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Abstract. – OBJECTIVE: Several studies
have demonstrated that long non-coding RNA
can act as crucial roles during the progression of various tumors, including prostate
cancer (PCa). We aimed to determine lncRNA
LINC01194(LINC01194) expression in prostate
cancer (PCa) and examine its influence on tumor behaviors of PCa cells.
PATIENTS AND METHODS: RT-PCR was performed to examine LINC01194 and PAX5’s expression levels in PCa tissues and cell lines.
Luciferase reporter and chromatin immunoprecipitation (ChIP) assays were performed to explore whether PAX5 could activate the transcription of LINC01194. Cell viability, migration and
invasion were assessed by CCK-8, colony formation, transwell assay and Wound-healing assays. Bioinformatics and Dual-Luciferase assays were used to investigate the interaction
between LINC01194 and miR-486-5p, as well as
between miR-486-5p and GOLPH3. Western blot
was applied for detecting the expressions of the
related proteins.
RESULTS: LINC01194 was highly expressed in
PCa specimens and cell lines. PAX5 could bind
directly to LINC01194 promoter region and activate its transcription. Functionally, the proliferation and metastasis of PCa cells were substantially impeded by LINC01194 silencing in vitro and in vivo. Mechanistically, LINC01194 promoted PCa progression by serving as a sponge
of miR-486-5p to increase GOLPH3 expression.
CONCLUSIONS: Our study identifies LINC01194
as a tumor promotor in PCa and implicates the
LINC01194/miR-486-5p/GOLPH3 axis in the PCa
progression.
Key Words:
LncRNA LINC01194, MiR-486-5p, PAX5, Metastasis,
Prostate cancer.
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Introduction
Prostate cancer (PCa) is a prevailing malignancy in males worldwide, resulting in an increasing
quantity of lethality and morbidity in the last 20
years1. The China National Cancer Prevention
Center have shown that PCa is sixth in incidence
and ninth in mortality2. Metastatic PCa could
conclusively develop into hormone refractory
PCa and androgen independent PCa, which are
considered as the leading cause of death in PCa
patients3,4. Up to date, no effective treatments
are available for advanced PCa. Thus, in-depth
exploration is required to figure out the potential
mechanisms involved in PCa metastasis, which
might help identify fresh therapeutic and diagnostic targets.
Long non-coding RNAs (lncRNAs) have a
length of over 200 nucleotides5. In the past few
thirty years, lncRNAs have been judged as the
by-products or ‘noise’ of the transcription of
genes6. However, growing cellular experiments
have caused distinct changes in the function
of lncRNAs which may be involved in diverse
biological processes, including embryonic developments, cellular growth and tumorigenesis
by influencing the expressions of various genes
at the transcriptional, post-transcriptional and
transcriptional levels7,8. LncRNAs played the
roles of oncogenes or tumor suppressors in the
progression of many types of cancers via influencing the apoptosis and metastasis. These findings highlighted the potential of lncRNAs used
as novel biological biomarkers and therapeutic
targets9,10. Although a large number of dysregulated lncRNAs have been identified using
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microarray analysis, only a small proportion of
tumor-specific lncRNAs have been functionally
studied.
Herein, LINC01194 as a new PCa-related lncRNA was identified. It was one of the most
overexpressed lncRNA according to the data of
significance analysis of microarrays. Then, we
provided evidence that LINC01194 was distinctly
highly expressed in both PCa specimens from 62
PCa patients and cell lines. Previously, the dysregulation of LINC01194 has been demonstrated
in colorectal carcinoma and laryngeal squamous
cell carcinoma11,12. Yet, little knowledge has been
obtained regarding its function and expression in
other tumors. For the first time, we explored the
expression and biological function of LINC01194
in PCa.

Patients and Methods
PCa Patients and Tissue Specimens
The overall 62 normal prostates and paired
PCa specimens were provided during 2017-2019
by 62 PCa patients experiencing radical surgery
at the First Affiliated Hospital of Zhengzhou University. The inclusion criteria for the patient cohort included (1) having a distinctive pathological
diagnosis of PCa; (2) the patients had no previous
history of other cancers; and (3) having complete
clinicopathological data. An exclusion criterion
was that the patients received radiation therapy or
chemotherapy before surgery. Written informed
consent was obtained from all patients. PCa grading was assessed in accordance with the criteria
set by the (International Society of Urological
Pathology) 2014 Grading Committee13,14. Clinicopathological features of patients are summarized
in Table I. The human cancer tissues were used
Table I. Clinical and pathological parameters of PCa patients.
Characteristics
Age (years)
Tumor size (cm)
Gleason score
Preoperative PSA level (ng/mL)
Clinical stage
Lymph node metastasis

