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Abstract. – OBJECTIVE: To explore the ex-
pression and biological functions of linc00337 
in colorectal cancer (CRC), as well as its under-
lying mechanism.

PATIENTS AND METHODS: The relative ex-
pression of linc00337 in 47 cases of CRC tis-
sues and cells was detected via quantitative 
Reverse Transcription-Polymerase Chain Reac-
tion (qRT-PCR). The si-linc00337 interference 
sequences were designed and transiently trans-
fected into CRC cells. The interference efficien-
cy was detected via qRT-PCR. Regulatory effect 
of linc00337 on proliferation of CRC cells was 
detected via colony formation assay. Cell cy-
cle distribution and apoptosis rate after interfer-
ence in linc00337 expression were determined 
using flow cytometry. Moreover, the effects of 
linc00337 knockdown on cell migration and in-
vasion were detected using transwell assay. At 
last, the effect of si-linc00337 on the MEK/ERK 
signaling pathway was detected using Western 
blotting. 

RESULTS: The results of qRT-PCR showed 
that among the 47 cases of CRC tissues, the ex-
pression of linc00337 was up-regulated in 40 
cases. Similarly, it was highly expressed in CRC 
cell lines. The results of colony formation as-
say manifested that cell proliferation declined 
after interference in linc00337 expression. The 
results of flow cytometry and transwell assay 
showed that interference in linc00337 expres-
sion arrested the cell cycle in G1/G0 phase, in-
creased the apoptosis rate, and inhibited the in-
vasion and migration of CRC cells. According 
to the results of Western blotting, expressions 
of molecular markers in the MEK/ERK pathway 
after interference in linc00337 expression were 
significantly changed. 

CONCLUSIONS: Linc00337 is up-regulated in 
CRC tissues and cells. Interference in linc00337 
expression can inhibit cell proliferation, mi-
gration, and invasion and promote apoptosis 
through the MEK/ERK pathway.
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Introduction

Colorectal cancer (CRC) is one of the common 
tumors in the world. In China, CRC is a com-
mon lethal tumor, and its morbidity rate shows 
a constantly increasing trend1. Malignant pro-
liferation and metastasis of tumors are the most 
important cause of death in CRC patients2. In the 
past few decades, researchers have been commit-
ted exploring the molecular mechanism of the 
malignant phenotype of CRC, but its molecular 
mechanism remains unclear.

Long non-coding ribonucleic acids (lncRNAs) 
widely exist in the nucleus and cytoplasm. They 
are a kind of RNAs with more than 200 nucleo-
tides in length, which cannot encode proteins but 
can regulate gene expressions3-5. LncRNAs play 
an important role in transcriptional regulation, 
post-transcriptional regulation, and regulation, 
such as chromosome modification, X chromo-
some silencing, DNA methylation, interference in 
intranuclear transport, transcriptional activation 
or silencing6-8. During the occurrence and devel-
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opment of malignant tumors, many abnormally 
expressed lncRNAs can be identified. Svoboda 
et al9 reported that lncRNA HOTAIR is differen-
tially expressed in CRC tissues, which is closely 
related to the tumor stage, lymph node metas-
tasis, and prognosis. Alaiyan et al10 found that 
the expression of lncRNA CCAT1 is gradually 
up-regulated during the malignant progression of 
CRC, and its expression changes are also related 
to tumor metastasis. Therefore, it is speculated 
that the abnormally expressed lncRNAs may be 
related to the occurrence and development of ma-
lignant tumors.

It is reported that linc00337 is up-regulated in 
gastric cancer, and it inhibits p21 expression by 
recruiting EZH2, thereby promoting proliferation 
of gastric cancer11. However, the expression and 
function of linc00337 in CRC have not been re-
ported yet. In the present study, therefore, the rel-
ative expression of linc00337 in CRC was detect-
ed. It was found that the expression of linc00337 
was up-regulated. According to further in vitro 
experiments, interference in linc00337 could in-
hibit proliferation and metastasis, and promote 
apoptosis of CRC cells. This investigation pro-
vides molecular targets and research directions 
for the clinical treatment of CRC patients.

Patients and Methods

Cell Culture and Transfection
Human CRC HCT116, LOVO, HT-29, RKO, 

and SW480 cell lines and human normal colorec-
tal epithelial cell lines NCM460 were purchased 
from the Shanghai Institute of Biochemistry 
and Cell Biology, Chinese Academy of Scienc-
es (Shanghai, China). All cells were cultured in 
the Roswell Park Memorial Institute-1640 (RP-
MI-1640) medium or Dulbecco’s Modified Ea-
gle’s Medium high (DMEM-H; HyClone, South 
Logan, UT, USA) containing 10% fetal bovine 
serum (FBS; Gibco, Rockville, MD, USA), 100 
U/μL penicillin, and 100 μg/mL streptomycin 
according to the instructions in an incubator 
with 5% CO2 at 37°C under saturated humidity. 
Transfection was conducted using Lipofectamine 
2000. si-NC: CCUCAACUCCUGCUUCCAA, 
si-linc00337: CCAAUUGCAUAAUAUGGUU.

