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LINC01207 promotes prostate cancer progression
by sponging miR‑1182 to upregulate AKT3
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Abstract. Prostate cancer (PC) is recognized as a common
malignancy in male patients. Long non‑coding RNA (lncRNA)
has been implicated in the development of PC. Recently, long
intergenic non‑protein coding RNA 1207 (LINC01207) has
been reported to regulate the carcinogenesis of multiple cancer
types. However, its role in the progression of PC remains to be
determined. The aim of the present study was to investigate the
expression profile, clinicopathological implication and molec‑
ular mechanism of action of LINC01207 in the progression
of PC. LINC01207 expression levels were compared between
PC tumor and paired normal tissue samples from The Cancer
Genome Atlas. The expression of LINC01207 was further
analyzed in PC cell lines and a normal prostatic cell line. The
role of LINC01207 in proliferation, migration and invasion of
PC cells was examined using small interfering RNA‑mediated
silencing. Western blot analysis was used to investigate the
changes in protein levels underlying the mechanism of action
of LINC01207. The role of LINC01207 in tumorigenesis was
evaluated in a xenograft model. LINC01207 was upregulated
in PC tumor samples from TCGA data compared with paired
normal tissue. LINC01207 expression was significantly
increased in PC cells and tumor tissues compared with in
normal prostate cells (RWPE1) and normal prostate tissues,
respectively. Furthermore, LINC01207 silencing inhibited PC
cell proliferation and colony formation and induced apoptosis.
Mechanistic experiments showed that LINC01207 promoted
carcinogenesis by sponging miR‑1182 to regulate the protein
levels of AKT3 in PC cell lines. Thus, the findings of the
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present study indicated that LINC01207 might play a role in
the tumorigenesis of PC and may serve as a therapeutic target
for PC treatment.
Introduction
Prostate cancer (PC) is a prevalent male cancer in European
and American countries recognized as the second leading
cause of cancer‑associated mortality globally (1,2). A previous
study has detected novel molecular targets for PC therapy,
however, the key initiating events regulating the pathogenesis
and progression of PC remain elusive (3). The diagnosis of PC
is mainly based on monitoring serum prostate‑specific antigen
(PSA) levels (4). Although the introduction of PSA testing
facilitates early PC diagnosis, the clinical accuracy of PSA
remains suboptimal to its lack of specificity and high false
positive rate (5). Identifying novel biomarkers could improve
the diagnosis accuracy in the early stages of PC, which may
be beneficial for early intervention and for the prevention of
progression to advanced stages of the disease (6).
Advances in whole‑genome sequencing has facilitated the
identification of non‑coding RNA (ncRNA) in cancer, which
has demonstrated that abnormal expression of ncRNA is asso‑
ciated with to PC progression (7). MicroRNA (miRNA/miR) is
a type of endogenous ncRNA ~21 nucleotides in length, which
can bind to mRNA targets and regulate their expression at the
post‑transcriptional level (8). Increasing evidence suggests
that several miRNA molecules can act as tumor suppressors
or oncogenes in carcinogenesis (9,10). Profiling the miRNA
expression in different cancer types has identified abnormally
expressed miRNA molecules which may serve as biomarkers
for diagnosis and prognosis (11). Abnormal miRNA expression
has also been observed in PC, and complex miRNA regula‑
tory networks and modules have been proposed to regulate PC
progression (12,13). Aberrant miRNA expression frequently
dysregulates the target genes implicated in carcinogenesis of
PC (14,15). Among them, miR‑1182 was identified as a tumor
suppressor and implicated in the tumorigenesis of different
tumor types, such as bladder (16), ovarian (17), gastric (18) and
PC (19). However, its regulatory mechanism of action in PC
progression remains elusive.
The Akt serine/threonine kinase kinase family comprises
three highly homologous members: AKT1 (PKBα), AKT2
(PKBβ) and AKT3 (PKBγ) (20). AKT3 is known to play role
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in carcinogenesis (21,22). AKT3 is abnormally expressed in
PC, and its upregulation may promote PC cell survival and
proliferation (23,24). Small interfering RNA (siRNA)‑medi‑
ated AKT3 silencing inhibits PC cell growth (25). Therefore,
AKT3 signaling may play a vital role in PC tumorigenesis.
Located on chromosome 4q32, long intergenic non‑protein
coding RNA 1207 (LINC01207) consists of two introns
and three exons (26‑28). Recent studies have suggested that
LINC01207 is highly expressed in lung adenocarcinoma and
promotes cell proliferation and migration (26,29). However,
whether LINC01207 is involved in PC progression remains
unclear.
