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Abstract. – OBJECTIVE: The aim of this 
study was to explore whether LINC00657 can 
regulate cell proliferation and invasion by reg-
ulating the PI3K/AKT pathway and thus partici-
pate in the occurrence of colon cancer.

PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR) 
was applied to detect the expression levels of 
LINC00657 and E-cad in colon cancer tissues 
and corresponding adjacent tissues obtained 
from 80 patients, and the correlation was ana-
lyzed between LINC00657 expression and clin-
ical information of patients such as prognosis, 
tumor size, tumor stage, and distant metasta-
sis. The expression of LINC00657 and E-cad in 
colon cancer cell lines was also examined, and 
the effect of LINC00657 on tumor cell prolifera-
tion was evaluated by cell counting kit-8 (CCK-8) 
assay and colony formation experiments. Mean-
while, transwell assay was performed to evalu-
ate the influence of LINC00657 and CAPN7 on 
cell invasive ability. In addition, the effect of 
LINC00657 on CAPN7 and PI3K/AKT pathway 
was detected by Western blot assay. 

RESULTS: The expression levels of LINC00657 
and E-cad in tumor tissues decreased remark-
ably, especially in patients who occurred distant 
metastasis. Compared with patients with high-
ly-expressed LINC00657, the patients with low-
er level of LINC00657 had a worse prognosis and 
an advanced tumor size and TNM stage. Similar-
ly, LINC00657 and E-cad also showed a decrease 
in colon cancer cell lines. After overexpression 
of LINC00657, cell viability and invasive ability 
decreased remarkably while cell apoptosis rate 
increased significantly. In addition, high expres-
sion of LINC00657 in an in vitro model signifi-
cantly promoted CAPN7 expression and inhibit-
ed activation of PI3K/AKT pathway.

CONCLUSIONS: LINC00657 had a low expres-
sion in colon cancer tissues, which could accel-
erate cell proliferation and invasion by activat-
ing PI3K/AKT pathway and inhibiting CAPN7 ex-
pression.

Key Words:
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AKT pathway.

Introduction

Colorectal cancer is one of the most common 
malignant tumors of the digestive system. In the 
past two decades, the incidence of colorectal 
cancer in the world has been on the rise, and its 
incidence rate has been ranked third in the ove-
rall malignant tumor and fourth in the cause of 
malignant tumor death1. With the improvement of 
living standards and the increase of meat intake, 
the incidence of colorectal cancer in China has 
increased year by year2. Most patients with colo-
rectal cancer are non-hereditary sporadic cases, 
who are mainly affected by environment, diet, 
living habits, and chronic inflammation. The pa-
thological progression is usually from adenoma 
to atypical hyperplasia, then to adenocarcinoma, 
and finally to metastatic adenocarcinoma3,4. In 
this process, the expression levels of a series of 
genes including APC, KRAS, and TP53 have 
been successively changed, eventually leading to 
somatic mutations which then induce the occur-
rence of tumors5. With the deepening of research 
on colorectal cancer, the researchers found that 
some epigenetic-related genes are also involved 
in the occurrence and evolution of colorectal 
cancer.

In the past, long-chain non-coding RNA had 
been regarded as a by-product in the process of 
gene transcription, which thus did not receive 
much attention. With the increasing application 
of various advanced experimental techniques su-
ch as gene chips, more and more lncRNAs have 
been discovered, and research on their functions 
and mechanisms of action has been gradually 
deepened.

LncRNA is a class of non-coding RNAs with 
a transcription length greater than 200 nucleo-
tides6. Different lncRNAs often have different 
mechanisms of action, including splicing regu-
lation, chromosomal remodeling, regulation of 
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protein activity or protein localization, mRNA 
degradation, and so on7-9. Studies have demon-
strated that a large number of lncRNAs may 
show an abnormal expression in tumor tissues. 
With the deepening of research, some specific 
lncRNA may become a new breakthrough in 
cancer prevention and treatment. For exam-
ple, with high tissue specificity and sensitivity, 
CCAT1 expression in colorectal cancer tissues 
is 200 times higher than that in normal intesti-
nal mucosa tissues10. Further researches have 
showed that CCAT1 is associated with tumor 
grade and TNM stage, suggesting it may serve 
as an independent biological indicator for the 
prediction of patient’s prognosis11.