Group

Total

< 65
≥ 65
< 2.5
≥ 2.5
<7
≥7
< 10
≥ 10
T2
T3-T4
Negative
Positive

27
35
32
30
29
33
26
36
36
26
45
17

under the approval of the Human Research Ethics
Review Board of the First Affiliated Hospital of
Zhengzhou University.
Bioinformatics Analysis
The StarBase database was applied for the
identification of potential miR-lncRNA binding
partners15. The downstream target genes of these
miRs were determined using TargetScan16. JASPAR identified the PAX5 binding motif in the
promoter region of LINC0119417.
Cell Culture and Cell Transfections
Non-malignant prostate epithelial cells
(RWPE-1) and PCa cells (PC3, DU145 and LNCap) were provided by the American Type Culture Collection (ATCC; Manassas, VA, USA)
and cultured in DMEM medium added by 10%
FBS (Invitrogen, Haidian, Beijing, China) and
streptomycin and penicillin (Invitrogen, Haidian,
Beijing, China) at 37°C in a 5% CO2 humidified
atmosphere.
GenePharma (Shanghai, China) was applied to the synthesis of specific short hairpin
RNA (sh-LINC01194-2 and sh-LINC01194-1) of
LINC01194 and scramble oligonucleotides (shNC). A unit of 30 μg of sh-LINC01194-1 and
sh-LINC01194-2 or sh-NC was constructed into
BLOCK-iT™ lentiviral RNAi expression system (Invitrogen, Haidian, Beijing, China). The
synthesis of pcDNA3.1-PAX5 vector(ov-PAX5)
and pcDNA3.1-control vector, negative control(si-NC) and siRNA targeting PAX5(si-PAX5)
was performed in Hanheng Company (Pudong,
Shanghai, China). Weihui Technology (Changsha, Hunan, China) supplied miR-486-5p mimics, NC mimics, miR-486-5p inhibitors and NC
inhibitors. The transfections were carried out applying Lipofectamine 3000 (Invitrogen, Haidian,
Beijing, China).
RNA Extraction and Real-Time
PCR Analysis
TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was applied to the extraction of total RNA
from tissue samples and cells. The PrimeScript
RT reagent kit with gDNA Eraser (Takara,
Hangzhou, Zhejiang, China) or miRNA cDNA
Kit (CWBio, Suzhou, Jiangsu, China) supported
the generation of the first-strand cDNA. SYBR®
Premix Ex Taq™ II (TaKaRa, Hangzhou, Zhejiang, China) was adopted to carry out qRT-PCR
on Applied Biosystems 7500 Real-time PCR
System (Applied Biosystems, Foster City, CA,
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USA). The reaction conditions were 95°C for
5 min, followed by 40 cycles of 95°C for 15
sec and 60°C for 30 sec. The normalization of
LINC01194 and miR-486-5p expressions to U6
or GAPDH was achieved. Table II lists the sequence of used primers. The relative expressions
of lncRNAs and mRNA were calculated by the
use of the 2-ΔΔCT methods. All reactions were
repeated three times.
Cell Proliferation Assays
Cell Counting Kit-8 (Solarbio, Tongzhou, Beijing, China) assays were applied for the examination of the proliferation abilities of the cells.
DU145 and LNCap cells after transfection for 48
h were seeded into 96-well plates, where the density of each well was 6×103 cells. Each well was
added with 20 μl of CCK-8 after transcription for
24, 48, 72, and 96 h. An enzyme-labeled analyzer
supported the detection of Optical density (OD)
when the wavelength was 450 nm.
Colony Formation Assay
For colony formation assays, after transfection of sh-NC, sh-LINC01194-1 or shLINC01194-2500, we seeded cells in a six-well
plate 48 h and cultured them at 37°C, 5% CO2
incubator, changing the medium every 2 days.
The cell culturing continued for 14 days before
cell colonies could be observed. The colonies
were immobilized, followed by the dyeing by the
use of crystal violet.
5-Ethynyl-2’-Deoxyuridine (EdU) Assays
The EdU Proliferation kit (Abcam, Haidian,
Beijing, China) was applied to perform EdU incorporation assays. In brief, sh-NC, sh-LINC01194-2
or sh-LINC01194-1-transfected DU145 and LNCap cells were incubated with 15 µmol/l EdU
Table II. The primers used in this study for RT-PCR.
Names
LINC01194: F
LINC01194: R
PAX5: F
PAX5: R
miR-486-5p: F
miR-486-5p: R
GOLPH3: F
GOLPH3: R
GAPDH: F
GAPDH: R
U6: F
U6: R
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Sequences (5’-3’)
AGACTGCTCTTGAGGCTGGAGT
AGGCTGAGGCTGGAGGATCTCT
ACTTGCTCATCAAGGTGTCAG
TCCTCCAATTACCCCAGGCTT
GTACTGAGCTGCCCCGAGAAA
CTCGCTTCGGCAGCACA
AGGAAGCCGTTCTTGACAAATG
GGCATGAGCCAGGTAAATGAG
CTGGGCTACACTGAGCACC
AAGTGGTCGTTGAGGGCAATG
GTGCAGGGTCCGAGGT
CTCGCTTCGGCAGCACA

