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Abstract

BACKGROUND

Colorectal cancer (CRC) is the third most prevalent malignancy and has the
fourth highest global cancer mortality rate. Early diagnosis and prompt medical
attention can improve quality of life and the prognosis of CRC patients.
Accumulating evidence reveals that long non-coding RNAs (IncRNAs) function
as oncogenes or anti-oncogenes, as well as biomarkers in various cancers.

AIM
To investigate the levels and molecular mechanism of the IncRNA maternally
expressed gene 3 (MEG3) in CRC.

METHODS
The levels of IncRNA MEGS3 in CRC tissue, serum and cell line samples were
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explored via QRT-PCR. The relationship between MEG3 levels and
clinicopathological features in CRC was investigated. The diagnostic and
prognostic values of serum MEGS3 levels were analyzed with ROC curves and
KaplanMeier survival curves, respectively.

RESULTS

Significant decreased levels of MEG3 existed in CRC tissue, cell lines and serum.
CRC patients with down-regulated serum MEG3 levels had larger tumor sizes,
and advanced clinical stages. The sensitivity and specificity of serum MEG3
levels in CRC detection was 0.667 and 0.875, respectively. Tumor size, T stages,
and serum MEGS3 levels are indie factors that produce an effect on CRC patients'
prognosis. KaplanMeier survival curves suggested that CRC patients with high
levels of MEG3 had a remarkably better overall survival rate.

CONCLUSION
LncRNA MEG3 is down-regulated in CRC, and regulates cell functions by
targeting adenosine deaminase’s effect on RNA 1 in CRC.

Key words: LncRNA; Maternally expressed gene 3; Biomarker; Colorectal cancer;
Adenosine deaminase acting on RNA 1

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Long non-coding RNA (LncRNA) maternally expressed gene 3 (MEG3) is
down-regulated in tissue, cell lines and serum. Colorectal cancer (CRC) patients with
down-regulated serum MEG3 levels were had larger tumor sizes, and advanced clinical
stages. LncRNA MEG3 functions as a diagnostic and prognostic marker in CRC.
LncRNA MEG3 promotes cell proliferation and induced apoptosis in CRC. The effect of
adenosine deaminase on RNA 1 may be the target of IncRNA MEG3 in CRC.
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INTRODUCTION

Colorectal cancer (CRC), which is the third most prevalent malignancy and causes the
fourth highest cancer mortality rate globally, is a severe disease and significant threat
to human health!l. Worldwide, there are an estimated 1.2 million new cases and 0.6
million deaths from CRC each year!”. Nevertheless, the clinical methods for screening,
diagnosing, and treating CRC are limited. For example, early course screening of
CRC, such as fecal occult blood tests and carcinoembryonic antigens, are often
affected by other health disorders and factors, resulting in low specificity and
sensitivity, as well as inaccurate clinical diagnoses. At malignancy stages, the tumor
node metastasis (TNM) staging system can be used to describe the stage of
malignancy and assess patient prognosis. However, TNM suffers from difficulties in
invasion and specimen collection, limiting the application of this method for the
prediction and prognosis of CRC. Previous studies have highlighted the need for
better clinical methods, revealing that nearly 90% of patients with early-stage CRC
were alive five years following prognosis, while 14% of patients with advanced-stage
CRC were alive five years later. However, only 39.6% of CRC cases are diagnosed at
early stages, thus indicating a need for clinical markers with high sensitivity and
specificity that can be used in the early detection and prognosis of CRC.

Typically consisting of more than 200 nucleotides, long non-coding RNAs
(IncRNAs) are referred to as endogenous cellular RNAsP!. LncRNAs lack classically-
defined open reading frames, and thus have limited or no protein-coding potential**,
yet a large number of aberrant IncRNAs are known to be involved in carcinogenesis,
dissemination, and metastasis”'’. Moreover, investigations into the roles of IncRNAs
as oncogenes or anti-oncogene factors, and their potential as serum biomarkers for the
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detection of various cancers including CRC, have increasingly garnered the attention
of experts!"“l. For example, CRC tissues up-regulate the IncRNA SPINT1-AS1, which
is associated with partial clinical features (e.g., regional lymph node metastasis,
distant metastasis, and shorter relapse-free survival time), suggesting that SPINT1-
ASl is a prognostic marker for CRCFL.

