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Aim: To characterize the lung microbiome in the bronchoalveolar lavage fluid

(BALF) of patients with Antisynthetase Syndrome (ASSD) according to anti-Jo1

autoantibody positivity and evaluate the correlation with differential cell count

and other bacterial genera in BALF.

Methods: We sequenced the 16S ribosomal RNA gene in the BALF of anti-Jo1-

positive (JoP, n=6) and non-Jo1-positive (NJo, n=17) patients, and the differential

cell count in BALF was evaluated. The Spearman’s correlation was calculated for

the quantitative variables and abundance of bacterial species.

Results: The Veillonella genus showed a significant decrease (p<0.01) in JoP

(2.2%) in comparison to NJo (4.1%) patients. The correlation analysis showed

several high (rho ≥ ± 0.7) and significant (p < 0.05) correlations. We analyzed the

results obtained for the Veillonella genera and other study variables. The JoP

group showed that the abundance of Veillonella had a high negative correlation

with macrophages (rho = - 0.77) and a positive correlation with eosinophils

(rho = 0.77), lymphocytes (rho = 0.77), and Prevotella (rho = 1).

Conclusions: The lung microbiome in ASSD patients differs and may affect cell

composition, contributing to lung damage mechanisms. The presence of anti-

Jo1 autoantibodies showed a low abundance of Veillonella. This genus had a

strong and positive correlation with Prevotella abundance and levels of

eosinophils and lymphocytes, and it showed a strong negative correlation with

the percentage of macrophages.

KEYWORDS

lung microbiome, 16S ribosomal subunit, antisynthetase syndrome, interstitial lung
disease, Veillonella
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1 Introduction

Antisynthetase syndrome (ASSD) is a rare autoimmune disease

(1.5 cases per 100, 000) that commonly exists with extra-muscular

manifestations, including fever, Raynaud’s syndrome, arthritis,

mechanic’s hands, and interstitial lung disease (ILD) (Hamaguchi

et al., 2013; Marie et al., 2013b; Rojas-Serrano et al., 2015; Pinal-

Fernandez et al., 2017). This pathology is characterized by the

presence of autoantibodies against various aminoacyl-transfer RNA

(tRNA) synthetases (Witt et al., 2016; Pinal-Fernandez et al., 2017),

including anti-Jo1 (most common), anti-PL7, anti-PL12, anti-OJ,

anti-EJ, anti-KS, anti-Zo, anti-SC, anti-JS, and anti-YRS (Lega et al.,

2010; Aggarwal et al., 2014; Rojas-Serrano et al., 2015; Pinal-

Fernandez et al., 2017; Ponce-Gallegos et al., 2020). Independent

of the autoantibody subtype, the leading predictive factors for a

progressive pulmonary disease are a low diffusing capacity of the

lungs for carbon monoxide (DLCO) at diagnosis, a low forced vital

capacity (FVC) at baseline evaluation (Rojas-Serrano et al., 2015),

and muscle weakness (Kamiya et al., 2018; Gasparotto et al., 2019;

Liu et al., 2020). The abnormalities most often observed using high-

resolution computed tomography (HRCT) are organized

pneumonia (OP), followed by nonspecific interstitial pneumonia

(NSIP) (González-Pérez et al., 2020).

Differences exist between anti-Jo1-positive (JoP) and non-Jo1-

positive (NJo) patients, with the latter often demonstrating ILD in

the absence of muscle involvement and having worse survival

(Aggarwal et al., 2014); however, JoP patients present higher Goh

inflammation score (Lega et al., 2010; Aggarwal et al., 2014; Rojas-

Serrano et al., 2015; Pinal-Fernandez et al., 2017; Ponce-Gallegos

et al., 2020). The Goh score is a semi-quantitative CT (SQCT)

assessment that can estimate inflammation associated with ILD

(Rojas-Serrano et al., 2015). Lung inflammation is a mechanism

that has a crucial role in tissue repair, but if unregulated, it can be an

underlying cause of chronic lung diseases (Huffnagle et al., 2017).

Interactions between the host and lung microbiome, primarily at

the mucosal surfaces, are fundamental to developing and regulating

immunity mechanisms (Neish, 2014).

