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Objective: The study aimed to investigate the role of Long non-coding RNA (LncRNA)
H19 in the pathogenesis of Diarrhea Irritable Bowel Syndrome (IBS-D), and further to the
regulatory effect of LncRNA H19 on AQP1, 3 in the intestinal mucosa of IBS-D patients,
so as to seek a new way to elucidate the mechanism of IBS in clinic.

Methods: The levels of LncRNA H19, AQP1, and AQP3 were detected in colonic
tissues of IBS-D patients, compared with that in healthy controls. Through RNA gene
interference and activation methods, small activating RNA (saRNA) and small interfering
(siRNA) were transfered into Caco-2 cells in vitro experiment, and sub-group for two
control group, siH19 empty vector group, siH19 interference group, overexpression
H19 vector group, and overexpression H19 empty vector group. Quantitative real-
time reverse transcription-polymerase chain reaction (qRT-PCR) and Western blot were
applied to evaluate the expression levels of LncRNA H19 and the amount of AQP1 and
AQP3 protein expression, respectively.

Results: Compared with healthy volunteers, the levels of LncRNA H19, AQP1, and
AQP3 in the colonic mucosa of IBS-D patients were significantly decreased (P < 0.05).
The results in vitro transfection experiment revealed that the level of LncRNA H19 in
the siH19 interference group was significantly declined (P < 0.05), while there was a
remarkable increase in the overexpression H19 vector group (P < 0.05), compared with
the corresponding control groups. The expression of AQP1 and AQP3 in Caco-2 cells
was of positive correlation with the level of LncRNA H19.

Conclusion: That the down-regulation of LncRNA H19 resulted in the expression
changes of AQP1 and AQP3 may play an important role in the occurrence and
development of IBS-D.

Keywords: LncRNA H19, IBS-D, AQP1, AQP3, mechanism

INTRODUCTION

Irritable bowel syndrome (IBS) is a common chronic functional bowel disease, characterized
by no organic lesions, but recurrent abdominal pain, abdominal distension, and (or) changes
in stool characteristics (Kesuma et al., 2019). As the most common clinical subtype of IBS,
diarrhea-predominant irritable bowel syndrome (IBS-D) is accompanied by mental and emotional
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abnormalities that affect the living quality of patients, except
the shared features (Drossman and Hasler, 2016). The incidence
of this disease is higher than other gastrointestinal diseases in
developing and developed countries, and it may be even higher
in western developed countries (Drossman and Hasler, 2016).
But when it comes to the exact pathogenesis, it is not very
clear yet. Interestingly, a growing number of scholars have paid
close attention to the mechanisms of intestinal permeability
in recent years. Animal experiments have confirmed that the
intestinal permeability of IBS-D mice was significantly increased
(Hou et al., 2019). Our previous studies also demonstrated
that IBS-D resulted from the permeability enhancement of
intestinal mucosa, which might be related to the lower
expression of aquaporin (AQP) 1,3,8 (Chao and Zhang, 2018).
Particularly, there was an apparent connection between the
decrease of AQP3 and diarrhea symptoms (Camilleri et al.,
2019). A study suggested that the down-regulation of AQP3
may damage the integrity of intestinal barrier by opening
the tight junction complex, thus causing intestinal barrier
dysfunction (Zhang et al., 2011). However, more convincing
evidence is supposed to be provided to clarify how AQP3
participates in the pathogenesis of IBS-D, and what are the
regulatory pathways associated with AQP3 leading to intestinal
permeability changes.

Long non-coding RNAs (LncRNAs) are a large class of non-
protein coding transcripts with more than 200 nucleotides. They
function as intracellular signals, decoys, guides, and scaffolds
(Geng et al., 2018), playing an important part in many diseases.
As a member of this family, LncRNA H19 was confirmed
to be involved in the pathogenesis of atherosclerosis, diabetic
retinopathy, ischemic stroke, and certain cancers (Pan, 2017;
Lei et al., 2018; Thomas et al., 2019; Xiao et al., 2019). Up
to now, though there have been no studies directly explored
the role of LncRNA H19 in IBS-D, it was reported that
elevation of H19 abundance is also involved in regulating
the epithelial barrier functions (Leighton et al., 1995; Juan
et al., 2000), which determines intestinal permeability. Here,
we investigated the impact of H19 on intestinal barrier
dysfunction induced by IBS-D, and its role in modulating
AQP1, 3 expression.

