JOURNAL OF ORAL MICROBIOLOGY Tavl &F .
2021, VOL. 13, 1905958 aylor & Francis
https://doi.org/10.1080/20002297.2021.1905958 Taylar & Francis Group

3 OPEN ACCESS

Genomic characterization of four Escherichia coli strains isolated from oral
lichen planus biopsies

Huitae Min?, Keumjin Baek®, Ahreum Lee®, Yeong-Jae Seok® and Youngnim Choi?

aSchool of Biological Sciences and Institute of Microbiology, Seoul National University, Seoul, Republic of Korea; ®Department of
Immunology and Molecular Microbiology, School of Dentistry and Dental Research Institute, Seoul National University, Seoul, Republic
of Korea

ABSTRACT ARTICLE HISTORY

Oral lichen planus (OLP) is a chronic T cell-mediated inflammatory disease that affects the Received 24 August 2020
mucus membrane of the oral cavity. We previously proposed a potential role of intracellular ~ Revised 1 March 2021
bacteria detected within OLP lesions in the pathogenesis of OLP and isolated four Escherichia ~ Accepted 16 March 2021
coli strains from OLP tissues that were phylogenetically close to K-12 MG1655 strain. We  yevworbps
sequenced the genomes of the four OLP-isolated E. coli strains and generated 6.71 Gbp of Oral lichen planus;
lllumina MiSeq data (166-195x coverage per strain). The size of the assembled draft genomes Escherichia coli; whole
was 4.69 Mbp, with a GC content of 50.7%, in which 4360 to 4367 protein-coding sequences genome; comparative
per strain were annotated. We also identified 368 virulence factors and 53 antibiotic resis- genomics; virulence factor;
tance genes. Comparative genomics revealed that the OLP-isolated strains shared more  antibiotic resistance
pangenome orthologous groups with pathogenic strains than did the K-12 MG1655 strain,

a derivative of K-12 strain isolated from human feces. Although the OLP-isolated strains did

not have the major virulence factors (VFs) of the pathogenic strains, a number of VFs involved

in adherence/invasion, colonization, or systemic infection were identified. The genomic

characteristics of E. coli first isolated from the oral cavity would benefit future investigations

on the pathogenic potential of these bacteria.

Introduction intratissue bacterial communities of OLP lesions and
isolated four E. coli strains from OLP biopsies.
Furthermore, strong signals of E. coli were detected
in most OLP tissues [11]. Although E. coli colonizing
the human intestine is mostly commensal, there are
diverse pathogenic strains that cause enteric diseases,
urinary tract infections, and sepsis/meningitis [12].

It is currently unclear whether the E. coli strains
isolated from OLP tissues are oral commensals,
pathobionts, or pathogens because our attempts to
isolate E. coli from buccal swabs of healthy subjects
have failed, despite the presence of E. coli in the
buccal microbiota of the subjects [10,11].
Pathogenic E. coli strains usually acquire pathogeni-
city through horizontal gene transfer of virulence
factors encoded on transposons, plasmids, bacterio-
phages, or pathogenicity islands and through dele-
tions or point mutations of regulatory genes [12].
Therefore, the genetic information of newly isolated
E. coli strains will guide future investigations on the
potential pathogenic role of E. coli in OLP. Here, we
describe the genomic characteristics of four E. coli
strains isolated from OLP tissues through whole-
genome sequencing and comparative genomics to
suggest their potential in OLP etiology.

