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Objective. The study objective was to compare the microbial composition of patients with dermatomyositis
(DM) and healthy controls (HCs) and determine whether microbial alterations are associated with clinical manifesta-
tions of DM.

Methods. The 16S ribosomal RNA gene sequencing was performed on fecal samples from patients with DM and
HCs. Microbial composition and diversity were compared between subjects with DM and HCs and in association with
several DM-specific clinical variables, including myositis-specific autoantibodies (MSAs). Differentially abundant
microbial taxa and genes associated with clinical characteristics were identified, and functional analysis was per-
formed using predicted metagenomics. Dietary intake was assessed using a 24-hour dietary recall.

Results. The fecal microbiome of 36 patients with DM and 26 HCs were analyzed. Patients with DM trended
toward lower microbial diversity compared with HCs. The higher physician global damage score was significantly
correlated with the lower microbial diversity in patients with DM. Patients with interstitial lung disease
(ILD)-associated MSA (antisynthetase antibody (ab), anti-melanoma differentiation-associated protein 5 ab, n = 12)
had significant differences in microbial composition and lower microbial diversity compared with HCs. Differential
abundance testing demonstrated a unique taxonomic signature in the ILD-MSA subgroup, and predictive metage-
nomics identified functional alterations in a number of metabolic pathways. A significant increase in the relative
abundance of Proteobacteria was positively correlated with multiple pathways involved in lipopolysaccharide syn-
thesis and transport in the ILD-MSA group.

Conclusion. Patients with DM, particularly with ILD-associated MSAs, have lower microbial diversity and a distinct
taxonomic composition compared with HCs. Further studies are needed to validate our findings and elucidate specific
pathogenetic mechanisms that link the gut microbiome to clinical and pathological features of DM.

INTRODUCTION

A growing understanding of the host–microbiome interac-

tion demonstrates that there is a strong dynamic cross talk

between resident microbes and the host immune system, in

which the immune system shapes and preserves the ecology

of the microbiota, and in turn, the microbiota educates and

calibrates the immune system (1). The majority of microbiota

reside in the intestinal tract, affecting both the local intes-

tinal immune homeostasis as well as systemic inflammatory

responses (2).

Alterations in microbiome homeostasis (so-called dysbiosis)

can lead to dysregulation of various physiologic functions and

enhance susceptibility to chronic inflammatory disorders. Studies

in inflammatory bowel disease (IBD), rheumatoid arthritis (RA),

spondyloarthritis, and scleroderma have demonstrated that dys-

biosis of the gut microbiome is associated with perturbations in

immune function, metabolite production, and inflammatory

markers (3). The gut microbiome and its derived dietary metabo-

lites may also impact lipid metabolism and lead to metabolic dys-

function and low-grade inflammation, thereby promoting the

development of cardiovascular disease (4).
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Dermatomyositis (DM) is an autoimmune myopathy associ-
ated with marked microvascular dysfunction. As the gut micro-
biome has been implicated in the pathogenesis of both
autoimmune and vascular diseases, we hypothesized that the
gut microbiome may impact the development and perpetuation
of DM. The current study aims to compare the microbial composi-
tion of patients with DM and healthy controls (HCs) and to deter-
mine whether microbial alterations are associated with clinical
manifestations of DM.

PATIENTS AND METHODS

Study participants and definition of clinical vari-
ables. Participants were consecutively enrolled from the Univer-
sity of California, Los Angeles (UCLA). Eligible participants
included adults (age ≥ 18 years) with DM or HCs. All patients with
DM met European Alliance of Associations for Rheumatology/
American College of Radiology Classification Criteria for at least
“probable” adult idiopathic inflammatory myopathy (IIM) and DM
subclass, which was verified by chart review (5). Exclusion criteria
included IBD or other overlapping autoimmune diseases. All sub-
jects gave written informed consent for the study under a protocol
approved by the UCLA Human Research Subject Protection
Committee (Institutional Review Board #10-001833).

Patients provided a blood sample and completed question-
naires regarding cardiovascular risk and health information.
Assessment of creatine phosphokinase (CPK), inflammatory
markers including high-sensitivity C-reactive protein (hsCRP),
and Westergren erythrocyte sedimentation rate (ESR) were per-
formed using standard methods. Myositis-specific autoanti-
bodies (MSAs) were assessed at the Oklahoma Medical
Research Foundation. Patients were divided into the following
3 MSA groups in order to focus on antibodies known to strongly
associate with myositis related comorbidities: 1) interstitial lung
disease (ILD)-associated ab: antisynthetase antibody (ab) and
anti-melanoma differentiation-associated protein 5 (anti-MDA5);
2) cancer-associated ab: anti-transcription intermediary factor
1-gamma (anti-TIF1γ) and anti-nuclear matrix protein 2 (NXP2)/
MJ; and 3) other ab. Disease activity and damage were assessed
using physician global myositis disease activity and damage
scales by 100mm visual analog scale (VAS) and 5 point Likert
scale (6). Skin disease was assessed using the Cutaneous Der-
matomyositis Disease Area and Severity Index (CDASI) activity
and damage scores (7). Muscle strength was reported using
manual muscle testing (MMT-8) (6). ILD was defined by chest
computed tomography (CT) findings consistent with ILD showing
at least one of the following features: 1) reticulation and fibrosis, 2)
traction bronchiectasis, 3) honeycombing, or 4) ground glass
opacification (8).

Fecal sample collection. Consented participants were
provided with a toilet hat and prefilled sample containers for home

collection. Freshly defecated feces were immediately collected in
95% ethanol and homogenized with a steel ball in the sample
containers. Samples were delivered to the laboratory and stored
at −80�C.

Microbiome sequencing andmicrobial diversity and
composition analysis.Genomic DNA was extracted from fecal
samples using the ZymoBIOMICS DNA Microprep Kit (Zymo
Research), and the microbiota were profiled by 16S ribosomal
RNA (rRNA) gene sequencing of the V4 region by Illumina MiSeq
(Illumina) as previously described (9,10). Amplicon sequence var-
iants (ASVs) were identified using the DADA2 pipeline in R, and
bacterial taxonomy was assigned using the SILVA 132 database
(11). After preprocessing in R, the data were incorporated into
QIIME 2 version 2019.10 (12).

Analysis of α diversity, which examines the microbial diversity
within each sample, was reported using the Chao1 and Shannon
index. Chao1 is a measure of taxon “richness,” or number of dif-
ferent taxa per sample, and Shannon index is a measure of
“richness” as well as “evenness,” which is the qualitative amount
of taxa of each sample. Analysis of β diversity, which compares
the microbial composition between groups, was performed using
the robust Aitchison distance metric that accounts for the sparse
compositional nature of microbiome data. The robust Aitchison
distance metric has been shown to yield higher discriminatory
power compared with other common metrics, such as UniFrac
or Bray-Curtis (13). Low prevalent ASVs were removed if they
were not present in at least 15% of the samples (14). Results of
β diversity were visualized using principal coordinate analysis.
The relative abundance of microbes was tested at different bacte-
rial taxonomic levels using DESEq2 in R (15). In order to minimize
the possibility of placing similar sequences that are, in fact, from
different species, we also performed relative abundance testing
at the ASV level. Bacteroidetes to Firmicutes ratio (B/F ratio) was
calculated using the raw absolute count data in each sample.

