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Recent investigations revealed the relationship between heonic periodontitis,

Porphyromonas gingivalisand cancer. However, host genes that change in response
to chronic infection with P. gingivalisand may contribute to oral cancer have remained
largely unknown. In the present study, we aimed to comprehesively analyze microarray
data obtained from the chronic infection model of immortatied oral epithelial cells that
were persistently exposed toP. gingivalisfor 15 weeks. Using protein-protein interaction
(PPI) networks and Ingenuity Pathway Analysis (IPA), we ideed hub genes, major

biological processes, upstream regulators and genes potetially involved in tumor
initiation and progression. We also validated gene expregsn and demonstrated genetic

alteration of hub genes from clinical samples of head and néoccancer. Overall, we utilized
bioinformatical methods to identifylL6, STAT1, LYN, BDNF, C3, CD274, PDCD1LGZ2,

and CXCL10 as potential candidate genes that might facilitate the preantion and

treatment of oral squamous cell carcinoma (OSCC), the mostammon type of head

and neck squamous cell carcinoma (HNSCC).

Keywords: Porphyromonas gingivalis , chronic infection, in ammation, oral cancer, bioinformatics

INTRODUCTION

Periodontitis is a chronic infectious disease with highbglb prevalence 1. The persistent
immune-in ammation response initiated by periodontal pathergs not only causes local damage in
oral sites, but also promotes systemically chronic in amimaisuch as the pathogenesis of cancer
(2). Based on the latest meta-analysis, periodontal diseaseitbvpty associated with the risk of
pancreatic, lung, head and neck cancel)s Furthermore, a cohort study with 10-year follow-up
recently revealed a signi cant relationship between peuittitis and cancer mortality4).
Porphyromonas gingivalisne of the best characterized pathogens of periodontitigganded
as a keystone pathogen because of its ability to induce isede@ommunity biomass and
manipulate subversion of host immune respons&s5j. With a variety of virulence factors;.
gingivaliscan interact with host cells for successful internalizagod intracellular survival, which
consequently results in chronic infectiofl)( Of note,P. gingivaliss now accepted as a risk factor
of cancer such as oral squamous cell carcinoma (OSCC), ttst coonmon type of head and
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neck squamous cell carcinoma (HNSCE}-f). To date, several and A ymetrix GeneChip Command Console (version 4.0,
studies have shown that acu®e gingivalisnfections (i.e., those A ymetrix) software was applied for array scan and raw
lasting no more than 72h) aected cell division, apoptosisdata exaction, respectively. Expression Console (version
migration and invasion in gingival epithelial cells or OSC&lle  1.3.1, A ymetrix) software was used for robust multi-array
(2). However, since cancer can be a complicated and graduaverage (RMA) normalization. DEGs were identied using
process ), little is known about genes that contribute to OSCCGeneSpring software (version 13.1; Agilent Technologies).
in a microenvironment characterized by chronR. gingivalis Student'st-test was used for statistical analysis. The threshold
infection. To better mimic the infection modén vivo, we set for aberrantly regulated genes was a fold chan@eD
established a novel model system using human immortalizednd aP < 0.05. TheP-value was adjusted by multiple testing
oral epithelial cells (HIOECS) persistently exposeBtgingivalis using the Benjamini-Hochberg false discovery rate (FDR)
at a multiplicity of infection (MOI) of 1 (L0). Furthermore, procedure and a standard threshold of 5% was selected
we reported the promoting e ect of chronic infection bl. for declaring signicance 11). In the present study, we
gingivalison cellular morphology, cell proliferation, migration focused on the coding genes that were aberrantly expressed.
and invasion of HIOECs. Also, using microarray analysis andhe microarray dataset has been uploaded to NCBI GEO
relevant validation of changes in expression, we identi edes platform (GSE87539).
that may be involved in the tumorigenic-like transformatiof
HIOECs induced byP. gingivalig10). For further investigation, Data Analyses
in this study, we aimed to systematically analyze the di eiadlyt To construct the protein-protein interaction (PPI) network,
expressed genes (DEGs) from previous microarray data. Ttbe 423 di erentially expressed coding genes from the present
our knowledge, this work is the rst to show and analyzedataset were imported into the STRING (version 10.5) online
DEGs in response t®. gingivalisinfections lasting up to 15 database (https://string-db.org) and ltered with the iné&etion
weeks. We identi edIL6, STAT1 LYN, BDNF, C3 CD274 score of high condence (0.700)1%. The network was
PDCD1LG2,and CXCL10as candidate genes associated witlthen visualized with Cytoscape software (version 3.6.0ndJs
the initiation and progression of oral cancer induced bycytoHubba, a plugin of Cytoscape, 10 hub genes were
P. gingivalisnfection. calculated and ranked by “Radiality.” Gene Ontology anslys
was performed with BINGO from Cytoscape software. The
Ingenuity Pathway Analysis (IPA) was performed by Genery