One of the best-studied IncRNAs called maternally expressed gene 3 (MEG3) was
reported to be aberrantly expressed in multiple types of malignancies, such as
hemangioma, glioma, cervical cancer, and bladder cancer!"*"*!. In addition, MEG3 was
recently found to act as an anti-oncogene in CRC, specifically by targeting the
clusterin in CRC cells to inhibit cell proliferation and migration!'”. Another study
revealed that down-regulation of MEG3 in CRC cells activates sphingosine kinase 1,
accelerating cell proliferation and suppressing transforming growth factor p1-
mediated apoptosis!'!. However, the potential biomarker applications and the
mechanisms underlying the roles of MEG3 in CRC require further investigation. Here,
we aimed to determine the levels of MEG3 in CRC tissue, cell lines, and serum,
further exploring the roles of MEG3 in cellular processes. We uncovered the
diagnostic and prognostic value of MEG3 in CRC.

MATERIALS AND METHODS

Tissue and serum specimens

Forty-two CRC tissue specimens and corresponding normal tissues were collected
from the First Affiliated Hospital of China Medical University. Among the 42 patients
in this study, none of them received any therapy pre-operation. All patients
diagnosed with CRC had been verified via pathological methods, and patients with
other tumors or diseases were excluded from our study. Fresh surgical specimens
were processed within half an hour, and then submerged in RNAlater reagent
(Qiagen) for half an hour. After that, CRC tissue specimens were stored in liquid
nitrogen until RNA extraction.

Serum samples were obtained from 126 CRC patients, as well as 48 healthy control
individuals. Serum from 35 paired pre- and post-operative CRC individuals was also
collected. All venous blood was disposed within 1 h after extraction. Briefly, serum
samples were isolated by centrifugation (1200 x g, 10 min) followed by another
centrifugation (10000 x g, 10 min) to discard residual cellular debris. All centri-
fugations were performed at 4 °C. Similarly, serum samples were stored in liquid
nitrogen until RNA extraction.

Our research was managed under the Ethics Committee of the First Affiliated
Hospital of China Medical University. Every participant in our study provided full
consent. Table 1 shows the clinical characteristics of the CRC patients.

Cell culture and cell transfection

Human CRC cell lines (HCT-116 and HT29) and normal colorectal mucosa epithelial
cells (NCM460) were obtained from the American Type Culture Collection. All cells
were cultivated with DMEM (Gibco; Thermo Fisher Scientific) supplemented with
10% fetal bovine serum (Gibco; Thermo Fisher Scientific), 5% antibiotics (penicillin
and streptomycin sulfates), and 20mM glutamine. HCT-116, HT29, and NCM460 cells
were maintained in an incubator (37 °C, 5% CO,). For cell transfection, a pCDNA3.1
vector containing the MEG3 sequence was purchased from Invitrogen. HCT-116 and
HT?29 cells were pre-seeded in 6-well plates and cultivated until they reached 50-60%
confluency. After that, HCT-116 and HT29 cells were transfected with pCDNA-MEG3
or empty vector using the X-tremeGENE HP DNA transfection reagent (Roche).

RNA isolation

For RNA isolation of tissue specimens, TRIzol reagent (Invitrogen) was used
according to the manufacturer’s procedures. For RNA isolation of serum samples, the
miRNeasy Serum/Plasma Kit (Qiagen) was used. The quantity of RNA in all samples
was measured with a NanoDrop 2000c (Thermo Fisher Scientific), and any RNA
samples that exhibited an optical density ratio (260/280) of less than 1.8 or over 2.0
were excluded from further experiments. RNA samples were either stored in liquid
nitrogen or subsequently used for cDNA synthesis.

