
Int J Clin Exp Pathol 2021;14(4):434-443
www.ijcep.com /ISSN:1936-2625/IJCEP0114573

Original Article
Long non-coding RNA CYTOR regulates proliferation  
and metastasis of colon cancer cells through  
regulating miRNA-105/PTEN axis

Yi Zhang1, Weidong Jin1, Dandan Ma2, Jun Cao2, Tao Fu2, Zhaolin Zhang2, Yang Zhang2

1Second Department of Hepatobiliary Surgery, Zhujiang Hospital, Southern Medical University, Guangzhou 
510282, Guangdong, China; 2Department of General Surgery, General Hospital of Central Theater Command of 
PLA, Wuhan 430071, Hubei, China

Received May 18, 2020; Accepted June 29, 2020; Epub April 15, 2021; Published April 30, 2021

Abstract: Colon cancer is a common malignancy, and its incidence and mortality have been increasing in recent 
years. This study aims to explore the regulation of long non-coding RNA CYTOR on proliferation and metastasis of 
colon cancer cells through miRNA-105/PTEN axis. Real-time quantitative PCR (qRT-PCR) disclosed that expression 
of CYTOR was significantly decreased in colon cancer tissues, compared with that of adjacent normal tissues, while 
miRNA-105 was significantly increased. Correlation study found that CYTOR was negatively correlated with miR-105. 
The proliferation, migration, and invasion rates of the LoVo cells with highly expressed CYTOR were significantly 
slower. miR-105 mimic could suppress the decrease in proliferation, migration, and invasion rates of colon cancer 
cells caused by overexpression of CYTOR. Additionally, the proliferation, migration, and invasion rates of the LoVo 
cells in miR-105 inhibition group were significantly slower. The Starbase database predicted the targeting of miR-
105 by CYTOR, and qRT-PCR and dual luciferase reporter gene method were used to verify the targeting relationship 
of CYTOR and miRNA-105/PTEN axis. In conclusion, CYTOR can inhibit the proliferation and metastasis of colon 
cancer cells through targeted inhibition of the miR-105/PTEN axis. 
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Introduction

Colon cancer is a common malignancy whose 
incidence and mortality have been increasing 
in recent years. According to Chinese cancer 
statistics in 2015, the incidence and mortality 
of colon cancer rank fifth among all cancers [1]. 
At present, the common treatmentS for colon 
cancer include surgery, radiation therapy, che-
motherapy, immunotherapy, Chinese medicine, 
and gene therapy [2]. Studies on colon cancer-
related genes can guide clinicians in predict- 
ing the occurrence and development of the  
disease, evaluating the therapeutic effect, and 
judging prognosis. 

Long non-coding RNAs (lncRNAs) are non- 
protein-encoding transcripts widely found in 
mammalian genomes [3], and studies have 
confirmed that lncRNAs affect tumor cell pro- 
liferation, invasion, apoptosis, and metastasis 

[4, 5]. As a lncRNA, CYTOR has been confirmed 
to be abnormally expressed in non-small cell 
lung cancer, gallbladder cancer, liver cancer, 
and other cancers [6, 7]. MicroRNAs (MiRs) are 
a group of endogenous non-coding RNA mo- 
lecules, about 22 nt in length. They play an 
important role in cell differentiation, metabo-
lism, proliferation, and apoptosis. Studies have 
confirmed that disorder of miR-105 contributes 
to the development of cancer [8]. However, few 
studies have been conducted on the role and 
related mechanisms of CYTOR in development 
and progression of colon cancer through regu-
lating the miRNA-105/PTEN axis. 

This study investigated the expression charac-
teristics of CYTOR and the miRNA-105/PTEN 
axis in colon cancer, in order to provide a new 
theoretical basis for the diagnosis and treat-
ment of colon cancer.
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Materials and methods

Specimen collection 

Twenty-nine cases of colon cancer specimens 
and adjacent normal tissues excised in our  
hospital from 2018 to 2019 were collected.  
No patients received preoperative anti-tumor 
treatment before specimen collection. The col-
lection and use of tissue samples of patients 
was approved by the ethics committee of our 
hospital. All specimen tissues were immedia- 
tely stored in liquid nitrogen at -80°C after 
excision.

