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Abstract

The gut microbiota has recently been recognized to play a role in the pathogenesis of auto-

immune liver disease (AILD), mainly primary biliary cholangitis (PBC) and autoimmune hep-

atitis (AIH). This study aimed to analyze and compare the composition of the oral microbiota

of 56 patients with AILD and 15 healthy controls (HCs) and to evaluate its association with

salivary immunological biomarkers and gut microbiota. The subjects included 39 patients

with PBC and 17 patients with AIH diagnosed at our hospital. The control population com-

prised 15 matched HCs. Salivary and fecal samples were collected for analysis of the micro-

biome by terminal restriction fragment length polymorphism of 16S rDNA. Correlations

between immunological biomarkers measured by Bio-Plex assay (Bio-Rad) and the oral

microbiomes of patients with PBC and AIH were assessed. Patients with AIH showed a

significant increase in Veillonella with a concurrent decrease in Streptococcus in the oral

microbiota compared with the HCs. Patients with PBC showed significant increases in

Eubacterium and Veillonella and a significant decrease in Fusobacterium in the oral micro-

biota compared with the HCs. Immunological biomarker analysis showed elevated levels of

inflammatory cytokines (IL-1β, IFN-γ, TNF-α, IL-8) and immunoglobulin A in the saliva of

patients with AILD. The relative abundance of Veillonella was positively correlated with the

levels of IL-1β, IL-8 and immunoglobulin A in saliva and the relative abundance of Lactoba-

cillales in feces. Dysbiosis of the oral microbiota is associated with inflammatory responses

and reflects changes in the gut microbiota of patients with AILD. Dysbiosis may play an

important role in the pathogenesis of AILD.

Introduction

Primary biliary cholangitis (PBC) and autoimmune hepatitis (AIH) are classically viewed as

distinct autoimmune liver diseases (AILDs). PBC is a progressive AILD characterized by portal

inflammation, immune-mediated destruction of the intrahepatic bile ducts, and the presence

of highly specific anti-mitochondrial antibodies in serum [1,2]. AIH manifests as chronic liver
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inflammation of an unknown cause. It generally affects young to middle-aged females and is

associated with the presence of autoantibodies and hypergammaglobulinemia [3]. AILD is

thought to be triggered by environmental factors in genetically susceptible individuals.

Genome-wide association and murine model studies have expanded our knowledge of AILD;

however, the pathogenesis of the disease remains obscure.

The oral cavity is a large reservoir of bacteria of more than 700 species or phylotypes and is

profoundly relevant to host health and disease [4–6]. The role of oral and gut microbiota in the

pathogenesis of immune-related diseases has been highlighted in autoimmune diseases, such

as autoimmune encephalomyelitis, rheumatoid arthritis, and inflammatory bowel disease [7–

13]. A previous report revealed that there was evidence of pervasive immune-microbiota inter-

face changes in the saliva of patients with cirrhosis similar to that found in stool [14]. Recently,

culture-independent techniques have revolutionized the knowledge of the gut and oral micro-

biota. These techniques are based on sequence divergences of the small subunit ribosomal

ribonucleic acid (16S rRNA) and can demonstrate the microbial diversity of the gut and oral

microbiota, providing qualitative as well as quantitative information on bacterial species and

changes in the gut and oral microbiota in health and disease.

It is increasingly recognized that the composition of the gut microbiota plays a critical role

in influencing the predisposition to PBC and AIH [15–20]. However, direct evaluation of the

oral microbiome has not been performed in AILD. This study aimed to analyze and compare

the composition of the salivary microbiota between patients with AILD and healthy controls

(HCs) and to evaluate its association with oral immunological biomarkers.

Materials and methods

Study population

This study included 39 patients with PBC and 17 with AIH who received a diagnosis at

Fukushima Medical University Hospital and Hanawa Kosei Hospital between 1996 and 2016, as

well as 15 HCs. As HCs, normal serum was collected from staff members and their families in our

department. The diagnosis of AIH was based on the revised and simplified International Autoim-

mune Hepatitis Group (IAIHG) scoring system [21–23]. Patients with other causes of chronic

liver disease, particularly alcohol abuse, chronic hepatitis B, or hepatitis C, were excluded from the

AILD patient group. Patients were diagnosed as having PBC features if they met at least two of the

following three criteria: 1) chronic elevation of cholestatic liver enzymes alkaline phosphatase

(ALP) and gamma-glutamyl transpeptidase (γGTP) for at least six months; 2) presence of serum

anti-mitochondrial antibody (AMA) detected by either indirect immunofluorescence or ELISA

using commercially available kits; and 3) typical histological findings from biopsied liver speci-

mens [24]. Twenty-nine patients with PBC had liver biopsies.

The data used for analysis included patient background parameters (age, sex, observation

period, body mass index (BMI)), clinical parameters at sample collection (aspartate amino-

transferase (AST), alanine transaminase (ALT), ALP, γGTP, total bilirubin (TB), IgG, IgM,

anti-nuclear antibodies [ANA], AMA, fibrosis (FIB)-4 index), histological parameters at pre-

sentation (Scheuer stage for PBC, Fibrosis for AIH) and therapeutic methods. The histological

findings of PBC were graded according to the Scheuer staging system [25]. The fibrosis stage

of AIH was evaluated according to the METAVIR scoring system [26] and graded as follows:

F0, no fibrosis; F1, stellate enlargement of portal tracts without spectrum formation; F2,

enlargement of portal tracts with rare spectrum formation; F3, numerous septa without cirrho-

sis; and F4, cirrhosis. Nine patients with AIH (53%) and 11 patients with PBC (28%) were con-

comitantly using proton pump inhibitors (PPIs). Sjögren’s syndrome was associated with 2

cases of AIH and 1 case of PBC. The patients with AIH were classified as the normal liver
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function group (AST and ALT�33 U/L) and abnormal liver function group (AST or ALT

>33 U/L). The patients with PBC were classified as the normal liver function group (ALP

�359 U/L and γGTP�50 U/L) and abnormal liver function group (ALP >359 U/L or γGTP

>50 U/L). Exclusion criteria were as follows: (i) antibiotic use within the past 3 months; (ii)

otolaryngology consultation due to sinusitis, tonsillitis or tonsilloliths within the past 3

months; (iii) use of gargling solution on the day of screening; and (iv) periodontitis.

Sample collection and DNA extraction

All subjects underwent stool and saliva collection on the same day. Unstimulated saliva sam-

ples collected from subjects were immediately stored at -20˚C until use. The saliva samples

were homogenized with zirconia beads in a 2.0-mL screw cap tube by FastPrep 24 Instrument

(MP Biomedicals, Santa Ana, CA) at 5 m/s for 90 sec. DNAs were extracted from 100 μL of the

saliva and purified with the MORA-EXTRACT DNA extraction kit (Kyokuto Pharmaceuticals,

Tokyo, Japan) in accordance with the manufacturer’s instructions. The DNAs were eluted

with 100 μL of TE (10 mM Tris-HCl, 1 mM EDTA, pH 8.0).

Fecal samples were immediately suspended in a solution containing 100 mM Tris-HCl (pH

9.0), 40 mM Tris-EDTA (pH 8.0), 4 M guanidine thiocyanate, and 0.001% bromothymol blue.

An aliquot of 1.2 mL of the suspension was homogenized with zirconia beads in a 2.0-ml

screw cap tube by FastPrep 24 Instrument (MP Biomedicals) at 5 m/s for 2 min and placed on

ice for 1 min. After centrifugation at 5000 × g for 1 min, DNA was extracted from 200 μL of

the suspension using an automatic nucleic acid extractor (Precision System Science, Chiba,

Japan). MagDEA DNA 200 (GC) (Precision System Science) was used as the reagent for auto-

matic nucleic acid extraction [27, 28].

Terminal restriction fragment length polymorphism (T-RFLP)

T-RFLP analyses were performed by TechnoSuruga Laboratory (Shizuoka, Japan). T-RFLP

analyses for salivary samples were performed as previously described [29]. The primers used

for the PCR amplification of 16S rRNA gene sequences were 27F (5’-AGAGTTTGATCCT
GGCTCAG-3’) and 1492R (5’-GGTTACCTTGTTACGA-CTT-3’).Primer 27F was

labeled at the 5’ end with 6- carboxyfluorescein (6-FAM), which was synthesized by Thermo

Fisher Scientific. For the 16S rDNA amplified from human saliva-extracted DNA, HotStarTaq

DNA Polymerase (QIAGEN, Hilden, Germany) by Thermal Cycler Dice (Takara, Shiga,

Japan) was used. The amplification program was as follows: preheating at 94˚C for 15 min, 30

cycles of denaturation at 94˚C for 30 s, annealing at 50˚C for 30 s, extension at 72˚C for 2 min,

and finally, a terminal extension at 72˚C for 10 min. Amplified DNA was verified by the elec-

trophoresis of PCR mixture aliquots (2 μL) in 1.0% agarose in TAE buffer. The amplified DNA

was purified by a MultiScreen PCR 96 Filter Plate (Millipore, Billerica, MA).

