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ABSTRACT This study aimed to identify potential key pathways and hub genes. The enrichment pathways were
chosen through merging the gene expression data from microarray data with KEGG pathways. Gibbs sampling was
performed to screen out significant pathways and the pathway gene set was determined. Finally, hub genes were
identified using Gibbs sampling and statistics. A total of 278 pathways were chosen according to gene overlap greater
than 5. Markov chain (MC) was established based on the enrichment of the gene expression profile in each pathway
using Gibbs sampling and then 26 significant pathways were determined judging by adj_é\]i greater than 0.8. Additionally,
1167 pathway gene sets were found out. Finally, 26 pathways were chosen as key pathways and 5 hub genes were
identified on basis of their importance, which will contribute to elucidating potential molecular mechanism of
microbial keratitis. We identified potential key pathways and hub genes in microbial keratitis.

INTRODUCTION

Microbial keratitisisan infective ophthalmic
disease, caused by spectrums of pathogenic
microorganismsincluding bacteria, viruses, fun-
i, Acanthamoeba and other prokaryote patho-
gens. In spite of recent advancesin antimicrobi-
al measures, dueto ensuing excessiveinflamma-
tory response and ocular tissue damage, large
numbers of patients’ conditions fail to achieve
effective controlsor continueto deteriorate, and
eventually patients have to undergo corneal
transplantation or even enucleation. According-
ly, it isimperative to have abearing on relevant
physiopathol ogic mechanisms, which inevitably
will be a breakthrough for diagnosing, treating
or monitoring microbial keratitis.

Microbial keratitisinitiation and progression
relateto intricate biological processthat involves
various genes alterations and diverse molecular
mechanisms underlying the pathophysiology.
With the aid of bioinformatics analyses, a pow-
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erful approach emerging of proteome analysis
intear protein profile hasindicated that glutare-
doxin-related protein, lipocalin, prolactin induc-
ible protein, serum albumin precursor, apolipo-
protein, lacritin precursor (Ananthi et al. 2008;
Ananthi et d. 2013; Kandhavelu et d. 2017). Sev-
eral molecular pathwayswerereported toinvolve
inthe devel opment of microbial keratitis, name-
ly, p38 mitogen-activated protein kinases
(MAPK) pathway (Huaet a. 2017), Toll-likere-
ceptor-3 (TLR3)/ TIR domain-contai ning adap-
tor inducing IFN-B (TRIF) pathway (Park et al.
2015), spleen-tyrosine kinase (Syk) signaling
(Liuetal. 2015). With theincreasingly biologi-
cal importance of highly connective hub genes
that play a pivotal role in maintaining interac-
tion network, hub genes or key pathways iden-
tified were particularly crucial for uncovering
the pathogenesis of microbial keratitis. In the
wake of rapidly diverse bioinformatics method-
ologies, the understanding of underlying phys-
iopathol ogic molecular mechanismsof disorders
has been greatly improved. Here, in thiswork,
coupled with microarray data, Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) enrich-
ment, Gibbs sampling, the researchers identi-
fied key pathways and hub genes associated
withmicrobial keratitis.
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Objective

In the present study, the researchers
achieved 278 enrichment pathways based on
genes intersection greater than 5 from microar-
ray data performed on sampleswith 15 keratitit-
idesand 12 normal. Moreover, Gibbs sampling
wasimplemented to identify 26 key differential
pathways. Then, the researchers applied Gibbs
sampling to acquire 5 hub genesthrough differ-
ential pathway gene sets. Overall, hub genesanal -
ysisimproved comprehending of microbial kerati-
tisthrough providing relevant gene changes that
occur during microbial keratitis progression and
discovered thekey biomarkerswith potential util-
ity for clinical diagnosis, therapy, and surveillance
of microbial keratitis progression.

METHODOLOGY

Microarray DataAcquisition and
Preprocessing

The gene expression profile, with the acces-
sionnumber of E-GEOD-58291 (Chidambaram et
al. 2017), was downloaded from ArrayExpress
(http://www.ebi.ac.uk/arrayexpress/). Inthe mi-
croarray dataof E-GEOD-58291, therewere 15
keratitis samples and 12 normal samples. The
probe annotation data were downloaded and
then each probe was mapped to matched gene
symbols. Amongst which the probe was discard-
edif it can’t match any one gene, or the average
expression value was computed if there were
multiple probes match one gene. After datapre-
processing, the researchers eventually acquired
the gene expression matrix containing 14,832
genes.