Predicted metagenome. In order to increase the insight
into changes in the functional capacity of the gut microbiome,
metagenomic data were predicted from the 16S rRNA micro-
biome data using Phylogenetic Investigation of Communities by
Reconstruction of Unobserved States version 2 (PICRUSt2) in
QIIME2 (16). Differential abundance testing was done using
DESEq2 in R. Predicted genes were mapped into biological path-
ways through the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway database.

Assessment of dietary intake. Participants were asked
to complete a 24-hour dietary recall using the Automated Self-
Administered 24-hour dietary assessment tool (17). The tool has
been shown to capture intake with less bias compared with other
self-reporting instruments (18).
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Table 1. Demographics and clinical characteristics in DM and HCs

DM
(n = 36)

HC
(n = 26)

Age, y 47 ± 15 47 ± 17
Gender, female 27 (75) 17 (65)
Ethnicity, Hispanic 3 (8) 4 (15)
Race
White 23 (63) 18 (69)
Black 5 (14) 1 (4)
Asian 8 (22) 7 (27)

Current use of antibiotics 22 (61)a 2 (8)
Use of antibiotics within 3 months 22 (61)a 3 (12)
Current use of probiotic oral supplement 4 (11) 3 (12)
Comorbidities
Malignancy 0 (0) 0 (0)
Hypertension 9 (25) 3 (12)
Dyslipidemia 9 (25) 5 (19)
Diabetes 2 (6) 1 (4)
History of myocardial infarction 2 (6) 1 (4)
History of stroke/TIA 3 (8) 1 (4)
Family history of premature myocardial infarction 4 (11) 5 (19)
Ever smoker 9 (25) 2 (8)

Hs-CRP, mg/L 2.6 ± 4.6 2.0 ± 3.5
Sedimentation rate, mm/h 30 ± 25a 11 ± 8
Disease duration, mon 75 ± 95
Disease-specific outcome measures
Physician global activity VAS 0-100 mm 34 ± 26
Physician global activity Likert, median (IQR) 1.5 (1-2)
Physician global damage VAS, 0-100 mm 26 ± 23
Physician global damage Likert, median (IQR) 1 (1-2)
CDASI, activity score, median (IQR) 4.5 (1-8)
CDASI damage score, median (IQR) 0 (0-1)
MMT-8, 0-150, median (IQR) 148.5 (145-150)
CPK, U/L 207 ± 299
LD, U/L 234 ± 137
Aldolase, U/L 6.0 ± 6.0

Myositis autoantibodiesb

Anti-MDA5 ab 7 (19)
Anti-Jo1 ab 4 (11)
Anti-PL-12 ab 1 (3)
Anti-TIF1γ ab 8 (22)
Anti-NXP2 ab 5 (14)
Anti-Mi2 ab 3 (8)
Anti-SRP ab 1 (3)
Anti-Ro/SSA ab 2 (6)
Unidentified 1 (3)
No Ab 1 (3)

ILD, yesc 14 (39)
Pulmonary function tests
FVC % predicted 94 ± 22
FEV1/FVC % predicted 95 ± 10
TLC % predicted 92 ± 28
DLCO % predicted 77 ± 21

Medications
Methotrexate 3 (8)
Azathioprine 1 (3)
Hydroxychloroquine 8 (22)
Mycophenolate mofetil 21 (58)
Intravenous immunoglobulin 28 (78)
Rituximab 5 (14)
Cyclophosphamide 3 (8)

(Continued)
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Dietary intake was reported using the healthy eating index
(HEI) score, a measure of dietary quality according to the Dietary
Guidelines for Americans (19). The HEI is reported by a total
score, indicative of overall dietary quality, and separate compo-
nent scores with higher scores for a healthier diet pattern.

Statistical analysis. Microbiome diversity and composi-
tion were examined in DM compared with controls and in DM
subgroups. Associations of microbial diversity and composition
with DM-specific disease measures (MSA groups, physician
global VAS activity/damage, skin disease activity/damage by
CDASI, and muscle disease by MMT-8 and CPK) were assessed
using Spearman’s correlation for continuous variables and analy-
sis of variance (ANOVA) for categorical variables. Disease out-
come measures were analyzed both as continuous and
categorical (tertiles for VAS, dichotomized at the median for skin
scores) variables. Differences in α diversity between groups were
evaluated using multivariate analysis (MVA) of variance
(MANOVA) and β diversity were evaluated using permutational
multivariate analysis of variance (PERMANOVA) in order to control
for confounding covariates. Each of the following covariates was
tested by bivariate ANOVA (for α diversity) or PERMANOVA (for
β diversity) comparison between groups and included in the final
MVA model when significant: demographics (age, gender, and
race and ethnicity), comorbidities including cardiovascular risk
factors (malignancy, hypertension, diabetes, dyslipidemia, history
of myocardial infarction/stroke, family history of premature myo-
cardial infarction, and smoking history), and antibiotic use. In
patients with DM, additional covariates were tested and included
in MVA when significant: MSA group, presence of ILD, immuno-
suppressive medications, labs (ESR, hsCRP, CPK, and aldolase),
and global and skin disease activity/damage scores.

All tests were two-sided with an α level of 0.05, except for
exploratory correlations where significance level was set at 0.1. For
differential abundance testing, we used the false discovery rate
(FDR) of Benjamini and Hochberg (20) to correct for multiple

hypothesis testing, and a significant association was defined at the
FDR q-value threshold of less than or equal to 0.05.

RESULTS

Participant characteristics. A total of 36 patients with DM
and 26 HCs were analyzed (Table 1). The HC group had similar
demographics as the DM group. Global disease scores were mild
to moderate in most patients with DM; 39% had ILD on chest CT,
and no patients had concurrent malignancy. Use of antibiotics was
significantly higher in the DMgroup because of pneumocystis jiroveci
pneumonia prophylaxis for patients with DM on immunosuppressive
therapy (20/22 patients with antibiotic use [Table 1]; 17 with trimeth-
oprim/sulfamethoxazole, 3 with atovaquone).

Altered gut microbial diversity in patients with DM
compared with HCs. A total of 1615 ASVs were generated,
and after filtering to remove low-prevalence ASV, 212 ASVs were
used for the final analysis. The overall composition of microbial
communities based on β diversity was not significantly different
in patients with DM compared with HCs (P = 0.52, Figure 1A).

Microbial α diversity was significantly lower in patients with
DM compared with HCs by the Shannon index (P = 0.01) and
Chao1 (P = 0.04). MVA was performed to adjust for confounders
that were significant in bivariate analysis (current antibiotic use),
which demonstrated that patients with DM still trended toward
lower α diversity compared with controls by the Shannon index
(P = 0.08, Figure 1B). Also, when patients with DM were stratified
by antibiotic use, there was a similar trend for differences between
patients with DM not taking antibiotics (n = 14) and HCs (P = 0.09,
Supplementary Figure 1). These results suggest that the DM dis-
ease state may be associated with a potential decrease in micro-
bial species diversity independent of the effects of antibiotic use.

