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Abstract

Purpose Long non-coding RNAs (IncRNAs) are a recently identified class of regulatory molecules involved in the regulation of
numerous biological processes, but their functions in a rat model of chronic intermittent hypoxia (CIH) remain largely unknown.
Therefore, for further investigation, we aimed to explore IncRNA expression profiles and reveal their potential functional roles in
rat models of CIH.

Methods We used a well-established CIH rat model and conducted IncRNA microarray experiments on the heart samples of rats
with CIH and under normoxia control. Differentially expressed IncRNAs and mRNAs were identified via fold-change filtering
and verified by quantitative reverse transcription polymerase chain reaction (QRT-PCR). Bioinformatics analyses were applied to
reveal the potential roles of key IncRNAs. Co-expression analysis was conducted to determine the transcriptional regulatory
relationship of IncRNAs and mRNAs between the two groups.

Results Our data indicated that 157 IncRNAs and 319 mRNAs were upregulated, while 132 IncRNAs and 428 mRNAs were
downregulated in the rat model of CIH compared with sham control. Pathway analyses showed that 31 pathways involved in
upregulated transcripts and 28 pathways involved in downregulated transcripts. Co-expression networks were also constructed to
explore the potential roles of differentially expressed IncRNAs on mRNAs. LncRNAs, namely, XR 596701, XR 344474,
XR 600374, ENSRNOT00000065561, XR 590196, and XR 597099, were validated by the use of qRT-PCR.

Conclusions The present study first revealed IncRNAs expression profiles in a rat model of CIH, providing new insight into the
pathogenesis of obstructive sleep apnea-induced cardiovascular disease.
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Introduction airway during sleep, which affects about 5% of the adult pop-

ulation. OSA patients usually have comorbidities of systemic
Obstructive sleep apnea (OSA) is a sleep breathing disorder  or pulmonary hypertension, diabetes, or obesity [1]. Numerous
characterized by partial or complete collapse of the upper  studies show that as for cardiovascular diseases, such as ische-
mic heart disease, hypertension, and congestive heart failure,
OSA is identified as an independent risk factor [2—4]. The
pathogenesis includes sympathetic activation, endothelial dys-
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material, which is available to authorized users. function, oxidative stress, and inflammation [5—8]. The devel-
opment of cardiovascular disease generally requires an expo-
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modeling, such as atherosclerosis change [9, 10]. Therefore,
studying the specific pathophysiology of OSA-induced cardio-
vascular disease and the exact underlying mechanisms is
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various regulatory processes, where they may potentially
serve as signals, decoys, guides, and scaffolds [12, 13].
LncRNAs could affect numerous cellular processes, for in-
stance, cell growth, differentiation, and apoptosis [14].
LncRNAs may also play critical role in both normal develop-
ment and disease [15]. Previous work has demonstrated that a
set of IncRNAs are differentially expressed in lots of human
diseases such as cardiovascular disease, cancer, and psychiat-
ric disease [16]. For example, IncRNA SNHGI negatively
regulates miR-145a-5p in nasopharyngeal carcinoma, which
contributes to an enhancement of NUAK1 and promotes can-
cer cell metastasis and invasion [17]. However, no study re-
ports IncRNA expression and its function in a rat model of
OSA. And the features of IncRNA expression profile and their
potential functions in OSA are still unknown.

In the present study, we conducted IncRNA microarray
analysis of left ventricular tissues from CIH rodent model.
Bioinformatic analyses were further used to predict the poten-
tial biological functions of important IncRNAs. Overall, these
findings may provide a strong foundation for further research
on the roles of IncRNAs in OSA-induced cardiovascular
disease.

