS83H-ASI.

In conclusion, we, for the first time, reveal a novel AR-
regulated IncRNA FAMS83H-AS1 promotes PCa progression
via the miR-15a/CCNE2 axis, suggesting that Inc-FAM83H-
AS1 may be a potential biomarker for PCa.

REFERENCES

1. Armstrong AJ. Updates in advanced prostate cancer 2018. Prostate Cancer
Prostatic Dis (2018) 21(4):449-50. doi: 10.1038/s41391-018-0100-7

2. Zhang Y, Pitchiaya S, Cieslik M, Niknafs YS, Tien JC, Hosono Y, et al.
Analysis of the androgen receptor-regulated IncRNA landscape identifies a
role for ARLNCI in prostate cancer progression. Nat Genet (2018) 50(6):814—
24. doi: 10.1158/1538-7445.AM2018-2458

3. Prensner JR, Iyer MK, Sahu A, Asangani IA, Cao Q, Patel L, et al. The long
noncoding RNA SChLAP1 promotes aggressive prostate cancer and
antagonizes the SWI/SNF complex. Nat Genet (2013) 45(11):1392-8. doi:
10.1038/ng.2771

4. Luo J, Wang K, Yeh S, Sun Y, Liang L, Xiao Y, et al. LncRNA-p21 alters the
antiandrogen enzalutamide-induced prostate cancer neuroendocrine
differentiation via modulating the EZH2/STAT3 signaling. Nat Commun
(2019) 10(1):2571. doi: 10.1038/s41467-019-09784-9

5. Xiao G, Yao J, Kong D, Ye C, Chen R, Li L, et al. The Long Noncoding RNA
TTTY15, Which Is Located on the Y Chromosome, Promotes Prostate Cancer
Progression by Sponging let-7. Eur Urol (2019) 76(3):315-26. doi: 10.1016/
j.eururo.2018.11.012

6. Zhang A, Zhao JC, Kim J, Fong KW, Yang YA, Chakravarti D, et al. LncRNA
HOTAIR Enhances the Androgen-Receptor-Mediated Transcriptional
Program and Drives Castration-Resistant Prostate Cancer. Cell Rep (2015)
13(1):209-21. doi: 10.1016/j.celrep.2015.08.069

7. Ma YK, Shen TH, Yang XY. Upregulation of LncRNA FAMS83H-ASI in
hepatocellular carcinoma promotes cell proliferation, migration and invasion
by Wnt/beta-catenin pathway. Eur Rev Med Pharmacol Sci (2019) 23
(18):7855-62. doi: 10.26355/eurrev_201909_18995

8. Lu S, Dong W, Zhao P, Liu Z. IncRNA FAMS83H-AS] is associated with the
prognosis of colorectal carcinoma and promotes cell proliferation by targeting the
Notch signaling pathway. Oncol Lett (2018) 15(2):1861-8. doi: 10.3892/01.2017.7520

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Tongji University. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

BL and DW designed the study. BL, WZ, and HJ performed the
assays and acquired the data. HJ performed the bioinformatics
analysis. All authors draft and reviewed the manuscript. All
authors contributed to the article and approved the
submitted version.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2020.
620306/full#supplementary-material

9. Zhang J, Feng S, Su W, Bai S, Xiao L, Wang L, et al. Overexpression of
FAMB83H-AS]1 indicates poor patient survival and knockdown impairs cell
proliferation and invasion via MET/EGEFR signaling in lung cancer. Sci Rep
(2017) 7:42819. doi: 10.1038/srep42819

Da J, Liu P, Wang R, Bu L. Upregulation of the long non-coding RNA
FAMS83H-ASI in gastric cancer and its clinical significance. Pathol Res Pract
(2019) 215(10):152616. doi: 10.1016/j.prp.2019.152616

Shan H, Yang Y, Zhu X, Han X, Zhang P, Zhang X. FAM83H-AS1 is
associated with clinical progression and modulates cell proliferation,
migration, and invasion in bladder cancer. J Cell Biochem (2019) 120
(3):4687-93. doi: 10.1002/jcb.27758

