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Abstract: The down-regulation of long non-coding RNA (lncRNA) MEG3 has been observed in various cancers; none-
theless, underlying mechanisms are still unclear. The current research work aims at exploring the roles of MEG3 in 
the pathogenesis of CRC and the associated mechanism. We observed that MEG3 was significantly down-regulated 
in both CRC tumor tissue and cell lines; also, the transient over-expression of MEG3 in CRC cell line SW480 and 
LoVo inhibited the proliferation and the migration and clone formation capability of cells; on the other hand, the 
knockdown of MEG3 has revealed opposite effects. Eventually, we figured it out that target miR-376 directly targeted 
both MEG3 and PRDK1 in SW480 and LoVo cells. To conclude, as our findings proved, MEG3 is likely to act as a 
tumor suppressor in the pathogenesis of CRC by means of the regulation of the miR-376/PRDK1 signal axis, sug-
gesting that MEG3 has the potential to become a novel therapeutic target for the treatment of CRC.
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Introduction

Colorectal cancer (CRC) is counted among the 
most common gastrointestinal cancers (inci-
dence number > 900,000/year), besides being 
one the leading causes of cancer-related motil-
ity across the globe [1, 2]. The pathogenesis of 
CRC remains unclear. On the basis of the find-
ings of previous reports, CRC is likely to derive 
from a series of abnormal genetic and molecu-
lar alterations in colon epithelial cells, accord-
ingly causing the uncontrolled proliferation of 
cancer cells [3, 4]. Current methodologies put 
to use for treating CRC include surgery, chemo-
therapy, and radiotheapy or surgery; however, 
for the robust metastasis activity of the dis-
ease, none of the current anti-CRC methodolo-
gies have attained the desired therapeutic effi-
cacy, and the long-term prognosis of patients 
with CRC remains poor as well [5-7]. In this 
manner, it is urgently required to figure out the 
novel diagnostic biomarkers as well as novel 
therapeutic targets for the early diagnosis and 
treatment of CRC.

Long non-coding RNAs (LncRNAs) are a group of 
non-coding RNA having the length of more than 
200 nucleotides, and some of the LncRNAs are 
capable of reaching kilobases in length [8, 9]. 
Like other types of non-coding RNAs i.e. micro-
RNAs and Circular RNAs, the regulatory roles of 
LncRNA were on the post-transcriptional level. 
Recently, with the comprehensive investigation 
of LncRNAs from varying aspects, it has now 
been extensively accepted that LncRNAs have 
involvement in the process of multiple biologi-
cal process, which includes the proliferation, 
migration and apoptosis of cells, in addition to 
angiogenesis, embryo development and tumori-
genesis [10-12]. In a recent LncRNA microarray-
based bioinformatic analysis, the researchers 
compared the LncRNAs expression profile in 
the CRC tumor tissues and adjacent tissues. 
They observed that a novel lncRNA, MEG3, was 
significantly down-regulated in CRC [13, 14]. 
Interestingly, the increased expression of MEG3 
in the tissue samples of patients with CRC is 
likely to be an indication of the better progno- 
sis of patients. Maternally expressed gene3 
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(MEG3), located at chromosome 14q32, is the 
first identified tumor suppressive lncRNA. 
Furthermore, the decreased expression of 
MEG3 has been observed in various cancers 
that include not just lung cancer [15], but also 
hepatocellular cancer [16], bladder cancer [17], 
prostate cancer [18], gastric cancer [19], and 
breast cancer [20]. Also, in some cancers like 
neuroblastoma [21] and renal cell carcinoma 
[22], MEG3 expression was observed as lost. 
Nonetheless, the underlying mechanism of 
how MEG3 was involved in the pathogenesis of 
CRC still requires further investigation. 

MiRNAs are also a group of non-coding RNAs, 
which are 22-28 oligonucleotide-long, besides 
regulating the gene expression by base pairing 
with the 3’untranslated region (3’-UTR) of tar-
get genes at the post-transcriptional level, 
accordingly being involved in a number of cell 
physiological mechanisms [23]. 