Materials and methods
Animal model of CIH and left ventricular samples

The experiments were performed on male Sprague-
Dawley rats (280-330 g), which were obtained from the
animal experiment center of Fujian Medical University.
Rats were divided into two groups: the normoxia group
(21% 0O,, 24 h per day, 8 weeks, n=3) and CIH group
(6%0, 60 s, 21% O, alternating 60 s, 8§ h per day,
8 weeks, n=3). The rat model of CIH was validated by
MC Lai et al. [18]. During CIH exposure, animals were
placed in commercial hypoxic chambers connected to a
supply of N, and O, gas. The chamber was periodically
filled with N, and O, manipulated by computer-controlled
timed solenoid valves to regulate the degree and time of
hypoxia. Also, the chamber was equipped with O,, CO,,
humidity, and temperature sensors to monitor the O, con-
centration. Each cycle of CIH lasted for 120 s. The pro-
cess was composed of filling the chamber with N, for the
first 60 s and filling it again with O, for another 60 s. The
gas flow rate was adjusted to make a 6% nadir of O,
during every cycle and then followed by restoration of
O, to 21%. The rats had free access to water and chow
with constant temperature, humidity, and light:dark cycle
(light from 07:00 to 19:00). Rats were euthanized 8 weeks
after being exposed to the respective treatment and left
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ventricular tissues were obtained. With the approval of
Fujian Medical University, we performed all experimental
procedures.

Hematoxylin and eosin staining

In order to investigate the injury of myocardium after CIH, we
fixed the ventricular tissue in 4% formaldehyde and paraffin
embedded. Next, we used hematoxylin and eosin to stain all
the 5-um-thick sections to further histological analysis.
Finally, for observing the histological changes, the heart tis-
sues were then placed under an optical microscope at x 400
magnification.

RNA extraction and purification

TRIzol reagent (Invitrogen, CA, USA) was used to isolate
total RNA which was from the 3 CIH specimens and the
paired normoxia tissues. Then, we used a NanoDrop ND-
1000 spectrophotometer (OD 260 nm, NanoDrop,
Wilmington, DE, USA) to quantify the total RNA.
Meanwhile, RNA integrity was estimated by using standard
denaturing agarose gel electrophoresis. At last, the ratio of
absorbance at 260 to 280 nm (A260/A280) was used to assess
the purity of RNA.

LncRNA and mRNA microarray

Arraystar Rat LncRNA Microarray V2.0 has a total of 13,611
IncRNAs collected from all major public databases and repos-
itories, such as Refseq, Ensembl, IncRNAdb, and scientific
publications, and a total of 24,626 protein coding mRNAs.
They were employed to analyze all differentially expressed
IncRNA and mRNA in CIH animal models.

RNA labeling and Array hybridization

In this study, according to the Agilent One-Color
Microarray-Based Gene Expression Analysis protocol
(Agilent Technology) with minor modifications, sample la-
beling and array hybridization were fulfilled. In brief,
mRNA was purified following removal of rRNA (mRNA-
ONLY™ Eukaryotic mRNA Isolation Kit, Epicenter). Each
sample was then amplified and transcribed into fluorescent
cRNA, which was along the entire length of the transcripts
without 3’ bias making use of a random priming method
(Arraystar Flash RNA Labeling Kit, Arraystar). RNeasy
Mini Kit (Qiagen) was used to purify the labeled cRNAs.
We applied NanoDrop ND-1000 to measure the concentra-
tion and activity of the labeled cRNAs (pmol Cy3/ug
cRNA). A total of 1 pug of each labeled cRNA was
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Table 1 Primers used for qRT-
PCR Primer name Sequence (5'-3") Tm (°C) Lengths (bp)
{3-actin F: 5-CGAGTACAACCTTCTTGCAGC-3’ 60 202
R: 5'-ACCCATACCCACCATCACAC-3'
XR 596701 F: 5-CCAGTTTACAGAGATTCCTCAGG-3' 60 163
R: 5'-GCCAAGTGACATGAACAAAGTG-3'
XR 344474 F: 5“TCTCAGCTCTGTCTGCACCA-3’ 60 117
R:5' TCTCCTGTCCTCGTCTCCAT 3’
ENSRNOTO00000065561 F: 5-TTTACTTGCTCCTTCCCCTTCT-3' 60 101
R: 5-TGAGCGTACACCAGCACTTC-3'
XR 600374 F: 5-CCATGTGAAGCAGAGTGACAGA-3’ 60 123
R: 5'-CTGTTGTAATGCTCCAAAGGCT-3'
XR 590196 F:5'-GCCTCCTCAACTGTTCCATAA-3’ 60 202
R: 5'-CATACTTTCCTAGTGCCTCCTGT-3'
XR 597099 F: 5-TCTGCTCAGCCAGCTCCTAA-3’ 60 296

