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ABSTRACT

The long noncoding RNA (lncRNA) MEG3 is involved in various biological 
processes including cell migration and cell proliferation. In present study, it was 
found that MEG3 and the intronic miR-770-5p were decreased in samples from HSCR 
patients. Besides, knockdown of MEG3 and miR-770-5p suppressed cell migration 
and proliferation, while cell cycle and apoptosis were not affected in human 293T and 
SH-SY5Y cells. SRGAP1 mRNA and protein upregulation was inversely correlated with 
miR-770-5p expression in tissue samples and cell lines, which was confirmed to be a 
target gene of miR-770-5p by dual-luciferase reporter assay. Moreover, silencing of 
SRGAP1 rescued the inhibition of cell migration and proliferation induced by MEG3 
siRNA and miR-770-5p inhibition. The present study elucidates a novel mechanism of 
the development of HSCR and shows that the MEG3/miR-770-5p/SRGAP1 pathway 
plays a vital role in the pathogenesis of HSCR.

INTRODUCTION

Hirschsprung‘s disease (HSCR), a congenital enteric 
disease, is characterized by the absence of ganglion 
cells from various regions of the distal bowel caused by 
defects in the migration of neural crest-derived progenitor 
cells during embryogenesis [1, 2]. The deficiency of 
enteric neurons leads to abnormal gut motility, which is 
manifested by a delay in meconium discharge, abdominal 
distension, and intestinal obstruction. The incidence of 
HSCR is approximately 1:5000 live births with a 4:1 
male:female gender bias [3]. Approximately 18% of 
HSCR patients show a syndrome in which HSCR is only 
a constituent part [4]. To date, many genes have been 
associated with the pathogenesis of HSCR, including 
RET, GDNF, NRG1, EDNRB, SOX10 and so on [5–7]. 

Furthermore, the role of non-coding RNAs including long 
non-coding RNAs (lncRNA) and short non-coding RNAs 
(microRNA) have been expound to be involved in the 
appearance of HSCR [8, 9].

lncRNAs, which are more than 200 nucleotides in 
length and do not encode proteins, also play an important 
role in physiological development, especially in the cancer 
disease [10]. What’s more, study has indicated that loss of 
lncRNAs function leads to neural disease [11]. However, 
miRNAs, which are approximately 20–24 nucleotides in 
length, regulate gene expression post-transcriptionally 
by interacting with the 3′ untranslated region (3′-UTR) 
of target genes [12]. miRNAs play roles in energy 
homeostasis, especially the regulation of intestinal 
homeostasis, cell migration, cell cycle, cell apoptosis, cell 
proliferation, and neuronal function [13–15]. Previous 
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studies from our group have been focusing on the effect of 
miRNAs on the development of HSCR [16, 17].

The lncRNA MEG3, which acts as tumor 
suppressor, is a precursor of miR-770-5p and plays 
critical roles in many diseases [18, 19]. Recent date 
indicated that lncRNA H19 was abnormally increased 
and contributed to the cell proliferation via miR-675 
in gastric cancer [20]. Nevertheless, the relationship 
between MEG3, miR-770-5p and the role of MEG3 in 
HSCR have not been reported. Recently, the study of 
interaction between lncRNA and miRNA has become a 
hot topic. There are several main pathways mediating the 
regulation of miRNAs by lncRNAs. Firstly, lncRNAs 
indirectly inhibit miRNA negative gene regulation by 
competing for binding to the 3′-UTR of target genes [21]. 
Secondly, lncRNAs serve as competitive endogenous gene 
regulating miRNAs and further impacting cell cytobiology 
[22, 23]. Thirdly, some lncRNAs are similar to protein-
coding genes that act as host genes and can be processed 
to miRNAs, which then function to modulate the target 
gene [24]. The last intron of MEG3 encodes miR-770-5p, 
which is expressed in senior mammals such as humans, 
horses, Rhesus monkeys, chimpanzees, the house mouse, 
and Norway rat. Bioinformatics analyses indicate that it 
may have important biological effects. Given the role of 
lncRNAs in neural diseases, the importance of the relation 
between lncRNAs and miRNAs in the pathophysiologic 
mechanism, and the MEG3 and miR-770-5p were 
abnormally decreased in HSCR, we speculated that 
MEG3, miR-770-5p may be involved in the pathogenesis 
of HSCR.