The present study aimed to detect the role of LINC01207
in PC progression. The results demonstrated that LINC01207
was significantly upregulated in PC compared with normal
prostate tissue samples. Mechanistic experiments demon‑
strated that LINC01207 played its oncogenic role by sustaining
AKT3 levels in PC cells and sponging miR‑1182. LINC01207
knockdown reduced AKT3 levels and induced apoptosis
in PC cells. These findings identified a novel mechanism
underlying the oncogenic role of LINC01207 by targeting the
miR‑1182/AKT3 axis in PC.
Materials and methods
Cell lines and cell culture. The human PC cell lines, PC‑3,
LNCaP, Du‑145 and C4‑2B, and the human normal prostate cell
line, RWPE1, were purchased from American Type Culture
Collection. These cell lines were cultured in DMEM (Gibco;
Thermo Fisher Scientific, Inc.) containing 10% FBS (Gibco;
Thermo Fisher Scientific, Inc.) and 1% penicillin‑streptomycin,
and incubated in a humidified cell culture incubator at 37˚C
with 5% CO2.
Cell transfection. The day prior to transfection, cells were
trypsinized, counted and seeded into 6‑well plates at a density
of 2x105 cells/well. When the cells reached 80% confluence,
small interfering RNA (siRNA), miR‑8112 mimic or inhibitor,
AKT3 expression vector or negative control (NC) were
transfected into cells using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufac‑
turer's instructions. In a 6‑well plate, cells at 80% confluence
were transfected with 50 nM miRs/siRNAs (miR‑1182 mimic,
inhibitor or NCs, siRNA and si‑NC) or 6 µg plasmids (AKT3
expression vector, sh‑LINC01207 expression vector or empty
vector control). After 16‑h incubation at 37˚C with 5% CO2,
the transfection reagents were removed and replaced with
fresh medium. Transfected cells were incubated for 48 h
post‑transfection in the cell culture incubator at 37˚C with 5%
CO2 before being used in subsequent experiments.
Plasmids AKT3 overexpression or shRNA transfection. The
cDNA sequence of AKT3 was cloned into the pcDNA 3.1
plasmid (Suzhou GenePharma Co., Ltd.). The empty pcDNA
3.1 plasmid was used as NC. For sh‑LINC01207 transfection,
pLKO.1‑Puro vector containing the sh‑LINC01207 sequence
or sh‑NC were constructed by Guangzhou RiboBio Co., Ltd.
siRNA, miR‑1182 mimic, miR‑1182 inhibitor transfection.
siRNA (si‑NC, si‑LINC01207#1 and si‑LINC01207#2),

miR‑1182 mimic, miR‑1182 inhibitor and mimic‑NC were
obtained from Guangzhou RiboBio Co., Ltd. The following
sequences were used: i) si‑LINC01207#1 sense, 5'‑CCAGCT
AAGACATTAGTAA‑3' and antisense, 5'‑TTACTAATGTCT
TAGCTGG‑3'; ii) si‑LINC01207#2 sense, 5'‑GCAGGAAGG
AATCCACAAT‑3' and antisense, 5'‑ATTGTGGATTCCTTC
CTGC‑3' (Guangzhou RiboBio Co., Ltd.); iii) si‑NC sense,
5'‑UGCUGAC UCCAAAGCUCUG dTdT‑3' and antisense,
5'‑CAGAGCU UUG GAG UCAGCA dTd T‑3' (Invitrogen;
Thermo Fisher Scientific, Inc.); iv) miR‑1182 mimic, 5'‑GAG
GGUCUUGGGAGGGAUGUGAC‑3'; v) mimic‑NC, 5'‑CGG
UACGAUCGCGGCGGGAUAUC‑3'; vi) miR‑1182 inhibitor
sense, 5'‑GAG  G GU C UU G GG AGG  GAU GUG AC‑3' and
antisense, 5'‑GUC ACA U CC C UC C CA AGA C CC U C‑3';
inhibitor‑NC sense, 5'‑GGUUCGUACGUACACUGUUCA‑3'
and antisense, 5'‑UGAACAG UGUACG UAC GAACC‑3'
(Sigma‑Aldrich; Merck KGaA).