R: 5'-CCAAGCTGTCTCTCAAGTGCT-3'

fragmented via the addition of 5 pl 10x blocking agent and
1 ul of 25% fragmentation buffer. Next, we then heated the
mixture at 60 °C for 30 min. Furthermore, we diluted the
labeled cRNA by adding 25 pl 2x GE hybridization buffer.
Subsequently, 50 pl of hybridization solution was dis-
pensed into the gasket slide, and then it was assembled to
the LncRNA expression microarray slide. The slides were
incubated for 17 h at 65 °C in an Agilent Hybridization
Oven. To the end, the hybridized arrays were washed, fixed,
and scanned with the use of the Agilent DNA Microarray
Scanner (part no G2505C). The analysis was finished by
KangChen Bio-tech, Shanghai, China.

Computational analysis

We applied the Agilent Feature Extraction software (version
11.0.1.1) to analyze all the acquired array images. We used the
GeneSpring GX v12.1 software package (Agilent
Technologies) to perform the analysis of quantile normaliza-
tion and subsequent data. Then, for further data analysis, we

Fig. 1 Effect of CIH on the
histopathology of myocardium. a
Cardiac histology of normoxia
rats with normal architecture. b
Cardiac histology of CIH rats
with abnormal myocardial
architecture (magnification x
400)

chose all the IncRNAs and mRNAs which at least 3 out of 6
samples have flags in present or marginal (“all targets value™).
We identified all the differentially expressed IncRNAs and
mRNASs between the two groups through fold-change filtering
and P value/FDR filtering. Both GO analysis and pathway
analysis were used to illuminate the functions of these differ-
entially expressed mRNAs. Hierarchical clustering and com-
bined analysis were also carried out by using in-house scripts.
Furthermore, a coding—non-coding gene co-expression net-
work (CNC) was drawn, which was done by using 9
mRNAs and all differentially expressed IncRNAs. To illus-
trate the CNC network, Cytoscape (v2.8.2) with Pearson co-
efficient (||) > 0.97) was used.

qRT-PCR

According to the manufacturer’s instructions, total RNA was
extracted from rat hearts samples with the use of TRIzol re-
agent (Invitrogen) and converted into cDNA via the use of the
SuperScript™ III RT kit (Invitrogen). The expression levels of

@ Springer



798 Sleep Breath (2019) 23:795-804

[\
o

©
N
©

>

N

o
I
r
I
f
L
T
L
-

Normalized Intensity Values
o

Normalized Intensity Values
S =

S

N
N
N

@
o

[

ct c2 c3 T T2 T3 c 2 cs m T2 &
Samples Samples

c pearson correlation: 0.9935 d
« up-regulated (323)
« down-regulated (227)
not diffreential expressed (6284)

pearson correlation: 0.9927
© up-regulated (581)
« down-regulated (811)
« not diffreential expressed (17074)

16
16
14
14
ES) —~
Q12 °
% .812
g ©
510 gw
= £
5 =
O gf- @
: .
3 5
56 %6
41 4r:
2

N

10 12 14 16

2 4 6 8 10 12 14 16 2 4 6 8 }
group-Ctrl(normalized)

group-Ctrl(normalized)

