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Letter to the Editor

LncRNA H719 and Target Gene-mediated Cleft

Palate Induced by TCDD'
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This study investigated the role of long
non-coding RNAs (IncRNAs) in the development of
the palatal tissues. Cleft palates in mice were
induced by 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD). Expression levels of long non-coding RNA
H19 (IncRNA H19) and insulin-like growth factor 2
(IGF2) gene were measured by quantitative
real-time polymerase chain reaction (qRT-PCR). The
rate of occurrence of cleft palate was found to be
100% by TCDD exposure, and TCDD could cause
short upper limb, cerebral fissure, webbed neck,
and short neck. The expression levels of IncRNA
H19 and IGF2 gene specifically showed embryo
age-related differences on E13, E14, and E15 in the
palatal tissues. The expression levels of IncRNA H19
and IGF2 gene showed an inverse relationship on
E13, E14, and E15. These findings demonstrated
that IncRNA H19 and IGF2 can mediate the
development of mouse cleft palate.

Long non-coding RNAs (IncRNAs) are a large and
diverse class of transcribed RNA molecules
measuring more than 200 bp in length. LncRNAs are
non-protein-coding transcripts and comprise a family
of non-protein-coding RNAs. Moreover, IncRNAs
have been found to play important roles in several
biological processes such as cell development,
proliferation, invasion, and migrationm. Aberrant
IncRNA expression in humans can cause a variety of
diseases’”. Cleft palate is the most common
congenital maxillofacial deformity among birth
defects. A cleft palate may occur at any stage of
palatal development. For example, defective palatal
shelf growth can cause a cleft palate. A palate with a
failed or delayed elevation also causes a cleft palate,
and a palate with blocked fusion also results in a
cleft palate. Several studies have indicated that the
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development of a cleft palate involves various types
of genes and environmental factors'™?.

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is a
wide-range and highly toxic environmental
contaminant. It is also a strong teratogen for the
development of a cleft palate. The incidence of cleft
palate development was found to be 100% in each
pregnant mouse treated once with 64 ug/kg body
weight of TCDD™. It is believed that TCDD inhibits
palatal fusion by suppressing the disappearance of
the medial edge epithelial (MEE) cells on the palatal
shelves®. Although the mechanism involved in
TCDD-induced cleft palate has been described®,
there are limited data reporting the involvement of
IncRNAs in TCDD-induced cleft palate.

LncRNAs provide new insight into the
opportunities for studying the pathogenesis of cleft
palate. The long non-coding RNA H19 (IncRNA H19)
encodes a 2.3-kb non-coding mRNA, which is
predominantly found in the cytoplasm with a minor
fraction in the nucleus”®. LncRNA H19 is expressed
in various tissues and has several functions through
activation both in the nucleus and in the cytoplasm.
It has been closely associated with all types of
diseases™. It was initially found and associated with
cleft palate in transforming growth factor-B3
(TGF-B3)-knockout mice in 2013"%. LncRNA H19 is
located adjacent to the paternally expressed
insulin-like growth factor 2 (/GF2) gene, and its
target gene is IGF2. The IGF2 gene plays an
important role in growth and development before
birth. It has been hypothesized that the interaction
between IncRNA H19 and IGF2 genes plays a role in
the development of a cleft palate. However, the
involvement of IncRNA H19 and IGF2 in
TCDD-induced mouse cleft palate has been rarely
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reported. In this study, we explored the possible
mechanism of involvement of IncRNA H19 and IGF2
genes in mouse cleft palate induced by TCDD.
Animals A total of 40 female and 10 male
C57BL/6 mice, aged 8-12 weeks and weighing 25-30 g,
were purchased from Beijing Weitong Lihua
Experimental Animal Technology Co., Ltd. [Beijing,
China; certificate No. SCXK (Jing) 2012-0001]. All
animal experiments were carried out in accordance
with the Animal Care Committee of Xinxiang Medical
University, China, and the experiments were
performed according to the ethical guidelines of the
institution. Female mice were placed along with
male mice (4 F: 1 M) for approximately 18 h and
checked for the presence of vaginal plugs, which was
considered as evidence of mating. The mice were
housed at room temperature of 22 °C and relative
humidity of 60% with a normal 12 h/12 h light/dark
cycle. The animals were maintained on standard
chow and water that were available ad libitum.
Construction of Cleft Palate Model and Sample
Collection TCDD (Sigma, Saint Louis, MO, USA)
dissolved in corn oil™! was administered orally to
each pregnant mouse (64 pg/kg body weight) in the
treated group on embryo day 10 (ElO)[u]. The same
volume of corn oil (Jinglongyu, Qinghuangdao, China)
was administered to the control mice. Three
pregnant mice were sacrificed at each time point on
E13, E14, E15, and E17, respectively. First, the
fetuses were removed from the uterus, and then,
five palates of the fetuses at each time point were
harvested from  both  groups under a
stereomicroscope (Olympus, Tokyo, Japan) and fixed
with 10% formalin. Some palates were sectioned
(5-mm thick), stained with hematoxylin and eosin
(H&E), and evaluated under a microscope. Other
palates were immediately preserved in RNAlater
solution (Ambion, Austin, TX, USA) at 4 °C overnight
and then stored at -80 °C for further RNA isolation.
Quantitative Real-time Polymerase Chain Reaction
(qRT-PCR) The harvested palates from both the
TCDD-treated and the control groups were lysed in
Trizol lysis solution (Invitrogen, Carlsbad, CA, USA).
Total RNA of five palates was isolated according to
the manufacturer’s instructions. First-strand cDNA
was synthesized using PrimeScript™ Il 1st strand
cDNA Synthesis Kit (TakaRa Biotechnology, Kyoto,
Japan) and amplified by gqRT-PCR using the SYBR
Premix Ex Taq Kit (TaKaRa) by ABI 7900 PRISM
system (Applied Biosystems, Carlsbad, CA, USA). 18 s
rRNA was used as an internal control. The conditions
for gRT-PCR for IncRNA H19 and IGF2 genes were as

