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Abstract 

Long intergenic non-coding RNA 00852 (LINC00852) has been shown to promote the progression of many different 
cancers including prostate cancer. However, the involved mechanism in promoting the proliferation, migration and 
invasion of prostate cancer cells has not been reported. In this study, we found that LINC00852 was highly expressed 
in the tissue of prostate cancer using quantitative reverse transcription PCR (qRT-PCR). CCK-8 assay, colony forma-
tion experiment, Transwell migration and invasion experiments were performed to prove that the up-regulation of 
LINC00852 could promote the proliferation, migration and invasion of prostate cancer cells in vitro. Xenograft tumors 
experiments in nude mice confirmed that up-regulation of LINC00852 promoted the proliferation of prostate cancer 
cells in vivo. Bioinformatics predictions and dual-luciferase reporter gene assay showed that miR-29a-3p binds to 
the 3’-untranslated region of JARID2, and the enhancement of miR-29a-3p could reverse the effect of LINC00852 
overexpression in vitro. Moreover, the results of qRT-PCR and western blot showed that LINC00852 could regulate 
the expression of JARID2 through miR-29a-3p induction. In summary, we demonstrated that LINC00852 played a key 
role in promoting the prostate cancer, and LINC00852/miR-29a-3p/JARID2 axis could be used as a target for prostate 
cancer treatment.
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Introduction
Prostate cancer is the most common cancer among men, 
and the second leading cause of cancer death in men in 
the United States [1]. Although localized prostate can-
cer has a high long-term survival rate, metastatic disease 
remains the leading cause of its related death [2]. There-
fore, it is necessary to investigate the pathological metas-
tasis and progression of prostate cancer.

Long noncoding RNAs (LncRNAs) are a group of non-
coding RNAs larger than 200 nt, which play a key role 
in regulating chromatin dynamics, gene expression, cell 

growth, differentiation and development. Accumulating 
studies have reported that LncRNAs could affect vari-
ous aspects of tumorigenesis by regulating cell signaling 
pathways, and then affected in the occurrence, develop-
ment and metastasis of cancer [3]. Luan et  al. showed 
that LncRNA XLOC_006390 could perform as compet-
ing endogenous RNA (ceRNA) to negatively regulate 
the levels of miR-331-3p and miR-338-3p as a molecular 
“sponge”, then regulated the target genes of NRP2, EYA2 
and PKM2, and promoted the occurrence and metasta-
sis of cervical cancer [4]. Moreover, Wang et al. showed 
that lncRNA-HOXD-AS1 was highly expressed in HCC 
tissues and related to the poor prognosis of HCC patients 
[5]. Overexpression of lncRNA-HOXD-AS1 could com-
petitively bind to miR-130a-3p, thereby preventing the 
miRNA-mediated degradation of SOX4, up-regulating 

*Correspondence:  Manxj1983@163.com

1 Department of Urology, The First Hospital of China Medical University, 155 
North Nanjing Street, 110001 Shenyang, Liaoning, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-022-10263-6&domain=pdf


Page 2 of 13Zhang et al. BMC Cancer         (2022) 22:1269 

the expression of EZH2 and MMP2, and promoting HCC 
metastasis.

Long intergenic non-protein coding RNA 852 
(LINC00852) could target on S100A9 and promote the 
progression and carcinogenicity of lung adenocarci-
noma and spinal metastasis (SM) through activating 
the MAPK pathway [6]. LINC00852 is the most differ-
entially expressed lncRNA in receptor tyrosine kinase 
AXL-related exosomes, which can partially up-regulate 
the AXL expression by competitively binding with miR-
7-5p, and AXL-related exosomes LINC00852 up-regulate 
the proliferation, migration and invasion of osteosarcoma 
cells [7]. It has been reported that LINC00852 is highly 
expressed in prostate cancer tissues, and lentivirus-medi-
ated overexpression of LINC00852 significantly improves 
the proliferation, migration and invasion capabilities 
of the prostate cancer cells [8]. However, the regulatory 
mechanism of LINC00852 is still unclear.

Based on the target prediction using bioinformatics 
analysis, LINC00852 was predicted as ceRNA of miR-
29a-3p, and the miR-29a-3p has been proved as a tumor 
suppressor in a variety of cancers from previous stud-
ies. Su et  al. proved that miR-29a-3p inhibited the pro-
liferation of laryngeal cancer cells by targeting PROM 1 
[9]. miR-29a-3p also inhibited the growth, proliferation 
and invasion of papillary thyroid carcinoma by directly 
targeting OTUB2, and inhibiting the NF-κB signal-
ing pathway [10]. In prostate cancer, miR-29a-3p could 
down-regulate the SLC25A15 expression and inhibit the 
progression, migration and invasion of prostate cancer 
cells [11, 12]. However, the mechanism of action between 
miR-29a-3p and LINC00852 in prostate cancer progres-
sion is still unclear.

In this study, we probed the mechanism of LINC00852 
in promoting the proliferation, migration and invasion 
of prostate cancer cells, which provided a theoretical 
basis of LINC00852 as a drug target for prostate cancer 
treatment.

Materials and methods
Sample collection
All of the experiments were approved by the Institutional 
Review Board and Ethics Committee of the First Hospi-
tal of China Medical University. And all patients signed 
an informed consent form. Sixty pairs of prostate cancer 
tissues and corresponding adjacent tissues were collected 
and stored at − 80 °C. None of the patients had received 
preoperative chemotherapy or radiotherapy.

Cell culture and treatment
The prostate cancer cell lines LNCaP, VCaP, PC-3 and 
normal prostate epithelial cells RWPE-1 were purchased 
from Cell Bank of the Chinese Academy of Sciences 

(Shanghai, China). The cells were cultured in 10% fetal 
bovine serum, 100 U/mL penicillin and 100 U/mL strep-
tomycin in DMEM high-sugar medium in an incubator 
with a constant temperature of 37 °C and 5%  CO2. The 
lentiviral vector containing negative control shRNA, 
LINC00852 shRNA, empty vector and LINC00852 full-
length lentiviral vector were designed and synthesized by 
GenePharma (Shanghai, China).