The purified PCR product (3 μL) was digested with 10 U of Fast Digest MspI (Thermo

Fisher Scientific) in a total volume of 15 μL at 37˚C for 10 min. The restriction digestion prod-

ucts (0.5 μL) were mixed with 10 μL of deionized formamide and 0.5 μL of DNA fragment

length standard. The standard size marker was MapMarker X-Rhodamine Labeled 50–1000 bp

(BioVentures, Murfreesboro, TN). The samples were denatured at 95˚C for 2 min and then

placed immediately on ice. The length of T-RF was determined on an ABI PRISM 3130xl

Genetic Analyzer (Thermo Fisher Scientific), and the length and peak area were determined

using the genotype software GeneMapper (Thermo Fisher Scientific). Fragment sizes were

estimated using the Local Southern method in GeneMapper software (Thermo Fisher Scien-

tific). T-RFs with a peak height of less than 50 fluorescence units were excluded from the anal-

ysis. Fragments were resolved to one base pair by manual alignment of the size standard peaks

Dysbiosis of oral microbiota and its association with salivary immunological biomarkers in AILD

PLOS ONE | https://doi.org/10.1371/journal.pone.0198757 July 3, 2018 3 / 19

https://doi.org/10.1371/journal.pone.0198757


from different electropherograms. Predicted T-RFLP patterns of the 16S rDNAs of known bac-

terial species were obtained using the sequence [29].

T-RFLP analyses for fecal samples were performed as previously described [30, 31]. The

16S rRNA sequences were amplified from human fecal DNA by using a fluorescently labeled

516F primer (5’-TGCCAGCAGCCGCGGTA-3’;E. coli positions 516–532)
and 1510R primer (5’-GGTTACCTTGTTACGACTT-3’; E. coli positions
1510–1492).The 5’-ends of the forward primers were labeled with 6 -carboxyfluorescein

(6-FAM), which was synthesized by Thermo Fisher Scientific. The PCR amplifications of

DNA samples (10 ng of each DNA) were performed according to a protocol described by

Nagashima et al. The purified PCR products (2 μL) were digested with 10 U of Fast Digest BslI
(Thermo Fisher Scientific) at 37˚C for 10 min. The length of the T-RF fragment was deter-

mined with an ABI PRISM 3130xl Genetic Analyzer (Thermo Fisher Scientific). The standard

size marker was MapMarker X-Rhodamine Labeled 50–1000 bp (BioVentures). The T-RFs

were divided into 29 operational taxonomic units (OTUs). The OTUs were quantified as the

percentage of individual OTU per total OTU areas, which were expressed as the percentage of

the area under the curve (% AUC). The bacteria were predicted for each classification unit,

and the corresponding OTU was identified according to reference Human Fecal Microbiota

T-RFLP profiling (https://www.tecsrg.co.jp/t-rflp/t_rflp_hito_OTU.html).

Immunoassays

Concentrations of 17 (IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12p70, IL-13, IL-17,

TNF-α, MCP-1, MIP-1β, IFN-γ, G-CSF, GM-CSF) cytokines in serum and saliva were ana-

lyzed using a Luminex Bio-Plex 200 system (Bio-Rad, Hercules, CA, USA) according to the

manufacturer’s protocol. IgA levels were measured using an ELISA kit (Yanaihara, Shizuoka,

Japan). Salivary lysozyme levels were measured using an ELISA kit (CUSABIO, Hubei, China).

Statistical analysis

The results are expressed as the mean ± SD. The Mann-Whitney U-test was used to compare

the bacterial abundance or cytokine levels between the HC and AILD groups. Correlations

between the bacterial abundance and immunological markers in saliva or the bacterial abun-

dance in feces were assessed using Spearman’s rank correlation coefficient. The difference in

the ratio of bacterial groups was examined by the χ2 test. Shannon diversity indices were used

to compare the diversity of the T-RFLP profiles between HC and AILD groups. The T-RFLP

profiles were clustered by hierarchical cluster analysis and analyzed by principal component

analysis (PCA). Univariate and multivariate logistic regression analyses were used to assess

microbiomes associated with AILD patients. All statistical analyses were performed using

Prism 6.0 software (GraphPad Software, Inc.) and JMP pro 13.1 (SAS Institute Inc., Cary, NC,

U.S.A.). P<0.05 was considered significant.

Ethics statement

The study was approved by the ethics committee of Fukushima Medical University School of

Medicine. Written informed consent was obtained from all subjects.

Results

Clinical characteristics of HCs and patients with PBC or AIH

Table 1 shows the characteristics of the matched HCs and the patients with PBC or AIH.

Patients with PBC (mean age, 63 years; male:female ratio, 5:34) had an ALT level of 27 ± 16 U/
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L, an ALP level of 321 ± 111 U/L, and a γGTP level of 59 ± 44 U/l. In all, 26 patients were

treated with ursodeoxycholic acid (UDCA), and 11 were treated with UDCA and bezafibrate.

Patients with AIH (mean age, 60 years; male:female ratio, 2:15) had an ALT level of 19 ± 10 U/

L and an IgG level of 1473 ± 821 mg/dl; 11 patients were treated with prednisolone, and 4 were

treated with prednisolone and azathioprine. No significant differences were found between the

PBC and AIH groups with respect to age, sex or BMI.

Analysis of the salivary microbiota of the PBC, AIH and HC groups based

on the T-RFLP profiles

Fig 1A shows the relative abundance of the bacterial composition at the phylum level in each

sample from subjects in the AIH, PBC and HC groups. The most dominant phylum was

Firmicutes in the AIH, PBC and HC groups. Indeed, the average relative abundance of phyla

Firmicutes in the AIH, PBC and HC groups was 25.1%, 29.8% and 27.8%, respectively. No sig-

nificant difference at the phylum level in Firmicutes, Bacteroidetes and Proteobacteria were

observed among the groups. Analysis at the phylum level showed that the relative abundance

of Fusobacteria was significantly lower in both the AIH and PBC groups than in the HC group

(P<0.05).

T-RFLP analysis of the salivary microbiota in all 71 subjects revealed 78 peaks by digestion

withMspI. The relative amounts of several T-RFs in the AIH and PBC groups were significantly

different from those in the HC group. When T-RFs were digested byMspI, there was a signifi-

cantly higher frequency of genus Veillonella (OTU301) and genus Eubacterium (OTU166) and

a lower frequency of genus Fusobacterium (OTU283) in the PBC group than in the HC group

(Fig 1B). Moreover, there was a significantly higher frequency of genus Veillonella and a lower

Table 1. Clinical characteristics of HCs and patients with PBC or AIH.

PBC AIH HC

n = 39 n = 17 n = 15

Age, years (mean±sd) 63 ± 12 60 ± 11 58 ± 10

Gender, female (%) 34 (87.2%) 15 (88.2%) 13 (86.7%)

BMI, kg/m2 (mean±sd) 23.1 ± 2.8 22.7 ± 3.5 23.2±1.6

AST, U/L, (mean±sd) 32 ± 14 23 ± 6 19 ± 4

ALT, U/L, (mean±sd) 27 ± 17 19 ± 11 16 ± 4

ALP, U/L, (mean±sd) 321 ± 112 200 ± 60 NA

γGTP U/L, (mean±sd) 59 ± 44 20 ± 8 20 ± 8

TB, mg/dL, (mean±sd) 0.8 ± 0.3 0.9 ± 0.3 NA

IgM, mg/dL, (mean±sd) 226 ± 144 NA NA

IgG, mg/dL, (mean±sd) 1519 ± 260 1535 ± 855 NA

ANA, ±, n (+%) 28/11 (71.8%) 16/1 (94.1%) NA

AMA, ±, n (+%) 36/3 (92.3%) 3/14 (17.6%) NA

FIB-4, (mean±sd) 2.0 ± 1.1 2.2 ± 1.4 NA

Scheuer 1/2/3/4 /Fibrosis 0/1/2/3/4 22/3/2/2 1/10/1/4/1 NA

UDCA, ±, n (+%) 37/2 (94.9%) 14/3 (82.4%) NA

BF, ±, n (+%) 11/28 (28.2%) NA NA

PSL, ±, n (+%) 1/38 (2.6%) 15/2 (88.2%) NA

Duration of disease, years (mean±sd) 7.5 ± 5.0 9.4 ± 8.6 NA

BMI, body mass index; ANA, anti-nuclear antibody; AMA, anti-mitochondrial antibody; FIB-4, fibrosis 4; UDCA,

ursodeoxycholic acid; BF, bezafibrate; PSL, prednisolone; NA, not available

https://doi.org/10.1371/journal.pone.0198757.t001
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frequency of genus Streptococcus (OUT556, 563) and genus Fusobacterium in the AIH group

than in the HC group. The oral microbiota of PPI users was not significantly different from that

of non-PPI users among patients with AIH or PBC (S1 Fig). Fig 1C shows the cluster analysis

based on the T-RFLP profiles of the salivary microbiota. The microbiota was classified into two

groups: 32 subjects in Cluster I and 39 subjects in Cluster II. The majority of subjects in the

AILD group (34/56, 60.7%) had a microbiota in Cluster II, while the majority of those in the

HC group (10/15, 66.7%) had a microbiota in Cluster I (P<0.05, χ2 test).