Cell culture 

LoVo human colon cancer cells were purchas- 
ed from the cell bank of Chinese Academy of 
Sciences. All cells were cultured in RPMI-1640 
medium (YajiBio, Minhang, Shanghai, China) 
containing 10% fetal bovine serum (FBS, EX- 
cell, Shanghai, China), 1% penicillin, and 1% 
streptomycin (Invitrogen, Shanghai, China), and 
placed in a 37°C and 5% CO2 incubator. They 
were routinely cultured and passaged. The 
solution was changed every 3 days, and pas-
saged until the cells were confluent over the 
bottom of the flask. Cells in the logarithmic 
growth phase were taken for experiments.

Cell transfection 

The LoVo cells were rinsed clean with PBS buf-
fer, repeated 3 times, trypsinized for 2 min, and 
transferred to a sterile 15 mL centrifuge tube. 
After that, they were centrifuged and counted, 
and seeded at 4 × 105 cells per well in 6-well 
plates. When the fusion rate was about 70%, 
the transfection reagent was diluted at a con-
centration of 3 μL/L with serum-free medium, 
and incubated at 37°C for 20 min. The CYTOR 
and the NC were diluted at a concentration of 
50 μmol/L with serum-free medium, respecti- 
vely, incubated at room temperature for 5 min, 
mixed with the same volume of the transfec- 
tion reagent, and cultured in a 37°C incubator. 
After 12 hours, the state of the transfected 
cells was observed, and the serum-free me- 
dium was changed to complete medium. After 
48 hours of further culture, the RNA was ex- 
tracted to verify the transfection efficiency. 
miR-105 mimics, inhibitor, and the controls 
were transfected into the Lovo human colon 
cancer cells in the same manner. CYTOR kno- 

ckout and overexpression plasmids were de- 
signed and integrated by GenePharma (Sh- 
anghai, China). The blank plasmid served as a 
control.

Gene knockout and overexpression 

LoVo cells with CYTOR gene over-expression 
and miR-105 overexpression and inhibition 
were enforced by expression of the lentivirus  
of siRNA.

Real-time PCR 

All RNA was extracted with TRIzol reagent (In- 
vitrogen, Shanghai, China) according to the 
instructions. miR-105 was amplified with Taq- 
Man miR-105 MicroRNA Kit (Applied Biosy- 
stems, Foster City, CA), and transformed into 
cDNA by SuperScript First Strand cDNA Syst- 
em (Invitrogen, Shanghai, China). qRT-PCR an- 
alysis was performed on ABI Step One real- 
time PCR system (Applied Biosystems) with 
SYBR Premix Ex Taq Kit (Takara, Dalian, China). 
The conditions for quantitative real-time poly-
merase chain reaction were: pre-denaturati- 
on at 95°C for 10 min, 95°C for 15 s, and  
60°C for 15 s, for 45 cycles, and the fluores-
cence signal temperature was 60°C. GAPDH 
was used as the internal reference to detect 
the expression of CYTOR, and U6 to detect the 
expression of miR-105. The 2(-ΔΔCt) method was 
used for statistical analysis. Each experiment 
was repeated and measured three times. CY- 
TOR primer sequences: upstream primer 5’- 
AGAATGAAGGCTGAGGTGTG-3’, downstream pr- 
imer 5’-CAGCGACCATCCAGTCATTTA-3’; miR-
105 primer sequences: upstream primer 5’- 
GCGTCTGGAATGTAAGGAAGTG-3’, downstream 
primer 5’-GTGCAGGGTCCGAGGT-3’; PTEN prim-
er sequences: upstream primer 5’-CAGATTAT- 
GGAATGTAGGCGGCTTGA-3’, downstream pri- 
mer 5’-TGGCAATAGCCGAACAGTTCT-3’; GAPDH 
primer sequences: upstream primer 5’-GAGT- 
CAACGGATTTGGTCGT-3’, downstream primer 
5’-TTGATTTTGGAGGGATCTCG-3’; U6 primer se- 
quences: upstream primer 5’-TTGGTCTGATCT- 
GGCACATATAC-3’, downstream primer 5’-AAA- 
AATATGGAGCGCTTCACG-3’.