Lentiviral transfection
Lentiviral transfection was strictly performed following 
the instructions. 3 ×  103 VCaP cells were inoculated in 
a 6-well culture plate at 50–60% confluency. Virus and 5 
µg/mL Polybrene were added into the complete medium 
and further cultured for 24 h. Cells were divided into four 
groups and transfected with different lentiviral vectors, 
including negative control shRNA (sh-NC), LINC00852 
shRNA (sh-LINC00852), empty vector (Lv-NC) and 
LINC00852 full length (Lv-LINC00852).

Quantitative real‑time PCR (qRT‑PCR)
Total RNA was extracted using RNAiso Plus (9108, 
Takara, Japan). The mRNA was reversely transcribed 
into complementary DNA with PrimeScript RT Mas-
ter Mix (RR036A, Takara, Japan). The expression levels 
of LINC00852, miR-29a-3p and JARID2 mRNA were 
detected via TB Green® Premix Ex Taq™ II (RR820Q, 
Takara, Japan). GAPDH or U6 were applied as internal 
controls. The relative expression levels of genes were cal-
culated with the  2−ΔΔCt method. The primers were shown 
in Table 1.

Western blot assay
The proteins in cultivated cells were extracted by RIPA 
Lysis Buffer (P0013B, Beyotime, China), and the concen-
trations of which were measured by BCA Protein Assay 
Kit (P0010, Beyotime, China). Protein extracts were 
reserved over SDS-polyacrylamide gel and transferred 
to PVDF membranes. Primary antibodies anti-JARID2 

Table 1  Primers for quantitative real-time PCR 

Gene name Primer sequences

LINC00852 Forward: 5′-CGT TGC CTA CAG TCA AGT CAGT-3′
Reverse: 5′-GCC ATG GTT CCC TTA CTG ATAC-3′

miR-29a-3p Forward: 5′-TGC GGA CTG ATT TCT TTT GG-3′
Reverse: 5′-CCA GTG CAG GGT CCG AGG T-3′

JARID2 Forward: 5′-GCT TCC CAC CAG GAT GAC AG-3′
Reverse: 5′-TAG CTG GAG GGG GTA GCA AT-3′

GAPDH Forward: 5′-CGG AGT CAA CGG ATT TGG TCG TAT -3′
Reverse: 5′- AGC CTT CTC CAT GGT GGT GAA GAC -3′

U6 Forward: 5′-TGC GGG TGC TCG CTT CGG CAGC-3′
Reverse: 5′-CCA GTG CAG GGT CCG AGG T-3′
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(1:1000, MA5-38546, Invitrogen, USA), anti-E-cadherin 
(1:1000, 3195, CST, USA), anti-N-cadherin (1:1000, 
13,116, CST, USA), anti-MMP-2 (1:1000, 40,994, CST, 
USA), anti-MMP-9 (1:1000, 13,667, CST, USA) and anti-
GAPDH (1:2000, MA1-16757, Invitrogen, USA) were 
used to incubate membranes overnight at 4 °C. HRP-
conjugated Goat Anti-Rabbit secondary antibodies were 
incubated with the membranes for 1 h at room tempera-
ture. The signals were visualized using BeyoECL Plus 
(P0018S, Beyotime, China) and a gel imaging system, 
and Image J was used to calculate the gray values   of the 
images.

Cell counting kit‑8 (CCK‑8) assay
CCK-8 assay was used to measure the cell proliferation. 
Cells in each group were seeded in 96-well plates at a 
concentration of 2 ×  103 cells per well, and left to adhere 
for 4 h. Then cells were incubated for 24 h, 48 or 72 h. 
At 0, 24, 48 and 72 h, the culture medium was discarded, 
and CCK-8 detection reagent was added. After incubated 
at 37 °C for 1 h, the absorbance of cells was measured at 
450 nm using a microplate reader.

Colony formation assay
The cells of each group were inoculated into a 3.5 cm 
petri dish at a density of 1000 cells/dish. After cultured 
at 37 °C, 5%  CO2 for 2 weeks, the cells were washed using 
PBS, and fixed with 4% paraformaldehyde for 15 min. 
Then the cells were stained with 0.1% crystal violet for 30 
min, and observed using optical microscope, or counted 
using Image J software. The percentage rate of colony 
formation = number of colonies/number of seeded cells 
*100%.

Cell invasion and migration assays
For transwell migration assays, cells were transferred to 
the top chamber of a noncoated membrane chamber in 
DMEM medium containing 5% fetal calf serum. And for 
transwell invasion assays, cells were transferred to the 
top chamber of a Matrigel-coated invasion chamber in 
DMEM medium containing 5% fetal calf serum. DMEM 
containing 20%   fetal calf serum was added to the lower 
chamber to act as a chemoattractant. After incubated 
for 24 h, noninvasive cells were removed from the upper 
well, and the remaining invasive cells were fixed with 4% 
paraformaldehyde and stained with crystal violet. The 
cells were observed and photographed using an optical 
microscope.

Dual‑luciferase reporter gene assay
Luciferase gene plasmids were purchased from GeneP-
harma (Shanghai, China). The cells were plated at a den-
sity of about 50%. Then the cells were transfected with the 

firefly luciferase plasmid and Renilla luciferase plasmid. 
Twenty-four hours after transfection, Dual-Glo Lucif-
erase Assay System (E2920, Promega, USA) and Glo-
Max® 20 /20 Luminometer (E5311, Promega, USA) were 
used to detect the firefly and Renilla luciferase activity.

Animal studies
Twenty, six-week-old female nude mice were purchased 
from Beijing Biocytogen Co.,Ltd (Beijing, China). The 
procedures for the handling and care of the mice were 
approved by the Animal Experimentation Ethics Com-
mittee of China Medical University. 1 ×  107 cell in 
Matrigel (BD Biosciences, USA) were injected into the 
right flanks of mice to form xenograft tumors. The aver-
age volume of the tumor was measured three times in 
each 3 days. Tumor volumes were calculated using the 
formula: (L x  W2)/2.