Oral lichen planus (OLP) is a chronic T cell-mediated
mucosal disease in which T cells activated by unknown
factor(s) infiltrate into the superficial lamina propria,
leading to liquefaction degeneration of the epithelial
basal layer [1,2]. Although the OLP occurs in 0.5-4% of
the global population and is incurable, the etiology and
pathogenesis of OLP are not well understood [1,2]. To
date, many research groups have suggested strong corre-
lations between the human microbiome and human dis-
ease through high-throughput sequencing technology
studies [3-5]. Although the oral microbiome is known
as the most stable human-associated microbiota, many
studies have reported that alterations in the oral micro-
biome may cause physiological changes, suggesting
potential roles of the microbiome in oral disease [6,7].
According to previous studies, OLP patients present
dysbiosis in their salivary and buccal mucosal micro-
biota compared to healthy controls [8-10]. We pre-
viously proposed the possibility that bacterial invasion
into the lamina propria and the presence of intracel-
lular bacteria detected in OLP tissues trigger T cell
activation and infiltration [9]. We recently reported
a significant enrichment of Escherichia coli in the
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Material and methods
Genomic DNA (gDNA) extraction

Stocks of the OLP-isolated E. coli strains were inocu-
lated into 50 mL of Luria-Bertani liquid culture
media in a 250 mL flask and incubated at 37°C on
a 200 rpm orbital shaker. For gDNA extraction,
50 mL of culture media with E. coli strains were
harvested, and their gDNA was isolated using
a commercial QIAamp DNA Mini Kit (Qiagen,
Hilden, Germany). Through amplification and
sequencing of the 16S rRNA gene, contamination of
the extracted gDNA by that of other genomes was
ruled out.

Whole-genome sequencing, assembly, and
annotation

Whole-genome sequencing and assembly were per-
formed at ChunLab, Inc. (Seoul, Korea). The concen-
tration and purity of the gDNA samples were
determined wusing a Qubit 2.0 fluorometer
(Invitrogen, Carlsbad, USA). To generate libraries,
400 ng of gDNA was fragmented into approximately
550 bp wusing a M220 Focused-ultrasonicator
(Covaris, Brighton, UK), and the fragmented DNA
was quantified using a DNA 7500 kit (Agilent, Palo
Alto, USA) and a Bioanalyzer 2100 instrument
(Agilent). Libraries were then constructed using
a TruSeq DNA Library LT kit (Illumina, San Diego,
USA) according to the manufacturer’s protocol.
Whole-genome sequencing was performed on an
[lumina MiSeq platform with 2 x 300 bp paired-
end reads in conjunction with an Illumina MiSeq
Reagent Kit v3 (600-cycle) (Illumina).

After trimming primer sequences and filtering the
low-quality reads, the obtained sequencing data were
assembled with SPAdes 3.9.1 [13]. Each assembled
genome was then tested for the presence of contam-
inating genomes by comparing different copies of 16S
rRNA in the genome using ContEst16S v1.0 [14], and
genome-based species were identified using the
TrueBac ID system (v1.92) [15]. Raw sequencing
reads obtained from the Illumina MiSeq are available
at the NCBI Sequence Read Archive under
SRR12284166-SRR12284169 (Table 1). The anno-
tated assemblies for 5.1, 7.1, 7.2, and 7.3 have been
deposited in GenBank via the NCBI submission por-
tal and can be accessed with the accession numbers
listed in Table 2.

Protein-coding sequences (CDSs) were predicted
using Prodigal v2.6.3 [16]. The predicted CDSs were
annotated by homology searches using USEARCH
v8.1.1861 [17] against the Swiss-Prot [18], KEGG [19],
and SEED [20] databases, after which they were assigned
to the Clusters of Orthologous Groups of proteins
(COQG) categories [21] based on their function, with
reference to orthologous groups (EggNOG 4.5) [22].
A total of 1293 Pathosystems Resource Integration
Center (PATRIC)-curated virulence factor (VF)
sequences [23] were downloaded as a FASTA file from
the PATRIC site (https://patricbrc.org/view/
SpecialtyGeneList/?and(eq(source, PATRIC_VF),eq(evi
dence,Literature)). Using these sequences as a reference
genome, we analyzed the genomes with the PATRIC
proteome comparison tool (https://docs.patricbrc.org/
user_guides/services/proteome_comparison_service.
html) with 70% minimum coverage, 30% minimum
identity, and le™ BLAST e-value to identify VFs.
Antimicrobial resistance genes within the genome
were determined using the Resistance Gene Identifier
(RGI) on the Comprehensive Antibiotic Resistance
Database (CARD) website (https://card.mcmaster.ca/
analyze/rgi) [24]. A total of 4326 proteins of the 7.3
strain were searched against human proteins with le™
BLAST e-value to identify human homologous proteins.