Reverse transcription and quantitative real-time polymerase chain reaction (RT-

qPCR)
cDNA was synthesized via the PrimeScript RT Master Mix (Takara Biotechnology)
with 0.1 pg of sample-derived RNA, then used for RT-qPCR to detect and quantify the
levels of IncRNA MEG3 in tissues and serum. This assay was conducted on the Roche
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Table 1 Correlation of maternally expressed gene 3 levels and clinicopathological features in
colorectal cancer

Clinical features Cases Serum MEG3 expression P value
Age in yr 0. 956
260 54 0.678 +0.013

<60 72 0.679+ 0.043

Gender 0.400
Male 85 0.665 + 0.032

Female 41 0.696 + 0.038

Tumor site 0.843
Colon 58 0.671 £ 0.044

Rectum 68 0.676 + 0.032

Tumor size in cm 0.001
25 43 0.748 + 0.031

<5 83 0.567 + 0.039

pT, TNM 0.098
T1+T2 93 0.617 + 0.025

T3+T4 33 0.693 + 0.019

Lymph node metastasis 0.236
Positive 71 0.717 £ 0.046

Negative 55 0.662 + 0.034

Clinical stage, TNM

1T 72 0.867 £ 0.049 0.001
I+11 54 0.562 + 0.018

Pathological differentiation
Well/moderate 59 0.665 + 0.050 0.322
Poor 67 0.710 + 0.032

TNM: Tumor node metastasis; MEG3: Maternally expressed gene 3.

Lightcycler 480 Real-Time PCR system (Roche Diagnostics) with SYBR-Green PCR
master mix (Roche). After normalization to GADPH, changes in IncRNA MEG3
expression were calculated using the 272 method. The primers used were as follows:
MEG3 forward, 5'-CTGCCCATCTACACCTCACG -3' and reverse, 5'-
CTCTCCGCCGTCTGCGCTAGGGGCT- 3'; GAPDH forward, 5'-AGCCACAT
CGCTCAGACAC-3' and reverse, 5-GCCCAATACGACCAAATCC-3".

Cell proliferation assays

A CCK-8 kit (US Everbright, Inc.) was used for evaluating cell proliferative capacity.
After transfection, we plated CRC cells (HCT-116 and HT29) in a 96-well plate, and
measured the optical density (OD) every 24 h according to the manufacturer’s
protocol. Before each detection, the CCK-8 kit (10 pL) was added to each well, and an
enzyme immunoassay instrument (Bio Rad Laboratories) was used for value
readings.

Flow cytometry assay

Annexin V (Invitrogen; Thermo Fisher Scientific, Inc.) was used to assess the
apoptosis rate of HCT-116 and HT29 cells. After transfection with pPCDNA-MEGS3 or
empty vector, CRC cells (HCT-116 and HT29) were grown to 100% confluency, then
collected via centrifugation and washed with phosphate buffered saline. After
resuspending in binding buffer, the cells were stained with 5 pL Annexin V. Fifteen
min later, apoptotic cells were detected by flow cytometry (EPICS XL 4; Beckman
Coulter, Inc.).

Protein extraction and western blotting

After rinsing with pre-cooled phosphate buffered saline, total protein in CRC (HCT-
116 and HT29) cells was extracted with RIPA buffer (Thermo Fisher Scientific) and a
protease/ phosphatase inhibitor cocktail (Roche). Protein concentration was evaluated
with a Bio-Rad BCA assay system, and equal amounts of protein were loaded into
each lane of a polyacrylamide gel. Proteins were separated via SDS-PAGE, transferred
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to polyvinylidene difluoride membranes (Millipore, Billerica), and blocked with 5%
skim milk. Membranes were stained with primary antibodies [anti-adenosine
deaminase acting on RNA 1 (ADAR1) 1:500, Proteintech; anti-GAPDH 1:1000,
Proteintech] for 16 h, then rinsed with TBST (3 x 10 min), and stained with secondary
antibody (HRP conjugated goat anti-rabbit 1:1000, Sigma) at room temperature for 60
min. An enhanced chemiluminescence kit (Merck Millipore) and Kodak film (Kodak)
was used to detect the blots. ADARI1 protein abundance was normalized to GAPDH.

Statistical methods

All reported statistics were visualized with SPSS 21.0 and Graphpad Prism 7 software.
Significance values were determined by student’s ¢-test. Associations between MEG3
levels and clinicopathological features were analyzed with a Chi-square test and
Fisher’s exact test, and receiver operating characteristic (ROC) curves were drawn to
evaluate the value of serum MEGS3 for CRC detection. The Kaplan-Meier method was
applied for assessing the value of serum MEGS3 in the prognosis of CRC. A P value <
0.05 is indicated as a significant difference.