Bi YY, Shen G, Quan Y, Jiang W, Xu F. Long noncoding RNA FAM83H-AS1
exerts an oncogenic role in glioma through epigenetically silencing CDKN1A
(p21). ] Cell Physiol (2018) 233(11):8896-907. doi: 10.1002/jcp.26813

Dou Q, Xu Y, Zhu Y, Hu Y, Yan Y, Yan H. LncRNA FAMS83H-AS1
contributes to the radioresistance, proliferation, and metastasis in ovarian
cancer through stabilizing HuR protein. Eur ] Pharmacol (2019) 852:134-41.
doi: 10.1016/j.ejphar.2019.03.002

Wan X, Pu H, Huang W, Yang S, Zhang Y, Kong Z, et al. Androgen-induced
miR-135a acts as a tumor suppressor through downregulating RBAK and
MMP11, and mediates resistance to androgen deprivation therapy. Oncotarget
(2016) 7(32):51284-300. doi: 10.18632/oncotarget.9992

Wang D, Wan X, Zhang Y, Kong Z, Lu Y, Sun X, et al. A novel androgen-
reduced prostate-specific IncRNA, PSLNR, inhibits prostate-cancer
progression in part by regulating the p53-dependent pathway. Prostate
(2019) 79(12):1362-77. doi: 10.1002/pros.23840

Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a web server for cancer
and normal gene expression profiling and interactive analyses. Nucleic Acids
Res (2017) 45(W1):W98-W102. doi: 10.1093/nar/gkx247

True L, Coleman I, Hawley S, Huang CY, Gifford D, Coleman R, et al. A
molecular correlate to the Gleason grading system for prostate

10.

11.

12.

13.

14.

15.

16.

17.

Frontiers in Oncology | www.frontiersin.org

February 2021 | Volume 10 | Article 620306


https://www.frontiersin.org/articles/10.3389/fonc.2020.620306/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.620306/full#supplementary-material
https://doi.org/10.1038/s41391-018-0100-7
https://doi.org/10.1158/1538-7445.AM2018-2458
https://doi.org/10.1038/ng.2771
https://doi.org/10.1038/s41467-019-09784-9
https://doi.org/10.1016/j.eururo.2018.11.012
https://doi.org/10.1016/j.eururo.2018.11.012
https://doi.org/10.1016/j.celrep.2015.08.069
https://doi.org/10.26355/eurrev_201909_18995
https://doi.org/10.3892/ol.2017.7520
https://doi.org/10.1038/srep42819
https://doi.org/10.1016/j.prp.2019.152616
https://doi.org/10.1002/jcb.27758
https://doi.org/10.1002/jcp.26813
https://doi.org/10.1016/j.ejphar.2019.03.002
https://doi.org/10.18632/oncotarget.9992
https://doi.org/10.1002/pros.23840
https://doi.org/10.1093/nar/gkx247
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Liu et al.

FAMB83H-AS1 Promotes Prostate Cancer Progression

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

adenocarcinoma. Proc Natl Acad Sci U S A (2006) 103(29):10991-6. doi:
10.1073/pnas.0603678103

Asangani IA, Dommeti VL, Wang X, Malik R, Cieslik M, Yang R, et al.
Therapeutic targeting of BET bromodomain proteins in castration-resistant
prostate cancer. Nature (2014) 510(7504):278-82. doi: 10.1038/nature13229
Pomerantz MM, Li F, Takeda DY, Lenci R, Chonkar A, Chabot M, et al. The
androgen receptor cistrome is extensively reprogrammed in human prostate
tumorigenesis. Nat Genet (2015) 47(11):1346-51. doi: 10.1038/ng.3419

You Z, Liu C, Wang C, Ling Z, Wang Y, Wang Y, et al. LncRNA CCAT1
Promotes Prostate Cancer Cell Proliferation by Interacting with DDX5 and
MIR-28-5P. Mol Cancer Ther (2019) 18(12):2469-79. doi: 10.1158/1535-
7163.MCT-19-0095