In the present research work, we have carried 
out both clinical and in vitro cellular analysis, 
aimed at investigating the roles of MEG3 in 
CRC. Firstly, we compared the expression of 
MEG3 in the CRC tumor tissues and adjacent 
tissues, and the correlation between the levels 
of MEG3 and the clinical characteristics of the 
patients was analysed as well. Besides, the 
impact of MEG3 on the proliferation and migra-
tion of the CRC cancer cells and the associated 
mechanism involving the regulation of miRs 
were also examined. Our findings proved that 
MEG3 is tumor suppressor in CRC, together 
with providing a potential novel therapeutic tar-
get for the treatment of CRC. 

Methods

Patients and clinical tissue samples

A number of 25 of CRC tissue samples and 
adjacent tissue samples were obtained from 
CRC patients in the First Affiliated Hospital of 
Wenzhou Medical University between 2017 
and 2019. All patients were diagnosed as CRC 
pathologically, and patients have the history of 
preoperative radio and/or chemotherapies 
were excluded from this study. The tissue sam-
ples were quick frozen in liquid nitrogen after 
surgery and stored in -80°C. The informed con-
sent was obtained from each patient. This 
study was approved by the ethical committee of 
First Affiliated Hospital of Wenzhou Medical 
University. 

Cell culture 

Human CRC cell lines DLD-1, HT-29, SW480, 
SW620 and LoVo were purchased from 
Shanghai Institutes for Biological Sciences 
(Shanghai, China) and the normal colonic 
mucosa cell line FHC was purchased from 
INCELL (San Antonio, TX, USA). Cells were main-
tained in RPMI-1640 medium (Invitrogen, USA) 
supplied with 10% of FBS (fetal bovine serum, 
Invitrogen, Carlsbad, CA, USA) at 37°C in an 
incubator (with 5% CO2 humidified). 

Transfection and treatment

MEG3 siRNA and MEG3 over-expression plas-
mid were synthesized by Shanghai GenePhar- 
ma Co., Ltd (Shanghai, China). SW480 or LoVo 
cells were transfected with MEG3 siRNA or 
MEG3 overexpression plasmid by lipofectamine 
3000 (Invitrogen, Carlsbad, CA, USA) following 
the manufacturer’s protocol. Transfection effi-
ciency was determined by RT-qPCR. 

Reverse transcript PCR and quantitative real-
time PCR 

Total RNAs were extracted from cells or clinical 
tissue samples using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA). The total RNAs weren then 
reversed transcribed into cDNAs by PrimeScript 
RT Master Mix (Takara, Dalian, China). Next, 
quantitative real-time PCR (RT-qPCR) was per-
formed to detect the expression levels of MEG3 
using the SYBR premix Ex Taq (Takara, Dalian, 
China) on the ABI Biosystems. The relative 
expression level of MEG3 was normalized by 
2-ΔΔCt method, and GAPDH has been applied for 
normalization. The real time PCR reactions 
were performed with the following thermo pro-
files: 95°C for 30 seconds, followed by 40 
cycles of 95°C for 5 seconds and 60°C for 30 
seconds. The primers were synthesized by 
Sangon Biotech Co., Ltd (Shanghai, China).

Cell proliferation analysis

The effect of MEG3 on cell proliferation were 
determined by Cell Counting Kit-8 (CCK-8) kit 
(Beyotime, Shanghai, China) 48 hours after 
transfection according to the manufacturer’s 
instructions. Briefly, SW480 or LoVo cells were 
washed with PBS (pH 7.4), trypsinized and 
seeded onto 96-well plates. Then 10 μl of the 
CCK-8 solution was added to each well, and the 
plate was incubated at 37°C for 12 to 48 hours. 
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At each time point, the viability of the cells in 
each well was evaluated through detecting the 
absorbance at 450 nm using a microplate 
reader.

Flow cytometry assay

At 72 h after transfection, SW480 and LoVo 
cells of different treatment were collected, re-
suspended in 500 μl × binding buffer, and 
stained with 2.5 μl propidium iodide (PI). The 
cell cycle of the cells was then determined with 
FACSCalibur system (BD Biosciences, San Jose, 
CA). 