Thus, we investigated the functional involvement of 
MEG3 and its intron miR-770-5p in HSCR progression 
and also identified the target gene of the miR-770-5p, 
SRGAP1, which plays important roles in the development 
of the nervous system. In this study, we explored the 
mechanism of pathophysiological roles and the potential 
relationship between lncRNA MEG3 and miR-770-5p, 
indichating that the lncRNA MEG3/miR-770-5p/SRGAP1 
pathway may play important roles in the pathogenesis of 
HSCR.

RESULTS

Clinical information analysis

The present study analyzed 192 human colon 
tissue specimens obtained from the Department of 
Pediatric Surgery, Children’s Hospital of Nanjing Medical 
University, including 96 HSCR-confirmed cases and 96 
matched controls. Clinical information including age, 
gender (male/female), and body weight were obtained 
from participants. There were no statistically significant 
differences in age (3.60± 0.22 and 3.33 ± 0.25 months old) 
and body weight (5.2 ± 0.32 and 4.8 ± 0.26 kg) between 
HSCR and controls. The gender rate (Male/Female) of 

HSCR and controls was 78/18 and 71/25, respectively, 
which matched the gender rate of this disease.

MEG3, the host gene of miR-770-5p, positively 
correlates with miR-770-5p expression in HSCR 
patients

miR-770-5p is located in the intron of the lncRNA 
MEG3. To determine the role of MEG3 and miR-770-5p 
in the occurrence of HSCR, we assessed the expression 
level of MEG3 and miR-770-5p. The results showed 
that MEG3 was downregulated in HSCR (Figure 1A) 
and consistent with the expression levels of miR-770-5p 
(Figure 1B), indicating that low-expression level of miR-
770 may have an effect on the development of HSCR.

To further elucidate the relationship between MEG3 
and miR-770-5p, we transfected the 293T and SH-SY5Y 
cells with MEG3 siRNA. It was found that deprivation 
of MEG3 expression remarkably reduced miR-770-
5p expression (Figure 1E and 1F) in both cells, which 
indicating that miR-770-5p was regulated by MEG3.

MEG siRNA reduced cell migration and 
proliferation, whereas overexpression of MEG3 
promoted cell migration and proliferation

Cell migration and proliferation assays were 
performed to verify the function of MEG3. MEG3 siRNA 
was transfected into 293T and SH-SY5Y cells. Results 
showed that knockdown of MEG3 inhibited cell migration 
and proliferation (Figure 2A and 2C). Meanwhile, cell 
cycle progression and apoptosis were not affected by 
MEG3 siRNA transfection (Supplementary Figure 1).

MEG3 was overexpressed by infecting 293T and 
SH-SY5Y cells with a MEG3-overexpression lentivirus, 
and cell migration and proliferation were examined after 
72 hours. As shown in (Figure 2B and 2D), overexpression 
of MEG3 increased cell migration and proliferation. 
However, MEG3 overexpression had no effect on cell cycle 
progression and cell apoptosis (Supplementary Figure 1).

miR-770-5P inhibitor suppressed cell migration 
and proliferation

To confirm the cellular function of miR-770-5P, 
we examined the effect of miR-770-5p on cell migration, 
cell proliferation, cell cycle procession, and apoptosis. 
The Transwell assay and CCK8 assay were used to test 
cell migration and cell proliferation in 293T and SY5Y 
cells. Results showed that cell migration and proliferation 
were significantly decreased in cells transfected with 
the miR-770-5p inhibitor, suggesting that inhibition of 
miR-770-5p suppresses cell migration and proliferation 
(Figure 3A). Flow cytometric analysis was performed 
to test the role of miR-770-5p in cell cycle progression 
and apoptosis. However, there were no differences in cell 
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cycle progression or the percentage of apoptotic cells 
between miR-770-5p inhibitor transfected and control 
cells (Supplementary Figure 1).

