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Background: Dysregulation of long non-coding RNAs (lncRNAs) is closely related with

the progression of cancer in humans. The functional and regulatory roles of lncRNAs in

colorectal cancer (CRC) are still largely unclear. The purpose of this study is to explore the

function of lncRNA STARD13-AS in CRC.

Methods: The bioinformatics tool “GEPIA” was used to predict the potential expression of

STARD13-AS in CRC. qRT-PCRwas used to evaluate the relative expression level of STARD13-

AS in CRC cells lines and tissues samples. The functional involvement of STARD13-AS in the

CRC cells was assessed using MTT assay, flow cytometry, and Transwell assay. The expression

levels of cyclin D, cyclin E, E-cadherin, N-cadherin, and vimentin were assessed using Western

blot.

Results: Bioinformatics prediction and qRT-PCR results showed that STARD13-AS expres-

sion was decreased in CRC tissues. Patients with low STARD13-AS expression exhibited

distant and lymphatic metastasis as well as enhancement in tumor size. STARD13-AS

expression was downregulated in CRC cell lines compared to normal human colon mucosal

epithelial cell line NCM460 and STARD13-AS expression in SW620 and LoVo cell lines

was lowest. Moreover, we observed that while STARD13-AS overexpression suppressed the

cell cycle, proliferation, migration, and invasion, while promoted apoptosis both in LoVo and

SW620 cells. In addition, STARD13-AS overexpression inhibited Cyclin E, Cyclin D,

N-cadherin and vimentin expression, and promoted E-cadherin expression both in LoVo

and SW620 cells.

Conclusion: Expression of STARD13-AS suppresses cell proliferation and metastasis in

CRC, suggesting that STARD13-AS might act as a potential target for CRC treatment.
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Introduction
Colorectal cancer (CRC), the third most common form of malignant cancer, is one of

the leading causes of cancer-related deaths around the world.1 There has been a rise in

its incidence and mortality in recent years.2 According to recent cancer statistics from

China, there are approximately 3.8 million newly diagnosed CRC patients and nearly

0.2 million deaths related to CRC.3 Currently, curative surgery and post-operative

adjuvant chemotherapy are the most common therapeutic strategies for CRC

treatment.4 Despite significant advances in the diagnosis and treatment of CRC over

recent decades, the overall 5-year survival rate of CRC remains unsatisfactory due to

post-surgical recurrence and metastasis.5 Thus, it is necessary to conduct a large-scale
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study to obtain a better understanding of the underlying

molecular mechanisms for the pathogenesis of CRC. This

may help in the developing new therapeutic strategies to

improve the patient outcomes.

Recent studies have demonstrated that approximately

98% of all human genome transcripts consist of non-coding

RNA (ncRNA), which are involved in regulating a variety of

cellular and biological processes such as embryo develop-

ment, immunoregulation, and tumor development.6–8 Long

non-coding RNAs (lncRNAs), members of the ncRNA

family, consist of more than 200 nucleotides with limited or

no protein coding capacity.9 Although lncRNAs were pre-

viously regarded as “transcriptional noise”, they have since

been demonstrated to play a key role in various types of

biological processes, such as cell proliferation, migration,

and invasion.10 Dysregulation of lncRNAs are closely related

with the progression of human cancers.11 Increasing number

of research reports have associated certain lncRNAs, such as

lncRNAs TUG112 and CASC213 with cell proliferation and

metastasis in CRC. However, the role of most lncRNAs are

still largely unknown. Therefore, there is an urgent need to

verify the cancer-related lncRNAs and their potential mole-

cular mechanisms in cancers.

LncRNA STARD13-AS is a 645 bp ncRNA that is

located on chromosome 13q13.1. The biological functions

and correlation of STARD13-AS in CRC still mostly

unknown. The purpose of this study is to explore the

function of STARD13-AS in CRC. In order to do this,

we first evaluated the expression of STARD13-AS in CRC

tissues and cell lines and then, analyzed the relationship

between STARD13-AS expression and clinicopathologic

characteristics of CRC patients. Finally, we investigated

the functional effects of STARD13-AS on CRC cell pro-

liferation, metastasis and EMT.