METHODS Bio Corporation (Shanghai, China). IPA platform provided
. regulator networks of biological functions and diseases dase

Establishment of Cellular Model and on a large-scale causal network derived from the Ingenuity

Microarray Analysis Knowledge Basel@). In this study, the upstream regulators

The establishment of a novel cellular model of HIOECsand the enriched gene functions of the present cellular model
persistently exposed t®. gingivaliswas described previously were analyzed by IPA. Fishers Exact Test was used for
(10). In short,P. gingivaliATCC 33277 was routinely recovered statistical analysis.
on brain heart infusion (Difco Laboratories, Ml, USA) agar To validate the expression of DEGs in clinical samples,
plates and cultured in brain heart infusion broth medium we rstly screened the expression of the 10 hub genes by
supplemented with 0.5% yeast, 0.1% menadione, and 1% henapplying the OncominE" platform (https://www.oncomine.
at 37 C in an anaerobic environment (80%,N10% H, and  org/resource/login.html). Oncomid& was a cancer microarray
10% CQ). HIOECs were kindly provided by Dr. Wantao database which facilitated to explore genome-wide expression
Chen from Key Laboratory of Shanghai Oral Medicine, Ninthanalyses in various types of cancer as well as respective normal
People's Hospital, Shanghai Jiao Tong University. HIOECHssues. Specically, a variety of cancer subtypes were also
were cultured in De ned Keratinocyte-SFM (GibcoTM, Thermo available {4). We selected seven datasets of OSCC, one of
Fisher Scientic Inc., MA, USA) with growth supplement in the important types of HNSCC. The search term of each
a humidi ed atmosphere (37TC, 5% CQ). To establish the gene was consistent with the gene symbol shown in the
infection model, actively growing HIOECs in six-well platesFigure 1. A P-value < 1E-4 and a fold change 2 were
were infected withP. gingivalisat an MOI of 1 for 24 h each considered as the threshold with gene ranking in the top
time. The infection was repeated at each passage. HIOE@8%. Further, we selected one of the datasets (Peng Head-
without P. gingivalisnfection were cultured at the same time Neck, 79 samples, 18148 measured genes) to nd the specic
as a control. fold change of hub genes. The-value was provided by
When the HIOECs infected byP. gingivalis showed the program (Oncoming). cBioPortal database was used
signi cantly increased tumorigenic properties after 15to integrate multidimensional cancer genomic data, such as
weeks, the total RNA of non-infected HIOECs and infectedsomatic mutations, DNA copy-number alterations (CNAs) and
HIOECs was extracted with an RNAiso Plus kit (TakaRamRNA (15). The hub genes validated by Oncomiffe were
Dalian, China). As described beforel(f, the microarray further analyzed for genetic alterations by using cBioPortal
(A ymetrix) that could simultaneously detect coding and (http://www.cbioportal.org/). A network containing the hub
non-coding genes was conducted at the OEbiotech Corporatiogenes and the most frequently altered neighbor genes was also
(Shanghai, China). An A ymetrix Scanner 3000 (A ymetrix) produced by cBioPortal. Biological interactions were dedliv
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FIGURE 1 | A protein-protein interaction (PPI) network exported from BRING was visualized with Cytoscape. 183 nodes and 309 edges &re displayed.
Up-regulated genes are shown in red while down-regulated gees are shown in green. Larger node sizes correspond to higheold changes of DEGs. Edges were
shown in gray from light to dark according to the combined scoe (from low to high). The hub genes were emphasized with octpon shapes in yellow.

