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Summary

Objective: The role of long non-coding ribonucleic acids (IncRNAs) during orthodontic tooth
movement remains unclear. We explored the IncRNA landscape of periodontal ligament stem cells
(PDLSCs) subjected to compressive force.

Materials and methods: PDLSCs were subjected to static compressive stress (2 g/cm?) for 12 hours.
Total RNA was then extracted and sequenced to measure changes in IncRNA and messenger RNA
(mRNA) expression levels. Quantitative real-time polymerase chain reaction (qQRT-PCR) was used
to validate the expression levels of certain IncRNAs. Differential expression analysis as well as
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses
were also performed.

Results: In total, 90 IncRNAs and 519 mRNAs were differentially expressed in PDLSCs under
compressive stress. Of the IncRNAs, 72 were upregulated and 18 downregulated. The levels of
eight IncRNAs of interest (FER1L4, HIF1A-AS2, MIAT, NEAT1, ADAMTS9-AS2, LUCAT1, MIR31HG,
and DHFRP1) were measured via qRT-PCR, and the results were found to be consistent with those
of RNA sequencing. GO and KEGG pathway analyses showed that a wide range of biological
functions were expressed during compressive loading; most differentially expressed genes were
involved in extracellular matrix organization, collagen fibril organization, and the cellular response
to hypoxia.

Conclusions: The IncRNA expression profile was significantly altered in PDLSCs subjected to
compressive stress. These findings expand our understanding of molecular regulation in the
mechanoresponse of PDLSCs.

Introduction teeth roots, which possesses the ability to induce bone resorption on

. . . . . the pressure side and bone regeneration on the stretching side during
Orthodontic tooth movement is a periodontal tissue remodelling and . . )
. . . . orthodontic treatment (1, 2). Periodontal ligament stem cells (PDLSCs)
regeneration process induced by mechanical force (1, 2). Periodontal . ; . ) . .
. . . are tissue-specific stem cells in periodontal tissue (3), which translate
ligament (PDL) is a periosteum located between alveolar bone and
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mechanical force into biochemical signals triggering reconstruction of
periodontal tissue (4). Compressive force is an important mechanical
stimulus on PDLSCs physiologically and traumatically, and a better
understanding of how PDLSCs are regulated under compressive stress
is essential to improve orthodontic therapeutic approaches.

In recent years, various transcriptional mediators have been
shown to involve in mechanical stress transduction process of
PDLSCs, including Wnt/B-catenin pathway (5), extracellular sig-
nal-regulated kinase (ERK) and mitogen-activated protein kinase
(MAPK) pathway (6), phosphatidylinositol 3-kinase (PI3K)/ pro-
tein kinase B (Akt)/the mammalian target of rapamycin (mTOR)
pathway (7), Hippo-yes-associated protein (YAP)/transcriptional
coactivator with PDZ-binding motif (TAZ) signalling pathway (8),
and extracellular matrix (ECM) and adhesion molecules (9). These
force-sensitive genes respond to biomechanical stimulation and then
regulate cell differentiation and periodontal tissue remodelling. Non-
coding ribonucleic acids (ncRNAs) account for 98 per cent of all gen-
omic output in humans, serving as important regulatory transcripts
in both normal and pathological situations (10). However, little is
known of the roles played by such RNAs in response to orthodon-
tic force or orthodontic tooth movement. Recently, the differential
microRNA (miRNA) expression profiles of stretched and non-
stretched PDLSCs were established using a microarray approach,
and 53 tension force-induced differentially expressed miRNAs were
identified (11). Of these, miR-21 (12) and miR-29 (13) respond to
mechanical stimuli and mediate mechanical force-induced PDLSC
differentiation. In contrast, the roles and functions of long non-cod-
ing RNAs (IncRNAs), tentatively defined as ncRNAs more than 200
nucleotides in length (14, 15), remain largely unknown in this mech-
anical transduction process.

IncRNAs are an important class of molecules involved in many bio-
logical functions that regulate gene expression via diverse mechanisms
(14, 15). A recent study has reported that IncRNA H19 reacts to mech-
anical tension and mediates mechanical tension-induced osteogenesis
of bone marrow mesenchymal stem cells via the focal adhesion kinase
(FAK) pathway by sponging miR-138 (16). However, the response of
IncRNAs to the mechanical stimulation in PDLSCs remains unclear.
Preliminary studies have shown that IncRNAs are involved in the osteo-
blastic differentiation of PDLSCs (17-19). For example, IncRNA TUG1
facilitates the osteogenic differentiation of PDLSCs via interaction with
Lin28A (18). IncRNAs HIF1A-AS1 and HIF1A-AS2 regulate hypoxia-
inducible factor (HIF)-1a. activity and osteogenic differentiation of
periodontal ligament cells (PDLCs) under hypoxia conditions (17).
IncRNAs may also mediate mechanical force-induced differentiation of
PDLSCs and subsequent periodontal tissue remodelling.