dye at 37°C for 3 h, and then, fixed and washed
by the fixative, stained by Apollo fluorescent dye
and HOE-33342(ENZO, Taize Company, Daxing,
Beijing, China). Finally, glass slides were used to
fix the glass coverslips, followed by the capture
by the use of a fluorescent microscopy.
Wound-Healing Assays
Transfected DU145 or LNCap cells were seeded into each well of a 6-well plate and incubated
overnight to reach near confluence. Using a P200
pipette tip, A linear scratch was made on the
monolayer. By the use of PBS, the cells were
washed three times, followed by the culture in
DMEM medium. Image J software was used
to quantify the gaps which were photographed.
Each experiment was repeated in triplicates.
Transwell Assays
Transwell assays for the determination of
LINC01194 knockdown on the ability of invasion were carried out by the use of transwell
plates (Corning, Pudong, Shanghai, China).
We plated cells into the upper chamber and
filled the lower one with the medium that contained serum. These two were cultured in a
5% CO2 environment at 37°C for 24 h and 36
h, followed by a 30 min process of fixing with
methanol and then a 20 min staining process
by Giemsa. Then, a cotton swab was applied
to remove cells from the membrane’s upper
surface. Then, fixing and staining process of
20 min was conducted on the cells that migrated through the membrane to the underside
by 0.5% crystal violet. Five fields of each well
were randomly gated and counted.
Tumor Xenografts in Nude Mice
Purchased from Huafukang Technology
(Haidian, Beijing, China), twelve 6-week 15-22
g male BALB/c mice were kept in a specific
pathogen free (SPF) environment for seven days.
Either side of the axillary region of male BALB/c
nude mice (n=6 per group) was subject to the
subcutaneous injection of control sh-NC or shLINC01194-1 (4 × 106) stably transfected DU145
cells. Afterward, at an interval of four days, we
measured the width and length of the tumor. The
formula of length × (width2/2) was used to obtain
the tumor volume after 7 weeks. We sacrificed
the mice 28 days after the injection, followed by
weighing of the tumors. The animal experimental
protocols released by the First Affiliated Hospital
of Zhengzhou University were followed in the
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whole experiment process under the approval of
the Animal Care Committee of the First Affiliated Hospital of Zhengzhou University.
Subcellular Fractionation
Nuclear and cytosolic fraction separation was
carried out applying a PARIS™ Kit (AM1921;
Invitrogen, Wosheng Technology, Hangzhou,
Zhejiang, China), based on the guidelines for the
product application. In short, DU145 and LNCap
cells (4×106 cells) were collected, washed, and
placed in 400 μl fractionation buffer. Then, from
the nuclear pellets, the cytoplasmic fractions were
carefully aspirated away. The nuclear pellets were
then lysed using cell disruption buffer. Finally,
qPCR assays were performed to determine the
collected RNAs.
Chromatin Immunoprecipitation (ChIP)
Assays
The Magna ChIPTM Kit (17-10086, MERCK, Yiqi Company, Xuhui, Shanghai, China)
was used for ChIP assays. For the produce of
DNA-protein cross-links, formaldehyde treatment was conducted on DU145 and LNCap cells.
It was followed by the sonication of cell lysates
for generating chromatin fragments of 200-300
bp. Then, we immunoprecipitated the lysates and
took specific antibodies or IgG as the control. RTPCR was performed to examine the precipitated
chromatin DNA which was recovered.
RNA Pull-Down Assays
The biotinylated RNAs (biotin-NC, biotin-LINC01194) were supplied by Sangon Technology (Pudong, Shanghai, China). Then, lysis
buffer containing RNase inhibitors was used to
treat DU145 and LNCap cells. Probes were dissolved in wash/binding buffer. streptavidin-coupled magnetic beads were applied to incubate
the collected probes for 2 h, followed by the
addition of cell lysates for an additional 2 h at
25°C. Finally, the miR-486-5p were purified and
its foldchanges were measured using RT-PCR
experiments.
Luciferase Reporter Assays
The cloning process into pGL3 plasmid was
conducted on the potential miR-486-5p binding
sites or mutant of LINC01194 or GOLPH3 3’UTR and the putative binding sites for PAX5
containing LINC01194 promoter regions. Then,
we sequenced the needed clone, named pGL3LINC01194-wild-type, pGL3-LINC01194-mu-

