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Long noncoding RNAs (IncRNAs) have been confirmed to be associated with various human diseases.
However, whether they are associated with Hirschsprung disease (HSCR) progression remains unclear. In
this study, we designed the experiment to explore the relationship between IncRNA HOTTIP and
HOXA13, and their pathogenicity to HSCR. Quantitative real-time PCR and Western blot were performed
to detect the levels of IncRNA, mRNAs, and proteins in colon tissues from 79 patients with HSCR and 79
controls. Small RNA interference transfection was used to study the function experiments in human 293T
and SK-N-BE cell lines. The cell viability and activities were detected by the transwell assays, CCK8 assay,
and flow cytometry, respectively. LncRNA HOTTIP and HOXA13 were significantly down-regulated in
HSCR compared to the controls. Meanwhile, the declined extent of their expression levels makes sense
between two main phenotype of HSCR. SiRNA-mediated knock-down of HOTTIP or HOXA13 correlated
with decreased levels of each other and both reduced the cell migration and proliferation without
affecting cell apoptosis or cell cycle. Our study demonstrates that aberrant reduction of HOTTIP and
HOXA13, which have a bidirectional regulatory loop, may play an important role in the pathogenesis of

HSCR.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Hirschsprung disease (HSCR), which occurs in about
1:2000—1:5000 live births, is characterized by the deficient
migration of enteric neural crest cells (ENCCs) during embryogen-
esis from 5 to 12 weeks [1]. The absence of enteric neurons from
variable lengths of the bowel in HSCR results from a failure of
neural crest-derived cells to colonize the affected gut regions [2].
Considering the outcome, patients can be classified as short
segment HSCR (S-HSCR, 80% of cases) where the aganglionic
segment does not extend beyond the upper sigmoid, and long
segment HSCR (L-HSCR, 20% of cases) where aganglionosis extends
proximal to the sigmoid. Otherwise, there are also other
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phenotypes such as total colonic aganglionosis (TCA) [3]. Genetic
predisposition and intestinal microenvironment changes are re-
ported to be the main contributors to the development of HSCR.
Genes, which control ENCC migration, proliferation, survival, and/
or differentiation, play particularly important roles in the patho-
genesis of HSCR. Up to date, more than 10 genes including RET,
GDNF, GFRa1, NTN, PSPN, EDNRB, EDN3, ECE-1, SOX10, PHOX2B have
been identified to be associated with the pathogenesis of HSCR [4].
Our previous studies also demonstrated that some genes and
miRNAs are involved in HSCR [5—9], however, whether more genes
or noncoding genes, especially long noncoding RNAs, are involved
in HSCR remains poorly understood.

The homeobox (HOX) genes, which consist of gene clusters (A, B,
C and D), encode a family of transcriptional factors crucial to em-
bryo patterning and cell fate [10]. During embryonic development,
HOX genes expression controls the identity of body regions in
accordance with the spatio-temporal colinearity rules [11]. At the
cellular level, hox genes regulate cell differentiation and are
involved in NCC migration [12]. Moreover, some hox genes are
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known to give rise to the defect of ENCCs. It is reported that HOXA4
overexpression was related to disorganization of the ENCC prolif-
eration, migration and differentiation. HOXB5 coordinates with
other transcription factors mediates RET expression [13,14]. In
addition, HOXA13, which has been reported as a marker of gut
primordia posteriorization in the early ENS development in the
zebrafish model and plays a crucial role in extra-embryonic
vascularization and human hindgut development [15,16], also
present an important role in ENCC migration.

LncRNAs are defined as ncRNAs that longer than 200 nucleotides
without the capacity of coding proteins [17]. Recent studies have
indicated that IncRNAs may act as modular scaffolds, combining
multiple nucleic acid and protein binding domains to direct the
localization and/or regulate the activity of multiple effector proteins
simultaneously [18]. Till data, more than 200 IncRNAs have been
annotated in the 4 HOX loci [19]. The recently studied IncRNA
HOTTIP gene is located in physical contiguity with HOXA13 and
directly coordinate and controls the activation of several 5 HOXA
genes via interaction with the WDR5/MLL complex [20]. In hepa-
tocellular carcinoma and osseous arthritis, HOTTIP has been re-
ported to regulate HOXA13 expression [21,22]. However, whether it
holds the true regulation in HSCR remains to be elucidated.

In this study, we design the experiments to investigate the
involvement of the IncRNA HOTTIP and HOXA13 in the pathogen-
esis of Hirschsprung disease.