Materials And Methods
Clinical Samples
CRC tissue samples and the corresponding adjacent normal

tissue samples (at least 5 cm away from the tumor) were

collected by surgical resection from 40 CRC patients who

underwent colectomy at the Sun Yat-sen Memorial

Hospital. The clinicopathological data of the 40 patients

was shown in Table 1. We ensured that none of the patients

have received preoperative chemotherapy or radiotherapy

and obtained signed informed consents from all patients.

This study was conducted in accordance with the

Declaration of Helsinki and approved by the Ethics

Committee of the Sun Yat-sen Memorial Hospital, Sun

Yat-sen University. The diagnosis and clinicopathological

characteristics, which include tumor size, lymphatic metas-

tasis and distant metastasis, were blindly confirmed by two

experienced pathologists. All the collected surgical speci-

mens were stored in liquid nitrogen till RNA isolation.

Bioinformatics Analysis
Bioinformatics tool “GEPIA” (http://gepia.cancer-pku.cn/

detail.php), a web-based tool to deliver fast and customiz-

able functionalities based on TCGA and GTEx data, was

used to analyze the potential expression of STARD13-AS

in colon adenocarcinoma (COAD) and rectum adenocarci-

noma (READ).14

qRT-PCR
The total RNA from the CRC tissues or CRC cell line was

extracted using Trizol reagent (Invitrogen, Carlsbad, CA,

USA). The reverse transcription reaction was performed

using the PrimeScript RT Master Mix (Takara, Dalian,

China) to obtain the first strand cDNA. All PCR reactions

were carried out using the ABI 7500 RT-PCR system (Applied

Biosystems, Foster City, CA, USA) with a SYBR® Premix Ex

Taq™ Kit (TaKaRa). The primers were obtained from

GenePharma (Shanghai, China), the primers sequences were

as follows: STARD13-AS: forward, 5ʹ-CCACAGAGAGGAT

TCCAGAA-3ʹ reverse, 5ʹ-TCCAGGCTCTGTATAGAAGCT

−3ʹ. 18srRNA: forward, 5ʹ-CCTGGATACCGCAGCTAG

Table 1 The Clinicopathological Data Of The 40 Patients

Enrolled In This Study

Characteristic Patients (n)

<50 13

≥50 27

Gender

Male 25

Female 15

Tumour size

<5 cm 20

≥5 cm 20

Lymphatic metastasis

No 21

Yes 19

Distant metastasis

No 22

Yes 18
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GA-3ʹ reverse, 5ʹ-GCGGCGCAATACGAATGCCCC-3ʹ. The

expression of STARD13-AS was standardized by using

18srRNA. Relative STARD13-AS expression was calculated

by the 2−ΔΔCT method.15 Each experiment was repeated three

times.

Cell Culture
Normal human colon mucosal epithelial cell line NCM460

and the human CRC cell lines LoVo, RKO, HCT-116, HT-

29, SW620, and SW480 were obtained from the Shanghai

Institute of Biological Sciences (Shanghai, China). All of

the cell lines were cultured in complete culture medium,

containing 90% Dulbecco’s modified Eagle’s medium

(Hyclone, Logan, UT, USA), and 10% fetal bovine

serum (FBS; Hyclone). And 1% penicillin-streptomycin

(penicillin final concentration: 100µ/mL; streptomycin

final concentration: 100µg/mL; Thermo Fisher Scientific,

Waltham, MA, USA). All cells were cultured at 37°C with

a humidity of 5% CO2.

Plasmid Construction And Cell

Transfection
The complete sequence of STARD13-AS (NR_046693) was

cloned from the human genome obtained from the adjacent

normal tissue samples of CRC patients. It was then cloned

into the pcDNA 3.1 vector (Invitrogen) using the restriction

enzymes HindIII and XhoI. The correct sequence was con-

firmed by sequencing done by Shenggong Biology

(Shanghai, China). The empty pcDNA3.1 vector was con-

sidered as a negative control (NC). The transfections were

performed with Lipofectamine™ 2000 (Invitrogen,

Carlsbad, CA, USA). Transfected cells were used for further

assays after 24 h.

MTT Assay
CRC cell proliferation was evaluated by MTT Cell

Proliferation Assay Kit (Beyotime, Shanghai, China). In

brief, 2×103 cells/100μl/well were added to the wells of

96-well plates in triplicate. After transfection, 10 μl MTT

(5 mg/mL) was added into the wells at each point in time.