Reverse transcription‑quantitative PCR (RT‑qPCR). TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used
to isolate total RNA according to the manufacturer's instruc‑
tions. For cellular fractionation, Subcellular Fractionation
Kit for Cultured Cells (Thermo Fisher Scientific, Inc.;
cat. no. 78840) was used according to the manufacturer's
instructions. Total RNA (1 µg) was used to perform reverse
transcription using Primer Script RT Master Mix kit (Takara
Bio, Inc.; cat. no. RR036A) under following conditions: 30 min
at 37˚C, 5 min at 85˚C and holding at 4˚C. qPCR analysis
was performed using SYBR Select Master Mix (Applied
Biosystems, Inc.; cat. no. 4472908) on the ABI 7900 system
(Applied Biosystems, Inc.). The thermocycling conditions for
the qPCR consisted of 30 sec at 95˚C, followed by 40 cycles
of 5 sec at 95˚C and 60 sec at 60˚C. The relative gene expres‑
sion levels were normalized against GAPDH gene using the
2‑ΔΔCq method (30). The following PCR primers were used in
the study: i) GAPDH forward, 5'‑CCACATCGCTCAGAC
ACCAT‑3' and reverse, 5'‑ACCAGGCGCCCAATACG‑3';
ii) LINC01207 forward, 5'‑CAGACACAGG CCATTCAG
TC‑3' and reverse, 5'‑CTTCTTCACCAGA AG CAT TCC‑3';
iii) miR‑1182 forward, 5'‑GGG  GAG  G GT C TT G GG AGG
GA‑3' and reverse, 5'‑GTGCAGGGTCCGAGGT‑3'; iv) AKT3
forward, 5'‑AATG GACAGA AGC TAT CCAGGC ‑3' and
reverse, 5'‑TGATGGGTTGTAGAGGCATCC‑3'; U6 forward,
5'‑CTCGCTTCGGGCAGCACA‑3' and reverse, 5'‑AACGCC
TTCCACGAATTTGCGT‑3'.
Dual luciferase reporter assay. The bioinformatics website
lncBase V.2 (https://rnacentral.org/expert‑database/lncbase)
was used to identify LINC01207 targets. The TargetScan
database 7.2 (http://www.targetscan.org/vert_72/) was used
to predict the target of miR‑1182. The binding relationships
between the identified targets were confirmed using dual
luciferase reporter assays. The sequences of miR‑1182
binding sites at the 3' untranslated regions (UTRs) of
LINC01207 and AKT3 were amplified and individu‑
ally inserted into the pmirGlO luciferase reporter vector
(Promega Corporation).
Wild-type (WT) and mutated (MUT) fragments
containing the binding site were synthesized and cloned into
a pMIR‑REPORT plasmid (Guangzhou RiboBio Co., Ltd.).
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The plasmids were then co‑transfected into PC‑3 cells with
miR‑1182 mimic or mimic NC together with Renilla lucif‑
erase (hRlucneo) control plasmid (Promega Corporation).
Before transfection, cells were seeded into a 96‑well plate
at a density of 2x103 cells/well. The target plasmid (0.5 µg)
and miR‑1182 mimic (0.5 µg) were mixed in 50 µl serum‑free
Opti‑MEM (Gibco; Thermo Fisher Scientific, Inc.). In a
separate preparation, 1 µl Lipofectamine 2000 was mixed in
50 µl serum‑free Opti‑MEM medium. The two mixtures were
combined together and incubated for 20 min, before adding
to the cells. A total of 48 h post‑transfection, the relative
luciferase activities were measured using Dual‑Luciferase
Reporter Assay kit (Promega Corporation; cat. no. E1910) on
a luminescence microplate reader (Infinite 200 PRO; Tecan).
The relative firefly luciferase activity in the reporter plasmid
was normalized to that of Renilla luciferase in the hRlucneo
control plasmid.
Cell Counting Kit‑8 (CCK‑8) proliferation assay. A CCK‑8
assay was performed to detect changes in cell proliferation.
PC‑3 cells or PC‑3‑siLINC01207 cells were seeded into a
96‑well plate at a density of 1x104 cells/well, and incubated
at 37˚C in 5% CO2 for 48 h. The CCK‑8 (10 µl) reagent was
added to each well at 0, 24, 48 and 72 h and incubated at 37˚C
for 1 h. The GX71 microplate reader (Olympus Corporation)
was used to detect the absorbance value (optical density value)
in each well at 450 nm.
Colony formation assay. PC‑3 cells or PC‑3‑si‑LINC01207
cells were seeded into a 6‑well plate at a density of
500 cells/well after cell counting. The culture medium was
changed every 2 days. After 14 days of culture, the cells
were fixed in 100% methanol for 30 min at room tempera‑
ture and stained for 10 min using Giemsa Stain kit (Abcam;
cat. no. ab150670) according the manufacturer's instructions.
After 14 days, an image of the cell colony was captured
with a digital camera using an AM6000 microscope (Leica
Microsystems, Inc.). Colonies consisting of >50 cells were
counted manually.
A p optosis d etect io n u si ng f low c yto m et r y. T he
Annexin‑V‑FITC apoptosis assay kit (BD Biosciences) was
utilized to analyze cell apoptosis. PC3 cells (2x105) trans‑
fected with si‑LINC01207#1, si‑LINC01207#2 or si‑NC were
harvested at 48 h after transfection. Cells were collected after
trypsinization and resuspended in Annexin V binding buffer.