Here, we used RNA sequencing (RNA-seq) to identify differen-
tially expressed IncRNAs and messenger RNAs (mRNAs) in PDLSCs
subjected to compressive force. Subsequently, the expression levels of
IncRNAs of interest were confirmed via quantitative real-time poly-
merase chain reaction (QRT-PCR). Finally, we investigated the poten-
tial regulatory roles played by differentially expressed genes via Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analyses. The findings improve our understanding
of how PDLSCs respond to compressive stress.

Materials and methods

Ethical approval
The study protocol was approved by the ethics commit-

tee of Peking University School of Stomatology (approval no.
PKUSSIRB-2011007).
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Figure 1. Compressive force inhibited the osteoblastic differentiation of
periodontal ligament stem cells (PDLSCs). (a) Left: cell morphology images
of PDLSCs with or without compressive force for 12 hours. Scale bar,
200 pum. Right: relative cell growth of these PDLSCs. (b) Left: 4',6-diamidino-
2-phenylindole (DAPI) staining of PDLSCs with or without compressive
force. Scale bar, 50 pm. Right: relative capase-3/7 activity of these PDLSCs.
(c) Left: alkaline phosphatase (ALP)-stained images of PDLSCs exposed to
compressive force or not. Right: histograms of the normalized ALP activities
of these PDLSCs. (d) Relative messenger RNA (mRNA) expression levels
of glyceraldehyde 3-phosphate dehydrogenase (GAPDH), runt-related
transcription factor 2 (RUNX2), and osteocalcin (OCN) as determined by
quantitative real-time polymerase chain reaction (qQRT-PCR) analysis in PDLSCs
exposed or not to compressive force [normalized to peptidylprolyl isomerase
B (PPIB)]. (e) Western blot analysis (left) and quantification (right) of RUNX2,
OCN, and GAPDH expression in these PDLSCs. Results are presented as mean
+ standard deviation (*P < 0.05, **P < 0.01).
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Cell culture

Human PDLSCs were isolated, cultured, and characterized as
described previously (20). The cells were cultured in a-Modified
Eagle’s Medium (Gibco, Grand Island, New York, USA) supple-
mented with 10 per cent (v/v) fetal bovine serum (Gibco) and 1
per cent penicillin/streptomycin (Invitrogen, Carlsbad, California,
USA) in a humidified atmosphere at 37°C under 5 per cent (v/v)
CoO,.
Mechanical stimulation: application of a static
compressive force

PDLSCs were seeded into six-well plates. After 80 per cent conflu-
ence was attained, a cover glass and a glass bottle containing steel
balls were placed on the cells. The compressive force was adjusted
to 2 g/em?, as described in previous studies (21, 22), and maintained
for 12 hours. Control PDLSCs were cultured without compression.

Cell viability

Cell viability assay was measured using a cell counting kit
(CCK-8; Dojindo, Kumamoto, Japan). Briefly, after exposure to
compressive stress for 12 hours, the cells were seeded into each
well of a 96-well plate. At the scheduled time (0, 12, 24, and 48

hours), CCK-8 reagent was added to each well and incubated at
37°C for 3 hours. Absorbance values at 450 nm were measured
using a microplate spectrophotometer (Bio-Tek Instruments Inc.,
Winosski, Vermont, USA).

Immunofluorescence staining

Immunofluorescence staining was performed as described previously
(23). Cells grown on glass coverslips were subjected to compressive
force for 12 hours. The cells were washed, fixed with 4 per cent (v/v)
paraformaldehyde, and stained with 4’,6-diamidino-2-phenylindole
(DAPI). Images were captured with a confocal imaging system (Carl
Zeiss, Jena, Germany).

