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ABSTRACT Periodontitis is a chronic inflammatory disease triggered by the host immune response. The aim of
this study is to explore the disturbed pathways and genes in periodontitis. Transcriptome data of healthy and
diseased gingival tissues and human pathway data were recruited from public available database. Then, Gibbs
sampling and Markov chain Monte Carlo (MCMC) algorithm were implemented to identify disturbed pathways and
key genes. Disturbed pathways and key genes were identified under adjusted posterior value > 0.8. The researchers
identified two disturbed pathways (cytokine-cytokine receptor interaction and hematopoietic cell lineage) and two
key genes (TNFRSF17 and CXCL6). Gene expression analysis showed that all the disturbed pathways and key genes
had increased expression levels in diseased gingival samples compared with healthy samples. The identified
pathways and genes may play important role in periodontitis and could be considered as potential biomarkers for

early detection and therapy for periodontitis.

INTRODUCTION

Periodontitisis achronic inflammatory dis-
ease triggered by the host immune response. It
isassociated with theinteractions between com-
plex microbial biofilmsand inflammatory media-
tors, leading to the tooth-supporting structure
destruction (Hajishengallis2014; Elhassan et al.
2017). Severe periodontitis can increasetherisk
of complex diseases, such as diabetes mellitus
(Teeuw et . 2017) , cardiovascul ar disease (Beu-
kers 2017), and adverse pregnancy outcomes
(Madianos et a. 2013). The underlying patho-
genesis of periodontitis has not been fully elu-
cidated. Thus, revealing the potential molecular
mechanismsof periodontitismay be of great sig-
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nificance and importance for the prevention and
treatment of periodontitis.

Previous studies have documented that pe-
riodontitis is a complex interplay of numerous
parameters acting simultaneously and unpredict-
ably (Hajishengallis 2014; Toker et al. 2017).
Many genetic alterations have been observed
to influence the likelihood of developing peri-
odontitis(Song et al. 2015; Ni et al. 2017; Toker
etal. 2017). However most disease devel opment
processes refer to the disruption of a set of
genes, thus disclosing disrupted pathways may
facilitate a better understanding of how gene
perturbations account for the pathogenic pro-
cedure of disease. Current advances on high-
throughput experimental technologies contrib-
ute to the revelation of disease-related genes
and pathways involved in the etiology of peri-
odontitis (Demmer et al. 2008; Papapanou et al .
2009).
Gibbs sampling isan extensively used algo-
rithmin statistical inference, especialy in Baye-
sianinference. GibbssamplingisMarkov Chain
Monte Carlo (MCMC) agorithm for obtaining a
sequence of observati onswhich are approximat-
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ed from aspecified multivariate probability dis-
tribution (Huelsenbeck and Ronquist 2001;
Walsh 2004). According to the probability dis-
tributions, the investigators can identify dis-
turbed pathways and genes in the pathology of
complex diseases. In this study, the researchers
attempted to implement Gibbs sampling method
to identify disturbed pathways and genes in
periodontitis based on MCM C a gorithm.

Objective

In this study, the researchers try to identify
disturbed pathways and genes in periodontitis
by Gibbssampling. Transcriptomedataof healthy
and diseased gingival tissues and human path-
way datawerefirstly recruited from public avail-
able database. Then, all human pathways were
converted into Markov chains, and Markov chain
Monte Carlo (MCMC) algorithm wasimplement-
ed to perform posterior inference to identify
probability distributions of pathways in Gibbs
sampling. Moreover gene expression variation
wastaken into account to adjust the probability.
Disturbed pathways were identified under ad-
justed posterior value > 0.8. Then Gibbs sam-
pling was implemented to key genes from dis-
turbed pathways. This study provided a wide
understanding of periodontitis.

METHODOLOGY
Preparatory Work
Transcriptome Data

The Gene Expression Omnibus (GEO, http://
www.nchi.nim.nih.gov/geo/) isapublic archive
of functional genomics data submitted by the
research community (Barrett et al. 2013). All data
arefreely availablefor reuseto the research com-
munity. To identify disturbed pathways and
genes associated with periodontitis, the gene
expression profiles of healthy and diseased gin-
gival tissueswere downloaded from GEO data-
base, under the accession number of GSE10334
(Demmer et a. 2008). The dataset contains 90
systemically healthy non-smokers with moder-
ate to advanced periodontitis (63 with chronic
and 27 with aggressive periodontitis), provid-
ing atotal of 247 individual tissue samples (183
from diseased and 64 from healthy gingival sites).
General characteristics of the study participants
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were described in the study of Demmer et al.
(2008). Affymetrix Human Genome U133 Plus2.0
arrays were used to gene chip hybridizations,
including 54,675 probe sets. Through data pre-
processing (Maet al. 2006; Pepper et al. 2007), a
total of 20,514 genes and their expression data
were obtained for subsequent analysis.