The solution containing 1X Annexin‑V‑FITC /propidium
iodide (PI) staining reagent was used to stain cells for 15 min
at 37˚C. The FACSCalibur flow cytometer (BD Biosciences)
was utilized to detect cell apoptosis. The data were analyzed
using FlowJo software 7.6 (FlowJo LLC).
Western blot analysis. Total protein lysates were harvested
in cold NP40 lysis buffer (1 mM EDTA, 150 mM NaCl, 1%
NP‑40, 20 mM Tris‑HCl, phosphatase/protease inhibitor
cocktail, pH 7.4). A Bradford assay was used to measure
protein concentration. Total protein (30 µg) was separated
by 4‑12% gradient SDS‑PAGE and transferred onto a poly‑
vinylidene fluoride membranes. The membrane was blocked
with 5% skimmed milk for 2 h at room temperature, then
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incubated overnight with primary antibodies (dilution,
1:1,000 in PBS) at 4˚C. The membranes were then washed
with TBS with 5% Tween‑20 three times, then incubated with
horseradish peroxidase (HRP)‑conjugated goat anti‑mouse
IgG secondary antibody at room temperature for 90 min.
The antibodies used in the study were anti‑AKT3 (dilution,
1:1,000; cat. no. ab152157), anti‑GAPDH (6C5 Loading
Control; dilution, 1:1,000; cat. no. ab8245) and rabbit
anti‑mouse IgG H&L (dilution, 1:2,500; cat. no. ab6728)
(all from Abcam). Protein bands were developed using
Pierce™ ECL Plus‑Chemiluminescent HRP Substrates kit
(Thermo Fisher Scientific, Inc.) followed by visualization
using the iBright™ FL1500 Imaging System (Thermo Fisher
Scientific, Inc.). Relative protein expression was normalized
to that of GAPDH using ImageJ software V 1.8.0 (National
Institutes of Health).
Lentivirus‑mediated shRNA stable expression cell line
generation. The recombinant lentivirus vectors expressing
shRNA targeting LINC01207 and the 0.45‑µm nitrocellulose
(NC) membrane filter were prepared by Shanghai GeneChem
Co., Ltd. A total of 12 µg third generation packaging vectors
pVSV‑G and pGag‑Pol (Addgene, Inc.), and 10 µg shRNA
expression vector pLenti‑puro‑shLINC0120 (Addgene, Inc.)
were transfected into 293T cells (American Type Culture
Collection) in a 10‑cm cell culture dish with Lipofectamine
2000 according to the manufacturer's instruction. The same
amount of empty vector pLenti‑puro (Addgene, Inc.) was
used to produce negative control lentivirus (sh‑NC group).
Transfected cells were incubated for 48 h at 37˚C. The cell
culture supernatant containing the lentivirus was collected
48 h after transfection and was filtered with a 0.45‑µm
nitrocellulose membrane filter. The lentiviral supernatant
was stored at ‑80˚C until further use. To generate stable
cell lines, PC3 cells were infected with the recombinant
lentivirus at a MOI of 5 in the presence of 10 µg polybrene
(Sigma‑Aldrich; Merck KGaA; cat. no. tr‑1003‑g). Infected
cells were selected with 1.0 µg/ml puromycin for two weeks
to eliminate the uninfected cells before further experiment.
qPCR was performed to confirm the efficient knockdown of
LINC01207.
In vivo xenograft model. BALB/c immunodeficient nude
mice (4‑6 weeks old; 18‑25 g) were provided by Experimental
Animal Center, College of Veterinary Medicine, Yangzhou
University (Yangzhou, China). Mice was raised under the
pathogen‑free condition. The Institutional Committee for
Animal Care and Use approved the present study protocols.
All the animal procedures were conducted strictly following
the approved protocols. PC‑3‑sh‑NC and PC‑3‑sh‑LINC01207
cells (2x106) were re‑suspended in Matrigel™, and injected
subcutaneously into the flanks of BALB/c mice. Tumor
volume and mouse body weight were recorded on 7, 14, 21, 28,
35, 42 day. On day 42, all mice were euthanized and tumors
were collected, weighed and imaged. A total of 6 mice were
included in sh‑NC and sh‑LINC01207 group. Carbon dioxide
was used for euthanasia. Briefly, a euthanizing chamber was
connected to a carbon dioxide cylinder and the flow rate
was adjusted to displace 20% of the cage volume per min.
Mice were placed into the euthanizing chamber for 10 min
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until no movement was observed. Death was assured by
subsequent by cervical dislocation. The tumors of termi‑
nally dead mice were resected for weight measurement. All
animal experiments followed the Guide for the Care and
Use of Laboratory Animals (US and National Institutes of
Health) (31). All animal procedures were approved by the
Animal Care and Use Ethical Committee of Central Hospital
of Enshi Tujia and Miao Autonomous Prefecture, Wuhan,
China (approval no. 20176209).