from public pathway databases including PANTHER, Reactom&BP1OAS1andIFI35were associated with the most signi cant
pid, Phosphosite, HumanCyc, CancerRxGene and KEGG Drugmodule. Hub gene ranks are shownSupplementary Figure 1

Gene Ontology Analysis

RESULTS According to the analysis with Cytoscape software, statltica

. overrepresented biological processes are showrFigure 2
PPI Network Construction and as colored nodes, which range from yellow to orange based
Identi cation of Hub Genes on P-value. Nodes such as “regulation of metabolic process

We focused on the coding genes in the present study. Amonfyegulation of biological process” and “regulation of celfula
the 423 DEGs (fold change 2, P < 0.05), 296 genes were process,” though presented in larger size and darker orange,
up-regulated while 127 genes were down-regulated. As showrere merely the results of the constitutive genes at nodélsdur

in Figure 1, we rst developed a PPI network. Three hundred down each branchi(); we chose to focus our analyses on these
and sixty- ve of molecules were identi ed with STRING (PPI nodes. Nine enriched biological processes, highlighteddnime
enrichmentP < 1.0e 16). Disconnected nodes were hidden.Figure 2 include: “regulation of transcription, DNA-dependent,’
As emphasized with a yellow octagon si@dfAT] CXCL1Q “negative regulation of collagen biosynthetic process,” ‘tpa@si
MX1, IFIT1, GBP1IL6, OAS1 MAPK12 LYN, and IFI35were regulation of in ammation response,” “regulation of immune
identi ed as the hub genes of the netwolRTAT1 MX1, IFIT1, system process,” “positive regulation of development prdcess,
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Upstream Regulators
As shown in Figure 3A, STAT1 C3 IL6, and LCN2 were

“regulation of angiogenesis CXCL10were up-regulated whileTGS1PLA2G4Aand GJAL

were down-regulated based on the present dat@&eBPBJAK2
TBK1, and IL18, which did not belong to the dataset, were
predicted to be activated according to the IPA platform. As
shown inFigure 3B CEBPHBdirectly activated the expression of
SERPINALCXCLZ IL6, and C3 and inhibited the expression

predicted to function as upstream regulators in the presenef PTGS1 _
model. STAT1was predicted to directly up-regulate genes such Based on the results of the IPA platform, we discovered a

asCXCL10IFIT1, GBP1OAS1IFI35 CD274and PDCD1LG2

series of genes that may be involved in regulation of tunerig

IL6 was predicted to up-regulate downstream genes such #soperties ofP. gingivalisnfected HIOECs. Most of the genes

CD274TGFA SERPINAIMYD88,andBDNFE C3was predicted
to up-regulate genes such @SF]1CXCL16,and CXCL2 LCN2

was predicted to up-regulateXCL10and CXCL2and to down-

regulateVIM. Among the downstream regulator€XCL10was

up-regulated by all four upstream regulators.

Analysis of Biological Functions

listed in Figure 3C were associated with cell proliferation
and/or invasion, while genes associated with cell migratene
relatively fewer in number. Genes suchlaBN2 LYN, STAT]
BDNF IL6, CXCL10andCDK14were related to cell proliferation
and cell metastasis.