~ m T N o
E 2R oo 0

N D
O

.
T [T e T

6 selected IncRNAs were verified by qRT-PCR using SYBR  repeated three times. The 224CT method was performed to
Green assays (Arraystar). The above 6 selected IncCRNAs were  obtain relative fold changes of the expression of each
normalized to (3-actin, and the detection was independently ~ IncRNA. The primers were listed in Table 1.
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<« Fig. 2 Different expression profiles of IncRNA and mRNA between CIH
and control samples. a, b Box plots of IncRNA and mRNA showed the
distributions of intensities from all samples. ¢, d Scatter plots of IncRNA
and mRNA. The values of X and Y axes indicated the averaged
normalized signal values of each group (log2 scaled). Green lines are
fold-change lines. Middle line indicates a fold change of 1 or no differ-
ence between CIH and control samples. LncRNAs beyond the range of
green line have more than 1.5-fold difference between CIH and control
samples. e, f Heat map and hierarchical clustering. Fold changes > 1.5 and
P <0.05 were taken as the cut-off criteria for deregulation of IncRNAs.
Red color indicates relatively up-regulation, and green color indicates
relatively downregulation

Statistical analysis

The expression levels of IncRNAs and mRNAs between the
CIH and control group were calculated via unpaired 7 test. To

Fig. 3 GO analysis. a—¢ GO a
terms for the upregulated
mRNAs: a biological process; b
cellular component; ¢ molecular
function. d—f GO terms for the
downregulated mRNAs: d
biological process; e cellular
component; f molecular function

W [66] response to stress

[ [67] establishment of localization

W [69]negative regulation of cellular process

b

B [52] positive regulation of metabolic process

=== [58] regulation of response to stimulus,

=== [59] response to organic substance

perform GO and pathway analysis, Fisher’s exact test was
employed to evaluate significance of GO terms or pathway
identifiers’ enrichment. Pearson coefficient was used to ana-
lyze the CNC network construction. P < 0.05 was conducted
to demonstrate a statistically significant difference.

Results
Cardiac histopathological changes
To assess whether CIH damage the cardiac structure, an

analysis of ventricular histopathological changes was per-
formed via the use of both hematoxylin and eosin. After

GO Biological Process Classification

== [127] response to stimulus

== [82] localization

—] [80] positive regulation of
biological process

- [73] negative regulation of
biological process

GO Cellular Component Classification

=== [4] basement membrane

== [5] nuclear transcription factor complex
=== [6] contractile fiber part
@ [8] contractile fiber

W [9] proteinaceous extracellular matrix

@8 [15] dendrite

=== [20] somatodendritic compartment

- [33] plasma membrane bounded cell
projection

== [31] neuron part

W [26] neuron projection

GO Molecular Function Classification

@@ [32] purine ribonucleotide binding

@ [33] ribonucleotide binding

@ [39] carbohydrate derivative binding

B3 [39] nucleoside phosphate binding

3 [39] nucleotide binding

3 [42] small molecule binding

3 [89] catalytic activity

@ [85] ion binding

B3 [49] metal ion binding

@ [46] anion binding
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d GO Biological Process Classification
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Fig. 3 continued.

viewing x 400 magnified images, the left ventricular myo-
cardium showed no significant changes in the control
group (Fig. la). The abnormal myocardial architecture,
cardiomyocyte atrophy, and the distortion of cell nucleus
were shown obviously in the CIH group (Fig. 1b).

Differentially expressed IncRNAs and mRNAs

To make sure the quality of the microarray data, we utilized box
plot and scatter plot. As showed in Fig. 2a, b, we used box plot
to compare the distributions of the intensities. In addition, scat-
ter view was employed to assess the variation of IncRNA and
mRNA expression between the 2 groups (Fig. 2c, d). At last,
we made use of hierarchical clustering to show distinguishable
IncRNA and mRNA expression profiles (Fig. 2e, f). Compared
with the control group, 289 IncRNAs were significantly
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@ [162] protein binding

@@ [115] ion binding

B3 [77] cation binding

differentially expressed (fold change >1.5, P<0.05). Among
these differentially expressed IncRNAs, a total number of 157
IncRNAs were upregulated, while 132 IncRNAs were down-
regulated. Similarly, 747 mRNAs were differentially expressed
(fold change > 1.5, P < 0.05) between the two groups. Among
these differentially expressed mRNAs, 319 mRNAs were up-
regulated, while 428 mRNAs were downregulated.