Cytokine levels in the saliva of HCs and patients with PBC or AIH

Given these changes in the salivary microbiota, we subsequently enrolled patients with AIH or

PBC and age-matched HCs to study the inflammatory milieu in the saliva (Fig 2). None of the

HCs were on PPIs or had diabetes or other chronic diseases. We found a significantly higher

inflammatory response in AILD patients than in HCs, as shown by significantly higher IL-1β,

Fig 1. Analysis of the oral microbiota of the PBC, AIH and HC groups based on the T-RFLP profiles. (a) Bacterial composition at the phylum level. The relative

abundance of the bacterial composition at the phylum level in each sample from the subjects in the AIH, PBC and HC groups is shown on a bar chart. The ID of each

subject is tagged to the left of the bar. AIH, autoimmune hepatitis; PBC, primary biliary cholangitis; HC, healthy control. (b) Mean genus abundance in the PBC, AIH

and HC groups. Plotted values are the mean abundance of the 8 abundant genera in each group. The results are expressed as the mean ± SD. Differences were compared

using the Mann-Whitney U-test; �P<0.05, ��P<0.01, ���P<0.0005. (c) Cluster analysis of the bacterial compositions in the saliva samples. The samples from 71 subjects

and 8 dominant genera are represented on a double-hierarchical clustering heat map. The blue and red squares represent lower and higher abundances, respectively.

The clusters at the bottom indicate similarities among the individual (IDs on the top side) profiles at the genus level. The bacterial compositions are classified into two

clusters, Cluster I (n = 32) and Cluster II (n = 39). The clusters on the left side indicate the genera showing similarity in the frequency of identification among samples.

https://doi.org/10.1371/journal.pone.0198757.g001
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Fig 2. Cytokine levels in the saliva of HCs and patients with PBC or AIH. The salivary levels of IL-1β (a), IL-8 (b), MIP-1β (c), IgA (d), TNF-α (e), and IFN-γ (f). The

results are expressed as the mean ± SD. Differences were compared using the Mann-Whitney U-test; �P<0.05, ��P<0.01, ���P<0.005.

https://doi.org/10.1371/journal.pone.0198757.g002
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IL-8 TNF-α, IFN-γ, MIP-1β and secretory IgA levels. No differences were observed in oral

inflammatory markers between patients with/without PPI use (S1 Fig). In most samples, IL-2,

IL-5, IL-10, IL-13, and GM-CSF were undetectable. There were no differences in the level of

IL-4, IL-6, IL-7, IL-12p70, IL-17, G-CSF, MCP-1, or lysozyme between AILD patients and

HCs (S1 Table).

Correlation between the relative abundance of predominant genera and the

level of immunological biomarkers in the saliva of AILD patients

We searched for correlations between the relative abundance of dominant bacterial genera

and the measured biomarkers in the saliva of 56 patients with AILD. The results are shown in

Table 2. The relative abundance of Streptococcus negatively correlated with the levels of IL-1β,

IL-4, IL-6, IL-7, IL-8, IL-12p70, IL-17, G-CSF, IFN-γ and TNF-α, while the relative abundance

of Veillonella and Prevotella/Porphyromonas (OTU93) positively correlated with the IgA level

in the saliva of patients with PBC. Moreover, the relative abundance of Neisseria and Eubacte-
rium/Filifactor (OTU490) positively correlated with the salivary cytokine levels of patients with

PBC. On the other hand, the abundance of Veillonella positively correlated with the salivary

levels of IL-1β, IL-6, IL-8, IL-12p70 and IgA of patients with AIH. Moreover, the relative abun-

dance of Eubacterium/Parvimonas (OTU296) and Eubacterium/Filifactor positively correlated

with the salivary cytokine levels of patients with AIH.

Correlation between the oral and gut microbiota in AILD patients

Fig 3 shows the relative abundance of the bacterial composition at the genus or order level in

fecal samples from subjects in the AIH, PBC and HC groups based on the T-RFLP profiles.

The changes in the gut microbiota composition in AILD were characterized by an increase in

the order Lactobacillales and by a decrease in the genus Clostridium subcluster XIVa. We next

examined for correlations between the relative abundance of bacterial composition in salivary

samples and that in fecal samples form patients with AILD. The results are shown in Table 3.

The relative abundance of Lactobacillales in feces positively correlated with the relative abun-

dance of Veillonella in saliva from patients with AIH, whereas the relative abundance of Bifido-
bacterium in feces negatively correlated with the relative abundance of Veillonella in saliva

from patients with PBC. Moreover, the relative abundance of Clostridium subcluster XIVa in

feces positively correlated with the relative abundance of Neisseria and negatively correlated

with the relative abundance of Eubacterium in saliva from patients with AIH. By contrast, the

abundance of Streptococcus in saliva positively correlated with the abundance of Clostridium
cluster XVIII and negatively correlated with the relative abundance of Bifidobacterium in feces

from patients with AIH.

Associations between clinical variables and the oral microbiota

We investigated the effects of subphenotypes on the oral microbiota in AILD patients (S2 Fig).

We examined whether sex bias in AILD patients was associated with the oral microbiome. The

relative abundance of the bacterial composition at the genus level in salivary samples was not

significantly related to sex in this study (S2A and S2B Fig). The patients were divided into

advanced and non-advanced stages based on the Scheuer system and fibrosis. There was no

significant difference between the two stages in the relative abundance of associated PBC and

AIH taxa (S2C and S2D Fig). There was a significantly higher frequency of genus Neisseria
(OTU496) in salivary samples obtained from AIH patients with abnormal liver function than

in those obtained from AIH patients with normal liver function, whereas there was a signifi-

cantly lower frequency of genus Neisseria in PSL-using AIH patients than in non-PSL-using

Dysbiosis of oral microbiota and its association with salivary immunological biomarkers in AILD
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AIH patients. Moreover, there was a significantly higher frequency of genus Streptococcus
(OUT556, 563) in UDCA 600–900 (mg/day) users than in UDCA 0–300 (mg/day) users

among AIH patients. There was no significant difference between PBC patients who were

treated with or without medications such as UDCA and bezafibrate (S2E–S2J Fig).

Moreover, we next investigated the effects of subphenotypes on the gut microbiota in AILD

patients (S3 Fig). There was a significantly lower frequency of the genus Clostridium cluster
IX in fecal samples obtained from female patients than in fecal samples obtained from male

Fig 3. Mean genus or order abundance of gut microbiota in the PBC, AIH and HC groups. The plotted values are the mean abundance of the 8 abundant

genera and 1 abundant order in each group. The results are expressed as the mean ± SD. Differences were compared using the Mann-Whitney U-test; �P<0.05,
��P<0.01, ���P<0.0005.

https://doi.org/10.1371/journal.pone.0198757.g003
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PBC patients (S3A Fig). Moreover, there was a significantly lower frequency of the genera Clos-
tridium cluster IV and Clostridium subcluster XIVa in fecal samples obtained from PBC patients

with abnormal liver function than in samples obtained from PBC patients with normal liver

function (S3E Fig). There were no significant differences in the relative abundance of bacterial

composition with respect to sex, disease stage, UDCA and PSL use among AIH patients.

Table 3. Correlation between oral microbiota and gut microbiota in AILD patients.