Western blot 

Cancer cells after treatment were collected  
and RIPA (Roche, Shanghai, China) was added 
for protein lysate. Cells were fully lysed on ice 
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and underwent 15-min centrifugation at 14000 
rpm in a low-temperature centrifuge to collect 
the total protein. Then, the 50 ug total protein 
went through a 2-hour electrophoresis with 
12% polyacrylamide gel (SDS-PAGE) at 100 V. 
The separated proteins were electronically tr- 
ansferred to polyvinylidene fluoride (PVDF) me- 
mbranes. Next, the membranes were sealed 
with 5% skim milk powder at room temperature 
for 1 h, washed with TBST for 3 times, 10 min 
each and incubated with primary antibodies 
E-cadherin (Abcam, ab1416, 1:1000, MA, USA), 
Vimentin (Abcam, ab92547, 1:1500), N-cadhe- 
rin (Abcam, ab76057, 1:1000), PTEN (Abcam, 
ab32199, 1:1200), AKT (Abcam, ab8805, 1: 
1000), p-AKT (Abcam, ab38449, 1:1000), or 
GAPDH (Abcam, ab9484, 1:1000) overnight at 
4°C. After washing the membranes in TBST, the 
membranes were incubated at room tempera-
ture with horseradish peroxidase (HRP)-label- 
ed anti-rabbit secondary antibody (concentra-
tion 1:300) for 1 h. After washing membran- 
es in TBST, Chemistar ECL Western Blotting 
Substrate (Invitrogen, Shanghai, China) was us- 
ed to color the protein bands, and the gray val-
ues of each protein band were analyzed throu- 
gh Image J.

CCK-8 cell proliferation assay 

CCK-8 was used to generate cell growth curv- 
es, and cells were harvested in log phase and 
digested with trypsin (0.25%). 10% FBS was 
used to prepare cell suspension to be placed  
in the medium, and LoVo cells (3,000 cells per 
well) were placed in 96-well plates and incu-
bated for 1, 2, 3, and 4 days, respectively. 
Then, 10 μl of Enhanced Cell Counting Kit-8 
(Beyotime, Beijing, China) was added and in- 
cubated at 37°C for 1 hour. The absorbance 
was measured at 450 nm. Each experiment 
was repeated and measured three times.

Transwell assay 

After being dispersed with 0.25% trypsin, LoVo 
cells were centrifuged, resuspended, and dis-
persed in the single well of a 24-well culture 
plate. An artificial basement membrane cham-
ber (8 μm pore size; Corning, Beijing, China) 
was used for invasion, but not for migration.  
5 × 104 transfected cells were placed in the 
upper chamber, and Matrigel was added. 10% 
FBS medium was placed in the lower cham- 
ber, which was filled with 400 μL of RPMI- 

1640. After being incubated at 37°C for 24 
hours, the cells that failed to migrate were 
removed from the upper chamber. The Trans- 
well membrane was fixed with 4% paraformal-
dehyde for 10 minutes and stained with 0.5% 
crystal violet. After being rinsed off with tap 
water, they were counted under an inverted 
microscope. All experiments were repeated 
three times.

Dual luciferase reporter assay

A luciferase reporter assay was performed wi- 
th the dual luciferase reporter system (Prome- 
ga, Madison, WI, USA). The target fragments of 
wild-type CYTOR and mutant CYTOR were inte-
grated into PGL3 receptor (Promega, Madison, 
WI, USA) to construct wild-type PGL3-CYTOR 
(CYTOR-WT), PTEN-WT, and mutant pGL3-CY- 
TOR (CYTOR-MT), PTEN-MT. CYTOR-WT or CY- 
TOR-MT was co-transfected into VoLo cells wi- 
th miR-105 mimics or a negative control. After 
48 hours of transfection, luciferase activity was 
determined according to the manufacturer’s 
instructions. All experiments were repeated 
three times.