SRGAP1 was the target gene for miR-770-5P

Three databases (MICRORNA.ORG, 
TRAGETSCAN and MIRDB) were used to predict target 
genes of miR-770-5p. Three candidate target genes, 

CCND2 (cyclin D2), STK38L (serine/threonine kinase 38 
like), and SRGAP1 (SLIT-ROBO Rho GTPase activating 
protein 1), were selected after the prediction and functional 
analysis. To determine whether the three predicted target 
genes have connections with HSCR, qRT-PCR was used to 
measure the mRNA levels in 96 HSCR colon tissues and 
96 matched controls. SRGAP1 expression was upregulated 
in cases compared with controls (Figure 1C). However, 
no differences of CCND2 and STK38L expression levels 

Figure 1: The lncRNA MEG3 positively correlates with miR-770-5p expression in HSCR patients. (A, B, C) The lncRNA 
MEG3, miR-770-5p and SRGAP1 expression were detected in HSCR patient colon tissues (n=96) and controls (n=96). Data are presented 
as a box plot of the median and range of log-transformed relative expression level. (D) The protein level of SRGAP1 in HSCR tissues. 
(E, F) The 293T and SH-SY5Y cells were transfected with MEG siRNA and miR-770-5p inhibitor. The mRNA and protein expression of 
SRGAP1 and miR-770-5p were determined by qRT-PCR and Western blot.

Figure 2: The cellular function of MEG3 in 293T and SH-SY5Y cells. (A, B) MEG3 siRNA and overexpression lentivirus were 
transfected into 293T cells and cultured in transwell, Migrated cells were then colored with violet crystal and counted. The relative quantity 
of migrated cells is presented as a percentage of total cells (right). Absorbance at 450 nm is presented as mean ± SE. (C, D) The Cytobiology 
change after treating SH-SY5Y cellsw ith MEG3 siRNA and overexpression lentivirus.* means significant difference (P < 0.05).
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were detected between cases and controls. The protein 
levels of SRGAP1 were consistent with the mRNA levels 
(Figure 1D).

To confirm that SRGAP1 is a target gene for 
miR-770-5p, two independent methods were used. 
Firstly, the wild-type or a mutant seed sequence of 
SRGAP1 that was shared by miR-770-5p was cloned 
into the pLG3 vector to yield pLG3-SRGAP1 or pLG3-
SRGAP1-mut. The relative luciferase activity of the 
group co-transfected with PLG3-SRGAP1 and miR-
770-5p mimics was significantly decreased (Figure 
3B). In contrast, no difference between the luciferase 
activity of PLG3-SRGAP1-mut and the negative control 
was observed. These results indicated that miR-770-5p 
decreased SRGAP1 expression by binding to the 3′-
UTR of SRGAP1. Secondly, the SRGAP1 mRNA and 
protein levels were evaluated by qRT-PCR and western 
blotting separately after transfected with miR-770-5p 
inhibitor and control in 293T and SH-SY5Y cells for 48 
h. SRGAP1 expression was significantly increased at both 
mRNA and protein levels in 293T and SH-SY5Y cells 
(Figure 1E and 1F).

MEG3 effect on cell migration and proliferation 
was mediated by the miR-770-5p/SRGAP1 
pathway in HSCR

To determine whether MEG3 functions via the 
miR-770-5p/SRGAP1 pathway, we firstly transfected 

293T and SH-SY5Y cells with MEG3 siRNA. miR-770-
5p expression was downregulated, whereas SRGAP1 was 
upregulated at the mRNA and protein levels (Figure 1E and 
1F). Secondly, infection of the two cell lines with MEG3-
overexpression lentivirus resulted in increased MEG3 
expression levels, whereas SRGAP1 expression was 
downregulated at the mRNA and protein levels (Figure 
3C and 3D). Thirdly, cell migration and proliferation 
assays were used to explore functional changes when the 
two cell lines were co-transfected with MEG3 siRNA and 
miR-770 mimics, MEG3-overexpression lentivirus, and 
miR-770 inhibitor singly. Co-transfection of miR-770-
5p mimics partially rescued the MEG3 siRNA-mediated 
decreasing in cell migration and proliferation (Figure 4C). 
Taken together, these results suggested that miR-770-5p is 
a pivotal mediator in MEG3-induced HSCR progression.