Immunohistochemistry staining
After the mice were euthanized by cervical dislocation, 
tumors were excised from the mice and fixed in 4% para-
formaldehyde, then embedded in paraffin. Tissue speci-
mens were successively incubated with antibodies against 
Ki-67, a biotin-conjugated secondary antibody and an 
avidin-biotin-peroxidase complex. Visualization was per-
formed using amino-ethyl carbazole chromogen. Slides 
were analyzed using the Olympus BX43 microscope sys-
tem (Olympus, Japan).

Statistical analysis
Results were expressed as mean ± standard deviation 
(SD) of three independent experiments unless otherwise 
specified. Data were analyzed using Graph Prism 8.2 soft-
ware (GraphPad Prism, USA). Student’s t-test was used 
to analyze differences between groups. One-way analysis 
of variance (ANOVA) with Tukey’s multiple compari-
son post hoc test was used to compare the data among 
groups. p < 0.05 was considered as significant difference.

Results
LINC00852 was highly expressed in prostate cancer
To investigate the function of LINC00852 in prostate 
cancer, we tested the expression level of LNC00852 in 
prostate cancer tissues, and cell lines including LNCaP, 
VCaP, PC-3 and normal prostate epithelial cells (RWPE-
1). The qRT-PCR results showed that the expression of 
LINC00852 was significantly up-regulated in prostate 
cancer tissues compared with adjacent normal tissues 
(Fig.  1A-B). And LINC00852 was also highly expressed 
in prostate cancer cell lines compared to normal prostate 
epithelial cells RWPE-1 (Fig. 1C).
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LINC00852 promoted the proliferation of prostate cancer 
cells
As the level of LINC00852 in VCaP and PC-3 cells 
was ranged among three prostate cancer cell lines, we 
selected VCaP and PC-3 cells for the following experi-
ments. In the VCaP (Fig. 2A, I) and PC-3 (Figure S1 A, 
D) cell line, LINC00852 was efficiently knocked down 
or overexpressed. The effect of LINC00852 on the pro-
liferation of prostate cancer cells in  vitro was detected 
by CCK-8 and colony formation experiments. CCK-8 
results showed that overexpression of LINC00852 
increased the proliferation of VCaP (Fig. 2B) and PC-3 
(Figure S1 B) cells, and knockdown of LINC00852 
decreased the proliferation of VCaP (Fig. 2J) and PC-3 
(Figure S1 E) cells. Colony formation experiment fur-
ther confirmed the above results (Fig.  2C, K and Fig-
ure S1 C, F). A nude mouse tumor xenograft model 
was established to study the effect of LINC00852 on 
the proliferation of prostate cancer cells in  vivo. The 
results showed that overexpression of LINC00852 pro-
moted the growth of transplanted tumor (Fig. 2D), and 
the knockdown of LINC00852 had an inhibitory effect 
on the growth of transplanted tumor (Fig.  2L). Nude 
mice were sacrificed at 21 days after injection, the trans-
planted tumor in the Lv-LINC00852 group was signifi-
cantly larger than that in the Lv-NC group (Fig.  2E), 
and the weight of tumor was higher than that in the 
Lv-NC group (Fig.  2F). Interestingly, the transplanted 
tumor in the sh-LINC00852 group was significantly 
smaller than the sh-NC group (Fig. 2M), and the tumor 
weight was lower than the sh-NC group (Fig.  2N). In 
addition, qRT-PCR results confirmed that the expres-
sion of LINC00852 in transplanted tumors in the Lv-
LINC00852 group was significantly higher than that in 
the Lv-NC group (Fig.  2G), and in the sh-LINC00852 
group was significantly higher than that in the sh-NC 
group (Fig.  2O). Immunohistochemical results showed 

that the proliferation marker Ki-67 was expressed in 
xenograft tumors in each group. The percentage of 
Ki-67 positive cells in transplanted tumors in the Lv-
LINC00852 group was significantly higher than that in 
the Lv-NC group (Fig. 2H), while in the sh-LINC00852 
group was significantly lower than that in the sh-NC 
group (Fig. 2P). In summary, the above results indicated 
that overexpression of LINC00852 promoted the pro-
liferation of prostate cancer cells in  vivo and in  vitro, 
while knockdown of LINC00852 inhibited the prolifera-
tion of prostate cancer cells in vivo and in vitro.

LINC00852 promoted the migration and invasion 
of prostate cancer cells
The effect of LINC00852 on the migration and inva-
sion of VCaP cells was detected using transwell assay. 
The results showed that overexpression of LINC00852 
significantly increased the migration and invasion of 
VCaP (Fig.  3A-C) and PC-3 (Figure S2 A-C) cells, and 
knocking-down of LINC00852 significantly reduced the 
migration and invasion of VCaP (Fig.  3D-F) and PC-3 
cells (Figure S2 D-F). The above results indicated that 
LINC00852 played a role in the migration and invasion 
of VCaP and PC-3 cells. Overexpression of LINC00852 
significantly promoted the migration and invasion of 
prostate cancer cells, while knockdown of LINC00852 
significantly inhibited the migration and invasion of 
prostate cancer cells in vitro.

LINC00852 sponged with miR‑29a‑3p in prostate cancer 
cells
To further study the mechanism of LINC00852 on the 
proliferation and invasion of prostate cancer cells, the 
potential target miRNA of LINC00852 was analyzed 
using ENCORI database (http:// starb ase. sysu. edu. cn). 
The results showed that there were potential binding 
sites between LINC00852 and miR-29a-3p (Fig.  4A). 