EGG Pathway Enrichment

Pathway enrichment analysis of gene expres-
sion matrix was conducted based on the KEGG
pathway database. The researchers merged the
gene expression datawith KEGG regulatory path-
ways and chose 278 pathways judging by gene
overlap greater than 5.

GibbsSampling
In order to obtain the pivotal pathways and

key genes, Gibbs sampling was introduced.
Gibbs sampling isaMarkov chain (MC) Monte

Carlo (MCMC) algorithm extensively appliedin
statistical inferencethat generates samplesfrom
a sequence of different conditional probability
distributions. To executing Gibbs sampling, the
above 278 pathways were converted into MC.

According to the enrichment of the gene
expression profilein each pathway, themean val-
ue of gene expression in each pathway was com-
puted in normal and keratitis states. The normal
state served as the initial state and the keratitis
state served as prior state, then the third state
wasinferred by the prior state, in turn the state n
was gained according to thismodel extrapol ated.

An empty Gibbs sampling set comprising a
k-dimensional (k = 278) random vector was de-
fined. Following, n samples MC data set con-
taining theinitial value and prior value were de-
posited into the empty Gibbs sampling set. Then,
ak-dimensional vector wasinitialized, k-1 ele-
ments of this vector were fixed, the remaining
element was extracted, like this cycled k times
which was equal to updating the whole vectors
and also generate anovel sample. Thethird state
was obtained. Ultimately, through n cycles of
Gibbs sampling, aM C was established.

Differential PathwaysAnalysis

On basis on the posterior value of pathways
generated by the M C and utilizing the probabil-
ity formulact " the probability of each pathway
was acquired. Then, by statistical analysis (stu-
dent’st-test) of the pathwaysexpressionin kerati-
tisand normal states, the P values were calcu-
lated and according to it, the pathways were
ranked (rank ). Combining o, and P value, cor-
rection coefficient (R4, Was caculated and
then adj-ocpi (multiplyingo by R, ) wascalcu-
lated. Key differential palhways were selected
judging by adj_o. ; greater than 0.8. Related com-
putational formulaswere asfollows.

2{%0800 Pi
% = 7000 — 2000 + 1
rank;

Rvalue =1- n

adj—api = Rvalue X api

Hub Genesldentification

The genesin the differential pathwayswere
analyzed to find the pathway gene set and their
frequenciesin differential pathwayswere count-
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ed. Subsequently, pathway gene set were con-
verted into MC and then Gibbs sampling was
performed. Finally, differential pathway genes
of which alfa-adj were greater than 0.8 were cho-
sen as hub genes.

RESULTS
KEGG Pathway Enrichment Analysis

By data preprocessing, a total of 14832 genes
were obtained and these genes were enriched
into the KEGG pathway with 287 pathways con-
taining 6,894 genes. The enrichment analysis
suggested that 278 pathways were determined
based on the gene overlap greater than 5.

Differential Pathways Identification

To further determine key pathways, the re-
searchers used the Gibbs sampling via comput-
ing adj_otpi to gain the probabilities distribution
of enriched pathways shown in Figure 1, in the
image, a total of 26 key pathways were identified
according to the adj-a. ;> 0.8, including NF-kap-
pa Bsignaling, TNF signaling, Cytokine-cytok-
ine receptor interaction, Phagosome, Hemato-
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poietic cell lineage, Toll-like receptor signaling
et al. As shown in Table 1, the expression values
of these pathways in normal and keratitis states
suggested that these pathways were upregulat-
ed significantly in keratitis groups compared to
normal group (P < 0.05), correspondingly, the
heat map of pathways expression levels were
presented in Figure 2. Compared with normal
group, these 26 significant pathways in keratitis
group were higher expressed.

Pathway Gene Set Selection

In an effort to find out the hub genes are of
importance in gene expression network, 1167
genes in significant pathways were needed to
be analyzed. Gene set in 26 significant pathways
comprised 82 genes in Rheumatoid arthritis sig-
naling pathway, 195 genes in Cytokine-cytokine
receptor interaction signaling pathway, 150
genes in Tuberculosis signaling, 158 genes in
Chemokine signaling pathway, 115 genes in Os-
teoclast differentiation signaling pathway, 49
genes in Staphylococcus aureus infection path-
way et al. Several genes may appear in multi-
pathways and a total of 1167 genes were con-
tained in 26 key differential pathways and the
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Fig. 1. The probabilities distribution of 278 pathways. The X axis denoted the pathways, and the Y axis
represented the posterior value of the pathways. A. The adjusted posterior value distribution of 278
pathways. B. The density of 278 differential pathways posterior value distribution. Pathway was con-
sidered as the key differential pathway judging by adj_mpi > 0.8.