2. Materials and methods
2.1. Ethics statement and samples collection

In the study, a total of 79 HSCR samples were obtained from
HSCR patients at Nanjing Children's Hospital Affiliated to Nanjing
Medical University from October 2009 to May 2013 (NJMU Birth
Cohort). Pathological detection of all patients was performed to
make a definite diagnosis. Seventy-nine control colon tissues were
obtained from isolated patients proved without HSCR or other
congenital malformation. All of Children's guardians were provided
informed consent for the use of the tissues before surgery. After
surgical removal, the tissues were immediately frozen and stored
at —80 °C. All activities in this study was approved by the Institu-
tional Ethics Committee of Nanjing Medical University and
involving subjects were done under compliance with the govern-
ment policies and the Helsinki Declaration.

2.2. (linical diagnostic criteria

Collected HSCR colon samples were classified as L-HSCR and S-
HSCR by barium enema, anorectal manometry and pathological
diagnosis after surgery. S-HSCR means that patient's aganglionosis
segment is restricted to the rectosigmoid colon, while ones' agan-
glionosis segment extends proximal to the sigmoid colon are L-HSCR.

2.3. Quantitative real time polymerase chain reaction (RT-PCR)

Total RNA was obtained from tissues using TRIzol reagent as
described by the manufacturer (Invitrogen Life Technologies Co,
USA). Quantitative RT-PCR was performed to determine the
expression levels of IncRNA HOTTIP and HOXA13. For mRNA
detection, total RNAs (500 ng) were reverse transcribed using the
reverse transcription kit (Takara, Tokyo, Japan) under 37 °C for
15 min and 85 °C for 30 s. RT-PCR was performed on the ABI Prism
7900HT (Applied Biosystems, USA). GAPDH was used as an
endogenous control. Forward and reverse primer's sequences were
shown in Supplement Table 1. PCR was performed for 5 s at 95 °C
and for 30 s at 60 °C for 40 cycles.

2.4. Protein analysis

For western blot, total proteins were extracted from tissues or
cultured cells using RIPA buffer containing protease inhibitors
(cOmplete, ULTRA, Mini, EDTA-free, EASY pack Roche), while the
membrane protein were extracted from tissues by Mem-PER
Eukaryotic Membrane Protein Extraction Reagent Kit(Thermo Sci-
entific, Rockford, USA). Protein concentrations were determined by
BCA method. Equal amount of proteins (100ug) were separated on
7.5%/12.5% sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred to PVDF membrane. Membrane
was blocked using 5% skimmed milk and incubated with respective
antibodies. Primary polyclonal antibodies were purchased from
epitomics. The secondary antibodies were anti-rabbit or anti-goat
HRP-linked. The blots were developed using ECL reagent (Millpore,
MASS, USA). Equal amount of protein was confirmed using GAPDH
antibody. All experiments were repeated at least three times.

2.5. Cell culture and SiRNA transfection

The Human 293T cell and SK-N-BE(2) cell were obtained from
American Type Culture Collection (ATCC, Manassas VA, USA), 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 pg/ml streptomycin at 37 °C, 5% CO,. Cells,
which were cultured to about 50% confluence, were transfected
with 50 nM negative control and 100 nM siRNA by Lipofectamine
2000 (Invitrogen Corp, CA, USA). The sequences of siRNA, targeting
either HOXA13 or HOTTIP, and off-target negative control were
presented in Supplement Table 1.

2.6. Cell proliferation assays

CCK-8 assay (Beyotime, Nantong, China) was used to detect the
cell proliferation after 24 h transfection. The TECAN infinite M200
Multimode microplate reader (Tecan, Mechelen, Belgium) was used
to measure the absorbance at 450 nm. All experiments were per-
formed in triplicate independently.

2.7. Cell cycle and apoptosis analysis

Cells were transfected with HOTTIP or HOXA13 siRNA, as well as
negative controls for 48 h. For the cell cycle assay, cells were fixed
in 75% alcohol, and stained with propidium iodide (Sigma, MO,
USA). For the apoptosis analysis, cells were washed in PBS, then
mixed with Annexin V-FITC Apoptosis Detection Kit (BD Bio-
pharmingen, NJ, USA) for 15 min in the dark. All experiments were
analyzed by BD Biasciences FACS Calibur Flow Cytometry (BD
Biasciences, NJ, USA). The tests were repeated for three times per
experiment.

2.8. Cell transwell assays

After the transfection of HOTTIP or HOXA13 siRNA for 48 h, cells
were seeded at 1 x 108 cells/ml with serum-free medium. 100 pl
cell suspension was seeded to the upper chamber (Millpore, MASS,
USA) in 24-well plates, while 600 ul DMEM with 10%FBS were filled
in the lower chamber. Twenty four hours later, cells were stained
with crystal violet staining solution (Beyotime, Nantong, China) for
15 min, then counted and photographed under 40 x magnification
(five views per well). Migrated cells were counted by using Image-
pro Plus 6.0 while cell numbers of normal control group was
normalized to 1. All experiments were performed in triplicate
independently.
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Table 1

Clinical features of study subjects.
Variable HSCRn =79 Control n =79 P
Age, (months, mean, SE) 3.99 (0.33) 3.47 (0.13) 0.26°
Sex (%)
Male 61(77.2) 55 (69.6) 0.27°
Female 18 (22.8) 24 (30.4)
Weight (kg, mean, SE) 5.2 (0.08) 4.9 (0.16) 0.337

¢ Student t-test.
b Two-sided % test.