GO analysis

GO analysis was used to determine genes and describe gene
product enrichment, which involved in classification of biolog-
ical process (BP), cellular component (CC), and molecular
function (MF). We found that the most highly GO classifica-
tions for the upregulated transcripts were rhythmic process (Fig.
3a; BP), contractile fiber (Fig. 3b; CC), and MAP kinase
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Fig. 4 Top 10 significant a Sig pathway of DE gene
pathways associated with . .
upregulated and downregulated . L Mineral absorption [5 genes]
genes are listed Metabolism of xenobiotics by cytochrome P45 [6 genes]
Fluid shear stress and atherosclerosi [8 genes]
Chemical carcinogenesi [6 genes]
Relaxin signaling pathway- | [7 genes]
Ferroptosis [4 genes]
Drug metabolism - cytochrome P45 [5 genes]
Chagas disease (American trypanosomiasis [6 genes]
TNF signaling pathway [6 genes]
ABC transporte [4 genes]
0 1 2 3 4
EnrichmentScore (-log10(Pvalue))
b Sig pathway of DE gene
African trypanosomiasis [8 genes]
Malaria [9 genes]

arch and sucrose metabolism
Bladder cancer

Small cell lung cancer
Cytokine-cytokine receptor interaction

Carbohydrate digestion and absorption

tyrosine/serine/threonine phosphatase activity (Fig. 3c; MF).
The most highly GO terms for the downregulated transcripts
were oxygen transport (Fig. 3d, BP), hemoglobin complex
(Fig. 3e, CC), and oxygen carrier activity (Fig. 3f, M).

Pathway analysis

According to the latest KEGG database, we found that 31 path-
ways enriched in the upregulated genes (Fig. 4a). The most
enriched network was “Mineral absorption-Rattus norvegicus
(rat)” with 5 genes annotated with this term. Meanwhile, 28
pathways enriched in the downregulated transcripts (Fig. 4b).
However, the most enriched network was “African
trypanosomiasis-Rattus norvegicus (rat)” with 8 transcripts an-
notated with this term. Among these pathways, Li S et al. re-
ported that the gene category “apoptosis” had been implicated
in the promotion of OSA-induced progressive heart failure [19].

Construction of CNC network

Nine important coding genes, including Nfkb1, Duspl,
Mapk12, Fos, vascular endothelial growth factor A (Vegfa),
BCL2 binding component 3(Bbc3), cyclin B1(Cenbl), tubulin
alpha 3B(Tuba3b), and the cyclin-dependent kinase inhibitor
1A(Cdknla), were selected to construct a CNC network. In this
CNC network construction, a single IncRNA could have a cor-
relation with many mRNAs, and vice versa. For example, the

[5 genes]
[5 genes]

[7 genes]
Cell cycle{ 00 [8 genes]
Melanoma [6 genes]
[11 genes]
Apoptosis [8 genes]
[4 genes]

0 1 2 3 4 5 6 7
EnrichmentScore (-log10(Pvalue))

IncRNA XR 591224 is correlated with Nfkbl, Fos, and
Mapk12. These genes primarily participate in cell cycle,
cytokine-cytokine receptor interaction, apoptosis, fluid shear
stress and atherosclerosis, and TNF signaling pathway. These
results indicate that the IncRNAs in the network likely perform
similar functions and thus might play a key role in regulating the
development of OSA-related cardiovascular disease. Figure 5
shows the results of the CNC analysis of 9 coding genes.

qRT-PCR

To validate the reliability of our microarray results, three
upregulated IncRNAs (XR 596701, XR 344474, and
ENSRNOT00000065561) and three downregulated
IncRNAs (XR 600374, XR 590196, and XR_597099)
were randomly selected to perform qRT-PCR verification
in same RNA samples used for the microarray analyses.
To our interesting, the qRT-PCR results were in agreement
with the microarray findings, which demonstrated the
same trends of up- or downregulation for each differen-
tially expressed IncRNA (Fig. 6).