Validation of Hub Genes in Clinical

Genes associated with in ammatory response were analyzédamples

using the IPA platform and are shown Figure 3B SERPINAL
STAT1 BDNF, CXCL16 CXCL11CXCL2 TLR3 CSF1IL6, and

To determine whether the DEGs identied in response
to chronic infection by P. gingivaliswere also aberrantly
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FIGURE 3 | regulate genes downstream. Full lines indicated direct refionships while dashed lines indicated indirect relatiahips. (C) Genes possibly involved in
tumor cell proliferation, migration and invasion. Full ks indicated direct relationships while dashed lines indited indirect relationships.
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FIGURE 4 | Seven OSCC datasets were selected and the expression of theub genes was compared across the seven datasets. Among the dsets, three of them
were obtained from general OSCC samples while the other fouselonged to tongue squamous cell carcinoma, the most commorsubtype of OSCC. Normal tissues
were selected as the control. Values above the average wereonsidered over-expressed hub genes (red).

expressed in oral cancer, we chose to validate the expressiomtations. Using cBioPortal, we constructed a network that
of hub genes in clinical samples of OSCC from Oncorfithe contained the hub genes and other frequently altered
With the exception ofMAPK12 most genes were found to neighbor genesHigure 7).
be generally over-expressed in OSCC samples compared
with the normal samples R < 0.05) Figure 4). Notably, . .
STAT1 GBP1 OAS1 IFI35, and LYN were overexpressed Fotential Candidate Genes _
in more than 6 datasets. In one specic OSCC dataset, affy comprehensively analyzing the data shownFigures ]
hub genes were signicantly up-regulated in oral cavity> % 7- 9enes includinglL6, STATI LYN, BDNF C3 CD274
squamous cell carcinoma samples compared to contrdfPCD1LG2,and CXCL10 were considered to be potential
samplesRP< 0.05) Figure 5. candldat_e genes and are pres_ented in the pro_posed mode
pattern in Figure 8 To be consistent with a previous study

. . . (2), CD274and PDCD1LG2are shown asB7H1 and B7DCG
Genetic Alterations of Validated Genes and respectively, irFigure 8 In the proposed diagram|6, STAT],
the Relative Network LYN, and CXCL10were hub genes whil€3 IL6, and STAT1
An HNSCC dataset provided by The Cancer Genome Atlagere activated as the upstream regulators of the presentatatas
(TCGA) with 279 samples was used to analyze geneti€cEBPBandJAK2 which were predicted as upstream regulators,
alterations. As shown inFigure 6, the 10 hub genes were are also shown in the network. Additionally, chemokines
generally altered in 37% of the queried samples. Speci callincluding CXCL2 CXCL11 CXCL16were involved as possible
the gene set altered from 4 to 10% contained ampli cationdownstream molecules. All candidate genes were assogvited
deep deletion, missense, mMRNA up-regulation and truncatioin ammation and/or tumors. Additional reasons for seleag
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FIGURE 5 | The expression of hub genes in one OSCC dataset containing 78amples. All hub genes were overexpressed in the OSCC tisssecompared to the
control (P < 0.05).