Tissue Specimens
The clinical specimens of 47 CRC patients 

treated in Jiangdu People’s Hospital Affiliated to 
Medical College of Yangzhou University from 

January 2016 to December 2017 were collected. 
The tumor and para-carcinoma tissue specimens 
were cryopreserved in liquid nitrogen. None of 
the patients underwent preoperative anti-tumor 
therapy, such as radiotherapy or chemothera-
py, and they were finally diagnosed via routine 
pathological examination. Specimens were ob-
tained upon the consent of patients. This research 
was approved by the Ethics Committee of Jiang-
du People’s Hospital Affiliated to the Medical 
College of Yangzhou University.

Quantitative Reverse 
Transcription-Polymerase 
Chain Reaction (qRT-PCR)

The total RNA was extracted from cells and 
tissues using TRIzol (Invitrogen, Carlsbad, CA, 
USA), and reversely transcribed into cDNA using 
PrimeScriptTM reverse transcription kit (TaKaRa, 
Dalian, China). Subsequently, qRT-PCR was con-
ducted according to the instructions of SYBR® Pre-
mix Ex TaqTM kit (TaKaRa, Dalian, China). QRT-
PCR and data acquisition were performed using 
the ABI PRISM 7900HT sequence detection sys-
tem (Applied Biosystems, Foster City, CA, USA), 
with glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) as an internal reference. Primers and 
interference sequences were as follows: Linc00337 
Forward: GTTTGACTTGTTCAGGCACA, Re-
verse: GTCCTCCAAAGACGAGAACAG. GAP-
DH Forward: ACGGATTTGGTCGTATTGGGC, 
Reverse: TTGACGGTGCCATGGAATTTG. 

Colony Formation Assay
The cells in experimental group and control 

group were inoculated into a 6-well plate (1000 
cells/well) and cultured for about 15 d until visi-
ble colonies formed. After the cells were washed 
with phosphate-buffered saline (PBS) several 
times, they were fixed with 40 g/L paraformalde-
hyde for 30 min, stained with 10 g/L crystal violet 
dye for 10 min, dried and photographed. Three 
replicates were set in each group.

Cell Cycle Progression
The cells in experimental group and control 

group were collected, fixed with 700 mL/L cold 
ethanol at 4°C overnight, and stained with propid-
ium iodide (PI; 0.05 mg/mL) and RNase (2 mg/
mL) at room temperature for 30 min, followed by 
detection of cell cycle via flow cytometry. The 
percentage of cell distribution in G0/G1, S, and 
G2/M phase was evaluated using the Cell Lab 
Quanta SC software.
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Apoptosis
After transfection, the cells in experimental 

group and control group were cultured for 48 
h, and 1×105 cells were taken and centrifuged 
at 1000 rpm for 5 min. The supernatant was 
discarded, and the cells were resuspended with 
500 μL of binding buffer. Then, 5 μL of Annexin 
V-FITC (fluorescein isothiocyanate) was added 
and mixed evenly, and 5 μL of propidium iodide 
was also added and mixed evenly, followed by in-
cubation at room temperature for 15 min in a dark 
place. Finally, the apoptosis was detected using 
the flow cytometer (BD FACSCalibur, Detroit, 
MI, USA), and the apoptosis rate was calculated.

Transwell Assay
The cells were routinely cultured until the log-

arithmic growth phase and digested with trypsin. 
The cell suspension was rinsed, and added into 
the upper transwell chamber (5×104/well) with 
200 μL of serum-free basal medium. 700 μL of 
medium with 10% FBS was added into the bot-
tom chamber as chemical inducer. After routine 
culture in the incubator for 48 h, the cells on the 

upper surface of the filter membrane were wiped 
off, fixed with 4% formaldehyde solution, and 
stained with crystal violet dye.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 19.0 software (SPSS Inc., IBM, Armonk, 
NY, USA) was used for statistical analysis. Mea-
surement data were expressed as (x– ± s), and 
enumeration data were expressed as percentage 
(%). Measurement data were compared using the 
Student’s t-test. p<0.05 suggested the statistically 
significant difference.

Results 

Linc00337 Expression Was Up-Regulated
First, qRT-PCR was performed to detect the 

relative expression of linc00337 in CRC tissues. 
The results showed that linc00337 expression 
was up-regulated in 40 cases compared with pa-
ra-carcinoma tissues (Figure 1A and 1B). Then, 
the relative expression of linc00337 in CRC cells 

Figure 1. Linc00337 is up-regulated in CRC tissues and cells. A, Relative expression of linc00337 in 47 cases of CRC tissues 
and para-carcinoma tissues is detected via qRT-PCR. The results show that the linc00337 expression is up-regulated in 40 
cases of CRC tissues compared with para-carcinoma tissues, with GAPDH as an internal reference. B, Linc00337 is up-regu-
lated in CRC tissues. C, Relative expression of linc00337 in CRC cells is detected via qRT-PCR, and it is also up-regulated. D, 
Interference efficiency of si-linc00337 detected via qRT-PCR.