Statistical methods 

SPSS software was used for data analysis. All 
data were represented by (

_
x  ± s). T-test was 

used for statistical analysis, and chi-square 
test was used to analyze the correlation be- 
tween CYTOR and miRNA-105 expression. P< 
0.05 was considered significant.

Results

Expression of CYTOR and miR-105 in colon 
cancer 

Compared with that of adjacent tissues, CYTOR 
expression in colon cancer tissues was sig- 
nificantly down-regulated (P<0.001, Figure 1A); 
miR-105 expression was significantly up-regu-
lated (P<0.01, Figure 1B); and there was a  
negative correlation between CYTOR and miR-
105, (P<0.05, Figure 1C).

Up-regulation of CYTOR gene inhibits the prolif-
eration and migration of colon cancer cells 

RT-PCR demonstrated that CYTOR in the CY- 
TOR over-expression group was increased (P< 
0.05, Figure 2A). CCK-8 assay showed that  
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the proliferation rate of LoVo cells with CYTOR 
over-expression was significantly slower than 
that of non-overexpressed cells (P<0.05, Fi- 
gure 2B). Transwell cell migration test show- 
ed that CYTOR over-expression significantly re- 
duced the migration (P<0.05, Figure 2C) and 
invasion (P<0.05, Figure 2D) of LoVo cells. WB 
results showed that CYTOR overexpression  
promoted the expression of E-cadherin, but 
inhibited the expression of vimentin and N- 
cadherin (P<0.05, Figure 2E). To explore the 
downstream mechanism, we found that CY- 
TOR could inhibit the activation of Akt by pro-
moting the expression of tumor suppressor ge- 
ne PTEN (P<0.05, Figure 2F, 2G). These re- 
sults indicated that up-regulation of CYTOR 
could inhibit the proliferation and migration of 
colon cancer cells through increased PTEN.

Down-regulation of miR-105 could inhibit the 
proliferation and migration of colon cancer 
cells 

RT-PCR demonstrated that miR-105 in the miR 
inhibition group was decreased (P<0.05, Figure 
3A). CCK-8 assay showed that the proliferation 
rate of LoVo cells with miR-105 down-expr- 
ession was significantly slower (P<0.05, Figure 
3B). Transwell cell migration test showed that 
inhibition of miR-105 expression significantly 
reduced the migration (P<0.05, Figure 3C) and 
invasion (P<0.05, Figure 3D) of LoVo cells. WB 
results showed that inhibition of miR-105 ex- 
pression promoted E-cadherin, but inhibited 
the expression of vimentin and N-cadherin (P< 
0.05, Figure 3E). To explore the downstream 
mechanism, we found that miR-105 inhibition 
could inhibit the activation of Akt by promoting 

the expression of tumor suppressor gene PT- 
EN (P<0.05, Figure 3F, 3G). These results indi-
cated that down-regulation of miR-105 could 
inhibit the proliferation and migration of colon 
cancer cells through increased PTEN.

CYTOR can act directly on miR-105 

Possibletarget genes for CYTOR were searched 
in the Starbase database (www.starbase.sysu.
edu.cn), and CYTOR was found to contain a  
conserved target site for miR-105. PTEN was 
found to contain a conserved target site for 
miR-105 (Figure 4A). The dual luciferase re- 
porter assay was used to verify the direct  
binding of CYTOR to miR-105, and miR-105 to 
PTEN. The results showed that miR-105 mi- 
mic significantly reduced luciferase activity of 
CYTOR and PTEN luciferase reporter vector 
compare to the control (P<0.05, Figure 4B). 
After over-expression of CYTOR in LoVo cells, 
the expression of miR-105 was significantly de- 
creased (P<0.05, Figure 4C), whereas up-regu-
lation of miRNA had no significant effect on 
CYTOR expression (P>0.05, Figure 4D).

