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1 | INTRODUCTION

| Zhi-Gang Cai’

Abstract

Objective: In this study, we sought to determine the expression profiles of long non-
coding RNAs (IncRNAs) and messenger RNAs (mRNAs) and construct functional
networks to analyze their potential roles following botulinum toxin type A (BTXA)-
mediated inhibition of salivary secretion.

Methods: The submandibular gland of rats in the BTXA and control groups was
injected with BTXA and saline, respectively. Microarray analysis was used to iden-
tify the differentially expressed IncRNAs and mRNAs. Gene ontology and pathway
analysis were performed to examine the biological functions. Functional networks,
including IncRNA-mRNA co-expression and competing endogenous RNA (ceRNA)
networks, were constructed to reveal the interaction between the coding and non-
coding genes.

Results: Microarray analysis revealed that 254 IncRNAs and 631 mRNAs were dif-
ferentially expressed between the BTXA and control groups. Bioinformatic analysis
revealed that most of the mRNAs were closely related to transmembrane transporter
activity. IncRNA-mRNA co-expression and ceRNA networks were constructed, and
several critical mMRNA-IncRNA axes and key microRNAs related to salivary secretion
were identified.

Conclusions: Our study identified differentially expressed IncRNAs and mRNAs
through microarray analysis and explored the interactions between the coding and
non-coding genes through bioinformatic analysis. These findings provide new in-

sights into the mechanism of BTXA-mediated inhibition of salivary secretion.
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in severe cases, suffocation, and aspiration pneumonia due to reten-

tion of saliva. Sialorrhea also exerts a negative impact on the physical

Sialorrhea is a debilitating syndrome that manifests as the inability to
control the continuous release of saliva, and is often associated with
neurological disorders such as myasthenia gravis, amyotrophic lat-
eral sclerosis, and Parkinson's disease (Srivanitchapoom, Pandey, &
Hallett, 2014). Sialorrhea can lead to wet and foul clothes, chapped

and irritated chin skin, reduced overall fluid and nutrition intake, and

and mental health of patients, who may experience social exclusion
and isolation (Walshe, Smith, & Pennington, 2012). Therefore, it is
necessary to find a safe and effective treatment for sialorrhea.

A few studies have shown that intraglandular injection of bot-
ulinum toxin type A (BTXA) is an effective treatment for sialorrhea
(Vashishta, Nguyen, White, & Gillespie, 2013), but this method also
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causes side effects such as dry mouth, difficulty in swallowing, and
difficulty in opening and closing the mouth. It may even cause ad-
verse reactions such as salivary duct stone, local injury of the carotid
artery, or facial nerve branch (Naumann & Jost, 2004). However, the
causes of these side effects remain unknown, which poses a chal-
lenge in clinical practice. Hence, it is necessary to understand the
mechanism through which BTXA inhibits salivary secretion. Previous
studies have suggested that BTXA mainly inhibits salivary secretion
by the cleavage of synaptosomal-associated protein 25 and preven-
tion of acetylcholine release (Wheeler & Smith, 2013). Our recent
studies suggest that BTXA induces apoptosis of SMG-Cé cells (Shan,
Xu, Cai, Wu, & Yu, 2013), AQP5 redistribution (Xu et al., 2015), and
inhibits autophagic flux (Xie, Xu, Shan, & Cai, 2019). The mechanisms
that cause these phenomena, however, remain unknown. Therefore,
further studies are needed to understand the mechanism through
which BTXA inhibits submandibular gland secretion. A better un-
derstanding of the underlying mechanism would contribute to more
effective treatments for glandular hypersecretion diseases including
sialorrhea.