The relative abundance of microbial taxa in patients with DM
and HCs are summarized in Figure 1C and D. At the phylum level,
patients with DM had a significant shift to increased Bacteroidetes

Table 1. (Cont’d)

DM
(n = 36)

HC
(n = 26)

Prednisone 28 (78)
Low dose (<10 mg/d) 15 (42)
High dose (≥10 mg/d) 13 (36)

Daily prednisone dose, mg/d 15 ± 17

Note: Values reported as mean ± SD or n (%) unless otherwise specified.
Abbreviations: ab, antibody; CDASI, Cutaneous Dermatomyositis Disease Area and Severity Index;
CPK, creatine phosphokinase; CRP, C-reactive protein; CT, computed tomography; DLCO, diffusion
capacity of lung for carbon monoxide; DM, dermatomyositis; FEV, forced expiratory volume;
FVC, forced vital capacity; HC, healthy control; hsCRP, high sensitivity c-reactive protein; ILD, inter-
stitial lung disease; IQR, interquartile range; LD, lactate dehydrogenase; MDA5, melanoma
differentiation-associated protein 5; MMT, manual muscle testing; NXP2, nuclear matrix protein
2; PFT, pulmonary function test; SRP, signal recognition particle; TIA, transient ischemic attack;
TIF1 γ, transcriptional intermediary factor 1 γ; TLC, total lung capacity; VAS, visual analog scale.
aP < 0.05 in DM versus controls.
bMyositis autoantibody results were available in 33 of 36 patients.
cThoracic CT was available for review in 33 of 36 patients (29/33 of the scans had high-resolution
1 mm thin collimation); three patients without CT had normal PFTs.
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relative to Firmicutes (B/F ratio 0.33 [0.23] in DM vs. 0.22 [0.18] in
HCs, mean [SD], P = 0.038), which is a similar trend as reported in
systemic lupus erythematosus (SLE) (21). The relative abundance
of the Proteobacteria phylum was also increased, whereas Acti-
nobacteria was decreased in patients with DM compared with
HCs (P = 0.03 and 0.04, respectively). At the genus level, DM
samples demonstrated a nominally significant expansion of
Streptococcus, Lachnoclostridium, and Tyzzerella 3 and 4 and a
reduction of Bifidobacterium, Christensenellaceae R-7 group,
and Anaerostipes compared with HCs. However, once the signif-
icance level was adjusted for multiple hypothesis testing, there
were no microbial genera that were significantly associated with
DM disease state, indicating that community-level differences
detected may be driven by subtle changes in multiple taxa, rather
than a marked change in select microbial taxa.

Patients with DM by MSA subgroups have distinct
microbial taxonomic signatures. Because MSAs are impor-
tant in the classification of DM disease types, we investigated differ-
ences in microbial signatures between DM subgroups by MSA.
We compared patients with DM with ILD-associated antibodies
(ILD-MSA: antisynthetase ab and anti-MDA5 ab, n = 12), cancer-
associated antibodies (cancer-MSA: anti-NXP2/MJ ab, anti-

TIF1gamma ab, n = 13), and HCs (n = 26) (Table 2). Demographics,
medications, and global and skin disease activity/damage scores
were similar between the MSA subgroups (Table 2).

Significant differences in microbial communities of patients
with DM with ILD-MSA, those with cancer-MSA, and HCs were
observed using PERMANOVA (P = 0.02). β diversity analyses
showed that the microbial community of patients with DM with
ILD-MSA grouped separately from HCs as well as from patients
with DM with cancer-MSA (Figure 2A).

Microbial α diversity was also significantly reduced in ILD-MSA
and cancer-MSA patients with DM compared with HCs by both
Shannon index and Chao1 (P = 0.02 by ANOVA for both). The differ-
ence in Shannon index remained significant after multivariate adjust-
ment (P = 0.046 for Shannon index; P = 0.14 for Chao1) (Figure 2B).
Similar trends were observed when only patients with DM without
antibiotics were compared with HCs. Patients with ILD-MSA had
the lowest α diversity by the Shannon index (P = 0.01 by ANOVA,
Supplementary Figure 2C).

To further define compositional differences between MSA
groups and HCs, the relative abundance at different taxonomic
levels was computed. In the ILD-MSA subgroup, the phylum
level profile demonstrated a significant expansion of Proteobac-
teria (Figure 2C). Relative abundance of Proteobacteria in

Figure 1. Microbiome diversity in patients with DM compared with healthy controls. (A) Comparing the overall microbial composition in DM and
healthy control samples by principal coordinates analysis plot using a robust Aitchison distance matrix. Each dot represents a sample from a
patient with DM (blue) or a healthy control (red). Ellipse represents the 95% confidence interval for each group and groups are compared using
PERMANOVA. (B) Species evenness and richness in DM versus controls by Shannon index compared using MANOVA adjusted for significant dif-
ferences in antibiotic use. (C) Pie charts representing the relative abundances of the phyla present in the fecal microbiota from healthy controls and
patients with DM. (D) Taxa summary plots at family level and (E) genus level for DM and control with only those taxa with a relative abundance of
1% or more. No family or genus was differentially abundant in DM compared with controls. C, controls; DM, dermatomyositis; MANOVA, multivar-
iate analysis of variance; PC, principal component; PERMANOVA, permutational multivariate analysis of variance.
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patients with DM with antibiotics versus without antibiotics
were similar (P = 0.97), suggesting that the difference in micro-
biome between patients with DM and HCs was not primarily
driven by the difference in antibiotic use. The B/F ratio was also
significantly higher in ILD-MSA compared with HCs (0.45 [0.30]
vs. 0.22 [0.18], mean [SD], P = 0.006). At the family level,
Bacteroidaceae, Christensenellaceae, and Ruminococcaceae
families were enriched compared with HCs (P = 0.01, 0.02, and
0.04, respectively), andBacteroidaceaemaintained significance after
multiple hypothesis testing (q = 0.003, Figure 1D). At the genus level,
patients with DMwith ILD-MSA showed nominally significant enrich-
ment of Bacteroides, Streptococcus, Lachnoclostridium, and
Escherichia/Shigella and depletion of Christensenellaceae R-7

group, Eisenbergiella compared with HCs (Figure 1E, P < 0.05 for
all), although no genera remained significant after adjusting for multi-
ple hypothesis testing.

At the ASV level, extreme differences were observed in several
ASVs within the Firmicutes and Actinobacteria phyla that were
depleted in patients with ILD-MSA as well as in patients with
cancer-MSA compared with HCs. Patients with DM with ILD-
MSA also had significant depletion of the Christensenellaceae R-7
group (within the Christensenellaceae family), and multiple ASVs
within the Ruminococcaceae family (Ruminococcus 1, Ruminococ-
caceae UCG-002, and Subdoligranulum) compared with controls
and the cancer-MSA group. These differences remained significant
after adjustment for multiple hypothesis testing (Figure 2F-H).

