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Despite the existing studies relating systemic lupus erythematosus (SLE) to changes
in gut microbiota, the latter is affected by external factors such as diet and living
environment. Herein, we compared the diversity and composition of gut microbiota in
SLE patients and in their healthy family members who share the same household, to
link gut microbiota, diet and SLE clinical manifestations. The study cohort included
19 patients with SLE and 19 of their healthy family members. Daily nutrition was
assessed using a food frequency questionnaire (FFQ). Microbiota was analyzed using
amplicons from the V4 regions of the 16S rRNA gene, to obtain microbiota diversity,
taxa relative abundances and network analysis. The gut microbiota in the SLE group
had lower alpha diversity and higher heterogeneity than the control group. SLE patients
had decreased Acidobacteria, Gemmatimonadetes, Nitrospirae and Planctomycetes
at the phylum level, and increased Streptococcus, Veillonella, Clostridium_XI, and
Rothia at the genus level. Streptococcus was extremely enriched among patients with
lupus nephritis. Lactobacillus, Clostridium_XlVa, Lachnospiracea_incertae_sedis and
Parasutterella OTUs were associated with diet and clinical features of SLE. Finally, the
gut microbiota of SLE patients remained different from that in healthy controls even after
accounting for living conditions and diet.

Keywords: Gut microbiota, Systemic lupus erythematosus, Diets, Streptococcus, Network analysis

INTRODUCTION

The largest microbial ecosystem in humans is located in the intestinal tract, and is formed by the
intestinal flora and its metabolites (1). Indeed, the number of genes encoded from gut microbes,
referred to as the “second genome,” is 150 times larger than in the human genome (2). Growing
evidence in the past decade suggests that gut microbe changes are involved in autoimmune diseases
such as inflammatory bowel disease (IBD) (3), rheumatoid arthritis (RA) (4) or Systemic lupus
erythematosus (SLE), a heterogeneous autoimmune disease characterized by overexpression of
auto-antibodies that results in multi-organ injury (5, 6). However, the gut microbial community
in individuals was affected by diet and household environment, among other factors. For example,
both animal and human studies have shown that rapid and long-term changes in the structure
and function of the gut microbiota are strongly linked to dietary patterns (7, 8). Also, individuals
who share a household present similar microbiome and this accounts for 20% of the variance in
microbiome f diversity due to environmental factors (9).
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A possible link has been suggested between SLE and the
alteration of gut microbiota, although these studies compared
SLE patients with randomly selected healthy individuals,
which ignored the effect of environmental factors on the gut
microbiome (5, 10). Moreover, some of these studies included
patients in SLE remission, which may not fully reflect the
relationship between gut microbiota and disease. To address
these limitations, the present study only included patients that
need hospitalization treatment. Also, to account for differences
in living conditions, the control group consisted of healthy
family members who lived in the same household as the SLE
patient. Differences in gut microbiome composition between SLE
patients and control group were determined with 16S rRNA
gene sequencing of fecal samples, whereas dietary patterns were
obtained with a food frequency questionnaire (FFQ). With these
data, we obtained a relationship between gut microbiota, dietary
factors and clinical manifestations of SLE.

MATERIALS AND METHODS

Ethics Statement

The study protocol was approved by the Ethics Committee
of Qilu Hospital of Shandong University (approval number
KYLL-2017-056). All participants signed a written informed
consent form.

Study Cohort and Fecal Sampling

The SLE cohort (SLE) included 19 patients admitted to the Qilu
Hospital for treatment of SLE, between July 2019 and April 2020.
All these patients fulfilled the American College of Rheumatology
Criteria for the diagnosis of SLE (11). The healthy control (HC)
group included 19 matched family members (7 parents, 9 spouses
and 3 children) that lived in the same household as the SLE
patients. Fresh fecal samples were collected from participants
in both groups on the first day of their hospital admission and
immediately stored at —80°C. None of the participants in both
groups received antibiotic or probiotic treatment within 4 weeks
before enrollment into the study. Also, patients in the SLE group
had no other diseases, whereas participants in the HC group
were disease free. None of the participants smoked or had special
dietary habits such as alcohol consumption or vegetarianism. In
the SLE group, patients’ clinical manifestations and medication
records at the time of enrollment were registered, e.g., SLE disease
activity index (SLEDAI), organ injuries, and also immunological
data such as antinuclear antibodies (ANAs), antiphospholipid
antibodies (ACLs) and complement level.