Discussion

Increasing evidences have revealed that IncRNAs play crucial
roles in multiple cardiovascular diseases [20]. However, their

@ Springer
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Fig. 5 CNC analysis of 9 differentially expressed mRNAs. The green nodes represent mRNAs, pink nodes represent IncRNAs. Solid line indicates

positive correlation, and dotted line represents negative correlation

relative expression levels in OSA-related cardiovascular dis-
eases remain unclear. In this article, we investigated the expres-
sion levels of IncRNAs and mRNAs in 3 different pairs of heart
tissue via the use of microarray chips, which includes 13,611
IncRNAs and 24,626 mRNAs. Two hundred eighty-nine dys-
regulated IncRNAs were identified. Most of the dysregulated
IncRNAs are novel IncRNAs, whose functions have not yet
been elucidated. To validate the reliability of the microarray
finding, we randomly chose six IncRNAs and determined their
expression levels via the use of qRT-PCR. Bioinformatics anal-
yses, including GO analysis, pathway, and CNC analysis, were
then conducted to predict their functional roles.

@ Springer

In view of multiple reasons, the probabilities to perform
human research on the relation between OSA and cardiovascu-
lar diseases are still at a preliminary stage. First, OSA-induced
cardiovascular diseases patients often display with confounding
risk factors such as obesity, diabetes mellitus, and smoking.
Second, OSA patients often demand several years to initiate
cardiovascular diseases diagnosed clinically. Third, it is neither
easy nor to ethically sound to conduct more invasive techniques
in these patients. All these risk factors limit the investigation of
causal interaction between OSA and cardiovascular diseases.
To cope with this disadvantage, OSA animal models have yet
been explored [21] and used to investigate the pathogenesis of
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OSA-related complications [22]. Therefore, we used CIH mice
model instead of human samples in this study.

To better understand IncRNA profiles in OSA-related car-
diovascular diseases, targets of IncRNA were predicted. In
addition, bioinformatics analysis, such as GO and pathway
analysis, was performed. Among these pathways, the
“apoptosis” pathway was demonstrated to be linked to the
promotion of OSA-induced cardiovascular disease [19, 23].

In cardiovascular research, IncRNAs play crucial roles in
atherosclerosis, heart failure, coronary artery disease, and
myocardial infarction [24]. Animal studies support the idea
that the enhanced atherosclerosis known to occur in OSA is
owed to the increase of lipid peroxidation. In accordance with
this hypothesis, direct evidence has been acquired that CIH
can result in the development of atherosclerotic lesions.
Exposure to CIH for 12 weeks was prone to the formation
of atherosclerotic plaques, but a combined with high-fat diet
was in need for that effect to happen [25]. In the present study,
the fluid shear stress and atherosclerosis pathway displayed
associations with the OSA-induced cardiovascular disease.

The inflammatory response, together with oxidative re-
sponses, is the main risk factor for OSA-induced cardio-
vascular disease. In accordance with these results, GO
analysis indicated that the genes were enriched for the
GO terms which were relevant to immune response, re-
sponse to stress, and response to lipid. It is noteworthy that
the response to lipid terms enriched in both the upregulated
and downregulated genes in our study. Meanwhile, path-
way analysis also showed that inflammation-associated
pathways such as apoptosis, TNF signaling pathway, fluid
shear stress, and atherosclerosis were involved in the pres-
ent study. It was reported that tumor necrosis factor-o is a
vital pro-inflammatory cytokine markers in OSA and sta-
ble coronary heart disease patients [24].

Finally, a CNC network was constructed to reveal the cor-
relation between IncRNAs and dysregulated mRNAs. To our
knowledge, IncRNAs influence transcription of proximal or
distal genes via cis- and trans-acting mechanisms [25, 26]. As
shown in the CNC network, all the nine genes are regulated by
IncRNAs via the way of cis- and trans-regulation. The mal-
function of regulating this CNC network was likely to be a
vital step for the pathogenesis of OSA-induced cardiovascular
disease. Further research is demanded to investigate the func-
tions of all differentially expressed IncRNAs.