CYTOR regulates proliferation and migration of 
colon cancer cells by targeting miR-105 

CCK-8 assay demonstrated that transfection  
of miR-105 mimics deduced LoVo cell proli- 
feration, while CYTOR overexpression inhibit- 
ed the phenomena of miR-105 mimics (Figure 
5A). Transwell assays demonstrated that trans-
fection of the miR-105 mimics increased the 
migration and invasion capacity of LoVo cells, 
which was offset by overexpression of CYTOR 
(Figure 5B, 5C). WB results showed that miR-
105 mimics inhibited E-cadherin, but promoted 

Figure 1. Expression of CYTOR and miR-105 in colon cancer and adjacent normal tissues detected by qRT-PCR. A: 
Expression characteristics of CYTOR in colon cancer and adjacent normal tissues; B: Expression characteristics of 
miR-105 in colon cancer and adjacent normal tissues; C: Correlation analysis of expression of CYTOR and miR-105 
in colon cancer tissues. *P<0.05, **P<0.05, ***P<0.001.
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Figure 2. Effect of up-expressed CYTOR on the proliferation, migration, and invasion of LoVo colon cancer cells. (A) Expression of CYTOR was detected by RT-PCR; (B) 
Cell proliferation detected by CCK8; (C) Cell migration detected by Transwell assay; and (D) Cell invasion detected by Transwell assay; (E) EMT marker, E-cadherin, 
vimentin and N-cadherin were detected by WB; (F, G) RT-PCR (F) and WB (G) were used to detect PTEN and AKT in groups. *P<0.05, **P<0.05, ***P<0.001.
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Figure 3. Effect of underexpressed miR-105 on the proliferation, migration, and invasion of LoVo colon cancer cell lines. (A) Expression of miR-105 was detected 
by RT-PCR; (B) Cell proliferation detected by CCK8; (C) Cell migration detected by Transwell assay; and (D) Cell invasion detected by Transwell assay; (E) EMT 
marker, E-cadherin, vimentin and N-cadherin were detected by WB; (F, G) RT-PCR (F) and WB (G) were used to detect PTEN and AKT in groups. *P<0.05, **P<0.05, 
***P<0.001. 
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the expression of vimentin and N-cadherin, whi- 
ch was revised by overexpression of CYTOR 
(P<0.05, Figure 5D). To explore the downstre- 
am mechanism, we found that miR-105 mimics 
could activate Akt by inhibition the expression 
of tumor suppressor gene PTEN, and overex-
pression of CYTOR partially suppressed this 
phenomenon (P<0.05, Figure 5E, 5F). These 
results suggested that CYTOR regulates prolif-
eration and migration of colon cancer cells by 
targeting miR-105.

Discussion

The occurrence and development of colon can-
cer is a multi-step and long-term process in 
which multiple factors are involved. In recent 
years, studies have revealed that abnormal 
expression of lncRNA is not only closely related 
to colon cancer, but also can be used as a bio-
logic indicator for diagnosis and therapeutic 
target of colon cancer [9]. From a mechanical 
point of view, lncRNAs are a non-coding RNAs 
in the nucleus and cytoplasm that regulate the 
expression level of genes in the form of RNA. 
Though lncRNAs are not able to encode pro-
teins, they play a decisive role in protein ex- 
pression [10]. Recently, studies have proven 
the important role of lncRNAs in the occurren- 
ce and development of tumor diseases [11]. 
lncRNAs exert their role through epigenetic, tr- 
anscriptional, and post-transcriptional regula-
tion [12]. Huang et al. [13] showed that lncRNA 
HOXB-AS3 could encode a peptide to inhibit  

the development of colon cancer. Xue et al.  
[14] found that lncRNA CYTOR promoted the 
progression of colorectal cancer by interacting 
with NCL and Sam68. Yue et al. [15] found th- 
at lncRNA CYTOR promoted metastasis of co- 
lon cancer through Wnt/β-catenin signaling. 