Nutritional Assessment

A FFQ was administered to all participants to assess their dietary
intake patterns over the previous year. The FFQ was based on
previous studies of dietary patterns among Chinese population
and included 25 major food categories and 97 food items (12, 13).
The frequency of intake for the items in the different food
categories was quantified according to 1-9 scale: 1, never eat; 2,
consumed less than once a month; 3, consumed 1-3 times per
month; 4, 1-2 times per week; 5, 3-4 times per week; 6, 5-6 times
per week; 7, once daily; 8, twice daily; 9, >3 times daily. Each

TABLE 1| General characteristics and mean dietary intake of SLE patients

and HC.

SLE HC P-value
N 19 19
Age (yr) 36.11 £ 12.19 39.32 + 10.96 0.47
BMI 21.76 + 3.90 23.43 +£2.32 0.13
Female, n (%) 16 (84.21) 7 (36.84) 0.003*
Total energy (kal/d) 1828.90 + 289.18 2090.57 + 581.38 0.08
Protein (g/d) 74.35 £12.75 85.23 + 32.98 0.18
Carbohydrate (g/d) 273.99 + 56.87 291.32 £ 91.21 0.41
Fat (g/d) 49.02 + 13.50 61.72 + 35.15 0.13
PUFA (g/d) 9.07 + 2.01 11.84 + 5.91 0.08
Dietary fiber (g/d) 14.67 + 4.08 14.39 + 6.43 0.82
Cholesterol (mg/d) 129.62 +£71.86 169.42 + 143.06 0.21
Vitamin A (mg/d) 670.50 + 264.49 692.90 + 458.23 0.79
Vitamin B1 (mg/d) 0.95 + 0.22 1.09 + 0.50 0.26
Vitamin B2 (mg/d) 1.08+£0.30 1.07 £ 0.45 0.74
Vitamin C (mg/d) 98.79 + 40.02 91.64 + 42.93 0.34
Vitamin E (mg/d) 17.18 £4.77 18.57 £8.70 0.52
Calcium (mg/d) 540.66 + 195.14 507.70 + 218.01 0.62
Iron (mg/d) 17.75 + 3.62 19.01 +6.28 0.45
Zinc (mg/d) 10.04 + 2.22 11.66 + 4.51 0.14
Manganese (mg/d) 3.93+£1.07 4.74 £1.52 0.06

Values shown are mean + SD, unless otherwise noted.
BMI, Body Mass Index; PUFA, Polyunsaturated Fatty Acid.

of these levels was assigned an increasing relative weight: 0, 0.03,
0.07,0.22,0.50, 0.79, 1, 2 and 3 for levels 1 through 9, respectively.
The food intake amount was quantified with six different serving
sizes to choose from: <50g, 100g, 150g, 200g, >250g and
“not applicable”. Data collected from the FFQ was transformed
into a daily energy and nutrient intake using the China Food
Composition Table (14). The table indicated an average value of
energy and nutrient content of each food category that make up
by 3-8 individual food items. In this study, the total energy and
15 kinds of nutrients, including 6 macro and 9 trace nutrients
were chosen to be analyzed. The intake was calculated as follows:

Energy intake = Z(fli * f2i * Ei),

n=i

1
Nutrient intake = Z (f1i* f2i * Ni)

n=i

f1: food frequency relative weight, f2: food intake weight, E:
energy content and N: nutrient content; i = 1-25 (25 categories
of food in total).

Since nutrient intake is associated with the total energy of the
individual, for each participant, daily nutrient was adjusted to
their daily total energy intake for analysis based on the literatures
(15, 16).
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TABLE 2 | Clinical and immunological features of SLE patients.

Subject No. Disease SLEDAI Anti-dsDNA Clinical Treatment strategies
duration (m) (IU/mL) manifestations
SLE 1 7 5 8.93 LN, FE GCs+HCQ
SLE 2 24 9 899.50 LN, AR, FE GCs+MMF
SLE 3 60 5 1019.81 HD, MR GCs+HCQ+TAC
SLE 4 24 3 165.85 HD, AL GCs+HCQ
SLE 5 2 5 9.76 MR, FE, RP -
SLE 6 3 3 604.00 MR, FE -
SLE7 12 8 41.85 LN, AR, GCs
SLE 8 0.3 5 109.39 LN, HD, MR -
SLE 9 0.25 9 181.00 LN, HD -
SLE 10 24 8 21.40 AR, SE NSAIDs
SLE 11 120 4 422.55 HD, SE, RP GCs+HCQ+MMF+RTX
SLE 12 240 5 1149.50 LN, HD GCs+HCQ+CTX
SLE 13 12 4 69.00 AR GCs+MTX
SLE 14 24 1 69.90 HD GCs+HCQ-+MMF
SLE 15 0.5 7 1032.04 HD, AL, SE GCs+TAC
SLE 16 120 10 293.00 LN, NPSLE, GCs+HCQ+CTX
AL, OU
SLE 17 1 132.00 HD, AL -
SLE 18 2 26.22 AR, MR NSAIDs
SLE 19 0.16 3 338.11 HD, OU -
Median (range)? 12 (0.16, 240) 5(1,10) 181 (8.93, - -
1149.50)