2.9. Statistical analysis

STATA 9.2 and Graph Pad prism software were used for data
analysis. Data of tissue samples are presented as box plot of the
median and range of log-transformed relative expression level by
Mann—Whitney U test., while the data of cell samples are pre-
sented as mean + SEM for three times every test, that are analyzed
by double-sided Student's t-test. Pearson correlation analysis were
used to analyze the relationship of expression level of tissues be-
tween case and control groups. Results were considered statisti-
cally significant at P < 0.05.

3. Results
3.1. Patients’ clinical information

A total of 158 tissue samples were used in this study, including
79 HSCR and 79 control tissues. The clinical information, including
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age, body weight and gender, were shown in Table 1. While the
result of age, the body weight had no difference statistically, the
gender rate (Male/Female) of HSCR and control was 61/18 and 55/
24, which matched the gender rate of this disease.

3.2. HOTTIP and HOXA13 are down-regulated in colon tissues of
HSCR patients

We found that the mRNA levels of HOXA13 were significantly
down-expressed in HSCR tissues as compared to the control
samples, while protein levels of randomly picked six samples
conformed to the results. In addition, we find that HOTTIP
expression levels were also decreased in HSCR samples
(Fig. 1A—C). Spearman analyses indicated that HOTTIP and
HOXA13 had a high correlation score in both HSCR and control
tissues (r: 0.928 and r: 0.902, respectively) (Fig. 1D, E). These re-
sults suggest a potentially interrelated role between HOTTIP and
HOXA13. To explore whether the expression levels of HOTTIP and
HOXA13 were associated with the clinical outcome of HSCR pa-
tients, we then examined the clinical phenotype with the help of
Chi-squared test. We consider the sample which cycle time (CT)
value change less than the median CT value as a HOTTIP/HOXA13
high-regulated one according to the results of quantitative RT-
PCR. In these 79 HSCR samples, we screen out 4 patients diag-
nosed as TCA, since TCA has been reported to have a different
pathogenesis with other phenotypes [23]. The result, which was
shown in Table 2, revealed that HOTTIP and HOXA13 expression
levels show no difference in gender, but had correlation with
phenotype of L-HSCR and S-HSCR.

Ao * B i C
T N e 10,
s | | 2
7]
5 1 ‘T‘. S 1 e UL
[+] Q l.r..
X ! S g1 g S
° o ) X o
<Zt 0.01 'l: 0.01
g 2 HOXATS [ s e S s |
E 'J_ Iy oo
o 0001{ Ve® 2 0001 .
£ o & . GAPDH | emepesesese®
K 7}
& 00001 . . © 00001 ; ;
HSCR Control HSCR Control
D HSCR E Control
~ 04 ~ 0 *%
) )
I -
g § Z 100
9 4 S -1
¢ ¢ 0O g0
g g 8
% 2 2 <
0 i
8 8 i
& & 9
T 3 R Bl i
: : $al [
> 20
Ty T T T 1 Iy T T T | 'ﬁ
4 3 2 4 0 -4 3 2 4 0,
HOTTIP((log-transformed)) HOTTIP((log-transformed)) HSCR Control
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Table 2
Correlation of characteristics and gene expression levels.
Characteristics HOTTIP Chi-square® P-value® HOXA13 Chi-square® P-value®
High Low High Low
Gender
Male 28 29 0.226 0.634 29 28 0.576 0.448
Female 10 8 11 7
Phenotype
L-HSCR 21 16 4.823 0.026 23 14 5.868 0.015
S-HSCR 12 26 13 25

L-HSCR: Long-segment HSCR; S-HSCR: Short-segment HSCR.
3 Two-sided 7 test.

3.3. A loop-regulation between HOTTIP and HOXA13 in 293T and
SK-N-BE(2) cell lines

To explore the roles of HOTTIP and HOXA13 in HSCR, we silenced
HOTTIP expression through siRNAs in 293T and SK-N-BE(2) cell lines.
After 48 h of siRNA delivery, HOTTIP expression levels were
decreased compared to negative control. Meanwhile, we observed
the reduction of HOXA13 levels, which was consistent with its pro-
tein expression levels. In consideration of the high relevance be-
tween HOXA13 and HOTTIP in tissue samples, we knocked down
HOXAT13 using siRNAs to further investigate the regulation between
the HOTTIP/HOXA13 gene axes in HSCR. Similarly, the result shows
that HOXA13 knockdown also decreased HOTTIP mRNA and protein
levels in both 293T and SK-N-BE(2) cell lines (Fig. 2A, B). Those results
indicate that the interdependently regulated expression of HOTTIP
and HOXA13 has a synergistic role in the pathogenicity of HSCR.

