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Introduction: Studies have confirmed that parts of the non-coding genes in the human 
genome play an important role in the pathogenesis and metastasis of prostate cancer. Among 
them, long non-coding RNAs (lncRNAs) are vitally involved in the biological regulation of 
prostate cancer. In addition, lncRNAs are closely associated with the recurrence, metastasis 
and prognosis of prostate cancer. However, the molecular pathogenesis of lncRNAs in 
regulating cell growth and metastasis of prostate cancer remains unclear. Therefore, this 
study was designed to explore the function and mechanism of lncRNA RAMS11 in cell 
growth and metastasis of prostate cancer.
Methods: Prostate cancer and para-carcinoma tissue samples were obtained from 42 
patients who were diagnosed from March 2013 to September 2014 at Quanzhou First 
Hospital Affiliated to Fujian Medical University. Microarray experiments and real-time 
polymerase chain reaction (PCR) measured the expression of lncRNA. RWPE-2, LNCap, 
PC3 and DU145 cells were used for an in vitro model.
Results: The expression of lncRNA RAMS11 was up-regulated in prostate cancer tissue 
samples. LncRNA RAMS11 promoted cell growth and metastasis of prostate cancer cells. 
Down-regulation of lncRNA RAMS11 attenuated cell growth and metastasis of prostate 
cancer cells. We also demonstrated that lncRNA RAMS11 bound to CBX4 to activate 
expression of Top2α. LncRNA RAMS11 promoted tumor growth of prostate cancer in the 
mouse model. The inhibition of CBX4 attenuated the pro-cancer effects of lncRNA AMS11 
in prostate cancer cells, while the activation of Top2α attenuated the anti-cancer effects of si- 
lncRNA RAMS11 in prostate cancer cells.
Discussion: Our results indicated that lncRNA RAMS11 promoted cell growth and metas-
tasis of prostate cancer by CBX4 complex via binding to Top2α, and might be developed for 
the treatment of prostate cancer.
Keywords: lncRNA RAMS11, CBX4, Top2α, prostate cancer

Introduction
Prostate cancer is one of the common malignant tumors in the male urogenital 
system. According to the European Union Cancer Center, the mortality rate of 
prostate cancer is estimated to rank the third, with prostate cancer being the 8th 
cause of death due to cancer.1 Although the incidence of prostate cancer in China is 
lower than in European and American countries, it also clearly shows a rising trend 
in recent years.2 With the study of prostate cancer, the treatment of prostate cancer 
has also been changed to some extent.3,4Correspondence: Weiwen Huang  
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Chromobox (CBX) protein homolog protein is an 
important member of Polycomb group proteins (PcG).5 

The PcG protein family is an epigenetic regulatory com-
plex, existing in the form of polymeric transcriptional 
repression complex PRCs.6 It can inhibit the transcription 
of target genes by modifying chromatin, thereby playing 
an important role in regulating cell differentiation, aging, 
death, tumorigenesis and metastasis.7,8 The CBX protein 
family is an important member of the classic PRC1, 
including five members, namely CBX2, CBX4, CBX6, 
CBX7 and CBX8.9 Increasing evidence has shown that 
CBX protein plays an important role in tumorigenesis and 
tumor progression.10

Top2α plays an important role in maintaining the spa-
tial structure of chromosomes during cellular DNA repli-
cation and transcription.11 Studies have shown that Top2α 
might be involved in regulating the apoptosis and prolif-
eration of cancer cells, and may be associated with brain 
metastasis of non-small cell lung cancer.12,13 In addition, 
Top2α may also play an important role in the development 
of prostate cancer. Prostate cancer cells with higher 
expression of Top2α show stronger invasiveness and pro-
liferation ability.14