4Data shown as median (minimum, maximum). AL, alopecia; AR, arthritis; CTX, cyclophosphamide; FE, fever; GCs, glucocorticoids; HCQ, hydroxychloroquine; HD, hematological
disorder; LN, lupus nephritis; MMF, mycophenolate mofetil; MR, malar rash; NPSLE, neuropsychiatric SLE; NSAIDs, nonsteroidal anti-inflammatory drugs; OU, oral ulcers; RF, Raynaud'’s

phenomenon; RTX, rituximab; SE, serositis; TAC, tacrolimus.

16S-rRNA Sequencing and Microbiota
Profiling

All fecal samples were transferred to Novogene (Tianjin, China)
for processing and analysis. Total bacterial DNA was extracted
with the DNA extraction kit (DP328, Tiangen Company, Beijing,
China). The V4 region of the 16S ribosomal subunit gene was
amplified using the 515F and 806R barcoded paired primers and
sequenced using the Illumina Nova 6000 platform as previous
described (17). Valid sequences were downloaded for microbiota
profiling. All valid sequencing data were prepared using
Usearch (version 10.0.240) software. Briefly, valid sequences were
dereplicated using the Usearch fastx_uniques algorithm. Using
the Usearch cluster_otus algorithm, dereplicated sequences were
clustered to the same OTU if their distance was <0.03. The
representative sequence of each OTU was then aligned to the
RDP (Release 11.5) using the Sintax algorithm, with a parameter
sintax_cut off of 0.8. The OTU abundances were merged at the
phylum and genus levels using the sintax_summary algorithm
with parameters -rank p and -rank g, respectively. The alpha
and beta diversities were calculated using Usearch -alpha_div,
-cluster_agg, and -beta_div algorithms.

Statistical Analysis

The paired t-test was used for the comparation of demographic
and food consumption data between SLE and HC group. All
statistical analyses about gut microbiota were performed in

R-studio (R, v.1.3.959), which is an integrated development
environment for R (v.3.6.3). For clustering analysis, we first used
the vegdist function of the vegan package to calculate the Bray
distance of the microbiome, followed by a hierarchical cluster
analysis using the “ward.D” algorithms in the hclust function. To
compare the microbiota homogeneity between SLE and control
groups, we used the Bray-distance-based betadisper function of
the vegan package to implement Marti Anderson’s PERMDISP2
procedure. This was done to analyze multivariate homogeneity
of group dispersions, and was followed by an analysis of variance
(ANOVA) for dimension-reduced variances (18). The Wilcoxon
test was used to numerically compare the two groups. The OTU
abundance, taxonomy profile, diversity profile and metadata
were all tested in R. Between-group comparison of the phylum-
and genus-level microbiome abundance was evaluated using the
Kruskal-Wallis test. The resulting p-values were adjusted using
the “false discovery rate (FDR)” method of the p.adjust function
in R. A volcano plot was constructed to show significant between-
group differences. Host-microbiota interactions were visualized
by construction of a co-occurrence network of the top 50 most
abundant OTUs and dietary elements. The pairwise Spearman
correlation among the OTU abundances was calculated using
a different cor.test function in R. For the pairwise relationship
between the OTUs, a p-value threshold <0.01 was applied to filter
significant correlations. In the patient group, the relationship
between OTUs, dietary patterns and clinical manifestations of
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SLE was calculated and filtered by a p-value threshold of 0.05.
All these filtered p-values were adjusted using the “Benjamini
and Yekutieli (BY)” method of the p.adjust algorithm in R.
Only correlations with an adjusted p-value <0.05 (q < 0.05)
were exported to Cytoscape (v.3.6.1), where the network plot
was constructed.