Fig. 1 LINC00852 was highly expressed in prostate cancer. Expression of LINC00852 in the (A-B) prostate cancer and adjacent tissue tissues or (C) 
prostate cancer cell lines and normal prostate epithelial cells that detected using qRT-PCR assay. ****, p < 0.0001; **, p < 0.01; *, p < 0.05

http://starbase.sysu.edu.cn
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Fig. 2 LINC00852 promoted the proliferation of prostate cancer cells in vivo and in vitro. A and I Expression of LINC00852 in the VCaP cells that 
detected using qRT-PCR assay. B and J Proliferation of VCaP cells probed using CCK-8 assay. C and K Colony formation ability of VCaP cells detected 
using colony formation test. D and L Tumors in nude mice. (E and M) Tumor growth curve. F and N The tumor weight. G and O Expression of 
LINC00852 in transplanted tumors detected using qRT-PCR. H-P Immunohistochemical detection of Ki-67 expression in transplanted tumors. ****, 
p < 0.0001; ***, p < 0.001; *, p < 0.05
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In order to analyze the potential relationship between 
LINC00852 and miR-29a-3p expression in prostate 
cancer, we detected the expression of miR-29a-3p in 
prostate cancer tissue by qRT-PCR. Compared with 
adjacent tissues, the expression level of miR-29a-3p 
was significantly down-regulated in prostate cancer 
tissues (Fig.  4B-C). The results of correlation analysis 
showed that the expression levels of miR-29a-3p and 
LINC00852 in prostate cancer tissues were negatively 
correlated (Fig.  4D). Overexpression of LINC00852 
reduced the expression of miR-29a-3p in VCaP cells 
(Fig.  4E), while knocking down LINC00852 showed 
opposite effects (Fig. 4 F). The results of dual-luciferase 
reporter gene assay showed that miR-29a-3p mim-
ics significantly inhibited LINC00852-WT luciferase 
activity, while showed non-influence on the luciferase 

activity of LINC00852-MUT (Fig.  4G). In summary, 
LINC00852 may act as ceRNA and sponge miR-29a-3p 
in prostate cancer cells.

LINC00852 regulated the proliferation and invasion 
of prostate cancer cells through miR‑29a‑3p
Furthermore, we confirmed whether LINC00852 could 
regulate the proliferation and invasion of prostate cancer 
cells through binding miR-29a-3p. The results of CCK-8 
and colony formation assays showed that miR-29a-3p 
mimics inhibited the proliferation of VCaP (Fig.  5A, 
B) and PC-3 (Figure S3 A, B) cells, while miR-29a-3p 
inhibitor promoted the proliferation of VCaP (Fig. 5F, G) 
and PC-3 (Figure S3 F, G) cells. Transwell migration and 
invasion experiment results showed that miR-29a-3p 
mimics inhibited the migration and invasion of VCaP 

Fig. 3 LINC00852 promoted the migration and invasion of prostate cancer cells in vitro. A and D Migration and invasion of VCaP cells probed using 
cell transwell migration and invasion assay. B and E The number of migrated cells. C and F The number of invasion cells. ***, p < 0.001; **, p < 0.01; *, 
p < 0.05
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(Fig.  5C-E) and PC-3 (Figure S3 C-E) cells, and miR-
29a-3p inhibitor promoted the migration and invasion of 
VCaP (Fig. 5H-J) and PC-3 (Figure S3 H-J) cells. These 
results indicated that miR-29a-3p might block the effect 
of LINC00852 on the biological functions of prostate 
cancer cells in vitro.

JARID2 was the target protein of miR‑29a‑3p and indirectly 
regulated by LINC00852
From the bioinformatics analysis results (ENCORI), 
the 3’UTR region of JARID2 mRNA possessed poten-
tial binding sites for miR-29a-3p (Fig. 6A). The results 
of qRT-PCR (Fig.  6B-C)   and western blot (Fig.  6D) 
showed that JARID2 was highly expressed in pros-
tate cancer tissues. And the expression of JARID2 
mRNA was negatively correlated with miR-29a-3p 
(Fig. 6E). The results of dual-luciferase reporter gene 
assay showed that miR-29a-3p significantly inhibited 
JARID2-WT luciferase activity, while showed non-
influence on the luciferase activity of JARID2-MUT 
(Fig.  6F). qRT-PCR and Western blot results showed 
that miR-29a-3p mimics reduced the expression of 
JARID2 in VCaP (Fig.  6G-H), PC-3 (Figure S4 A-B) 
and RWPE1 (normal prostate epithelial cells) (Figure 

S7) cells, and miR-29a-3p inhibitor increased the 
expression of JARID2. The results of correlation anal-
ysis showed that the expression levels of LINC00852 
and JARID2 mRNA were positively correlated in 
prostate cancer tissues (Fig.  6I). Overexpression of 
LINC00852 increased the expression of JARID2 in 
VCaP (Fig.  6J, K) and PC-3 (Figure S4 C, D) cells, 
while knockdown of LINC00852 decreased the 
expression of JARID2 in VCaP (Fig. 6L, M) and PC-3 
(Figure S4 E, F) cells. miR-29a-3p mimics reduced 
the expression of JARID2 in VCaP (Fig.  6J, K) and 
PC-3 (Figure S4 C, D) cells, and miR-29a-3p inhibitor 
increased the expression of JARID2 in VCaP (Fig. 6L, 
M) and PC-3 (Figure S4 E, F) cells. In conclusion, 
LINC00852 might regulate JARID2 expression by tar-
geting miR-29a-3p.

LINC00852 regulated the proliferation and invasion 
of prostate cancer cells in vitro through miR‑29a‑3p/
JARID2
Firstly, we aimed to identify the hypothesis that 
LINC00852 affects the proliferation and invasion of 
prostate cancer cells through regulation of JARID2 
expression. The CCK-8 and colony formation assays 

Fig. 4 LINC00852 sponged with miR-29a-3p in prostate cancer cells. (A) The potential targeting miRNAs of LINC00852 was analyzed by ENCORI 
database. (B and C) Expression of miR-29a-3p in prostate cancer and corresponding paracancerous tissues measured using qRT-PCR. (D) Correlation 
analysis of miR-29a-3p and LINC00852 in prostate cancer tissue. (E and F) Expression of miR-29a-3p in VCaP cells measured using qRT-PCR. (G) 
Dual-luciferase reporter gene assay. ****, p < 0.0001; ***, p < 0.001; **, p < 0.01; ns, p > 0.05
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showed that si-JARID2 inhibited the proliferation of 
VCaP (Fig. 7A, B) and PC-3 (Figure S5 A, B) cells in the 
Lv-LINC00852 group. And ov-JARID2 promoted the 
proliferation of VCaP (Fig.  7F, G) and PC-3 (Figure S5 
D, E) cells in the sh-LINC00852 group. Transwell migra-
tion and invasion experiments showed that si-JARID2 
inhibited the migration and invasion of VCaP (Fig. 7C-
E) and PC-3 (Figure S5 C) cells in the Lv-LINC00852 
group. On the contrary, ov-JARID2 promoted the 
migration and invasion of VCaP (Fig.  7H-J) and PC-3 
(Figure S5 F) cells in the sh-LINC00852 group. Fur-
thermore, we analyzed whether LINC00852 regulated 
the expression of JARID2 by targeting miR-29a-3p. The 
experimental results showed that overexpression of 
JARID2 reversed the inhibitory effects of miR-29a-3p 
mimics on the proliferation, invasion and migration of 
VCaP (Fig. 8A-E) and PC-3 (Figure S6 A-C) cells in the 
Lv-LINC00852 group. And silencing JARID2 partially 
blocked the promotion effect of VCaP (Fig.  8F-J) and 
PC-3 (Figure S6 D-F) cells that induced by miR-29a-3p 