The lungs are constantly exposed to diverse communities of

microbes from the oropharynx and other sources. The most

abundant phyla of healthy lungs are Bacteroidetes and Firmicutes.

At the genera level, Prevotella, Veillonella, and Streptococcus are

predominant (Dickson et al., 2016). The disruption of the lung

microbiome (dysbiosis) contributes to acute inflammation,

progression, or exacerbations in diseases like asthma, chronic

obstructive pulmonary disease (COPD), and interstitial lung

disease (ILD) (Ren et al., 2018; Paudel et al., 2020). The most

frequent ILD is idiopathic pulmonary fibrosis (IPF), where there is

clear evidence of the microbiome’s contribution to collagen

deposition in the lungs (O’Dwyer et al., 2019). In the microbiome

of patients with stable IPF predominates Streptococcus, Prevotella,

Veillonella, Haemophilus, and Pseudomonas. In contrast, IPF

patients with acute exacerbation demonstrate increased

Campylobacter sp. and Stenotrophomonas sp., associated with a

significant decrease in Veillonella sp (Molyneaux et al., 2017).

Disease progression has been associated with a high abundance of
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Streptococcus and Staphylococcus and a loss of diversity in the lungs

(Han et al., 2014).

The dysbiosis of the lung microbiome is a major factor

contributing to developing and progressing ILD associated with

dermatomyositis, IPF, and rheumatoid arthritis. However, in ASSD,

the lung microbiome has not been explored. This study aimed to

characterize the lung microbiome in the bronchoalveolar lavage

fluid (BALF) of patients with ASSD according to the presence or

absence of anti-Jo1 autoantibodies and to evaluate correlation with

differential cell count in BALF.
2 Material and methods

2.1 Patient details

We included 23 patients with a confirmed diagnosis of ASSD

who were recruited from the Interstitial Lung Disease and

Rheumatology Unit of Instituto Nacional de Enfermedades

Respiratorias Ismael Cosı ́o Villegas (INER) in Mexico. A

multidisciplinary group (pulmonologists, rheumatologists, and

radiologists) performed the diagnosis. All patients were newly

diagnosed. We registered the patients’ demographic variables,

tobacco consumption, results of pulmonary function tests

(including spirometry and diffusion capacity of the lungs for

carbon monoxide, DLCO), levels of creatine-phosphokinase

(CPK), differential cell count in BALF, clinical manifestations,

and autoantibody patterns, which include anti-Mi-2a, anti-Mi-2b,
anti-TIF1g, anti-MDA5, anti-NXP2, anti-SAE1, anti-Ku, anti-PM-

Scl100, anti-PM-Scl75, anti-Jo1, anti-SRP, anti-PL7, anti-PL12,

anti-EJ, anti-OJ, and anti-Ro-52 (EUROIMMUN. Lübeck,

Germany), as well as specific HRCT (Rojas-Serrano et al., 2015;

González-Pérez et al., 2020). All participants were invited to donate

their remnant BALF sample, signed an informed consent letter, and

were provided with a personal data protection document. The

exclusion criteria were the presence of an infectious disease, the

use of antibiotics or immunosuppressive medications in the past

three months, and evidence of acute upper respiratory symptoms in

the previous four weeks. The patients were divided into anti-Jo1-

positive (JoP) and non-Jo1-positive (NJo) groups. The Institutional

Committees for Research, Biosecurity, and Ethics in Research of the

INER approved this study (approval number B28-18).
2.2 BALF processing and bacterial
DNA extraction

The BALF samples were centrifuged at 3,000 rpm at 20˚C for 10

minutes, and the supernatant was stored at -30°C. The cell pellet

was employed for bacterial DNA extraction and purified using the

ZymoBIOMICS™ DNA Miniprep Kit (Zymo Research Corp. CA,

EU), following the manufacturer’s instructions for liquid samples

(200 µL). DNA was quantitated using the Qubit dsDNA High

Sensitivity (HS) Assay Kit (Invitrogen) and visually assessed for

integrity via electrophoresis on a 1% agarose gel.
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2.3 16S Metagenomic sequencing
library preparation

We prepared the libraries for targeted amplicon sequencing

following the “16S Metagenomic Sequencing Library Preparation”

guide (Part# 15044223 Rev. B, Illumina). We used the primer pair

sequence (forward primer = 5’ TCGTCGGCAGCGTCAG

ATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG; reverse

primer = 5 ’ GTCTCGTGGGCTCGGAGATGTGTATAAG

AGACAGGACTACHVGGGTATCTAATCC) for the V3 and V4

regions of the 16S ribosomal RNA gene (16S rRNA) and Nextera

XT indices. The sequencing was run on the MiSeq platform using

paired 300 bp reads and MiSeq v3 reagents. We employed MiSeq

Control Software v 3.1.1.13 (Illumina) to generate the FASTQ file.