The current work indicates that the correlation 
between lncRNA and colorectal tumor is mainly 
reflected in following several aspects. Firstly, 
lncRNA can be used as a molecular marker for 
early diagnosis and prognosis assessment of co-
lorectal cancer; secondly, lncRNA is expected to 
become a new targeted drug; and thirdly, lncRNA 
can improve the chemoresistance12. In this study, 
we first explored the role of LINC00657 in colon 
cancer and elucidated its mechanisms regulating 
cell proliferation and migration.

Patients and Methods

Sample Collection
A total of 80 specimens were obtained from 

patients with colon cancer in Shaanxi Provincial 
People’s Hospital from November 2015 to Sep-
tember 2018. Each specimen was taken from tu-
mor tissues and the corresponding normal tissues 
located in the upper or lower tumor margin. All 
collected specimens were confirmed by patholo-
gical diagnosis. Fresh specimens were quickly 
placed in liquid nitrogen after being isolated. All 
the patients had never received any chemothe-
rapy, radiotherapy or other treatments before the 
surgery. Also, the patient’s clinical data were 
collected such as age, gender, depth of tumor 
invasion, and with or without regional lymph no-
de metastasis. This study has been approved by 
the Ethics Committee of the Shaanxi Provincial 
People’s Hospital. The written informed consent 
for this study was obtained from all participants.

Cell Culture
Human colon cancer cell lines including 

HCT116, Caco2, Caco205, SW620, SW480 
and normal intestinal mucosal epithelial cells 

NCM460 were purchased from the Shanghai 
Cell Bank of the Chinese Academy of Scien-
ces (Shanghai, China). The culture medium was 
Dulbecco’s Modified Eagle Medium (DMEM) 
containing 10% fetal bovine serum (FBS) and 1% 
penicillin-streptomycin (HyClone, South Logan, 
UT, USA).

Cell Transfection
Transient transfection was performed using 

Lipofectamine 3000 reagent (Invitrogen, Car-
lsbad, CA, USA). Cells were seeded one day 
before transfection, and the number was adju-
sted to 1.0-2.0 × 105/well. After cells were 
adherently grown to 70% of confluency, 900 μL 
of serum-free medium was added in each well. 
1.5 μL/well of Lip3000 and LINC00657/CAPN7 
overexpression plasmid or 2.5 μg/well of empty 
control plasmid were respectively diluted in 50 
μL/well of serum-free OPTI-MEM medium and 
gently mixed and incubated for 5 min at room 
temperature. Afterward, the mixture was added 
to the cells for 4-6 hours of incubation; then, the 
serum-free medium was replaced with complete 
medium. After transfection for 36-48 hours, the 
cells were collected for the subsequent experi-
ment.

Cloning Formation Experiment
The cells in logarithmic growth phase were 

seeded into a six-well plate with 3000 cells per 
well and cultured at 37°C incubator with 5% CO2 
for 10-14 days until macroscopic clones appeared. 
After the cells were fixed with methanol for 30 
min, the fixative was removed and PBS was used 
to wash cells twice. Then, Giemsa dye solution 
was used to stain the cells for more than 30 min, 
and then dried in air. The number of clones visi-
ble to the naked eye was counted using a transpa-
rent film with a grid, and the colony formation 
rate = (number of clones / number of cells seeded) 
× 100%.

Transwell Experiment
Cold serum-free DMEM medium was used 

to dilute Matrigel gel at a ratio of 1:5. 50 μL 
of glue was evenly spread on the bottom of the 
chamber. Cells were resuspended and diluted 
to a cell density of 5×105/ml, and 100 μL of 
cell suspension was added to each chamber. 
After 24-72 h, the cells were washed twice with 
phosphate-buffered saline (PBS), and the upper 
Matrigel and unmigrated cells were wiped off. 
The migrated cells were immobilized for 30 min 
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with methanol, and the Giemsa stain was used to 
stain them for 30 min in the dark. Subsequently, 
the chamber was placed on a glass slide and 
randomly photographed under a 20× microsco-
pe in 5 fields of view. Finally, cell counting and 
statistical analysis of cell invasive ability were 
performed.

Apoptosis
After transfection for 48 hours, the cells were 

digested with the appropriate amount of trypsin, 
and the suspension cells were gently pipetted 
and counted. 50,000-100,000 cells were col-
lected for centrifugation, and after discarding 
the supernatant, the cells were gently resu-
spended with 195 μL Annexin V-FITC binding 
solution. 5 μL of Annexin V-FITC was added to 
incubate the cells for 15 min at 4°C in the dark, 
and 5 μL of propidium iodide staining solution 
was subsequently used to incubate for 5 min. At 
the same time, a tube without Annexin V-FITC 
and Propidium Iodide (PI) was used as a negati-
ve control. Flow cytometry was then performed 
immediately.