inhibitor on sh-LINC00852 group. In addition, in  vivo 
experiments showed that knockdown of LINC00852 
increased xenograft tissues miR-29a-3p expression and 
decreased JARID2 mRNA expression in VCaP cells. 
Conversely, overexpression of LINC00852 decreased 
xenograft tissues miR-29a-3p expression in VCaP cells 
and increased JARID2 mRNA expression (Figure S8). 
In summary, overexpression of LINC00852 might pro-
mote the proliferation, invasion and migration of pros-
tate cancer cells through miR-29a-3p/JARID2 axis, 
and the knock-down of LINC00852 could reverse this 
phenotype.

Discussion
Prostate cancer is one of the leading causes of morbid-
ity and death among men worldwide [13], the mor-
bidity and mortality of which are among the top five 
cancers in the world [14]. Proliferation, migration and 
invasion are the three major characteristics of malig-
nant tumor cells, and metastatic disease is the main 

Fig. 5 LINC00852 regulated the proliferation and invasion of prostate cancer cells in vitro through targeting miR-29a-3p. A and F to Proliferation 
activity of VCaP cells that detected using CCK-8 assay. B and G Duplication capability of VCaP cells that detected using colony formation assay. C 
and H Migration and invasion of VCaP cells probed using transwell migration and invasion assays. D and I The number of migrated cells. E and J The 
number of invaded cells. ****, p < 0.0001; **, p < 0.01; *, p < 0.05
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cause of prostate cancer-related death [2]. The conse-
quences of prostate cancer metastasis remain severe, 
with a huge impact on on patient mortality and overall 
quality of life [15]. Poor prognosis for patients due to 
the spread of tumor. It is estimated that 98% of patients 
suffered from prostate cancer metastasis have an over-
all survival of less than 5 years [16]. Distant metastases 
from prostate cancer occur primarily in the skeleton, 
and ara osteolytic, sclerotic (osteoblastic) or mixed 
osteolytic/sclerotic [17]. Other organs that have metas-
tasized include lymph nodes, liver, lungs and brain [18–
20]. Our research showed that LINC00852 was highly 
expressed in prostate cancer tissues and cell lines. 
Furthermore, we confirmed that overexpression of 
LINC00852 promoted the proliferation, migration and 
invasion of prostate cancer cells, and knocking-down 

of LINC00852 could inhibited the progression of pros-
tate cancer cell, suggesting that LINC00852 played 
a cancer-promoting effect in prostate cancer, these 
results were consistent with the report of Yi et  al. [8]. 
In this study, we further analyzed the mechanism of 
LINC00852 in promoting the proliferation, migration 
and invasion of prostate cancer cells.

LncRNA can act as a sponge of miRNA and reg-
ulate the activity of miRNA on its target mRNA. 
LncRNA competes with mRNA for binding to the tar-
get miRNA, thereby reducing the inhibitory effect of 
miRNA on mRNA [21]. Yu et al. reported that lncRNA 
UCA1, as a ceRNA, promoted the enhancement of 
prostate cancer progression though sponging miR-143 
in the PCa study [22]. LncRNA KCNQ1OT1 was also 
proved to promote cell progression of prostate cancer 

Fig. 6 JARID2 was one of target proteins of miR-29a-3p and indirectly regulated by LINC00852. A Analysis of the potential target miRNA of 
LINC00852 through ENCORI database. B-C mRNA level of JARID2 in prostate cancer and adjacent tissues detected using qRT-PCR. D Expression 
of JARID2 in prostate cancer tissue detected using western blot. E Correlation analysis of miR-29a-3p and JARID2 mRNA levels in prostate cancer 
tissues. F Dual-luciferase reporter gene assay results. G, J and L mRNA level of JARID2 in VCaP cells that detected using qRT-PCR. H, K and M 
Expression of JARID2 in VCaP cells that detected using western blot. I Correlation analysis of LINC00852 and JARID2 mRNA levels in prostate cancer 
tissue. ****, p < 0.0001; ***, p < 0.001; **, p < 0.01; *, p < 0.05
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through targeting on miR-211-5p/CHI3L1 axis [23]. 
In addition, lncRNA HAND2-AS1 could inhibit PCa 
Cell proliferation by regulating miR-106a-5p/RBM24 
signaling pathway [24]. In this study, we confirmed the 
binding of LINC00852 with miR-29a-3p using dual-
luciferase reporter gene assay, and LINC00852 nega-
tively regulated miR-29a-3p in prostate cancer cells. 
Previous studies have shown that miR-29a-3p inhib-
ited the proliferation, migration and invasion of a vari-
ety of cancer cells [25–27]. For example, miR-29a-3p 
was reported to target on DVL3 and inhibit the pro-
liferation, migration and invasion of colorectal cancer 
cells [25]. miR-29a-3p also inhibited the epithelial-
mesenchymal transition in ovarian cancer through 
targeting on the mRNA of COL1A1 [26]. miR-29a-3p/
GUCD1 axis inhibited the proliferation, migration and 
invasion of liver cancer cells [27]. Therefore, the regu-
lation of LINC00852 on miR-29a-3p may be a potential 

strategy to inhibit PTC metastasis. Transfection of 
miR-29a-3p mimics reversed the effect of overexpres-
sion of LINC00852 on the proliferation, migration and 
invasion of prostate cancer cells to further confirm 
this result.