We included two control saline samples to identify sources of

bacterial contamination; these controls were treated under the

same conditions as the BALF.
2.4 Bioinformatics analysis of
sequencing results

We analyzed the FASTQ file using RStudio (R Studio, 2019),

with the packages DADA2 (Callahan et al., 2016a), Phyloseq

(McMurdie and Holmes, 2013), DESeq2 (Love et al., 2014),

ggplot 2 (Lin Pedersen, 2019), and microbiome (Lahti et al.,

2017), and followed the workflow of Bioconductor (Callahan

et al., 2016b) and CastroLab (Castro Nallar, 2020). To assign

taxonomy, we used the database of silva nr v138 and 97%

similarity level (Quast et al., 2013). Alpha diversity was evaluated

using the Chao1, Shannon, and Simpson indexes; beta diversity was

evaluated using Bray–Curtis dissimilarity and principal coordinate

analysis (PCoA). The readings were normalized to obtain the

amplicon sequence variants (ASVs).
2.5 Evaluation of species of Veillonella

According to the results obtained using 16S metagenomics, we

selected three bacterial species belonging to Veillonella with clinical

relevance. The specificity of each primer set and probe was

evaluated using the basic local alignment search tool (BLAST)

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) ([[NoAuthor]])

(Supplementary Table 1). A real-time PCR assay was performed

using the StepOnePlus system (Applied Biosystems™). We used

TaqMan custom assay to evaluate V. parvula and V. dispar. The

reactions were performed using a total volume of 10 µl that

contained 5 µl of Maxima Probe/ROX qPCR Master Mix (2X)

(Thermo Scientific, Vilnius, Lithuania), 0.5 µl each of the forward

and reverse primers (final concentration, 300 µM), 0.03 µl of

TaqMan custom probe (final concentration 70 µM), 2 µl of the

template DNA solution (20 ng/µl), and 2 µl of nuclease-free water.

The thermal cycling conditions for all real-time PCR assays were as

follows: 1 cycle at 50°C for 10 minutes, 1 cycle at 95°C for 10

minutes, followed by 45 cycles at 95°C for 15 seconds and at 60°C

for 1 minute. For V. atypica, we used SYBR green qPCR in a total
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volume of 25 mL that contained 4 ml of the template DNA solution

(20 ng/mL), 3.5 mL of nuclease-free water, 12.5 mL of Maxima SYBR

Green/ROX qPCR Master Mix (2X) (Thermo Scientific, Vilnius,

Lithuania), and 3 mL of the forward and 3 mL of reverse primers

(final concentration 375 mM). The thermal cycling conditions for all

real-time PCR assays were 1 cycle at 95°C for 10 minutes, 40 at 95°C

for 30 seconds, and 1 at 56°C for 1 minute.
2.6 Statistical analysis

We employed the Shapiro–Wilk test to assess the normality of

demographic characteristics, smoking status, pulmonary function test

results, cells present in BALF, clinical manifestations, autoantibody

profile, and HRCT pattern. For quantitative variables, we presented

the means and standard deviations or medians and interquartile

ranges (IQR); according to the distribution of the variables, we used

parametric or non-parametric tests. The categorical data were

analyzed using a contingency table and Fisher’s exact test. The

identified ASVs were compared in both study groups; we employed

a negative binomial generalized linear model (GLM) and obtained

maximum likelihood estimates for an ASV log-fold change between

two study groups; the p-value was adjusted based on the false

discovery rate (FDR) measured using the Benjamin–Hochberg

method. Alpha diversity was assessed using the Mann–Whitney U

test. Beta diversity was assessed using the Wilcoxon signed-rank test.