follows: polymerase activation for 15 min at 95 °C,
40 cycles at 95 °C for 15 s, 56 °C for 20 s, and 72 °C
for 30 s. All primers were synthesized by Dingguo Co.
The primer sets used in qRT-PCR were as follows:
18 s rRNA-forward: 5-CGGACATCTAAGGGCATCA-3’,
18 s rRNA-reverse: 5-AAGACGGACCAGAGCGAAA-3’;
LncRNA H19- for ward: 5-TACCCCGGGATGACTTCA
TC-3’, LncRNA H19- reverse: 5’-TATCTCCGGGACTCC
AAACC-3’, IGF2- forward: 5-GTGTGTGTCAGCCAAG

CATG-3’, IGF2- reverse: 5-CAAATGTGGGGACAC
AGAGG-3'.
Statistical Analysis The data of tests were made

automatically using statistical product and service
solutions (SPSS) software, version 13.0 (SPSS,
Chicago, IL, USA). Double-sided Student’s t-test was
used for comparison between the two groups.
Multiple group comparisons were performed using
one-way analysis of variance, and Tukey’s post hoc test
was used to determine the differences between the
groups. All data were presented as mean * standard
deviation (SD). Differences were considered to be
statistically significant when P < 0.05, or P <0.01.

The Effects of TCDD on Fetal Mice After the
pregnant C57BL/6 mice delivered, we found that
some fetuses had short upper limb (Figure 1A),
cerebral fissure (Figure 1B), webbed neck (Figure 1C),
and short neck (Figure 1D), and the rate of cleft
palate occurrence was 100% in the TCDD-treated
group, a finding consistent with that reported by
Pu Y. In the control group mice, the fetuses had
milk in their stomachs (Figure 1E), whereas those in
the TCDD-treated group had no milk in their
stomachs (Figure 1F), and they soon died of
starvation. The fetuses in the control group had
normal and palatal wrinkles obviously (Figure 1G),
while the fetuses occurred cleft palates and no
palatal wrinkles (Figure 1H). These results were in
agreement with another study using TCDD-induced
mice™ and were similar to the birth defects
observed in children due to TCDD contamination
after the war in Vietnam™'.

Morphological and Histological Observations of
Palatal Development The morphological and
histological alterations were examined and are
shown in Figure 2. In detail, the budding of the
palatal shelves began to form on E13 in the fetuses
of the control group (Figure 2A). In contrast, the
formation of the palatal shelves in the fetuses of the
TCDD-treated group was arrested on E13 (Figure 2B).
In the control group, the palatal shelves of the
fetuses elevated and reached a horizontal position
above the tongue on E14 (Figure 2C), whereas the
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palate began to elevate on E14 in the fetuses of the
TCDD-treated group (Figure 2D). On E15, the palatal
shelves of the fetuses of untreated mice started to
fuse (Figure 2E); however, the palatal shelves of the

fetuses elevated unsuccessfully in the TCDD-treated
group and led to the formation of a cleft palate
(Figure 2F). These results were also reported in
another study with TCDD-induced mice

[14]

Figure 1. The effects on morphology in the control and TCDD-treated groups. Some fetuses in the
TCDD-treated group had short upper limb (A), cerebral fissure (B), webbed neck (C), and short neck (D),
and the rate of cleft palate occurrence was 100%. Fetuses in the control group showed stomach with
milk (E), but fetuses in the TCDD-treated group had no milk in their stomachs (F). The palatal wrinkles
were obvious in the TCDD-treated group (G), whereas no palatal wrinkles were observed in the control
group (H). The arrowhead indicates the site of a fetus’ stomach.