To further investigate the effects of LINC00852 and 
miR-29a-3p on prostate cancer, we studied the down-
stream regulatory mechanism of miR-29a-3p in the 
progression of prostate cancer. The bioinformatics 
analysis showed that there were potential binding sites 
for miR-29a-3p in the 3’UTR region of JARID2 mRNA. 
The dual-luciferase reporter gene assay was used to 
identify the binding of 3’UTR of JARID2 mRNA and 
miR-29a-3p. Meanwhile, transfection of miR-29a-3p 
mimics could inhibit the expression of JARID2. It was 
indicated that JARID2 was the target gene of miR-
29a-3p. The JARID2 protein belonged to Jumonji fam-
ily, and was the most widely studied PRC2 accessory 

Fig. 7 LINC00852 regulated the proliferation and invasion of prostate cancer cells in vitro through regulation of JARID2 expression. A and F 
Proliferation activity of VCaP cells probed using CCK-8 assay. B and G Duplication capability of VCaP cells probed using colony formation assay. C 
and H Metastasis capability of VCaP cells probed using transwell migration and invasion assay. D and I The number of migrated cells. E and J The 
number of invaded cells. ****, p < 0.0001; ***, p < 0.001; **, p < 0.01; *, p < 0.05
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protein. Studies have shown that JARID2 was highly 
expressed in a variety of cancers, and played a role in 
promoting cancer. Wang et  al. showed that JARID2 
was highly expressed in bladder cancer tissues and 
cells, and knocking down of which could significantly 
inhibit the proliferation, migration and tumorigenesis 
of bladder cancer cells, and resulting cell apoptosis 
[28]. JARID2 was also reported to be highly expressed 
in human ovarian cancer cell lines, and downregulation 
of JARID2 could significantly inhibit the cell prolifera-
tion, migration, invasion and epithelial-mesenchymal 
transition [29]. In this study, we demonstrated that 
the expression of JARID2 was indirectly regulated 
by LINC00852. Overexpression of LINC00852 could 
increase the expression of JARID2 in prostate cancer 
cells, and miR-29a-3p mimics reversed the cell promo-
tion under overexpression of LINC00852 through tar-
geting on JARID2 in prostate cancer cells. Moreover, 

silencing JARID2 reversed the proliferation, migration 
and invasion of prostate cancer cells by overexpression 
of LINC00852.

Our studies were partially in line with the results of 
Yi et  al., in which, they found LINC00852 was highly 
expressed in prostate cancer in TCGA database, but did 
not verify it at prostate cancer patients’ tissue. In addi-
tion, overexpression of LINC00852 was only proved to 
regulate the biologic processes in prostate cancer cell, 
while the detailed mechanism was not fully demon-
strated [8]. In our study, LINC00852 was indicated that 
with the ability to promote the progression of prostate 
cancer and exert a malignant effect as a ceRNA through 
the miR-29a-3p/JARID2 axis. Collectively, our results 
indicated that the LINC00852/miR-29a-3p/JARID2 
axis might play a key role in the progression of prostate 
cancer. Thus, LINC00852 is a promising target for the 
treatment of prostate cancer.

Fig. 8 LINC00852 regulated the expression of JARID2 by targeting miR-29a-3p. A and F Proliferation activity of VCaP cells probed using CCK-8 
assay. B and G Duplication capability of VCaP cells probed using colony formation assay. C and H Migration and invasion of VCaP cells probed using 
transwell migration and invasion assay. D and I The number of migrative cells. E and J The number of invasive cells. ****, p < 0.0001; ***, p < 0.001; *, 
p < 0.05



Page 12 of 13Zhang et al. BMC Cancer         (2022) 22:1269 

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12885- 022- 10263-6.

Additional file 1: Figure S1. LINC00852 promotes the proliferation of 
PC-3 cells in vitro.

Additional file 2: Figure S2. LINC00852 promotes the migration and 
invasion of PC-3 cells in vitro.

Additional file 3: Figure S3. LINC00852 regulates the proliferation and 
invasion of PC-3 cells in vitro through targeting miR-29a-3p.

Additional file 4: Figure S4. JARID2 indirectly regulated by LINC00852/
miR-29a-3p in PC-3 cells.

Additional file 5: Figure S5. LINC00852 regulates the proliferation and 
invasion of PC-3 cells in vitro through regulation of JARID2 expression.

Additional file 6: Figure S6. LINC00852 regulates the expression of 
JARID2 by targeting miR-29a-3p in PC-3 cells.

Additional file 7: Figure S7. JARID2 regulated by miR-29a-3p in normal 
prostate epithelial cells RWPE1.

Additional file 8: Figure S8. Knockdown of LINC00852 increased 
xenograft tissues miR-29a-3p expression and decreased JARID2 mRNA 
expression in VCaP cells.

Additional file 9: Original bands for Western blot.

Acknowledgements
Not applicable.

Authors’ contributions
HZ and XJM conceived and designed the experiments; HZ, YD and PX per-
formed the experiments; HZ and YD analyzed the data; HZ and XJM wrote the 
paper. All authors read and approved the final manuscript.

Funding
This study was supported by the Scientific Research Project of the Education 
Department of Liaoning Province (QN2019008) and China Medical University’s 
2018 “Youth Support Program” (Natural Science) (QGZ2018041).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The present study was approved by the Institutional Review Board and Eth-
ics Committee of the First Hospital of China Medical University. All patients 
signed an informed consent form. The processing of clinical tissue samples 
was in strict compliance with the ethical standards of the Declaration of 
Helsinki.The animal experiments reported in the manuscript were approved 
by the Animal Experimentation Ethics Committee of China Medical Univer-
sity, China . All experiments were performed in accordance with relevant 
guidelines and regulations. All methods are reported in accordance with 
ARRIVE guidelines (https://arriveguidelines.org) for the reporting of animal 
experiments.    .

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflicts of interest.