However, there are some disadvantages that should be tak-
en into account in this research. First, exposure to CIH during
daylight is not enough to imitate real OSA condition. Second,
owing to the lack of hypercapnic stimulus, the CIH animal
model is not the same as that in human. Third, IncRNAs and
mRNAs validated by qRT-PCR should be further verified on
cell level. Therefore, the above factors should be also consid-
ered when delineating result.

Conclusions

Taken together, to the best of our knowledge, the study first
revealed that OSA altered IncRNA expression profiles in the
rat heart. These findings could aid in advancing our founda-
tion of knowledge on the pathogenesis of OSA-induced car-
diovascular disease.

Author contributors All authors directly participated in the
study and have approved the final manuscript.

Funding This study is funded by the National Natural Science
Foundation of China (grant number: 81370182 and 81870074),
Quanzhou Science and Technology Projects (grant number:
2018N007S), and Startup Fund for Scientific Research, Fujian Medical
University (grant number: 2017XQ1102).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All applicable guidelines for the care and use of ani-
mals were followed.

References

1. Bradley TD, Floras JS (2009) Obstructive sleep apnoea and its
cardiovascular consequences. LANCET 373:82-93

2. Muxfeldt ES, Margallo VS, Guimaraes GM, Salles GF (2014)
Prevalence and associated factors of obstructive sleep apnea
in patients with resistant hypertension. Am J Hypertens 27:
1069-1078