Table 2. Demographics and clinical characteristics in patients with DM by MSA subgroup

ILD-associated
MSA

(n = 12)

Cancer-associated
MSA

(n = 13)
Other
(n = 8)

Age, y 53 ± 10 39 ± 15 49 ± 20
Gender, female 8 (67) 12 (92) 4 (50)
Ethnicity, Hispanic 2 (17) 0 (0) 1 (13)
Race
White 5 (42) 10 (77) 6 (75)
Black 2 (17) 2 (15) 1 (13)
Asian 5 (42) 1 (8) 1 (13)

Global activity VAS, 1-100 mm 34 ± 24 36 ± 26 45 ± 29
Global damage VAS, 1-100 mm 38 ± 18 22 ± 23 26 ± 24
CDASI activity 4.6 ± 5.4 6.5 ± 6.3 4.9 ± 4.7
CDASI damage 0.2 ± 0.4 1.6 ± 2.9 1.5 ± 3.5
MMT-8, 0-150 148 ± 3 146 ± 6 142 ± 11
ILD, yesa 11 (92) 1 (8) 2 (15)
FVC % predicted 88 ± 26 97 ± 15 101 ± 23
TLC % predicted 74 ± 35b 102 ± 11 98 ± 35
DLCO Hg % predicted 65 ± 22b 93 ± 11 80 ± 15

Antibiotic use within 3 months 10 (83) 6 (46) 4 (50)
Trimethoprim/sulfamethoxazole 9 (90) 3 (50) 4 (100)
Atovaquone 1 (10) 1 (17) 0
Voriconazole 0 1 (17) 0
Doxycycline 0 1 (16) 0

Medications
Methotrexate 0 0 1 (13)
Azathioprine 0 1 (8) 0
Hydroxychloroquine 4 (33) 3 (23) 0
Mycophenolate mofetil 9 (75) 8 (62) 3 (38)
Intravenous immunoglobulin 10 (83) 10 (77) 6 (75)
Rituximab 3 (25) 0 2 (25)
Cyclophosphamide 1 (8) 1 (8) 1 (13)
Prednisone
Low dose (≤10 mg/d) 6 (50) 5 (38) 3 (38)
High dose (>10 mg/d) 5 (42) 4 (31) 3 (38)

Daily prednisone dose, mg/d 15 ± 18 12 ± 14 20 ± 23

Note: Patients that did not have myositis antibody results available were excluded. Values are
reported as mean ± SD or n (%). ILD-associated MSA includes antisynthetase ab and anti-
MDA5 ab. Cancer-associated MSA includes anti-TIF1γ ab and anti-MJ ab.
Abbreviations: ab, antibody; ANOVA, analysis of variance; CDASI, Cutaneous Dermatomyositis
Disease Area and Severity Index; DLCO Hg, diffusion capacity of lung for carbon monoxide Hg;
DM, dermatomyositis; FVC, forced vital capacity; ILD, interstitial lung disease; MDA5, melanoma
differentiation-associated protein 5; MMT-8, manual muscle testing; MSA, myositis-specific
autoantibody; TIF1, transcription intermediary factor 1-gamma; TLC, total lung capacity; VAS,
visual analog scale.
aP < 0.05 between groups by χ2 test.
bP < 0.05 between groups by ANOVA.
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The cancer-MSA subgroup of patients with DM also had a
significantly higher B/F ratio compared with HCs (0.35 [0.17]
vs. 0.22 [0.18], respectively, mean [SD], P = 0.04). The Lachnospir-
aceae family was significantly depleted compared with HCs, partic-
ularly the genus CAG-56 in the Lachnospiraceae family, which was

absent in patients with cancer-MSA compared with HCs. No other
genera were significantly different compared with the ILD-MSA
subgroup or HCs. At the ASV level, patients with cancer-MSA
showed depletion of the Christensenellaceae R-7 group compared
with HCs, similar to the ILD-MSA group (Figure 2F).

Figure 2. Microbiome diversity in patients with DM by MSA subgroups (ILD-associated MSA n = 12, cancer-associated MSA n = 13) compared
with HCs (n = 26). (A) Significant differences in microbial composition between MSA subgroups and HCs. Each dot represents a patient with DM
with ILD-MSA (green), cancer-MSA (red), or an HC (blue). Ellipse represents the 95%CI for each group. Significance of differences across the three
groups was determined using PERMANOVA. (B) Decreased species evenness and richness in MSA subgroups compared with HCs using MAN-
OVA adjusted for hypertension, which was a significant confounding variable. * for P < 0.05 on unadjusted post hoc pairwise comparison between
groups (HC vs. cancer-MSA P = 0.04; HC vs. ILD-MSA P = 0.049; ILD-MSA vs. cancer-MSA P = NS). (C) Relative abundance at the phylum level
from HC and MSA subgroups. (D-E) Taxonomic summary plots of HC and MSA subgroups at the (D) family and (E) genus levels, only showing
taxa with a relative abundance of 1% or more. (F-H) Differential abundance testing at the ASV level calculated as log2 fold change values between
(F) ILD-MSA versus HC, (G) patients with cancer-MSA versus HCs, and (H) ILD-MSA versus cancer-MSA. ASV that were only identifiable at the
genus label are marked with “(G).” ASV, amplicon sequence variant; CI, confidence interval; DM, dermatomyositis; HC, healthy control; ILD, inter-
stitial lung disease; MANOVA, multivariate analysis of variance; MSA, myositis-specific autoantibody; NS, not significant; PC, principal component;
PERMANVOA, permutational multivariate analysis of variance.
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Higher disease damage in patients with DM associ-
ates with lower microbial diversity. Patients with ILD had
significantly lower microbial α diversity when compared with
patients without ILD (P = 0.03, Figure 3A). Patients with ILD were

older and less likely to be White compared with patients without
ILD; however, there were no significant differences in medication
use between the groups (Supplementary Table 1). To further
investigate the altered microbial α diversity in DM disease

A B

C D

E F

Figure 3. Associations between microbial α diversity and DM disease specific outcome measures in patients with DM (n = 36). Comparison of
microbial α diversity by Chao1 index between (A) patients with and without ILD and (B) patients with high versus low skin disease activity (divided
at the median CDASI activity score) demonstrated significantly lower microbial richness in patients with ILD and patients with lower skin disease
activity. (C-F) Spearman’s correlation between microbial α diversity and physician global scores on VAS (0-100 mm). Higher disease damage
score was significantly correlated with lower evenness and diversity of microbial species by (D) Shannon index and (F) Chao1 index. Physician
global activity scores did not correlate with microbial α diversity by (C) Shannon index or (E) Chao1 index. CDASI, Cutaneous Dermatomyositis
Disease Area and Severity Index; DM, dermatomyositis; ILD, interstitial lung disease; VAS, visual analog scale.
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subgroups, we analyzed its association with the following DM-
specific disease outcome measures: global disease activity/
damage scores, clinical and laboratory measures of muscle dis-
ease, and skin disease activity/damage scores.

Higher physician global disease damage scores in patients
with DM were significantly correlated with lower microbial diver-
sity measured both by the Shannon index (r = −0.33,
P = 0.048) and Chao1 (r = −0.37, P = 0.01) (Figure 3D and F).
Similar correlations were noted when patients with DM with anti-
biotic use were excluded (n = 14, Shannon index r = −0.57,
P = 0.03; Chao1 r = −0.55, P = 0.04, Supplementary Figure 3A
and C). The opposite trend was seen for skin disease activity,
as patients with more active skin disease demonstrated higher
microbial diversity compared with patients with lower CDASI
scores (CDASI activity divided at the median) by Chao1 index
(P = 0.03) (Figure 3B). Significant correlations were not observed

between microbial diversity and global disease activity or muscle
disease (MMT-8, CPK).