Author details
1 Department of Urology, The First Hospital of China Medical University, 155 
North Nanjing Street, 110001 Shenyang, Liaoning, China. 2 Institute of Urology, 
China Medical University, Liaoning, Shenyang, China. 

Received: 23 June 2022   Accepted: 1 November 2022

References
 1. Siegel RL, Miller KD, Jemal A. Cancer statistics. CA Cancer J Clin. 

2020;70(1):7–30. https:// doi. org/ 10. 3322/ caac. 21590.
 2. Wang G, Zhao D, Spring DJ, DePinho RA. Genetics and biology of prostate 

cancer. Genes Dev. 2018;32:17–8. https:// doi. org/ 10. 1101/ gad. 315739. 118.
 3. Peng WX, Koirala P, Mo YY. LncRNA-mediated regulation of cell signaling in 

cancer. Oncogene. 2017;36 41:5661–7. https:// doi. org/ 10. 1038/ onc. 2017. 184.
 4. Luan X, Wang Y. LncRNA XLOC_006390 facilitates cervical cancer tumori-

genesis and metastasis as a ceRNA against miR-331-3p and miR-338-3p. J 
Gynecol Oncol. 2018;29 6:e95. https:// doi. org/ 10. 3802/ jgo. 2018. 29. e95.

 5. Wang H, Huo X, Yang XR, He J, Cheng L, Wang N, et al. STAT3-mediated 
upregulation of lncRNA HOXD-AS1 as a ceRNA facilitates liver cancer 
metastasis by regulating SOX4. Mol Cancer. 2017;16(1):136. https:// doi. 
org/ 10. 1186/ s12943- 017- 0680-1.

 6. Liu P, Wang H, Liang Y, Hu A, Xing R, Jiang L, et al. LINC00852 Promotes 
Lung Adenocarcinoma Spinal Metastasis by Targeting S100A9. J Cancer. 
2018;9 22:4139–49. https:// doi. org/ 10. 7150/ jca. 26897.

 7. Li Q, Wang X, Jiang N, Xie X, Liu N, Liu J, et al. Exosome-transmitted 
linc00852 associated with receptor tyrosine kinase AXL dysregulates 
the proliferation and invasion of osteosarcoma. Cancer Med. 2020;9 
17:6354–66. https:// doi. org/ 10. 1002/ cam4. 3303.

 8. Yi S, Li G, Sun B. Overexpression of LINC00852 promotes prostate cancer 
cell proliferation and metastasis. Asia Pac J Clin Oncol. 2021;17:435-41. 
https:// doi. org/ 10. 1111/ ajco. 13418.

 9. Tsubota K, Yokoi N, Shimazaki J, Watanabe H, Dogru M, Yamada M, et al. 
New Perspectives on Dry Eye Definition and Diagnosis: A Consensus 
Report by the Asia Dry Eye Society. Ocul Surf. 2017;15 1:65–76. https:// 
doi. org/ 10. 1016/j. jtos. 2016. 09. 003.

 10. Akpek EK, Amescua G, Farid M, Garcia-Ferrer FJ, Lin A, Rhee MK, et al. 
Dry Eye Syndrome Preferred Practice Pattern(R). Ophthalmology. 
2019;126(1):P286-334. https:// doi. org/ 10. 1016/j. ophtha. 2018. 10. 023.

 11. Kong Z, Wan X, Lu Y, Zhang Y, Huang Y, Xu Y, et al. Circular RNA circFOXO3 
promotes prostate cancer progression through sponging miR-29a-3p. J 
Cell Mol Med. 2020;24 1:799–813. https:// doi. org/ 10. 1111/ jcmm. 14791.

 12. Li T, Sun X, Chen L. Exosome circ_0044516 promotes prostate cancer 
cell proliferation and metastasis as a potential biomarker. J Cell Biochem. 
2020;121 3:2118–26. https:// doi. org/ 10. 1002/ jcb. 28239.

 13. Pernar CH, Ebot EM, Wilson KM, Mucci LA. The Epidemiology of Prostate 
Cancer. Cold Spring Harb Perspect Med. 2018;8:12. https:// doi. org/ 10. 
1101/ cshpe rspect. a0303 61.

 14. Brandao A, Paulo P, Teixeira MR. Hereditary Predisposition to Prostate 
Cancer: From Genetics to Clinical Implications. Int J Mol Sci. 2020;21:14. 
https:// doi. org/ 10. 3390/ ijms2 11450 36.

 15. Adekoya TO, Richardson RM. Cytokines and Chemokines as Mediators of 
Prostate Cancer Metastasis. Int J Mol Sci. 2020;21:12. https:// doi. org/ 10. 
3390/ ijms2 11244 49.

 16. Tangen CM, Faulkner JR, Crawford ED, Thompson IM, Hirano D, Eisen-
berger M, et al. Ten-year survival in patients with metastatic prostate 
cancer. Clin Prostate Cancer. 2003;2(1):41–5. https:// doi. org/ 10. 3816/ cgc. 
2003.n. 011.

 17. Logothetis CJ, Lin SH. Osteoblasts in prostate cancer metastasis to bone. 
Nat Rev Cancer. 2005;5 1:21–8. https:// doi. org/ 10. 1038/ nrc15 28.

 18. Jin JK, Dayyani F, Gallick GE. Steps in prostate cancer progression that lead 
to bone metastasis. Int J Cancer. 2011;128 11:2545–61. https:// doi. org/ 10. 
1002/ ijc. 26024.

 19. Datta K, Muders M, Zhang H, Tindall DJ. Mechanism of lymph node 
metastasis in prostate cancer. Future Oncol. 2010;6 5:823–36. https:// doi. 
org/ 10. 2217/ fon. 10. 33.

 20. Vinjamoori AH, Jagannathan JP, Shinagare AB, Taplin ME, Oh WK, Van 
den Abbeele AD, et al. Atypical metastases from prostate cancer: 10-year 
experience at a single institution. AJR Am J Roentgenol. 2012;199(2):367–
72. https:// doi. org/ 10. 2214/ AJR. 11. 7533.