A p-value < 0.05 or an FDR < 0.05 was considered statistically

significant. Spearman’s correlation was determined for the

quantitative variables and abundance of bacteria. The results were

presented using the ggplot2 package (Wickham, 2016) and corrplot

(Wei and Simko, 2021). The dataset supporting the results of this

article has been deposited in the NCBI Short Read Archive database

under BioProject accession code PRJNA715451.
3 Results

3.1 Patients

We included 23 ASSD patients; six were JoP and 17 NJo

(Table 1). Age and sex did not differ significantly between the two

groups; however, JoP patients were older in comparison to the NJo

group (62 vs. 55 years), and the female sex was predominant in both

groups (83.3% vs. 58.3%) compared to the male sex (16.7% and

41.7%). The proportion of smokers was similar (33.3% vs. 35.3%),

and the tobacco index was higher in JoP patients compared to NJo

patients (7.1 pack-years vs. 4.5 pack-years), although this difference

was not statistically significant. DLCO was lower in JoP patients

compared to NJo patients, but there was no statistical difference

(42% vs. 49%). Both groups had moderate DLCO reduction (Ponce

et al., 2022). Patients with JoP status had a smaller value in the

6MWT than NJo patients (120 vs. 405, respectively, p=0.01).

Patients JoP showed high levels of CPK compared to the NJo

group (242.5 vs. 67.5 U/L, respectively, p=0.001). The tomography

patterns were inflammatory in both groups (JoP = 66.7% and NJo =

70.6%). The inflammatory component was defined based on
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ground-glass opacities, while the fibrotic component was defined

based on reticular opacities (Rojas-Serrano et al., 2015). In the

BALF samples, macrophages and lymphocytes were the

predominant cells.

The most frequent clinical manifestations in all patients were

mechanic’s hands (43.5%), dyspnea (43.5%), and cough (43.5%). In

addition, only the NJo group presented fever (35.3%) and weight

loss (23.5%) (Supplementary Table 2). The patients in this study

showed an overlap of antibodies typical of myositis and sclerosis.

JoP patients showed a predominance of anti-OJ (33.3%), anti-MI-

2b (33.3%), and anti- Th/To (33.3%), whereas NJo patients showed

a predominance of anti-Ro52, anti-PL7, anti-PL12 (35.3% in each

autoantibody), and Th/To (23.5%) (Supplementary Table 3).
3.2 Composition of the lung microbiome
in ASSD patients

We obtained 115 ASVs, and after performing quality control, we

identified 10 ASVs with an abundance of >1,000 reads present in ≥

10% of the samples analyzed. The datasets analyzed in this study

(FASTQ file) can be found in online repositories (Sequence Read

Archive, SRA; submission number: SUB9326500). The analysis of

alpha diversity showed that there were no significant differences in

the Shannon (p = 0.92), Simpson (p = 0.43), and Chao1 (p = 1)
Frontiers in Cellular and Infection Microbiology 04
indexes (Supplementary Figure 1) between JoP and NJo groups. Beta

diversity showed a statistically significant difference in divergence (p

= 0.016), and using PCoA, we observed that overlap existed between

the JoP and NJo groups (Supplementary Figures 2A, B). Both groups

of patients predominantly showed phyla Firmicutes (71.32%),

Bacteroidota (17.11%), and Proteobacteria (11.29%) (Figure 1A).

The top five genera in all patients were Streptococcus (57.8%),

Sediminibacterium (11.34%), Veillonella (8.92%), Sphingomonas

(6.02%), and Prevotella (5.77%) (Figure 1B). A comparison of

relative abundance in the two groups identified a statistically

significant difference in the relative abundance of Veillonella (p <

0.01); this genus showed a low abundance in JoP patients (2.2%) in

comparison to NJo (4.1%) patients (Figure 1C).

The correlation analysis showed several high (rho ≥ 0.7) and

significant (p < 0.05) correlations. We analyzed the results obtained

for the Veillonella genus and other study variables. In the JoP group,

Veillonella had a high negative correlation with macrophages (rho =

- 0.77) and a positive correlation with eosinophils (rho = 0.77),

lymphocytes (rho = 0.77) and Prevotella (rho = 1). In contrast, NJo

patients did not show high correlations (Figures 2A, B).