Comparative genomics

For comparative genomics, the genome sequences of
related E. coli strains were obtained from the
GenBank. For commensal strains, the K-12 MG1655
and Nissle 1917, a strain used as probiotics [25], were
selected. For pathogenic strains, the CFT073 that is
closely related to Nissle 1917 and uropathogenic
E. coli (UPEC) strain [26], another UPEC strain
JJ2434, an enterohemorrhagic E. coli (EHEC) strain
ATCC BAA-460 (Sakai), and an enteropathogenic
Shigella flexneri 2457 T were selected. Although
S. flexneri is considered a different entity from
E. coli in clinical disease, S. flexneri and E. coli geneti-
cally constitute the same species [27]. In a previously
reported phylogenetic tree, the OLP-isolated E. coli
strains were more closely related to S. flexneri 2457 T
than to E. coli Nissle 1917 [11].

After selection of genomes, comparative genomic
analyses were performed using ChunLab’s compara-
tive genomics tools (https://www.ezbiocloud.net/gen
ome/view_myCGData). Pangenome orthologous
groups (POGs) were determined by the reciprocal

Table 1. Sequencing and assembly statistics of the four oral lichen planus (OLP)-isolated Escherichia coli strains.

Strain No. of libraries No. of reads Library size (Gbp) Coverage No. of contigs N50 (bp) SRA accession
5.1 2 4837,727 1.92 195x 126 105,630 SRR12284169
7.1 2 4,366,233 1.57 168x 131 105,630 SRR12284168
7.2 2 4,229,137 1.52 166x 134 95,009 SRR12284167
73 2 4,640,289 1.70 172x 123 94,980 SRR12284166
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best hit (RBH) method [28] using UBLAST [17] with
an e-value threshold of 1e™® and an open reading
frame (ORF)-independent method [29] using nucleo-
tide sequences with cut-off values of 70% of mini-
mum gene coverage. Venn diagrams of the calculated
POGs were constructed using the jvenn tool [30].
A pairwise ortholog matrix (POM) table was gener-
ated by complete calculation of pairwise ortholog
detection within the dataset of select strains. The
existence of genomic islands (GIs), which provide
evidence of horizontal gene transfer, was confirmed
only if the genomic region contained five or more
consecutive CDSs in a contig, and the same pattern
was observed across the four OLP strains but not in
the K-12 MG1655 strain, as previously described [31].

Kanamycin resistance test

Kanamycin resistance of the four OLP-isolated and
two commensal strains was determined according
to the measurements of growth rates in the pre-
sence of kanamycin. Growth rates were measured
in Luria-Bertani broth at 37°C with or without
kanamycin using a Tecan Spark 10 M 96-well
plate reader (Tecan, Zurich, Switzerland). Each
well was inoculated with a 1000-fold dilution of
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overnight culture in triplicate per kanamycin con-
centration. The cultures were allowed to grow for
10 hours under shaking at 200 rpm, and the ODyq
was measured every 10 minutes. The calculations of
exponential growth rates were based on ODgg
values between 0.02 and 0.1 [32].

Results

General genomic features of the OLP-isolated
E. coli strains

As previously reported, E. coli 5.1 and 7.1-7.3
strains were isolated from the biopsy tissues
obtained from OLP patient 5 and 7, respectively.
The patient 5 was a 74-year-old male and had
reticular and erythematous lesions at two and one
areas, respectively. The patient 7 was a 60-year-old
female and had reticular, erythematous, and ulcera-
tive lesions at one, three, and one areas, respec-
tively. While the biopsy of the patient 5 presented
acanthosis and band-shaped infiltrate only in some
areas, that of the patient 7 showed atrophy and
heavy infiltrate in all areas, in addition to the
liquefaction degeneration of the epithelial basal
layer which was a common feature [11].