LncRNAs are non-coding RNA molecules with 
a transcript length of over 200 nt, without protein-coding 
function.15 LncRNAs can exert biological functions 
through various mechanisms.16 Moreover, lncRNAs are 
closely associated with tumorigenesis, which can regulate 
gene expression at the epigenetic, transcriptional and post- 
transcriptional levels.17 At present, a variety of studies 
have shown that lncRNAs are widely involved in physio-
logical and pathological processes, and also play important 
roles in the tumorigenesis and progression of malignant 
tumors.15–17 LncRNA RAMS11 promotes metastatic col-
orectal cancer progression. MicroRNAs (miRNAs) are 
noncoding RNAs with a length of about 22 nucleotides; 
miRNA plays a vital role in the tumorigenesis and metas-
tasis of prostate cancer. Therefore, this study was designed 
to explore the function and mechanism of lncRNA 
RAMS11 in cell growth and metastasis of prostate cancer.

Materials and Methods
Clinical Samples
Prostate cancer and para-carcinoma tissue samples were 
obtained from 42 patients who were diagnosed from 
March 2013 to September 2014 at Quanzhou First 
Hospital Affiliated to Fujian Medical University. Tissues 

were immersed in liquid nitrogen and were stored at −80° 
C until use. Approval for this study was provided by the 
Ethics Committee of Quanzhou First Hospital Affiliated to 
Fujian Medical University. Written informed consent has 
been obtained from each subject, and all experiments con-
form to the Declaration of Helsinki.

Survival Analysis
Overall survival (OS) and disease-free survival (DFS) 
were performed using the Cox proportional hazard model 
with R survival package 2.37–7 2014. Kaplan–Meier 
curves were plotted using the R survplot package 0.0.7 
2014.

Microarray Experiments and Real-Time 
Polymerase Chain Reaction (PCR)
Microarray experiments were performed at Genminix 
Informatics (China). Gene expression profiles were ana-
lyzed with the Human Exon 1.0 ST GeneChip 
(Affymetrix).

Total RNA was isolated using Takara Bio NucleoSpin 
RNA (Takara, Mountain View, CA). cDNA was then tran-
scribed using SuperScript III First strand cDNA system 
(Invitrogen). PCR was executed using Fast Sybr Green 
Master Mix (Invitrogen).

Cell Culture
RWPE-2, LNCap, PC3 and DU145 cells were obtained 
from Cell Bank (Shanghai Genechem Co., Ltd., Shanghai, 
China). Cell was cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM, Gibco) supplemented with 10% fetal 
bovine serum (FBS, Gibco) in an incubator at 37°C with 
5% CO2. Cell was transfected using Lipofectamine 2000 
(Invitrogen, USA) with correlation RAMS11 plasmid (5′- 
ggcgcgagtttcaggcagcgctgcgtc-3′ and 5′-agtttttcagttttgaa 
aaaaa-3′), CBX4 plasmid (5′-ccacccagggaacggcaggag 
cagctgatg-3′ and 5′-cgtcaccgcgaactgcctcaccgttacttt-3′), 
Top2α plasmid (5′-catggaagtgtcaccattgc-3′ and 5′-agacctt 
gaagctgatgatg-3′), si-RAMS11 mimics (5′- 
tggagaccctgagaaggacc-3′), si-CBX4 mimics (sc-270,615, 
Santa Cruz Biotechnology), or si-Top2α mimics (5′- 
ttttgtaatcattgtcaagtgcaaaa-3′).

MTT Assays and Cytotoxicity
Cell viability was analyzed using MTT assays (Beyotime) 
at 0, 24, 48 and 72 h after transfection. 20 μL of MTT 
solution was added to each well and cells were incubated 
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for 4 h at 37°C. Supernatants were removed and formazan 
crystals were dissolved in 150 μL dimethylsulfoxide 
(DMSO). Absorbance was measured using a Multiskan 
Spectrum Microplate Spectrophotometer (Thermo 
Scientific™, USA) at a wavelength of 492 nm.

Cytotoxicity (LDH activity) levels were measured 
using LDH activity kits (Beyotime). Absorbance was mea-
sured using a Multiskan Spectrum Microplate 
Spectrophotometer (Thermo Scientific™, USA) at 
a wavelength of 450 nm.