The Cancer Genome Atlas (TCGA) datasets. TCGA data
consisting of 492 PC tumor tissues and 152 normal prostate
tissues was downloaded from GEPIA database (http://gepia.
cancer‑pku.cn/). Gene expression profiles from TCGA were
utilized to compare LINC01207 gene expression between PC
tumor and normal prostate tissue.
Patient tissue collection. A total of 50 PC tumor samples and
50 matched non‑carcinoma tissue samples (~2 cm away from
the primary tumor site) were obtained from 50 male patients
by surgery from January 2018 to December 2019 in Enshi
Central Hospital (Wuhan, China). All patients were initially
diagnosed by biopsy examination by experienced patholo‑
gists. The age of the 50 enrolled patients ranged between
35 and 61 years, with a median age of 48 years. Patients
meeting the following criteria were enrolled: i) Patients
confirmed by tumor pathology and genetics; ii) patients
without other histories of urologic neoplasms or tumor; and
iii) patients who received no chemotherapy or radiotherapy
before the operation. Patients meeting the following criteria
were excluded: i) Patients with severe impairment of vital
organs, such as heart, liver and lung; ii) patients with auto‑
immune history; iii) patients with autoimmune history; and
iv) patients with chronic infectious disease or acute conta‑
gious diseases. The tissues were harvested and kept in liquid
nitrogen before further experiment. All patients involved in
the study were informed of the details and completed written
informed consent forms. The patients did not experience
radiotherapy and chemotherapy before surgery. This study
was approved by the Medical Ethics Committee of Central
Hospital of Enshi Tujia and Miao Autonomous Prefecture,
Wuhan, China (approval no. 20176209).
Statistical analysis. GraphPad Prism 5 (GraphPad Software,
Inc.) was used for statistical analysis. All experiments
were repeated three times, and the results are presented
as the mean ± SEM. Differences between PC and adjacent
normal tissue samples were analyzed using paired two‑tailed
Student's t‑tests. In all other cases where two groups were
compared, two unpaired groups were compared using
unpaired t‑tests. Comparisons of continuous variables among
multiple groups were analyzed using one‑way ANOVA
followed by Tukey's post hoc test for pairwise compari‑
sons. Comparisons of data with effect of two nominal
predictor variables were performed using two‑way ANOVA.
Kaplan‑Meier and log‑rank tests were used to compare the
cumulative survival rates. Pearson's correlation analysis was
used to analyze correlation between gene expression levels.
P<0.05 was considered to indicate a statistically significant
difference.

Results
Expression of LINC01207 is upregulated and correlated with
poor prognosis in PC patients. To determine LINC01207
expression level in PC tumors, TCGA data consisting of 492
PC patients and 152 normal prostate tissues were downloaded.
Expression analysis demonstrated that LINC01207 expression
was significantly increased in PC tumor samples compared
with non‑carcinoma tissue samples (Fig. 1A). To confirm this
result, 50 PC tumor samples and 50 matched normal samples
were collected, and LINC01207 expression using RT‑qPCR.
LINC01207 showed a significantly higher expression level
in PC samples relative to the matched normal samples
(Fig. 1B). LINC01207 expression levels were also examined
in human PC cell lines (LNCaP, PC‑3, C4‑2B and Du‑145)
and a normal prostate cell line (RWPE1). RT‑qPCR analysis
showed that LINC01207 was upregulated in all PC cell lines
compared with the RWPE1 cell line. Among the PC cell lines,
LINC01207 showed highest expression in PC‑3 cells (Fig. 1C).
Furthermore, the median expression value of LINC01207 in
PC tissues was used as the cut‑off to divide the 50 patients
with PC into high‑ (n=25) and low‑expression (n=25) groups.
Kaplan‑Meier survival curves were used to evaluate overall
survival rate of two groups of patients. Our analysis showed
that high levels of LINC01207 was associated with prognosis
(Fig. 1D). Collectively, these data showed that LINC01207
expression was significantly increased in PC tumor tissue,
suggesting an oncogenic role of LINC01207 in PC.