Total RNA Extraction and Quantitative 
Polymerase Chain Reaction (qPCR) Assay

The total RNA of the tissue samples or 
cells was extracted using TRIzol Reagent 
(Invitrogen, Carlsbad, CA, USA) and dis-
solved in RNase-free water, which was then 
reverse transcribed to obtain complementary 
Deoxyribose Nucleic Acid (cDNA). Real-Time 
quantitative PCR amplification was perfor-
med according to the SYBR® Premix Ex Taq 
TMII (Perfect Real Time) kit instructions (Ta-
KaRa, Otsu, Shiga, Japan), and the previously 
obtained cDNA was quantitatively detected. 
The PCR amplification conditions were: 
pre-denaturation at 94°C for 5 min, followed 
by 40 cycles at 94°C for 30 s, 55°C for 30 s, 
and 72°C for 90 s. The primers used were as 
follows: LINC00657 F: GATGATGAATGCGA-
GTCAGATGC R: ACAGCAGTGTCTTGTTGT-
TGT; E-cad F: TTACACCTTTGCATACAGA-
ACCC R: TTTACGATTACACCCAGACTGC; 
ZEB1 F: CAGCTTGATACCTGTGAATGGG 
R: TATCTGTGGTCGTGTGGGACT; N-cad F: 
TGGACTTAGAGCGTGCTCATT R: CCTGTC-
GAGCCAACTGTTTCA; ZO-1 F: TGGCTCGA-
CAGGCACTAGA R: AGGTGGCTTTGGCT-
TAACACT; CAPN7 F: ATGGGGCAAGCTAC-
CATTATCA R: TCATTGTAGGATTGTTG-
GTGAGG; Bax F: CCCGAGAGGTCTTTTTC-

CGAG R: CCAGCCCATGATGGTTCTGAT; 
Bcl-2 F: GAAGCGTCCCACGGAACTG R: GT-
GCAGGAGGGTGTCGTTG.

Plasmid Construction
The construction of LINC00657/CAPN7 ove-

rexpression plasmid was completed by Shanghai 
Heyuan Biotechnology Co., Ltd (Shanghai, Chi-
na). using adenoviral vector-pAdeno-mCMV-E-
GFP-3FLAG. Overexpression lentivirus and 
control lentivirus (pLenti-EF1α-EGFP-F2A-Pur-
o-CMV-MCS) were purchased from the same 
company.

Western Blotting Assay
The protein samples were taken out and placed 

on ice. After thawed, they were boiled for 5 min, 
immediately placed on ice, and then centrifuged 
at 15 000 r/min at 4°C for 3 min. Afterward, 
30 μg of protein sample was subjected to 10% 
SDS-PAGE (sodium dodecyl sulphate-polya-
crylamide gel electrophoresis), and transferred 
to a PVDF (polyvinylidene difluoride) membrane 
(Millipore, Billerica, MA, USA) by a conventio-
nal method, which was incubated with different 
primary antibodies at 4°C overnight. In the next 
day, the second antibody was used to incubate the 
membrane, which was then exposed using enhan-
ced chemiluminescence (ECL; Thermo Fisher 
Scientific, Waltham, MA, USA).

Cell Counting Kit-8 (CCK-8) Assay
The cells were digested and collected 24 h 

after transfection, and seeded into 96-well plates 
at 2*103/well, with 6 replicate wells set in each 
group. After the cells were attached to the wall 
in the next day, cell viability was measured by 
the CCK-8 method (Dojindo, Kumamoto, Japan). 
2 h before the test, 10 μL of CCK-8 solution was 
added to each well and incubated at 37°C for 2 
h. The absorbance of each well at 450 nm was 
measured by a microplate reader.