After the cells were cultured for 4 h at 37°C, 100 μl of

Formazan dissolved solution was added into the wells. A

microplate reader (Bio-Rad, Hercules, CA, USA) was used

to detect the optical density at 570 nm (OD570 nm). MTT

assay was repeated three times.

Cell Cycle Analysis
Cell Cycle Detection Kit (Keygentec, Nanjing, China) was

used to assess the cell cycle. Cells were collected after trans-

fection for 48 h and fixed in 70% ethanol at 25°C for 2 h. After

washed with PBS thrice, cells werestained with propidium

iodide (PI, 25 μg/mL) with 1 μg/mL RNase. After incubation

at 37°C for 0.5 h in the dark, the percentages of the cell

population in different phases were assessed using flow cyto-

metry (BD Biosciences, San Jose, CA, USA). Cell cycle

analysis was repeated three times.

Cell Apoptosis Assay
Cell apoptosis assay was carried our using the Annexin

V-FITC Apoptosis Detection Kit (Keygentec, Nanjing,

China). Briefly, after transfection for 48 h, cells were washed

with cold PBS thrice and re-suspended in 500 µl of binding

buffer. Next, 5 μl of Annexin V-FITC and 5 μl propidium
iodide were added to cells, and they were incubated for 15

min at 25°C in the dark. The percentages of the cell apoptosis

was assessed by flow cytometry (BD Biosciences). Cell

apoptosis assay was repeated three times.

Transwell Migration And Invasion Assay
BD 24-well Transwell chamber (BD Biosciences) was

used to assess the cell migration and invasion. In brief,

the top chamber of the wells were supplemented with

serum-free medium containing 1×105 cells/100 μl. Then,
a mixture of serum-free medium and Matrigel (BD

Biosciences) was added to the upper chamber for the

invasion assay and Matrigel-free for the migration assay.

The lower chamber was supplemented with 10% FBS

medium for the Transwell assay. This system was then

cultured at 37°C with 5% CO2 for 48 h. The cells present

in the Transwell membrane were stained with 0.5% crystal

violet for 15 min. The stained cells were counted using a

microscope (Olympus, Tokyo, Japan). Transwell assay

was repeated three times.

Western Blotting
RIPA lysis buffer with protease inhibitor (Beyotime,

Shanghai, China) was used to extract the total protein

samples from the cells. The denatured proteins (approxi-

mately 20 μg) were separated by SDS-PAGE and after

electrophoresis, were transferred onto polyvinylidene

fluoride membranes. Tris-buffered saline (TBS) with 5%

skim milk was used to block the membrane for 2 h. Next,

the membranes were incubated at 4°C with diluted primary
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antibodies overnight: anti-Cyclin E and anti-Cyclin D anti-

body (dilution 1:1000); anti-E-cadherin antibody (dilution

1:1000); anti-vimentin antibody (dilution 1:1000); anti-N-

cadherin (dilution 1:1500) and anti-GAPDH antibody

(dilution 1:2000). All the antibodies were purchased

from Kangchen (Shanghai, China). After incubation, the

membranes were washed with TBS containing Tween 20

(TBS-T) thrice, incubated with the HRP-labeled secondary

antibody (dilution 1:5000) for 2 h at 25°C and then washed

again with TBS-T thrice. Finally, the bands corresponding

to the proteins were quantified using enhanced chemilu-

minescence (Keygentec) and ChemiDoc™ XRS systems

(Bio-Rad).

Statistical Analysis
SPSS 19.0 statistical software (IBM Inc., Chicago, IL,

USA) was used to perform statistical analyses. The experi-

mental data were reported as means ± standard deviation

(SD). The comparison between the groups was performed

using student t-test or nonparametric t-test. P values less

than 0.05 were regarded as statistically significant.

Results
STARD13-AS Expression Was Decreased

In CRC
The results of the prediction using the bioinformatics tool

“GEPIA” showed that STARD13-AS expression was

remarkably downregulated in COAD and READ tissues

compared to that in the non-cancerous normal tissues

(Figure 1A). In addition, the qRT-PCR results showed that

STARD13-AS expression was markedly downregulated in

40 CRC tissues compared to their adjacent normal tissues

(Figure 1B and C). These results suggested that downregu-

lation of STARD13-AS is important for the development

of CRC.