PBC group Bacteroides Bifidobacterium Lactobacillales Prevotella Clostridium
cluster IV

Clostridium
subcluster XIVa

Clostridium
cluster IX

Clostridium
cluster XI

Clostridium
cluster XVIII

Streptococcus r -0.2562 -0.06162 0.07458 0.2159 0.03826 -0.009416 0.1714 0.01261 0.05467

p 0.0577 0.3547 0.3259 0.0934 0.4086 0.4773 0.1484 0.4696 0.3705

Porphyromonas,Prevotella r 0.2184 0.05726 -0.0307 -0.1827 -0.01245 0.04303 -0.1205 -0.03221 -0.08703

p 0.1817 0.7292 0.8528 0.2656 0.94 0.7948 0.4648 0.8457 0.5983

Neisseria r 0.2775 -0.1193 -0.1861 0.08657 -0.03766 0.07907 -0.1543 0.01428 -0.08077

p 0.0872 0.4695 0.2566 0.6002 0.82 0.6323 0.3482 0.9312 0.625

Veillonella r 0.0327 -0.3697 0.2091 -0.04718 0.171 0.08413 0.05185 0.002919 -0.1108

p 0.4217 0.0103� 0.1007 0.3878 0.149 0.3053 0.377 0.493 0.251

Eubacterium r 0.2161 0.2295 0.1224 -0.198 -0.1488 -0.04667 0.1495 -0.1337 -0.2556

p 0.1863 0.1598 0.4579 0.2269 0.366 0.7778 0.3638 0.417 0.1164

Fusobacterium r -0.07157 0.1242 -0.2783 -0.06005 0.2005 0.2557 0.1559 0.2495 0.132

p 0.665 0.4514 0.0862 0.7165 0.2209 0.1161 0.3431 0.1256 0.423

Eubacterium,Parvimonas r 0.1522 0.05446 0.04538 -0.1733 -0.141 0.03482 -0.04523 0.1619 -0.1403

p 0.3551 0.742 0.7838 0.2914 0.3919 0.8333 0.7845 0.3249 0.3943

Eubacterium,Filifactor r 0.0475 -0.0284 -0.2434 0.04796 0.1345 0.05774 0.09116 0.1054 0.03062

p 0.774 0.8638 0.1354 0.7718 0.4144 0.727 0.581 0.5231 0.8532

AIH group Bacteroides Bifidobacterium Lactobacillales Prevotella Clostridium
cluster IV

Clostridium
subcluster XIVa

Clostridium
cluster IX

Clostridium
cluster XI

Clostridium
cluster XVIII

Streptococcus r 0.1446 -0.5441 0.2868 NA -0.3372 -0.2108 0.1215 -0.03815 0.5108

p 0.5798 0.0239� 0.2644 NA 0.1856 0.4167 0.6423 0.8844 0.0361�

Porphyromonas,Prevotella r 0.1348 -0.2353 -0.07598 NA 0.2183 0.3309 -0.1387 0.3217 0.08143

p 0.606 0.3633 0.7719 NA 0.4 0.1945 0.5956 0.208 0.756

Neisseria r 0.1814 0.2304 -0.3701 NA 0.4513 0.5221 -0.06135 0.2314 -0.2751

p 0.486 0.3737 0.1437 NA 0.069 0.0316� 0.8151 0.3715 0.2851

Veillonella r -0.4706 -0.1593 0.777 NA -0.1018 -0.1716 -0.07117 0.4221 0.29

p 0.0566 0.5414 0.0002��� NA 0.6975 0.5103 0.7861 0.0914 0.2589

Eubacterium r 0.1544 0.2279 -0.2108 NA -0.2943 -0.5172 -0.2994 -0.09155 -0.05305

p 0.554 0.3789 0.4167 NA 0.2515 0.0335� 0.243 0.7268 0.8397

Fusobacterium r -0.407 -0.2308 0.2655 NA 0.0509 0.01241 -0.004969 0.1365 -0.1274

p 0.105 0.3728 0.303 NA 0.8462 0.9623 0.9849 0.6015 0.626

Eubacterium,Parvimonas r -0.406 -0.1698 0.02388 NA 0.3107 0.3397 -0.08901 0.424 -0.07882

p 0.1058 0.5146 0.9275 NA 0.2248 0.1822 0.7341 0.0898 0.7636

Eubacterium,Filifactor r -0.07962 -0.2574 0.6024 NA -0.1075 -0.146 0.182 -0.03993 0.09352

p 0.7613 0.3185 0.0105� NA 0.6812 0.5762 0.4844 0.8791 0.7211

Significant correlations after P-value adjustment are marked by

�P<0.05

��P<0.01

���P<0.0005. NA, not available.

https://doi.org/10.1371/journal.pone.0198757.t003
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Principal component analysis (PCA)

We created the distribution map based on the PCA to visualize the difference in T-RFLP pro-

files of oral microbiota between the AILD and HC groups and found that the first and second

principal components explained 43.9% of the variance (Fig 4A and 4B). Subjects of Cluster I

were localized in the left part of this map, and subjects of Cluster II were localized in the right

part (Fig 4A). The PCA showed a relatively weak clustering of the oral microbiota between the

AILD and HC groups (Fig 4B). The AILD-related genera included Veillonella, while Fusobac-
terium was more related to the HC samples. The Streptococcus, Eubacterium and Neisseria gen-

era were approximately between the AILD and HC groups. Fig 4C presents the PCA of the gut

microbiota in the AILD and HC groups. The two components explained 43.5% of the variance.

Gut microbiota showed more clustering in the AILD group than in the HC group. At the gen-

era level, we found no significant difference between the groups in regard to the Shannon

Diversity index of oral microbiota (Fig 4D, P = 0.594) and gut microbiota (Fig 4E, P = 0.1325).

Univariate and multivariate analyses of microbiota associated with AILD

patients

We investigated the association between microbial flora and AILD patients using univariate

and multivariate analyses (Table 4). Univariate analysis showed significant associations

between AILD patients and the increased relative abundance of Veillonella in oral microbiota,

the increased relative abundance of Lactobacillales and the decreased relative abundance of

Clostridium subcluster XIVa in gut microbiota. The subsequent multivariate analysis showed

that the genus Veillonella in oral microbiota (odds ratio [OR]: 1.49, 95% confidence interval

[CI]: 1.14–1.94, P = 0.003) was independently associated with AILD patients.

Fig 4. Principal component analysis (PCA) of the oral and gut microbiota among the 71 T-RFLP profiles. (a) The T-RFLP profiles were classified into two clusters

by hierarchical cluster analysis (orange circle: Cluster I, green circle: Cluster II). (b) Principal component analysis of the oral microbiota in the AILD (blue circle) and

HC groups (red circle). (c) Principal component analysis of the gut microbiota in the AILD (blue circle) and HC groups (red circle). (d) Index (Shannon, y-axis) of

genera diversity in oral microbiota, (e) Index (Shannon, y-axis) of genera diversity in gut microbiota.

https://doi.org/10.1371/journal.pone.0198757.g004
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Discussion

Until recently, there have been almost no studies exhaustively examining the oral microbiota

at the genus level in subjects with AILD.

In this study, we used T-RFLP analysis and found that the oral microbiota T-RFLP profile

of subjects with AILD was significantly different from that of HCs. Our data indicated a signif-

icant increase in the genus Veillonella in the salivary microbiota of AILD patients; its relative

abundance was almost equivalent to the reduced abundance of Streptococcus, which is most

abundant in healthy salivary microbiota. The genus Veillonella is an anaerobic gram-negative

coccus that is part of the normal flora of the human mouth and gastrointestinal tract [32]. The

main habitats of Veillonella are the tongue, buccal mucosa, and saliva [33]. The Veillonella
genus has recently been associated with primary sclerosing cholangitis and PBC [19, 34]. Veil-
lonella is associated with poor oral health, which causes many human oral infectious diseases,

such as periodontitis [35]. Veillonella produces a large amount of lipopolysaccharide to induce

cytokine secretion [36]. In this study, our data indicated that the abundance of Veillonella posi-

tively correlated with the levels of pro-inflammatory cytokines, such as IL-1β, IL-6, IL-8, and

IL-12p70 in the saliva of patients with AIH. These data suggest that the increase in Veillonella
is clearly related to abnormal physiologies in AILD patients. The subjects could be divided

into two groups based on cluster classification using the T-RFLP profiles of their saliva.

Approximately 61% of subjects with AILD were categorized into the Cluster II microbiota,

while approximately 67% of the HCs were categorized into the Cluster I microbiota. The char-

acteristics of Cluster II, comprising most subjects with AILD, included a lower frequency of

genera Streptococcus and Fusobacterium and a higher frequency of genus Veillonella. A previ-

ous study showed that the genus Veillonella was significantly higher in the salivary microbiota

Table 4. Univariate and multivariate analyses of microbiota associated with AILD patients.