Caspase-3/7 activity

The cellular enzymatic activity of caspase-3/7 was determined using
a colorimetric assay kit (Caspase-Glo 3/7 Assay Systems; Promega,
Madison, Michigan, USA) according to the manufacturer’s proto-
col. Briefly, after exposure to compressive force, cells were lysed and
incubated with a luminogenic substrate, which is cleaved by acti-
vated caspass-3/7 in apoptotic cells. After incubation for 1 hour,
luminescence was quantified using a Centro XS* LB 960 luminom-
eter (Berthold, Bad Wildbad, Germany).
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Figure 2. Differential expression of long non-coding ribonucleic acids (IncRNAs) and messenger RNAs (mRNAs) in periodontal ligament stem cells (PDLSCs)
subjected to compressive force. (a) Chromosomal read distributions of control PDLSCs (left) and PDLSCs subjected to compressive force for 12 hours (right).
(b) Volcano plots of differentially expressed mRNAs and IncRNAs. Red points (fold changes greater than 1.5): upregulated mRNAs or IncRNAs, blue points (fold

changes less than 0.6667): downregulated mRNAs or IncRNAs.
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Alkaline phosphatase staining and activity

Alkaline phosphatase (ALP) staining and activity were assessed as
described previously (23). ALP staining was performed using an
nitroblue tetrazolium (NBT)/5-bromo-4-chloro-3-indolyl-phosphate
(BCIP) kit (CoWin Biotech, Beijing, China) according to the manu-
facturer’s protocol. Briefly, cultured cells were fixed in 4 per cent
(v/v) paraformaldehyde for 30 minutes and stained with an alkaline
solution for 20 minutes at 37°C in dark. ALP activity was analysed
using a colorimetric assay kit (Biovision, Milpitas, California, USA).
Cells were rinsed with phosphate-buffered saline, followed by 1 per
cent (v/v) Triton X-100, scraped into distilled water, and subjected
to three cycles of freezing and thawing. ALP activity was determined
by absorbance at 405 nm using p-nitrophenyl phosphate as the sub-
strate. Total protein content was determined using the bicinchoninic
acid (BCA) method of the Pierce BCA Protein Assay Kit (Thermo
Fisher Scientific, Waltham, Massachusetts, USA). ALP activities rela-
tive to those of the control were calculated after normalization to
total protein content.

RNA isolation and gRT-PCR

Total RNA was extracted using TRIzol reagent (Invitrogen) accord-
ing to the manufacturer’s instructions and reverse-transcribed into
¢DNA using a ¢cDNA Reverse Transcription Kit (Takara, Tokyo,
Japan). The primers were designed using Primer 5 software according
to Minimum Information for Publication of Quantitative Real-Time
PCR Experiments (MIQE) guidelines (24) (Supplementary Table 1).
The primer and target/amplicon information for the investigated
genes are listed in Supplementary Table 2. The primer specificity
and qRT-PCR efficiencies were confirmed. qRT-PCR was performed
on 1 pg RNA using the SYBR Green PCR Master Mix on an ABI
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Prism 7500 Real-Time PCR System (Applied Biosystems, Foster City,
California, USA). The following settings were used: 95°C for 10 min-
utes followed by 40 cycles of 95°C for 15 seconds and 60°C for 1
minute. The glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
and peptidylprolyl isomerase B (PPIB) served as the internal control.
Data were analysed using the 2-*CT relative expression method, as
described previously (23).

Western blot

Western blot was performed as described previously (23). Briefly,
cells were harvested, washed, and lysed in radioimmunoprecipita-
tion assay buffer. Protein content was determined using the BCA
method (Thermo Fisher Scientific). Proteins were separated via 12
per cent (w/v) sodium dodecyl sulphat—polyacrylamide gel electro-
phoresis and electroblotted to polyvinylidene fluoride membranes.
After blocking, proteins were detected by overnight incubation with
primary antibodies against osteocalcin (OCN; Abcam, Cambridge,
UK), runt-related transcription factor 2 (RUNX2; Abcam), and
GAPDH (Zhongshan Goldenbridge, Beijing, China) at dilutions of
1:1000. After washing, the membranes were incubated with second-
ary antibodies (Zhongshan Goldenbridge; 1:10 000 dilution) at room
temperature for 1 hour. Specific complexes were visualized using an
enhanced chemiluminescence kit (Applygen, Beijing, China). Band
intensities were quantified using Image] software (http://rsb.info.nih.
gov/ij/). The background was subtracted and the signal of each target
band was normalized to that of GAPDH.