Long non-coding RNAs (IncRNAs) are non-coding RNAs more
than 200 nucleic acids in length. Studies have reported that IncRNAs
are also closely associated with salivary gland diseases. For exam-
ple, IncRNA ADAM metallopeptidase with thrombospondin type 1
motif 9 (ADAMTS9) antisense RNA 2 (ADAMTS9-AS2) promotes
the migration and invasion of salivary adenoid cystic carcinoma by
competitively binding to miR-143-3p (Xie et al., 2018). In human mu-
coepidermoid carcinoma, the abnormal fusion of CRTC1-MAML2 ac-
tivates the downstream IncRNA, LINC00473, to regulate cell growth
and survival (Chen et al., 2018). Analysis of the expression profile
of the labial glands in patients with primary Sjogren's syndrome re-
vealed 1,243 differentially expressed IncRNAs (Shi et al., 2016). In a
recent study analysis of the expression profile of the submandibu-
lar gland in pleomorphic adenoma gene 1, transgenic mice revealed
9,110 differentially expressed IncRNAs (Xu et al., 2019). These dif-
ferentially expressed IncRNAs may provide new insights into the
pathogenesis of Sjogren's syndrome and pleomorphic adenoma, and
may serve as potentially new therapeutic targets. Thus, IncRNAs are
closely related to the occurrence, development, diagnosis, and treat-
ment of salivary gland diseases.

A previous study reported that BTXA alters the expression pro-
file of IncRNAs in human dermal fibroblasts (HDFS) and verified
that BTXA downregulates the expression of FGFR3P in HDFS in a
time-dependent manner, and upregulates the expression of FGFR3P
and COL19A1 in a dose-dependent manner (Miao et al.,, 2017),
suggesting that BTXA may play a role by altering the expression
of IncRNAs. However, the effect of BTXA on the expression of In-
cRNA in the submandibular gland remains unclear. Therefore, first
we generated an animal model in which BTXA inhibits the secre-
tion of the submandibular gland, and then identified differentially
expressed INcRNAs and mRNAs using microarray analysis following
BTXA injection. Second, the functions of these RNAs were analyzed
through Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analysis. Finally, the IncRNA-mRNA co-expression

and competitive endogenous RNA (ceRNA) networks were con-
structed to predict the essential genes and interactions between the

coding and non-coding genes.

2 | MATERIALS AND METHODS
2.1 | Experimental animals

Healthy adult male Sprague-Dawley rats (230-250 g) were pur-
chased from the Laboratory Animal Service Center of the Peking
University Health Science Center. All the rats were randomly di-
vided into the control and BTXA groups. All the rats were anes-
thetized by intramuscular injection of ketamine (100 mg/kg body
weight) and xylazine (5 mg/kg body weight). A median cervical in-
cision was used to expose the submandibular glands. In the control
group, the left gland was injected with 0.1 ml physiological saline,
whereas in the BTXA group the left gland was injected with 6 U
BTXA (Lanzhou Biochemical Co.) reconstituted in 0.1 ml physi-
ological saline. Two weeks following the surgical procedure, the
left glands were excised from all the rats and stored at -80°C im-
mediately. All procedures were approved by the Ethics Committee
for Animal Research, Peking University Health Science Center
(approval number LA201494, 2014), and complied with the Guide
for the Care and Use of Laboratory Animals (NIH Publication No.
85-23, revised 1996).

2.2 | Measurement of stimulated salivary flow
from the submandibular gland

The rats were fasted for 5 hr. Following anesthesia, the submandibu-
lar duct was separated and inserted with a capillary tube under the
microscope. The salivary flow was measured 5 min after intraperito-

neal injection of pilocarpine (0.4 g/kg body weight) for 15 min.

2.3 | Histopathologic and
immunohistochemical analyses

Submandibular gland tissues (5 um) were fixed in 4% paraformalde-
hyde, incubated overnight at 4°C with hematoxylin and eosin (HE)
or primary antibody to acetylcholinesterase (AchE; Servicebio), and
then incubated with the secondary antibody conjugated with horse-
radish peroxidase at 37°C for 2 hr (Zhongshan Laboratories). Image)

software (National Institutes of Health) was used for image analysis.