AILD vs. HC Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Oral microbiota

Streptococcus 0.96 (0.92–1.01) 0.131

Porphyromonas,Prevotella 1.04 (0.97–1.12) 0.299

Neisseria 0.98 (0.92–1.05) 0.597

Veillonella 1.50 (1.17–1.93) 0.001 1.49 (1.14–1.94) 0.003

Eubacterium 1.65 (1.00–2.74) 0.052

Fusobacterium 0.71 (0.49–1.03) 0.074

Eubacterium,Parvimonas 0.64 (0.25–1.64) 0.351

Eubacterium,Filifactor 0.61 (0.34–1.09) 0.096

Gut microbiota

Bacteroides 0.98 (0.94–1.02) 0.344

Bifidobacterium 1.00 (0.94–1.06) 0.976

Lactobacillales 1.21 (1.02–1.43) 0.03 1.15 (0.92–1.43) 0.223

Prevotella 0.99 (0.94–1.04) 0.624

Clostridium cluster IV 1.02 (0.91–1.15) 0.741

Clostridium subcluster XIVa 0.92 (0.84–1.00) 0.044 0.92 (0.84–1.02) 0.102

Clostridium cluster IX 1.07 (0.93–1.23) 0.322

Clostridium cluster XI 1.00 (0.83–1.19) 0.983

Clostridium cluster XVIII 1.00 (0.71–1.40) 0.99

OR, odds ratio; CI, confidence interval

https://doi.org/10.1371/journal.pone.0198757.t004
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of inflammatory bowel disease (IBD) patients than in that of HCs, while the genus Streptococ-
cuswas significantly lower in the salivary microbiota of IBD patients than in that of HCs [12].

Moreover, the relative abundance of Streptococcus negatively correlated with the levels of IL-1β
and IL-8, while that of Veillonella tended to positively correlate with the levels of cytokines and

secretary IgA in the saliva of IBD patients. In this study, the relative abundance of Streptococcus
negatively correlated with the levels of cytokines, such as L-1β and IL-8, while the relative

abundance of Veillonella positively correlated with the salivary IgA level of patients with PBC.

Multivariate analysis showed that the increased relative abundance of Veillonella in oral micro-

biota was independently associated with AILD patients.

Recent studies have reported that PPIs affect both the gut and oral microbiota [37, 38].

After administration of PPIs for 4 weeks, alterations of the microbiota in the oral carriage

microbiome along with bacterial overgrowth (Streptococcus) and decreases in distinct bacterial

species (Neisseria, Veillonella) were observed in healthy volunteers. In this study, our estimates

revealed that the oral microbiota of PPI users was similar to that of non-PPI users among

patients with AILD.

Reduced salivation is a major clinical feature of most cases of Sjögren’s syndrome. Reduced

saliva may lead to changes in the salivary microbiota. A recent report indicated that the genera

Streptococcus and Veillonella were significantly higher in patients with Sjögren’s syndrome

than in controls [39]. In this study, Sjögren’s syndrome was associated with 1 case of PBC

(PBC36) and 2 cases of AIH (AIH4, AIH10). Indeed, the relative abundance of Veillonella was

high in AILD patients with Sjögren’s syndrome, but even after excluding those patients, the

relative abundance of Veillonella was significantly higher in AILD patients than in HCs (PBC,

8.4% vs 4.6%, p<0.0005, AIH, 9.8% vs 4.6%, p<0.001).

Saliva contains a variety of components such as cytokines, immunoglobulins, and antimi-

crobial proteins involved in host defense mechanisms for maintaining oral and systemic health

[40]. Alterations in the salivary microbiota of cirrhosis patients with hepatic encephalopathy

suggest the occurrence of an inflammatory immune response in the oral cavity of cirrhosis

patients as intestinal inflammation is associated with the gut microbiota of cirrhosis [14]. In

this study, the levels of many pro-inflammatory cytokines, such as IL-1β, IFN-γ, and secretory

IgA, were significantly higher in both AIH and PBC patients than in HCs. A previous study

reported that IL-6 and IFN-γ levels were significantly increased in the saliva of PBC patients.

Moreover, the IL-6 and IFN-γ levels in the saliva of PBC patients are positively associated with

those in the sera of those patients [41]. Similarly, elevated levels of salivary IL-1β, IL-6, and

secretory IgA in cirrhosis patients have also been reported [14]. However, it is unknown

whether the inflammatory state in the oral cavity of AILD patients is the cause or a conse-

quence of imbalances in the salivary microbiota and whether the oral cavity or the gut immune

response is more responsible for the observed dysbiosis of the oral microbiota. In this study,

the changes in gut microbiota composition in AILD were characterized by an increase in the

order Lactobacillales and by a decrease in the genus Clostridium subcluster XIVa. Previous

reports have revealed that Lactobacillus species were more prevalent and that Clostridia was

less frequent in the gut microbiota of patients with Behcet’s disease than in HCs [42]. Lactoba-
cillus species had relatively large effect sizes in Behcet’s disease microbiota, which is concor-

dant with the inductive effect of Lactobacillus on systemic inflammation. Animal studies using

germ-free mice reported that some bacterial species separately promoted arthritis by activating

Th17 cells [43, 44]. Indeed, oral intake of Lactobacillus rapidly induced arthritis in genetically

modified germ-free mice [43]. Clostridium species have been suggested to activate regulatory T

cells (Treg) and then modulate mucosal immune system through the production of short

chain fatty acids [45]. Lactobacillus are major lactate-producing and pH-regulating bacteria
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with the consumption of hexose sugars [46]. In contrast to the lactate production, several gen-

era of the order Clostridiales can utilize lactate and produce butyrate or propionate [47, 48].

Interestingly, our study suggested that while the relative abundance of Lactobacillales in

feces positively correlated with the relative abundance of Veillonella in saliva from patients

with AIH, the relative abundance of Bifidobacterium in feces negatively correlated with the rel-

ative abundance of Veillonella in saliva from patients with PBC. Moreover, the relative abun-

dance of Clostridium subcluster XIVa in feces positively correlated with the relative abundance

of Neisseria and negatively correlated with the relative abundance of Eubacterium in saliva

from patients with AIH. Dysbiosis of the oral microbiota reflects changes in the gut microbiota

in patients with AILD. Recent studies have shown that Clostridia clusters XIVa, IV derived

from human feces have the potential to induce Foxp3+ Tregs and are able to suppress inflam-

matory conditions such as colitis, experimental autoimmune encephalomyelitis, and multiple

sclerosis [49–51]. AIH is predominately associated with Th1 responses and the decreased func-

tion and number of Tregs [52, 53]. Dysbiosis of the oral microbiota is directly and/or indirectly

related to the gut microbiota and may be correlated with disease onset.

We examined the effects of subphenotypes on the oral microbiota in AILD patients. There

were no significant differences in the relative abundance of the oral microbiota with respect to

sex and disease stage among AILD patients. A previous study revealed that microbial dysbiosis

in PBC was partially relieved after UDCA treatment [19]. In this study, there was no significant

difference between PBC patients treated with and those treated without medications such as

UDCA and bezafibrate; most PBC patients were treated with UDCA at sample collection.

There was a significantly higher frequency of the genus Neisseria in salivary samples obtained

from AIH patients with abnormal liver function than in those obtained from AIH patients

with normal liver function, but there was a significantly lower frequency of the genus Neisseria
in PSL users than in non-PSL users among AIH patients. Thus, Neisseria may be involved in

the exacerbation of AIH.

Our study has some limitations. First, the sample population was relatively small. Second,

we did not evaluate changes in the salivary and fecal microbiota that might have occurred due

to treatment in AILD patients.

Conclusions

This may be the first report demonstrating dysbiosis of the oral microbiota in patients with

AIH or PBC. These findings suggest that the oral microbiota may play different roles in the

pathophysiology of AIH and PBC. Further studies of the establishment and modification of

the oral microbiota structure may contribute to the development of a therapeutic strategy for

patients with AILD.
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patients with PBC. There was a significantly lower frequency of the genus Bifidobacterium
(OTU124) in fecal samples obtained from PPI users than in those obtained from non-PPI

users among AIH patients. The mean genus or order abundance in the (c) PBC and (d) AIH

groups. The plotted values are the mean abundance of the 8 abundant genera and 1 abundant

order in each group. The open and filled bars represent samples obtained from PPI users and

non-PPI users. The results are expressed as the mean ± SD. Differences were compared using

the Mann-Whitney U-test; �P<0.05.