RESULTS

Decreased levels of IncRNA MEG3 in CRC

MEGS3 levels in CRC tissue, serum, and cell lines were first detected by qRT-PCR.
Neither age nor gender appeared to affect MEG3 expression when comparing
between the CRC group and healthy group (Table 2). As expected, IncRNA MEG3
expression was significantly decreased in CRC tissues versus corresponding colorectal
tissue (P < 0.01; Figure 1A). Results from cell lines agreed with these findings, and
revealed significant down-regulation of MEG3 in CRC cell lines compared to
NCM460 cells (P < 0.01 for HCT-116, P < 0.05 for HT29; Figure 1B). Moreover,
significant down-regulation of MEGS3 existed in serum samples of CRC patients versus
the NC (P < 0.05; Figure 1C).

Association between IncRNA MEG3 levels and clinic pathological features

We next investigated the relationship between MEGS3 levels and clinical pathological
features of CRC patients. In our study, the 126 CRC patients were divided into two
equal-sized groups of high and low MEG3 expression, with a cut-off point at the
median MEGS3 level (63 high serum MEGS3 level, and 63 low serum MEG3 level). The
comparisons displayed in Table 1 reveal that no statistically significant associations
were uncovered between the serum MEG3 concentration and age (P = 0.956), gender
(P = 0.400), tumor site (P = 0.843), T stage (P = 0.098), lymph node metastasis (P =
0.236) or pathological differentiation (P = 0.322). However, serum MEGS3 levels clearly
correlated with tumor size (P = 0.001) and clinical stage (P = 0.001). Thus, our results
demonstrate that CRC patients with down-regulated serum MEGS3 levels are more
prone to developing larger tumors and reaching advanced clinical stages.

Diagnostic value of serum IncRNA MEG3 in CRC

In order to assess the value of measuring MEG3 expression in diagnosing CRC, the
ROC method was applied. As shown in Figure 2A, no significant difference was
observed between the serum MEGS3 levels in samples 24 h post-operation and serum
MEGS3 levels in the preoperative samples (P > 0.05). The opposite result was obtained
in the samples 1 mo after surgery, which revealed that the serum MEG3 levels were
significantly elevated compared to the preoperative samples (P < 0.01). A ROC curve
was applied to the results, which demonstrated that the sensitivity and specificity of
serum MEG3 levels in CRC detection was 0.667 and 0.875, respectively [area under
the curve (AUC) 0.798; 95% confidence interval (CI) 0.730-0.866, P < 0.001; Figure 2B].
Overall, IncRNA MEGS is a reliable marker for CRC diagnosis.

Prognostic value of IncRNA MEG3 in CRC

KaplanMeier survival curves and Cox proportional hazard regression analyses were
applied to assess the prognostic value of IncRNA MEG3 in CRC. Data from univariate
analysis showed that tumor size [hazard ratio (HR) = 0.576, 95%CI = 0.342-0.968, P =
0.037], T stage (HR = 0.572, 95%CI = 0.122-0.414, P = 0.044), clinical stage (HR = 0.225,
95%CI = 0.122-0.414, P = 0.001), pathological differentiation (HR = 0.440, 95%CI =
0.258-0.752, P = 0.003) and serum MEGS3 levels (HR = 2.789, 95%CI = 1.615-4.816, P =
0.001) are indeed factors that affect a CRC patient’s prognosis. In multivariate
analysis, tumor size (HR = 0.436, 95%CI = 0.236-0.806, P = 0.008), T stage (HR = 0.039,
95%CI = 0.012-0.124, P = 0.001), and serum MEGS3 levels (HR = 0.173, 95%CI = 0.063-
0.480, P = 0.002) were identified as factors affecting CRC patient prognosis (Table 3).
KaplanMeier survival curves (Figure 3) were plotted, and suggested that CRC
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Figure 1 Long non-coding RNA MEG3 in tissue, serum and cell lines. A: Relative levels of MEG3 in CRC tissues and normal tissues; B: Relative levels of MEG3
in cell lines; C: Relative levels of serum MEG3 in CRC patients and healthy controls. All data were repeated three times; 2P < 0.05, ®P < 0.01, <P < 0.001. CRC:
Colorectal cancer; MEG3: Maternally expressed gene 3.

patients with high levels of MEG3 had remarkably better overall survival (OS) rates (P
< 0.001). These data demonstrate that IncRNA MEGS3 is a reliable marker for CRC
prognosis.