tant, pGL3-LINC01194-wild-type and pGL3LINC01194-mutant. Under the support of Lipofectamine 2000, transfection of DU145 and
LNCap cells was performed. Before 80% confluence, cells were placed and grew on a 24-well
plate. The Luc-Pair™ Duo-Luciferase Assay Kit
was used to quantify the Luciferase activity forty-eight hours later.
Western Blot Analysis
DU145 and LNCap cells were collected by
the use of protein lysis buffer RIPA (Beyotime,
Pudong, Shanghai, China). For the collection of
the supernatants, the samples were centrifuged.
The samples were centrifuged for supernatant
collection. The BCA Protein Assay kit based
on the manufacturer’s guidelines (Jinfusai Technology, Haidian, Beijing, China) was applied
to obtaining protein concentrations. After the
separation process using 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, we
placed equal amounts of protein (20 µg) onto
polyvinylidene difluoride membranes (Millipore,
Suzhou, Jiangsu, China) blocked with 5% skim
milk at room temperature for 1 h. Afterward,
we applied primary antibodies (1:1,000), including anti-GAPDH, anti-GOLPH3, anti-Vimentin,
anti-PAX5, anti-N-cadherin, and anti-E-cadherin (Santa Cruz Biotechnology, Haidian, Beijing,
China), for incubation overnight at 4°C. After one
hour of washing with TNT buffer (abs42156919,
Absin, AIbixin, Pudong, China), the membranes
were incubated with HRP-conjugated anti-rabbit
IgG (1:20,000) antibodies for 1 hour at 25°C. Subsequently, the above membranes were subject to
further washing with TNT buffer (abs42156919,
Absin, AIbixin, Pudong, China). The visualization of bands was achieved with the Western
Lightning Plus-ECL kit.
Statistical Analysis
All statistical analyses were performed using the SPSS v16.0 statistical software package
(SPSS, Inc., Chicago, IL, USA). The Student’s
t-test was used to compare the differences between two groups. One-way ANOVA and Tukey
post-hoc tests were performed to analyze the difference among three or above groups. This study
adopted ROC curve for analyzing the efficacy of
LINC01194 in the diagnosis of PCa specimens
from non-tumor specimens. A p < 0.05 was considered statistically significant. Data were presented as mean ± standard error of the mean from
at least three independent experiments.
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Results
Upregulation of LINC01194 Expression
in PCa
In order to screen functional lncRNAs in PCa,
we performed ChIP-seq data using 5 pairs of PCa
specimens and matched non-tumor specimens.
As shown in Figure 1A, the top 100 dysregulated
lncRNAs were shown in Heat Map and Clustering Analysis. LINC01194 was observed to
be one of the most upregulated lncRNA in PCa
(Figure 1B). Compared with matched non-tumor
specimens, PCa specimens displayed an evident
increase in LINC01194 expression as revealed
by the results of RT-PCR (Figure 1C). Moreover, an increased level of LINC01194 was also
shown in three PCa cells compared with RWPE-1
cells (Figure 1D). We further explored whether
LINC01194 could have a diagnostic value. An
AUC value of 0.7901 (95% CI: 0.7104 to 0.8697)

for PCa was obtained by LINC01194 expression
in ROC assays (Figure 1E). Our findings suggested LINC01194 as a functional modulator in PCa
progression.
PAX5 Activates LINC01194 Transcription
in PCa Cells
SP1, STAT3, and other transcription factors
have been confirmed to be able to activate the
transcription of downstream targets like lncRNAs18,19. The use of the JASPAR online database presented the possible binding of PAX5
to the high-score LINC01194 promoter region
(Figure 2A and 2B). By analyzing TCGA datasets, significantly higher PAX5 expression in
PCa specimens than in non-tumor specimens
was found (Figure 2C). In our cohort, we also
observed an upregulated expression of PAX5
in PCa specimens (Figure 2D). Moreover, ROC
assays confirmed the diagnostic value of high