RESULTS

Demographic, Clinical and Diet
Characteristics of SLE and HC Groups

All participants were of Asian ethnicity and lived in the Shandong
Province, China. The distribution of age, body mass index (BMI),
total energy intake, macronutrients, minerals and vitamins was
comparable between the two groups (Table 1). The clinical and
immunological features of SLE group was listed in Table 2.
Of the 19 patients in the SLE group, 12 (63.16%) were newly
diagnosed with SLE, whereas 7 (36.84%) were experiencing a
disease flare-up.

Alpha Diversity of the Microbiota in the

SLE Group

Sequencing of the 16S rRNA gene yielded 2,485,658 valid reads
from 38 successfully sequenced samples. Based on the identity of
0.97, these reads were assigned to 1996 OTUs. Comparison of the
microbiota alpha diversity between SLE and HC groups showed
lower OTU numbers in the SLE group than in the HC group (274
vs. 480, respectively, with p = 0.00048) (Figure 1A). Estimated
richness index Chaol was also lower in SLE group than in HC
group (median Chao 1 value of 373.60 vs. 633.80, respectively,
with p = 0.00054) (Figure 1B). The equitability index of OTUs
was comparable (p = 0.422) in SLE and HC groups (0.58 vs.
0.61, respectively) (Figure 1C). The Shannon diversity index was
also lower (p = 0.026) in the SLE group than in the HC group
(3.26 vs. 3.71, respectively, Figure 1D). Together, these indices
indicate that SLE patients have a lower alpha diversity in their
gut microbiota due to a reduced number of OTUs.

Beta Diversity of the Microbiota in the SLE
Group

Between-group differences in the beta diversity of gut microbiota
were evaluated by filtering the top 20 rich OTUs and performing
a Bray distance-based NMDS analysis. This analysis revealed
that the microbiota in the SLE group was more dispersed
than in the HC group (Figure 2A). By enrolling the top 20
most abundant OTUs, the PERMDISP2 procedure and ANOVA
confirmed that the SLE group had a greater heterogeneity of
microbiome variance than the HC group (p = 0.03798). Re-
plotting the NMDS coordinates connected for patient-control
pairs showed that these paired coordinates were not located
particularly close in the plot (Figure 2B), confirming differences
between SLE and HC microbiomes at the community level. An
Adonis model including four factors (disease status, sex, age and
BMI) revealed that SLE disease status (p = 0.003) and age (p
= 0.027) were significant contributing factors to the differences
between SLE and HC microbiomes, but not sex (p = 0.900) or

BMI (p = 0.053). These data indicate that there are differences
in the gut microbiota at the community level between SLE and
HC groups, and that disease state (SLE vs. healthy) is the most
significant contributing factor.

Taxonomical Changes of the Microbiota in
the SLE Group

Taxonomic profiling of the SLE group microbiota started at
the phylum level. There were no between-group differences
for the three major phyla (Firmicutes, Proteobacteria and
Bacteroidetes) (Figures 3A-C). The ratio of Firmicutes to
Bacteroidetes was lower in the SLE group (Figure 3D), but this
was not statistically significant. The percentage of Acidobacteria,
Gemmatimonadetes, Nitrospirae and Planctomycetes was
remarkably lower in the SLE group (Figures 3E-H). Noted that
these four phyla account for a very low proportion of phyla
in human gut and there were some extremely high values in
the HC group. We reanalyze the abundance of the four phyla
after deleting these unnormal values. The results indicated that
for Acidobacteria, Gemmatimonadetes and Planctomycetes the
distribution differences were still significant between SLE and
HC group (p = 0.00016, 0.0015, and 0.0009 respectively). For
Nitrospirae, the difference was not with statistical significance (p
=0.05595).

Between-group comparison of the abundance of genera
identified a significant difference for 12 of the 331 genera
after FDR adjustment (q < 0.05). Volcano plots for the
SLE group showed an increase of Streptococcus, Veillonella,
ClostridiumXI and Rothia, and a decrease in Acidobacteria_Gp6,
Croceibacter,  Bacillariophyta,  Acetatifactor,  Helicobacter,
Turicibacter, Butyricicoccus and Alloprevotella (Figure 4A).
Patients in the SLE group were segregated based on the presence
of the following 4 clinical manifestations: lupus nephritis (LN),
rash, arthritis, and blood system involvement. Gut microbiota
abundance for each of these subgroups was compared to the
control group at the genus level. The abundance of Streptococcus
was considerably increased in patients with LN, while that
of Turicibacter was reduced compared to the control group
(Figure 4B). The other 3 subgroups (rash, arthritis, and blood
involvement) displayed no significant difference for microbiota
abundance than control group.