Transwell assay

Transwell assay was performed using transwell 
chambers (Corning Inc., Corning, USA). SW480 
or LoVo cells were seeded onto the upper of the 
chamber of the transwell with the density of 5 × 
104 cells/well and placed on 24-well plates. 
After 24 h incubation at 37°C, cells invaded 
into the membrane of the lower chamber were 
fixed in methanol, stained with crystal violet 
and photographed by a microscope.

Western blot

The total proteins were isolated from the cells 
using protease inhibitor cocktail. Protein con-
centration was examined by BCA protein assay 
kit (Beyotime, Shanghai, China). Then appropri-
ate amount of proteins were loaded onto 10% 
SDS-PAGE (sodium dodecyl sulfate polyacryl-
amide gel electrophoresis) gels, and when the 
process of gel electrophoresis was accom-
plished, the proteins were then transferred 
onto polyvinylidene fluoride (PVDF) mem-
branes, and blocked in 5% non-fat dry milk in 
Tris-buffered saline (pH 7.4) containing 0.05% 
Tween 20. Then membranes were than incu-
bated with the primary antibodies at 4°C  
overnight. GAPDH was served as the control. In 
the following day, the membranes were incu-
bated with HRP and secondary antibodies, 
washed and incubated with chemiluminescent 
reagent BeyoECL Plus (Beyotime, Shanghai, 
China). The signals were detected and photo-
graphed by Tanon 6100 Chemiluminescent 
Imaging System (Tanon, Shanghai, China). 

Luciferase activity assay

The wild-type or mutant sequence at the pre-
dicted 3’UTR region of MEG3 were synthesized 

and cloned into the pGL3 Luciferase Reporter 
Vectors (Promega, CA, USA) at the KpnI and 
BamHI sites. colorectal cancer cells were co-
transfected with miR-376 mimics or mimic con-
trol along with pGL3 vectors containing the wild 
type or mutant 3’UTR region of MEG3. TRL-
SV40 plasmid (Promega, CA, USA) was also 
transfected as a internal control. The cells were 
harvested and subsequently measured the 
luciferase activity using the Dual-Luciferase 
Assay (Promega, WI, USA) at 48 h after 
transfection.

Immunohistochemical staining (IHC)

The tumor tissues were fixed in 4% paraformal-
dehyde for 24 h, dehydrated in a graded alco-
hol series and embedded in paraffin followed 
by cutting into 5 μm sections. The sections 
were deparaffinized, rehydrated with a graded 
alcohol series and then incubated in 96°C 0.01 
mol/l sodium citrate buffer for the antigen 
retrieval. After incubation in 5% H2O2, was 
applied for quenching endogenous peroxidase 
activity. The sections were blocked with 10% 
non-immune goat serum to reduce non-specific 
binding. The sections were incubated with  
primary antibody overnight at 4°C. Immuno- 
staining was performed using streptavidin-per-
oxidase and diaminobenzidine (DAB) according 
to the manufacturer’s instructions (Beyotime, 
Shanghai, China). The sections were mounted 
with gummi after staining the nucleus with 
hematoxylin.

Xenograft model 

A total number of 3 × 106 SW480 cells were 
harvested and resuspended in 100 μL DMED 
medium. The nude mice were injected with 
cells infected with MEG3 overexpressed or 
deleted SW480 cells along with their vector 
control respectively at the posterior flank. The 
length (L) and width (W) of tumor were mea-
sured with calipers every 3 days. After 28 days, 
the tumors were excised out from the sacrificed 
mice and weighed.  

Colony-formation assay

The cells treated with indicated conditions and 
then seeded in 12-well plates (100/well). After 
incubated for 2 weeks, crystal violet (0.05%, 
Beyotime, Shanghai, China) was used to stain 
the colonies. Colonies containing more than 50 
cells were counted.
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Statistical analysis

All data are presented as the means ± stan-
dard deviation (SD). The statistical analyses 
were performed using one-way ANOVA and 
Student’s test. The data were analyzed using 
GraphPad Prism 5.0 and P<0.05 was consid-
ered to be statistically significant. All experi-
ments were performed independently tripli- 
cates.