D: Cell cycle control, cell division, chromosome partitioning
M: Cell wall/membrane/envelope biogenesis

N: Cell motility

O: Post-translational modification, protein turnover, and
chaperones

T: Signal transduction mechanisms

U: Intracellular trafficking, secretion, and vesicular transport
V: Defense mechanisms

W: Extracellular structures

Y: Nuclear structure

Z: Cytoskeleton

DMNOTUVWYZABJKLCEFGHIPQRSX
Clusters of Orthologous Group (COG) functional categories

' A: RNA processing and modification

B: Chromatin structure and dynamics

J: Translation, ribosomal structure, and biogenesis
K: Transcription

L: Replication, recombination, and repair

C: Energy production and conversion

E: Amino acid transport and metabolism

F: Nucleotide transport and metabolism

G: Carbohydrate transport and metabolism

H: Coenzyme transport and metabolism

I: Lipid transport and metabolism

P: Inorganic ion transport and metabolism

Q: Secondary metabolites biosynthesis, transport, and
catabolism

R: General function prediction only

S: Function unknown

X: Not matched to the database

Figure 1. Distribution of annotated genes in four oral lichen planus (OLP)-isolated Escherichia coli strains. (a) Distribution based
on the Clusters of Orthologous Groups of proteins (COG) functional categories, (b) A Venn diagram showing the distribution of
shared and unique pangenome orthologous groups (POGs) among the OLP-isolated strains.
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Figure 2. Venn diagrams of shared and unique pangenome orthologous groups (POGs).

We generated 6.71 Gbp of Illumina MiSeq short-
read data, which resulted in 166-195x coverage per
strain (Table 1). The short reads were assembled into
123-134 contigs, with an N50 of 95-106 Kbp per
strain. The size of genomes was 4.69 Mbp (with
a GC content of 50.7%), which was 0.05 Mbp larger
than that of the K-12 MG1655 and 0.09 Mbp larger
than that of a pathogen S. flexneri 2457 T; however, it
was smaller than that of another commensal strain
(Nissle 1917) and three selected pathogenic E. coli
strains (Table 2).

Genome annotation revealed 4360 to 4367 CDSs. The
numbers of CDSs were larger than that of MG1655 but

smaller than those of Nissle 1917 and four pathogenic
strains (Table 2.) The CDSs were assigned to 20 of the 26
COG categories, and the largest portion of CDSs
belonged to the S category with unknown function.
Although 5.1 and the other three strains were isolated
from two different OLP patients, the four strains shared
most of the CDSs. Only the M, K, and L categories
differed among these strains by just one or two CDSs
(Figure 1(a and b)). Each of the 5.1, 7.1, and 7.3 strains
had two unique CDSs, which encode four hypothetical
proteins, a putative prophage Qin DNA-packaging pro-
tein NU1-like protein in the 5.1 strain and a DNA-
directed RNA polymerase in the 7.1 strain.
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Figure 3. Kanamycin resistance test. Kanamycin resistance of the four OLP-isolated and two commensal strains was determined
by the measurements of growth rates in the presence of various concentrations of kanamycin.

Comparison with commensal strains

We previously reported that the OLP-isolated strains
were closely related to the K-12 MG1655 strain [11].
Gene content-based comparative genomic analysis
revealed nine GIs between the OLP-isolated strains
and the K-12 MGI1655 strain, suggesting multiple
horizontal gene transfer events (Supplementary
Table 1). Comparative genomic analysis of 7.3,
which contained the largest number of CDSs among
the OLP strains, and two commensal strains also
revealed that the 7.3 strain shared more POGs with
the K-12 MG1655 strain than with Nissle 1917 and
that 217 POGs were unique to the 7.3 strain (Figure 2
(a)). The 217 POGs included multiple genes that
encode machinery for conjugation found in GI4,
toxin-antitoxin systems for plasmid maintenance,
and phage-related proteins (Supplementary Table 2).