2.4 | Microarray analysis

The Arraystar Rat LncRNA V3.0 microarray (Arraystar) enables
systematic profiling of rat IncRNAs along with the entire set of

protein-coding transcripts and can detect approximately 10,333
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IncRNAs and 28,287 protein-coding transcripts. Four samples
were randomly selected from each of the control and BTXA
groups. The RNA extraction was conducted using the TRIzol rea-
gent (Invitrogen). The RNA quantity and quality were measured by
NanoDrop ND 1000. The RNA integrity was assessed by standard
denaturing agarose gel electrophoresis. The rRNA was removed
from the total RNA to obtain the purified mRNA. Then, each sam-
ple was amplified and transcribed into fluorescent cRNA. The la-
beled cRNAs were purified using RNeasy Mini Kit (Qiagen) and
then hybridized onto the microarray. The hybridized arrays were
washed, fixed, and scanned using the Agilent DNA Microarray
Scanner. Differentially expressed IncRNAs and mRNAs between
the two groups were identified through fold change filtering and
p-value (fold change >1.5, p-value < .05).

The microarray analysis was performed at KangChen Bio-tech.
The microarray data have been deposited in the National Center for
Biotechnology Information (NCBI) gene expression omnibus (GEO)
database with the accession number GSE144985.

2.5 | GO and KEGG pathway analysis

GO mainly focuses on the biological functions of the differen-
tially expressed mRNAs, including biological processes, molecu-
lar functions, and cellular components (p-value < .05). The KEGG
pathway analysis of differentially expressed transcripts was car-
ried out using the KEGG database. p-values were calculated using
Fisher's exact test, and the p-values were proofread using FDR

value (p-value < .05).

2.6 | Real-time quantitative reverse transcription-
polymerase chain reaction (qQRT-PCR)

Total RNA was isolated from the tissues using TRIzol reagent
(Invitrogen) according to the manufacturer's instructions. The
RevertAid First-Strand cDNA Synthesis Kit (Promega) was used to
synthesize cDNA from 2 pug of RNA. The Thermo PikoReal PCR
System (Thermo Fisher Scientific) was used for PCR. The reaction
mix consisted of 5 ul DyNAmo Color Flash SYBR Green, 0.5 ul for-
ward and reverse primers each, 2 ul cDNA, and 2 pl DEPC water
in a total volume of 10 pl. GAPDH was used as the internal con-
trol, and the 2722t method was used for analysis. The primers
used for the IncRNAs and mRNAs are shown in Tables S1 and S2,

respectively.

2.7 | Analysis of the IncRNA-mRNA co-
expression network

Correlation network analysis was used to identify IncRNA-mRNA
interactions. The ten validated IncRNAs were selected as the core

genes to construct the co-expression network. After microarray
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analysis, we obtained the normalized intensity of IncRNAs and
mRNAs. The Pearson correlation coefficient between IncRNAs
and mRNAs was calculated based on the normalized intensity. We
chose the target genes to build the co-expression network by the
Pearson correlation coefficient (absolute value) = .9, p-value < .05,
and FDR < 1.

2.8 | ceRNA network analysis

The validated IncRNAs were ultimately used to construct a ceRNA
network, and the microRNAs (miRNAs) were predicted using mi-
Randa and TargetScan. According to the principle that miRNA binds
to the 3'UTR of mRNA and IncRNA, the target miRNAs were pre-
dicted using the R program. The ceRNA network was illustrated
using Cytoscape (v2.8.3).

3 | RESULTS

3.1 | BTXA impaired the morphology and function
of the submandibular gland

HE staining showed atrophy and irregular shape of the acinar cells
in the BTXA group (Figure 1a). The area ratio of acini was de-
creased by 45% in each field of view in the BTXA group (Figure 1b).
Immunohistochemical staining showed that the expression of
AchE was decreased in the BTXA group (Figure 1c). AchE mainly
degrades acetylcholine in the synaptic cleft, which indirectly sug-
gests that BTXA prevented the release of acetylcholine. We also
explored the effect of BTXA on the secretory function of the
submandibular gland. In the BTXA group, the stimulated salivary
flow rate was reduced by 70% (Figure 1d), and the stimulated
salivary flow rate normalized to the gland weight was also de-
creased (Figure 1e). These results suggested that BTXA damaged
the structure and secretory function of the submandibular gland.
These results further demonstrated that the animal model was
successfully constructed.