these genes and their molecular functions in in ammationrdan DEGs (hub genes) were also aberrantly expressed in OSCC
tumors are discussed below. clinical specimens.
In ammation is well-accepted as a hallmark of tumorigenesis
(24). Cytokines and chemokines play important roles in tumor
DISCUSSION initiation and progression. Cytokines such #&s6 promote
tumor initiation by elevating intracellular reactive oxygspecies
It has been increasingly accepted that OSCC is the most ralevg ROS) and reactive nitrogen intermediates (RNI) as well as
cancer type associated with oral bacterial infectios To causing epigenetic alteration of certain genes. Furtheenor
date, several studies have reported the promoting e ects dafytokines facilitate tumor progression by activating tungenic-
P. gingivalison OSCC initiation and progressionl(, 17-23).  related transcription factors2¢). In turn, activated transcription
However, the mechanism of chronic infection B gingivalis factors induce the production of chemokines, which results
in OSCC is not clearly understood. In the present study, wén continuous tumor-associated in ammation2g). Among
mined microarray data obtained from a cellular model of oralthe genes listed inFigure 3 those such adL6 (cytokine)
epithelial cells that were infected By gingivaligor 15 weeks. We and CXCL10(chemokine) were shown to be involved in the
rst identi ed hub genes and found that DEGs were enriched inin ammatory response Figure 3B) and are positively related
biological processes such as “positive regulation of in atioma  to cell proliferation and metastasigrigure 3Q). Interleukin
response;” “regulation of immune system process,” “reguiati (IL6), a tumor promoting cytokine in various types of cancer
of angiogenesis” and “regulation of cell proliferation.” Tihe including OSCC £5-27), may function as a central molecule
we speci cally analyzed the upstream regulators and DEG#® the proposed network Rigure 8. Importantly, IL6 was
in tumor cell proliferation, migration, and invasion usingy¢ identied as one of the most promising predictors for early
IPA platform. We previously validated some of the microarraydiagnosis and prognosis of tongue squamous cell carcinoma,
data by gPCR10). In the present study, using validation with the most common type of OSCC with high risk of local
datasets from clinical samples, we con rmed that some of thévasion and recurrence(, 28).
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No alterations ® Truncating Mutation (unknown significance)
Study of origin I Head and Neck Squamous Cell Carcinoma (TCGA, Nature 2015)
Cancer Type I Head and Neck Cancer
Total mutations 3- 1443
Fraction Genome Altered 0‘ 1
FIGURE 6 | As shown, a study from HNSCC (TCGA, Nature 2015) was selectetb analyze the genetic alterations of hub genes. The total ntations and fraction of
the genome that was altered were also displayed, respectivg

We paid speci c attention to the relationship betwe€&BPB As reported previously, a carcinogen induced oral carcinoma
and|IL6. It is well-known thatlL6 is one of the major cytokines model revealed thaP. gingivalisand Fusobacterium nucleatum
involved in P. gingivalignfection and periondontitis initiation. promoted OSCC progression with the activationlbB6-STAT3
Based on previous studies Bf gingivalisinfections, toll-like (17). InterestinglyJL6 was also predicted to activé8d AT 1in the
receptor 2/4 and nucleotide-binding oligomerization domai present studyFigures 3A,B. Signal transducer and activator of
(NOD)-containing protein-like receptors were activated andtranscription 1 STATJ) was a hub gene with the highest median
mediated signaling pathways such as RE-and ERK1/2, which rank according to the expression validation with clinical sées.
resulted in the overexpression df6 (29-31). In addition to  STAT1is a critical transcription factor involved in regulating
these previously identied mechanisms, our results rewkalecellular responses to interferons (IFNs), cytokines, grdatiors
that CEBPBwas activated as an upstream regulator b6 and hormones 5. The oncogenic role oSTAT1in certain
(Figure 3B). CCAAT enhancer binding protein bet&EBPBis types of cancer including HNSCC has been descriliE#g39).

a transcription factor that plays an important role in immune Phosphorylation of genes such 8AT1was predicted to be
and in ammation responses3@). CEBPBhas been studied in the regulated bytYN (Figure 7). LYN proto-oncogenel(YN), a hub
context of cellular transformation and cancer and was rédgen gene that belongs to the Src family of kinases, was assbeidte
regarded as one of the master regulators in cancer biologyarious cellular functions such as cell proliferation, metemo
especially in mesenchymal glioblastorig)( Importantly, adata and di erentiation. The presence dfYN kinase in the tumor
mining study concluded thaliL6 and CEBPBwere up-regulated microenvironment was regarded as a key component for tumor
in late stage OSCC. Similar to our results, Bai et3])) (eported  progression9). FurthermoreLYN was considered as a target in
that up-regulation o£EBPBn human periodontal ligament cells both epithelial cells and stromal cells of HNSC@)( Recently,
promoted the production ofL6 in response to the stimulation LYN was found to be an independent biomarker of HNSCC
of lipopolysaccharide derived frof. gingivalisHowever, direct and was correlated with poor survival. Upon validation using
regulation ofIL6 expression byCEBPBand its e ect in OSCC seven clinical datasets, we also con rmed the overexpression
needs to be validated. of LYN in OSCC Figure 4). In this study, we speculated that
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phosphorylation ofSTAT1might be one of the functions dfYN  considered to be important for tumor initiation and progressi
in OSCC in response tB. gingivalisnfection. As a critical mediator that was overexpressed in various tgpes