The 217 POGs may also include genes that confer
the ability to colonize the oral cavity. For example,
ECCB84_03920 encodes a protein 99% identical to
TraT, an outer membrane protein involved in surface
exclusion of conjugating E. coli [33]. TraT also con-
fers complement resistance [34], a competitive trait in
the oral cavity where functionally active complement
systems are present [35]. ECC84_04059 encodes
OmpT which is 70% identical to another copy of
OmpT encoded by ECC84_04087, which is shared
in two commensal strains. OmpT cleaves urinary
antimicrobial peptides and increases bacterial adhe-
sion/invasion of bladder epithelial cells, which are
also important in colonizing the oral mucosa [36,37].

Fimbriae determine the ability of E. coli to bind to
biotic/abiotic surfaces and thus to colonize specific
environments. A total of 13 fimbrial gene clusters
were found, which are identical to those present in
the K-12 MG1655 strain [38]. Among them, the
ydeQRST, yfcOPQRSTUYV, and gltF-yhcF clusters had
a deletion, stop codon, and insertional element,

respectively, as in the K-12 MGI1655 strain.
However, the ygiL-yqiGHI cluster contained no inser-
tional element as is found in the K-12 MG1655 strain,
thus it was expected to be functional.

Comparison with pathogenic strains and
virulence factors

To predict the pathogenic potential of the OLP-
isolated strains, the genomes of the 7.3, K-12
MG1655, and Nissle 1917 strains were compared
with that of each of the pathogenic strains. The 7.3
strain shared more POGs with all the pathogenic
strains than did the K-12 MG1655 strain. With
respect to the CFT073 and JJ2434 strains, however,
the Nissle 1917 strain shared more POGs than did
the 7.3 strain (Figure 2(b-e) and Supplementary
Tables 3-6). However, the major virulence factors
of the selected pathogenic strains, such as Shiga
toxin, type III secretion system, locus of enterocyte
effacement, mannose-resistant hemagglutinins, and
pap pili [39,40], were not found in the OLP-isolated
strains.

Using a tool and database provided by the
PATRIC, we further analyzed the genome of 7.3 for
the presence of VFs and identified 368 VFs
(Supplementary Table 7). Among them, only 10
were missing in the K-12 MG1655 strain, which
included the aforementioned TraT- and OmpT
homolog-encoding genes. Interestingly, five of the
10 VFs absent in the K-12 MG1655 strain are report-
edly involved in colonization of EPEC or UTEC.
ECCB84_01765 encodes an ABC transporter, 99%
identical to that encoded by yc¢jV; ECC84_03063
encodes an uncharacterized lipoprotein, 97% identi-
cal to YdeK; ECC84_04058 encodes a hypothetical
protein, and ECC84_04181 encodes a phage tail tip
assembly protein L, both of which are 76% identical



to those identified in the EHEC O157:H7 str.
EDL933. These four VFs have been shown to be
involved in colonization of the bovine intestinal
tract by EHEC strains [41,42]. ECC84_04284 encodes
a putative transferase, 99% identical to that identified
in the UPEC CFTO073 strain. This gene is required to
maintain the hypercolonization phenotype of the
dsdA-deleted CFT073 strain [43]. The remaining
three VFs absent in the K-12 MGI1655 strain are
reportedly  involved in  systemic infection.
ECC84_04204 encodes TraJ, which is 100% identical
to that identified in avian pathogenic E. coli (APEC).
The importance of TraJ in early systemic dissemina-
tion of infection from the mesenteric lymph nodes to
the liver, spleen, bloods, and central nervous system
has been shown in a neonatal rat model [44].
ECC84_04206 encodes an X polypeptide that is 76%
identical to a putative transglycosylase encoded by
the Salmonella enterica serovar Typhimurium gene
finP. This gene is required for long-term systemic
Salmonella infection in mice [45]. ECC84_04369
encodes a protein that is 79% identical to OmpD
identified in S. enterica and 100% identical to
OmpC of E. coli, as determined by Blast search.
OmpC-deleted APEC presents reduced virulence in
duck and mouse models accompanied with reduced
invasion into the brains, lungs, and bloods [46].