Differential taxa abundance analysis demonstrated that
higher CDASI activity was significantly correlated with enrichment
of the Dorea genus within the Lachnospiraceae family (r = 0.50,
P = 0.002). No further associations were seen with other DM dis-
ease outcome measures in differential taxa abundance or β diver-
sity analysis.

Functional alterations in gut microbiome of
patients with DM with ILD-MSA. Microbial functional predic-
tion using PICRUSt2 indicated a total of 970 genes with differen-
tial representation in patients with DM with ILD-MSA compared
with controls (q < 0.05 with multiple hypothesis correction). We
mapped biological pathways of 97 genes which were present in

Figure 4. Associations between enriched genes in LPS biosynthesis/transport pathways and Proteobacteria abundance in DM patients with
ILD-MSA. Associations between Y axis: enriched genes in LPS biosynthesis/transport pathways (A) UDP-O-[3-hydroxymyristoyl] N-acetylgluco-
samine deacetylase, (B) heptosyltransferase II, (C) heptosyltransferase I, (D) ADP-L glycerol-D-manno-heptose 6 epipmerase, (E) LPS-assembly
protein, (F) lipopolysaccharide export system protein LptA counts and X axis: Proteobacteria abundance in patients with DM with ILD-MSA.
Spearman’s correlation showing significant correlations between relative abundance of Proteobacteria and 4 out of the 6 LPS pathways identified
as significantly enriched in ILD-MSA compared to HC using predictive metagenomics. Proteobacteria abundance was log transformed due to
skewness. DM, dermatomyositis; HC, healthy control; ILD-MSA, interstitial lung disease-myositis-specific autoantibody; LPS, lipopolysaccharide.
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more than 0.001% of total predicted bacterial gene counts using
the KEGG database (Supplementary Figure 4).

Patients with DM with ILD-MSA displayed a higher potential
for metabolism of carbohydrates, amino acids, and vitamins.
Also, the ILD-MSA subgroup had higher abundance of genes
involved in signal transduction, cellular transporters, and genetic
information processing including aminoacyl-transfer RNA (tRNA)
synthetases compared with controls, whereas genes involved in
cell growth pathways were depleted.

Genes required for the synthesis and transport of lipopoly-
saccharides (LPSs) were enriched in patients with DM with ILD-
MSA. As Proteobacteria is a known source of potent forms of
bacterial LPS and was also significantly enriched in this subgroup
(Figure 2C), we analyzed the correlations between identified LPS
pathways and Proteobacteria. Significant correlations were dem-
onstrated between Proteobacteria and four of six LPS pathway
genes (P < 0.1, Figure 4).

Dietary differences in DM subgroups and HCs. Dietary
questionnaires were answered by 21 patients with DM and 15 con-
trols with similar demographics (Supplementary Table 2). HEI scores
showed that patients with DM had higher consumption of whole
grains compared with HCs. Total HEI scores were low in both
groups and were not significantly different (Supplementary Table 1).

To assess whether dietary differences existed between MSA
subgroups that may contribute to microbiome differences, HEI
scores were compared between MSA subgroups and HC subjects
who answered the questionnaire (n = 6 ILD-MSA, n = 6 cancer-
MSA; Supplementary Figure 5). Patients with ILD-MSA had a higher
consumption of whole grains, but otherwise, HEI scores were similar
to HCs. Patients with cancer-MSA had more significant differences
compared with HCs: a lower consumption of total vegetables and
total protein and a higher consumption of added sugar.

DISCUSSION

We present the first study to characterize the gut microbiome
in patients with DM compared with HCs. Our results demonstrate
a global change in microbial communities in patients with DM
characterized by lower microbial diversity compared with HCs
and a distinct gut microbial composition, particularly in patients
with DM with ILD-MSA.

The gut microbiome plays a fundamental role in the induc-
tion, education, and function of the host immune system. The
breakdown of the host–microbiome homeostasis leads to dys-
regulation of its ability to calibrate local and systemic immune
responses, which can enhance susceptibility to chronic inflamma-
tory conditions (1). Reduced gut microbial α diversity (microbial
richness and evenness) is a common theme in inflammatory dis-
eases, reported in RA, SLE, spondyloarthritis, and IBD (3). In addi-
tion, lower gut microbial diversity has been associated with higher
markers of inflammation, such as hsCRP and white blood cell

counts, suggesting a relationship with systemic inflammation
(22). The current work adds to this existing body of knowledge
regarding the microbiome and inflammatory conditions, demon-
strating an abnormal gut microbiome in patients with DM, with a
possible link to DM-associated ILD.

Patients with DM with ILD-MSA had a significantly different
overall microbial composition with a unique taxonomic signature
compared with HCs, and patients with ILD had a significantly lower
microbial diversity compared with patients with DM without ILD.
ILD is a common and severe complication inmyositis, with a high risk
of morbidity andmortality, and MSAs are important predictors of ILD
and ILD outcomes (23). Increasing evidence supports the link
between gut microbiota and lung immunity, the so-called “gut–lung
axis,” in which gut microbiota can influence the mucosal immune
system of the lung by regulating the inflammatory response of the
“commonmucosal immune system” (24,25). Dysbiosis in gut micro-
biota has been shown to impact the lung immune response in animal
models as well as human studies of asthma, allergic airway disease,
respiratory infections, and chronic obstructive pulmonary disease
(26–29). In scleroderma, intestinal dysbiosis was found to be more
severe in patients with extraintestinal manifestations, including pul-
monary fibrosis (30).

Further work is warranted to determine whether changes in
the gut microbiome also associate with lung disease in other
autoimmune diseases such as SLE and RA. The current work
identified some differences and similarities to SLE and RA in spe-
cific phyla species. In particular, patients with DM had a significant
shift to increased Bacteroidetes relative to Firmicutes, which is a
similar trend as reported in patients with SLE. Conversely, Firmi-
cutes are increased in RA (31) and patients with Sjögren’s syn-
drome (32) compared with controls.

The expansion of Proteobacteria was significant in the ILD-
MSA subgroup compared with HCs in our study. The Proteobac-
teria phylum is enriched in invasive pathobionts, and abnormal
expansion of Proteobacteria has been described as a signature
of dysbiosis and reduced integrity of the gut epithelium (33,34).
Proteobacteria is also a known source of potent forms of bacterial
LPS, a well-described proinflammatory endotoxin that leads to
endothelial damage, oxidative stress, and metabolic dysfunction
and strongly associates with inflammatory biomarkers such as
tumour necrosis factor α, Interleukin-6 (IL-6), and CRP (35–37).
Proteobacteria was not only expanded in our DM ILD-MSA sub-
group but also positively correlated with genes involved in LPS
biosynthesis and transport. Although the association between
Proteobacteria and LPS alone does not prove a mechanistic link,
these data support the hypothesis that gut dysbiosis with expan-
sion of Proteobacteria may lead to reduced gut mucosal integrity,
increased bacterial translocation, and LPS-mediated inflamma-
tory response in patients with DM with ILD-MSA.