CYTOR, a newly discovered lncRNA, has been 
proven to be a key regulator in the process of 
cancer development. Zhu et al. [16] found that 
CYTOR could promote proliferation and inva-
sion of glioma cells by negatively regulating 
miR-4775, while lowly expressed CYTOR could 
inhibit the progression of glioma. Wang et al. 
[17] found that down-regulation of CYTOR ex- 
pression could inhibit the progression of gas- 
tric cancer by regulating the miR-193b-3p/ET- 
S1 axis. Zhang et al. [18] found that down-re- 
gulation of CYTOR suppressed the biologic ac- 
tivity of lung cancer through the EGFR/PI3K/
AKT pathway. Unlike the previous report, this 
study found that CYTOR was down-expressed 
in colon cancer tissues compared to adjacent 
normal tissues, and highly expressed CYTOR 
could significantly inhibit proliferation, migra-
tion, and invasion of colon cancer cells, indicat-
ing that CYTOR plays a cancer-inhibiting effect 
in the progression of colon cancer. Due to the 
small number of cases in this study, and since 
only one cell line was selected, this may cause 
the difference from the previous results, but 
the reasons need to be further explored. 

In addition, a large number of studies have 
revealed that lncRNAs can interfere with the 

Figure 4. Expression characteristics and interactions of CYTOR and miR-105/PTEN in colon cancer tissues and 
cells. A: Starbase database (www.starbase.sysu.edu.cn) pairing relationship between CYTOR/miR-105/PTEN; B: 
Targeting relationship between miR-105 and CYTOR/PTEN by dual luciferase reporter assay; C, D: Relationship be-
tween expression of CYTOR and miR-105 in colon cancer cells. *P<0.05, **P<0.05, ***P<0.001.
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biologic functions of microRNAs through com-
plementary base pairing, and the latter, also  
as one of the important factors in tumor forma-
tion and metastasis, has a certain influence on 
the biologic behavior of tumor cells when it is 
up- or down-regulated. In this study, we found 
through database analysis that CYTOR could 
inhibit function of miR-105 in a targeted man-
ner. So, we detected the expression of miR- 
105 in colon carcinoma tissues. Interestingly, 
miR-105 expression was up-regulated, and th- 
ere was a negative correlation between CYTOR 
and miR-105, suggesting that both CYTOR and 
miR-105 expression exert an effect on colon 
cancer. Down-regulation of miR-105 inhibited 
the progression and metastasis of colon can-
cer cells. These studies showed that miR-105 
could promote the progression of colon can- 
cer and was a miRNA with a tumor suppressor 
effect. miR-105, however, also exerts a tumor 
promoter effect in other tumors. For example, 
over-expression of miR-105 deduces resistan- 
ce to Euthyrox by targeting MAP4K3 in papillary 
thyroid carcinoma [19]. miR-105 promotes pro-
liferation and migration of esophageal cancer 
and acts as an oncogene, and inhibits apopto-
sis by regulating expression of cMET [20]. miR-
105 down-regulation also suppresses the pro-
liferation, migration, and invasion of non-small 
cell lung cancer cells by targeting the FHL1 ge- 
ne and is sponged by Long Intergenic Noncod- 
ing RNA 00261 [21]. On this basis, we further 
explored the relationship between CYTOR and 
miR-105, and found that miR-105 expression 
was significantly upregulated when CYTOR had 
low expression in colon cancer cells, and cell 
proliferation, migration, and invasion abilities 
were significantly reduced after miR-105 mim-
ics acted on the colon cancer cells with overex-
pressed CYTOR. It was confirmed that CYTOR 
could inhibit miR-105, and the limited function 
of miR-105 was likely to be an important mech-
anism in the development of colon cancer.

In sum, CYTOR can inhibit the proliferation and 
metastasis of colon cancer cells through regu-
lation of miR-105, but the specific mechanism 
and the binding site remain to be determin- 
ed by further studies. This study explores new 

mechanisms in the development of colon can-
cer and provides a novel theoretical basis for 
diagnosis and treatment.
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