@ Springer



804 Sleep Breath (2019) 23:795-804
3. Peppard PE, Young T, Palta M, Skatrud J (2000) Prospective study 15.  Ponting CP, Oliver PL, Reik W (2009) Evolution and functions of
of the association between sleep-disordered breathing and hyper- long noncoding RNAs. CELL 136:629—-641
tension. N Engl ] Med 342:1378-1384 16. Harries LW (2012) Long non-coding RNAs and human disease.
4. Marin JM, Carrizo SJ, Vicente E, Agusti AG (2005) Long-term Biochem Soc Trans 40:902-906
cardiovascular outcomes in men with obstructive sleep apnoea- 17. Wang L, Ma X, Yan L, Wang T, Wen J, Mi G (2017) LncRNA
hypopnoea with or without treatment with continuous positive air- SNHGI negatively regulates miR-145a-5p to enhance NUAK1 ex-
way pressure: an observational study. LANCET 365:1046-1053 pression and promote cancer cell metastasis and invasion in naso-
5. Dyugovskaya L, Lavie P, Lavie L (2002) Increased adhesion mole- pharyngeal carcinoma. J Cell Physiol. https://doi.org/10.1002/jcp.
cules expression and production of reactive oxygen species in leuko- 26340
cytes of sleep apnea patients. Am J Respir Crit Care Med 165:934-939 18.  LaiMC, LinJG, Pai PY, Lai MH, Lin YM, Yeh YL, Cheng SM, Liu
6. Ryan S, Taylor CT, McNicholas WT (2005) Selective activation of YF, Huang CY, Lee SD (2014) Protective effect of salidroside on
inflammatory pathways by intermittent hypoxia in obstructive sleep cardlgc apoptosis in mice with chronic intermittent hypoxia. Int J
apnea syndrome. Circulation 112:2660-2667 C?rdlol 174:565’.5 73 )
7. Schulz R, Mahmoudi S, Hattar K, Sibelius U, Olschewski H, Mayer 19. LiS, ,F eng J, W_el S, Qlan X’ Cao ,J » Chen B (?016) Delayed neu-
K, Seeger W, Grimminger F (2000) Enhanced release of superoxide tr,()phll apop.t051s Vmed1ates intermittent hypoxia-induced progres-
from polymorphonuclear neutrophils in obstructive sleep apnea. ?(;/26 heart failure in pressure-overloaded rats. Sleep Breath 20:95-
g;s;crtcoﬁft Cé);zrﬁ:gsl g;sslg(\fs%may pressure therapy. Am J 20. Uclhid;l S, Dimréleler S (21011 6'5) Igong r(l)oncoding RNAs in cardiovas-
] mers VK. Dvken ME. Clary MP. A FM (1995 cular iseases. irc' Res 116:737-75 .
S;m;atiletic r;eurzl I?)echani;n(l:s in}(l)bstn;ctivzbs?;(; apnea(. Jg(?lirz 21, Dumitrascu R, H eitmann J, Seege.:r W’ Weissmann N, .SChUIZ R
Invest 96:1897—1904 (2013) Obstructive sleep apnea, O)fldathC. strc?ss and cardiovascular
9. Schulz R, Seeger W, Fegbeutel C, Husken H, Bodeker RH, g;)sle ;1353}‘66535{) ns from animal studies. Oxidative Med Cell Longev
Tillma.nps H, Grebe M (2005) Chapges in extracranial arteries in 2. Drag.er LE, Yao Q, Hernandez KL, Shin MK, Bevans-Fonti S, Gay
obstructive slc?ep apnocea. Eur. Respir J 25:69-74 . J, Sussan TE, Jun JC, Myers AC, Olivecrona G, Schwartz AR,
10. Shahar E, Whitney CW, Redline S, Lee ET, Newman AB, Nieto FJ, Halberg N, Scherer PE, Semenza GL, Powell DR, Polotsky VY
Q'Connor GT. B (?land LL, S(fhwaltz JE, Samet M (2001? Sleep- (2013) Chronic intermittent hypoxia induces atherosclerosis via
disordered breathing and cardiovascular disease: cross-sectional re- activation of adipose angiopoietin-like 4. Am J Respir Crit Care
sults of the Sleep Heart Health Study. Am J Respir Crit Care Med Med 188:240-248
163:19-25 ) ) 23.  Almendros I, Farre R, Torres M, Bonsignore MR, Dalmases M,
11. Guttman M, Amit I, Garber M, French C, Lin MF, Feldser D, Ramirez J, Navajas D, Montserrat JM (2011) Early and mid-term
Huarte M, Zuk O, Carey BW, Cassady JP, Cabili MN, Jaenisch effects of obstructive apneas in myocardial injury and inflamma-
R, Mikkelsen TS, Jacks T, Hacohen N, Bernstein BE, Kellis M, tion. Sleep Med 12:1037-1040
Regev A, Rinn JL, Lander ES (2009) Chromatin signature reveals 24. YangD, Liu Z, Luo Q (2013) Plasma ghrelin and pro-inflammatory
over a thousand highly conserved large non-coding RNAs in mam- markers in patients with obstructive sleep apnea and stable coronary
mals. NATURE 458:223-227 heart disease. Med Sci Monit 19:251-256
12. Wang KC, Chang HY (2011) Molecular mechanisms of long non- 25. Clark BS, Blackshaw S (2014) Long non-coding RNA-dependent
coding RNAs. Mol Cell 43:904-914 transcriptional regulation in neuronal development and disease.
13.  Mercer TR, Dinger ME, Mattick JS (2009) Long non-coding Front Genet 5:164
RNAs: insights into functions. Nat Rev Genet 10:155-159 26. Ulitsky I, Bartel DP (2013) lincRNAs: genomics, evolution, and
14.  Guttman M, Donaghey J, Carey BW, Garber M, Grenier JK, mechanisms. Cell 154:26-46

Munson G, Young G, Lucas AB, Ach R, Bruhn L, Yang X, Amit
I, Meissner A, Regev A, Rinn JL, Root DE, Lander ES (2011)
lincRNAs act in the circuitry controlling pluripotency and differen-
tiation. NATURE 477:295-300

@ Springer

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1002/jcp.26340
https://doi.org/10.1002/jcp.26340

	Expression profile of long non-coding RNAs in rat models of OSA-induced cardiovascular disease: new insight into pathogenesis
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Animal model of CIH and left ventricular samples
	Hematoxylin and eosin staining
	RNA extraction and purification
	LncRNA and mRNA microarray
	RNA labeling and Array hybridization
	Computational analysis
	qRT-PCR
	Statistical analysis

	Results
	Cardiac histopathological changes
	Differentially expressed lncRNAs and mRNAs
	GO analysis
	Pathway analysis
	Construction of CNC network
	qRT-PCR

	Discussion
	Conclusions
	References