3.2 | Identification of differentially expressed
IncRNAs and mRNAs

We used volcano plot and heat map to depict the differentially
expressed INcRNAs and mRNAs in the control and BTXA groups.
As shown in the volcano plot (Figure S1), 254 differentially ex-
pressed IncRNAs (123 upregulated and 131 downregulated) and
631 differentially expressed mRNAs (263 upregulated and 368
downregulated) were identified. The top 50 differentially ex-
pressed IncRNAs (Figure 2a) and mRNAs (Figure 2b) are depicted
in the heat map. The top ten up- and downregulated IncRNAs and
mRNAs with the largest fold changes are shown in Tables S3 and
S4, respectively.



1174

(@) Control

Leadingin Ora, Marlfacil, Head & Neck Medicine

AchE

MAO ET AL.
(b)
o 15
AN
w
c -
S E 1.0 e
£ 8 .
e
i l
S
[
[+4
0.0 .
N
L .\y'
(d) s &
15
S
5510 L
a2
L2
= 5 *k
?= 0 .
& &
(e) ©
7
& =
Z2 515
32
2210 I
S
= .
ﬁgos
(]
2 2
géoc . i
© S ol
& &

FIGURE 1 Morphology and secretion function were impaired after BTXA injection into submandibular gland of rats. (a) Hematoxylin
and eosin (HE) staining of submandibular glands. Scale bars, 100 pm. (b) Relative mean size of acini cells. (c) Immunohistochemical staining
of acetylcholinesterase of submandibular glands. Scale bars, 100 pm. (d) The stimulated salivary flow rate of submandibular glands (ul/min).
(e) Relative normalized stimulated salivary flow rate by gland weight. N = 5-7/group, *p < .05, **p < .01 [Colour figure can be viewed at

wileyonlinelibrary.com]

3.3 | Validation of the expression levels of the
differentially expressed IncRNAs and mRNAs

To confirm the results of the microarray analysis, several signifi-
cant IncRNAs and mRNAs were validated using gRT-PCR. Following
BTXA injection, the expression of AC094236.1, LOC103691854,
LOC102546383, LOC103691771, and LOC102557384 was up-
regulated, whereas the expression of Fancm, AABR07053881.1,
LOC103694955, AABR07065259.1, and uc.16 was downregulated
(Figure 2c). These ten IncRNAs were selected for the subsequent
construction of the network. Among the mRNAs that were verified,
Ptgdr2, Fam220a, Rhbdl1, and Fmoé were upregulated, and Gys2,
Cabp7, Ckap2, Ly6géd, Kif20a, Spc24, and Dbp were downregulated
following BTXA treatment (Figure 2d).

3.4 | GO and KEGG analysis

We performed GO and KEGG analysis of the differentially expressed
mRNAs. The top ten GO terms related to biological processes, cel-
lular components, and molecular functions of the up and downreg-
ulated mRNAs are shown in Figure S2. The top five GO terms are

shown in Table 1. Among them, inorganic molecular entity trans-
membrane transporter activity (GO: 0015318), monocarboxylic acid
transmembrane transporter activity (GO: 0008028), transmem-
brane transporter activity (GO: 0022857), and cation transmem-
brane transporter activity (GO: 0008324) were highly enriched
(Figure S2a). KEGG analysis of the upregulated mRNAs revealed that
four pathways were significantly altered, among which C-type lectin
receptor signaling pathway had the highest degree of enrichment
(Figure S2c). Similarly, KEGG analysis of the downregulated mRNAs
revealed that seven pathways were significantly altered, among

which selenocompound metabolism ranked the highest (Figure 52d).