To further examine whether SRGAP1 has an effect 
on cell migration and proliferation, we performed a series 
of rescue experiments in which 293T and SH-SY5Y 
cells were co-transfected with miR-770-5p inhibitor 
and SRGAP1 siRNA, and MEG3 siRNA and SRGAP1 
siRNA separately. Cell migration was increased in 
response to SRGAP1 silencing compared with that in cells 
transfected with miR-770-5P inhibitor or MEG3 siRNA 
alone, although it was still lower than that of the control. 
Migration ability in cells transfected with SRGAP1 siRNA 
was similar to that of the control. Cell proliferation, as 
detected by the CCK8 assay, showed changes consistent 
with those observed in the cell migration assay (Figure 4A 

Figure 3: SRGAP1 is a downstream target of MEG3/miR-770-5p. (A) Cell migration and proliferation were significantly 
decreased in 293T and SH-SY5Y cells transfected with the miR-770-5p inhibitor. (B) Bottom: Sequence alignment of human miR-770-5p 
with 3’-UTR of SRGAP1. Mutations in the 3’-UTR of SRGAP1. TOP: The firefly luciferase activity in 293T and SH-SY5Y cells after 
cotransfection with reporter construct and miR-770-5p mimics. (C, D) The mRNA and protein expression of SRGAP1 was determined by 
qRT-PCR and Western blot after transfected with MEG3-overexpression lentivirus in 293T and SH-SY5Y cells. All results were presented 
as mean ± SE.* means significant difference (P < 0.05). 
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and 4B, Figure 5). These results clearly indicated that the 
effect of MEG3 on cell migration and proliferation was 
mediated by the miR-770-5p/SRGAP1 pathway in HSCR.

DISCUSSION

HSCR, which is a congenital disease of the digestive 
tract in newborns, is characterized by the absence of ENS 
neurons originated from neural crest cells. ENS neurons 
fail to migrate and colonize the affected gut regions of 

variable lengths during embryogenesis from 5 to 12 weeks 
[25]. HSCR has multifactorial disorders and many genes, 
including noncoding RNAs, play roles in the pathogenesis 
of HSCR. HA117, as an ATRA-related lncRNA, was 
shown to be associated with the etiology of HSCR [9].

LncRNAs, which localize both to the nucleus and 
cytoplasm, play functional roles in the development and 
function of the nervous system [26]. In addition, lncRNAs 
are involved in various biological processes, including cell 
migration, cell proliferation, cell cycle progression, cell 

Figure 4: MEG3 effect on cell migration and proliferation was mediated by the miR-770-5p/SRGAP1 pathway in 
HSCR. (A, B) SRGAP1 siRNA could partly reverse cell migration and proliferation in 293T and SH-SY5Y cell lines transfected with 
miR-770-5p inhibitor. (C) Co-transfection of miR-770-5p mimics partially rescued the MEG3 siRNA-mediated decrease in cell migration 
and proliferation. Absorbance at 450 nm was presented as mean ± SE. * means significant difference (P < 0.05).

Figure 5: Migration and proliferation were reversed after co-transfection with MEG3 siRNA and SRGAP1 siRNA. (A, 
B) SRGAP1 siRNA could partly reverse cell migration and proliferation in 293T and SH-SY5Y cell lines transfected with MEG3 siRNA. 
Absorbance at 450 nm was presented as mean ± SE. * means significant difference (P < 0.05).
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apoptosis, and cell differentiation. Recent studies show 
that lncRNAs and miRNAs that act as host genes have 
concordant expression, such as miR-31 and its host gene 
miR-31HG [27]. In the present study, MEG3 and miR-
770-5p, which is located in its intronic region, were both 
downregulated in HSCR patients. We speculated that 
MEG3, miR-770-5p are involved in the pathogenesis of 
HSCR. however, the underlying mechanism of miR-770-
5p and MEG3 is still unknown.

We firstly confirmed that MEG3 and miR-770-5p 
play a role in the etiology of HSCR. Moreover, assessment 
of RNA levels showed that the expression levels of miR-
770-5p were consistent with MEG3 expression levels, 
indicating that MEG3 may function via miR-770-5p. In 
addtion, Cell migration and proliferation changes caused 
by MEG3 siRNA were partly rescued by miR-770-5p 
mimics, the same with the change in the overexpression 
of MEG3 as expected. Those results suggested that miR-
770-5p is a pivotal mediator in MEG3-induced HSCR 
progression.

To validate SRGAP1 as the target gene of miR-
770-5p, two cell lines were transfected with miR-770-5p 
inhibitor, and SRGAP1 mRNA and protein levels were 
found upregulated. In the following step, a dual-luciferase 
reporter assay was performed to confirm the relationship 
between miR-770-5p and SRGAP1. The results showed 
that SRGAP1 was the target gene of miR-770-5p.