Network Analysis of the Association

Between Microbiome, Diet and SLE

A network analysis was performed to fully describe the
covariation between gut microbiota, dietary factors and SLE
disease status for SLE group. The interactions with significant
correlations (q < 0.05) between microbiota OTUs, 5 dietary
elements and 6 SLE clinical manifestations were finally visualized
(Figure 5). The most abundant OTUs in the SLE group were two
Faecalibacterium OTUs located at the center of the microbiota
network. They were intertwined with other gut communities but
was not directly related to SLE clinical features or to dietary
factors. The decrease in blood platelets (PLT) was negatively
correlated with an OTU of Lachnospiracea_incertae_sedis while
the pulmonary artery pressure (PAP) level was negatively
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FIGURE 1 | The gut microbiota alpha diversity comparison between the SLE and HC groups. Boxplot visualized five summary statistics (the median, two hinges and
two whiskers). Notches represented as median. The lower and upper hinges corresponded to the first and third quartiles (the 25th and 75th percentiles). The whisker
extended from the hinge to the largest value no further than 1.5 IQR (the distance between the first and third quartiles) from the hinge. Data beyond the end of the
whiskers were outlying points. (A) observed OTU number, (B) richness index of Chao1, (C) equability, and (D) Shannon_e index.
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FIGURE 2 | The NMDS plot of gut microbiota from the SLE and HC groups. (A) The NMDS coordinates of SLE (red dot) and HC (blue dot) were plotted in 3D review.
(B) The NMDS coordinates of SLE (red circle) and HC (blue circle) were re-plotted with samples from each disease-control pair connected.
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correlated with Parasutterella. An OTU of Clostridium_XIVa
showed a distribution difference with sex. It was also positively
linked with total amount of daily nutrients intake and negatively
with SLE disease flare. Lactobacillus OTU that was separate from
the core microbiota network negatively correlated with total
energy, protein, zinc and vitamin B2 intake.

DISCUSSION

In the present study, we used 16S rRNA gene sequencing
and a FFQ to compare the gut microbiota of patients with
SLE and their healthy family members, and to evaluate the
association between gut microbiota and dietary patterns. The
main findings of our bioinformatic analysis are as follows. First,
compared to a healthy control group of family members, thus
controlling for living situation and diet, the fecal microbiota
in patients with SLE was characterized by a lower richness
of alpha diversity and higher heterogeneity as well as an
abundance of Streptococcus. Differences in microbiome between
the two groups were mainly attributed to SLE disease status
and age. Network analysis revealed that a Lactobacillus OTU
mainly covaried with dietary factors, whereas Clostridium_XIVa,
Lachnospiracea_incertae_sedis and Parasutterella OTUs mainly
covaried with clinical features of SLE.

OTUs and Chaol index were indicative of a decrease in the
alpha diversity of SLE bacterial communities. This is consistent
with previous studies which reported that Chaol estimates of
total OTUs were significantly lower in SLE patients, tending
toward an inverse correlation between Chaol and SLEDAI (19).

Similarly, our finding of significant decrease in the Shannon
index for SLE is consistent with a study of untreated Chinese
SLE patients (20). With regards to the beta diversity of the gut
microbiome, the NMDS analysis showed more heterogeneity
for the SLE group than for the HC group. This has also been
observed for other inflammatory diseases, such as IBD, Crohn’s
disease (CD) and asthma (21-23). The relationship between the
disturbance imbalance of gut microbiota and immune diseases
remains to be fully clarified. One theory is that gut microbiota
antigens play an important role in the differentiation and
maturation of T and B cells in humans after birth. Thus, bacterial
dysbiosis may lead to impaired immune tolerance and increased
susceptibility to immune disorders (24). In a murine model, a
reduced gut microbiota diversity following antibiotic treatment
was associated to gut inflammation (25). Moreover, according to
the “hygiene hypothesis” that the absence of certain microbes and
lower exposure to bacterial antigen leads to the rise of allergies
and autoimmune disorder, the relatively high prevalence of SLE
in developed countries is partly due to the reduced richness of
microbes (26, 27).