Results

Down-regulation of MEG3 in colorectal cancer 
tissues and cell lines

QPCR was used to evaluate the expression lev-
els of MEG3 in colorectal cancer tissues and 

the adjacent normal tissues as well as colorec-
tal cancer cells and normal colon epithelial cell 
line FHC. We observed that MEG3 was down-
regulated notably in the colorectal cancer tis-
sues and cell lines in comparison with the nor-
mal tissues and FHC cell (Figure 1A-C). The 
survival curve analysis results showed that 
there is a correlation between MEG3 expres-
sion and the patient survival (Figure 1D). 

MEG3 inhibited the proliferation, migration 
and induced G0/G1 arrest of colorectal cancer 
cells 

To determine the function of MEG3 in colorectal 
cancer, we carried out loss and gain of funct- 
ion study. We observed that MEG3 overexpres-
sion was capable of inhibiting the proliferation, 

Figure 1. MEG3 was down-regulated in CRC and is correlated with the survival time. A, B. Expression of MEG3 in 
CRC tissue specimens and adjacent normal tissues were determined by a qRT-PCR assay (n=15), the level of MEG3 
was down-regulated in CRC tissues. C. Expression of MEG3 in CRC cells and normal colonic mucosa cells were 
determined by a qRT-PCR assay, the level of MEG3 was down-regulated in CRC cell lines. D. The overall survival in 
the patients with high MEG3 (n=68) was significantly shorter than that in the patients with low MEG3 (n=97) as 
determined by Kaplan-Meier analyses. *P<0.05 verse control or FHC group. 
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Figure 2. MEG3 inhibited tumor growth of colorectal cancer cells. A. SW480 and LOVO cells 
were used in the function study. After transfection of overexpressing and knock down vetor of 
MEG3, CCK-8 assay was carried out to detect the proliferation of cells. B. PI staining and flow cy-
tometry was used to detect the cell cycle of CRC cells. C. Colony formation assay was performed 
to evaluate the clone-forming capability of CRC cells. D. Transwell assay was performed to de-
tect the migration of CRC cells. *P<0.05 verse control group. #P<0.05 verse si-control group. 
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migration and colony formation ability of 
colorectal cancer cells. In addition, the propor-
tion of cells in the S phase was decreased by 
MEG3 overexpression compared to the vector 
control group. In contrast, we found that knock 
down of MEG3 by transfection of siRNA of 
MEG3 significantly promoted the proliferation, 
migration and colony formation ability of co- 
lorectal cancer cell. Meantime, MEG3 knock 
down notably induced G0/G1 cell cycle arrest 
in CRC cells (Figure 2A-D). 

MEG3 inhibited tumor growth of colorectal 
cancer

In order to elucidate the role of MEG3 in the 
regulation of colorectal cancer, xenograft nude 
mice model was established though subcuta-
neously injecting genetically modified SW480 
and LoVo cells. As expected, compared with 
control group, MEG3 overexpression significan- 

tly inhibited the tumor growth of colorectal can-
cer and knock down of MEG3 promoted the 
tumor growth as shown in the tumor growth 
curve (Figure 3A-C). QPCR was performed to 
evaluate the MEG3 expression level in the 
tumor tissues indicating that we successfully 
established the MEG3 over and low-expressed 
CRC cells (Figure 3D). IHC assay was used to 
detect the expression of ki67 which is a marker 
of the cell proliferation. We found that ki67 was 
significantly up-regulated in the MEG3 treat-
ment group and down-regulated in si-MEG3 
treatment group (Figure 3E). 

MiR-376 was upregulated in colorectal cancer 
and directly target MEG3

LncRNA was able to sponge miRNAs to regulate 
the gene expression and cell process. Thus, we 
predicted the potential miR of MEG3 using bio-
informatics analysis. Figure 4A showed the tar-