Identifying specific species of Veillonella showed that V.

parvula, V. dispar, and V. atypica had no significant difference

between the study groups. We observed more patients who were

positive for V. dispar in the NJo group (40.7%) compared to the JoP

group (25.0%) (Table 2).
TABLE 1 Demographic and clinical characteristics of the patients in this study.

Variable JoP (n = 6) NJo (n = 17) p-value

Age (years) 62 (57-75) 55 (49-67) 0.23

Female sex, n (%) (5) 83.3 (10) 58.3
0.36

Male sex, n (%) (1) 16.7 (7) 41.7

BMI (kg/m2) 26 (24 – 30) 26 (25 – 28) 0.86

Smoking (%) 33.3 35.3 1.00

TI (pack-years) 7.1 (5.4 – 8.8) 4.5 (1.1 – 8.1) 0.64

FVC (%) 52 (43 – 56) 63 (53 – 74) 0.27

FEV1 (%) 57 (53 – 70) 61 (53 – 78) 0.67

FEV1/FVC 86.6 (85.4 – 87.2) 83.0 (76.8 – 86.6) 0.07

DLCO % (not adjusted) 42.0 (35.0 – 60.0) 49.0 (43.5 – 64.0) 0.34

6MWT (meters) 120.0 (120.0 – 140.0) 405.5 (356.2 – 485.5) 0.010

CPK (U/L) 242.5 67.5 0.001

Tomography patterns (F/I) (%) 33.33/66.7 29.4/70.6 1.00

Differential cell count in BAL (%)

Macrophages 72.2 (48.2 - 90.7) 77.2 (68.7 - 84.8) 0.89

Lymphocytes 42.0 (23.7 - 54.0) 20.8 (12.1 - 28.5) 0.63

Eosinophils 1.5 (1.0 - 3.0) 0.3 (0.0 - 1.1) 0.21

Neutrophils 1.0 (0.5 - 1.5) 0.2 (0.0 - 1.0) 0.60
fro
JoP, patients with anti-Jo1-positive autoantibodies; NJo, patients with no anti-Jo1-positive autoantibodies; BMI, body mass index; TI, tobacco index; FVC, forced vital capacity; FEV1, forced
expiratory volume in the first second; DLCO, diffusing capacity of the lungs for carbon monoxide; 6MWT, six-minute walking test; CPK, creatine-phosphokinase kinase; F, fibrotic; I,
inflammatory; NA, not available. The values are presented as medians with interquartile ranges or percentages. The p-values obtained using Mann–Whitney U and Fisher’s exact tests were used
to compare the groups.
ntiersin.org

https://doi.org/10.3389/fcimb.2023.1321315
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Quintero-Puerta et al. 10.3389/fcimb.2023.1321315
4 Discussion

Previous reports have evaluated the lung microbiome and its

influences on the course of various diseases, like asthma, cystic

fibrosis, and chronic obstructive pulmonary disease; however, this is

the first study to characterize the bacterial communities in patients

with ASSD and ILD, which is the most frequent and severe extra-

muscular manifestation (Gasparotto et al., 2019). The present study

used the presence or absence of anti-aminoacyl-tRNA synthetase

(anti-Jo1) autoantibodies with the strongest association with the

development and severity of ILD in ASSD (Cavagna et al., 2019) to

stratify the study patients.

We included a population of patients with ASSD. There were no

significant differences in age, sex, BMI, TI, or pulmonary function

test (FVC, FEV1, FEV1/FVC, and DLCO). Patients in the anti-Jo1-

positive group walked significantly shorter distances during the

6MWT compared to the anti-Jo1-negative patients (p=0.01, 120 m

vs. 405.5 m, respectively). The anti-Jo1-positive group had a

tendency to show decreased lung function compared to the anti-

Jo1-negative group; this finding was similar to that reported in a

Mayo Clinic cohort study, where 53% of its patients with anti-Jo1-

positive ASSD had decreased lung function, regardless of treatment
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(Zamora et al., 2016). In Caucasian patients, the functional

outcomes of the anti-Jo1 patients with ASSD were poor, as shown

by the marked reduction of activities evaluated according to the

disability scale of the Health Assessment Questionnaire

(HAQ > 0.75) (Marie et al., 2013a). In our study group, ASSD

patients positive for anti-Jo1 antibody present more important

muscle involvement, represented by higher levels of CPK (Ponce-

Gallegos et al., 2020).