Cell transfection efficiency

Changes in IncRNA MEGS3 expression in two different CRC cell lines (HCT-116 and
HT29) after transfection with pcDNA MEG3 were measured with RT-qPCR. The
amount of IncRNA MEG3 present in transfected HCT-116 cells was 9.87 times higher
than the control group (P < 0.01; Figure 4A), and MEG3 expression in similarly
transfected HT-29 cells was increased 7.32 times compared to cells transfected with an
empty vector (P < 0.001; Figure 4B).

MEG3 promotes cell proliferation and induces apoptosis in CRC

In our study, CCK-8 and flow cytometry assays were conducted to evaluate cell
proliferation and apoptosis, respectively. As expected, the CCK-8 assay revealed that
up-regulation of MEG3 could suppress cell proliferation both in HCT-116 (P < 0.05;
Figure 5A) and HT29 (P < 0.01; Figure 5B) cell lines compared with the control group.
Flow cytometry showed that elevated expression of MEG3 induced a significant
amount of cell apoptosis compared with the control group [(HCT-116, P < 0.01; Figure
5C) (HT-29, P < 0.05; Figure 5D)].

MEG3-regulated ADAR1 expression in CRC cells (HCT-116 and HT29)

Western blotting was conducted on cells that were transfected to overexpress MEG3.
From these blots, we were able to elucidate that ADAR1 protein expression in both
HCT-116 (P < 0.01; Figure 5E) and HT29 (P < 0.01; Figure 5F) cells was elevated when
MEG3 was expressed at higher levels. MEG3 levels were up-regulated in HCT-116
cells.

DISCUSSION

The carcinogenesis and progression of CRC is an extremely complex process
involving multiple steps of cellular reprogramming. In recent years, despite many
efforts to improve clinical treatments, the prognosis of CRC patients has not
significantly improved. Early detection of CRC is one of the main prerequisites for
satisfactory therapy, and can help significantly improve a patient’s chances for
survival. Thus, it is an issue of particular significance and urgency to explore and
understand the mechanism behind the carcinogenesis and progression of CRC, so as
to unearth relevant biomarkers for diagnosis and prognosis, as well as enable the
accurate monitoring of CRC progression.

Previous studies have revealed that IncRNAs exert significant effects on numerous
biological processes, such as neoplastic angiopoiesis, cell migration, and drug
resistancel’’?!l. An estimated 1 x 10° IncRNAs have been identified thus far, but it is
difficult to determine the precise number due to many factors, such as varying tissues
and stages!*”l. Despite extensive research conducted on the role of IncRNAs, fewer
than 2% of IncRNA species have been ascribed to a particular biological role*’l.
Moreover, how IncRNAs exert their functions at the molecular level, and how
IncRNAs are targeted to specific genomic sites remains elusive™l. In addition to the
important functions of IncRNA in tissues and cells, the function of IncRNAs in serum
has also interested many researchers, who agree that IncRNAs in serum have great
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Table 2 Clinicopathological characteristics in our study

Serum samples

Tissue samples, n =42
Colorectal cancer, n = 126 Healthy controls, n = 48

Age
mean + SD 56.8+6.5 56.9+5.9 56.3+6.4
Median (range) 57 (44-73) 58 (38-74) 58 (38-73)
Gender
Male 27 85 33
Female 15 41 15
Tumor site
Colon 17 58
Rectum P5 68
Tumor size in cm
25 12 43
<5 30 83
pT, TNM
T1+T2 33 93
T3+T4 9 33
Lymph node metastasis
Positive 18 71
Negative 22 55
Clinical stage, TNM
111 13 72
I+I1 29 54
Pathological differentiation 26 59
Well/moderate Poor 16 67
high vs low
Lymph node metastasis, positive vs negative 0.988
0.225
Clinical stage of 0.440
TNM, Il vs I + 11 2.789

Pathological differentiation, well/moderate vs poor

Serum IncRNA
MEG3 expression,

TNM: Tumor node metastasis.

potential for clinical use in diagnosing tumors and predicting patient prognosis.