IncRNA and mRNA sequencing

As described previously, 4 ug RNA was treated with DNase
(Qiagen, Hilden, Germany) (20). Ribosomal RNA (rRNA) was
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Figure 3. Differentially expressed long non-coding ribonucleic acids (IncRNAs) (FER1L4, HIF1A-AS2, MIAT, NEAT1, ADAMTS9-AS2, LUCAT1, MIR31HG, and
DHFRP1), the levels of which were validated by quantitative real-time -polymerase chain reaction [qRT-PCR; normalized to glyceraldehyde 3-phosphate
dehydrogenase (GAPDH)]. Results are presented as mean + standard deviation (*P < 0.05, **P < 0.01).
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depleted using a Ribo-Zero Magnetic Kit (Illumina, San Diego,
California, USA) and an RNA library prepared using an Illumina
kit. Paired-end sequencing was performed with the aid of a HiSeq
2000 system (Illumina). Whole transcriptome sequencing data were
filtered using domestic java code (removing the adaptor sequences,
reads with more than 5 per cent ambiguous bases and low-quality
reads containing more than 20 per cent of bases with qualities of
less than 20 per cent). The trimmed data were then mapped to the
human genome (hg19) using HISAT2 (25). We used HTseq (26) to
count the genes and calculated the reads per kilobase transcriptome
per million mapped reads (RPKM) to evaluate the gene expression
level. Genes with normalized RPKM values more than or equal to 1
in at least one sample were subjected to analysis.

Bioinformatics

Differential gene expression analysis was performed using the
EBSeq package (27) of the Bioconductor R program, as described
previously (20). In the output file of EBSeq result, false discovery
rate (FDR) was applied using Benjamini and Hochberg algorithm
(28) based on the P-value. We defined the differentially expressed
genes under the criteria as follows: 1. Fold change greater than 1.5
or fold change less than 0.6667, and 2. FDR less than 0.05. The
Database for Annotation, Visualization and Integrated Discovery
(29) was used for GO and KEGG pathway analyses. The high-
throughput data were uploaded and the enriched biological GO
terms and the KEGG pathways were identified by this gene anno-
tation enrichment tool.

GO Analysis -Logro(P-value)
A | 0123456789101112
| llular matrix org: ion I
collagen fibril organization m——
| cellular response to hypoxia IEEEEE————
‘ Jlar matrix di bly I
glucose metabolic process I
‘ chromatin organization IE—
| chromatin silencing
‘ collagen catabolic process ————
‘ regulation of gene silencing I———
| canonical glycolysis IE—_————
response to hypoxia IEEE—
rhythmic process I
circadian rhythm EE———
protein heterotetramerization E—
cell adhesion mediated by integrin IE——
Top 20 of Pathway enrichment
B
ic lupus ery [ ]
ECM-receptor interaction o
Alcoholism @
Protein digestion and absorption
HIF-1 signaling pathway- @
Focal adhesion- @
PI3K-Akt signaling pathway{ () —logso(P — Value)
8
Glycolysis / Gluconeogenesis- ]
6
Synthesis and degradation of ketone bodies:
s
ABC transporters< i
2
DNA replication
Gene number
Fructose and mannose metabolism- ®5
® 10
C and ion ® o
Small cell lung cancer- ® @
Biosynthesis of amino acids s}
Arrhythmogenic right ventricular cardiomyopathy- ®
Pentose phosphate pathway: °
Circadian rhythm:.
Pathways in cancer @
Transcriptional misregulation in cancer, @
0.1 0.2 03
Rich factor

Figure 4. Gene Ontology (GO) term enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses. (a) The top 15 GO enrichments. (b)
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Statistics

All statistical analyses were performed with SPSS software (IBM,
Armonk, New York, USA). The quantitative data are expressed as
means = standard deviation. The one-sample Kolmogorov—Smirnov
test was used to confirm the normality of the quantitative data. For
the QRT-PCR, ALP activity, western blot quantification, CCK-8, and
caspase-3/7 activity assay, differences between two groups were ana-
lysed using Student’s z-test. A P-value less than 0.05 was considered
statistically significant.

Results

Compressive force inhibited the osteoblastic
differentiation of PDLSCs

PDLSCs subjected to compressive force for 12 hours exhibited no
significant morphological change (Figure 1a). CCK-8 assay showed
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that no significant difference of cell growth was detected between
the force group and the control group (three samples, three technical
replicates per sample; Figure 1a). DAPI staining and caspase-3/7
activity assay confirmed the absence of increased apoptosis in the
force group (three samples, three technical replicates per sample;
Figure 1b). However, ALP staining and activity, early markers of
osteogenic differentiation, were inhibited by the compressive force
(three samples, three technical replicates per sample; Figure 1c).
The GAPDH expression remained stable relative to PPIB and thus
served as internal control in subsequent experiments. The mRNA
expression of the osteogenic genes RUNX2 and OCN was inhibited
under compressive force (three samples, three technical replicates
per sample; Figure 1d). Western blot also confirmed the downregula-
tion of protein expression of RUNX2 and OCN under compression
(three samples, three technical replicates per sample; Figure 1le and
Supplementary Figure 1).
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Figure 5. Kyoto Encyclopedia of Genes and Genomes (KEGG) map of genes involved in extracellular matrix (ECM)-receptor interaction pathway. Red squares:
significantly upregulated genes; green squares: significantly downregulated genes.
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Differential expression of IncRNAs and mRNAs in
PDLSCs subjected to compressive force