(PPTX)

S2 Fig. Associations between clinical variables and oral microbiota. The mean genus abun-

dance in (a) male and female patients with PBC; (b) male and female patients with AIH; (c)

Scheuer 1–2 and Scheuer 3–4 patients with PBC; (d) F0-2 and F3-4 patients with AIH; (e) PBC

patients with normal liver function and abnormal liver function; (f) AIH patients with normal

liver function and abnormal liver function; (g) UDCA 0–300 mg/day users and UDCA 600–

900 mg/day users among patients with PBC; (h) UDCA 0–300 mg/day users and UDCA 600–

900 mg/day users among patients with AIH; (i) bezafibrate (BF) users and non-BF users

among patients with PBC; (j) prednisolone (PSL) users and non-PSL users among patients

with AIH. The results are expressed as the mean ± SD. Differences were compared using the

Mann-Whitney U-test; �P<0.05.

(PPTX)

S3 Fig. Associations between clinical variables and gut microbiota. The mean genus abun-

dance in (a) male and female patients with PBC; (b) male and female patients with AIH; (c)

Scheuer 1–2 and Scheuer 3–4 patients with PBC; (d) F0-2 and F3-4 patients with AIH; (e) PBC

patients with normal liver function and abnormal liver function; (f) AIH patients with normal

liver function and abnormal liver function; (g) UDCA 0–300 mg/day users and UDCA 600–

900 mg/day users among patients with PBC; (h) UDCA 0–300 mg/day users and UDCA 600–

900 mg/day users among patients with AIH; (i) bezafibrate (BF) users and non-BF users

among patients with PBC; (j) prednisolone (PSL) users and non-PSL users among patients

with AIH. The results are expressed as the mean ± SD. Differences were compared using the

Mann-Whitney U-test; �P<0.05.

(PPTX)

Acknowledgments

The authors express their appreciation to TechnoSuruga Laboratory Co., Ltd. (Sizuoka, Japan) for

technical assistance. The authors thank Chikako Sato and Rie Hikichi for technical assistance.

Author Contributions

Conceptualization: Kazumichi Abe, Hiromasa Ohira.

Data curation: Kazumichi Abe, Atsushi Takahashi, Masashi Fujita, Hiromichi Imaizumi,

Manabu Hayashi, Ken Okai.

Formal analysis: Kazumichi Abe.

Investigation: Kazumichi Abe.

References
1. Kaplan MM, Gershwin ME. Primary biliary cirrhosis. N Engl J Med. 2005; 353: 1261–73. https://doi.org/

10.1056/NEJMra043898 PMID: 16177252

Dysbiosis of oral microbiota and its association with salivary immunological biomarkers in AILD

PLOS ONE | https://doi.org/10.1371/journal.pone.0198757 July 3, 2018 16 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0198757.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0198757.s004
https://doi.org/10.1056/NEJMra043898
https://doi.org/10.1056/NEJMra043898
http://www.ncbi.nlm.nih.gov/pubmed/16177252
https://doi.org/10.1371/journal.pone.0198757


2. Selmi C, Bowlus CL, Gershwin ME, Coppel RL. Primary biliary cirrhosis. Lancet. 2011; 377: 1600–

1609. https://doi.org/10.1016/S0140-6736(10)61965-4 PMID: 21529926

3. Krawitt EL. Autoimmune hepatitis. N Engl J Med. 1996; 334: 897–903. https://doi.org/10.1056/

NEJM199604043341406 PMID: 8596574

4. Avila M., Ojcius D.M. and Yilmaz O. The oral microbiota: living with a permanent guest, DNA Cell Biol.

2009; 28: 405–411. https://doi.org/10.1089/dna.2009.0874 PMID: 19485767

5. Dewhirst F.E, Chen T, Izard J, Paster BJ, Tanner AC, Yu WH, et al. The human oral microbiome, J.

Bacteriol. 2010; 192: 5002–5017. https://doi.org/10.1128/JB.00542-10 PMID: 20656903

6. Curtis M.A., Zenobia C. andDarveau R.P. The relationship of the oral microbiotia to periodontal health

and disease, Cell Host Microbe. 2011; 10: 302–306. https://doi.org/10.1016/j.chom.2011.09.008

PMID: 22018230

7. Miyake S, Kim S, Suda W, Oshima K, Nakamura M, Matsuoka T, et al. Dysbiosis in the Gut Microbiota

of Patients with Multiple Sclerosis, with a Striking Depletion of Species Belonging to Clostridia XIVa and

IV Clusters. PLoS One. 2015; 10(9): e0137429. https://doi.org/10.1371/journal.pone.0137429 PMID:

26367776

8. Berer K, Gerdes LA, Cekanaviciute E, Jia X, Xiao L, Xia Z, et al. Gut microbiota from multiple sclerosis

patients enables spontaneous autoimmune encephalomyelitis in mice. Proc Natl Acad Sci U S A. 2017;

114(40): 10719–10724. https://doi.org/10.1073/pnas.1711233114 PMID: 28893994

9. Cekanaviciute E, Yoo BB, Runia TF, Debelius JW, Singh S, Nelson CA, et al. Gut bacteria from multiple

sclerosis patients modulate human T cells and exacerbate symptoms in mouse models. Proc Natl

Acad Sci U S A. 2017; 114(40): 10713–10718. https://doi.org/10.1073/pnas.1711235114 PMID:

28893978

10. Zhang X, Zhang D, Jia H, Feng Q, Wang D, Liang D, et al. The oral and gut microbiomes are perturbed

in rheumatoid arthritis and partly normalized after treatment. Nat Med. 2015; 21(8): 895–905. https://

doi.org/10.1038/nm.3914 PMID: 26214836

11. Phillips R. Rheumatoid arthritis: Microbiome reflects status of RA and response to therapy. Nat Rev

Rheumatol. 2015; 11(9): 502. https://doi.org/10.1038/nrrheum.2015.109 PMID: 26241185

12. Said HS, Suda W, Nakagome S, Chinen H, Oshima K, Kim S, et al. Dysbiosis of salivary microbiota in

inflammatory bowel disease and its association with oral immunological biomarkers. DNA Res. 2014;

21(1): 15–25. https://doi.org/10.1093/dnares/dst037 PMID: 24013298

13. Atarashi K, Suda W, Luo C, Kawaguchi T, Motoo I, Narushima S, et al. Ectopic colonization of oral bac-

teria in the intestine drives TH1 cell induction and inflammation. Science. 2017; 358(6361): 359–365.

https://doi.org/10.1126/science.aan4526 PMID: 29051379

14. Bajaj JS, Betrapally NS, Hylemon PB, Heuman DM, Daita K, White MB, et al. Salivary microbiota

reflects changes in gut microbiota in cirrhosis with hepatic encephalopathy. Hepatology. 2015; 62(4):

1260–1271. https://doi.org/10.1002/hep.27819 PMID: 25820757

15. Lin R, Zhou L, Zhang J, Wang B. Abnormal intestinal permeability and microbiota in patients with auto-

immune hepatitis. Int J Clin Exp Pathol. 2015; 8(5): 5153–5160. PMID: 26191211

16. Yuksel M, Wang Y, Tai N, Peng J, Guo J, Beland K, et al. A novel "humanized mouse" model for autoim-

mune hepatitis and the association of gut microbiota with liver inflammation. Hepatology. 2015; 62(5):

1536–1550. https://doi.org/10.1002/hep.27998 PMID: 26185095

17. Czaja AJ. Factoring the intestinal microbiome into the pathogenesis of autoimmune hepatitis. World J

Gastroenterol. 2016; 22(42): 9257–9278. Review. https://doi.org/10.3748/wjg.v22.i42.9257 PMID:

27895415

18. Li Y, Tang R, Leung PSC, Gershwin ME, Ma X. Bile acids and intestinal microbiota in autoimmune cho-

lestatic liver diseases. Autoimmun Rev. 2017; 16(9): 885–896. https://doi.org/10.1016/j.autrev.2017.