Statistical Analysis
The statistical analysis software Statistical 

Product and Service Solutions (SPSS) 20 softwa-
re (IBM, Armonk, NY, USA) was used to analyze 
the correlation of the data. Measurement data of 
each group were expressed by means ± SEM, 
and the mean difference between two groups was 
analyzed by t-test. The chi-square test was used 
for the analysis of classification data. p < 0.05 was 
considered statistically significant.
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Results

LINC00657 Was Lowly Expressed in 
Colon Cancer Tissues

PCR was performed to detect the level of 
LINC00657 in colorectal carcinoma. The results 
showed that LINC00657 in colon cancer tissues 
was significantly lower than that in adjacent tis-
sues (Figure 1A). Patients were divided into me-
tastatic and non-metastatic groups based on tu-
mor metastasis, and the level of LINC00657 was 
found markedly decreased in metastatic patients’ 
tumor tissues (Figure 1B). Correlation analysis 
between LINC00657 expression and clinical in-
formation such as patient’s age and gender reve-
aled that low expression of LINC00657 was re-
markably associated with tumor size, TNM stage, 
and distant metastasis, and that patients with low 
expression of LINC00657 had a worse prognosis 
than patients with high expression (Table I, Figu-
re 1C), suggesting that abnormal expression of 
LINC00657 may be involved in the progression 
of colorectal carcinoma. To investigate the effect 
of LINC00657 on tumor metastasis, we examined 

the expression of E-cad in tumor tissues, which 
showed a decrease compared with normal tissues, 
especially in patients with distant metastases (Fi-
gure 1D, 1E).

High Expression of LINC00657 
Could Inhibit Cell Invasion

Further, we found the expression of LINC00657 
was also underexpressed in several colon can-
cer cell lines, with SW620 expression being the 
lowest, so it was selected as a subsequent cell 
model (Figure 2A). Meanwhile, E-cad was al-
so found decreased in tumor cell lines (Figure 
2B). By plasmid transfection, we overexpres-
sed LINC00657 in vitro (Figure 2C) and found 
that highly expressed LINC00657 significantly 
up-regulated the RNA and protein level of E-cad 
(Figure 2D, 2E). Expression of other EMT-related 
genes showed that ZEB1 and N-cad decreased 
when LINC00657 was highly expressed, while 
ZO-1 was significantly enhanced (Figure 2F). 
Transwell experiments revealed that overexpres-
sion of LINC00657 could markedly weaken cell 
invasive ability (Figure 2G).

Figure 1. LINC00657 has a low expression in tumor tissues. A, LINC00657 is lowly expressed in colon cancer tissues. B, 
LINC00657 is lower in patients with distant metastasis than in patients without metastasis. C, Prognosis of patients with lowly 
expressed LINC00657 is poorer than those with highly expressed one. D, E-cad is lowly expressed in colon cancer tissues. E, 
E-cad is lower in patients with distant metastasis than in patients without metastasis. 
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Table I. Relation of LncRNA LINC00657 expression and clinicopathologic features in patients with colon cancer.

			                         LncRNA LINC00657 expression
		  Number			 
	Clinicopathologic features	 of cases	 Low (n = 40)	 High (n = 40)	 p-value 

Age (years)		  40	 40	 0.1165
    ≤ 55	 37	 22	 15	
    > 55	 43	 18	 25	
Gender				    0.3556
    Male	 50	 27	 23	
    Female	 30	 13	 17	
Tumor size (cm)				    0.0033*
    ≥ 5	 45	 29	 16	
    < 5	 35	 11	 24	
TNM stages				    0.0062*
    N0-2	 38	 18	 30	
    N3-N4	 32	 22	 10	
Metastasis				    0.0285*
    Yes	 37	 25	 12	
    No	 43	 15	 28	

Figure 2. High expression of LINC00657 can inhibit cell invasion. A, LINC00657 is lowly expressed in colon cancer cells. 
B, E-cad is lowly expressed in colon cancer cells. C, Expression of LINC00657 is enhanced in SW620 after transfection of 
overexpression plasmid. D, High expression of LINC00657 promotes mRNA expression of E-cad. E, High expression of 
LINC00657 promotes E-cad protein expression. F, High expression of LINC00657 inhibits the expression of ZEB1 and N-cad 
but promotes ZO-1 expression. G, High expression of LINC00657 inhibits cell invasion.
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High Expression of LINC00657 Was 
Able to Reduce Cell Proliferation Rate

The results of the CCK-8 assay revealed that 
the proliferation rate of colon cancer cells was 
significantly reduced after overexpression of 
LINC00657 (Figure 3A). At the same time, 
the clone formation experiments demonstra-
ted LINC00657 was capable of inhibiting cell 
proliferative ability (Figure 3B). However, cell 
apoptosis showed a significant increase after 
high expression of LINC00657 (Figure 3C). In 
addition, the level of Bax-2, an apoptosis-indu-
cing protein, was strikingly decreased (Figure 
3D, 3E).