3.4. Decreased level of HOTTIP and HOXA13 both can inhibit cell
migration and cell proliferation

To investigate the functional roles of HOTTIP and HOXA13, the
cell migration, cell proliferation, cell apoptosis and cell cycle were

analyzed after transfecting the 293T and SK-N-BE(2) cell lines with
siRNA of HOTTIP and HOXA13, a decreased affection was observed
in cell migration and proliferation as revealed by the transwell
assay and CCK8 assay, respectively. Both the number of migrated
cells and the proliferation rate were significantly lower in the cells
treated with HOTTIP siRNA or HOXA13 siRNA, suggesting that
reduction of HOTTIP/HOXA13 suppress cell migration and cell
proliferation (Fig. 3A, B). Additionally, using flow cytometry anal-
ysis, we investigated whether HOTTIP/HOXA13 are involved in the
apoptosis and cell cycle progression. However, the percentage of
apoptosis cells was not statistically different from the cells trans-
fected with HOTTIP/HOXA13 siRNA or the control. Furthermore,
there were also no difference in the cell distribution in cell cycle
(Supplement Fig. 1A, B).

4. Discussion

HSCR, which is characterized by an absence of enteric neurons
in the distal gut, is a congenital digestive tract in newborns [24].
The absence of enteric neurons from variable lengths of the bowel
in HSCR results from a failure of neural crest-derived cells to
colonize the affected gut regions [25]. HSCR are regarded as a
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multigenic disorder and a lot of genes, as well as none coding genes,
have been reported to be involved in the pathogenesis of HSCR.
Except the susceptibility gene RET and other classical genes, hox
genes, as a cluster belonging to one of 13 paralog groups
(Hox1—Hox13), are found in all animal species and have conserved
roles in body patterning [26,27]and involved in ENCC migration.

In HOX genes, HOXA4 transgenic mice develops congenital
megacolon [28], while HOXB5 are correlated with the migration
and differentiation of NCCs, suggesting a regulatory role of HOXB5
in the development of NCCs [29]. What is more, perturbation of
HOXB5 signaling in NCC from the entire neural tube causes
apoptosis and neurocristopathies in mice [30]. Besides, HOXA9 and
HOXA13 are considered as early and organized pattern of ENS
development in the zebrafish model [16]. Hoxa13 expression has
also been described in the chick model and is strongly expressed in
the endoderm of the hindgut and cloaca through early develop-
ment of the gut and its overexpression failed to produce a tail or gut
phenotype [31]. Thus, we desire to investigate whether or not
HOXA13 are involved in HSCR. We found that both mRNA and
protein expression levels of HOXA13 were markedly down regu-
lated in HSCR, which indicates that HOXA13 may participate in the
pathogenesis of HSCR.

Recently, IncRNAs have emerged as an important player in the
biology of numerous diseases, especially in tumor and stem cell
differentiation [32—34]. There also have been some IncRNAs re-
ported in the pathogenesis of the central neural system and neuron
degeneration diseases [35]. The recently studied IncRNA HOTTIP
located in physical contiguity to HOXA13. HOTTIP RNA directly in-
teracts with WDR5 and targets WDR5/MLL complexes, which
drives histone H3 lysine 4 trimethylation and regulate gene tran-
scription including HOXA13 [20]. Our next results found that
IncRNA HOTTIP was also marked down-regulated and the expres-
sion levels of these two genes have a high internal correlation and
both can predict HSCR clinical phenotypes independently.

In order to detect how HOTTIP and HOXA13 are participated in
the process of HSCR, we conducted experiments in vitro. When we
transfected HOTTIP siRNA with human 293T and SK-N-BE(2) cell

lines, we found the knockdown of HOXA13 expression. In addition,
HOTTIP expression levels were also decreased, when siRNA of
HOXA13 was transfected in human 293T and SK-N-BE(2) cell lines.
As reported, it seems that a loop regulation may also exists in our
cell lines and may be a critical mechanism to maintain HOXA13
expression. Indeed, we admit that the current results can't explain
how HOXA13 regulate HOTTIP expression, which needs further
experiments in our next study. Of note, knocking down either
HOTTIP or HOXA13 results in reduced cell proliferation and
migration. Our results highlight that IncRNA, which is used to be
considered as transcript noise and are confirmed to participate in
the occurrence and development of cancers mostly, could also have
vital roles in congenital diseases, just like HSCR.

In conclusion, we find that down-regulation of HOTTIP and
HOXA13 was associated with early migration and proliferation in
HSCR tissue and cell lines, which may corporately contributes to the
development of HSCR.
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