Source: Author
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Table 1: Contd...

Member

Number

Pathway

DQA2;HLA-DQB1;HLA-DRA;HLA-DRB1;HLA-DRB3;HLA-DRB4;HLA-

DRB5;CD40L G;CD40;FCER1A;MS4A2;FCER1G;|L10;CCL11; TNF;PRG2
IL1B;IL1R1;IL1IR2;NFKB1;RELA;HSPB1; COL1A1;COL1A2;COL3A1;COL5A1;COL5A2;

HLA-DMA;HLA-DMB;HLA-DOA;HLA-DOB;HLA-DPA1;HLA-DPB1;HLA-DQA1;HLA-

23

Asthma

COL11A 1;COL11A2; COL5A3;COL24A1; COL4A2;COL4A4; COL4AG6;COL4AL; COL4AS;
COL4A3; FN1;LAM A1,LAMA2; LAMAS3;LAMA 5; LAMA4 ;LAMB1 ;LAMB2 ;LAMBS3;
LAMB4;LA MC1,LAMC2; LAMC3;CASP3; GNAQ;GNA11l; GNA14; GNA15;PLCB1;
PLCB2;PLCB4;PR KCA; PRKCB;GNAS; GNAL;PRKACB; PRKX;RAB5A; RAB5B;RABS5C;
RAB7A;R AB7B; TLR2; TLR4; CD14; IL6;CSF2; CXCL8;TNF;IFNG;PTK2;VCL;ACTN 1,
ACTN4; ARG2;ARG1; NOS2;ITGB2;ITGAM;PIK3R1;P IK3R5; PIK3R2;PIK3R3
;PIK3CA;PIK3CD;P IK3CB; PIK3CG;SERPINB1; SER PINB2; SERPINB3; SERPINB4;SE
RPINB6; SERPINB9; SERPINB13; CTSG;IL10;TGFB2; TGFB3;C8A;CXCL1; CD1D

92

Amoebiasis

145

concrete results are presented in Supplement
Tablel.

Hub Genesldentification

Finally, to acquire the potential hub genes
involved in keratitis, Gibbs sampling wasreuti-
lized to calculate probabilities of pathway gene
set. As presented in Figure 3, there were 5 hub
genesidentified based on adj_c. ; > 0.8, includ-
ing CXCL5, MARCO, FCERILG, RAC2, HCK.
Their expression valuesin normal and keratitis
states suggested that they were enhanced mark-
edly in keratitis group when compared with nor-
mal group (Fig. 4, P < 0.05), accordingly, the heat
map of hub genes expression levels in two
groups were exhibited in Figure 5. These hub
genes were shown to be higher expressed in
keratitis group on comparing normal group.

DISCUSSION

In the current study, the gene expression
matrix with 14832 geneswas gained through data
preprocessing and then 278 pathways were ob-
tained viaK EGG enrichment analysis. Moreover,
26 significant pathways were chose by Gibbs
sampling. Furthermore, 5 hub genes were
screened by analyzing pathway gene set using
Gibbs sampling. These results demonstrated that
identified key pathways and hub genes would
provide valuableinformation on the progress of
microbial keratitisand offer new insightsfor in-
vestigating molecule mechanisms potentially
involvedinthemicrobial keratitis.

Microbial keratitisisrecognized asthelead-
ing eye-threatening disease of keratitis, charac-
terised by the presence of white/yellowishinfil-
trates in the corneal stroma, with/without an
overlaying corneal epithelial defect, and related
with strong signs of inflammation (Upadhyay et
al. 2015), which caused considerable inconve-
nience to patients. In an effort to uncover the
underlying molecular mechanismsthat drivethe
microbial keratitis development, moreand more
researchers have spared no efforts to carry out
experiments. It was suggested that activity of
Toll-likereceptors (TLRs) signaling resulting in
the activation of nuclear factor-kB (NF-kB) and
production of proinflammatory cytokines like
TNF-o, enableto trigger the earliestimmunere-
sponses that lead to inflammation in ocular im-
munology (Pandey et al. 2013). Beyond that,
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Heat map of the hub genes with adj_ﬂp_.} 0.8

GSM
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Fig. 5. Heat map of the top 5 hub genes. Red: high expression level;