An immunosuppressive  microenvironment involving cancer,PD-L1 (programmed death-ligand 1, shown &D274
the activation of PDYPDL1 signaling has been increasingly also known aB7HJ) was also observed to be up-regulated in
OSCC cells by. gingivalignfection, although the underlying
mechanism was unclea?,(41). In Figure 3A, CD274and its
paralogPDCD1LG2(also known asB7DQ were regarded as
targets of STAT1 Similarly, activation ofSTAT1was shown to
mediate the high expression BD-L1in HNSCC cells §6, 42).
In addition, it was recently con rmed that IFN, a cytokine
belonging to the type | IFN family, induced overexpression of
PDL1through the activation o8TAT1(42). Interestingly, several
type | IFN inducible genes such &AS1(2'-5'-oligoadenylate
synthetase 1) were also identi ed in the present study as hub
genes and were regulated 8YyAT1(Figures 1, 3), which to some
extent indicated the activation of endogenous H-{2). Taken
together, we hypothesized that chronic infection®ygingivalis
contributed to an immunosuppressive microenvironment
by targeting CD274 and PDCD1LG2through the activation
of STAT1

IL6 was also predicted to activaBDNF (Figure 3A). Brain
derived neurotrophic factor EDNF) was of great interest as
it was predicted to be associated with tumorigenic properties
(tumor cell proliferation, migration and invasion) as well as
in ammatory response Kigures 3BC). Though BDNF belongs
FIGURE 7 | Network of hub genes (shown with thick border) and altered to the nerve growth factor family, it is also expressed in
neighbor genes. Relationship among the genes included “Cdrols State tissues outside the nerve systeBDNF has been shown to
Change of," “Controls Transport of,” "“Controls Phosphorytion of," “Controls be overexpressed in neoplastic specimens in various types of
Expression of,“Controls precedes. and “Netghbor of” tumors including HNSCC43, 44). Stimulation ofBDNF in vitro

FIGURE 8 | Proposed model. According to our results,IL6, STATL, LYN, BDNF, C3, CD274, PDCD1LG2,and CXCL10were considered as key molecules involved in
OSCC initiation and progression induced byP. gingivalis JAK2 and CEBPB, which were not identi ed in the present dataset, were predited by the IPA platform and
are shown in dotted lines. All relationships were based on IPAnd cBioPortal database.
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promoted the invasive properties of HNSCC celi$)( which CXCL16were also predicted to be activated downstream. A
was similar to our results. As previously reported, withinbioinformatics analysis suggested tiiXCL10and CXCL2were
an in ammatory microenvironment, production oBDNFwas members of the key molecules of epithelia in tongue squamous
enhanced in response to pro-in ammatory cytokines such asgell carcinoma §9). Overexpression o€EXCL11was observed
IL6 (45. Correa et al. 46) were the rst to report higher in the premalignant stage of OSCC, which was thought to be
levels ofBDNF in chronic periodontitis compared to control involved in carcinogenesis of OSCG0[. Though few studies
samples. However, it was recently suggested that reconmtbinamave focused on the role GXCL16n oral cancer, the promoting
human BDNF facilitated periodontal treatment by reducing e ect of CXCL16in tumor progression was observed in other
excess in ammation47). Thus, the functions ofL6 and BDNF  types of cancer 1, 62). Future work on malignant tumor
in OSCC uporP. gingivalignfection require further exploration. properties associated with chemokines in responge gingivalis