3.5 | Establishment of IncRNA-mRNA co-
expression network

We constructed a INncRNA-mRNA co-expression network to explore
the relationship between the INcRNAs and mRNAs following BTXA
injection. The ten selected INcRNAs were used to predict the target
genes among 631 differentially expressed mRNAs, and 397 mRNAs
were thus obtained to construct a co-expression network (Figure 3).
The results showed that LOC102546383 had the largest number of
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FIGURE 2 The expression microarray profiles of differentially expressed IncRNAs and mRNAs. The heat map was used to demonstrate
the top 50 differentially expressed IncRNAs (a) and mRNAs (b). Validation of ten selected IncRNAs (c) and eleven selected mRNAs (d) by
gRT-PCR. N = 4/group, *p < .05, **p < .01. Ptgdr2, prostaglandin D2 receptor 2; Fam220a, family with sequence similarity 220 member

A; Rhbdl1, rhomboid like 1; Fmoé, flavin-containing monooxygenase 6; Gys2, glycogen synthase 2; Cabp7, calcium-binding protein 7;
Ckap2, cytoskeleton-associated protein 2; Lyé6géd, lymphocyte antigen 6 family member G6D; Kif20a, kinesin family member 20A; Spc24,
SPC24 component of NDC80 kinetochore complex; Dbp, D-box binding PAR bZIP transcription factor [Colour figure can be viewed at
wileyonlinelibrary.com]

target genes, 210 in total. The top ten positive and negative correla- salivary secretion. The co-expression network showed that AQP5
tions are listed in Table 2. We used DAVID 6.8 database and found was linked to three co-expressed IncRNAs (Fancm, LOC102546383,
that the target gene aquaporin 5 (Agp5) and transient receptor po- and AC094236.1). TRPV6 was linked to one co-expressed IncRNA

tential cation channel subfamily V member 6 (Trpvé) were related to (Fancm; see Table 3 for details).
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TABLE 1 GO analysis of differentially expressed mRNAs

Regulation

Up

Down

Leadingin Ora, Marlfacil, Head & Neck Medicine

Term

Response to lead ion

Response to cobalt ion

Regulation of histone methylation
Regulation of cellular protein localization
Negative regulation of histone modification
Transcriptionally active chromatin
Preribosome

Small-subunit processome

Plasma membrane-bounded cell projection
Axon initial segment

H4 histone acetyltransferase activity

Inorganic molecular entity transmembrane
Transporter activity

Monocarboxylic acid transmembrane
transporter activity

Transmembrane transporter activity
Cation transmembrane transporter activity
Cell division

Chromosome segregation

Nuclear chromosome segregation
Mitotic cytokinesis

Mitotic cell cycle process
Supramolecular polymer
Supramolecular complex
Cytoskeleton

Microtubule cytoskeleton
Supramolecular fiber

Protein binding

Tubulin binding

lon gated channel activity
Cytoskeletal protein binding

Gated channel activity

MAO ET AL.

Enrichment
Domain Count  p-value score
Biological process 5 0.000205852 3.686445051
Biological process 3 0.000820022 3.0861745%94
Biological process 5 0.001539436 2.812638406
Biological process 15 0.002239879 2.649775358
Biological process 0.00248115 2.60534697
Cellular component 0.002331687 2.632329762
Cellular component 0.003014062 2.520847791
Cellular component 3 0.010497112 1.978930165
Cellular component 37 0.012538402 1.901757811
Cellular component 2 0.012862193 1.890684982
Molecular function 3 0.00174045 2.759338348
Molecular function 20 0.00261805 2.582022049
Molecular function 4 0.003922273 2.406462129
Molecular function 23 0.004631884 2.334242297
Molecular function 16 0.005560524 2.254884274
Biological process 25 9.53133E-08 7.020846671
Biological process 20 2.13029E-07 6.671561948
Biological process 17 1.01973E-06 5.991513199
Biological process 9 1.76678E-06 5.752817337
Biological process 28 3.41822E-06 5.466200192
Cellular component &3 3.01939E-06 5.520080503
Cellular component 33 3.0968E-06 5.509087092
Cellular component 57 4.58202E-06 5.338942608
Cellular component 39 6.92877E-06 5.15934399
Cellular component 32 6.99396E-06 5.155276953
Molecular function 152 5.32208E-05 4.273918935
Molecular function 17 9.85506E-05 4.006340947
Molecular function 15 0.000253069 3.596760229
Molecular function 30 0.000264518 3.577544068
Molecular function 15 0.000279967 3.552892665

We also performed GO and KEGG analysis of the 397 mRNAs in-
volved in the construction of the co-expression network (Figure S3). GO
analysis revealed that chromosome segregation (GO: 0007059), supra-
molecular polymer (GO: 0099081), and inorganic molecular entity trans-
membrane transporter activity (GO: 0015318) were most significantly
enriched in the biological process, cellular component, and molecular
function domains, respectively. KEGG analysis suggested that porphyrin

and chlorophyll metabolism pathways were most significantly enriched.