Z.-G. Wang, Y.-G. Yang, G.-S. Fu, D.-H. Lu, S.-Y. Tian, W. Wei

5356

was detected using qRT-PCR. The results showed 
that linc00337 expression was also up-regulated 
(Figure 1C). To study the biological functions 
of linc00337, specific interference sequences of 
si-linc00337 were designed and transiently trans-
fected into cells. After 48 h, the transfection effi-
ciency was determined (Figure 1D).

Effects of linc00337 on CRC Cell 
Proliferation and Cycle

The effect of linc00337 on the proliferation 
of CRC cells was determined using colony for-
mation assay. It was found that cell proliferation 
declined after interference in linc00337 expres-
sion (Figure 2A and 2B). Then, the effect of 
linc00337 expression on cell cycle distribution 

was studied via flow cytometry, and it was found 
that the cell cycle progression was arrested 
in G1/G0 phase after knockdown of linc00337 
(Figure 2C and 2D).

Linc00337 Regulated MEK/ERK Pathway
The results of flow cytometry showed that 

the apoptosis rate increased after interference 
in linc00337 expression (Figure 3A and 3B). 
To explore the effect of linc00337 on CRC cell 
migration, the changes in cell migration were 
detected using transwell assay. It was found 
that after interference in linc00337 expression, 
the cell migration declined (Figure 3C and 3D). 
Then, the potential molecular mechanism of 
biological functions of linc00337 was explored. 

Figure 2. Effects of linc00337 on CRC cell proliferation and cell cycle. A, B, Results of colony formation assay reveal that 
cell proliferation declines after interference in linc00337 expression (40×). C, D, Results of flow cytometry reveal that the cell 
cycle is arrested in G1/G0 phase after interference in linc00337 expression. 



Linc00337 inhibits the development of colorectal cancer

5357

The results of Western blotting manifested that 
there were changes in the expressions of molec-
ular markers in the MEK/ERK pathway after 
interference in linc00337 expression (Figure 
3E and 3F).

Discussion 

Great progress has been made in the research 
on the incidence and development of CRC in 
the past few decades. Conventional treatments 

Figure 3. Linc00337 regulates the MEK/ERK signaling pathway. A, B, Results of flow cytometry manifest that interference 
in linc00337 expression increases the apoptosis rate. C, D, Results of Transwell assay manifest that both cell migration and 
invasion decline in si-linc00337 group compared with control group (40×). E, F, Results of Western blotting manifest that there 
are changes in the expressions of molecular markers in the MEK/ERK pathway after interference in linc00337 expression. 
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for CRC include surgery, chemotherapy, and 
molecular targeted therapy. However, effective 
and sensitive screening methods for CRC are 
lacking and difficult to be applied. Therefore, 
many CRC patients are diagnosed as CRC ac-
companied lymph node metastasis or distant 
metastasis, seriously affecting the prognosis12,13. 
In addition, CRC is characterized by a high de-
gree of heterogeneity. Therapeutic regimens are 
different for patients in different stages of tumor 
progression, and the prevalence of drug resis-
tance in molecular targeted therapy is high14,15. 
Therefore, it is of great significance for improv-
ing the prognosis of patients to further clarify 
the molecular mechanism of the incidence and 
development of CRC, and search for early diag-
nostic indexes and therapeutic targets. Individ-
ualized treatment is encouraged in the future 
according to different gene expression profiles 
and pathological features of patients.

LncRNAs are discovered non-coding RNAs 
in recent years, attracting extensive attention 
due to their diverse functions. LncRNAs can 
affect the biological behaviors of tumors by reg-
ulating genes and miRNA expressions, and also 
participate in chromosomal remodeling, tran-
scriptional regulation, and RNA degradation16. 
In addition, due to tissue specificity, lncRNAs 
are significantly more sensitive in disease di-
agnosis than DNAs, protein-encoding RNAs, 
and protein markers17. The roles of lncRNA 
H19, MALAT1, and CCAT1 have been widely 
recognized in the incidence and development of 
CRC18. Therefore, further exploring the function 
of lncRNAs in CRC not only has important sig-
nificance for revealing the mechanism of CRC 
occurrence and development, but also may pro-
vide evidence for searching for new diagnostic 
indexes and therapeutic targets for CRC.

There have been no reports about the expres-
sion and function of linc00337 in CRC. In this 
study, it was found for the first time that linc00337 
was up-regulated in CRC tissues and cells, serv-
ing a potential oncogenic role. The abnormal 
activation of the MEK/ERK pathway can lead 
to inhibited cell apoptosis and differentiation, 
malignant transformation, abnormal proliferation 
and tumorigenesis, and further facilitate the tu-
mor cell proliferation19,20. Moreover, lncRNAs, as 
important regulators, promote the incidence and 
development of tumors through the MEK/ERK 
signaling pathway21. In this study, it was shown 
through in vitro experiments that there were 
changes in the expressions of molecular markers 

in the MEK/ERK pathway after interference in 
linc00337 expression. 

Conclusions

To sum up, linc00337 is upregulated in CRC, 
which promotes proliferation, invasion, and me-
tastasis and inhibits apoptosis of CRC cells by 
regulating the MEK/ERK pathway. Our findings 
provide a theoretical basis for reversing the ma-
lignant phenotype of CRC.
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