SRGAP1 expressed in mammals, regulates cell 
migration by interacting with Robo1 and Rho GTPases, 
and plays important roles in the development of the 
nervous system [28]. SRGAP1 allows the concomitant 
activation of Rac1 and RhoA via its RacGAP activity 
to regulate cell migratory behavior. Continuous 
spatiotemporal spreading and a modal shift of intrinsic 
cell motility from random to directionally persistent result 
from depletion of SRGAP1, which overactivates Rac1 and 
inactivates RhoA [29]. In the present study, SRGAP1 was 
upregulated in HSCR patients. To examine the effect of 
SRGAP1 on cell migration and proliferation in HSCR, a 
series of rescue experiments were performed. As expected, 
SRGAP1 siRNA, when co-transfected with MEG3 siRNA 
or miR-770-5p inhibitor, reversed the suppression of cell 
migration and proliferation caused by MEG3 siRNA 
and miR-770-5p inhibitor, suggesting that MEG3 and 
miR-770-5p acted by upregulating SRGAP1. Thus, we 
speculated that downregulation of MEG3 in accordance 
with the low-expression of miR-770-5p contributed to the 
upregulation of SRGAP1, resulting in the suppression of 
neural cell migration, and leading to the development of 
HSCR. However, the present study had limitations. Cell 
functional experiments were not performed in ENCC. 
Therefore, further research is needed to validate the 
hypothesis.

In conclusion, the present study showed that MEG3 
plays a role in the pathogenesis of HSCR through miR-
770-5p and its downstream target SRGAP1. The MEG3/

miR-770-5P/SRGAP1 pathway provides a new approach 
for understanding the etiology of HSCR.

MATERIALS AND METHODS

Ethics statement and patient tissue sample

The study was done under compliance with the 
government policies and the Helsinki Declaration. 
Moreover, the Institutional Ethics Committee of Nanjing 
Medical University approved this study. A total of 
192 human colon tissues including 96 HSCR patient 
specimens and 96 matched controls were collected 
in Nanjing Children’s Hospital Affiliated to Nanjing 
Medical University from October 2009 to October 2014 
after surgery. All HSCR patients, who were diagnosed by 
barium enema and anorectal manometry evaluation before 
operative treatment, were made pathological diagnosis to 
verify that there were no ganglionic cells in their colon 
tissues after surgery. 96 control samples were obtained 
from patients who also had acquired surgery and were 
verified without HSCR or other congenital malformations. 
Informed consents from their guardians were acquired 
after full explanations of the study, and the tissues were 
immediately frozen and stored at −80°C after operation.

RNA isolation and qRT-PCR

Trizol reagent (Invitrogen Life Technologies Co, 
CA, USA) was used to extract Total RNA from colon 
tissues and cells according to manufacturer’s instructions. 
qRT-PCR was used to detect the expression levels of 
mRNA, lncRNA and microRNA in tissues and cells. The 
expression levels of hsa-miR-770-5p in tissues and cells 
were measured by TaqMan® MicroRNA Assays (Applied 
Biosystems, CA, USA) with a normalized control. At the 
same time, qRT-PCR was performed to detect mRNA and 
lncRNA expression levels on the ABI 7900HT (Applied 
Biosystems, CA, USA), along with GAPDH as an 
endogenous control.

Protein extraction and western blot

To extract proteins, tissues and cells were lysed by 
RIPA buffer containing protease inhibitors (cOmplete, 
ULTRA, Mini, EDTA-free, EASYpack Roche, Germany). 
And then BCA method (Beyotime, Nantong, China) was 
applied to test protein concentration. In 12% sodium 
dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE), equal amount of proteins (80μg) were 
separated, and then transferred to PVDF membrane 
(Roche Germany). After blocking the proteins in PVDF 
membrane in 5% skimmed milk. The primary antibody 
against SRGAP1 was hatched in 4°C overnight, and 
the second antibody (Beyotime, Nantong, China) which 
were anti-rabbit HRP-linked was incubated 1 hour in 
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indoor temperature. Finally, ECL reagent (Millpore, 
MASS, USA) was used to develop the blots. We used 
ImageJ software to quantify the integrated density of the 
band, and analyzed the western blot data by Graphpad. 
Additionally, GAPDH antibody was acted as an internal 
control.