LINC00657 Could Regulate 
CAPN7 Expression

To explore the regulatory mechanism of 
LINC00657, we predicted its potential target 
gene through bioinformatics and CAPN7 was 
found. A significant increase in CAPN7 level 
occurred after up-regulation of LINC00657 (Fi-
gure 4A, 4B). Additionally, overexpression of 
CAPN7 could inhibit cell clonality, suggesting 
that LINC00657 may function through CAPN7 
(Figure 4C). PI3K/AKT pathway might play a 
vital role in cell proliferation, and the Western 
blotting results showed that overexpression of 
LINC00657 could remarkably deactivate the 
PI3K/AKT pathway (Figure 4D).

Discussion

The concealed symptoms of colon cancer in 
the early stage create an undesirable situation that 
most patients have been in the middle or advan-
ced stage when diagnosed. Comprehensive use of 
surgery, chemotherapy, radiotherapy still cannot 
enhance the five-year survival rate of colorectal 
carcinoma due to high recurrence, and distant 
metastasis; so in-depth studying the pathogenesis 
of colon cancer, looking for markers of early dia-
gnosis as well as prognosis evaluation and new 
targets for treatment are particularly crucial13,14.

At present, researches on colorectal cancer-re-
lated lncRNAs have found that the change of 
lncRNA expression is correlated with the occur-
rence of colorectal cancer, and some lncRNAs are 
involved in the progression and development of 
tumors. For example, MEG3 can regulate tumor 
cell proliferation and be associated with TNM sta-
ging of patients with colorectal cancer. The lower 
the degree of differentiation, the deeper the depth 
of invasion and the lower expression of MEG3 in 
colorectal cancer tissues; therefore, MEG3 can be 
seen as a tumor suppressor gene involved in the 
occurrence and development of tumors. Studies 
have proved that MEG3 can enhance p53 protein 
level through inhibiting expression of MDM2, 
which promotes the binding of p53 and GDF15 
and induces GDF15 expression, thereby redu-

Figure 3. High expression of LINC00657 can inhibit cell proliferation. A, High expression of LINC00657 inhibits cell 
proliferation. B, High expression of LINC00657 inhibits cell colony formation. C, Increased cell apoptosis occurs after 
upregulation of LINC00657. D-E, High expression of LINC00657 promotes Bax expression and inhibits Bcl-2 expression.
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cing cell proliferation rate15. LncRNA-LET has a 
low expression in colorectal cancer tissues, and 
hypoxia-induced histone deacetylase can inhibit 
lncRNA-LET expression by inhibiting the regu-
lation process of histone acetylation mediated 
by lncRNA-LET promoter region16. LncRNA is 
also associated with invasion and metastasis of 
colorectal cancer. The expression of lncRNA in 
colorectal adenocarcinoma tissues and metastatic 
lymph nodes was analyzed by gene expression 
profiling, and it was found that the expression 
of ENST00043047 was remarkably up-regulated 
in metastatic lesions17. HULC has been known 
to have a high expression in liver cancer tissue; 
however, it was also found to express highly in 
liver-metastatic lesions of colorectal cancer com-
pared with primary colorectal cancer lesion and 
normal intestinal mucosa18.

Calpains (CAPN), first discovered by Guroff19, 
are a class of calcium-dependent cysteine ​​pro-
teases in cells. Members of this family include 
more than 10 subtypes, which can be divided 
into typical and atypical types according to their 
structure. It is currently considered to be a family 
of Ca2+-dependent hydrolyzed proteases that are 

widely distributed in most cells of microorga-
nisms and humans20. Typical calpains include 
calpain1 and calpain2, both of which were the 
first calpains to be discovered and named for 
calcium ion concentration required for their en-
zymatic activity. Reports21-23 have illustrated that 
calpains can affect the function of substrate pro-
teins through proteolysis, and participate in the 
regulation of cell proliferation, apoptosis, diffe-
rentiation, migration, and erosion. CAPN 7 is an 
atypical member of the calpains family and lacks 
the EF-chiral calcium-binding domain23, rende-
ring its proteolytic activity independent of cal-
cium. Studies24-27 have demonstrated that changes 
in the activity or abnormal expression of calpains 
family members are involved in the progression 
of many diseases. However, studies on CAPN 7 
are rarely reported.

