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Abstract: Periodontitis is a major cause of tooth loss, which affects more than 80% of people. Thus far, little is
known about the changes in mMRNA expression in periodontal ligaments during chronic periodontitis. The objective
of this study was to identify differentially expressed mRNAs related to chronic periodontitis, which may offer insight
into chronic periodontitis treatment. The gene expression profiles of periodontal ligaments from five chronic peri-
odontitis patients and five healthy controls were determined using oligonucleotide microarray. Bioinformatic analy-
ses, including Gene Oncology (GO) and KEGG pathway, were performed to identify genes and pathways associated
with chronic periodontitis. The signal transduction network was established to determine the core genes regulating
chronic periodontitis processes. A set of genes was differentially expressed in periodontal ligaments from chronic
periodontitis patients. A total of 317 GO terms and 145 common pathways were identified. All various gene interac-
tions in the Signal-Net were analyzed. IGF1R, FGFR2, and PDGFRA were the most significantly altered genes. We
identified a novel gene expression pattern for chronic periodontitis. Thus, further study could provide new targets
for chronic periodontitis treatment.
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Introduction

Periodontitis is a major cause of tooth loss,
which affects more than 80% of people globally
[1]. The inflammatory micro-environment and
chronic infection play important roles in dam-
aging periodontal supportive tissues, including
periodontal ligaments, cementum, and alveolar
bone in periodontal disease. The development
of periodontal disease is determined by com-
plex interactions between various microorgan-
isms and their hosts [2, 3]. Dental plaque is
necessary, but not sufficient, for periodontitis.
Studies have demonstrated that the presence
of periodontal pathogens and their products in
dental plaque biofilm is the initial factor in peri-
odontal disease [4, 5], though the microorgan-
isms do not directly cause destruction of peri-
odontal tissue. However, non-specific plaque
accumulation, which changes the micro-envi-
ronment and is conducive to plaque growth,
leads to gum tissue inflammation and gingivitis

[6]. Such a condition results in more severe tis-
sue changes and immune-mediated inflamma-
tory reactions. Therefore, the host immune
inflammatory response initiated by the bacteria
and their toxic products is more important in
the pathogenesis of periodontitis.

Due to the presence of inflammation, current
clinical treatments cannot achieve full peri-
odontal tissue regeneration in periodontitis.
The discovery of periodontal ligament stem
cells (PDLSCs) provides a new direction for peri-
odontitis treatment [7]. PDLSCs isolated from
patients with chronic periodontitis have impair-
ed properties in multiple differentiation and
immunomodulation [8]. However, the underly-
ing mechanisms remain unclear, as the com-
plex signaling pathways are involved in the
determination of stem cell fate. Recently,
[-catenin was shown to be highly expressed in
PDLSCs from inflammatory periodontal tissue
[9]. Moreover, PDLSCs in inflamed tissue have
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Table 1. Clinical Features

Sample Number Age (years), mean + SD Gender (M/F) Odontoseisis PD AL
Healthy control 5 24.2+7.5 1/4 None 2~4 0
Chronic periodontitis 5 40.8+14.2 2/3 [~ 3~9 5~9

Footnote: PD, probing depth; AL, attachment loss.

impaired osteogenic differentiation through the
Wnt/B-catenin signaling pathway. In addition,
glycogen synthesis kinase 3B (GSK3pB), an
important negative regulatory factor in the clas-
sic Wnt pathway, is involved in a variety of dis-
eases, including the occurrence and develop-
ment of inflammation [10]. Transcription factor
NF-kB also plays a critical role in inflammation
and the immune response. The regulation of
IKK-NF-kB plays a dual role by triggering bone
repair and regeneration and suppressing the
inflammatory response [11]. In addition, IGF-
BP5 participates in the regulation of cell senes-
cence and mesenchymal stem cell osteogenic
differentiation [12]. Genome-wide reports on
aberrant gene expression profiles and their
related signaling pathways are still lacking for
periodontal ligament tissues from periodontitis
patients.

In this study, microarray analysis was per-
formed to compare gene expression variations
between periodontal ligaments from chronic
periodontitis patients and healthy controls.
Furthermore, to find the core genes and related
pathways, Gene Ontology (GO) analysis, path-
way analysis, Path-net, and signal-net methods
were applied to determine the diverse gene tar-
get functions and regulatory networks.