Figure 1. LINC01194 is overexpressed in PCa specimens and cell lines. A, Heat map analysis of the lncRNAs expression of
groups was created using a method of hierarchical clustering. B, The levels of LINC01194 in 5 pairs of PCa specimens and
non-tumor tissues. C, Relative expression of LINC01194 in PCa tissues and adjacent healthy tissues from 62 patients using RTPCR. D, The expressions of LINC01194 were measured by RT-PCR in the RWPE-1 and various PCa cell lines (PC3, DU145
and LNCap). E, ROC assays showed the diagnostic value of LINC01194 in distinguishing PCa specimens from non-tumor
specimens. **p<0.01.
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Figure 2. LINC01194 is activated by PAX5 in PCa. A, B, PAX5 binding site prediction in the LINC01194 promoter region
using JASPAR. C, The expression of PAX5 in 496 PCa specimens and 52 non-tumor tissues from TCGA datasets. D, RT-PCR
examined the levels of LINC01194 in 62 pairs of PCa specimens and non-tumor tissues. E, The diagnostic value of LINC01194
expression for PCa specimens in our cohort. F, The correlation between LINC01194 and PAX5 expression analyzed in 62 paired
PCa samples. G, The expression of PAX5 at both mRNA and protein levels was distinctly upregulated in three PCa cells compared
to RWPE-1 cells. H, The dysregulation of PAX5 expression in DU145 and LNCap cells after overexpression or knockdown of
PAX5. I, The dysregulation of LINC01194 expression in DU145 and LNCap cells after overexpression or knockdown of PAX5. J,
ChIP-qPCR analysis of PAX5 occupancy in the LINC01194 promoter in DU145 cells. K, Luciferase reporter assay was applied to
verify the targeted binding effect between LINC01194 and PAX5 in DU145 cells. **p<0.01, ***p<0.01.

PAX5 expression for PCa specimens with an
AUC=0.8275 (Figure 2E). A positive correlation
of PAX5 expression with LINC01194 in 62 PCa
tissues was revealed by correlation analysis (p <
0.0001; Figure 2F). Moreover, the expression of
PAX5 at both mRNA and protein levels was distinctly upregulated in three PCa cells compare