Transwell Assays
Cell migration assays was performed using a 24-well 
Transwell (Corning, New York, NY, USA) with 
a polycarbonate pre-coated filter (BD Biosciences, 
Franklin Lakes, NJ, USA). Cells (1 x 104 cell) after 
transfection at 6 h were added to the upper well of the 
chamber, and 500 μL of DMEM supplemented with 10% 
FBS was added to the lower well. The upper well of 
cells was removed using scraping after 48 h incubation. 
Invaded cells of the membrane were fixed with 4% paraf-
ormaldehyde for 15 min and stained with 0.1% crystal 
violet solution (BD Biosciences, Franklin Lakes, NJ, 
USA). Cell numbers were counted using Image-Pro Plus 
6.0 software (Media Cybernetics, Silver Springs, 
MD, USA).

Caspase-3/9 Assay
Total protein was extracted from the cells using RIPA 
buffer containing protease inhibitors. Proteins (10 µg) 
were used to measure Caspase-3/Caspase-9 activity levels 
using Caspase-3/Caspase-9 activity level kits. The absor-
bance was measured by an EnSpire multimode plate reader 
(PerkinElmer, Inc., Waltham, MA, USA) at a wavelength 
of 405 nm. Proteins (10 µg) were used to measure 
Caspase-3/Caspase-9 activity levels using Caspase-3/ 
Caspase-9 activity level kits. The absorbance was mea-
sured by an EnSpire multimode plate reader (PerkinElmer, 
Inc., Waltham, MA, USA) at a wavelength of 405 nm.

RNA Immunoprecipitation
Isolating nuclear lysates were collected using NERPER 
Nuclear and Cytoplasmic Extraction Reagent Kit (Thermo 
Fisher). Nuclear lysates were incubated with 5 µg CBX4 
antibody or IgG antibody isotype control in RIPA wash 
buffer overnight at 4°C. 50 µL of Invitrogen Dynabeads 
Protein G were rotated for 1 h at 4°C. Beads were subse-
quently washed six times with RIPA and protein was then 

digested with RIPA at 55° for 30 min with shaking. The 
primers of Top2α promoter were 5′-catggaagtgtcaccattgc-3′ 
and 5′-ttaaaatgtgaggcgattat-3′. gDNA was removed from 
RNA using ArcticZymes Heat and Run gDNA removal 
kit. cDNA was then transcribed using SuperScript III First 
strand cDNA system (Invitrogen). PCR was executed using 
Fast Sybr Green Master Mix (Invitrogen).

Chromatin Immunoprecipitation 
(ChIP)-qPCR
ChIP-qPCR was conducted by first sonicating 5 million cells 
in 1% SDS lysis buffer. Sonicated cells were incubated with 
5 µg IgG or CBX4 antibodies in ChIP-qPCR dilution buffer 
overnight with rotation at 4°C. Dynabeads Protein 
G (Invitrogen) was added and rotated for 1 h. Mixture was 
then washed once with low salt wash buffer, then high salt 
buffer, lithium chloride wash buffer, and finally two washes 
with Tris-HCl EDTA buffer. DNA was eluted by incubating 
beads for 30 min at room temperature with SDS elution 
buffer, at 95°C for 15 min with shaking, and then at 60° 
C for 15 min with shaking. DNA was then isolated and 
cDNA was then transcribed using SuperScript III First strand 
cDNA system (Invitrogen). PCR was executed using Fast 
Sybr Green Master Mix (Invitrogen).