The predominant tomographic pattern was inflammatory,

regardless of autoantibodies classification (66.7% in anti-Jo1-

positive and 70.6% in anti-Jo1-negative patients). Cells showing a

higher abundance in BAL were macrophages and lymphocytes.

These findings correspond to the findings previously reported in

ASSD (Lang et al., 2021) and other interstitial diseases, such as

rheumatoid arthritis associated with ILD (Lee et al., 2005).

Interestingly, no significant difference was found in alpha

diversity (Chao1, Shannon, and Simpson indices); we assume this

is because both groups were patients diagnosed with ASSD. The loss

of bacterial diversity has been linked to pulmonary diseases with

increased profibrotic and proinflammatory cytokines (O’Dwyer

et al., 2019), contributing to the severe outcomes of diseases such

as COPD, asthma, cystic fibrosis, and idiopathic pulmonary fibrosis
A B C

FIGURE 1

Composition of the lung microbiome in antisynthetase syndrome (ASSD) patients: (A) relative abundance of different phyla in both study groups; (B)
top five genera in ASSD patients (according to relative abundance); and (C) Absolute abundance of Veillonella in JoP and NJo patients. This genus is
lower in JoP patients (2.2%) than in NJo patients (4.1%).
A B

FIGURE 2

Spearman’s correlation in antisynthetase syndrome (ASSD) patients: (A) correlation analysis in the JoP group and (B) correlation analysis in the NJo
group. Only the rho coefficients of significative correlations are shown.
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(Tunney et al., 2013; Yagi et al., 2021). The alpha diversity of the

lung microbiome did not show di fferences between

dermatomyositis and rheumatoid arthritis associated with ILD

(Lou et al., 2022) or compared with patients with rheumatoid

arthritis and sarcoidosis (Scher et al., 2016).

In the analysis of beta diversity, we found a divergence between

the two study groups (p=0.016); this is probably due to the

heterogeneity in the clinical manifestations of ASSD, as well as

the overlap in autoantibodies that exists in the participants,

regardless of the presence or absence of anti-Jo1 positivity.

At the phylum level, the lung microbiome of patients with ASSD

comprises Firmicutes, Bacteroidota, and Proteobacteria. In healthy

individuals, previous reports indicate a predominance of the genera

Prevotella, Streptococcus, Veillonella, Neisseria, Haemophilus, and

Fusobacterium (Segal et al., 2016; Yu et al., 2016). In our study,

patients with ASSD showed a predominance of Streptococcus,

Sediminibacterium, Veillonella, Sphingomonas, and Prevotella; the

genus Veillonella was found in lower abundance in the JoP group

compared to the NJo group (p<0.01). This bacterial genus is anaerobic

and can tolerate environments with higher oxidative stress because all

species of Veillonella have the rbr gene that codes for ruberythrins;

these enzymes have an antioxidant mechanism that gives them the

ability to catalyze hydrogen peroxide and, consequently, reactive

oxygen species in the microenvironment decrease (Zhou et al., 2017).

Patients in the JoP group showed a very strong positive correlation

between the abundance levels of Veillonella and Prevotella, which are

anaerobic bacteria. In cystic fibrosis, it has been reported that Prevotella

can produce short-chain fatty acids (acetic, i-butyric, 2-methyl butyric,

and i-valeric) that activate epithelial cells in the airways to produce

cytokines (Mirković et al., 2015), act as chemotactic agents for

neutrophils (Vinolo et al., 2011), and affect phagocytosis (Vinolo

et al., 2009). There is also a strong positive correlation between the

levels of Sediminibacterium and Sphingomonas. Previous in vitro assays

have shown that Sphingomonas can induce apoptosis in human lung

cells via the activation of caspases 3 and 9 (Asghar et al., 2021).