The patients with ILD-MSA also had extreme depletion of
Christensenellaceae R-7 group ASV and multiple ASVs within
the Ruminococcaceae family compared with HCs and the
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cancer-MSA group. Reduction of Christensenellaceae and Rumi-
nococcaceae has been associated with inflammatory diseases,
metabolic dysfunction, and lipid metabolism. In particular,
patients with inflammatory intestinal diseases had lower abun-
dance of Christensenellaceae R-7 group compared with controls
(38), and a large Chinese population study demonstrated that
depletion of the Christensenellaceae family is correlated with more
pathologic features of metabolic syndrome (obesity, hypertrigly-
ceridemia, and lower high-density lipoprotein) (39,40). Depletion
of the Ruminococcaceae family was also associated with higher
hsCRP, IL-6, and LPS binding protein levels and noted more fre-
quently in individuals with overweight (41). The functional signifi-
cance of the depletion of these organisms in patients with DM
with ILD-MSA warrants further investigation.

Predictive metagenomics identified many genes in a number of
metabolic and cellular pathways that were significantly altered in the
ILD-MSA gut microbiome compared with HCs. In addition to the
expansion of LPS pathways, this group also had significantly
increased abundance of genes encoding aminoacyl-tRNA synthe-
tases compared with HCs. Although host aminoacyl-tRNA synthe-
tases are a well-known autoantibody target in patients with IIM with
antisynthetase syndrome, recent evidence suggests that pathogen
aminoacyl-tRNA synthetases are also associated with host immune
responses (42). Thesemicrobial functional pathways are often driven
by multiple microbial taxa, and thus future studies may combine
functional capacity with taxonomic signals to investigate the role of
specific microbial taxa and their functional changes in DM.

Damage of the microvasculature is strongly implicated in DM
disease pathogenesis (43), and increasing evidence supports that
the gut microbiome may influence vascular disease (44,45).
Menni et al used carotid-femoral pulse wave velocity (PWV) to
demonstrate that lower gut microbiome diversity and depletion
of the Ruminococcaceae family were both associated with
increased arterial stiffness, which is highly predictive of future vas-
cular events (46). In fact, the variance in PWV was explained more
by microbiome-related factors than by well-known markers of
metabolic syndrome. Lower microbiome diversity and depletion
of Ruminococcaceae family were observed in our ILD-MSA sub-
group. Vascular damage has been suggested to play a role in
myositis-associated ILD, evidenced by increased expression of
adhesion molecules and higher blood levels of markers of endo-
thelial damage in these patients (47). Further studies may investi-
gate the association between dysbiosis and vascular damage in
DM and its associated ILD.

In our current study, patients with less active skin disease
activity had lower gut microbial diversity. Zakostelska et al dem-
onstrated that psoriasis murine models treated with antibiotics to
reduce gut bacterial diversity had reduction in Th17 cells and
developed less severe imiquimod-induced skin inflammation than
conventional mice, suggesting that reduced gut microbial diver-
sity may alter the proinflammatory T cell response and result in
less severe skin inflammation (48). Higher DM skin disease activity

in our study was also correlated with abundance of the Dorea

genus. Dorea species are common members of the gut micro-
biome that can use host mucin as a source of energy and
increase gut permeability. Certain Dorea species, such as Dorea

longicatena and Dorea formicigenerans, have been connected
with higher stimulus-induced interferon γ response in large popu-
lation studies (49), which is of interest given the strong interferon
signatures in DM skin disease (50,51).

Diet plays a significant role in shaping the microbiome (52).
Overall dietary composition of patients with ILD-MSA and HCs in
our study were similar, other than higher whole grain intake in
patients with ILD-MSA, suggesting that the differences of the gut
microbiome in our study are more likely related to the underlying
disease state rather than due to dietary differences.

Our findings should be interpreted with several limitations in
mind. First, our study includes a relatively small sample size, as
DM is a rare disease with an estimated annual incidence of 1 per
100,000 persons (53). Despite the small sample size, we
observed several significant associations, suggesting that our
findings are unlikely to be due to chance alone. Second, patients
with DM were on immunosuppressive treatments, whereas HCs
were not, which is an expected limitation for data from an obser-
vational disease cohort. Environmental exposures such as antibi-
otics are known to alter the gut microbiome (54). We used MVA to
adjust for antibiotics when they were significant in bivariate analy-
ses. We also demonstrated similar results when analysis was per-
formed after excluding all patients with DM with antibiotic use.
Further work is needed to determine whether the intestinal micro-
bial conditions are more dependent on disease or drug effects.
Acute dietary changes are also known to rapidly alter the gut
microbiome for a short term (55), which may not be accounted
for in our cross-sectional study. In order to address this, future
studies will include repeat collections of this cohort to account
for intrasubject variation. Dietary data were collected in 36 of
62 (58%) of the subjects, which introduces the possibility of a
biased dietary assessment. Lastly, the gut microbiome was deter-
mined from fecal samples alone. As the gut microbial composition
varies throughout the gastrointestinal tract, future studies may
consider obtaining mucosal microbiota from different locations
along the gut to obtain a more complete assessment.

In summary, the current study reports the results of a fecal
microbiome analysis of 36 patients with DM showing that patients
with DM, particularly those with ILD-MSAs, have lower microbial
diversity and a distinct taxonomic composition compared with
HCs. Further studies in larger DM cohorts are needed to validate
our findings and elucidate specific pathogenetic mechanisms that
link the gut microbiome to clinical and pathological features of DM.

ACKNOWLEDGEMENTS

Dr. Bae thanks the Rheumatology Research foundation for the sup-
port provided. Dr. Jacobs was supported by VA CDA2 IK2CX001717.

BAE ET AL668



Dr. Charles-Schoeman received support from the National Heart, Lung,
and Blood Institute (R01-HL-123064), the Myositis Association, Pfizer,
Bristol Myers Squibb, and Abbvie and received a research grant and
consulting fees from Octapharma. The authors have no disclosures
related to this work. Drs. Bae and Charles-Schoeman thank the work of
the UCLA microbiome core facility for the acquisition, analysis of the data
and critical appraisal of the manuscript. We would also like to thank all
the patients and subjects that have volunteered to participate in the
study.

AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it critically

for important intellectual content, and all authors approved the final ver-
sion to be published. Dr. Bae had full access to all of the data in the study
and takes responsibility for the integrity of the data and the accuracy of
the data analysis.
Study conception and design. Bae, Jacobs, Charles-Schoeman.
Acquisition of data. Bae, Wang, Lagishetty, Katzka, Charles-
Schoeman.
Analysis and interpretation of data. Bae, Dong, Jacobs, Charles-
Schoeman.

REFERENCES

1. Belkaid Y, Harrison OJ. Homeostatic immunity and the microbiota.
Immunity 2017;46:562-76.

2. Clemente JC, Ursell LK, Parfrey LW, Knight R. The impact of the gut
microbiota on human health: an integrative view. Cell 2012;148:
1258-70.

3. Clemente JC, Manasson J, Scher JU. The role of the gut microbiome
in systemic inflammatory disease. BMJ 2018;360:j5145.