3.6 | Analysis of the ceRNA network

The Venn diagram (Figure 4a) shows the 147 target genes obtained

from the intersection of 4,273 target genes of the ten selected

IncRNAs with the 631 differentially expressed mRNAs. The ten IncR-
NAs and 147 mRNAs were ultimately used to construct the ceRNA
network (Figure 4b). As a result, 1,425 IncRNA-miRNA-mRNA pairs
were obtained. We used the DAVID 6.8 database to perform func-
tional analysis of the target genes and found that seven IncRNAs and
nineteen mRNAs were related to salivary secretion (see Table 4 for
details).

Meanwhile, we performed GO and KEGG of the 147 mRNAs
involved in the construction of the ceRNA network (Figure S4).
The results of the GO analysis indicated that cytoskeletal protein
binding (GO: 0008092), plasma membrane-bounded cell projection
(GO:0120025), and cellular component organization (GO: 0016043)
were highly enriched. KEGG analysis indicated that sulfur metabo-
lism was the most enriched.
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IncRNA-mRNA co-expression network analysis. Blue: INcRNA; red: mRNA; solid line: positive correlation; dotted line:

negative correlation. ENSRNOT00000091241: AC094236.1; XR_591594: LOC103691854; XR_341542: LOC102546383; XR_591469:
LOC103691771; XR_349383: LOC102557384; XR_347276: Fancm; ENSRNOT0O0000077944: AABR0O7053881.1; XR_598290:
LOC103694955; ENSRNOT00000083853: AABR07065259.1; uc.16+: uc.16 [Colour figure can be viewed at wileyonlinelibrary.com]

4 | DISCUSSION

In this study, we successfully constructed an animal model of BTXA-
mediated inhibition of submandibular gland secretion and obtained
the expression profiles of IncRNAs and mRNAs through microarray
analysis following BTXA injection. We found several significant dif-
ferentially expressed IncRNAs and mRNAs and verified them using
gRT-PCR (Figure 2c,d).

We further carried out functional annotation of the differen-
tially expressed mRNAs through GO and KEGG pathway analyses.
GO analysis of the upregulated mRNAs revealed that the biolog-
ical functions were mainly related to the transmembrane trans-
porter activity. Transmembrane transport plays an important role
in salivary secretion. The transport of electrolytes across the
epithelia results in fluid movement which is mediated by several
membrane proteins on both apical and basolateral sides of epi-
thelial cells (Ohana, 2015). Na*/K*/CI™ cotransporter (NKCC) me-