MATERIALS AND METHODS

Experimental Human Tissue Specimens
IBS-D patients admitted to the Department of Gastroenterology,
the First Affiliated Hospital of Zhejiang Chinese Medical
University were included, between December 2018 and October
2019. Healthy volunteers were recruited as controls. Specimens
of colonic mucous tissues were obtained from 10 IBS-
D patients and 10 healthy subjects who had undergone
gastroscopy and enteroscopy in the hospital. This study was
approved by the Ethics Committee of the First Affiliated
Hospital of Zhejiang Chinese Medical University. Every patient
provided written informed consent before the clinical trial.
The study methods conformed to the standards set by the
Declaration of Helsinki.

Inclusion Criteria
(1) Meeting the diagnostic criteria of IBS-D in Rome IV

(Drossman and Hasler, 2016);
(2) Inspection results of colonoscopy, B-ultrasound, and fecal

occult blood were normal;
(3) No anti-allergic drugs and non-steroidal anti-inflammatory

drugs in the latest month;
(4) Age ranged from 18 to 70 years old;
(5) Participating in the trial voluntarily and signing informed

consent.

Exclusion Criteria
(1) Failing to meet the diagnostic criteria of IBS-D in Rome IV;
(2) Patients with a history of inflammatory bowel disease,

digestive tract tumor, and other digestive system diseases;
(3) Patients with serious diseases of cardiovascular, respiratory,

urinary, blood, or nervous system;
(4) Pregnant or lactating women;
(5) Symptomatic patients with an acute intestinal infection;
(6) Patients with allergic diseases such as asthma.

AQP1 and AQP3 Were Detected by
Immunohistochemistry
Colonic tissue blocks taken from the ileocecal region
about 4–6 cm away from the distal ileocecal valve were
washed and dehydrated in ascending series of ethanol,
fixed in 4% formalin for 24 h and embedded routinely
with paraffin, every section was 3–5 µm. Then the two-
step EnVisionTM detection kit (Dako, Denmark) was
used for immunohistochemistry (IHC) according to the
manufacturer’s instruction, undergoing the procedures
of dewaxing and rehydration, antigen repair, blocking,
incubation and rinsing, DAB staining, etc. The brown
or yellow positive particles were exclusively localized in
the cytoplasm. A quantitative analysis was made by using
the Image-Pro Plus 6.0 software (Media Cybernetics, Inc.,
United States), which depends on the average integrated optical
density (IOD/area ratio. The larger the ratio, the stronger the
signal intensity.

The Expression of LncRNA H19 Was
Detected by qRT-PCR
Total RNA was extracted from frozen tissues and cells
using TRIzol reagent (KeyGen Biotech Co., Ltd., Najing,
Jiangsu, China). Reverse transcription using the mRNA
reverse transcription kit (KeyGen Biotech Co., Ltd., Nanjing,
Jiangsu, China) was performed according to the manufacturer’s
instructions. And the reverse transcription sequences were
used for detection. qRT-PCR was carried out using a Real-
Time PCR System (Bio-RAD Inc. United States). The
procedures included thermal deformation (95◦C for 10
s), qPCR × 40 cycles (95◦C for 10 s and 60◦C for 20 s),
and dissociation curve (95◦C for 60 s, 55◦C for 30 s, and
95◦C for 30 s) with gene GAPDH as the internal control.
We analyzed RNA for expression by RT2-PCR assays, with
expression results calculated using 2−1 1 CT-based fold-change:
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11CT = (1Cttarget − 1CtGAPDH)IBS−Dgroup − (1Cttarget −

1CtGAPDH)controlgroup. Primer sequences used for qRT-PCR are
listed in Table 1.

In vitro Cell Experiment
The in vitro experiment was divided into six groups: group A for
H19 overexpression vector group, group B for H19 empty vector
group, group C for overexpression control group; and group D
for siH19 interference vector group, Group E for interference
empty group, Group F for interference control group.

Caco-2 cells were cultured in the DMEM medium (Cell bank,
Chinese Academy of Sciences, Shanghai, China) with 10% fetal
bovine serum (FBS), at the condition of 37 degrees Celsius, 5%
carbon dioxide and saturated humidity. Lipo8000i transfection
reagent-siRNA were mixed according to the Lipo8000TM

transfection reagent instruction (Biyuntian Biotechnology Co.,
Ltd., Shanghai, China). After the mixture was added, plasmid
transfection was carried out in a six-well plate. Gene detection
or protein determination would be performed after 2 days’
continuous culture. The method of detecting H19 by qRT-PCR
is described above. Primer sequences used for qRT-PCR are listed
in Table 1.