In addition to IL6, C3 was also a direct target &§EBPB infection may shed light on the transition of periodontitis
as predicted by IPARigure 3B). Complement system, the rst to OSCC.
defense against pathogens, is closely associated witle tissu We acknowledge some limitations of our present work. In this
homeostasis. In the present study, Complement component &udy, DEGs in response to repeated infectionFygingivalis
(C3 was considered as an upstream regulator and associatémt 15 weeks were shown and candidate genes associated
with in ammatory responseC3 was also predicted to activate with in ammation and tumorigenic properties were analyzed.
genes such al 6. The undesirable activation of complement However, additional studies should be applied to explore the
results in pathogenesis of in ammatory diseases as well &xact roles of the identi ed molecules in OSCC and to vakdat
cancer R4). Interestingly, apart from immune cells such asthe proposed interactions. In addition, though we validatkd t
macrophages, epithelial cells also secrete complement proteiespression of hub genes in some clinical datasets of OSCC,
In neoplastic tissuesC3 derived from tumor cells promoted other datasets derived from larger-scale clinical sampléshwh
tumor development by increasing cell proliferatiof8. Several contain information on periodontal conditions and prevalenc
studies revealed the clinical role @3 as a salivary or sera rates ofP. gingivalisshould be applied for further validation
biomarker of OSCC49-51). However, the relationship between and evaluation.
P. gingivalisand C3 activation is rather complex and depends In conclusion, we identi edIL6, STAT1 LYN, BDNF C3
on the concentration of gingipain€3is speci cally activated CD274 PDCD1LG2,and CXCL10 as important candidates
when the concentration of gingipains is lowZ). In the present associated with OSCC in the present model and made attempts
cellular model,C3 may be activated due to the low MOI of toillustrate the promoting role ofP. gingivalisnfection in OSCC
P. gingivaliswhich is consistent with the low concentration of initiation and progression. We suggested that chronic ititet
gingipains 62). Thus, we speculate that the constant activatiorby P. gingivaliscaused secretion of cytokines suchlbé to
of C3which might be mediated b EBPBduring P. gingivalis initiate OSCC and to activate tumorigenic transcription tfars
infection at a low MOI may promote the tumorigenic properties such asSTAT1 for tumor progression. During this complex
of HIOECs. Furthermore, potential interaction betweléis and  process, overexpression of chemokines (such Ca&CL10Q
C3 within the in ammatory microenvironment remain to be may be involved in a positive loop of sustained tumor-
investigated. Finally, other targets GEBPB,which might be associated in ammation. Immune escape of tumorigenic calls i
associated with OSCC development unBegingivalisnfection, response td®. gingivalignfection, regulated byCD274 should
should be explored in future studies. also be considered.

As shown in Figure 8 some chemokines were identi ed
as downstream molecules in the network. Chemokines havAUTHOR CONTRIBUTIONS
complex roles in tumor biology. Indeed, certain chemokines
that were overexpressed in a paracrine method were associatés, FG, and QW contributed conception and design of the study.
with tumor suppression and improved tumor prognosis owingFG, CL, and JL analyzed the data. FG and QW wrote the draft of
to the recruitment of favorable immune cell populatiors3(.  the manuscript. YP, DZ, and SZ revised the draft manuscrigt. Al
However, similar to the present cellular model, chemokinesauthors read and approved the submitted version.
such asCXCL9 CXCL10Q CXCL11secreted in an autocrine
manner by tumor cells were considered to contribute to aFJNDING
pro-tumoral microenvironment 25, 54). Thus, chemokines and
their receptors are suggested to facilitate tumor initint@nd ~ This work was supported by the National Natural Science
progression and have been considered as key therapeuti¢sargeoundation of China (81670997 and 81870771).
for cancer b5, 56). CXCL10was one of the hub genes with a high
fold change (shown in dark red). From an integrated micregrr SUPPLEMENTARY MATERIAL
analysisCXCL10was identi ed as a hub gene of periodontitis
(57). As reported previous\GXCL10was associated with tumor The Supplementary Material for this article can be found
cell motility and metastasis in various type of cances, (68. online at: https://www.frontiersin.org/articles/10.38®nc.
Meanwhile, other chemokines includingXCL2 CXCL11l,and  2019.00091/full#supplementary-material
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