07.002 Review. PMID: 28698093

19. Tang R, Wei Y, Li Y, Chen W, Chen H, Wang Q, et al. Gut microbial profile is altered in primary biliary

cholangitis and partially restored after UDCA therapy. Gut. 2017; pii: gutjnl-2016-313332. https://doi.

org/10.1136/gutjnl-2016-313332 PMID: 28213609

20. Lv LX, Fang DQ, Shi D, Chen DY, Yan R, Zhu YX, et al. Alterations and correlations of the gut micro-

biome, metabolism and immunity in patients with primary biliary cirrhosis. Environ Microbiol. 2016; 18

(7): 2272–2286. https://doi.org/10.1111/1462-2920.13401 PMID: 27243236

21. Johnson PJ, McFarlane IG. Meeting report: International autoimmune hepatitis group. Hepatology.

1993; 18: 998–1005. PMID: 8406375

22. Alvarez F, Berg PA, Bianchi FB, Bianchi L, Burroughs AK, Cancado EL, et al. International Autoimmune

Hepatitis Group Report: review of criteria for diagnosis of autoimmune hepatitis. J Hepatol. 1999; 31:

929–938. PMID: 10580593

Dysbiosis of oral microbiota and its association with salivary immunological biomarkers in AILD

PLOS ONE | https://doi.org/10.1371/journal.pone.0198757 July 3, 2018 17 / 19

https://doi.org/10.1016/S0140-6736(10)61965-4
http://www.ncbi.nlm.nih.gov/pubmed/21529926
https://doi.org/10.1056/NEJM199604043341406
https://doi.org/10.1056/NEJM199604043341406
http://www.ncbi.nlm.nih.gov/pubmed/8596574
https://doi.org/10.1089/dna.2009.0874
http://www.ncbi.nlm.nih.gov/pubmed/19485767
https://doi.org/10.1128/JB.00542-10
http://www.ncbi.nlm.nih.gov/pubmed/20656903
https://doi.org/10.1016/j.chom.2011.09.008
http://www.ncbi.nlm.nih.gov/pubmed/22018230
https://doi.org/10.1371/journal.pone.0137429
http://www.ncbi.nlm.nih.gov/pubmed/26367776
https://doi.org/10.1073/pnas.1711233114
http://www.ncbi.nlm.nih.gov/pubmed/28893994
https://doi.org/10.1073/pnas.1711235114
http://www.ncbi.nlm.nih.gov/pubmed/28893978
https://doi.org/10.1038/nm.3914
https://doi.org/10.1038/nm.3914
http://www.ncbi.nlm.nih.gov/pubmed/26214836
https://doi.org/10.1038/nrrheum.2015.109
http://www.ncbi.nlm.nih.gov/pubmed/26241185
https://doi.org/10.1093/dnares/dst037
http://www.ncbi.nlm.nih.gov/pubmed/24013298
https://doi.org/10.1126/science.aan4526
http://www.ncbi.nlm.nih.gov/pubmed/29051379
https://doi.org/10.1002/hep.27819
http://www.ncbi.nlm.nih.gov/pubmed/25820757
http://www.ncbi.nlm.nih.gov/pubmed/26191211
https://doi.org/10.1002/hep.27998
http://www.ncbi.nlm.nih.gov/pubmed/26185095
https://doi.org/10.3748/wjg.v22.i42.9257
http://www.ncbi.nlm.nih.gov/pubmed/27895415
https://doi.org/10.1016/j.autrev.2017.07.002
https://doi.org/10.1016/j.autrev.2017.07.002
http://www.ncbi.nlm.nih.gov/pubmed/28698093
https://doi.org/10.1136/gutjnl-2016-313332
https://doi.org/10.1136/gutjnl-2016-313332
http://www.ncbi.nlm.nih.gov/pubmed/28213609
https://doi.org/10.1111/1462-2920.13401
http://www.ncbi.nlm.nih.gov/pubmed/27243236
http://www.ncbi.nlm.nih.gov/pubmed/8406375
http://www.ncbi.nlm.nih.gov/pubmed/10580593
https://doi.org/10.1371/journal.pone.0198757


23. Hennes EM, Zeniya M, Craja AJ, Parés A, Dalekos GN, Krawitt EL. Simplified criteria for the diagnosis

of autoimmune hepatitis. Hepatology 2008; 48: 169–176. https://doi.org/10.1002/hep.22322 PMID:

18537184

24. Lindor KD, Gershwin ME, Poupon R, Kaplan M, Bergasa NV, Heathcote EJ American Association for

Study of Liver Diseases. Primary biliary cirrhosis. Hepatology. 2009; 50:291–308. https://doi.org/10.

1002/hep.22906 PMID: 19554543

25. Scheuer P Primary biliary cirrhosis. Proc R Soc Med. 1967; 60: 1257–1260. PMID: 6066569

26. Bedossa P, Poynard T. An algorithm for the grading of activity in chronic hepatitis C. The METAVIR

Cooperative Study Group. Hepatology. 1996; 24: 289–293. https://doi.org/10.1002/hep.510240201

PMID: 8690394

27. Hosomi K, Ohno H, Murakami H, Natsume-Kitatani Y, Tanisawa K, Hirata S, et al. Method for preparing

DNA from feces in guanidine thiocyanate solution affects 16S rRNA-based profiling of human micro-

biota diversity. Sci Rep. 2017; 7: 4339. https://doi.org/10.1038/s41598-017-04511-0 PMID: 28659635

28. Takahashi S, Tomita J, Nishioka K, Hisada T, Nishijima M. Development of a prokaryotic universal

primer for simultaneous analysis of Bacteria and Archaea using next-generation sequencing. PLoS

One. 2014 Aug 21; 9(8):e105592. https://doi.org/10.1371/journal.pone.0105592 PMID: 25144201

29. Sakamoto M, Huang Y, Ohnishi M, Umeda M, Ishikawa I, Benno Y. Changes in oral microbial profiles

after periodontal treatment as determined by molecular analysis of 16S rRNA genes. J Med Microbiol.

2004; 53: 563–571. https://doi.org/10.1099/jmm.0.45576-0 PMID: 15150339

30. Nagashima K, Hisada T, Sato M, Mochizuki J. Application of new primer–enzyme combinations to ter-

minal restriction fragment length polymorphism profiling of bacterial populations in human feces. Appl

Environ Microbiol. 2003; 69:1251–62. https://doi.org/10.1128/AEM.69.2.1251-1262.2003 PMID:

12571054

31. Nagashima K, Mochizuki J, Hisada T, Suzuki S, Shimomura K. Phylogenetic analysis of 16S ribosomal

RNA gene sequences from human fecal microbiota and improved utility of terminal restriction fragment

length polymorphism profiling. Biosci Microflora. 2006; 25(3):99–107.

32. Keijser BJ, Zaura E, Huse SM, van der Vossen JM, Schuren FH, Montijn RC, et al. Pyrosequencing

analysis of the oral microflora of healthy adults. J Dent Res. 2008; 87: 1016–1020. https://doi.org/10.

1177/154405910808701104 PMID: 18946007

33. Mays TD, Smith CJ, Welch RA, Delfini C, Macrina FL. Antimicrob Agents Chemother. Novel antibiotic

resistance transfer in Bacteroides. 1982; 21: 110–118. PMID: 7081969

34. Kummen M, Holm K, Anmarkrud JA, Nygård S, Vesterhus M, Høivik ML, et al. The gut microbial profile

in patients with primary sclerosing cholangitis is distinct from patients with ulcerative colitis without bili-

ary disease and healthy controls. Gut 2017; 66: 611–619, https://doi.org/10.1136/gutjnl-2015-310500

PMID: 26887816

35. Heller D, Silva-Boghossian CM, do Souto RM, Colombo AP. Subgingival microbial profiles of general-

ized aggressive and chronic periodontal diseases. Arch Oral Biol. 2012; 57: 973–980. https://doi.org/

10.1016/j.archoralbio.2012.02.003 Epub 2012 Feb 27. PMID: 22377404

36. Matera G, Muto V, Vinci M, Zicca E, Abdollahi-Roodsaz S, van de Veerdonk FL, et al. Receptor recogni-

tion of and immune intracellular pathways for Veillonella parvula lipopolysaccharide. Clin Vaccine

Immunol. 2009; 16: 1804–1809. https://doi.org/10.1128/CVI.00310-09 PMID: 19828771

37. Imhann F, Bonder MJ, Vich Vila A, Fu J, Mujagic Z, Vork L, et al. Proton pump inhibitors affect the gut

microbiome. Gut. 2016; 65: 740–748. https://doi.org/10.1136/gutjnl-2015-310376 Epub 2015 Dec 9.

PMID: 26657899

38. Mishiro T, Oka K, Kuroki Y, Takahashi M, Tatsumi K, Saitoh T, et al. Proton pump inhibitor alters oral

microbiome in gastrointestinal tract of healthy volunteers. J Gastroenterol Hepatol. 2017; 4. https://doi.

org/10.1111/jgh.14040 [Epub ahead of print] PMID: 29105152

39. Siddiqui H, Chen T, Aliko A, Mydel PM, Jonsson R, Olsen I. Microbiological and bioinformatics analysis

of primary Sjogren’s syndrome patients with normal salivation. J Oral Microbiol. 2016; 20; 8:31119.

https://doi.org/10.3402/jom.v8.31119 eCollection 2016. PMID: 27770517

40. Farnaud SJ, Kosti O, Getting SJ, Renshaw D. Saliva: physiology and diagnostic potential in health and

disease. Scientific World Journal 2010; 10: 434–456. https://doi.org/10.1100/tsw.2010.38 Review.