In this investigation, LINC00657 was found 
remarkably underexpressed in colon cancer tis-
sues, and the survival rate of patients with low 
expression of LINC00657 was strikingly lower 
than those with highly expressed LINC00657. 
In an in vitro cell model, cell proliferation ra-
te was found reduced after overexpression of 

Figure 4. High expression of LINC00657 inhibits PI3K/AKT pathway. A-B, High expression of LINC00657 promotes 
CAPN7 expression. C, High expression of CAPN7 inhibits cell colony formation. D, High expression of LINC00657 inhibits 
the activation of PI3K/AKT pathway.
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LINC00657, while the level of apoptosis was 
enhanced. Further researches on the mechani-
sms indicated that LINC00657 could promo-
te the expression of CAPN7 and thus inhibit 
cell invasion. Additionally, the highly expressed 
LINC00657 was able to inhibit the PI3K/AKT 
pathway remarkably.

Conclusions

We showed that LINC00657 had a low expres-
sion in patients with colon cancer, and the unde-
rexpressed LINC00657 can enhance cell proli-
ferative and invasive ability, the mechanism of 
which may be related to the inhibition of CAPN7 
and activation of PI3K/AKT pathway.

Acknowledgements
This study was supported by Scientific and Technological
Breakthrough Project for Social Development of Shaanxi
Province (NO: 2016SF-265).

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Brenner H, Kloor M, Pox CP. Colorectal cancer. 
Lancet 2014; 383: 1490-1502.

  2)	 Zhu J, Tan Z, Hollis-Hansen K, Zhang Y, Yu C, Li 
Y. Epidemiological trends in colorectal cancer in 
China: an ecological study. Dig Dis Sci 2017; 62: 
235-243.

  3)	 Kahng LS. Genetic aspects of non-polypoid col-
orectal neoplasms. Gastrointest Endosc Clin N 
Am 2010; 20: 573-578.

  4)	 Gellad ZF, Provenzale D. Colorectal cancer: na-
tional and international perspective on the burden 
of disease and public health impact. Gastroenter-
ology 2010; 138: 2177-2190.

  5)	 Schell MJ, Yang M, Teer JK, Lo FY, Madan A, Cop-
pola D, Monteiro AN, Nebozhyn MV, Yue B, Loboda 
A, Bien-Willner GA, Greenawalt DM, Yeatman TJ. A 
multigene mutation classification of 468 colorec-
tal cancers reveals a prognostic role for APC. Nat 
Commun 2016; 7: 11743.

  6)	 Jiang C, Li X, Zhao H, Liu H. Long non-coding RNAs: 
potential new biomarkers for predicting tumor inva-
sion and metastasis. Mol Cancer 2016; 15: 62.

  7)	 Yang X, Duan B, Zhou X. Long non-coding RNA 
FOXD2-AS1 functions as a tumor promoter in 
colorectal cancer by regulating EMT and Notch 
signaling pathway. Eur Rev Med Pharmacol Sci 
2017; 21: 3586-3591.

  8)	 Han D, Wang M, Ma N, Xu Y, Jiang Y, Gao X. Long 
noncoding RNAs: novel players in colorectal can-
cer. Cancer Lett 2015; 361: 13-21.

  9)	 Quinn JJ, Chang HY. Unique features of long 
non-coding RNA biogenesis and function. Nat 
Rev Genet 2016; 17: 47-62.

10)	 Nissan A, Stojadinovic A, Mitrani-Rosenbaum S, Halle 
D, Grinbaum R, Roistacher M, Bochem A, Dayanc BE, 
Ritter G, Gomceli I, Bostanci EB, Akoglu M, Chen YT, 
Old LJ, Gure AO. Colon cancer associated tran-
script-1: a novel RNA expressed in malignant and 
pre-malignant human tissues. Int J Cancer 2012; 
130: 1598-1606.

11)	 McCleland ML, Mesh K, Lorenzana E, Chopra 
VS, Segal E, Watanabe C, Haley B, Mayba O, Yay-
laoglu M, Gnad F, Firestein R. CCAT1 is an en-
hancer-templated RNA that predicts BET sen-
sitivity in colorectal cancer. J Clin Invest 2016; 
126: 639-652.