rRNA-depleted RNA-seq detected 4029 IncRNAs in control cells
and 4065 in PDLSCs subjected to compressive force. Also, 10
231 mRNAs (control group) and 10 254 mRNAs (force group)
were annotated. The IncRNAs were broadly distributed across
the 24 pairs of human chromosomes (Figure 2a). The differential
expressions of IncRNAs and mRNAs are visually displayed on vol-
cano plots (one sample; Figure 2b). A total of 90 IncRNAs and
519 mRNAs were differentially expressed, with FDR less than
0.05 and fold change greater than 1.5 or fold change less than
0.6667. Of the differentially expressed IncRNAs, 72 were upregu-
lated and 18 downregulated by compressive stress. Of the differ-
entially expressed 519 mRNAs, 373 were upregulated and 146
downregulated.

Validation of differentially expressed IncRNAs

To validate the RNA-seq results, eight candidate IncRNAs with sig-
nificant fold change were subjected to qRT-PCR analysis (FER1L4,
HIF1A-AS2, MIAT, NEAT1, ADAMTS9-AS2, LUCAT1, MIR31HG,
and DHFRP1). Compared with controls, PDLSCs subjected to
compressive force exhibited increased expression of FER1L4,
HIF1A-AS2, MIAT, NEAT1, ADAMTS9-AS2, and LUCAT1, and
decreased expression of MIR31HG and DHFRP1 (five samples,
three technical replicates per sample; Figure 3). All results were con-
sistent with the normalized RNA-seq data.

HIF-1 signaling pathway

GO and KEGG enrichment analyses

GO and KEGG pathway analyses were used to functionally ana-
lyse the differentially expressed mRNA and derive functional
information on the biological processes and pathways affected by
compressive stimulus. The GO results showed that ECM organ-
ization, collagen fibril organization, ECM disassembly, the cellular
response to hypoxia, chromatin organization, and chromatin silenc-
ing were the top six significantly enriched GO terms (Figure 4a). Of
these, GO:0030198 (ECM organization) was significantly enriched
in terms of mRNAs (36 in number). KEGG enrichment analysis
showed that 30 pathways were significantly affected in terms of
differentially expressed genes, including ECM-receptor interaction,
focal adhesion, HIF-1 signalling pathway, PI3K/Akt signalling path-
way, protein digestion and absorption, and glycolysis/gluconeogen-
esis (Figure 4b). We created a diagram showing the genes affected by
compressive stress in terms of ECM-receptor interaction (Figure 5),
HIF-1 signalling pathway (Figure 6), and PI3K/Akt signalling path-
way (Figure 7). Differentially expressed genes are colour coded.

Discussion

We explored the IncRNA and mRNA expression profiles of PDLSCs
subjected to compressive stress and found that such PDLSCs exhib-
ited decreased osteogenic differentiation, and 90 IncRNAs and
519 mRNAs were differentially expressed in compressed PDLSCs
compared with normal cells. Over the past decades, the molecular
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Figure 7. Kyoto Encyclopedia of Genes and Genomes (KEGG) map of genes involved in phosphatidylinositol 3-kinase (PI3K)/ protein kinase B (Akt) signalling
pathway. Red squares: significantly upregulated genes; green squares: significantly downregulated genes.

mechanisms of orthodontic tooth movement have been exten-
sively studied (1, 2). However, our understanding of the mechan-
ical-chemical transduction process remains incomplete. In recent
years, IncRNAs have received a great deal of attention because of
their regulatory roles (14, 15), but the functional characterization
of IncRNAs involved in periodontal tissue remodelling caused by
orthodontic force has not been explored systematically. Some re-
cent studies have explored differential miRNA expression of PDLCs
under tension stimulation (11, 30). Among them, miR-21 responds
to orthodontic force applied to periodontal tissue in a dose- and
time-dependent manner, and regulates PDLSC osteogenesis follow-
ing orthodontic tooth movement (12). miR-29 directly regulates
ECM-encoding genes in loaded PDLCs (13). These studies reveal
a mechanism that miRNAs modulate orthodontic tooth movement
and tissue remodelling. Similarly, our finding that 90 IncRNAs were
differentially expressed on application of compressive stress suggests
that IncRNAs may trigger mechanical force-induced variations in
PDLSC functions.