Knockdown of LINC01207 inhibits the aggressive phenotype
of PC cell. LINC01207 expression showed highest upregulation
in PC‑3 cell line as indicated in Fig. 1C; therefore, the PC‑3 cell
line was chosen for further study. LINC01207 was knocked
down in PC‑3 cells using siRNA to assess its biological func‑
tion. RT‑qPCR analysis demonstrated that si‑LINC01207#1
and si‑LINC01207#2 could efficiently decrease LINC01207
expression in PC‑3 cells (Fig. 2A). CCK‑8 assays were then
used to determine the role of LINC01207 in PC‑3 prolifera‑
tion. Both LINC01207#1 and si‑LINC01207#2 significantly
suppressed the growth of PC‑3 cells (Fig. 2B). Consistently,
LINC01207#1 and si‑LINC01207#2 impaired the colony
formation ability in PC‑3 cells (Fig. 2C). Furthermore,
Annexin V/PI staining showed that silencing LINC01207
significantly increases the percentage of apoptotic events
in PC‑3 cells. To further evaluate the role LINC01207 in
tumorigenesis, stable cell lines expressing shRNA were
generated (PC‑3‑shNC and PC‑3‑shLINC01207 cells), which
were inoculated subcutaneously in nude mice and the tumor
volume was continuously monitored. The silencing efficiency
of shLINC01207 was validated by RT‑qPCR (Fig. S1A).
Silencing of LINC01207 significantly suppressed the tumor
growth rate (Fig. 2E). Meanwhile, tumor weight was signifi‑
cantly smaller in LINC01207 silenced group (Fig. 2F).
Taken together, these results indicate that LINC01207 is
indispensable for proliferation, colony formation and cell
survival of PC‑3 cells in vitro. It is also required to support the
tumorigenesis in the xenograft mouse model.
LINC01207 sponges miR‑1182. To explore the molecular
mechanisms of LINC01207 in regulating the aggressive
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Figure 1. LINC01207 expression is upregulated and associated with poor prognosis in patients with PC. (A) LINC01207 expression in PC tumor tissues
(n=492) and normal tissues (n=152; non‑matched from a different cohort) from The Cancer Genome Atlas. (B) LINC01207 levels in PC tumor tissue and adja‑
cent normal tissues. n=50 in each group. (C) LINC01207 levels in PC cell lines and a normal prostate cell line. (D) The median expression value of LINC01207
in PC tissues was used as the cut‑off to divide the 50 patients with PC into high‑ (n=25) and low‑expression (n=25) groups. *P<0.05, ***P<0.001. LINC01207,
long intergenic non‑protein coding RNA 1207; PC, prostate cancer.

Figure 2. Knockdown of LINC01207 inhibits aggressive phenotype in prostate cancer cells. (A) LINC01207 was knocked down in PC‑3 cells using
si‑LINC01207#1 and si‑LINC01207#2. (B) Effects of LINC01207 knockdown on PC‑3 cell proliferation. (C) Effects of LINC01207 knockdown on PC‑3 cell
colony forming ability. (D) Effects of LINC01207 knockdown on the apoptosis of PC‑3 cells. (E) PC‑3 cells were infected with lentivirus carrying shRNA
targeting LINC01207 or sh‑NC. The cells were injected into nude mice, and the tumor volume was monitored. (F) Knockdown of LINC01207 negatively
affected tumor weight. **P<0.01, ***P<0.001. LINC01207, long intergenic non‑protein coding RNA 1207; small interfering RNA; shRNA, short hairpin RNA;
NC, negative control; OD, optical density; PI, propidium iodide.

behavior of PC cells, its target miRNA was examined. First,
nuclear and cytoplasmic fractions were separated in PC‑3
cells to detect the cellular sub‑localization of LINC01207.

As revealed by RT‑qPCR analysis, LINC01207 was mostly
enriched in the cytoplasm (Fig. 3A). Next, the miRNA targets
of LINC01207 were predicted using the lncBase online tool,
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Figure 3. LINC01207 sponges miR‑1182. (A) LINC01207 is mainly located in the cytoplasm. Nuclear and cytoplasmic fractions were extracted from PC‑3, and
LINC01207 expression was measured. GAPDH and U6 were used as cytoplasmic and nuclear controls. (B) Schematic representation of the LINC01207 target
site in miR‑1182 mRNA. (C) Transfection with the miR‑1182 mimic inhibited the luciferase activity of WT LINC01207, but not MUT LINC01207. (D) The
expression of miR‑1182 was upregulated after LINC01207 knockdown in PC‑3 cells. (E) miR‑1182 expression levels in PC tumor and adjacent normal tissue
samples. n=50 in each group. (F) Pearson's correlation analysis was used to analyze the expression levels of miR‑1182 and LINC01207. ***P<0.001. LINC01207,
long intergenic non‑protein coding RNA 1207; PC, prostate cancer; miR, microRNA; hsa, Homo sapiens; WT, wild‑type; MUT, mutant; NC, negative control.