Western Blot Analysis
Total proteins of cell or tissue samples were extracted using 
RIPA lysis buffer and protease inhibitor cocktail (1:100, 
Beyotime). The protein concentration was determined using 
BCA Kit (Beyotime). 50 μg protein samples were loaded to 
10% sodium dodecyl sulfate-polyacrylamide gel electrophor-
esis and then transferred onto polyvinyl difluoride (PVDF, 
Thermo Scientific™, USA) membranes. Membranes were 
incubated with CBX4, Top2α and GAPDH at 4°C overnight 
after blocking with 5% non-fat milk in Tris-buffered saline 
with 0.1% Tween 20 (TBST). The membrane was washed 
with TBST and then incubated with anti-rabbit secondary 
antibody (1:5000) for 2 h at room temperature. 
Immunoreactive bands were visualized using the ECL kit 
(Thermo Scientific™, USA) and integrated density of the 
bands was quantified by Quantity One software (Bio-Rad).

Statistical Analysis
Data were expressed as the mean ± standard deviation (SD). 
Comparisons between groups of independent samples were 
assessed by Student’s t-test or one-way analysis of variance 
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(ANOVA) and Tukey’s post test. p values < 0.05 were 
considered to indicate statistical significance.

Results
LncRNA RAMS11 Expression in Prostate 
Cancer
To confirm the changes of lncRNA RAMS11 expression in 
prostate cancer, microarray assay was executed. LncRNA 
RAMS11 expression was found to be up-regulated in cancer 
tissue samples, compared with para-carcinoma tissue sam-
ples (Figure 1A and B). We also found that the expression of 
lncRNA RAMS11 was up-regulated in LNCap, PC3 and 
DU145 cells (prostate cancer cell lines), compared with 
RWPE-2 cells (normal prostatic cell, Figure 1C). In addition, 
OS and DFS of patients with high RAMS11 expression were 

poorer than those with low lncRNA RAMS11 expression 
(Figure 1D and E). These results showed that lncRNA 
RAMS11 regulated prostate cancer cell growth.

LncRNA RAMS11 Promoted Cell 
Growth and Metastasis of Prostate 
Cancer Cells
To determine the pro-cancer effects of lncRNA 
RAMS11 in human prostate cancer, cell growth and 
cell migration assay were measured. As shown in 
Figure 2, lncRNA RAMS11 expression was up- 
regulated, and over-expression of lncRNA RAMS11 
promoted cell viability, migration and transfer rate, and 
decreased LDH activity, caspase-3/9 activity levels and 
apoptosis rate of prostate cancer cells (PC3 cell). 

Figure 1 LncRNA RAMS11 expression in prostate cancer. Heat map of gene chip (A), lncRNAs RAMS11 expression in cancer tissue samples (B), lncRNA RAMS11 
expression in LNCap, PC3 and DU145 cells (C), DFS and OS of lncRNA RAMS11 expression in prostate cancer (D, E). *p<0.01 compared with normal group. 
Abbreviations: Normal, normal group; prostate cancer, prostate cancer patients.
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However, we found that the expression of lncRNA 
RAMS11 was down-regulated. Down-regulation of 
lncRNA RAMS11 reduced cell viability, migration and 
transfer rate, and induced LDH activity, caspase-3/9 
activity levels and apoptosis rate of liver cancer cells, 
compared with negative control group (Figure 3).

LncRNA RAMS11 Bound to CBX4 to 
Activate the Expression of Top2α
To confirm the mechanism of lncRNA RAMS11 in prostate 
cancer, microarray assay was performed to analyze the reg-
ulatory role of lncRNA RAMS11 in gene expression (Figure 
4A). Volcano plot showed that the expression of CBX4 and 

Figure 2 LncRNA RAMS11 promotes metastatic and cell growth of prostate cancer cells. LncRNA RAMS11 expression (A), cell proliferation (B), LDH activity cytotoxicity 
(C), migration rate (D, E), caspase-3/9 activity levels (F), invasion rate (G, H) in vitro model of PC3 cell. *p<0.01 compared with negative group. 
Abbreviations: Negative, negative mimics group; RAMS11, over-expression of RAMS11 group.