Figure 3. MEG3 inhibited tumor growth of colorectal cancer. Stable cell line overexpressing and knocking dwon 
MEG3 was used to establishe xenograft model. A. Representative images of nude mice and tumors from implanted 
mice. B, C. The tumor volume and weight were measured in different groups, MEG3 overexpressing inhibited while 
knock down of MEG3 promoted the growth of colorectal cancer. D. Expression level of MEG3 in tumor tissues were 
evaluated by qPCR indicating that the overexpressing and knock down vector are effective. E. IHC assay was used to 
detect the expression of ki67 which is a marker of the cell proliferation. *P<0.05 verse control or FHC group. 
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get region between MEG3 and miR-376. To 
verify whether miR-376 directly target MEG3 in 
colorectal cancer cell, luciferase activity assays 
was performed. The results revealed that miR-
376 notably down-regulated the luciferase 
activity in SW480 and LoVo cells co-transfected 
with pGL3-3’UTR of MEG3 but not the pGL3-
3’UTR-mut (Figure 3B). QPCR analyses further 
confirmed that miR-376 reduced the RNA 
expression of MEG3 (Figure 4C). MiR-376 level 
in colorectal cancer tissue and cells was detect-
ed subsequently. The results indicated a signifi-
cant elevated expression of miR-376 in both 
colorectal cancer tissue and cells (Figure 4E, 
4F). Person analysis revealed a negative corre-
lation between MEG3 and miR-376 (Figure 4D). 

MiR-376 reversed the effect of MEG3 in CRC 
cells

In order to further confirm the relation between 
miR-376 and MEG3. We carried out rescue 
experiment. Cell proliferation, migration, cell 
cycle and clone formation ability were investi-
gated. The results indicated that miR-376 over-
expression significantly reversed the effect of 
EMG3 on inhibiting the growth of CRC cells 
(Figure 5A-D).

MiR-376 directly targets PRKD1 in CRC cells

To further elucidate the molecular mechanism 
underlying the effect of MEG3 in CRC cells.  
We focused on the downstream target gene of 
miR-376. Interestingly, we found that PRKD1 
was a potential target of miR-376 (Figure 6A). 
Luciferase activity assay and qPCR detection 
confirmed out prediction (Figure 6B, 6C). We 
next evaluate the level of PRKD1 in the CRC tis-
sues and cell lines. The results come from star-
base showed that PRDK1 was downregulated 
in CRC tissues (Figure 6D) QPCR and IHC 
results indicated that PRKD1 was notably 
down-regulated in CRC tissues and cell lines 
(Figure 6E-G). The person analysis indicated a 
negative correlation between miR-376 and 
PRKD1, in addition, a positive correlation be- 
tween MEG3 and PRDK1 (Figure 6H, 6I). 

Discussion 

MEG3 has been investigated in different kinds 
of cancers that include CRC as well. In the pres-
ent research work, we confirmed that the level 
of MEG3 was modified in both CRC tissue and 
cell lines in comparison with the adjacent nor-
mal tissues and cells, which is in accordance 

Figure 4. EMG3 is the direct target of miR-376. (A) Prediction of binding sites for EMG3 and miR-376 by Targetscan. 
(B) CRC cells were transfected luciferase reporter vector with wild or mutant type of targeting region along with miR-
376 mimic or control. Luciferase activity assay was used to determine whether miR-376 target EMG3 (C) qPCR was 
used to detect the MEG3 level in different groups. (D) The correlation analysis was performed between EMG3 and 
miIR-376 expression levels in clinical specimen. (E, F) QPCR was used to evaluate the expression level of MEG3 in 
CRC tissues and cell lines. *P<0.05 verse control group. 
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Figure 5. MiR-376 overexpression reversed the effect of MEG3 in CRC cells. CRC cells were transfected with MEG3 overexpressing vector or vector control along with 
miR-376 mimic or mimic control. A. CCK-8 assay was carried out to detect the proliferation of CRC cells. B. Colony formation assay was performed to evaluate the 
clone-forming capability of CRC cells. C. PI staining and flow cytometry was used to detect the cell cycle of CRC cells. D. Transwell assay was performed to detect the 
migration of CRC cells. *P<0.05 verse vector group. #P<0.05 verse MEG3 + mimic control group. 
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with the previous studies. Previous reports 
highlighted that MEG3 was capable of not just 
promoting apoptosis but also enhancing apo- 
ptosis of CRC cells induced by oxaliplatin. 
Additionally, MEG3 also inhibited the prolifera-
tion and migration of CRC cell. We firstly dem-
onstrated that MEG3 induced the G0/G1 cell 
cycle arrest of CRC, accordingly further clarify-
ing its function. 