which identified miR‑1182 as a potential target binding to
LINC01207 (Fig. 3B). To confirm their functional interaction,
a dual luciferase reporter assay was performed in the presence
of miR‑1182 mimic or mimic‑NC. Transfection of miR‑1182
mimic significantly increased intracellular miR‑1182 level in
PC‑3 cells (Fig. S1B). miR‑1182 mimic significantly suppressed
the luciferase reporter activity when compared with mimic‑NC,
which was abrogated in the luciferase reporter with mutated
binding site (Fig. 3C). Moreover, silencing LINC01207 could
downregulate miR‑1182 expression in PC‑3 cells (Fig. 3D). In
PC tumor samples and matched normal samples, miR‑1182
expression showed significantly lower level in PC tumor
tissues (Fig. 3E). Furthermore, Pearson's correlation analysis
revealed a negative correlation between the expression levels
of LINC01207 and miR‑1182 (Fig. 3F). Taken together, these
data indicate that LINC01207 interacts with and negatively
regulates miR‑1182.
AKT3 is downstream target gene of miR‑1182. The gene target
of miR‑1182 was then identified. TargetScan was used to predict
the miR‑1182 target genes. As a result, AKT3 was identified as
a potential miR‑1182 target gene (Fig. 4A). To confirm their
functional interaction, a dual luciferase reporter assay was
performed in the presence of miR‑1182 mimic or mimic‑NC.
miR‑1182 mimic significantly inhibited luciferase reporter
of wild-type AKT3 3'UTR but not the reporter containing
mutated binding site (Fig. 4B). miR‑1182 mimic also decreased
AKT3 expression at both mRNA and protein level (Fig. 4C).

Consistently, knockdown of miR‑1182 by inhibitor signifi‑
cantly lowered the level of miR‑1182 (Fig. S1C), and increased
AKT3 expression at both mRNA and protein level (Fig. 4C).
AKT3 was also upregulated in PC tumor tissue compared with
matched normal tissue samples (Fig. 4D). Of note, the expres‑
sion levels of AKT3 and miR‑1182 were negatively correlated.
By contrast, the expression levels of AKT3 and LINC01207
were positively correlated in 50 pairs of PC tumor tissues and
matched normal tissues. Altogether, these data suggest that
ATK3 is a target of miR‑1182, and the expression levels of
these two molecules are negatively correlated in PC.
LINC01207 sponges miR‑1182 to sustain AKT3 level in PC
cells. The above data showed that LINC01207, miR‑1182
and AKT3 expression are inter‑correlated with each other
in PC tumors. Transfection with si‑NC, si‑LINC01207#1,
miR‑1182 inhibitor, si‑LINC01207#1+miR‑1182 inhibitor and
si‑LINC01207#1 +AKT3 was used in PC3 cells to validate a
functional role of LINC01207/ miR‑1182/AKT3 axis. qPCR
analysis showed that transfection of AKT3 expression vector
in PC‑3 cells increased intracellular AKT3 mRNA level by
about 2.5 times (Fig. S1D). As revealed by WB analysis,
LINC01207 silencing decreased AKT3 protein expression;
conversely, AKT3 level was elevated in the presence of
miR‑1182 inhibitor. The presence of miR‑1182 inhibitor or
AKT3 expression vector partially rescued AKT3 level down‑
regulated by si‑LINC01207#1 (Fig. 5A). LINC01207 and
miR‑1182 expression levels were also examined. LINC01207
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Figure 4. AKT3 was validated as a target gene of miR‑1182. (A) AKT3 was identifies as the target gene of miR‑1182 using the TargetScan database.
(B) Transfection with the miR‑1182 mimic inhibited luciferase activity of WT AKT3 reporter, but not MUT AKT3. (C) AKT3 mRNA and protein expression
was downregulated following transfection with miR‑1182 mimic and upregulated following transfection with miR‑1182 inhibitor. (D) AKT3 mRNA expres‑
sion levels in PC and adjacent normal tissue sample. n=50 in each group (E) AKT3 expression negatively correlates with that of miR‑1182 and positively
correlates with that of LINC01207 PC and adjacent normal tissue samples. n=50 in each group. ***P<0.001. LINC01207, long intergenic non‑protein coding
RNA 1207; PC, prostate cancer; miR, microRNA; hsa, Homo sapiens; WT, wild‑type; MUT, mutant; NC, negative control.

silencing increased miR‑1182 mRNA expression, while
LINC01207 expression was dramatically increased when cell
was treated with miR‑1182 inhibitor (Fig. 5B). Moreover, both
LINC01207 and miR‑1182 levels were slightly increased when
cells were co‑transfected si‑LINC01207#1 with miR‑1182
inhibitor or AKT3 (Fig. 5B). CCK8 proliferation assay showed
that the presence of miR‑1182 inhibitor or AKT3 expression
vector partially rescued the cellular proliferation which was
suppressed by si‑LINC01207#1 (Fig. 5C). Consistently, the
presence of miR‑1182 inhibitor or AKT3 expression vector
also rescued the colony formation ability when suppressed
LINC01207 was silenced (Fig. 5D). Finally, apoptosis assay
detected by FACS revealed that the presence of miR‑1182
inhibitor or AKT3 expression vector significantly recued the

apoptotic events induced by LINC01207 silencing (Fig. 5E).