Sediminibacterium is abundant in the blood of patients with type 2

diabetes (Qiu et al., 2019); however, it has not been reported in lung

diseases. In addition, a strong negative correlation was found between

the levels of Streptococcus and neutrophils; previous research with

mouse models has shown that the M1 protein of Streptococcus forms

complexes with fibrinogen that binds to b2 integrin on the surface of

neutrophils, which causes degranulation, increased vascular

permeability, lung damage, and remodeling (Soehnlein et al., 2008).

As for ASSD patients who were anti-Jo1 negative, those with

better parameters in terms of respiratory function and significantly

greater 6MWT presented moderate positive correlations between
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the relative abundance levels of Veillonella and Streptococcus. It

should be noted that certain species of Streptococcus produce

hydrogen peroxide, which can be used by Veillonella, thus

generating a reducing microenvironment that improves the

conditions for the establishment of other bacteria that are unable

to tolerate an environment with reactive oxygen species (Zhou et al.,

2017). Furthermore, a less inflammatory microenvironment could

be generated due to the abundance of Veillonella in anti-Jo1-

negative patients. This could explain the finding of the strong

correlation between the abundance of Streptococcus and DLCO

(p<0.001, rho=-0.95). We did not find a strong correlation and

statistically significant differences between FVC%, FEV1%, DLCO

%, or 6MWT and Veillonella, Sphingomonas, Prevotella,

and Sediminebacterium.

When we evaluated Veillonella parvula, atypica, and dispar

species, there were no statistically significant differences between

the study groups; however, V. dispar was less abundant in the JoP

patients group than in the NJo group. Veillonella has been

associated with different diseases, such as asthma (Espuela-Ortiz

et al., 2019), COPD, and IPF exacerbations (Molyneaux et al., 2017).

Several reports conclude that the presence of Veillonella is good

for the health of humans. In patients with non-small cell lung

cancer, V. dispar is predominated in groups with high levels of

programmed cell death-ligand 1 (PD-L1), which are responders to

immunotherapy, proving that the composition of the lung

microbiome may influence disease development as well as

treatment efficacy (Jang et al., 2021).

In evaluating the gut microbiome of elite athletes, the presence

of V. atypica improves runtime via its metabolic conversion of

exercise-induced lactate into propionate, thereby identifying a

natural enzymatic process that enhances athletic performance

(Scheiman et al., 2019). In diseases related to chronic hypoxemia,

there is a high metabolism of lactate (Iscra et al., 2002), which

Veillonella sp. could metabolize and shows a similar effect as that at

the intestinal level; these findings could explain why patients

included in this study who had a higher abundance of Veillonella

exhibited more time walking in the 6MWT.

The knowledge of the bacterial communities in patients with

ASSD, as well as the interaction mechanisms related to the immune

response and remodeling of the pulmonary epithelium, will allow

the identification of possible bacterial genera as biomarkers of

ASSD, with the purpose of a better the understanding,

management, and treatment of ASSD-ILD. In patients with

ASSD, greater caspase-1, and higher LDH activity were observed

in BAL, suggesting cell death due to pyroptosis and activation of the

inflammasome pathway (Ramos-Martinez et al., 2022). Serum

levels of 18 cytokines from baseline and after six months of

treatment were quantified in patients with anti-tRNA associated

ILD (anti-tRNA-ILD) and estimated the association between these

and ILD improvement and progression; patients were classified as

with or without ILD progression at six months. Only three patients

had ILD progression (progressors patients, PP) and showed

statistically higher levels in IL-4, IL-10, IL-17A, IL-22, GM-CSF,

IL-1b, IL-6, IL-12, IL-18, and TNF-a, compared to patients without

disease progression (no progressors patients, NPP). IL-17A, IL-1b,
and IL-6 (T-helper-lymphocyte (Th)17 inflammatory cytokine
TABLE 2 Species identification in the study sample.

Veillonella JoP (n=6) NJo (n=17) p-value

parvula (%) 37.5 37.0 0.64

dispar (%) 25.0 40.7 0.34

atypica (%) 87.5 96.3 0.94
JoP, anti-Jo1-positive patients; NJo, non-Jo1-positive patients (NJo); p-value based on Fisher’s
exact test.
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profile) were elevated and had a high discriminatory capacity in

distinguishing ILD PP of those NPP at follow-up (Ramos-Martinez

et al., 2020).