STARD13-AS Expression Is Associated

With The Clinicopathologic

Characteristics Of CRC Patients
To study the clinical significance of STARD13-AS, the

relationship between STARD13-AS expression and clini-

copathologic characteristics of CRC patients were further

explored. The results revealed that while the expression of

STARD13-AS was not associated with age and gender, it

was significantly associated with distant metastasis, lym-

phatic metastasis, and tumor size in CRC patients

(Figure 2).

STARD13-AS Expression In CRC Cell

Lines
To investigate the biological function of STARD13-AS in

CRC, we first evaluated the relative expression of

STARD13-AS in different types of CRC cell lines and

normal human colon mucosal epithelial cell line

NCM460. The results showed that STARD13-AS expres-

sion was downregulated in all CRC cell lines compared to

NCM460 and STARD13-AS expression in SW620 and

LoVo cell lines was lowest (Figure 3). Therefore, SW620

and LoVo cell lines were selected for further functional

experiments.
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Figure 1 Comparison of the expression of STARD13-AS shows downregulation in CRC. (A) “GEPIA” analysis showing STARD13-AS expression in CRC tissues (T, red bar)
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The Effect Of STARD13-AS

Overexpression On Cell Proliferation,

Cell Cycle, And Apoptosis In CRC Cells
To overexpress STARD13-AS, LoVo and SW620 cells

were transfected with pcDNA3.1-STARD13-AS

(STARD13-AS) plasmids and pcDNA3.1-negative control

(NC) plasmids were transfected as the control. The qRT-

PCR results indicated that the STARD13-AS expression

was markedly increased both in LoVo and SW620 cells

compared to the control group cells (Figure 4A and B).

Next, we further analyzed the effect of STARD13-AS

overexpression on cell proliferation in LoVo and SW620

cells. MTT assay showed that STARD13-AS overexpres-

sion significantly suppressed cell proliferation compared to

the control group (Figure 4C and D). In addition, we found

that percentage of LoVo cells in G1 phase was obviously

increased in STARD13-AS overexpression group com-

pared to that in NC group, and percentage of SW620

cells in S phase was obviously increased in STARD13-

AS overexpression group compared to that in NC group S

(Figure 4E). Moreover, STARD13-AS overexpression

could increase the rate of apoptotic cells in LoVo and

SW620 cells (Figure 4F).

STARD13-AS Overexpression

Suppressed Cell Migration And Invasion

In CRC Cells
Transwell assays were performed to evaluate the effects of

STARD13-AS overexpression on cell migration and inva-

sion. We found that the migratory and invasion ability of

LoVo (Figure 5A) and SW620 cells (Figure 5B) was

inhibited by STARD13-AS overexpression when com-

pared with their control group cells, respectively.

The EffectOf STARD13-ASOverexpression

On Cell Cycle Regulator And EMT-Related

Marker Expression In CRC Cells
The Western blot results indicated that STARD13-AS over-

expression markedly inhibited the Cyclin E and Cyclin D

expression both in LoVo and SW620 cells compared to the

control cells (Figure 6A). Moreover, compared to the con-

trol group, STARD13-AS overexpression markedly upregu-
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Figure 2 The relationship between STARD13-AS expression and clinicopathological characteristics of CRC patients.
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lated E-cadherin expression, while downregulating vimentin

and N-cadherin expression (Figure 6B).

Discussion
There is significant evidence confirming that lncRNAs

play a key role in various human tumors including

CRC.16,17 Hence, it is crucial to identify the key cancer-

related lncRNAs and elucidate their functional mechan-

ism. However, the function of lncRNAs in CRC remains

largely unclear and need be further explored. Here, we

have demonstrated that STARD13-AS expression was

markedly decreased in CRC tissues and the low

STARD13-AS expression was significantly associated

with tumor size, lymphatic metastasis, and distant metas-

tasis in CRC patients. STARD13-AS overexpression sig-

nificantly suppressed cell proliferation, migration, and

invasion both in LoVo and SW620 cells via modulation

of cell cycle regulator and EMT-related marker expression.