Cell culture and cell transfection

Human 293T and SH-SY5Y cell lines which 
were cultured in complete growth medium:DMEM 
(Hyclone, UT, USA), supplemented with 10% fetal 
bovine serum (10%FBS), 100 U/mL penicillin, and 100 
μg/mL streptomycin, were obtained from American 
Type Culture Collection (ATCC, Manassas VA, USA) 
under the condition of 37°C and 5% CO2. In transfection 
experiments, synthetic miRNA precursor molecules of 
miR-770-5p, negative control and siRNA of SRGAP1 
and MEG3 (GenePharma, Shanghai, China) were used 
with Lipofectamine 2000 Reagent (Invitrogen, CA, USA) 
following the protocol of the manufacturer.

Establishment of stable MEG3 overexpression in 
cell lines

Cells were plated in 6-well at a concentration of 
1.5×105 cells/well and then infected with 1ml MEG3-
GFP lentivirus vectors (MEG3 overexpression group) 
and 1ml GFP lentivirus vectors (negative control group) 
using 8μl polybrene serum-free medium according the 
manufacturer’s instructions for 6 hours. After 6 hours, 
1ml serum-free medium was adding each well. After 24 
hours, Cells were embedded in 10% fetal bovine serum 
medium for 3 days. GFP expression was examined by 
fluorescence microscopy (Olympus, Tokyo, Japan). 4 days 
after infection, cells over-expressed MEG3 stably were 
used for subsequent experiments. MEG3-GFP lentivirus 
vectors and GFP lenivirus vectors were donated by Liver 
Transplantation Center of the First Affiliated Hospital and 
State Key Laboratory of Reproductive Medicine, Nanjing 
Medical University.

Dual-luciferase reporter assay

In the Dual-luciferase reporter assay, the wild-
type and mutated 3’-UTR sequence of SRGAP1 mRNA 
were inserted into the KpnI and SacI sites of pGL3 
promoter vector (Genscript, Nanjing, China). We 
transfected with pRL-SV40, negative control, miR-770-
5p mimics, pGL3-SRGAP1 and pGL3-SRGAP1-mut 
by using Lipofectamine 2000 (Invitrogen Corp, CA, 
USA). After collection, cells were assessed by using 
the Dual Luciferase Assay (Promega, Madison, WI) 
after 48 h transfection following the manufacturer’s 
instructions. All experiments were repeated three times 
independently.

Cell transwell assays and cell proliferation

To estimate the competence of cell migration, cell 
transwell assays were designed, and executed principally 
with the application of the Transwell migration chambers 
(8 μm pore size, Millipore Corporation, Billerica, MA). 
Firstly, cells were cultured on 6-well plates and transfected 
with miR-770-5p inhibitor/mimics, SRGAP1 siRNAs, 
MEG3 siRNAs, MEG3-overexpression lentivirus and 
negative control. Cells were suspended with serum-free 
medium, then in the upper chamber 100μl cell suspension 
was seeded, and in the lower chamber 600ul medium 
with 10% FBS. After incubated for 24 to 48 hours, 
cells were dyed with crystal violet staining solution 
(Beyotime, Nantong, China). We used Image-pro Plus 
6.0 to photograph under 40×magnification (five views 
per well) and counted migrated cells while cell numbers 
of normal control were normalized to 1. Besides, CCK8 
assay (Beyotime, Nantong, China) was applied to test the 
cell proliferation. The TECAN infinite M200 Multimode 
microplate reader (Tecan, Mechelen, Belgium) was used 
to measure the absorbance at 450 nm. All experiments 
were repeated three times independently.

Cell cycle and cell apoptosis

For detection of cell cycle assay, cells, which were 
transfected with miR-770-5p inhibitor, MEG3 siRNA 
and infected MEG3-overexpression lentivirus, were 
harvested and detected by BD Biasciences FACS Calibur 
Flow Cytometry (BD Biasciences, NJ, USA). For cell 
apoptosis analysis, cells were stained with the Annexin 
V-FITC/Propidium Iodide Kit (KeyGen Biotech, Nanjing, 
China) after collection on the basis of the manufacturer’s 
instructions. Data were analyzed with FlowJo V7 software 
V7 software (Tree Star, Oregon, USA). All experiments 
were performed in triplicate independently.

Statistical analysis

Statistical analysis was performed using STATA9.2 
(Stata Corp, Texas, USA), and presented with Graph PAD 
prism software. Experimental data of tissue samples are 
analyzed by Wilcoxon rank-sum test to evaluate differences 
between groups, while the data of cell samples are 
presented as meank-su from three separate experiments in 
triplicates per experiment by double-sided Student's t-test. 
Results were considered statistically significant at P<0.05.