At the phylum level, Firmicutes, Bacteroidetes and
Proteobacteria are the three main bacterial phyla in the human
intestinal tract. The observed decrease in the Firmicutes to
Bacteroidetes ratio in fecal samples of SLE patients has been also
reported in some studies, but not in others (5, 10, 28). We note
that the decrease in Firmicutes and Firmicutes to Bacteroidetes
ratio was not found to be significant. In contrast, Acidobacteria,
Gemmatimonadetes, Nitrospirae and Planctomycetes phyla were
significantly reduced in the SLE group, although they account
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FIGURE 3 | Phylum abundance comparison of gut microbiota between the SLE and HC groups. Three major phyla: the Firmicute (A), Bacteroides (B), Proteobacteria
(C), and were compared and the ratio of Firmicute/Bacteroides (D) were plotted. The percentage of Acidobacterium (E), Gemmatimonadetes (F), Nitrospirae (G), and
Planctomycetes (H) in SLE fecal were significantly reduced after FDR adjustment (q < 0.05). F/B: the relative abundance of Firmicute to Bacteroides.

for a very low proportion of phyla in the human gut. They
are mainly abundant in soil and related to diverse metabolic
pathways, such as carbon metabolism and oxygen utilization
(29, 30). The reports of their relationship with human diseases
were relative less. Acidobacteria was remarkably decreased in
idiopathic nephrotic syndrome (31) and Gemmatimonadetes
was found reduced in osteopenia patients than osteoporosis
patients (32). In-depth researches about the four bacteria phyla
in autoimmune diseases are required.

At the genus level, SLE and HC groups gut microbiota
were clearly different, with SLE showing an increase in
Streptococcus, Veillonella, Clostridium XI and Rothia. Among
these, Streptococcus has attracted significant attention, with
levels being particularly high among LN patients. A previous
study reported an enrichment of Streptococcus and Veillonella,
positively associated with SLEDALI, in the gut of SLE patients (33).
Since Streptococcus is the most predominant commensal and
common opportunistic infection-causing bacteria in humans,
its excess may affect the relationship between microflora and
SLE pathogenesis. First, bacterial infection can augment the

autoimmune response: Streptococcus combined with Veillonella
isolated from the human small intestine microbiota inhibited IL-
12p70 production and augmented IL-8, IL-6, IL-10 and TNF-a
responses (34). Moreover, via a “molecular mimicry” mechanism,
some species of Streptococcus use antigen presentation to induce
the initial activation of B cells and specific CD4™ T cells. Indeed,
antibodies generated against bacterial antigens can be cross-
reactive to the host tissue (35, 36). The anti-dsDNA antibody
in SLE share a common epitope of a pentapeptide with a
polysaccharide of Streptococcus pneumoniae (37). Except for
Streptococcus, another gram-positive bacterium Ruminococcus
gnavus (RG) was reported expanded in SLE by Silverman (19).
High levels of anti-RG strain-restricted antibodies were detected
in SLE patients with active nephritis. The lipoglycans of cell
wall of RG was confirmed with antigenic properties to trigger
immune response in SLE. In our cohort, we did not find a special
expression of RG while Li et al. reported a decrease of RG in
active SLE (SLEDAI>8) (33). This difference may be caused by
the disparity of subjects’ regions, races and disease activity as well
as the sample sizes of cohorts. It is also important to known that
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multiple pathobionts, singly or in combination, may contribute  its overgrowth in the lower intestine in SLE patients suggests
to SLE pathogenesis (19). Second, Streptococcus is enriched in  flora relocation in SLE (38, 39). Several studies have reported
the oral cavity and upper intestinal tract in healthy humans;  a higher abundance of fecal Streptococcus associated with liver
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cirrhosis and liver failure (40, 41). Since Streptococcus and its
subsidiary products can interfere with the mucosal immune
system, research on the extensive mechanism of Streptococcal
translocation in SLE is warranted (42, 43).

The relationship between dietary factors and disease has
long been a topic of research interest. Our use of a semi-
quantitative FFQ revealed that there were no significant
differences in main daily energy and nutrients intake between
SLE and HC groups. However, network analysis revealed
complex connections among the gut microbiota OTUs, diet,
and the clinical manifestations of SLE. Among them, genus
Lactobacillus and Clostridium_XIVa were studied a lot in
autoimmune diseases. Lactobacillus, whose OTU was negatively
correlated with total energy, protein, zinc, and VitB2 intake
in our research, has a reported beneficial probiotic effect in
ameliorating lupus symptoms and autoantibody production (44,
45). However, Zegarra-Ruiz et al. showed that Lactobacillus
has opposite pathogenic effects in an SLE mice model (46). In
our study, an OTU of Lactobacillus was linked with dietary
elements and isolated from the core flora, suggesting that
it is seldom affected by other gut microbes. Therefore, SLE
treatment based on dietary supplementation or depletion of
Lactobacillus may be both feasible and controllable. An OTU
of Clostridium_XIVa was noted with a negative correlation
with SLE disease flare. It was reported that clusters IV and
XIVa of the genus Clostridium promoted T regulatory cells
(Tregs) accumulation (47). Since Tregs quantity and function
impairment has been established with SLE pathogenesis (48, 49),
the role of Clostridium_XIVa in the immune system of SLE need
to be noticed.