Recently, many studies have reported that aberrant

expression or dysfunctional activities of lncRNAs play a

key role in the tumorigenesis and progression of CRC.18,19

For instance, lncRNABX357664 was markedly decreased in

CRC tissues and cells overexpressing BX357664 showed

suppressed proliferation and metastasis as well as enhanced

apoptosis.20 LncRNA CPS1-IT1 was markedly reduced in

CRC tissues and cell lines and this low CPS1-IT1 expression

was associated with poor survival of CRC patients.

Moreover, CPS1-IT1 overexpression inhibited CRC cell pro-

liferation, invasion and metastasis.21 However, the detailed

function and molecular mechanisms of STARD13-AS in

CRC remain to be elucidated. Here, we confirmed that

STARD13-AS expression was remarkably decreased in

human CRC tissues compared to that in the adjacent normal

tissues, Additionally, our data indicated that the low

STARD13-AS expression in CRC tissues was closely asso-

ciated with tumor size, lymphatic metastasis and distant

metastasis in CRC patients. This finding suggested that

STARD13-AS might be involved in the progression of

human CRC metastasis. Similar to the expression in CRC

tissues, STARD13-AS was also decreased in all CRC cell

lines compared to NCM460, a normal human colon mucosal

epithelial cell line. Then, STARD13-AS was overexpressed

in LoVo and SW620 cells and the effects on cell proliferation,

cycle, apoptosis, migration, and invasion were investigated.

The results showed that while the STARD13-AS overexpres-

sion markedly suppressed cell proliferation, migration, and

invasion as well as promoted apoptosis. These findings indi-

cated that STARD13-AS might act as a tumor suppressor

in CRC.

The cell cycle is considered as a key factor regulating

cell proliferation. Cyclin D and Cyclin E are the main

regulators of the cell cycle and aberrant expression of

these proteins is closely related to the tumor growth.22

Our data showed that STARD13-AS overexpression mark-

edly inhibited the expression levels of Cyclin D and

Cyclin E proteins in both LoVo and SW620 cells, which

is consistent with the proliferation inhibition mediated by

STARD13-AS overexpression. Therefore, the results of

this study strongly suggested that STARD13-AS overex-

pression suppresses CRC cell proliferation by affecting the

cell cycle. Tumor metastasis is a multi-step process and

EMT is considered to enhance the activity and invasive-

ness of cancer cells.23,24 The first step in the EMT process

is the inhibition of E-cadherin, thereby reducing cell

adhesion.25 Another important aspect of EMT is the upre-

gulated expression of non-epithelial cadherins, including

N-cadherin and vimentin.26 Our results showed that

STARD13-AS overexpression enhanced E-cadherin

expression and reduced vimentin and N-cadherin expres-

sion both in LoVo and SW620 cells, which causes suppres-

sion of metastasis. These data showed that STARD13-AS

might influence metastasis in CRC patients by affecting

the EMT processes.

Nevertheless, there are some limitations in our study.

First, although STARD13-AS overexpression could dras-

tically inhibit proliferation and metastasis of CRC cells in

vitro, the underlying mechanism needs to be explored. The
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Figure 3 The relative expression of STARD13-AS in the CRC cell lines and normal

human colon mucosal epithelial cell line NCM460 were measured using qRT-PCR.
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target gene of STARD13-AS should be identified to

further illuminate the underlying mechanism. STARD13-

AS is an antisense RNA of coding RNA STARD13, so we

predicted that the target gene of STARD13-AS may be

STARD13. Secondly, animal models need to be adopted to

verify the effect of STARD13-AS overexpression on CRC

development. We will perform further experiments to

remedy the above-mentioned gaps.

In summary, this study confirmed that STARD13-AS

expression was markedly decreased in CRC cell lines as

well as tissues and STARD13-AS overexpression sup-

presses CRC cell proliferation and metastasis. Hence,
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Figure 5 STARD13-AS overexpression suppressed LoVo and SW620 cell migration and invasion. (A) and (B) show the migration and invasion capacities of LoVo and

SW620 cells with or without STARD13-AS overexpression as using Transwell assays. (***p < 0.001).
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STARD13-AS might act as a potential target for CRC

treatment.

Abbreviations
lncRNAs, long non-coding RNAs; CRC, colorectal cancer;

COAD, colon adenocarcinoma; READ, rectum adenocar-

cinoma; NC, negative control.
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