Pathway Data

For the discovery of disturbed pathways
associated with periodontitis, all human path-
ways were obtained from Kyoto Encyclopedia
of Genes and Genomes (KEGG) database
(www.genome.jp/kegg/). In KEGG database,
thereareatotal of 287 pathways (covering 6894
genes). Generally, pathwayswith too few genes
may have insufficient biological content. Thus
pathways with gene number <5 were removed
fromthisstudy, and atotal of 280 pathwayswere
obtained for further analysis.

I dentifying Distur bed Pathwayshby Gibbs
Sampling

Itiswell known that Gibbs sampling, acom-
monly used Bayesian statistical inference, isa
Markov chain Monte Carlo agorithm for screen-
ing a number of observations that are approxi-
mated from aspecified posterior probability dis-
tribution. For identifying disturbed pathwaysby
Gibbs sampling, the KEGG pathways should be
transformed to Markov chains. A Markov chain
is a sequence of random variables whose distri-
bution hinges on the value of the previous ran-
domvariables, and presentsan equilibrium distri-
bution (Li et a. 2012). In this study, Gibbs sam-
pling generatesaMarkov chains of samples, each
of whichiscorrelated with nearby samples.

After transforming the KEGG pathways to
Markov chains, the posterior inference was per-
formed to estimate the probability distributions
of pathways. The posterior distribution was de-
veloped by the normalized product of the prior
information and a sampling distribution. Gibbs
sampling generates samples whose distribution
transformsto posterior distribution. Inthisstudy,
an empty object wasfirstly defined to carry out
the Gibbs sampler, in which the KEGG pathway
Markov chain data set was kept. Then Gibbs
sampling wasimplemented to construct k-dimen-
sional random vectors of n samples, and the k-
dimensional vectors were initialized randomly
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and the remaining one vector was selected by
fixing k-1 elements of the vectors. After repeat-
ing this process k times, a new Markov chain
wasgenerated. Here, k = 10,000 and n =280, that
is10,000iterationsfor the Markov chains of 280
KEGG pathways. A satisfactory convergence
of all parametersinall chainswas obtained after
2000 iterations. Through Gibbs sampling, k prob-
ability of each pathway was obtained, that is,
the posterior probability. The probabilityo was
defined asfollows:

Z]igggoo Pi

%= 10000-2000+1

where P was the posterior value in the i"
sample.

Toimproveresult reliability, gene expression
variation was taken into account to adjust the
probability in Gibbs sampling. Based onthe gene
expression values between two conditions, the
researchers calculated the pathway expression
differences between periodontitis and healthy
conditionsusing t-test. Then the pathwayswere
ranked in ascending order according to the p-
values. Based on the rank values, each pathway
was given acorrection coefficient c. The adjust-
ed probability was calculated asfollows:

Ol =@XC

rank;

where® 1" —n—, nwassamplenumbers, and

rank, wastherank value of samplei accordingto
the p-value.

After adjusting the posterior probability of al
KEGG pathwaysbased on geneexpression varia
tion, the disturbed pathways were identified un-
der the criterion of adjusted probability > 0.8.

I dentifying K ey Genesby Gibbs Sampling

After obtaining the disturbed pathways, the
researchers attempted to screen the key genes
from disturbed pathways using Gibbs sampling.
For identifying key genes by Gibbs sampling,
the genesin the disturbed pathways were trans-
formed to Markov chains. Then, theresearchers
performed the posterior inferenceto estimate the
probability distributions of genes in the dis-
turbed pathways. Similar to theidentification of
disturbed pathways by Gibbs sampling, k-dimen-
sional random vectors of m samples was con-
structed. Here m was the gene numbers in the
disturbed pathways. Similarly, gene expression
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variation was taken into account to adjust the
probability. Based on the gene expression val-
ues between two conditions, the gene expres-
sion differences between periodontitis and
healthy conditions were cal culated using t-test.
Then the probability was adjusted according to
the gene expression differences. This procedure
was similar to the section of identifying dis-
turbed pathways by Gibbs sampling. Finally, the
key geneswereidentified under the criterion of
adjusted probability > 0.8.