Source: Author

activation of TLR2 and TL R4 through NF-kap-
paB could contribute to pathogenesis of kerato-
mycosis (Jie et a. 2009). In addition, Toll-like
receptor 4 signalling pathway wasactivatedina
rat model of Acanthamoeba keratitis (Ren and
Wu 2011). TNF-aand | L-6 wasreported to facil-
itate corneal lymphangiogenesis during acute
HSV-1infection (Bryant-Hudson et a. 2014). Con-

GSM

P N

WARCO

CXCLE

FCERIG

GSM
GSM
GSM
GSM
GSM
GSM
GSM
GSM
GSM
GSM
GSM
GSM
GSM
GSM
GSM
GSM

Greeen: lower expression level.

sistent with this. This study demonstrated that a
series of inflammation signaling pathways, such
as NF-kappa B signaling, TNF signaling path-
way, Toll-like receptor signaling pathway were
identified using bioinformatics measurement.
Previous research demonstrated that kerati-
tis was associated with longstanding rheuma-
toid arthritis, besides, morbidity and mortality
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of which wereincreasingly improved (Domnga-
ng Nocheet al. 2016; Leeet al. 2016; Petrushkin
eta. 2016). HLA-DR expression wasreported to
be considered as a biomarker of inflammation
for multicenter clinical trials of ocular surface
disease (Epstein et al. 2013). Accumulating evi-
dence showed that peripheral ulcerative kerati-
tis was associated with tuberculosis in a child
(Al-Mendalawi 2016), mycobacterium tubercu-
losismay |ead to formation of interstitial kerati-
tis (Gupta et al. 2015). Cytokines and chemok-
ines served as small proteins played an impor-
tant proinflammatory or anti-inflammatory role
inmodulating the herpes simplex keratitis (Azher
etal. 2017). Itisreported that chemokine CXCL 10
inhibition of hem- and lymph-angiogenesis
emerged ininflamed corneas (Gao et a. 2017). It
has also reported that IL-8, IL-6 and IL-14 ex-
pressions were increased in tears samples of
patientswith microbial keratitis compared with
negative normal (Santacruz et al. 2015). Theim-
portance of long-lasting Ag presentation in in-
ducing peripheral T cell tolerance was also de-
termined inthe model of herpesstromal keratitis
autoimmunedisease (Raimondi et al. 2006). Thus,
inlinewith above evidence, results of this study
determined that Rheumatoid arthritis pathway,
Tuberculosis pathway, chemokine signaling
pathway, Staphylococcus aureus infection sig-
naling pathway were selected.

Based on Gibbs sampling, several hub genes
like RAC2, MARCO, CXCL5, HCK, FCERLG
were identified and these key genes may con-
tribute to predict, monitor and even treat micro-
bial keratitis. Linet al demonstrated that CXCL5/
lipopolysaccharide (LPS)-induced chemokine
mediated neutrophil recruitment into the cornea
during LPSkeratitis(Lin et al. 2007). A previous
investigation determined that CXCL5 asapro-
inflammatory chemokine was downregulated in
mice corneal with alkali burns after treated with
tofacitinib (Sakimoto and I shimori 2016). Sweet
et al demonstrated that the presence of FcR com-
mon y-chain (Fcerlg) or/and MyD88 were re-
sponsiblefor proinflammatory responsesto ex-
ogenous antigens while the absence of them
reduced extrafollicular plasmablast response
(Sweet and Nickerson 2017). It issuggested that
L ck/Hck/Fgr triple knockout enhanced antiviral
sensing and resistance substantially while ec-
topic expression of them dampened cellsantivi-
ral defense (Liu et a. 2017). Nonetheless, this
study isonly abioinformatics screening for biom-

arkersin microbial keratitispreliminarily and fur-
ther in-depth investigationsin molecular patho-
genesisand validationswith several experiments
are still demanded.

CONCLUSION

Collectively, thisstudy found out several key
pathways associated with microbial keratitis
based on bioinformatics method, accordingly,
monitoring these signaling pathways might aid
prediction or treatment of microbial keratitisoc-
currence and development. Importantly, hub
genesinmicrobial keratitis, namely, RAC2, MAR-
CO, CXCL5, HCK, FCER1G wereidentified on
the basis of pathway gene set using Gibbs sam-
pling, which were likely to be prognostic and
diagnostic implications of microbial keratitis.

RECOMMENDATIONS

Findingsfrom the present study will provide
the molecular basis for the understanding of
microbial keratitispathogenesis, implying anovel
strategy for relieving the burden of microbial
keratitis.
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