Figure 2. Histological analysis of the palatal shelves in the control and TCDD-treated groups from E13 to
E15. The palate shelves of the fetuses elevated on E13 in the control group (A). The palatal shelves of
the fetuses failed to elevate on E13 in the TCDD-treated group (B). The palatal shelves of the fetuses
elevated and reached a horizontal position above the dorsum of the tongue on E14 in the control group
(C). The palatal shelves of the fetuses delayed to elevate on E14 in the TCDD-treated group (D). The
palatal shelves of the fetuses contacted each other in the end on E15 in the control group (E). The
palatal shelves of the fetuses failed to contact each other and resulted in a cleft palate in the
TCDD-treated group (F). H&E staining x 40 in both groups.
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The Expression Levels of IncRNA H19 and IGF2 at
Different Developmental Stages of Cleft Palate
Very important palatal developments occur during
E13 to E15, such as both sides of the palatal shelves
are above the tongue on E13, there is rapid growth
of the palate on E14, and they beg into touch each
other on E15. However, the involvement of IncRNA
H19 and the target gene IGF2 in this important time
period has not yet been reported. Therefore, to
study the expression patterns of IncRNA H19 and
IGF2 parallel to cleft palate formation, the palatal
tissues were analyzed on E13, E14, and E15. It was
observed that the expression levels of IncRNA H19
and IGF2 varied with the development of the palate
(Figure 3). In detail, the expression levels of IncRNA
H19 significantly increased by 1.99 + 0.23-fold, 4.52
t+ 0.21-fold, and 1.36 + 0.33-fold compared with
those of the corresponding control palatal tissues on
E13, E14, and E15, respectively. This result was
similar to that of a previous study, which reported a
high expression level of IncRNA H19 in the critical
period of embryo development[w]. This finding
suggested that IncRNA H19 might have an important
function in the development of the palate induced
by TCDD. LncRNAs predominantly participate in
diverse physiological processes in organisms, exert
important biological functions, and can regulate the
expression of target genes at transcriptional, post-
transcriptional, and epigenetic levels. The target
gene of INcRNA H19is IGF2. Therefore, we examined
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Figure 3. Relative expression of IncRNA H19
and IGF2 genes in different developmental
stages of palatogenesis. Expression levels of
IncRNA H19 and IGF2 genes were compared
with those of the control group on E13, E14,
and E15, respectively, which were
determined by qRT-PCR. The data are mean +
standard deviation of six replicate
experiments. *, P < 0.05 or **, P < 0.01
compared with the corresponding control
values.

the expression levels of IGF2 during the important
stages on E13, E14, and E15. The expression levels of
IGF2 gene significantly reduced to 0.52 £ 0.42, 0.24 +
0.16, and 0.49 + 0.22 compared with those of the
corresponding control palatal tissues on E13, E14,
and E15, respectively. The expression level of IGF2
gene was always lower than that of the
corresponding control, which was opposite to that of
IncRNA H19. This result was consistent with the
expression levels of IncRNA H19 and IGF2 in two
growth disorders with opposite phenotypes of
fetoplacental development[17'18], which suggested
that IncRNA H19 might exert its function through the
interaction with IGF2 in the cleft palate induced by
TCDD. There may be methylation of the IncRNA H19
and IGF2 differentially methylated domain™.
Obviously, the precise mechanisms involved in the
IncRNA H19- and IGF2-regulated TCDD-induced cleft
palate need further exploration. Although the
mechanism and function of IncRNA H19/IGF2 in cleft
palate biology remain unclear, the present study
findings demonstrated that IncRNA H19 could be a
potential indicator for TCDD-induced cleft palate.

In summary, this study revealed that IncRNA
H19 and IGF2 mediated the development of cleft
palate induced by TCDD, which provides a new
insight into the role of IncRNA in TCDD-induced cleft
palate.
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