AQP protein measurements were performed by Western
blots. Antibody AQP1 (Santa Cruz Biotechnology, Inc.,
United States) and antibody AQP3 (Absin, Shanghai, China)
were used. The target proteins were obtained after cell
lysis and centrifugation. Then the samples were put on
the prepared sepharose gel for electrophoresis (Bio-RAD,
United States) and later transferred to the PVDF membrane
(Millipore, United States) for electric rotation, with the
parameter of 200 mA current for 90 min. After being taken
out, the membrane was placed into the blocking solution,
subsequently incubated with antibodies twice. Finally, the
cleaned membrane was placed on the preservative film for
titration, chemiluminescence method was used for detection,
and images were collected for analysis.

Statistical Analysis
SPSS23.0 software was used for statistical analysis (SPSS Inc.,
Chicago, IL, United States) and Graph Prism 6.0 software
(GraphPad Prism, San Diego, CA, United States) for all graphs.
All data were expressed as mean± SD. A Student’s t-test was used
to analyze differences in H19 expression between healthy control
and IBS-D patients. One-way analysis of variance (ANOVA) was
used for cultured cells comparison. P < 0.05 and P < 0.01 were
considered as statistically significant and very significant.

TABLE 1 | Primer sequences used in the study for qPCR detection.

Gene name Primers Sequences (5′–3′)

Lnc RNA H19 Forward 5′-TACAACCACTGCACTACCTG-3′

Reverse 5′-TGGAATGCTTGAAGGCTGCT-3′

GAPDH Forward 5′-GGGAGCCAAAAGGGTCAT-3′

Reverse 5′-GAGTCCTTCCACGATACCAA-3′

RESULTS

AQP1 and AQP3 Expression in the
Intestinal Mucosa of IBS-D Patients
As shown in Figure 1, the yellow or brown stained positive
particles mainly localized in the cytoplasm of the cells, rather
than in the nuclei. It shows that AQP1 and AQP3 were mainly
distributed in the cell membrane and cytoplasm of intestinal
mucosa cells. And the abundance of the two proteins in IBS-D
colonic mucosa was significantly lower than that in the control
group (P < 0.01) (Table 2).

LncRNA H19 Expression in the Colon of
IBS-D Patients
Compared with the control group (1.06 ± 0.14), the relative
expression of LncRNA H19 in the IBS-D group (0.55± 0.12) was
reduced significantly (P < 0.05, Figure 2).

LncRNA H19 Expression in vitro Caco-2
Cells Experiment
The results of LncRNA H19 expression in Caco-2 cells after
transfection were shown in Table 3. Compared with the
overexpression control group (1 ± 0.37) and overexpression
empty group (1.34 ± 0.65), the relative expression of LncRNA
H19 in the H19 overexpression vector group (83.50± 19.90) was
increased significantly (P < 0.05). In the part of interfering with
siH19, compared with the interference control group (1 ± 0.33)
and interference empty group (1.35 ± 0.07), the relative
expression of LncRNA H19 in the siH19 interference vector
group (0.096± 0.01) was significantly decreased (P < 0.05).

AQP1 and AQP3 Expression in vitro
Caco-2 Cells Experiment
Compared with the overexpression control group (1.91 ± 0.03)
and the overexpression empty group (2.01 ± 0.06), the relative
expression of AQP1 in the H19 overexpression vector group
(3.06 ± 0.14) was increased significantly. The relative expression
of AQP3 in the H19 overexpression vector group (11.83 ± 0.96)
was higher than that in the overexpression empty group
(4.96 ± 0.08) and that in the control group (5.10 ± 0.02).
Compared with the interference control group (1.90 ± 0.05) and
interference empty group (1.83± 0.02), the relative expression of
AQP1 in the siH19 interference vector group (1.33 ± 0.08) was
decreased significantly. The relative expression of AQP3 in the
siH19 interference vector group (1.48 ± 0.10) was significantly
lower than that in the interference control group (2.44 ± 0.03)
and the interference empty group (2.40 ± 0.08) (all P < 0.05,
Table 3 and Figure 3).

DISCUSSION

IBS-D patients share common characteristics of increased
intestinal permeability as well as diarrhea induced by that
(Gracie and Ford, 2017). Research pointed out that destruction
of the intestinal mucosal barrier is the vital pathophysiological
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FIGURE 1 | Immunohistochemical results of AQP1 and AQP3 in the two groups of subjects (×200). As shown in the picture, the brown or yellow positive stained
particles mainly localized in the cytoplasm of the cells, rather than in the nuclei. Distributed in the cell membrane of intestinal mucosa cells, the amount of AQP1, 3 in
patients with IBS-D was less than that in the control group.