Materials and methods
Patients

A total of 10 subjects, including 5 chronic peri-
odontitis patients and 5 healthy controls, from
the Department of Maxillofacial Surgery, Tianjin
Medical University Stomatological Hospital
between December 2013 and October 2014
were enrolled in the study. Tooth tissues were
sampled after obtaining informed patient con-
sent and following the guidelines set by the
Tianjin Medical University Stomatological Hos-
pital. The teeth were stored in a sterile centri-
fuge tube and precooled to extract periodontal
ligaments.

The inclusion criteria for chronic periodontitis
were age between 20 and 55 years the typical
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clinical manifestation of chronic periodontitis:
probing depth (PD) =5 mm, alveolar bone adhe-
sion loss (AL) = 5 mm, X-ray showing alveolar
bone absorption in at least two-thirds of the
root, odontoseisis > Il, and tooth extraction and
gingival repair needed. The inclusion criteria for
healthy controls were age between 20 and 55
years and no typical clinical manifestation of
gingivitis or periodontal disease: PD <3 mm, AL
= 0, bleeding index (Bl) = 0~1, gingival index
(GI) = 0.2). Amandibular third molar with maloc-
clusion or bicuspid requiring orthodontics with-
out a carious lesion were sample to obtain peri-
odontal membrane tissue. Patients with related
systemic disease, smokers, and patients in
gestation period or breast-feeding period were
excluded.

RNA extraction and microarray

Total RNA was extracted from each frozen sam-
ple using Trizol Reagent (Life Technologies).
Purification with an RNeasy mini kit (Qiagen,
USA). To detect the integrity, concentration
and purity of the RNA, cDNA was produced by
using One-Cycle Target Labeling and Control
Reagents (Affymetrix, Santa Clara, CA). The bio-
tinylated and amplified cRNA was generated
from the total RNA samples with a GeneChip
IVT Labeling Kit (Affymetrix, Santa Clara, CA)
and then was hybridized at 45°C to Affymetrix
GeneChip Human Gene 1.0 ST arrays (Aff-
ymetrix, Santa Clara, CA) for 16 h The fluores-
cence signal was excited at 570 nm, and data
were collected on a confocal scanner at 3 Im
resolution. Raw data (CEL files) were normal-
ized at the transcript level using the robust
multi-average method (RMA workflow). The
median summarization of transcript expres-
sions was calculated. Gene-level data was then
filtered to include only those probe sets that are
in the ‘core’ metaprobe list, which represent
RefSeq genes.

Significant differential gene analysis

Identified the differentially expressed genes
were identified based on RVM t test. After the
significant analysis, we selected the differen-
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Figure 1. Gene expression profiling of chronic periodontitis and healthy con-
trol samples and classification of 10 periodontal ligament samples using the
differentially expressed 6602-probe sets. Expression data are depicted as
a data matrix in which each row represents a gene and each column repre-
sents a sample. Expression levels are depicted according to the color scale
shown at the top. Red and green indicate expression above and below the
median, respectively. The magnitude of deviation from the median is repre-
sented by the color saturation.

tially expressed genes accord-
ing to the p-value threshold
and fold change > 1.5. P value
< 0.05 was considered as sig-
nificant difference [13-15].
The results of differentially
expressed genes were sub-
jected to unsupervised hie-
rarchical clustering (Cluster
3.0) and TreeView analysis
(Stanford University, Stanford,
CA, USA).

Gene ontology (GO) enrich-
ment analysis

GO Enrichment Analysis was
applied to analyze the main
function of the differential
expression genes according
to the Gene Ontology that can
organize genes into hierarchi-
cal categories and uncover
the gene regulatory network
on the basis of biological pro-
cess and molecular function
[16, 17].

Specifically, two-side Fisher’s
exact test and x? test were
used to classify the GO cate-
gory, and the false discovery
rate (FDR) [18] was calculated
to correct the P-value, the
smaller the FDR, the small the
error in judging the p-value.
The FDR ,was defined as
FDR=1-— , where N« refers
to the numEer of Fisher’s test
P-values less than x? test
P-values. We computed P-va-
lues for the GOs of all the dif-
ferential genes. Enrichment
provides a measure of the sig-
nificance of the function:
as the enrichment increases,
the corresponding function is
more specific, which helps us
to find those GOs with more
concrete function description
in the experiment. Within the
significant category, the en-
richment Re was given by:

Re = (ny/n)/(N«/N)

Where “ns” is the number of
flagged genes within the par-
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ticular category, “n” is the total number of
genes within the same category, “N:” is the
number of flagged genes in the entire microar-
ray, and “N” is the total number of genes in the
microarray [19].