On the basis of RNA-seq results, we chose candidate IncRNAs
for further validation. Eight IncRNAs (FER1L4, HIF1A-AS2, MIAT,
NEAT1, ADAMTS9-AS2, LUCAT1, MIR31HG, and DHFRP1) that
possessed significant fold change and have been reported to play im-
portant roles in biological function were subjected to qRT-PCR ana-
lysis. The results were consistent with the RNA-seq data. Of these,

HIF1A-AS2, MIAT, and MIR31HG have been reported to regulate
the osteogenic differentiation of mesenchymal stem cells. HIF1A-AS2
is complementary to HIF-1a. mRNA and inhibits HIF-1a expression
and osteogenic differentiation of PDLCs under hypoxia conditions
(17). MIAT expression decreases in a time-dependent manner dur-
ing osteogenesis, and knock-down of MIAT promotes the osteo-
genic differentiation of stem cells (31). MIR31HG participates in
nuclear factor-xB (NF-xB) activation and is involved in osteogenesis
under both normal and inflammatory conditions (32). Our present
results indicate that these IncRNAs may also respond to mechan-
ical stress, mediating the force-induced osteogenic differentiation of
PDLSCs during orthodontic tooth movement. There are few data
about the role of ADAMTS9-AS2, FER1L4, LUCAT1, and DHFRP1
in stem cell differentiation, and most have been studied in the con-
text of cancer research. ADAMTS9-AS2 is an antisense transcript of
ADAMTS?Y (33), which encodes a metalloprotease, indicating that
ADAMTS9-AS2 may interact with ADAMTS9 to modulate ECM
activity during periodontal tissue remodelling. However, among the
differentially expressed IncRNAs, most of them were uncharacter-
ized and need further investigation. In addition, we used GAPDH
as internal control in the qRT-PCR analysis. Previous study showed
that the stably expressed reference gene for normalization is PPIB in
PDL fibroblasts under compressive condition using geNorm math-
ematical algorithms (34). However, we found that the expression of
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GAPDH remained stable and did not change significantly relative
to PPIB in PDLSCs subjected to compressive force. Thus, we used
GAPDH as internal control in subsequent experiments.

GO analysis showed that a wide range of functions were signifi-
cantly enriched during compressive loading, including ECM organ-
ization, collagen fibril organization, ECM disassembly, and the
cellular response to hypoxia. The enriched pathways were involved
in ECM-receptor interaction, focal adhesion, HIF-1 signalling
pathway, and PI3K/Akt signalling pathway. The degeneration and
reconstruction of ECM components play important roles in ortho-
dontic tooth movement (1, 9). The ECM is a complex mixture of
structural and functional macromolecules, and specific interactions
between cells and the ECM control cellular activities including
adhesion, differentiation, proliferation, and apoptosis, which are
all involved in tissue remodelling (35, 36). In addition, the cellular
response to hypoxia was affected by compressive stress. Tooth load-
ing triggers local hypoxia in compressed areas (1). Previous studies
have found that hypoxia significantly enhances HIF-10. and active
HIF-1a significantly increases receptor activator of nuclear factor-
kB ligand (RANKL) expression and enhances osteoclastogenesis on
the compression side of PDL (37), indicating the role of hypoxia in
periodontal tissue remodelling. We finally created KEGG maps of
genes targeted during compressive loading in terms of ECM-recep-
tor interaction, HIF-1 signalling pathway, and PI3K/Akt signalling
pathway. However, further study regarding the relation between
the differentially expressed IncRNAs and these enriched biological
themes is needed to disclose the function and mechanism of the
regulated IncRNAs under compressive force.

In summary, compressed PDLSCs exhibited an IncRNA expres-
sion profile different from that of normal PDLSCs: 72 IncRNAs were
upregulated and 18 downregulated. Changes in the levels of eight
IncRNAs of interest were validated. The key biological processes
and pathways affected were identified. Our work may inspire fur-
ther investigation into how IncRNAs transduce mechanical force.
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Supplementary data are available at Ewuropean Jowrnal of
Orthodontics online.
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