MEG3 is located in the chromosome 14 DLK1-
MEG3 imprinting region, which contains multi-
ple imprinted genes along with a number of 
miRNAs [24, 25]. This characteristic makes 
MEG3 a key lncRNA that regulates different 
types of genes. For instance, MEG3 partici-
pates in the regulation of the critical signal 
pathways in cancer including p53 pathway. It is 
fully known that TP53 activation had the poten-
tial of inducing the cell cycle arrest and apopto-
sis, leading to the slow growth of the CRC cells. 
Previous research works illustrated that MEG3 
promoted expression level of TP53 in colorectal 
cancer and osteosarcoma cancer cell lines [26, 
27]. As in CRC, MEG3 has been observed as 
involved in the regulation of TGF-β pathway [28] 
as well as Clustering protein [29]. 

As indicated earlier, there exist a number of 
miRNAs and binding cites in the intron region of 
MEG3. The molecular mechanism of lncRNAs 
are quite intricate. LncRNAs was capable of 
directly interacting with the DNAs, RNAs and 
even proteins for the change of their confor- 
mation, stability or expression levels. Among 
these, ceRNA mechanism has been most 
extensively investigated as a molecular sponge 
for microRNAs by means of their binding sites. 
MEG3 has been demonstrated as the sponge 
for miR-494, miR-212, and miR-181. We dis-
covered an innovative target miR that is miR-
376. A few research works have illustrated the 
anti-cancer role of miR-376 in breast cancer 
and ovarian cancer [30, 31]. Nonetheless, it 
has not been extensively investigated, in par-
ticular, in CRC. We figured it out that MEG3 
could significantly inhibit the expression of miR-

376. Luciferase activity assay and rescue 
experiments confirmed our speculation as well.

Accumulative evidence has shed light on the 
fact that lncRNAs participate in the regulation 
of their downstream genes by playing the role 
of ceRNA [32]. Previous investigations have 
revealed that the Protein Kinase D1 (PKD1) had 
the potential of promoting both proliferation 
and oestrogen independence in breast cancer 
cells [33, 34]. PKD1 is a serine/threonine 
kinase belonging to the PKD family [35] that 
can be activated by not just growth factors, but 
also mitogenic neuropeptides, and oxidative 
stress, regulating various biological mecha-
nisms [36, 37]. We discovered that PRKD1  
constituted a direct target gene of miR-376. 
Together with that, there exists a positive cor-
relation between MEG3 expression and PRKD1. 

In the current research work, we figured it out 
that MEG3 inhibited the proliferation and migra-
tion of CRC. Further mechanism research firstly 
suggested that MEG3 upregulated PRKD1 by 
means of acting as a ceRNA of miR-376 in CRC. 
It provides a better understanding of the role of 
MEG3, besides being likely to contribute to the 
diagnosis and therapy strategies in CRC. With 
the development of epigenetics research, dif-
ferent mechanisms like hypermethylation, cou-
pled with the post translational degradation via 
miRNAs, are likely to cause the inhibited expres-
sion or deletion of MEG3. Hypermethylation in 
the MEG3 promoter and IG-DMR regions is 
likely to be of crucial significance for lowering 
the MEG3 level. The regulation of MEG3 in CRC 
has not been elucidated, and it is under our 
arrangement as well.
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Figure 6. MiR-376 directly targets PRKD1 in CRC cells. (A) Prediction of binding sites for EMG3 and miR-376 by 
Targetscan. (B) CRC cells were transfected luciferase reporter vector with wild or mutant type of targeting region 
of PRKD1 along with miR-376 mimic or control. Luciferase activity assay was used to determine whether miR-376 
target EMG3. (C) Expression data of PRKD1 in CRC and adjacent normal tissues obtained from Starbase. (D) qPCR 
was used to detect the MEG3 level in different groups. (E) QPCR and (F) IHC was used to evaluate the expression 
level of MEG3 in CRC tissues. (G) QPCR was used to evaluate the expression level of MEG3 in CRC cell lines. The 
correlation analysis was performed between (H) PRKD1 and miIR-376 along with (I) miR-376 and MEG3 expression 
levels. *P<0.05 verse mimic control group. #P<0.05 verse control group. 
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