12)	 Xu MD, Qi P, Du X. Long non-coding RNAs in col-
orectal cancer: implications for pathogenesis and 
clinical application. Mod Pathol 2014; 27: 1310-
1320.

13)	 Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester 
R, Barzi A, Jemal A. Colorectal cancer statistics, 
2017. CA Cancer J Clin 2017; 67: 177-193.

14)	 Montagnani F, DI Leonardo G, Pino MS, Martel-
la F, Perboni S, Ribecco A, Fioretto L. Progres-
sion-free survival as a surrogate end-point in ad-
vanced colorectal cancer treated with antiangio-
genic therapies. Anticancer Res 2016; 36: 4259-
4265.

15)	 Benetatos L, Vartholomatos G, Hatzimichael E. MEG3 
imprinted gene contribution in tumorigenesis. Int 
J Cancer 2011; 129: 773-779.

16)	 Yang F, Huo XS, Yuan SX, Zhang L, Zhou WP, Wang 
F, Sun SH. Repression of the long noncoding 
RNA-LET by histone deacetylase 3 contributes to 
hypoxia-mediated metastasis. Mol Cell 2013; 49: 
1083-1096.

17)	 Yang P, Xu ZP, Chen T, He ZY. Long noncoding 
RNA expression profile analysis of colorectal 
cancer and metastatic lymph node based on mi-
croarray data. Onco Targets Ther 2016; 9: 2465-
2478.

18)	 Matouk IJ, Abbasi I, Hochberg A, Galun E, Dweik H, 
Akkawi M. Highly upregulated in liver cancer non-
coding RNA is overexpressed in hepatic colorec-
tal metastasis. Eur J Gastroenterol Hepatol 2009; 
21: 688-692.

19)	 Guroff G. A neutral, calcium-activated proteinase 
from the soluble fraction of rat brain. J Biol Chem 
1964; 239: 149-155.

20)	 Sorimachi H, Hata S, Ono Y. Calpain chronicle--an 
enzyme family under multidisciplinary character-
ization. Proc Jpn Acad Ser B Phys Biol Sci 2011; 
87: 287-327.

21)	 De Maria A, Shi Y, Kumar NM, Bassnett S. Cal-
pain expression and activity during lens fiber cell 
differentiation. J Biol Chem 2009; 284: 13542-
13550.

RE
TR

ACT
ED



LINC00657 promotes the development of colon cancer by activating PI3K/AKT pathway

6323

22)	 Undyala VV, Dembo M, Cembrola K, Perrin BJ, 
Huttenlocher A, Elce JS, Greer PA, Wang YL, Be-
ningo KA. The calpain small subunit regulates 
cell-substrate mechanical interactions during fi-
broblast migration. J Cell Sci 2008; 121: 3581-
3588.

23)	 Goll DE, Thompson VF, Li H, Wei W, Cong J. The 
calpain system. Physiol Rev 2003; 83: 731-
801.

24)	 Yorikawa C, Takaya E, Osako Y, Tanaka R, Terasawa Y, 
Hamakubo T, Mochizuki Y, Iwanari H, Kodama T, Mae-
da T, Hitomi K, Shibata H, Maki M. Human calpain 7/
PalBH associates with a subset of ESCRT-III-re-
lated proteins in its N-terminal region and partly 
localizes to endocytic membrane compartments. 
J Biochem 2008; 143: 731-745.

25)	 Beckmann JS, Spencer M. Calpain 3, the “gatekeeper” 
of proper sarcomere assembly, turnover and main-
tenance. Neuromuscul Disord 2008; 18: 913-921.

26)	 Benayoun B, Baghdiguian S, Lajmanovich A, Bartoli 
M, Daniele N, Gicquel E, Bourg N, Raynaud F, Pas-
quier MA, Suel L, Lochmuller H, Lefranc G, Richard 
I. NF-kappaB-dependent expression of the anti-
apoptotic factor c-FLIP is regulated by calpain 3, 
the protein involved in limb-girdle muscular dys-
trophy type 2A. FASEB J 2008; 22: 1521-1529.

27)	 Hata S, Abe M, Suzuki H, Kitamura F, Toyama-Sori-
machi N, Abe K, Sakimura K, Sorimachi H. Calpain 
8/nCL-2 and calpain 9/nCL-4 constitute an ac-
tive protease complex, G-calpain, involved in 
gastric mucosal defense. PLoS Genet 2010; 6: 
e1001040.

RE
TR

ACT
ED