diates 70% of Cl™ ion transport into the acini and has an important

role in salivary secretion (Evans et al., 2000). Large conductance
Ca®*-activated K* channels and intermediate/small conductance
Ca%*-activated K* channels are imperative for stimulated secre-
tion in parotid glands (Romanenko, Nakamoto, Srivastava, Melvin,
& Begenisich, 2006). Solute carrier family 26 member 6 (Slc26a6)
acts as both ion channels and Cl -dependent anion exchangers,
mediating the migration of HCO3™ and carboxylic acids (Ohana,
Yang, Shcheynikov, & Muallem, 2009). Studies have shown that
Cl /oxalate exchange and CI'/HCO3 exchange are markedly re-
duced in Slc26a6 "/~ mice and oxalate secretion in saliva is also
significantly reduced (Mukaibo et al., 2018). In conclusion, trans-
membrane transport plays a crucial role in regulating the compo-
sition and secretion of saliva. In our study, we found the following
GO terms related to the transmembrane transport process: trans-
membrane transporter activity (GO: 0015318), monocarboxylic
acid transmembrane transporter activity (GO: 0008028), trans-
membrane transporter activity (GO: 0022857), and cation trans-
membrane transporter activity (GO: 0008324). Among them, the
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TABLE 3 The co-expression pairs related to salivary secretion
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Pcc
mRNA Gene IncRNA Gene Pcc type p-value
ENSRNOT00000020616 Trpvé XR_347276 Fancm 0.935778 + 6.88E-05
ENSRNOT00000084911 Aqgp5 XR_347276 Fancm 0.917841 I .00018
XR_341542 LOC102546383 -0.91397 - .001904
ENSRNOT00000091241 AC094236.1 -0.95431 = 1.80E-05
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FIGURE 4 ceRNA network analysis. (a) Venn diagram and (b) ceRNA network between IncRNAs, mRNAs, and predicted miRNAs. Green:
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inorganic molecular entity transmembrane transporter activity
was highly enriched, suggesting that BTXA may affect the con-
tent of inorganic molecules in the saliva. However, it was reported
that the differentially expressed mRNAs were enriched in positive
regulation of collagen biosynthetic process (GO: 0032967) and
positive regulation of fibroblast proliferation (GO: 0048147) after
BTXA treatment of HDFS (Miao et al., 2017), showing the positive
effects for remodeling skin. This difference identified that BTXA
had various functions in treating different diseases. As for BTXA
inhibition of salivary secretion, the changes in transmembrane
transporter activity may play an important role.

We constructed co-expression and ceRNA networks of the val-
idated IncRNAs and differentially expressed mRNAs to explore the
interaction between the coding and non-coding genes. First, the
co-expression network suggested that Fancm, LOC102546383, and
AC094236.1 were involved in the regulation of Agp5 expression.

Numerous studies have shown that the expression and distri-
bution of Aqp5 are crucial for the regulation of salivary secretion
(Delporte, 2014). Pilocarpine-stimulated salivary secretion de-
creased by 60% in Agp5-knockout mice, and the saliva becomes vis-
cous and hypertonic (Krane et al., 2001). The salivary secretion in
Aqgp5-knockout mice reduced, while the permeability of the paracel-
lular barrier decreased significantly (Kawedia et al., 2007). Besides,
salivary secretion is also affected by the distribution of Aqp5. For
example, in the salivary glands of patients with Sjogren's syndrome,
Aqp5 is mainly located in the basolateral membrane of the acinar
cells (Steinfeld et al., 2001). In parotid gland (acini and ducts) of se-
nescent rats, reduced translocation of Agp5 to the apical membrane
occurred during stimulated salivary secretion (Inoue, lida, Yuan,
Ishikawa, & Ishida, 2003). In our previous study, we also found that
BTXA reduced the expression of Agp5 in rabbits (Shan et al., 2013)
and rats (Xu et al., 2015) and induced Agp5 to translocate from the
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(Continued)

TABLE 4

Ce

Common miRNAs

Common miRNAs number

p-values

Ce names

symbols

Gene symbol

rno-miR-29a-3p, rno-miR-29b-3p, rno-miR-29¢-3p,

.002678

Cd38 ENSRNOT00000004121

LOC102546383

rno-miR-99a-3p
rno-miR-204-5p, rno-miR-211-5p, rno-miR-3580-3p,

.012126

ENSRNOTO00000082699

Adcyé

rno-miR-6332

.012126

ENSRNOT00000088323

rno-miR-149-3p, rno-miR-3557-3p, rno-miR-92b-5p

102875
.014853
6.63E-05

ENSRNOTO00000090925

NM_013138

Itpr3

NM_012713

rno-miR-34a-5p, rno-miR-34b-5p, rno-miR-34c-5p, rno-miR-

Prkcb

AC094236.1

449a-5p, rno-miR-449c-5p

rno-miR-34a-5p, rno-miR-34b-5p, rno-miR-34c-5p, rno-miR-

6.06E-06

ENSRNOTO00000057295

Vamp2

449a-5p, rno-miR-449c-5p, rno-miR-883-5p

rno-miR-122-5p, rno-miR-34a-3p, rno-miR-9%9a-3p

.00294

Cd38 ENSRNOT00000004121

AABR07053881.1

CWILEY- -1

cell membrane to the cytoplasm in SMG-Cé cells (Xu et al., 2015).