Previous studies have demonstrated that dysregulated IncRNA MEG3 was
widespread in malignancies. It was found that MEG3 levels were reduced in the
tissues of prostate cancer patients, and that the MEG3 inhibitory role in various
cellular functions (invasion, proliferation and migration) relied on regulating the miR-
9-5p/QKI-5 axisl®. Decreased levels of MEG3 were found in bladder cancer tissues,
and increased levels of MEG3 could hinder the ability of BC cell migration and
invasion. Furthermore, bladder cancer cells with up-regulated MEG3 were sensitized
to cisplatin, which is a drug used for bladder cancer chemotherapy!*l. Likewise,
MEGS3 levels were significantly reduced in liver cancer tissues, and hepatoma cell
proliferation and invasion could be promoted by down-regulation of MEG3/”"l. In
gastric cancer, MEG3 was lowly expressed in tumor tissue, and up-regulation of
MEGS3 suppressed cancer cell proliferation, metastasis, and p53 levels*l. MEG3 also
plays a fatal role in kidney cancer, chronic myeloid leukemia, thyroid carcinoma, and
endometrial carcinomal®-?. In our study, MEG3 was significantly reduced in CRC
tumor tissue, serum, and cell lines. Up-regulation of MEG3 by transfection inhibited
CRC cellular proliferation and induced apoptosis.

ADARI, a significant member of the ADAR protein family, has been reported to
participate in multiple biological functions, such as cell proliferation and
apoptosis”!. There are two major isoforms of ADARI: An interferon-inducible
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ADART1 p150 that contains both the Za and Zb Z-DNA-binding domains and a
constitutive ADAR1 p110 that lacks the N-terminal Za Z-DNA-binding domain.
ADARI1 has emerged as a biomarker in numerous solid tumors, including gastric
cancer and esophageal cancer’ "l In our study, StarBase 3.0 (http://starbase
.sysu.edu.cn/index.php) was used, and ADAR1 was found to be co-expressed with
MEGS3 in CRC. Thus, we assume that ADAR1 is a potential target regulated by MEG3
in CRC cells. Western blotting was then performed to test our hypothesis. As
expected, the cells overexpressing MEG3 exhibited increased ADAR1 expression, thus
implicating ADARI as a target of MEG3 in CRC cells. These results agree with the
StarBase data.

Previous studies demonstrated that MEG3 acts as a diagnostic biomarker in
malignancies. In bladder cancer, the AUC of the three IncRNA panel (MEG3, SNHG16
and MALATI1) in detecting bladder cancer was 0.828, and the diagnostic
performances of the IncRNA panel for Ta, T1, and T2-T4 were 0.778, 0.805, and 0.880,
respectively. This thus identified a three IncRNA panel for use in diagnosing bladder
cancer™. In our study, MEG3 could discriminate between CRC patients and healthy
controls with a sensitivity and specificity of 0.667 and 0.875, respectively, thus
demonstrating that IncRNA MEG3 was a reliable marker for CRC diagnosis.

Previous studies demonstrated that IncRNA MEG3 acts as a prognostic biomarker
in malignancies. Bioinformatics analysis revealed that high MEG3 levels were a
suitable prognostic factor for patients with lung cancer, especially in younger patients
(= 60 years old), indicating MEG3 as a promising prognostic factor in lung cancer!™.. In
breast cancer, MEGS3 levels are closely related to the TNM stage differentiation grade,
and lymph node metastasis. MEG3 levels were an insusceptible undesirable factor of
prognosis [5-year OS and 5-year progression-free survival (PFS)] in BC patients.
Breast cancer patients that had MEG3 levels would experience a poor prognosis (poor
OS and PFS)M. In osteosarcoma, MEGS3 levels were particularly lower in tumor
tissues, and correlated with both clinical stage and metastasis. The results of Kaplan-
Meier analysis suggested that patients with high MEG3 levels generally live longer.
These data therefore demonstrate that MEG3 acts as a prognostic biomarker in
osteosarcomal®. In our study, we found that MEG3 expression was indeed a factor
affecting the prognosis of CRC patients, and that patients with high levels of MEG3
had a remarkably higher OS rate, which demonstrated that IncRNA MEG3 was a
good marker for the prognosis of CRC. In conclusion, IncRNA MEG3 is down-
regulated in CRC, and regulates cell function by targeting ADAR1 in CRC.