Wu X, Xiao Y, Zhou Y, Zhou Z, Yan W. LncRNA FOXP4-AS] is activated by
PAX5 and promotes the growth of prostate cancer by sequestering miR-3184-
5p to upregulate FOXP4. Cell Death Dis (2019) 10(7):472. doi: 10.1038/
541419-019-1699-6

Parolia A, Venalainen E, Xue H, Mather R, Lin D, Wu R, et al. The long
noncoding RNA HORAS5 mediates castration-resistant prostate cancer
survival by activating the androgen receptor transcriptional program. Mol
Oncol (2019) 13(5):1121-36. doi: 10.1002/1878-0261.12471

Wei R, Chen Y, Zhao Z, Gu Q, Wu J. LncRNA FAMS83H-AS1 induces nucleus
pulposus cell growth via targeting the Notch signaling pathway. ] Cell Physiol
(2019) 234(12):22163-71. doi: 10.1002/jcp.28780

Zhuang X, Tong H, Ding Y, Wu L, Cai ], Si Y, et al. Long noncoding RNA
ABHDI11-AS1 functions as a competing endogenous RNA to regulate
papillary thyroid cancer progression by miR-199a-5p/SLC1A5 axis. Cell
Death Dis (2019) 10(8):620. doi: 10.1038/s41419-019-1850-4

Jia Y, Duan Y, Liu T, Wang X, Lv W, Wang M, et al. LncRNA TTN-AS1
promotes migration, invasion, and epithelial mesenchymal transition of lung
adenocarcinoma via sponging miR-142-5p to regulate CDK5. Cell Death Dis
(2019) 10(8):573. doi: 10.1038/s41419-019-1811-y

Zare A, Alipoor B, Omrani MD, Zali MR, Malekpour Alamdari N, Ghaedi H.
Decreased miR-155-5p, miR-15a, and miR-186 Expression in Gastric Cancer
Is Associated with Advanced Tumor Grade and Metastasis. Iran BioMed |
(2019) 23(5):338-43. doi: 10.29252/ibj.23.5.5

Wang T, Hou J, Li Z, Zheng Z, Wei ], Song D, et al. miR-15a-3p and miR-16-
1-3p Negatively Regulate Twistl to Repress Gastric Cancer Cell Invasion and
Metastasis. Int ] Biol Sci (2017) 13(1):122-34. doi: 10.7150/ijbs.14770

Wu C, Zheng X, Li X, Fesler A, Hu W, Chen L, et al. Reduction of gastric
cancer proliferation and invasion by miR-15a mediated suppression of Bmi-1
translation. Oncotarget (2016) 7(12):14522-36. doi: 10.18632/oncotarget.7392

29.

30.

31.

32.

33.

34.

35.

36.

Guo S, Li M, Li ], Lv Y. Inhibition mechanism of lung cancer cell metastasis
through targeted regulation of Smad3 by miR-15a. Oncol Lett (2020) 19
(2):1516-22. doi: 10.3892/01.2019.11194

Bozok Cetintas V, Tetik Vardarli A, Duzgun Z, Tezcanli Kaymaz B, Acikgoz E,
Aktug H, et al. miR-15a enhances the anticancer effects of cisplatin in the
resistant non-small cell lung cancer cells. Tumour Biol (2016) 37(2):1739-51.
doi: 10.1007/s13277-015-3950-9

Wang S, Zhang S, He Y, Huang X, Hui Y, Tang Y. HOXA11-AS regulates
JAK-STAT pathway by miR-15a-3p/STATS3 axis to promote the growth and
metastasis in liver cancer. | Cell Biochem (2019) 120(9):15941-51. doi:
10.1002/jcb.28871