TABLE 2 | Expression of AQP1 and AQP3 in two groups of subjects.

Group AQP1 AQP3

Control group (N = 10) 0.34 ± 0.04 0.33 ± 0.03

IBS-D group (N = 10) 0.22 ± 0.02* 0.11 ± 0.01*

The expression of AQP1 and AQP3 in patients with IBS-D and health controls was
detected using Ratios of IOD/area, which was performed for immunohistochemical
quantity analysis. Correlations among the two groups were analyzed using
SPSS23.0 software. AQP proteins expression was performed on biopsy of human.
*P < 0.05, vs. control.

reaction under a series of inflammatory conditions, including
IBS-D (Hou et al., 2017). When the barrier was impaired, the
enhanced permeability came. With the deepening of research and
complexity, scholars stated that the intestinal inflammation and
mucosal injuries were correlated with the abnormal regulation
of AQP1, 3, 8 (Zhao et al., 2016; Pan et al., 2017). Later, the
decline of AQP3 in the intestinal mucosa reinforced the key
role of AQPs in the pathophysiological mechanism of diarrhea
in IBS-D patients (Camilleri et al., 2019). The decreased AQP1
and AQP3 in our study also confirmed this. It means changes
of AQP1 and AQP3 may be essential factors in the pathogenesis
and symptom formation of patients with IBS-D. On biopsies from
human colon, AQPs were mainly expressed in mucosal epithelial
cells. AQP1 was distributed in submucosa and lamina propria of
lymphatic endothelial cells, and smooth muscle layer of capillary
endothelial cells in the gastrointestinal tract (Nielsen et al., 1993).

FIGURE 2 | H19 expression in the two groups of subjects by qRT-PCR. The
expression of LncRNA H19 in patients with IBS-D and health controls was
detected using qRT-PCR based on biopsies. Correlations among the two
groups were analyzed by SPSS23.0 software. *P < 0.05, vs. control.

It exists in lactose endothelial cells in the center of villi of small
intestine and produces chyle when digesting food. On the basis
of this, an experimental study of AQP1 deficient mice was carried
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TABLE 3 | In vitro analysis in Caco-2 cells models for H19 transfection and siH19 interference.

Group Group A Group B Group C Group D Group E Group F

H19 83.50 ± 19.90* 1.34 ± 0.65 1 ± 0.37 0.096 ± 0.01* 1.35 ± 0.07 1 ± 0.33

AQP1 1.91 ± 0.03 2.01 ± 0.06 3.06 ± 0.14* 1.90 ± 0.05 1.83 ± 0.02 1.33 ± 0.08*

AQP3 4.96 ± 0.08 5.10 ± 0.02 11.83 ± 0.96* 2.44 ± 0.03 2.40 ± 0.08 1.48 ± 0.10*

Expression of LncRNA H19 in Caco-2 cells was detected by qRT-PCR. The amount of proteins AQP1 and AQP3 were measured using western blot. *P < 0.05, vs.
corresponding control. Group A: H19 overexpression vector group; Group B: overexpression empty group; Group C: overexpression control group; Group D: siH19
interference vector group; Group E: interference empty group; Group F: interference control group.

FIGURE 3 | In vitro AQP proteins expression detected using Western blot. In vitro Caco-2 cells models, levels of AQP1 and AQP3 measured by western blot in
group A were higher significantly than that in group B and group C. And protein expression in group D was lower than that in group E and group F. *P < 0.05, vs.
corresponding control. Group A: H19 over-expression vector group; Group B: over-expression empty group; Group C: over-expression control group; Group D:
siH19 interference vector group; Group E: interference empty group; Group F: interference control group.

out to verify the impaired fat absorption (Ma et al., 2001), and
application of AQP3 inhibitors showed that the decreased protein
led to diarrhea as well (Ikarashi et al., 2019). Therefore, we deduce
that the declined AQP1 and AQP3 in the intestinal mucosa with
IBS-D may cause mucosal injuries, break the intestinal barrier,
enhance the permeability and reduce fat absorption, thus leading
to diarrhea and other symptoms.