Figure 3 Si-LncRNA RAMS11 reduced metastatic and cell growth of prostate cancer cell. LncRNA RAMS11 expression (A), cell proliferation (B), LDH activity cytotoxicity 
(C), migration rate (D, E), caspase-3/9 activity levels (F), invasion rate (G, H) in vitro model of LNCap cells. *p<0.01 compared with negative group. 
Abbreviations: Negative, negative mimics group; Si-RAMS11, down-regulation of RAMS11 group.
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Top2α were up-regulated by lncRNA RAMS11 (Figure 4B). 
Network plot showed that CBX4 and Top2α regulated pas-
sage (Figure 4C). As shown in Figure 4D, lncRNA 
RAMS11 bound to CBX4 to activate the expression of 
Top2α. Over-expression of lncRNA RAMS11 induced the 
protein expression of CBX4 and Top2α in vitro and down- 
regulation of lncRNA RAMS11 suppressed the protein 
expression of CBX4 and Top2α in vitro (Figure 4E and J).

RNA immunoprecipitation (RIP) showed that enrichment 
levels of lncRNA RAMS11 binding to CBX4 in PC3 and 
DU145 cells were higher than those of lncRNA RAMS11 
binding to lgG (Figure 5A). Chip assay showed that Top2α 

promoter levels of lncRNA RAMS11 binding to CBX4 or si- 
CBX4 binding to CBX4 were lower than those of WT binding 
to CBX4 or WT binding to CBX4 in LNCap or DU145 cells 
(Figure 5B and C). The promoter levels of Top2α of RAMS11 
binding to CBX4 or CBX4 binding to CBX4 were higher than 
those of WT binding to CBX4 or WT binding to CBX4 in PC3 
or DU145 cells (Figure 5D and E). Top2α promoter levels of 
lncRNA RAMS11+CBX4 binding to CBX4 in PC3 and 
DU145 cells were higher than those of si-lncRNA RAMS11 
binding to CBX4 (Figure 5F and G). Additionally, Top2α 
promoter levels of si-lncRNA RAMS11+si-CBX4 binding to 
CBX4 in PC3 and DU145 cells were lower than those of 

Figure 4 LncRNA RAMS11 regulated CBX4 and Top2α expression. Heat map and results map of gene chip (A), volcano figure (B), Network figures (C, D), analyze results 
map (E), CBX4 and Top2α protein expressions by over-expression of lncRNA RAMS11 (E–G); CBX4 and Top2α protein expression by down-regulation of lncRNA RAMS11 
(H–J). *p<0.01 compared with negative group. 
Abbreviations: Negative, negative mimics group; RAMS11, over-expression of RAMS11 group; Si-RAMS11, down-regulation of RAMS11 group.
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RAMS11 binding to CBX4 (Figure 5H and I). Meanwhile, 
Top2α promoter levels of si-lncRNA RAMS11+si-CBX4 
binding to CBX4 were lower than those of si-lncRNA 
RAMS11 binding to CBX4 (Figure 5J and K). Top2α promoter 
levels of si-lncRNAs RAMS11+CBX4 binding to CBX4 were 
higher than those of si-lncRNA RAMS11 binding to CBX4 
(Figure 5L and M). These results showed that lncRNA 
RAMS11 bound to CBX4 to activate the expression of Top2α.

LncRNA RAMS11 Promoted Tumor 
Growth of Prostate Cancer in Mouse 
Model
We further found that over-expression of lncRNA RAMS11 
promoted tumor growth, and decreased caspase-3/9 activity 

levels in mice with prostate cancer (Figure 6A and C). The 
gene expression of lncRNA RAMS11 was increased, and the 
protein expression of CBX4/Top2α was also enhanced in 
prostate cancer mice with over-expression of lncRNA 
RAMS11 prostate cancer (Figure 6D and G). Meanwhile, 
in prostate cancer tissue samples, the protein expression of 
CBX4 was up-regulated in prostate cancer mice with over- 
expression of lncRNA RAMS11 prostate cancer (Figure 6H).