Pathway enrichment analysis

Pathway Enrichment Analysis was performed to
discover the significant pathway of the differen-
tial genes according to KEGG, Biocarta and
Reatome. Still, we turn to the Fisher’s exact test
and x? test to select the significant pathway,
and the threshold of significance was defined
by P-value and FDR. The enrichment Re was
calculated like the equation above [20-22].

Pathway-network

The Pathway-network was the interaction net-
work of the significant pathways of the differen-
tial expression genes. It was built according to
the KEGG database to find the interaction
among the significant pathways directly and
systemically. It could summarize the pathway
interaction of differential expression genes
under diseases and found out the reason why
certain pathway was activated [21].
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Figure 2. Histogram of significant
GO items based on up-regulated
genes. X axis, negative logarithm
of the P-value (-LgP); Y axis, the
name of the GO item. The larger
the -LgP, the smaller the P-value.

Global signal transduction network

Using java that allows users to build and ana-
lyze molecular networks, network maps were
constructed. For instance, if there is confirma-
tive evidence that two genes interact with each
other, an interaction edge is assigned between
the two genes. The considered evidence is the
source of the interaction database from KEGG.
Networks are stored and presented as graphs,
where nodes are mainly genes (protein, com-
pound, etc.) and edges represent relation types
between the nodes, e.g. activation or phos-
phorylation. The graph nature of Networks
raised our interest to investigate them with
powerful tools implemented in R.

To investigate the global network, we computa-
tionally identify the most important nodes. To
this end we turn to the connectivity (also kno-
wn as degree) defined as the sum of connec-
tion strengths with the other network genes:
Ki= Zau. In gene networks, the connectivity
measures how correlated a gene is with all
other network genes. For a gene in the network,
the number of source genes of a gene is called
the indegree of the gene and the number of tar-
get genes of a gene is its outdegree. The char-
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acter of genes is described by betweenness
centrality measures reflecting the importance
of a node in a graph relative to other nodes. For

a graph G: (V, E) with n vertices, the relative
betweenness centrality Cg(v) is defined by:

! 2 0s (V)
= Z _—
Cs(v) Voanto et o, where 0Oy
s#t
the number of shortest paths from s to t, and
os (v) is the number of shortest paths from s to
t that pass through a vertex v [23-27].

is

Statistical analysis

Every experiment was performed independent-
ly five times with similar results. Results are
presented as mean * SD. Significant differenc-
es were assessed by the Student’s test. P <
0.05 was considered significant.
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Figure 3. Histogram of significant
GO items based on down-regulated
genes. X axis, negative logarithm of
the P-value (-LgP); Y axis, the name
of the GO item. The larger the -LgP,
the smaller the P-value.

Results
Clinical characteristics

The features of the 10 subjects are provided in
Table 1. Periodontal tissues were collected for
MRNA microarray analysis. Smoking and gesta-
tion were ruled out for all enrolled patients.
Chronic periodontitis patients had significantly
higher PD and AL levels (P < 0.05).

Differential gene expression profiles in chronic
periodontitis

We performed gene microarray studies to ana-
lyze the mRNA expression profiles in periodon-
tal tissues from chronic periodontitis patients
and healthy controls. A total of 6602 genes
were significantly differentially expressed, am-
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Table 2. Upregulated Significant Pathways

Pathway_name

Small cell lung cancer

Neuroactive ligand-receptor interaction
Calcium signaling pathway

Maturity onset diabetes of the young
MAPK signaling pathway

Signaling pathways regulating pluripotency of stem cells

Glutamatergic synapse

Cholinergic synapse

Hedgehog signaling pathway

CAMP signaling pathway

Photo transduction

Amphetamine addiction

Basal cell carcinoma

Synaptic vesicle cycle

Amyotrophic lateral sclerosis (ALS)
Oxytocin signaling pathway

Circadian entrainment

Long-term potentiation

Dopaminergic synapse

Ras signaling pathway

Melanogenesis

Serotonergic synapse

Morphine addiction

Arginine biosynthesis

Nicotine addiction

Insulin secretion

GABAergic synapse

Cocaine addiction

Proximal tubule bicarbonate reclamation
Retrograde endocannabinoid signaling
Taste transduction