Our findings show that the composition of the lung microbiome

is different according to the profile of autoantibodies present in

patients with ASSD-ILD, and in turn, there are correlations between

bacterial genera and cells in the BAL that depend on anti-Jo1

autoantibodies. The methodology used to evaluate the lung

microbiome only allows the exact identification up to bacterial

genus. Our results provide evidence that patients with ASSD and

positive anti-Jo1 autoantibodies have decreased Veillonella

abundance, correlated with an increase in the count of

lymphocytes, eosinophils, and other bacteria relevant to

lung diseases.

The main limitation of this study was the lack of a control

group. In the literature, there are reports about lung microbiome

composition in healthy subjects. Firmicutes and Bacteroidota are

the predominant phyla in healthy lung microbiota, with Prevotella,

Veillonella, and Streptococcus being the most common genera

(Mathieu et al., 2018; Yi et al., 2022). Pathological conditions lead

to a loss of that diversity, with increased concentrations of some

bacterial genera (Costa et al., 2018). We found a low abundance of

Veillonella in patients with ASDD and anti-Jo1 autoantibodies;

however, because of the heterogeneity of the lung microbiome

between individuals, the characterization of the lung microbiome

should be verified in a larger study.
5 Conclusion

The lung microbiome in ASSD patients with anti-Jo1

autoantibodies showed a low abundance of Veillonella compared

to non-Jo1-positive ASSD patients. This genus had a strong and

positive correlation with Prevotella abundance and levels of

eosinophils and lymphocytes, and it showed a strong negative

correlation with the percentage of macrophages. These

correlations were not observed in non-Jo1-positive patients.
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Interstitial lung disease associated with anti-PM/Scl or anti-aminoacyl-tRNA
synthetase autoantibodies: a similar condition? J. Rheumatol 37 (5), 1000–1009. doi:
10.3899/jrheum.090652

Lin Pedersen, T. (2019) Package “ggplot2” Title Create Elegant Data Visualisations
Using the Grammar of Graphics. Available at: https://cran.r-project.org/web/packages/
ggplot2/ggplot2.pdf.
Frontiers in Cellular and Infection Microbiology 08
Liu, Y., Liu, X., Xie, M., Chen, Z., He, J., Wang, Z., et al. (2020). Clinical characteristics
of patients with anti-EJ antisynthetase syndrome associated interstitial lung disease and
literature review. Respir. Med. 165, 105920. doi: 10.1016/j.rmed.2020.105920

Lou, Y., Wei, Q., Fan, B., Zhang, L., Wang, X., Chen, Z., et al. (2022). The
composition of the lung microbiome differs between patients with dermatomyositis
and rheumatoid arthritis associated with interstitial lung disease. FEBS Open Bio 12 (1),
258–269. doi: 10.1002/2211-5463.13334

Love, M. I., Huber, W., and Anders, S. (2014). Moderated estimation of fold change
and dispersion for RNA-seq data with DESeq2. Genome Biol. 15 (12), 550. doi: 10.1186/
s13059-014-0550-8

Marie, I., Hatron, P. Y., Cherin, P., Hachulla, E., Diot, E., Vittecoq, O., et al. (2013a).
Functional outcome and prognostic factors in anti-Jo1 patients with antisynthetase
syndrome. Arthritis Res. Ther. 15 (5), R149. doi: 10.1186/ar4332

Marie, I., Josse, S., Hatron, P. Y., Dominique, S., Hachulla, E., Janvresse, A., et al.
(2013b). Interstitial lung disease in anti-Jo-1 patients with antisynthetase syndrome.
Arthritis Care Res. (Hoboken). 65 (5), 800–808. doi: 10.1002/acr.21895

Mathieu, E., Escribano-Vazquez, U., Descamps, D., Cherbuy, C., Langella, P.,
Riffault, S., et al. (2018). Paradigms of lung microbiota functions in health and
disease, particularly, in asthma. Front. Physiol. 9, 1168. doi: 10.3389/fphys.2018.01168

McMurdie, P. J., and Holmes, S. (2013). phyloseq: an R package for reproducible
interactive analysis and graphics of microbiome census data. PloS One 8 (4), e61217.
doi: 10.1371/journal.pone.0061217
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