August7,2019 | Volume25 | Issue?29 |



Wang W et al. MEG3 as a biomarker in colorectal cancer

Table 3 Univariate and multivariate survival analysis

Univariate analysis Multivariate analysis
Variables

HR 95%Cl P value HR 95%Cl P value
Age in yr, 2 60 vs < 60 0.806 0.481-1.352 0.414 --- --- ---
Gender, male vs female 1.265 0.757-2.178 0.396 - - ---
Tumor site, colon vs rectum 0.681 0.405-1.143 0.146 --- --- ---
Tumor size in cm, 2505 <5 0.576 0.342-0.968 0.037 0.436 0.236-0.806 0.008
pT of TNM, T1 + T2 vs T3 + T4 0.572 0.332-0.986 0.044 0.942 0.477-1.861 0.863
Lymph node metastasis, positive vs negative 0.988 0.591-1.651 0.964 --- --- ---
Clinical stage of TNM, Il vs [ + II 0.225 0.122-0.414 0.001 0.039 0.012-0.124 0.001
Pathological differentiation, well/moderate vs poor 0.440 0.258-0.752 0.003 0.641 0.324-1.267 0.201
Serum IncRNA MEGS3 expression, high vs low 2.789 1.615-4.816 0.001 0.173 0.063-0.480 0.002

TNM: Tumor node metastasis; IncRNA: Long non-coding RNAs; MEG3: Maternally expressed gene 3; CI: Confidence interval; HR: Hazard ratio.
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Figure 3 Results of MEG3 in the prognosis of CRC in KaplanMeier survival curves. All data were repeated three times. CRC: Colorectal cancer; MEG3:
Maternally expressed gene 3.
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All data were repeated three times; ®P < 0.01, P < 0.001. MEG3: Maternally expressed gene 3.
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ARTICLE HIGHLIGHTS

Research background

Among common types of gastrointestinal malignancies, colorectal cancer (CRC) has seen a
dramatic increase in annual global incidence rate. Many recent studies have demonstrated the
molecular mechanisms involved in the transcriptional regulation in CRC, and shown that long
non-coding RNAs (IncRNAs) play an irreplaceable role in the initiation and progression of CRC,
such as maintaining cell growth, evasion of apoptosis, promotion of invasion and metastasis,
stemness maintenance and EMT.

Research motivation
To identify more biomarkers for the diagnosis and treatment of CRC.

Research objectives
To investigate the underlying mechanisms of IncRNA maternally expressed gene 3 (MEG3) in
CRC.

Research methods

LncRNA MEG3 expression was observed by qRT-PCR assays on CRC tissue, cell lines and
serum. Clinicopathological characteristics were collected, arranged and combined with
expression analysis of CRC to evaluate the functions of IncRNA MEGS3. Cell function assays were
performed to explore the functions of MEG3 in CRC cell lines. Moreover, western blots were
performed to explore the targeted regulation by MEG3 in CRC cell lines.

Research results

We found that levels of LncRNA MEG3 decreased in CRC tissues, cell lines and serum, and
exhibited a significant negative relation with tumor size, TNM stage, and lymph node
metastasis. Cell experiments showed that MEGS3 levels declined during CR cell line proliferation
and invasion, and that ADAR1 may be the target regulated by IncRNA MEG3 in CRC cells.
Importantly, CRC patients with higher IncRNA MEGS3 levels have a better overall survival rate.

Research conclusions

Our study demonstrated that IncRNA MEGS3 can significantly inhibit cell growth, migration and
invasion of gastric cancer. Furthermore, it can work through ADAR1. Therefore, our study
provides some molecular mechanism and two new biomarkers for CRC.

Research perspectives

In the future, research may reveal the important role of IncRNA MEG3 that enhances the
sensitivity of CRC detection, and further develop its application for anti-cancer treatments. The
identification of the IncRNA MEG3/ADAR1 molecular axis may further explain the underlying
mechanism.
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