Adrenergic signaling in cardiomyocytes
Regulation of actin cytoskeleton
Melanoma

Protein digestion and absorption
Dilated cardiomyopathy

Inflammatory mediator regulation of TRP channels
Rapl signaling pathway

Alanine, aspartate and glutamate metabolism
VEGF signaling pathway

Pancreatic secretion

Histidine metabolism

Salivary secretion

Sphingolipid metabolism

Glucagon signaling pathway

regulated. Hierarchical clustering
revealed systematic variations in

3_32;22749 mMRNA expre§sion between the
14.2733485 T(WO groups (Figure 1). Tt_1e resu!ts
illustrate that these differential
9.34707384 probes could separate the two
5.34465616 groups accurately.
4.43876687
412878104 GO enrichment analysis of differ-
3.94507386 entially expressed genes
3.67959827 GO is extremely useful for mining
3:42312296 the functional and biological
3.3131454 significance of genes from datas-
3.26084659 ets. GO enrichment analysis of
3.2286683 genes differentially expressed
3.16979854 between the two groups found
3.08328793 115 up-regulated GO items and
2.94802629 202 down-regulated GO items
2.93596967 (Figures 2 and 3). Items in the
5 86670466 G—proteln coupled recept-or sig-
5 80642624 naling pathway, reprodqctlve sys-
tem development, and intracellu-
2.76241755 lar transport had the highest
2.66627311 enrichment. All of these items
2.60899403 indicated that, except traditional
2.42713016 knowledge about periodontal lig-
2.27070803 aments in chronic periodontitis
2.24640875 processes, other mechanisms
2.19989822 (e.g., Notch signaling pathway
217286998 and biolggical adhesior)) may
5.03462457 algo play |mportan'F roles in regu-
01226325 lating the pathological process.
1.92800803 Pathway enrichment analysis of
1.84324759 differentially expressed genes
1.83602563
1.74494221 Related pathways were analyzed
1.73861396 gccordipg to the funptions gnd
1.73497403 interactions of the d|fferent_|ally
expressed genes. Tens of signi-
1.6450725 . .
ficant pathways were obtained
1.6450725 using P<0.05 (Tables 2 and
1.63253194 3). The high-enrichment path-
1.58191087 ways targeted by over-expressed
1.54426237 MRNAs included the calcium sig-
1.44148837 naling pathway, MAPK signaling
1.42980144 pathway, and signaling pathways
1.35430136 regulating stem cell pluripotency.
1.33180638 In contrast,_ significant pathways
132189818 corresponding to down—regulateq
MRNAs appeared to be responsi-
1.3012315

ong which 2632 were up-regulated in chronic
periodontitis samples and 3970 were down-
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ble for ubiquitin-mediated prote-
olysis, focal adhesion, and NOD-

like receptor signaling. However, these path-
ways seem to not be relevant to chronic peri-
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Table 3. Downregulated Significant Pathways

Pathway_name (-LgP)
Ribosome 15.6535598
Phagosome 11.3135125
Endocytosis 11.2324496
Tuberculosis 9.33793291
Toxoplasmosis 8.93723601
Influenza A 8.76455621
Protein processing in endoplasmic reticulum 8.75598928
Epstein-Barr virus infection 8.58146875
Leishmaniasis 8.29206835
Ubiquitin mediated proteolysis 7.73324565
Focal adhesion 7.12732927
Proteoglycans in cancer 7.10415302
Proteasome 7.00415133
Adherens junction 6.89388534
Spliceosome 6.58582853
Herpes simplex infection 6.12806491
Chagas disease (American trypanosomiasis) 5.98869747
Salmonella infection 5.57259913
Pancreatic cancer 5.55606853
Osteoclast differentiation 5.26464148
Colorectal cancer 5.25539604
NOD-like receptor signaling pathway 5.14514118
RNA degradation 5.1397596
TGF-beta signaling pathway 5.12931979
Viral myocarditis 4.95429924
HTLV-I infection 4.81458259
Rheumatoid arthritis 4.687371
Antigen processing and presentation 4.68145037
Viral carcinogenesis 4.6659051
FoxO signaling pathway 4.57044744
Regulation of actin cytoskeleton 4.56712657
Pathways in cancer 4.54730193
Alzheimer’s disease 4.45772528
Chronic myeloid leukemia 4.38817101
Hepatitis B 4.34495328
Parkinson’s disease 4.3166699
Measles 4.23374256
Toll-like receptor signaling pathway 4.12039864
Type | diabetes mellitus 4.08745533
TNF signaling pathway 4.03095908
Legionellosis 3.97416788
Chemokine signaling pathway 3.90650674
Prostate cancer 3.88784556
Epithelial cell signaling in Helicobacter pylori infection 3.806178
Amoebiasis 3.79135842
B cell receptor signaling pathway 3.67747828
Sphingolipid signaling pathway 3.6688123
Renal cell carcinoma 3.66122652
Axon guidance 3.63138631
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odontitis; thus, the pathway net-
work was adopted to analyze the
relationships between different
pathways to find the most impor-
tant (Figure 4). The MAPK signal-
ing pathway had the largest
degree in the pathnet, which
means that, even though it is not
the most significant variation
pathway, it participates in most
pathway regulation.