The Inhibition of CBX4 Attenuated the 
Pro-Cancer Effects of lncRNA AMS11 in 
Prostate Cancer Cells
Si-CBX4 suppressed the protein expression of CBX4 and 
Top2α in vitro by over-expression of lncRNA RAMS11, 

Figure 5 LncRNA RAMS11 binds to CBX4 to activate expression of Top2α. LncRNA RAMS11 binds to CBX4 in PC3 and DU145 cells (RIP, A), Top2α promoter levels of 
lncRNA RAMS11 binds to CBX4 or si-CBX4 binds to CBX4 (Chip, B, C), Top2α promoter levels of RAMS11 binds to CBX4 or CBX4 binds to CBX4 (Chip, D, E), Top2α 
promoter levels of lncRNA RAMS11+CBX4 binds to CBX4 in PC3 and DU145 cells (Chip, F, G), Top2α promoter levels of si-lncRNA RAMS11+si-CBX4 binds to CBX4 in 
PC3 and DU145 cells (Chip, H, I), Top2α promoter levels of si-lncRNA RAMS11+si-CBX4 binds to CBX4 (Chip, J, K), Top2α promoter levels of si-lncRNA RAMS11+CBX4 
binds to CBX4 (Chip, L, M). *p<0.01 compared with negative group; **p<0.01 compared with over-expression of RAMS11 group or down-regulation of RAMS11 group. 
Abbreviations: WT, WT negative group; RAMS11, over-expression of RAMS11 group; SiRAMS11, down-regulation of RAMS11 group; CBX4, over-expression of CBX4 
group; SiCBX4, down-regulation of CBX4 group.
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Figure 6 LncRNA RAMS11 promotes tumor growth of prostate cancer in mice model. Tumor growth (A, B), caspase-3/9 activity levels (C), LncRNA RAMS11 mRNA 
expression (D), CBX4 and Top2α protein expressions (E–G), CBX4 protein expression (F, H). *p<0.01 compared with negative group. 
Abbreviations: Negative, negative mimics group; RAMS11, over-expression of RAMS11 group.

Figure 7 The inhibition of CBX4 reduced the pro-cancer effects of lncRNA RAMS11 in prostate cancer cells. CBX4 and Top2α protein expressions (A–C), cell proliferation 
(D), LDH activity cytotoxicity (E), caspase-3/9 activity levels (F), migration rate (G, H), invasion rate (I, J) in vitro model of PC3 cell. *p<0.01 compared with negative group, 
#p<0.01 compared with over-expression of RAMS11 group. 
Abbreviations: Negative, negative mimics group; RAMS11, over-expression of RAMS11 group; SiCBX4, down-regulation of CBX4 group.
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compared with over-expression of lncRNA RAMS11 
group (Figure 7A and C). The inhibition of CBX4 attenu-
ated the pro-cancer effects of lncRNA RAMS11 on cell 
viability, migration and transfer rate, and decreased LDH 
activity, caspase-3/9 activity levels and apoptosis rate of 
prostate cancer cells (PC3 cells) (Figure 7D and J).

The Activation of Top2α Attenuated the 
Anti-Cancer Effects of si-lncRNA 
RAMS11 in Prostate Cancer Cells
Top2α plasmid induced the protein expression of Top2α in 
the in vitro model of prostate cancer cells by down-regulation 
of lncRNA RAMS11 (Figure 8A and B). The activation of 
Top2α attenuated the anti-cancer effects of si-lncRNA 
RAMS11 on cell viability, migration and transfer rate, and 
decreased LDH activity, caspase-3/9 activity levels and apop-
tosis rate of prostate cancer cells (PC3 cell) (Figure 8C and I).