Authors’ contribution

Conceived and designed the experiments: 
Weibing Tang, Yankai Xia, Hongxing Li; Performed the 
experiments: Hongxing Li, Bo Li, Dongmei Zhu, Hua Xie, 
Chunxia Du; Analyzed the data: Hongxing Li, Chunxia 
Du; Wrote the paper:Hongxing Li. All authors discussed 
the results and commented on the manuscript.



Oncotarget69729www.impactjournals.com/oncotarget

ACKNOWLEDGMENTS

We thank Dr. Jie Zhang, Huan Chen and Changgui 
Lu (Children’s Hospital of Nanjing Medical University) 
for their contribution in collecting samples.

This study was supported by Natural Science 
Foundation of China (NSFC 81370473, NSFC 81400574, 
NSFC 81570467), The school fund of Nanjing Medical 
University (2014NJMU145) and State Key Laboratory of 
Reproductive Medicine (SKLRM-K201506).

CONFLICTS OF INTEREST

There are no conflicts of interest.

REFERENCES

1. McKeown SJ, Stamp L, Hao MM, Young HM. 
Hirschsprung disease: a developmental disorder of the 
enteric nervous system. Wiley interdisciplinary reviews 
Developmental biology. 2013; 2:113-129.

2. Badizadegan K, Thomas AR, Nagy N, Ndishabandi D, 
Miller SA, Alessandrini A, Belkind-Gerson J, Goldstein 
AM. Presence of intramucosal neuroglial cells in normal 
and aganglionic human colon. American journal of 
physiology Gastrointestinal and liver physiology. 2014; 
307:G1002-1012.

3. Bergeron KF, Silversides DW, Pilon N. The developmental 
genetics of Hirschsprung's disease. Clinical genetics. 2013; 
83:15-22.

4. Butler Tjaden NE, Trainor PA. The developmental etiology 
and pathogenesis of Hirschsprung disease. Translational 
research : the journal of laboratory and clinical medicine. 
2013; 162:1-15.

5. Maria Sergi C, Caluseriu O, McColl H, Eisenstat DD. 
Hirschsprung's disease: clinical dysmorphology, genes, 
micro-RNAs, and future perspectives. Pediatric research. 
2016.

6. Tang W, Li B, Xu X, Zhou Z, Wu W, Tang J, Qin J, Geng 
Q, Jiang W, Zhang J, Sha J, Xia Y, Wang X. Aberrant high 
expression of NRG1 gene in Hirschsprung disease. Journal 
of pediatric surgery. 2012; 47:1694-1698.

7. Lecerf L, Kavo A, Ruiz-Ferrer M, Baral V, Watanabe 
Y, Chaoui A, Pingault V, Borrego S, Bondurand N. An 
impairment of long distance SOX10 regulatory elements 
underlies isolated Hirschsprung disease. Human mutation. 
2014; 35:303-307.

8. Mi J, Chen D, Wu M, Wang W, Gao H. Study of the effect 
of miR124 and the SOX9 target gene in Hirschsprung's 
disease. Molecular medicine reports. 2014; 9:1839-1843.

9. Liu H, Luo Y, Li S, Wang S, Wang N, Jin X. Expression 
profiles of HA117 and its neighboring gene DPF3 in 
different colon segments of Hirschsprung's disease. 

International journal of clinical and experimental pathology. 
2014; 7:3966-3974.

10. Gupta SC, Tripathi YN. Potential of Long Non-coding 
RNAs in Cancer Patients: From Bio-markers to Therapeutic 
Targets. International journal of cancer. 2016.

11. Clark BS, Blackshaw S. Long non-coding RNA-dependent 
transcriptional regulation in neuronal development and 
disease. Frontiers in genetics. 2014; 5:164.

12. Grigoriev A, Bonini NM. Age-dependent patterns of 
microRNA RISC loading. Aging. 2014; 6:705-706.

13. Dumortier O, Hinault C, Van Obberghen E. MicroRNAs 
and metabolism crosstalk in energy homeostasis. Cell 
metabolism. 2013; 18:312-324.

14. Saba R, Schratt GM. MicroRNAs in neuronal development, 
function and dysfunction. Brain research. 2010; 1338:3-13.

15. Runtsch MC, Round JL, O'Connell RM. MicroRNAs 
and the regulation of intestinal homeostasis. Frontiers in 
genetics. 2014; 5:347.