Global signal transduction net-
works in chronic periodontitis

According to the literature and
experimental records in the data-
bases, the genes appearing pre-
viously in 145 (45+100) path-
ways were collected to draw the
gene interaction network (Figure
5). The total number of genes in
the network was 114, and the
particular relationships between
them are listed in Supplemental
Table 1. In the network, cycle
nodes represent genes, and
edges between two nodes repre-
sentinteractions between genes.
IGF1R, FGFR2, and PDGFRA
were the three main genes with
the highest interactions.

Discussion

Periodontists have investigated
numerous ways to repair the tis-
sue damage that occurs during
periodontitis, including surgical
procedures and grafting materi-
als. However, their application in
periodontal regeneration is ques-
tionable because of safety, effec-
tiveness, and stability [28-30]. In
addition, the emergence of tis-
sue-engineering approaches pro-
vides prospective alternatives
[7]. PDLSCs offer the potential
for cell-based therapies to treat
chronic periodontitis [28, 31,
32]. Previous in vitro and in vivo
studies compared the prolifera-
tion and differentiation poten-
tials of PDLSCs extracted from
healthy controls and periodonti-
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Leukocyte transendothelial migration
Malaria

Pathogenic Escherichia coli infection
Graft-versus-host disease

Oxidative phosphorylation

Lysosome

Hematopoietic cell lineage
Shigellosis

T cell receptor signaling pathway
Thyroid hormone signaling pathway
Apoptosis

Allograft rejection

RNA transport

Inflammatory bowel disease (IBD)
NF-kappa B signaling pathway

Fc epsilon RI signaling pathway
Neurotrophin signaling pathway
Endometrial cancer

Huntington’s disease

Protein export

Non-alcoholic fatty liver disease (NAFLD)
Cell cycle

Platelet activation

Hepatitis C

Bacterial invasion of epithelial cells
Staphylococcus aureus infection
Pertussis

Fc gamma R-mediated phagocytosis
N-Glycan biosynthesis

MAPK signaling pathway
Transcriptional misregulation in cancer
Small cell lung cancer

Choline metabolism in cancer
Long-term potentiation

Signaling pathways regulating pluripotency of stem cells

PI3K-Akt signaling pathway
Vibrio cholerae infection
Estrogen signaling pathway
Wnt signaling pathway
Glioma

Vasopressin-regulated water reabsorption

ErbB signaling pathway
mMRNA surveillance pathway
Hippo signaling pathway

Progesterone-mediated oocyte maturation

Dopaminergic synapse

Natural killer cell mediated cytotoxicity
Prolactin signaling pathway

Cell adhesion molecules (CAMs)
ECM-receptor interaction

Autoimmune thyroid disease

3.5426951
3.52344151
3.50913003
3.40793682
3.38989615
3.38468545
3.38219917
3.38120225
3.301114147
3.14131646
3.13958468
3.10195769
3.02727009
2.98522345
2.96029408
2.77414225

2.7679891
2.65285601

2.5850446
2.54774356
2.53340141
2.45782478
2.45663632
2.31665668
2.29914484
2.29396514
2.26682786
2.26045473
2.24675159
1.99902359
1.94254448
1.91505193
1.84568867
1.77739208
1.76253229
1.76049741