to RWPE-1 cells (Figure 2G). In addition, after
knockdown of PAX5, LINC01194 expression
was distinctly decreased in DU145 and LNCap
cells, while the overexpression of PAX5 resulted
in a distinct regulation of LINC01194 expression
in DU145 and LNCap cells (Figure 2H and 2I).
Next, ChIP assays indicated that PAX5 might
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bind with the BS2 site of LINC01194 promoter
(Figure 2J). Subsequently, Luciferase activity assays suggested that increasing PAX5 expression
by transfecting pcDNA3.1-PAX5 could markedly accelerate Luciferase activity in DU145
cells transfected with BS2 wild-type (BS2 wt)
reporters, while there were no influences on
Luciferase activities in DU145 cells when they
were co-treated with pcDNA3.1-PAX5 vectors
and BS2 mutated-type (BS2 mut) reporters (Figure 2K).
Knockdown of LINC01194 Suppresses
Cell Viability and Metastasis of DU145
and LNCap Cells
For an investigation of LINC01194’s biological
function in PCa cell subtypes, shRNAs were used
to suppress LINC01194 expression. As revealed
by RT-PCR, LINC01194 expression was distinctly suppressed in DU145 and LNCap cells transfected with sh-LINC01194-1 or sh-LINC01194-2
compared to sh-NC group (Figure 3A). CCK-8 assays revealed that downregulation of LINC01194
remarkably inhibited the growth of cells over
time (Figure 3B). Colony formation assays
showed cell transfected with sh-LINC01194-1
or sh-LINC01194-2 formed distinctly less colonies than those transfected with sh-NC (Figure 3C). Moreover, an evident reduction in the
EdU-positive rate of DU145 and LNCap cells
by knockdown of LINC01194 was displayed by
EdU proliferation assays (Figure 3D). Also, the
exploration of the tumor-suppressing effects of
sh-LINC01194-1 in vivo based on the Xenografts
model indicated the slower tumor growth speed
on nude mice and the lower tumor volume and
weight of the sh-LINC01194-1 group than those
of the sh-NC group (Figures 3E-3G). We also
used Wound Healing assays and transwell assays
to explore how LINC01194 affected the migration
and invasion ability of DU145 and LNCap cells.
We observed that knockdown of LINC01194 distinctly reduced the migration distance in DU145
and LNCap cells (Figure 4A). As found from
the transwell assays, the invasive capacity of the
cells was significantly decreased by LINC01194
knockdown (Figure 4B). Moreover, we examined
the influence of LINC01194 knockdown on the
EMT progress, finding that the downregulation of
LINC01194 suppressed the expression of N-cadherin and Vimentin cells, while promoted the expression of E-cadherin (Figure 4C). Overall, our
findings suggested LINC01194 as an oncogenic
lncRNA in PCa progression.
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LINC01194 Acts as a Molecular Sponge
for MiR-486-5p in PCa cells
Then, how LINC01194 contributed to the
malignant phenotypes of PCa cells was investigated. The subcellular fractionation revealed
LINC01194 expression both in the nucleus and
cytoplasm, more in the cytoplasm (Figure 5A).
As found by StarBase 3.0, miR-486-5p is a possible potential target of LINC01194 (Figure 5B).
By analyzing TCGA datasets, miR-486-5p expression was found to distinctly decreased in
PCa specimens (Figure 5C). A similar expressing
trend was also observed in our cohort using RTPCR (Figure 5D). In addition, in three PCa cells,
miR-486-5p was found to display a lower level
(Figure 5E). Moreover, we performed transwell
assays, finding that the invasion of DU145 and
LNCap cells (Figure 5F) was highly hindered by
miR-486-5p overexpression. Previously, several
studies20,21 have reported the overexpression of
miR-486-5p and its anti-oncogenic roles in several types of tumors, including PCa, which was
consistent with our findings. Then, miR-4865p was confirmed by the results of RNA-pull
down to combine LINC01194 (Figure 5G). More
importantly, the results of Dual-Luciferase reporter assays revealed the decreased Luciferase
activity of the Luciferase reporter containing
LINC01194-Wt by miR-486-5p overexpression.
Nevertheless, these results were not observed
in LINC01194-Mut (Figure 5H). In addition,
LINC01194 knockdown distinctly suppressed the
expression of miR-486-5p, and the downregulation of LINC01194 expression was caused by
miR-486-5p overexpression (Figure 5I and 5J).
Our findings suggested LINC01194 may competitively sponge miR-486-5p.
LINC01194 Promotes PCa Progression
Via sponging miR-486-5p/GOLPH3
For screening miR-486-5p targets, we firstly
conducted the analysis of GSE3868 containing
22 PCa specimens and 8 non-tumor prostate
specimens using “R”. The total 256 dysregulated
genes were shown using Heat Map and Volcano
plot (fold change [FC] > 5 and adjusted p-value
[p-adj] < 0.05) (Figure 6A and 6B). Importantly,
GOLPH3 was one of the most upregulated genes
in PCa specimens (Figure 6C). In addition, we
analyzed the TCGA data, finding that GOLPH3
was also highly expressed in PCa. ROC assays
also confirmed its diagnostic value in screening
PCa specimens from normal tissues (Figure 6E).
The above results confirmed that GOLPH3 was
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Figure 3. Knockdown of LINC01194 suppressed cell proliferation of glioma cells. A, Knocking down of LINC01194 in
DU145 and LNCap cells by using sh-LINC01194-1 and sh-LINC01194-2. Statistical analysis was performed by one-way
ANOVA with Tukey’s post-hoc test. B, Quantitative analysis of cell viability detected by CCK-8 assays. C, Colony formation
assays were performed on DU145 and LNCap cells after knockdown of LINC01194 for 2 weeks. D, EdU were performed to
detect cell proliferation (magnification: 100×). E, Tumors derived from mice in two different groups were presented. F, G,
Volume and weight of tumors obtained from two groups were measured and shown. **p<0.01.
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Figure 4. LINC01194 promoted invasion and migration in PCa. A, B, The effects of LINC01194 knockdown on the
migration (A) and invasion (B) of DU145 and LNCap cells were examined by wound-healing assays or transwell Assays,
respectively (magnification: 40×). C, Western blot was utilized to measure the protein levels of epithelial markers
(E-cadherin) and mesenchymal markers (Vimentin and N-cadherin) after LINC01194 downregulation in DU145 and
LNCap cells. **p<0.01.