Finally, our study has some limitations. First, the sample
size used was small, even though it only included inpatient
with SLE. Also, most patients in the SLE group were female,
which is expected from the sex distribution of this disease, but
nearly half of their accompanying family members in the control
group were their male husbands, therefore the sex distribution
between the two groups is not comparable. To account for
this sex bias, we used a multi-factor ANOVA with an Adonis
model which showed that sex was not a contributing factor
to the observed differences in the microbiota between the two
groups. we also did a correlation analysis of sex with other
variables (50 top abundant microbiota OTUs and 50 dietary and
clinical factors) in SLE and HC group. It showed that sex was
only associated with total nutrient intake. The data was listed
in the Supplementary Data S1. Nevertheless, larger samples are
needed in future studies to confirm this finding.

REFERENCES

1. Lynch SV, Pedersen O. The human intestinal microbiome in health and
disease. N Engl ] Med. (2016) 375:2369-79. doi: 10.1056/NEJMral600266

2. Qin], LiR, Raes J, Arumugam M, Burgdorf KS, Manichanh C, et al. A human
gut microbial gene catalogue established by metagenomic sequencing. Nature.
(2010) 464:59-65. doi: 10.1038/nature08821

3. Frank DN, St Amand AL, Feldman RA, Boedeker EC, Harpaz N, Pace NR.
Molecular-phylogenetic characterization of microbial community imbalances

CONCLUSION

Collectively, our comparison of gut microbiota between SLE
patients and their healthy family members showed a specific
alteration in the SLE group gut microbiome. Also, our
findings confirm an association between gut microbiota, dietary
intake and SLE clinical manifestations. Further research toward
elucidating the precise interactions between microbiota, diet and
host immune system may offer novel intervention targets for
SLE treatment.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number can be found at NCBI Short Reads Archive,
accession number: PRJNA648296.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Qilu Hospital of Shandong
University. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

ML and XW conceived the study and performed most of the
experiments. ML analyzed the data. XW wrote the manuscript.
LS and QS helped enroll patients and revised the manuscript. QL
and XQ helped with the experiments. All authors contributed to
the article and approved the submitted version.

FUNDING

This work was funded by the National Natural Science
Foundation for Young Scientist of China: 81701605 and
81700457.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2022.915179/full#supplementary-material

Supplementary Data S1 | The spearman correlation analysis of sex with other
variables for SLE and HCs was list in the datasheet.

in human inflammatory bowel diseases. Proc Natl Acad Sci U S A. (2007)
104:13780-5. doi: 10.1073/pnas.0706625104

4. Zhong D, Wu C, Zeng X, Wang Q. The role of gut microbiota in
the pathogenesis of rheumatic diseases. Clin Rheumatol. (2018) 37:25-
34. doi: 10.1007/s10067-017-3821-4

5. 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. doi: 10.1128/mBio.01
548-14

Frontiers in Medicine | www.frontiersin.org

June 2022 | Volume 9 | Article 915179


https://www.frontiersin.org/articles/10.3389/fmed.2022.915179/full#supplementary-material
https://doi.org/10.1056/NEJMra1600266
https://doi.org/10.1038/nature08821
https://doi.org/10.1073/pnas.0706625104
https://doi.org/10.1007/s10067-017-3821-4
https://doi.org/10.1128/mBio.01548-14
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Wang et al.

Gut Microbiota in SLE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Tsokos GC. Systemic lupus erythematosus. N Engl | Med. (2011) 365:2110-

21. doi: 10.1056/NEJMral100359

. David LA, Maurice CE, Carmody RN, Gootenberg DB, Button JE, Wolfe BE,

et al. Diet rapidly and reproducibly alters the human gut microbiome. Nature.
(2014) 505:559-63. doi: 10.1038/nature12820

. Wu GD, Chen J, Hoffmann C, Bittinger K, Chen YY, Keilbaugh SA, et al.

Linking long-term dietary patterns with gut microbial enterotypes. Science.
(2011) 334:105-8. doi: 10.1126/science.1208344

. Rothschild D, Weissbrod O, Barkan E, Kurilshikov A, Korem T, Zeevi D, et al.