1.7240323
1.67560552
1.67190743
1.65864153

1.6222486
1.59066703
1.56265132
1.52498182
1.52472241
1.42371395
1.40987178

1.3992308
1.38455923
1.36140553
1.30951986
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tis patients, finding significant
differences [8]. However, the
exact gene expression differenc-
es and related mechanisms in
PDLSCs in chronic periodontitis
have not been fully elucidated.
Because PDLSCs are mainly
stored in periodontal ligaments,
the present study explored the
differential gene expression be-
tween chronic periodontitis pa-
tients and healthy controls.

More than 6000 genes were dif-
ferentially dysregulated in peri-
odontal ligaments from chronic
periodontitis patients in this
study. The up-regulated gene
with the largest fold change in
chronic periodontitis, SPANXE,
was only found in male germ
cells and some tumor cells but
was absent from other reports
[33]. The second most signifi-
cantly up-regulated gene, TM-
EM229B, was differentially ex-
pressed in pancreatic islets
treated with streptozotocin [34].
The product of the third most
up-regulated gene, OR1DS5, is
the ligand of an olfactory recep-
tor, the role of which in periodon-
titis is poorly understood [35].
Most of the genes that were
strongly down-regulated had
close relationships with blood,
including HBB and HBAZL, which
are different hemoglobin vari-
ants [36]. Most of the genes
were not found to be associated
with chronic periodontitis; thus,
other methods should be used
to excavate meaningful informa-
tion from the expression profile.
Limited by the sample size, we
tried to investigate the microar-
ray results in another way that
can more accurately uncover the
meaning of the gene expression
profile.

GO analysis is widely known as
the premier tool for molecule
organization and functional an-
notation [37] and was applied to
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analyze GO items for differentially expressed
genes. GO terms about the reproductive pro-
cess play an important role in periodontal liga-
ments from chronic periodontitis patients, indi-
cating that PDLSCs may play critical roles in the
disease. A variety of studies have reported
stem cell differentiation into osteoblasts and
osteoclasts, which depends on cell develop-
ment and maturation and plays a vital role in
tooth movement [38]. Sawada et al [39] report-
ed that adipose tissue-derived multilineage
progenitor cells transplanted into a defect in
periodontal tissue can stimulate periodontal
ligament cell differentiation to mineraliz-
ed tissue-forming cells, such as osteoblasts
and cementoblasts, which further the function
of proven stem cells and their reproduction in
chronic periodontitis. Therefore, even though
the roles of other factors are still unclear, we
think that they play roles in chronic perio-
dontitis.
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pathways, and the yellow
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Pathway analysis presents more detailed dis-
tinct biological processes and significant path-
ways in which differentially expressed genes
participate. The appearance of MAPK, Wnt, and
TGF-B signaling pathways confirm their concor-
dance with GO terms and central roles in chron-
ic periodontitis. Travan et al demonstrated that
MAPK is involved in human periodontal inflam-
mation and severity by analyzing healthy and
diseased periodontal tissues [40]. Furthermore,
p38 MAPK was recently shown to participate in
the inflammatory response of PDLSCs in the
chronic inflammatory microenvironment [41].
Numerous studies have confirmed that the Wnt
signaling pathway modulates the osteogenic
differentiation of PDLSCs and affects chronic
periodontitis [10, 42]. TGF-B3 was investigated
in the mediation of chondrogenesis in PDLSCs,
which may be applicable for cartilage and bone
regeneration [43]. Though the characteristics
of PDLSCs are still unclear, rare related signal-
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Figure 5. Global signal transduction networks of chronic periodontitis-related genes. Circles represent genes, red
circles represent up-regulated genes, and blue circles represent down-regulated genes. The arrow represents the
activation of (a); the straight line represents combine; dotted lines represent indirect effects (ind). a = activation; ex
= gene expression; b = binding; ¢ = compound; inh = inhibition; u = ubiquination, s = state change.
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ing pathway information has been reported.
Based on microarray and statistical analysis,
we have reason to believe that the other seem-
ingly irrelevant pathways play roles in chronic
periodontitis.