Antibiotic resistance

Disease-associated E. coli has a higher prevalence of anti-
biotic resistance than commensals [47]. A search against
the CARD revealed 53 antibiotic resistance genes, among
which 43 encode efflux pumps for multiple antibiotics,
including fluoroquinolones, aminocoumarin, penams,
cephamycins, carbapenems, rifamycins, tetracyclines, ami-
noglycosides, macrolides, and phenicols. Five genes encode
proteins that alter targets for peptide antibiotics or penams
and cephamycins. Five genes encode proteins that inacti-
vate penams, cephamycins, macrolides, or aminoglyco-
sides. Most of the antibiotic resistance genes were
ubiquitously present in the strains included in the current
study, but the APH(3)-IIa gene that inactivates aminogly-
cosides was present only in the OLP-isolated strains
(Supplementary Table 8).

To validate the annotation and comparative genomic
data, the four OLP-isolated and two commensal strains
were tested for resistance to kanamycin. While K-12
MG1655 and Nissle 1917 were sensitive to kanamycin,
the four OLP strains were resistant, which coincided
with the genotype of each strain (Figure 3).

Discussion

E. coli was identified as one of pathogenic species in
the oral microbiome (buccal mucosa, supragingival
plaque, and tongue dorsum) of healthy subjects in the
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Human Microbiome Project through metagenomics
shot-gun sequencing [48]. However, the presence of
E. coli in the oral cavity had been questioned by many
researchers. Interestingly, the relative abundance of
E. coli in buccal mucosal microbiota is reduced in
OLP lesions compared with healthy subjects but sub-
stantially enriched within the tissues compared with
the surface of OLP lesions [10,11]. Here, we report
the genomic characteristics of four E. coli strains
isolated from OLP tissues.

In contrast to human intestinal commensal and
pathogenic isolates that are distributed among diverse
phylogenetic groups [47,49,50], all four strains iso-
lated from two OLP patients belonged to the
A phylogenetic group. Furthermore, the inter-strain
differences in gene contents were all less than 10
regardless of the patient source. Thus, E. coli detected
in other OLP biopsies by in situ hybridization must
be genetically similar to those presented here.
However, the OLP-isolated strains were clearly dif-
ferent from the K-12 MG1655 strain isolated from
human feces, as evidenced by nine GIs and unique
POGs in each strain. The POGs present in the OLP-
isolated strains but not in MG1655 included multiple
genes encoding machinery for conjugation and plas-
mid maintenance. This coincides with the fact that
MG1655 is derived from K-12 W1485 strain by cur-
ing the F plasmid [51]. The F pilus forms not only the
mating channels but also the presumptively static
structures without the channel, the latter of which
promotes nonspecific aggregation [52]. Indeed, in
contrast to the MG1655 strain, all the OLP-isolated
strains severely aggregated during liquid culture (data
not shown). Since the genomes reported in the cur-
rent study are draft assemblies, further investigation
is required to confirm the presence of plasmid(s) in
the OLP-isolated strains.

Although there are some exceptions such as Nissle
1917, pathogenic E. coli usually have a larger genome
size with more genes than commensals [53]. The gen-
ome sizes of the OLP-isolated strains were smaller than
most sequenced pathogenic strains [39]. The OLP-
isolated strains shared more POGs with the selected
pathogenic strains than did the K-12 MG1655 strain
but lacked the major VFs of the pathogenic strains.
Pathogenic E. coli strains are not the members of
commensals colonizing the disease sites. For example,
pathogenic strains causing enteric diseases are obtained
via foodborne transmission, and UPEC strains causing
urinary tract infection are derived from the gut [54].
We previously reported detection of E. coli in the
epithelium, but not in the lamina propria, of control
tissues with a histologically normal appearance, sug-
gesting the importance of the invasion of E. coli beyond
the barrier tissue in OLP development [I11].
Furthermore, E. coli was detected in the buccal mucosal
microbiota of healthy individuals, and all other species
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detected in the intratissue bacterial communities of
OLP lesions belonged to human oral microbiome
[10,11,48]. Based on these findings, we propose that
the OLP-isolated strains are the member of oral micro-
biome and pathobionts rather than overt pathogens.