Bonci D, Coppola V, Musumeci M, Addario A, Giuffrida R, Memeo L, et al.
The miR-15a-miR-16-1 cluster controls prostate cancer by targeting multiple
oncogenic activities. Nat Med (2008) 14(11):1271-7. doi: 10.1038/nm.1880
Cui Y, Yang Y, Ren L, Yang J, Yang B, Xing T, et al. miR-15a-3p Suppresses
Prostate Cancer Cell Proliferation and Invasion by Targeting SLC39A7 Via
Downregulating Wnt/beta-Catenin Signaling Pathway. Cancer Biother
Radiopharm (2019) 34(7):472-9. doi: 10.1089/cbr.2018.2722

Zidan HE, Abdul-Maksoud RS, Elsayed WSH, Desoky EAM. Diagnostic and
prognostic value of serum miR-15a and miR-16-1 expression among egyptian
patients with prostate cancer. [UBMB Life (2018) 70(5):437-44. doi: 10.1002/
iub.1733

Chen D, Guo W, Qiu Z, Wang QD, Li Y, Liang L, et al. MicroRNA-30d-5p
inhibits tumour cell proliferation and motility by directly targeting CCNE2 in
non-small cell lung cancer. Cancer Lett (2015) 362(2):208-17. doi: 10.1016/
j.canlet.2015.03.041

Feng W, Wang C, Liang C, Yang H, Chen D, Yu C, et al. The Dysregulated
Expression of KCNQIOT1 and Its Interaction with Downstream Factors
miR-145/CCNE2 in Breast Cancer Cells. Cell Physiol Biochem (2018) 49
(2):432-46. doi: 10.1159/000492978

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Liu, Qian, Zhou, Jiang, Xiang and Wu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

February 2021 | Volume 10 | Article 620306


https://doi.org/10.1073/pnas.0603678103
https://doi.org/10.1038/nature13229
https://doi.org/10.1038/ng.3419
https://doi.org/10.1158/1535-7163.MCT-19-0095
https://doi.org/10.1158/1535-7163.MCT-19-0095
https://doi.org/10.1038/s41419-019-1699-6
https://doi.org/10.1038/s41419-019-1699-6
https://doi.org/10.1002/1878-0261.12471
https://doi.org/10.1002/jcp.28780
https://doi.org/10.1038/s41419-019-1850-4
https://doi.org/10.1038/s41419-019-1811-y
https://doi.org/10.29252/ibj.23.5.5
https://doi.org/10.7150/ijbs.14770
https://doi.org/10.18632/oncotarget.7392
https://doi.org/10.3892/ol.2019.11194
https://doi.org/10.1007/s13277-015-3950-9
https://doi.org/10.1002/jcb.28871
https://doi.org/10.1038/nm.1880
https://doi.org/10.1089/cbr.2018.2722
https://doi.org/10.1002/iub.1733
https://doi.org/10.1002/iub.1733
https://doi.org/10.1016/j.canlet.2015.03.041
https://doi.org/10.1016/j.canlet.2015.03.041
https://doi.org/10.1159/000492978
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	A Novel Androgen-Induced lncRNA FAM83H-AS1 Promotes Prostate Cancer Progression via the miR-15a/CCNE2 Axis
	Introduction
	Material and Methods
	Public Data Set Analysis
	Tissue Collection
	Cell Culture, Androgen Treatment, and Transfection
	qRT-PCR Analysis
	Chromatin Immunoprecipitation (ChIP) Assay
	Cell Proliferation Assay
	Cell Cycle Assay
	Transwell Assay
	Western Blotting Analysis
	Dual-Luciferase Reporter Assay
	Statistical Analysis

	Results
	Screening of Differently Expressed lncRNAs in Urinary Cancers
	FAM83H-AS1 Is Upregulated in PCa
	FAM83H-AS1 Is a Direct Target of AR
	Function Enrichment of FAM83H-AS1
	Knockdown of FAM83H-AS1 Suppressed PCa Cell Proliferation and Migration
	FAM83H-AS1 Enhanced CCNE2 Expression via miR-15a
	FAM83H-AS1 Enhanced PCa Cell Proliferation and Migration Through CCNE2

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