Studying the genes involved in significant GOs
and pathways, 114 common genes were found
to be related to chronic periodontitis. IGF1R
was differentially expressed in the periodontal
lesions and positively correlated with tight-junc-
tion protein [44]. Fibroblast growth factor-
inducible 14 protein has been shown to be an
additional player in the pathogenesis of peri-
odontitis [45]. Pericytes maintaining PDGF
have been reported to be one of the character-
istics of PDLSCs, showing another aspect of
the central role of PDLSCs in periodontal liga-
ments [46, 47]. Though their functions are
not well-investigated, many genes may regu-
late PDLSC function in chronic periodontitis.
Based on these data, further investigation
of gene expression and functions in a larger
sample may provide more information about
the role of PDLSCs in chronic periodontitis
and help us better understand the patho-
physiological mechanism of chronic perio-
dontitis.

In conclusion, our results revealed that differ-
ences in gene expression exist between peri-
odontal ligaments from chronic periodontitis
patients and healthy controls. These genes
are involved in different GOs and signaling
pathways, the disruption of which may affect
chronic periodontitis processes. Several ge-
nes, such as IGF1R, FGFR2, and PDGFRA, are
potential targets for chronic periodontitis
treatment.
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Supplemental Table 1. The relationships
between genes in the network

Genel Reaction Gene2
FGF12 activation FGFR1
FGF12 activation IGF1R
FGF12 activation PDGFRA
FGF16 activation FGFR1
FGF16 activation IGF1R
FGF16 activation PDGFRA
FGF17 activation FGFR1
FGF17 activation IGF1R
FGF17 activation PDGFRA
FGF18 activation FGFR1
FGF18 activation IGF1R
FGF18 activation PDGFRA
FGF19 activation FGFR1
FGF19 activation IGF1R
FGF19 activation PDGFRA
FGF21 activation FGFR1
FGF21 activation IGF1R
FGF21 activation PDGFRA
FGF22 activation FGFR1
FGF22 activation IGF1R
FGF22 activation PDGFRA
FGF3 activation FGFR1
FGF3 activation IGF1R
FGF3 activation PDGFRA
FGF5 activation FGFR1
FGF5 activation IGF1R
FGF5 activation PDGFRA
FGF7 activation FGFR1
FGF7 activation IGF1R
FGF7 activation PDGFRA
FGF8 activation FGFR1
FGF8 activation IGF1R
FGF8 activation PDGFRA
PDGFC activation FGFR1
PDGFC activation IGF1R
PDGFC activation PDGFRA
PDGFD activation FGFR1
PDGFD activation IGF1R
PDGFD activation PDGFRA
PIK3CA activation AKT3
PIK3CB activation AKT3
PIK3CG activation AKT3
PIK3R1 activation AKT3
TGFB1 indirect effect SMAD2
TGFB1 indirect effect SMAD3
TGFB2 indirect effect SMAD2

TGFB2
TGFB3
TGFB3
JAK1
TGFB1
TGFB2
TGFB3
TLR2
TLR4
BMP4
BMP6
BMP8A
SMAD2
SMAD2
SMAD3
SMAD3
SMAD4
SMAD4
SMAD4
SMAD4
SMAD5
SMAD5
SMAD9
SMAD9
SMURF2
SMURF2
TGFB1
TGFB2
TGFB3
BMP4
BMPR1A
BMPR1A
BMPR1A
BMPR2
BMPR2
BMPR2
IGF1R
IGF1R
IGF1R
IGF1R

indirect effect
indirect effect
indirect effect
phosphorylation
indirect effect
indirect effect
indirect effect
indirect effect
indirect effect
activation
activation
activation
activation
activation
activation
activation
activation
activation
activation
expression
activation
expression
activation
expression
inhibition
inhibition
activation
activation
activation
activation
activation
activation
indirect effect
activation
activation
indirect effect
activation
activation
activation
activation

SMAD3
SMAD2
SMAD3
STAT1
NOS2
NOS2
NOS2
NOS2
NOS2
BMPR2
BMPR2
BMPR2
SMAD4
SP1
SMAD4
SP1
CREBBP
EP300
SP1
ID2
SMAD4
ID2
SMAD4
ID2
TGFBR1
TGFBR2
TGFBR2
TGFBR2
TGFBR2
BMPR1A
SMAD5
SMAD9
MAPK11
SMAD5
SMAD9
MAPK11
PIK3CA
PIK3CB
PIK3CG
PIK3R1