Leadingin Ora, Marilfacil, Head & Neck Medicine

However, it is still unclear whether IncRNAs affect salivary secretion
by regulating the expression and distribution of Agp5. Based on our
previous study, BTXA may affect the secretion of the submandibu-
lar gland by affecting the expression of Fancm, LOC10254638, and
AC094236.1 to downregulate the expression and induce the redis-
tribution of Agp5.

Besides, Trpvé is the Ca®*-selective channel of the TRP super-
family, showing expression in the salivary glands, the intestine, the
kidney, and a few other tissues (Peng, Suzuki, Gyimesi, & Hediger,
2018). In human salivary glands, this molecule is expressed mainly
in the basolateral membrane, suggesting a crucial role for calcium
influx into acinar cells (Homann, Kinne-Saffran, Arnold, Gaengler,
& Kinne, 2006). The increase in Ca®" in the cytoplasm regulates a
variety of ion transporters, such as Ca?*-activated K* channel, Na*/
K'/2CI™ cotransporter in the basolateral membrane, and the Ca?*-
activated CI” channel in the luminal membrane, which are closely
related to fluid secretion (Ambudkar, 2016). Therefore, BTXA may
decrease the influx of Ca®" into acinar cells by affecting the expres-
sion of Fancm and then reducing the expression of Trpvé, thereby
affecting the activity of a variety of Ca®*-activated ion transporters,
and ultimately inhibiting salivary secretion. This study provides new
insights for further exploration of BTXA-mediated inhibition of sal-
ivary secretion.

Next, we constructed a ceRNA network. We used the DAVID
6.8 database to analyze the functions of mRNAs involved in the con-
struction of ceRNA network and found that seven IncRNAs target
genes were involved in the process of salivary secretion, of which
LOC103694955 had the largest number of target genes, a total of
nine (shown in Table 4), including adrenoceptor beta 2 (Adrb2). As a
adrenoceptor, Adrb2 is closely associated with salivary secretion. A
study found that the activation of B-adrenoceptors (B-ARs) plays an
important role in the regulation of cell growth and secretion of sub-
mandibular gland (Horie et al., 1996). Adrenergic fibers release norepi-
nephrine to activate -ARs to mediate protein secretion in the salivary
glands (Baum, 1993). Lack of norepinephrine and inhibition of p-AR
expression leads to insufficient secretion in the early stage of rabbit
submandibular transplantation, while isoproterenol increases fluid se-
cretion and amylase expression by upregulating B-ARs (Baum, 1993).
The increase in the expression of f-ARs may lead to changes in protein
secretion by promoting the interaction of syntaxin-4 and vesicle-as-
sociated membrane protein 2 in transplanted human submandibular
gland (Ding et al., 2018). Through the construction of the ceRNA
network, we found that the following miRNAs had binding sites on
LOC103694955 and Adrb2: rno-miR-15a-5p, rno-miR-15b-5p, rno-
miR-16-5p, rno-miR-195-5p, rno-miR-322-5p, and rno-miR-497-5p.
A recent report suggests that miR-16-5p is highly expressed in the
tears of patients with Sjogren's syndrome (Kim et al., 2019). The role
of these miRNAs in the regulation of salivary gland function, however,
remains unclear. Whether they play a role in BTXA-inhibited subman-
dibular gland secretion needs further studies.

In this study, we used microarray and bioinformatic analyses to
identify the changes in IncRNA and mRNA expression profiles, and



MAO ET AL.

1182
—I—Wl LEY—

signaling pathways following BTXA injection into the submandibu-
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lar gland of rats, and constructed INncRNA-mRNA co-expression and
ceRNA networks to explore the regulatory relationship between the
coding and non-coding genes. Our study provides the foundation
for further exploring the mechanism through which BTXA inhibits
salivary secretion, and provides theoretical framework for more ef-

fective clinical management of sialorrhea.
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