a tumor promotor in PCa. Previously, GOLPH3’s
role in promoting the proliferation and metastasis
of PCa cells was reported, which demonstrated
our findings22,23. Interestingly, by the use of StarBase 3.0, we found that GOLPH3 may be a target
of miR-486-5p (Figure 6F). RT-PCR further confirmed GOLPH3 was overexpressed in three PCa
cells (Figure 6G). As revealed from the outcomes
of the Luciferase reporter test, the upregulation
of miR-486-5p could decrease GOLPH3-WT activity, but it had no effect on GOLPH3-MUT
in both DU145 and LNCap cells (Figure 6H).
Also, the expression of GOLPH3 was hindered
by miR-486-5p overexpression at both mRNA
and protein levels (Figure 6I). Our findings suggested GOLPH3 may be a target of miR-486-5p.
Rescue experiments were carried out to further
explore whether miR-486-5p and GOLPH3 are
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responsible for LINC01194-mediated effects on
PCa cells. LINC01194 knockdown in DU145 and
LNCap cells caused upregulation of GOLPH3
expression, which was found reversed by the
downregulation of miR-486-5p (Figure 7A). In
addition, as found in functional assays, miR486-5p exhaustion in DU145 and LNCap cells
weakened the role of silencing LINC01194 in
suppressing the proliferation and invasion (Figure
7B-7D). Collectively, LINC01194 may serve as a
tumor promotor in PCa through the regulation of
the miR-486-5p/GOLPH3 axis.

Discussion
Growing studies24,25 have suggested the possibly important role of lncRNAs in tumorigenesis
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Figure 5. LINC01194 functions as a miR-486-5p sponge in PCa cells. A, Relative LINC01194 expression levels in nuclear and
cytosolic fractions of DU145 and LNCap cells. B, Diagram of the miR-486-5p putative binding sites and corresponding mutant
sites in LINC01194 mRNA sequences. C, The expression of miR-486-5p in 495 PCa specimens and non-tumor specimens by
amazing TCGA datasets. D, RT-PCR for the expression of miR-486-5p in our cohort. E, MiR-486-5p levels in different PCa
cell lines were measured by RT-PCR. F, Invasion ability was explored in DU145 and LNCap cells transfected with NC mimics
or miR-486-5p mimics, using transwell invasion assays. G, RNA pull-down verifying LINC01194 binding to miR-486-5p. H,
Luciferase reporter assays were conducted to confirm the direct binding between miR-486-5p and LINC01194 in DU145 and
LNCap cells. I, The expression of miR-486-5p in DU145 and LNCap cells transfected with sh-LINC01194-1, sh-LINC01194-2
or sh-NC. J, Overexpression of miR-486-5p resulted in the downregulation of LINC01194. **p< 0.01. *p<0.05.

and served as tumor promotors or anti-oncogenes
based on the types of tumors. Up to date, several
lncRNAs have been identified the dysregulated
lncRNAs in PCa, and their tumor-related functions were also functionally elucidated26,27. One
of these is lncRNA PCAT-1 which was a highly
expressed lncRNA and served as a tumor promotor affecting PCa metastasis28. Here, this paper
presented an increasing LINC01194 expression
in PCa, which has a high diagnostic value in

screening PCa specimens from non-tumor tissues, indicating it as a novel diagnostic biomarker
for PCa patients.
Recently, Long et al29 revealed that transcription factors may regulate lncRNAs expression,
just like some protein-coding genes. For instance, lncRNA HOXD-AS1 transcription was
activated by STAT3 in liver cancer30. Our study
proved PAX5’s role in activating LINC01194 upregulation in PCa. Previously, the knockdown of
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Figure 6. MiR-486-5p targeted GOLPH3 directly. A, The dysregulated 286 genes were shown in Heat Map based on
GSE3868. B, Volcano plot of dysregulated genes. C, GOLPH3 expression levels in PCa tissues compared with normal tissues in
GSE3868 datasets. D, GOLPH3 was overexpressed in PCa specimens in TCGA datasets. E, ROC showed the diagnostic value
of GOLPH3 expression for PC specimens. F, Putative binding site between miR-486-5p and GOLPH3 through TargetScan
online software. G, The levels of GOLPH3 in three PCa cells and RWPE-1 cells by RT-PCR. H, Luciferase reporter assay for
analysis of the interaction between miR-486-5p and GOLPH3. I, Overexpression of miR-486-5p suppressed the expression of
GOLPH3 at both mRNA and protein levels. **p<0.01.