Although there is a possibility that E. coli coloniz-
ing the oral mucosa of healthy subjects are genetically
different from the OLP-isolated strains, the OLP
strains are more likely to be commensals but increase
virulence in the altered environment of OLP patients.
Isolation of E. coli strains from the oral mucosa of
healthy individuals will clarify this issue. Despite the
presence of lacZ, lacY, and lacA genes, the OLP-
isolated strains did not form purple-black colonies
on a selective and differential medium, such as
eosin methylene blue agar. Because E. coli was sub-
stantially enriched within the OLP tissues (up to
60%), it was possible to isolate E. coli without colour
differentiation. In the buccal swabs of healthy sub-
jects where E. coli accounts for 0.03-7% of total
bacteria, however, other Gram-negative species such
as Haemophilus spp., Neisseria spp., and Lautropia
mirabilis, but not E. coli, have been isolated from
cultures on the eosin methylene blue agar.

It is well known that commensal strains have
pathogenic potential. Actually, 358 out of 368 VFs
identified in the OLP-isolated strains were shared in
the genome of the K-12 MG1655 strain. Interestingly,
six of the 10 VFs absent in the K-12 MG1655 strain
are involved in bacterial adhesion/invasion and colo-
nization, while the other four VFs are involved in
complement resistance and systemic dissemination
of infection. Together with the fimbriae, these VFs
may contribute to invasion of E. coli into tissues,
leading to T cell recruitment and OLP development.
However, all these potential roles of E. coli and its
VFs in the pathogenesis of OLP should be experi-
mentally confirmed in future studies.

OLP has been regarded as a chronic inflammatory
disease with autoimmune features. Although the presence
of serum autoantibodies against desmoglein IIT or anti-
nuclear antibodies has been reported in some OLP patients
[55], no autoantigens targeted by the infiltrated T cells
have been identified. Microbial infection can promote
autoimmunity via molecular mimicry or bystander activa-
tion of self-reactive T cells [56]. We previously reported
the existence of bacterial orthologs for autoantigens in
human-associated bacteria [57]. Through homology
searches, 962 proteins encoded by the E. coli 7.3 genome
were found to have homologous human proteins
(Supplementary Table 9). For example, E. coli Fe-S cluster
assembly scaffold IscU had 77% identity and 89% similar-
ity with the human mitochondrial iron-sulfur cluster
assembly enzyme ISCU chain D, and an E. coli acyltrans-
ferase had 21% identity and 41% similarity with the
human 1-acyl-sn-glycerol-3-phosphate acyltransferase epsi-
lon (Supplementary Figure 1). Because only one or two

anchor residues are critically involved in the binding of
peptide antigens to MHC molecules, the T cells specific to
E. coli acyltransferase may be able to cross-react with
human acyltransferase. When host cells are infected with
microbes, antigens presented by the MHC molecules are
rapidly changed from self- to microbial peptides.
Therefore, the epithelial cells infected with bacteria in the
OLP lesions are unlikely to present self-antigens. However,
the cross-reactivity of bacteria-specific T cells with self-
antigens would allow the T cells to target not only the
infected but also non-infected epithelial cells. Carrying
human homologs is universal to all bacteria. Notably, the
OLP-isolated E. coli strains have almost twice as many
CDSs as those of most oral bacterial species, which have
approximately 2000-2500 CDSs, thus, are expected to have
increased numbers of human homologs.

The genomic characteristics of the OLP-isolated
E. coli strains would benefit future investigations to
clarify their potential role in OLP etiology.
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