4. Jonsson AL, Backhed F. Role of gut microbiota in atherosclerosis. Nat
Rev Cardiol 2017;14:79-87.

5. Lundberg IE, Tjarnlund A, Bottai M, Werth VP, Pilkington C, de
VisserM, et al. 2017 European League Against Rheumatism/American
College of Rheumatology Classification criteria for adult and juvenile idi-
opathic inflammatory myopathies and their major subgroups. Arthritis
Rheumatol 2017;69:2271-82.

6. Rider LG, Werth VP, Huber AM, Alexanderson H, Rao AP, Ruperto N,
et al. Measures of adult and juvenile dermatomyositis, polymyositis,
and inclusion body myositis: Physician and Patient/Parent Global
Activity, Manual Muscle Testing (MMT), Health Assessment Question-
naire (HAQ)/Childhood Health Assessment Questionnaire (C-HAQ),
Childhood Myositis Assessment Scale (CMAS), Myositis Disease
Activity Assessment Tool (MDAAT), Disease Activity Score (DAS),
Short Form 36 (SF-36), Child Health Questionnaire (CHQ), physician
global damage, Myositis Damage Index (MDI), Quantitative Muscle
Testing (QMT), Myositis Functional Index-2 (FI-2), Myositis Activities
Profile (MAP), Inclusion Body Myositis Functional Rating Scale
(IBMFRS), Cutaneous Dermatomyositis Disease Area and Severity
Index (CDASI), Cutaneous Assessment Tool (CAT), Dermatomyositis
Skin Severity Index (DSSI), Skindex, and Dermatology Life Quality
Index (DLQI). Arthritis Care Res (Hoboken) 2011;63 Suppl 11:
S118-57.

7. Anyanwu CO, Fiorentino DF, Chung L, Dzuong C, Wang Y, Okawa J,
et al. Validation of the Cutaneous Dermatomyositis Disease Area and
Severity Index: characterizing disease severity and assessing respon-
siveness to clinical change. Br J Dermatol 2015;173:969-74.

8. Travis WD, Costabel U, Hansell DM, King TE, Jr., Lynch DA,
Nicholson AG, et al. An official American Thoracic Society/European
Respiratory Society statement: update of the international multidisci-
plinary classification of the idiopathic interstitial pneumonias.
Am J Respir Crit Care Med 2013;188:733-48.

9. Tong M, Jacobs JP, McHardy IH, Braun J. Sampling of intestinal
microbiota and targeted amplification of bacterial 16S rRNA genes
for microbial ecologic analysis. Curr Protoc Immunol 2014;107:
7.41.1-11.

10. Jacobs JP, Dong TS, Agopian V, Lagishetty V, Sundaram V,
Noureddin M, et al. Microbiome and bile acid profiles in duodenal
aspirates from patients with liver cirrhosis: The Microbiome, Microbial
Markers and Liver Disease Study. Hepatol Res 2018;48:1108-17.

11. Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson AJA,
Holmes SP. DADA2: high-resolution sample inference from Illumina
amplicon data. Nat Methods 2016;13:581-3.

12. Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC, Al-
Ghalith GA, et al. Reproducible, interactive, scalable and extensible
microbiome data science using QIIME 2. Nat Biotechnol 2019;37:
852-7.

13. Martino C, Morton JT, Marotz CA, Thompson LR, Tripathi A, Knight R,
et al. A novel sparse compositional technique reveals microbial pertur-
bations. mSystems 2019;4:e00016-9.

14. Dong TS, Luu K, Lagishetty V, Sedighian F, Woo SL, Dreskin BW,
et al. The intestinal microbiome predicts weight loss on a calorie-
restricted diet and is associated with improved hepatic steatosis.
Front Nutr 2021;8:718661.

15. Love MI, Huber W, Anders S. Moderated estimation of fold change
and dispersion for RNA-seq data with DESeq2. Genome Biol 2014;
15:550.

16. Douglas GM, Maffei VJ, Zaneveld JR, Yurgel SN, Brown JR,
Taylor CM, et al. PICRUSt2 for prediction of metagenome functions.
Nat Biotechnol 2020;38:685-8.

17. Subar AF, Kirkpatrick SI, Mittl B, Zimmerman TP, Thompson FE,
Bingley C, et al. The Automated Self-Administered 24-hour dietary
recall (ASA24): a resource for researchers, clinicians, and educators
from the National Cancer Institute. J Acad Nutr Diet 2012;112:
1134-7.

18. Schatzkin A, Kipnis V, Carroll RJ, Midthune D, Subar AF, Bingham S,
et al. A comparison of a food frequency questionnaire with a 24-hour
recall for use in an epidemiological cohort study: results from the
biomarker-based Observing Protein and Energy Nutrition (OPEN)
study. Int J Epidemiol 2003;32:1054-62.

19. Krebs-Smith SM, Pannucci TE, Subar AF, Kirkpatrick SI, Lerman JL,
Tooze JA, et al. Update of the Healthy Eating Index: HEI-2015.
J Acad Nutr Diet 2018;118:1591-602.

20. Yoav B, Yosef H. Controlling the false discovery rate: a practical and
powerful approach to multiple testing. J R Stat Soc Series B Stat
Methodol 1995:289-300.

21. Hevia A, Milani C, Lopez P, Cuervo A, Arboleya S, Duranti S, et al.
Intestinal dysbiosis associated with systemic lupus erythematosus.
mBio 2014;5:e01548-14.

22. van den Munckhof IC, Kurilshikov A, Ter Horst R, Riksen NP,
Joosten LAB, Zhernakova A, et al. Role of gut microbiota in chronic
low-grade inflammation as potential driver for atherosclerotic cardio-
vascular disease: a systematic review of human studies. Obes Rev
2018;19:1719-34.

23. Zhang L, Wu G, Gao D, Liu G, Pan L, Ni L, et al. Factors associated
with interstitial lung disease in patients with polymyositis and dermato-
myositis: a systematic review and meta-analysis. PLoS One 2016;11:
e0155381.

24. Hauptmann M, Schaible UE. Linking microbiota and respiratory dis-
ease. FEBS Lett 2016;590:3721-38.

25. Date Y, Ebisawa M, Fukuda S, Shima H, Obata Y, Takahashi D, et al.
NALT M cells are important for immune induction for the common
mucosal immune system. Int Immunol 2017;29:471-8.

26. Noverr MC, Huffnagle GB. Does the microbiota regulate immune
responses outside the gut? Trends Microbiol 2004;12:562-8.

GUT MICROBIOME IN DM 669



27. Ipci K, Altintoprak N, Muluk NB, Senturk M, Cingi C. The possible
mechanisms of the human microbiome in allergic diseases. Eur Arch
Otorhinolaryngol 2017;274:617-26.

28. Shukla SD, Budden KF, Neal R, Hansbro PM. Microbiome effects on
immunity, health and disease in the lung. Clin Transl Immunology
2017;6:e133.

29. Bowerman KL, Rehman SF, Vaughan A, Lachner N, Budden KF,
Kim RY, et al. Disease-associated gut microbiome and metabolome
changes in patients with chronic obstructive pulmonary disease. Nat
Commun 2020;11:5886.