Effects of LncRNA on gene expression during disease
development are based on a variety of mechanisms, including
the recruitment of chromatin modifiers, controlled recruitment
of TFs (activator and inhibitor of gene transcription), regulation
of RNA splicing and chromosome loop, dominance of mRNA
translation and decay, and the miRNA sponge (Finotti et al.,

2019). Found in large amounts of embryonic tissues, LncRNA
H19 is silent after birth, serving as an imprinted and maternal
transcript (Bartolomei et al., 1991). It has been widely studied
in oncology already, and nowadays growing attention has been
paid to the role of LncRNA H19 in intestinal inflammation
and intestinal barrier gradually. Zou et al. (2016) reported that
overexpression of LncRNA increased the abundance of MiR-675p
and decreased the mRNA levels of ZO-1 protein and E-cad, thus
destroying the integrity of epithelial barrier, and this process
could be blocked by the RNA binding protein HuR. In the
study of ulcerative colitis, Chen et al. (2016) discovered that
LncRNA H19 increased the abundance of targeted vitamin D
receptor (VDR) mRNA and decreased the levels of ZO-1 and
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E-cad mRNA, resulting in intestinal barrier dysfunction. Hence,
there might be a close connection between LncRNA H19 and the
permeability of intestinal mucosa induced by barrier dysfunction.
Though pathogenesis of IBS-D involving the intestinal mucosal
barrier has long been affirmed, there is no relevant study on
LncRNA H19 so far, we speculate that LncRNA H19 may work in
the pathogenesis of IBS-D. As expected, findings in our research
authenticated this hypothesis. Expression of LncRNA H19 in the
intestinal mucosa of IBS-D patients was significantly decreased,
showing no difference with the ending of a recent study, in which
the down-regulated LncRNA H19 resulted in the inflammatory
factor secretion, becoming a molecular change peculiar to barrier
dysfunction, and there was a significant positive relationship
between H19 and AQP1 expression level (Fang et al., 2018). Since
IBS-D is accompanied by dysregulated inflammatory responses,
and for the important role of H19 in inflammatory responses, the
sponge in IBS-D should be concerned. As reported, the level of
miR-874 was correlated with the expression of LncRNA H19 and
AQP3, indicating that LncRNA H19, as a competing endogenous
RNA (ceRNA) of miR-874, regulates AQP3 expression through
the sponge, leading to intestinal barrier dysfunction (Su et al.,
2016). Zhi also stated miR-874 promoted intestinal barrier
dysfunction through targeting AQP3 (Zhi et al., 2014). Other
scholars held that it’s the activation of autophagy and increased
expression of LncRNA H19 in the impaired intestinal mucosa
epithelial cells that enhanced the secretion of EGF promoted
the repair of intestinal mucosa (Li et al., 2020). All in all, it is
reasonable to presume that the decreased expression of LncRNA
H19 in the intestinal mucosa of IBS-D patients is related to
intestinal barrier dysfunction.

This study was performed on clinical samples and in vitro
Caco-2 cell models to investigate the expression and effect of
H19 on IBS-D prevention. We demonstrated H19 decreased in
patients with IBS-D and accompanied by down-regulated AQP1,
3 expression. Similar results were further detected in Caco-
2 cells in vitro: overexpressed H19 induced increased AQP1
and AQP3, while inhibited H19 expression led to decreased
AQP1, 3 expression. So we infer that there should be an intense
relationship between H19 and AQP in IBS modulation.

At present, the specific pathogenesis of LncRNA H19 and
AQPs in IBS-D cannot be fully elucidated. In terms of the
intestinal barrier, insufficient evidence is provided on the
complex regulatory mechanisms of LncRNAs. Limitations still
exist in present studies, including the lack of in vivo and in vitro
exploration of related mechanism, the signaling pathways related
to H19 induced intestinal dysfunction and expression of AQP1,
3. Whether miR-874, autophagy or other secretory factors are
the key points in the signaling pathways remain to be studied.
Multicentre large sample studies and more specific mechanism
pathways are desired to be established and proposed. Even so, the
data in this present study could demonstrate the protective effect

of LncRNA H19, and AQP1, 3 on intestinal dysfunction with IBS-
D. That could be considered as a breakthrough in the study of
IBS-D mechanisms, regulating the pathway may be an effective
new target for the treatment of IBS.

CONCLUSION

In this study, the expressions of LncRNA H19, AQP1, and AQP3
in colonic tissue of IBS-D patients were decreased, and the level
of LncRNA was positively correlated with AQP1 and AQP3,
suggesting that LncRNA H19 may be involved in regulating the
expression of AQP1 and AQP3 in the intestinal mucosa, which
may lead to the change of intestinal barrier function in IBS-
D patients. LncRNA H19 related regulatory pathways may be a
breakthrough in the mechanism of IBS-D, it promises to be a new
target for the treatment of IBS-D.
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