Collectively, these data imply that LINC01207 plays an onco‑
genic role in PC cells by negatively regulating miR‑1182 to
maintain a high level of AKT3.
Discussion
PC is the most prevalent malignancy in male patient globally
and the 4th leading mortality in cancer (32). Accumulating
evidence has shown that lncRNA is involved in tumorigen‑
esis and cancer progression (33,34). Abnormal miRNA
expression is another factor contributing to tumorigenesis by
dysregulating target genes related to PC progression (14,15).
Meanwhile, several studies have revealed that lncRNA
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Figure 5. LINC01207 sponges miR‑1182 to maintain AKT3 in prostate cancer cells. PC‑3 cells were transfected with si‑NC, si‑LINC01207#1, miR‑1182
inhibitor, si‑LINC01207#1 + miR‑1182 inhibitor or si‑LINC01207#1 + AKT3. (A) AKT3 protein expression levels following transfection. (B) LINC01207 and
miR‑1182 expression following transfection. (C) Proliferation following transfection. (D) Colony‑forming following transfection. (E) Apoptosis rate in PC‑3
cells following transfection. *P<0.05, **P<0.01, ***P<0.001. LINC01207, long intergenic non‑protein coding RNA 1207; miR, microRNA; NC, negative control;
si, small interfering RNA; OD, optical density; PI, propidium iodide.

promotes PC growth mainly by regulating genes and path‑
ways supporting cell proliferation (1,3‑5). Several miRNA

molecules and other proteins such as kallikreins have been
proposed as PC biomarkers (6). In addition, LINC01207 was
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previously reported to be highly expressed in prostate cancer,
as it could downregulate miR‑1972 and upregulate LIM and
SH3 protein 1 to promote PC progression (35). In the present
study, LINC01207 seems to act as an oncogenic gene through
modulating miR‑1182/AKT3 axis. Collectively, previous
search and our results support the notion that LINC01207
plays a functional role for the progression of PC.
Aberrant expression of LINC01207 has been reported
in numerous cancer types, such as pancreatic cancer and
lung adenocarcinoma (26,29). The present study adds novel
evidence of the abnormal LINC01207 expression in patients
with PC, which is associated with the poor prognosis. A
previous study has suggested that several upregulated lncRNA
molecules seem to predict a dismal prognostic outcome of
PC (33). LINC01207 seems to be required to support the
proliferation and survival of PC cells both in vitro and in vivo.
Therefore, the present study and a previous report (33) suggest
that a high level of LINC01207 expression could be used as a
biomarker to predict poor prognosis in PC patients.
The present study identified miR‑1182 as a target of
LINC01207. miR‑1182 dysregulation has been widely
reported in a variety of cancers, such as bladder cancer (16),
ovarian cancer (17), gastric cancer (24) and PC (19).
Therefore, miR‑1182 may plays a ubiquitous role in the
regulating tumorigenesis of different types of cancer.
However, indifferent type of cancer, the exact molecular
mechanisms underlying its regulation can be different. In PC
cells, the present study demonstrated that the upregulation
of LINC01207 negatively impacted on miR‑1182 expres‑
sion. Impaired expression of miR‑1182 was also observed in
patients with PC. These results suggest that miR‑1182 may
function as a tumor‑suppressor gene, which antagonizes the
oncogenic effect of LINC01207.
Previous studies also showed high expression of AKT3
in PC tumors, which highlights AKTs as oncogenic factors
in PC progression (23,24). AKT signaling is an important
metabolic modulator coordinating cell survival and growth,
which is frequently dysregulated in tumor cells (23,24). The
present study showed miR‑1182 targets and negatively regu‑
lates AKT3 in PC cells. Since ATK3 expression positively
correlates with LINC01207 but negatively correlates with
miR‑8812, and AKT3 is negatively regulated by miR‑8812, it
may be proposed that LINC01207 sustains AKT3 expression
by sponging miR‑8812 to support PC cell proliferation and
PC progression. Modulating the LINC01207/miR‑1182/AKT3
axis could be a novel strategy to control PC progression, which
needs to be further evaluated in mouse models.
Overall, the findings of the present study indicate that
LINC01207 serves as an oncogenic factor that is upregu‑
lated PC tumors. The aberrant upregulation of LINC01207
negatively impacts on miR‑1182 to sustain the expression
of AKT3, which supports the tumorigenesis of PC cells.
LINC01207 knockdown suppresses proliferation, induces
apoptosis and impairs the tumorigenesis of PC cells. Targeting
the LINC01207/miR‑1182/AKT3 axis could be leveraged as a
potential therapeutic strategy in the treatment of PC.
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