30. Andreasson K, Alrawi Z, Persson A, Jonsson G, Marsal J. Intestinal
dysbiosis is common in systemic sclerosis and associated with gas-
trointestinal and extraintestinal features of disease. Arthritis Res Ther
2016;18:278.

31. Rogier R, Evans-Marin H, Manasson J, van der Kraan PM,
Walgreen B, Helsen MM, et al. Alteration of the intestinal microbiome
characterizes preclinical inflammatory arthritis in mice and its modula-
tion attenuates established arthritis. Sci Rep 2017;7:15613.

32. Siddiqui H, Chen T, Aliko A, Mydel PM, Jonsson R, Olsen I. Microbio-
logical and bioinformatics analysis of primary Sjogren’s syndrome
patients with normal salivation. J Oral Microbiol 2016;8:31119.

33. Shin NR, Whon TW, Bae JW. Proteobacteria: microbial signature of
dysbiosis in gut microbiota. Trends Biotechnol 2015;33:496-503.

34. Litvak Y, Byndloss MX, Tsolis RM, Baumler AJ. Dysbiotic Proteobac-
teria expansion: a microbial signature of epithelial dysfunction. Curr
Opin Microbiol 2017;39:1-6.

35. Cani PD, Bibiloni R, Knauf C, Waget A, Neyrinck AM, Delzenne NM,
et al. Changes in gut microbiota control metabolic endotoxemia-
induced inflammation in high-fat diet-induced obesity and diabetes
in mice. Diabetes 2008;57:1470-81.

36. Salguero MV, Al-Obaide MAI, Singh R, Siepmann T, Vasylyeva TL.
Dysbiosis of Gram-negative gut microbiota and the associated serum
lipopolysaccharide exacerbates inflammation in type 2 diabetic
patients with chronic kidney disease. Exp Ther Med 2019;18:3461-9.

37. Bannerman DD, Goldblum SE. Mechanisms of bacterial
lipopolysaccharide-induced endothelial apoptosis. Am J Physiol Lung
Cell Mol Physiol 2003;284:L899-914.

38. Mancabelli L, Milani C, Lugli GA, Turroni F, Cocconi D, van
Sinderen D, et al. Identification of universal gut microbial biomarkers
of common human intestinal diseases by meta-analysis. FEMSMicro-
biol Ecol 2017;93.

39. Li X, Li Z, He Y, Li P, Zhou H, Zeng N. Regional distribution of Chris-
tensenellaceae and its associations with metabolic syndrome based
on a population-level analysis. PeerJ 2020;8:e9591.

40. Fu J, Bonder MJ, Cenit MC, Tigchelaar EF, Maatman A, Dekens JA,
et al. The gut microbiome contributes to a substantial proportion of
the variation in blood lipids. Circ Res 2015;117:817-24.

41. Martinez I, Lattimer JM, Hubach KL, Case JA, Yang J, Weber CG,
et al. Gut microbiome composition is linked to whole grain-induced
immunological improvements. ISME J 2013;7:269-80.

42. Nie A, Sun B, Fu Z, Yu D. Roles of aminoacyl-tRNA synthetases in
immune regulation and immune diseases. Cell Death Dis 2019;
10:901.

43. Grundtman C, Malmstrom V, Lundberg IE. Immune mechanisms in
the pathogenesis of idiopathic inflammatory myopathies. Arthritis
Res Ther 2007;9:208.

44. Jie Z, Xia H, Zhong SL, Feng Q, Li S, Liang S, et al. The gut micro-
biome in atherosclerotic cardiovascular disease. Nat Commun 2017;
8:845.

45. Karbach SH, Schonfelder T, Brandao I, Wilms E, Hormann N,
Jackel S, et al. Gut microbiota promote angiotensin ii-induced arterial
hypertension and vascular dysfunction. J Am Heart Assoc 2016;5:
e003698.

46. Menni C, Lin C, Cecelja M, Mangino M, Matey-Hernandez ML,
Keehn L, et al. Gut microbial diversity is associated with lower arterial
stiffness in women. Eur Heart J 2018;39:2390-7.

47. Funauchi M, Shimadsu H, Tamaki C, Yamagata T, Nozaki Y,
Sugiyama M, et al. Role of endothelial damage in the pathogenesis
of interstitial pneumonitis in patients with polymyositis and dermato-
myositis. J Rheumatol 2006;33:903-6.

48. Zakostelska Z, Malkova J, Klimesova K, Rossmann P, Hornova M,
Novosadova I, et al. Intestinal microbiota promotes psoriasis-like skin
inflammation by enhancing Th17 response. PLoS One 2016;11:
e0159539.

49. Schirmer M, Smeekens SP, Vlamakis H, Jaeger M, Oosting M,
Franzosa EA, et al. Linking the human gut microbiome to inflammatory
cytokine production capacity. Cell 2016;167:1125-36.e8.

50. Baechler EC, Bauer JW, Slattery CA, Ortmann WA, Espe KJ,
Novitzke J, et al. An interferon signature in the peripheral blood of der-
matomyositis patients is associated with disease activity. Mol Med
2007;13:59-68.

51. Wong D, Kea B, Pesich R, Higgs BW, Zhu W, Brown P, et al. Inter-
feron and biologic signatures in dermatomyositis skin: specificity and
heterogeneity across diseases. PLoS One 2012;7:e29161.

52. Singh RK, Chang HW, Yan D, Lee KM, Ucmak D, Wong K, et al. Influ-
ence of diet on the gut microbiome and implications for human health.
J Transl Med 2017;15:73.

53. Bendewald MJ, Wetter DA, Li X, Davis MD. Incidence of dermatomy-
ositis and clinically amyopathic dermatomyositis: a population-based
study in Olmsted County, Minnesota. Arch Dermatol 2010;146:
26-30.

54. Vich Vila A, Collij V, Sanna S, Sinha T, Imhann F, Bourgonje AR, et al.
Impact of commonly used drugs on the composition and metabolic
function of the gut microbiota. Nat Commun 2020;11:362.

55. David LA, Maurice CF, Carmody RN, Gootenberg DB, Button JE,
Wolfe BE, et al. Diet rapidly and reproducibly alters the human gut
microbiome. Nature 2014;505:559-63.

BAE ET AL670


	Altered Gut Microbiome in Patients With Dermatomyositis
	INTRODUCTION
	PATIENTS AND METHODS
	Outline placeholder
	Study participants and definition of clinical variables
	Fecal sample collection
	Microbiome sequencing and microbial diversity and composition analysis
	Predicted metagenome
	Assessment of dietary intake
	Statistical analysis


	RESULTS
	Outline placeholder
	Participant characteristics
	Altered gut microbial diversity in patients with DM compared with HCs
	Patients with DM by MSA subgroups have distinct microbial taxonomic signatures
	Higher disease damage in patients with DM associates with lower microbial diversity
	Functional alterations in gut microbiome of patients with DM with ILD-MSA
	Dietary differences in DM subgroups and HCs


	DISCUSSION
	ACKNOWLEDGEMENTS
	AUTHOR CONTRIBUTIONS
	Study conception and design
	Acquisition of data
	Analysis and interpretation of data

	REFERENCES