RESULTS
Preparatory Work

The gene expression data of periodontitis
were downloaded from GEO database, with ac-
cessing number GSE10334, containing 183 dis-
eased and 64 healthy gingival samples. After
data preprocessing, atotal of 20,514 geneswere
obtained for subsequent analysis. Then human
pathways were obtained from KEGG database,
and atotal of 280 pathwayswith at least 5 genes
were retained for subsequent analysis.

Distur bed Pathways

Based on the geneexpression dataand KEGG
pathways, Gibbs sampling evaluated the proba-
bilities of these pathways using Markov chain
Monte Carlo algorithm. The probability distri-
bution of all KEGG pathwayswasillustrated in
Figure 1. Under the criterion of probability > 0.8,
the researchers obtained two disturbed path-
ways in this study, cytokine-cytokine receptor
interaction (0=0.994) and hematopoietic cell lin-
eage (o =0.834). Then the probability was ad-
justed by gene expression variation between
periodontitis and healthy conditions. The dis-
turbed pathways cytokine-cytokine receptor in-
teraction and hematopoietic cell lineage showed
adjusted probabilities of 0.990 and 0.819, respec-
tively. The expression levels of cytokine-cytok-
ine receptor interaction and hematopoietic cell
lineage in periodontitis and healthy conditions
were showed in Figure 2. Theresearchers could
easily found that both disturbed pathways had
increased expression levelsin diseased gingival
samples, relative to healthy samples.

Key Genes

To further identify the key genesin the dis-
turbed pathways, the researchers performed
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Fig. 1. A: The probabilities distribution of all hu-
man pathways. B: The density distribution of path-
ways. The horizontal solid line and vertical dotted
line represented the threshold value of posterior
value of 0.8. The dark grey line is the initial prob-
abilities, and the light grey line is the adjusted
probabilities

Gibbs sampling to estimate the probability dis-
tributions of genes in the disturbed pathways.
The researchers analyzed the gene composition
of two disturbed pathways, and found that cy-
tokine-cytokine receptor interaction contained
253 genes and hematopoietic cell lineage con-
tained 83 genes. After removing genes absent
from expression profile and repetitive genes, a
total of 304 geneswereremained for Gibbs sam-
pling. The probability distribution of genesin
disturbed pathwayswereillustrated in Figure 3.
Under the criterion of probability > 0.8, the re-
searchers identified two key genes associated
with periodontitis, including TNFRSF17 (o =
0.931) and CXCL6 (o= 0.987). Then geneexpres-
sion variation was employed to adjust the prob-
ability. The key genes TNFRSF17 and CXCL6
had adjusted probabilities of 0.864 and 0.854,
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Fig. 2. A: The expression levels of cytokine-
cytokine receptor interaction in diseased and
healthy gingival samples. B: The expression
levels of hematopoietic cell lineage in diseased
and healthy gingival samples

respectively. Gene expression analysis showed
that both TNFRSF17 and CXCL6 showed in-
creased expression levels in diseased gingival
samples compared with healthy samples, as
shownin Figure4.

DISCUSSION

In this study, the researchers identified two
disturbed pathwaysinvolved in periodontitisvia
Gibbs sampling. Cytokine-cytokinereceptor in-
teraction showed an adjusted probability of
0.990. Cytokines are a broad of small proteins,
such aschemokines, interferons, interleukinsand
lymphokines, that play important roles in host
responses to infection, immune responses, and
inflammation (Elahi et al. 2017; Kuwabaraet a.
2017; Waldmann 2017). Because of hiological
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Fig. 3. A: The probabilities distribution of genes
in the disturbed pathways. B: The density distri-
bution of genes in the disturbed pathways. The
horizontal solid line and vertical dotted line rep-
resented the threshold value of posterior value of
0.8. The dark grey line is the initial probabilities,
and the light grey line is the adjusted probabili-
ties

activities of cytokines in inflammatory tissue
destruction, researches on the pathogenesis of
periodontitis have focused on cytokines (Lavu
et a. 2017). Numerous studies have been per-
formed to elucidate the association of cytokines
with periodontitis, and confirmed that several
cytokines are involved in the progress of peri-
odontitis, such as tumor necrosis factor apha,
interferon gamma, and interleukins (Bascones
et a. 2005; Schenkein et a. 2007; Cintra et al.
2016; Stadler et a. 2016). It iswell known that
cytokines act through cytokine receptors
(Schreiber and Walter 2010). Cytokine receptors
modify cytokines biological activity and regu-
late cytokine-mediated biological eventsin an
antagonistic or agonistic way. Cytokine-cytok-
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Fig. 4. The expression levels of TNFRSF17 in dis-
eased and healthy gingival samples. B: The ex-
pression levels of CXCL6 in diseased and healthy
gingival samples.