PAX5 reportedly suppressed the tumor progression in tumors of several types31. In addition,
lncRNA FOXP4-AS1 was shown to be activated
by PAX5 and exhibit a high level in PCa cells32.
These findings revealed that PAX5 may activate
multiple targets. Then, as found in vitro and in
vivo assays, the proliferation, migration, invasion and EMT progress of PCa cells were found
to be hindered by LINC01194 knockdown. As
the main progress involved in tumor-to-tumor
metastasis, EMT leads to cell-cell adhesion loss
and strengthens the abilities of invasion and
migration. Our findings revealed the possible
contribution of the LINC01194/EMT axis to
2538

PCa metastatic properties. In addition, in colorectal carcinoma and laryngeal squamous cell
carcinoma, the oncogenic effects of LINC01194
were also confirmed using a series of functional
experiments.
After confirming the oncogenic roles of
LINC01194 in PCa, our group examined the
molecular mechanisms responsible for the altered malignant phenotypes. It has been indicated that mRNA stability and protein localization
can be modulated by cytosolic lncRNAs as
microRNA sponge33. LINC01194 expression was
mainly found in the cytoplasm. The results of
bioinformatic assays, RNA-pull down assays

LINC01194 exerts oncogenic properties in prostate cancer

Figure 7. LINC01194 promoted PCa progression by regulating miR-486-5p/GOLPH3 axis. A, RT-PCR for the expression
of GOLPH3 in DU145 cells and LNCap cells transfected with sh-NC, sh-LINC01194-1, sh-LINC01194-1+NC inhibitors or
sh-LINC01194-1+miR-486-5p inhibitors. The CCK-8 assays (B), colony formation assays (C) and Cell invasion (D) assays
following knockdown of LINC01194 and/or inhibition of miR-486-5p. (magnification: 40×). *p<0.05, **p<0.01. **p<0.01.

and Luciferase reporter assays demonstrated
LINC01194’s direct interaction with miR-4865p. In the literature, the role of miR-486-5p in
the progression of several tumors was reported. In PCa, high expression of miR-486-5p
was found and its knockdown hindered the
proliferation and metastasis of PCa cells via
targeting Snail21. We found that the suppression of LINC01194 was caused by miR-486-5p
overexpression, suggesting that LINC01194 may
advance PCa cells’ proliferation and metastasis
via sponging miR-486-5p.
Golgi phosphoprotein 3 (GOLPH3), located
on 5p13.3, is a highly conserved protein across
eukaryotic kingdom and has been confirmed to
be involved in protein trafficking, glycosylation
and DNA damage-induced Golgi dispersal34.
Recently, several studies35-37 demonstrated that
GOLPH3 was implicated in tumor growth and
metastasis in several types of tumors, such as
glioma, epithelial ovarian cancer and bladder
cancer. In PCa, increased expression of GOLPH3
and its oncogenic roles were also reported in several studies22,23. This study revealed the ability of
miR-486-5p to directly target GOLPH3 3’UTR
and regulating its expression. Additionally, miR486-5p overexpression caused a significant reduction in GOLPH3 expression. Moreover, we ex-

plored whether there is a ceRNA regulatory axis
among LINC01194, miR-486-5p, and GOLPH3
in PCa cells. According to the results of rescue
assays, downregulation of miR-486-5p reversed
the influence of LINC01194 knockdown on PCa
cell proliferation, migration and invasion. These
demonstrations partly explained the mechanism
by which LINC01194/miR-486-5p participated in
PCa progression.

Conclusions
Our study first revealed that LINC01194 expression was an overexpressed lncRNA in PCa
and its high expression was induced by PAX5.
LINC01194 served as a tumor promotor through
the regulation of the miR-486-5p/GOLPH3 axis.
However, the underlying mechanism by which
LINC01194 could influence other tumor-related genes or regulatory network requires further
studies. LINC01194 is a potential target for the
diagnosis and treatment of PC in the future.
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