16. Li H, Tang J, Lei H, Cai P, Zhu H, Li B, Xu X, Xia Y, Tang 
W. Decreased MiR-200a/141 suppress cell migration and 
proliferation by targeting PTEN in Hirschsprung's disease. 
Cellular physiology and biochemistry: international journal 
of experimental cellular physiology, biochemistry, and 
pharmacology. 2014; 34:543-553.

17. Tang W, Li H, Tang J, Wu W, Qin J, Lei H, Cai P, Huo W, 
Li B, Rehan V, Xu X, Geng Q, Zhang H, Xia Y. Specific 
serum microRNA profile in the molecular diagnosis of 
Hirschsprung's disease. Journal of cellular and molecular 
medicine. 2014; 18:1580-1587.

18. Lu KH, Li W, Liu XH, Sun M, Zhang ML, Wu WQ, Xie 
WP, Hou YY. Long non-coding RNA MEG3 inhibits 
NSCLC cells proliferation and induces apoptosis by 
affecting p53 expression. BMC cancer. 2013; 13:461.

19. Liu J, Li Q, Zhang KS, Hu B, Niu X, Zhou SM, Li SG, Luo 
YP, Wang Y, Deng ZF. Downregulation of the Long Non-
Coding RNA Meg3 Promotes Angiogenesis After Ischemic 
Brain Injury by Activating Notch Signaling. Molecular 
neurobiology. 2016.

20. Liu G, Xiang T, Wu QF, Wang WX. Long Noncoding RNA 
H19-Derived miR-675 Enhances Proliferation and Invasion 
via RUNX1 in Gastric Cancer Cells. Oncology research. 
2016; 23:99-107.

21. Faghihi MA, Modarresi F, Khalil AM, Wood DE, Sahagan 
BG, Morgan TE, Finch CE, St Laurent G 3rd, Kenny PJ, 
Wahlestedt C. Expression of a noncoding RNA is elevated 
in Alzheimer's disease and drives rapid feed-forward 
regulation of beta-secretase. Nature medicine. 2008; 
14:723-730.

22. Liu XH, Sun M, Nie FQ, Ge YB, Zhang EB, Yin DD, Kong 
R, Xia R, Lu KH, Li JH, De W, Wang KM, Wang ZX. Lnc 
RNA HOTAIR functions as a competing endogenous RNA 
to regulate HER2 expression by sponging miR-331-3p in 
gastric cancer. Molecular cancer. 2014; 13:92.



Oncotarget69730www.impactjournals.com/oncotarget

23. Militello G, Weirick T, John D, Doring C, Dimmeler 
S, Uchida S. Screening and validation of lncRNAs and 
circRNAs as miRNA sponges. Briefings in bioinformatics. 
2016.

24. Dey BK, Pfeifer K, Dutta A. The H19 long noncoding RNA 
gives rise to microRNAs miR-675-3p and miR-675-5p to 
promote skeletal muscle differentiation and regeneration. 
Genes & development. 2014; 28:491-501.

25. Heanue TA, Pachnis V. Enteric nervous system development 
and Hirschsprung's disease: advances in genetic and stem 
cell studies. Nature reviews Neuroscience. 2007; 8:466-479.

26. Iyengar BR, Choudhary A, Sarangdhar MA, Venkatesh KV, 
Gadgil CJ, Pillai B. Non-coding RNA interact to regulate 
neuronal development and function. Frontiers in cellular 
neuroscience. 2014; 8:47.

27. Augoff K, McCue B, Plow EF, Sossey-Alaoui K. miR-31 
and its host gene lncRNA LOC554202 are regulated by 
promoter hypermethylation in triple-negative breast cancer. 
Molecular cancer. 2012; 11:5.

28. Wong K, Ren XR, Huang YZ, Xie Y, Liu G, Saito H, Tang 
H, Wen L, Brady-Kalnay SM, Mei L, Wu JY, Xiong WC, 
Rao Y. Signal transduction in neuronal migration: roles of 
GTPase activating proteins and the small GTPase Cdc42 in 
the Slit-Robo pathway. Cell. 2001; 107:209-221.

29. Yamazaki D, Itoh T, Miki H, Takenawa T. srGAP1 regulates 
lamellipodial dynamics and cell migratory behavior by 
modulating Rac1 activity. Molecular biology of the cell. 
2013; 24:3393-3405.