PMID: 20305986

41. Lu C, Hou X, Li M, Wang L, Zeng P, Jia H, et al. Detection of AMA-M2 in human saliva: Potentials in

diagnosis and monitoring of primary biliary cholangitis. Sci Rep. 2017; 7, 796. https://doi.org/10.1038/

s41598-017-00906-1 PMID: 28400582

42. Abdollahi-Roodsaz S, Joosten LA, Koenders MI, Devesa I, Roelofs MF, Radstake TR, et al. Stimulation

of TLR2 and TLR4 differentially skews the balance of T cells in a mouse model of arthritis. J Clin Invest.

2008; 118: 205–16. https://doi.org/10.1172/JCI32639 PMID: 18060042

Dysbiosis of oral microbiota and its association with salivary immunological biomarkers in AILD

PLOS ONE | https://doi.org/10.1371/journal.pone.0198757 July 3, 2018 18 / 19

https://doi.org/10.1002/hep.22322
http://www.ncbi.nlm.nih.gov/pubmed/18537184
https://doi.org/10.1002/hep.22906
https://doi.org/10.1002/hep.22906
http://www.ncbi.nlm.nih.gov/pubmed/19554543
http://www.ncbi.nlm.nih.gov/pubmed/6066569
https://doi.org/10.1002/hep.510240201
http://www.ncbi.nlm.nih.gov/pubmed/8690394
https://doi.org/10.1038/s41598-017-04511-0
http://www.ncbi.nlm.nih.gov/pubmed/28659635
https://doi.org/10.1371/journal.pone.0105592
http://www.ncbi.nlm.nih.gov/pubmed/25144201
https://doi.org/10.1099/jmm.0.45576-0
http://www.ncbi.nlm.nih.gov/pubmed/15150339
https://doi.org/10.1128/AEM.69.2.1251-1262.2003
http://www.ncbi.nlm.nih.gov/pubmed/12571054
https://doi.org/10.1177/154405910808701104
https://doi.org/10.1177/154405910808701104
http://www.ncbi.nlm.nih.gov/pubmed/18946007
http://www.ncbi.nlm.nih.gov/pubmed/7081969
https://doi.org/10.1136/gutjnl-2015-310500
http://www.ncbi.nlm.nih.gov/pubmed/26887816
https://doi.org/10.1016/j.archoralbio.2012.02.003
https://doi.org/10.1016/j.archoralbio.2012.02.003
http://www.ncbi.nlm.nih.gov/pubmed/22377404
https://doi.org/10.1128/CVI.00310-09
http://www.ncbi.nlm.nih.gov/pubmed/19828771
https://doi.org/10.1136/gutjnl-2015-310376
http://www.ncbi.nlm.nih.gov/pubmed/26657899
https://doi.org/10.1111/jgh.14040
https://doi.org/10.1111/jgh.14040
https://doi.org/10.3402/jom.v8.31119
http://www.ncbi.nlm.nih.gov/pubmed/27770517
https://doi.org/10.1100/tsw.2010.38
http://www.ncbi.nlm.nih.gov/pubmed/20305986
https://doi.org/10.1038/s41598-017-00906-1
https://doi.org/10.1038/s41598-017-00906-1
http://www.ncbi.nlm.nih.gov/pubmed/28400582
https://doi.org/10.1172/JCI32639
http://www.ncbi.nlm.nih.gov/pubmed/18060042
https://doi.org/10.1371/journal.pone.0198757


43. Wu HJ, Ivanov II, Darce J, Hattori K, Shima T, Umesaki Y, et al. Gut-residing segmented filamentous

bacteria drive autoimmune arthritis via T helper 17 cells. Immunity. 2010; 32: 815–27. https://doi.org/

10.1016/j.immuni.2010.06.001 PMID: 20620945.

44. Shimizu J, Kubota T, Takada E, Takai K, Fujiwara N, Arimitsu N, et al. Bifidobacteria Abundance-Fea-

tured Gut Microbiota Compositional Change in Patients with Behcet’s Disease. PLoS One. 2016; 11:

e0153746. https://doi.org/10.1371/journal.pone.0153746 eCollection 2016. PMID: 27105322

45. Smith PM, Howitt MR, Panikov N, Michaud M, Gallini CA, Bohlooly-Y M, et al. The microbial metabo-

lites, short-chain fatty acids, regulate colonic Treg cell homeostasis. Science. 2013; 341: 569–73.

https://doi.org/10.1126/science.1241165 PMID: 23828891

46. Flint HJ, Duncan SH, Scott KP, Louis P. Links between diet, gut microbiota composition and gut metab-

olism. Proc Nutr Soc. 2015; 74: 13–22. https://doi.org/10.1017/S0029665114001463 PMID: 25268552

47. Louis P, Flint HJ. Diversity, metabolism and microbial ecology of butyrate-producing bacteria from the

human large intestine. FEMS Microbiol Lett. 2009; 294: 1–8. https://doi.org/10.1111/j.1574-6968.2009.

01514.x PMID: 19222573

48. Reichardt N, Duncan SH, Young P, Belenguer A, McWilliam Leitch C, Scott KP, et al. Phylogenetic dis-

tribution of three pathways for propionate production within the human gut microbiota. ISME J. 2014; 8:

1323–35. https://doi.org/10.1038/ismej.2014.14 PMID: 24553467

49. Atarashi K, Tanoue T, Shima T, Imaoka A, Kuwahara T, Momose Y, et al. Induction of colonic regulatory

T cells by indigenous Clostridium species. Science. 2011; 331:337–341. https://doi.org/10.1126/

science.1198469 PMID: 21205640

50. Miyake S, Kim S, Suda W, Oshima K, Nakamura M, Matsuoka T, et al. Dysbiosis in the Gut Microbiota

of Patients with Multiple Sclerosis, with a Striking Depletion of Species Belonging to Clostridia XIVa and

IV Clusters. PLoS One. 2015 Sep 14; 10(9):e0137429. https://doi.org/10.1371/journal.pone.0137429

PMID: 26367776

51. Atarashi K, Tanoue T, Oshima K, Suda W, Nagano Y, Nishikawa H, et al. Treg induction by a rationally

selected mixture of Clostridia strains from the human microbiota. Nature. 2013; 500: 232–236. https://

doi.org/10.1038/nature12331 PMID: 23842501

52. Longhi MS, Ma Y, Bogdanos DP, Cheeseman P, Mieli-Vergani G, Vergani D Impairment of CD4 (+)

CD25 (+) regulatory T-cells in autoimmune liver disease. J Hepatol. 2004; 41: 31–7. https://doi.org/10.

1016/j.jhep.2004.03.008 PMID: 15246204

53. Longhi MS, Hussain MJ, Mitry RR, Arora SK, Mieli-Vergani G, Vergani D Functional study of CD4

+CD25+ regulatory T cells in health and autoimmune hepatitis. J Immunol. 2006; 176: 4484–91. PMID:

16547287

Dysbiosis of oral microbiota and its association with salivary immunological biomarkers in AILD

PLOS ONE | https://doi.org/10.1371/journal.pone.0198757 July 3, 2018 19 / 19

https://doi.org/10.1016/j.immuni.2010.06.001
https://doi.org/10.1016/j.immuni.2010.06.001
http://www.ncbi.nlm.nih.gov/pubmed/20620945
https://doi.org/10.1371/journal.pone.0153746
http://www.ncbi.nlm.nih.gov/pubmed/27105322
https://doi.org/10.1126/science.1241165
http://www.ncbi.nlm.nih.gov/pubmed/23828891
https://doi.org/10.1017/S0029665114001463
http://www.ncbi.nlm.nih.gov/pubmed/25268552
https://doi.org/10.1111/j.1574-6968.2009.01514.x
https://doi.org/10.1111/j.1574-6968.2009.01514.x
http://www.ncbi.nlm.nih.gov/pubmed/19222573
https://doi.org/10.1038/ismej.2014.14
http://www.ncbi.nlm.nih.gov/pubmed/24553467
https://doi.org/10.1126/science.1198469
https://doi.org/10.1126/science.1198469
http://www.ncbi.nlm.nih.gov/pubmed/21205640
https://doi.org/10.1371/journal.pone.0137429
http://www.ncbi.nlm.nih.gov/pubmed/26367776
https://doi.org/10.1038/nature12331
https://doi.org/10.1038/nature12331
http://www.ncbi.nlm.nih.gov/pubmed/23842501
https://doi.org/10.1016/j.jhep.2004.03.008
https://doi.org/10.1016/j.jhep.2004.03.008
http://www.ncbi.nlm.nih.gov/pubmed/15246204
http://www.ncbi.nlm.nih.gov/pubmed/16547287
https://doi.org/10.1371/journal.pone.0198757