ine receptor interaction is a proper way to un-
derstand cytokine-specific immunological re-
sponses (Oppenheim 2001). Demmer et d. (2008)
also indicated that cytokine-cytokine receptor
interaction pathway wasdifferentially regulated
in diseased gingival tissues. Song et al. (2015)
reported that the up-regulated genes in peri-
odontitiswere mainly involved in staphylococ-
cus aureus infection and cytokine-cytokine re-
ceptor interaction. Moreover, the researchers
identified two key genesTNFRSF17 and CXCL 6
associated with periodontitis using Gibbs sam-
pling. Both of TNFRSF17 and CXCL6 werein-
volved in cytokine-cytokine receptor interaction
pathway, implying that cytokine-cytokine recep-
tor interaction disorder played critical rolesin
the development of periodontitis.

TNFRSF17, also known as B-cell maturation
antigen, is a cell surface receptor of the tumor
necrosis factor receptor superfamily and binds
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B-cell activating factor (Laabi et al. 1994). Itis
expressed in B lineage cellsresulting in potent B
cell activation and NF-€B and MAPK8/INK ac-
tivation (Shen et al. 2016). TNFRSF17 playsim-
portant rolesin B cell development and autoim-
mune response, and has been implicated in var-
ious diseases. A gene network-based microar-
ray analysis showed that TNFRSF17 was most
up-regulated in generalized aggressive peri-
odontitis (Guzeldemir-Akcakanat et a. 2016).
Moreover, TNFRSF17 showed an increased ex-
pressed in aged periodontitis approximately10-
fold compared with healthy adult tissues (Eber-
soleet d. 2016). CXCL6, also known asgranulo-
cyte chemotactic protein 2, is a small cytokine
that belongsto the CX C chemokinefamily, which
isinvolved in neutrophil recruitment and migra-
tion. Kebschull et a. (2009) indicated that CXCL6
correlated with the severity of periodontitisand
might act as a hitherto unrecognized functional
adjunct toIL-8indiseased gingival tissues. Epi-
genetic modification of inflammatory gene
CXCL6 was also speculated to berelated to the
occurrence of aggressive periodontitis (Schulz
et a. 2016). Cytokine-cytokine receptor interac-
tion and the associated genes may provide nov-
el targets for better understanding of the local
adaptive immune response to periodontitis.
The present study identified hematopoietic
cell lineage pathway as a disturbed pathway in
periodontitis. Hematopoaietic cell lineage isin-
volved in blood-cell development progresses,
which can differentiateinto amulti-lineage com-
mitted progenitor cell: acommon lymphoid pro-
genitor or acommon myeloid progenitor. Cells
undergoing these differentiation process express
astage- and lineage-specific set of surface mark-
ers. Lv eta. (2015) indicated that hematopoietic
cell lineage pathway had higher alter score in
Porphuromonas gingivalis-infected periodonti-
tis cells, relative to Aggregatibacter actino-
mycetemcomitans-infected periodontitis cells.
Few studiesgivethedirect relationship between
hematopoietic cell lineage pathway and peri-
odontitis. Further elucidation and characteriza-
tion may identify new mechanismsof periodon-
titis pathogenesis and future opportunity for
therapeutic intervention of periodontitis.

CONCLUSON

In this work, the researchers identified two
disturbed pathways (cytokine-cytokine recep-
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tor interaction and hematopoietic cell lineage)
and two key genes (TNFRSF17 and CXCL6) in
periodontitisutilized an efficient Gibbssampling.

RECOMMENDATIONS

This study contributed to the understand-
ing of underlying pathogenesis and the identi-
fied pathways aswell asthe key genes might be
potential biomarkersfor early detection and ther-
apy for periodontitis. Furthermore, related ex-
periments are urgently needed to explore and
verify the roles of the disturbed pathways and
key genesin periodontitis development.
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