 21. Thomson DW, Dinger ME. Endogenous microRNA sponges: evidence and 
controversy. Nat Rev Genet. 2016;17 5:272–83. https:// doi. org/ 10. 1038/ 
nrg. 2016. 20.

https://doi.org/10.1186/s12885-022-10263-6
https://doi.org/10.1186/s12885-022-10263-6
https://doi.org/10.3322/caac.21590
https://doi.org/10.1101/gad.315739.118
https://doi.org/10.1038/onc.2017.184
https://doi.org/10.3802/jgo.2018.29.e95
https://doi.org/10.1186/s12943-017-0680-1
https://doi.org/10.1186/s12943-017-0680-1
https://doi.org/10.7150/jca.26897
https://doi.org/10.1002/cam4.3303
https://doi.org/10.1111/ajco.13418
https://doi.org/10.1016/j.jtos.2016.09.003
https://doi.org/10.1016/j.jtos.2016.09.003
https://doi.org/10.1016/j.ophtha.2018.10.023
https://doi.org/10.1111/jcmm.14791
https://doi.org/10.1002/jcb.28239
https://doi.org/10.1101/cshperspect.a030361
https://doi.org/10.1101/cshperspect.a030361
https://doi.org/10.3390/ijms21145036
https://doi.org/10.3390/ijms21124449
https://doi.org/10.3390/ijms21124449
https://doi.org/10.3816/cgc.2003.n.011
https://doi.org/10.3816/cgc.2003.n.011
https://doi.org/10.1038/nrc1528
https://doi.org/10.1002/ijc.26024
https://doi.org/10.1002/ijc.26024
https://doi.org/10.2217/fon.10.33
https://doi.org/10.2217/fon.10.33
https://doi.org/10.2214/AJR.11.7533
https://doi.org/10.1038/nrg.2016.20
https://doi.org/10.1038/nrg.2016.20


Page 13 of 13Zhang et al. BMC Cancer         (2022) 22:1269  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 22. Yu Y, Gao F, He Q, Li G, Ding G. lncRNA UCA1 functions as a ceRNA to 
promote prostate cancer progression via sponging miR143. Mol Therapy-
Nucleic Acids. 2020;19:751–8.

 23. Hao H, Chen H, Xie L, Liu H, Wang D. LncRNA KCNQ1OT1 Promotes Pro-
liferation, Invasion and Metastasis of Prostate Cancer by Regulating miR-
211-5p/CHI3L1 Pathway. Onco Targets Ther. 2021;14:1659–71. https:// doi. 
org/ 10. 2147/ OTT. S2887 85.

 24. Wei P, Yang J, Zhang D, Cui M, Li L. lncRNA HAND2-AS1 Regulates Prostate 
Cancer Cell Growth Through Targeting the miR-106a-5p/RBM24 Axis. 
Onco Targets Ther. 2020;13:4523–31. https:// doi. org/ 10. 2147/ OTT. S2462 74.

 25. Zheng XY, Cao MZ, Ba Y, Li YF, Ye JL. LncRNA testis-specific transcript, 
Y-linked 15 (TTTY15) promotes proliferation, migration and invasion 
of colorectal cancer cells via regulating miR-29a-3p/DVL3 axis. Cancer 
Biomark. 2020. https:// doi. org/ 10. 3233/ CBM- 201709.

 26. An Q, Liu T, Wang MY, Yang YJ, Zhang ZD, Lin ZJ, et al. circKRT7-miR-29a-
3p-COL1A1 Axis Promotes Ovarian Cancer Cell Progression. Onco Targets 
Ther. 2020;13:8963–76. https:// doi. org/ 10. 2147/ OTT. S2590 33.

 27. Li Y, Zang H, Zhang X, Huang G. Exosomal Circ-ZNF652 Promotes Cell 
Proliferation, Migration, Invasion and Glycolysis in Hepatocellular Carci-
noma via miR-29a-3p/GUCD1 Axis. Cancer Manag Res. 2020;12:7739–51. 
https:// doi. org/ 10. 2147/ CMAR. S2594 24.

 28. Wang X, Lyu J, Ji A, Zhang Q, Liao G. Jarid2 enhances the progression 
of bladder cancer through regulating PTEN/AKT signaling. Life Sci. 
2019;230:162–8. https:// doi. org/ 10. 1016/j. lfs. 2019. 05. 053.

 29. Cao J, Li H, Liu G, Han S, Xu P. Knockdown of JARID2 inhibits the prolifera-
tion and invasion of ovarian cancer through the PI3K/Akt signaling 
pathway. Mol Med Rep. 2017;16 3:3600–5. https:// doi. org/ 10. 3892/ mmr. 
2017. 7024.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.2147/OTT.S288785
https://doi.org/10.2147/OTT.S288785
https://doi.org/10.2147/OTT.S246274
https://doi.org/10.3233/CBM-201709
https://doi.org/10.2147/OTT.S259033
https://doi.org/10.2147/CMAR.S259424
https://doi.org/10.1016/j.lfs.2019.05.053
https://doi.org/10.3892/mmr.2017.7024
https://doi.org/10.3892/mmr.2017.7024

	The LINC00852miR-29a-3pJARID2 axis regulates the proliferation and invasion of prostate cancer cell
	Abstract 
	Introduction
	Materials and methods
	Sample collection
	Cell culture and treatment
	Lentiviral transfection
	Quantitative real-time PCR (qRT-PCR)
	Western blot assay
	Cell counting kit-8 (CCK-8) assay
	Colony formation assay
	Cell invasion and migration assays
	Dual-luciferase reporter gene assay
	Animal studies
	Immunohistochemistry staining
	Statistical analysis

	Results
	LINC00852 was highly expressed in prostate cancer
	LINC00852 promoted the proliferation of prostate cancer cells
	LINC00852 promoted the migration and invasion of prostate cancer cells
	LINC00852 sponged with miR-29a-3p in prostate cancer cells
	LINC00852 regulated the proliferation and invasion of prostate cancer cells through miR-29a-3p
	JARID2 was the target protein of miR-29a-3p and indirectly regulated by LINC00852
	LINC00852 regulated the proliferation and invasion of prostate cancer cells in vitro through miR-29a-3pJARID2

	Discussion
	Acknowledgements
	References