Discussion
The treatment of prostate cancer is mainly determined by 
objective factors, including patient age, physical condition, 
clinical stage, Gleason score, presence or absence of pelvic 
lymph nodes, distant metastases, and life expectancy.18 At 
present, there are various therapeutic methods for prostate 
cancer, each with advantages and disadvantages.19 

Comprehensive consideration should be given towards 
patients with early-stage prostate cancer according to the 

patient’s condition. While patients with advanced prostate 
cancer still cannot be cured, the treatment should aim to 
relieve clinical symptoms and to prolong survival.20 With 
the development of molecular biology and immunology, 
novel therapeutic approaches, such as gene therapy and 
immunotherapy, will bring more benefits to patients with 
prostate cancer. MiRNAs play important regulatory roles in 
tumor development and metastasis.21 In the current study, 
RAMS11 expression in cancer tissue samples was up- 
regulated, RAMS11 expression in LNCap, PC3 and 
DU145 cells. OS and DFS of RAMS11 high expression 
were lower than those of RAMS11 low expression. Silva- 
Fisher et al. showed that lncRNA RAMS11 promotes meta-
static colorectal cancer progression.22 Therefore, we thought 
lncRNA RAMS11 expression in cancer tissue samples was 
up-regulated, and OS and DFS of RAMS11 high expression 
were lower than those of lncRNA RAMS11 low expression.

In recent years, a large number of studies have shown 
that lncRNAs are closely associated with prostate cancer, 
playing an important role in tumorigenesis and progression 
of tumors.15–17 Our study showed that RAMS11 promotes 
metastatic and cell growth of prostate cancer cells. Silva- 
Fisher et al. showed that lncRNA RAMS11 promotes meta-
static colorectal cancer progression by CBX4/TOP2α.22 Our 
results showed that lncRNA RAMS11 promotes 
metastatis and cell growth of prostate cancer.

The role of CBX4 in tumors is correlated with its 
unique domains.9 It is the only protein that has enzymatic 

Figure 8 The activation of Top2α reduced the anti-cancer effects of si-lncRNA RAMS11 in prostate cancer cells. Top2α protein expressions (A, B), cell proliferation (C), 
LDH activity cytotoxicity (D), migration rate (E, F), caspase-3/9 activity levels (G), invasion rate (H, I) in vitro model of LNCap cell. *p<0.01 compared with negative group, 
#p<0.01 compared with down-regulation of RAMS11 group. 
Abbreviations: Negative, negative mimics group; SiRAMS11, down-regulation of RAMS11 group; Top2α, over-expression of Top2α group.
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activity and can act as a SUMO E3 ligase to participate in 
SUMO modification of the family.23 Meanwhile, abnormal 
sumoylation has been shown to be related to multiple 
types of diseases, including neurodegenerative diseases, 
heart failure, and malignant tumors. CBX4 regulates var-
ious important proteins via the action of its SUMO E3 
enzyme.24 In recent years, the expression and mechanism 
of action of CBX4 in malignant tumors has gradually 
become a research hotspot.7 We also show that RAMS11 
binds to CBX4 to activate expression of Top2α.

Top2α plays an important role in many biological 
processes, such as DNA replication, transcription, repair, 
and structural maintenance and reconstruction of 
chromosomes.11,25 in vitro assays have shown that Top2α 
is generally highly expressed during cell replication, which 
can be used as one of the proliferative markers.12,13 Our 
study shows that the inhibition of CBX4 reduced the pro- 
cancer effects of lncRNA RAMS11 in prostate cancer 
cells and the activation of Top2α reduced the anti-effects 
of si-lncRNAs RAMS11 in prostate cancer cells. Silva- 
Fisher et al. showed that lncRNA RAMS11 promotes 
metastatic colorectal cancer progression by CBX4/ 
TOP2α.22

Overall, our understanding of how lncRNAs RAMS11 
promote metastasis and cell growth of prostate cancer may 
have tremendous biological and clinical significance. Next, 
our study found that lncRNAs RAMS11 expression in 
prostate cancer tissue samples was up-regulated, and 
lncRNAs RAMS11 promotes metastatis and cell growth 
of prostate cancer by CBX4 complex binding to Top2α 
(Figure 9). In addition, the novel role of lncRNA RAMS11 

may help lead to the treatment of prostate cancer or to 
development of novel diagnostic tools for assessing pros-
tate cancer progression.
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