Environment dominates over host genetics in shaping human gut microbiota.
Nature. (2018) 555:210-5. doi: 10.1038/nature25973

He Z, Shao T, Li H, Xie Z, Wen C. Alterations of the gut microbiome
in Chinese patients with systemic lupus erythematosus. Gut Pathog. (2016)
8:64. doi: 10.1186/513099-016-0146-9

Hochberg MC. Updating the American college of rheumatology revised
criteria for the classification of systemic lupus erythematosus. Arthritis
Rheum. (1997) 40:1725. doi: 10.1002/art.1780400928

Feng RN, Du SS, Chen Y, Li Z, Zhang YE, Sun CH, et al. An internet-based
food frequency questionnaire for a large Chinese population. Asia Pac J Clin
Nutr. (2016) 25:841-8.

Jian G. Association of Dietary Patterns and Physical Activities With Total Body
Fat Proportions and Metabolic Syndrome Among Middle Aged and Elderly
People: A Cross-Sectional Study. Shanghai, China: Fudan Univerisity (2012).
YX Y. China Food Composition. Beijing, China: Peking University Medical
Press (2019).

Willett W, Stampfer M]J. Total energy
for epidemiologic analyses. Am ] Epidemiol.
27. doi: 10.1093/oxfordjournals.aje.al14366

Poslusna K, Ruprich J, de Vries JH, Jakubikova M. van’t Veer P. Misreporting
of energy and micronutrient intake estimated by food records and 24 hour
recalls, control and adjustment methods in practice. Br J Nutr. (2009) 101
(Suppl. 2):573-85. doi: 10.1017/S0007114509990602

Dan Z, Mao X, Liu Q, Guo M, Zhuang Y, Liu Z, et al. Altered
gut profile is
activity of Autism  Spectrum  Disorder.
11:1246-67. doi: 10.1080/19490976.2020.1747329
Anderson M]J. Distance-based tests for

of multivariate dispersions. Biometrics. (2006)
53. doi: 10.1111/j.1541-0420.2005.00440.x

Azzouz D, Omarbekova A, Heguy A, Schwudke D, Gisch N, Rovin BH,
et al. Lupus nephritis is linked to disease-activity associated expansions
and immunity to a gut commensal. Ann Rheum Dis. (2019) 78:947-
56. doi: 10.1136/annrheumdis-2018-214856

Chen BD, Jia XM, Xu JY, Zhao LD Ji JY, Wu BX, et al. An autoimmunogenic
and proinflammatory profile defined by the gut microbiota of patients with
untreated systemic lupus erythematosus. Arthritis Rheumatol. (2021) 73:232-
43. doi: 10.1002/art.41511

Gong D, Gong X, Wang L, Yu X, Dong Q. Involvement of reduced microbial
diversity in inflammatory bowel disease. Gastroenterol Res Pract. (2016)
2016:6951091. doi: 10.1155/2016/6951091

Manichanh C, Rigottier-Gois L, Bonnaud E, Gloux K, Pelletier E, Frangeul L,
et al. Reduced diversity of faecal microbiota in Crohn’s disease revealed by a
metagenomic approach. Gut. (2006) 55:205-11. doi: 10.1136/gut.2005.073817
Hufnagl K, Pali-Scholl I, Roth-Walter F, Jensen-Jarolim E. Dysbiosis of the
gut and lung microbiome has a role in asthma. Semin Immunopathol. (2020)
42:75-93. doi: 10.1007/500281-019-00775-y

Zhao Q, Elson CO. Adaptive immune education by gut microbiota antigens.
Immunology. (2018) 154:28-37. doi: 10.1111/imm.12896

Grasa L, Abecia L, Forcen R, Castro M, de Jalon JA, Latorre E, et al. Antibiotic-
Induced depletion of murine microbiota induces mild inflammation and
changes in toll-like receptor patterns and intestinal motility. Microb Ecol.
(2015) 70:835-48. doi: 10.1007/s00248-015-0613-8

Bach JF. The effect of infections on susceptibility to autoimmune and allergic
diseases. N Engl ] Med. (2002) 347:911-20. doi: 10.1056/NEJMra020100

Mu Q, Zhang H, Luo XM, SLE. Another autoimmune disorder
influenced by microbes and  diet? (2015)
6:608. doi: 10.3389/fimmu.2015.00608

intake:  implications
(1986) 124:17-

metabolism
(2020)

abnormal
Gut  Microbes.

microbial associated  with

homogeneity
62:245-

Front  Immunol.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

39.

41.

42.

43.

44,

45.

46.

47.

48.

Luo XM, Edwards MR, Mu Q, Yu Y, Vieson MD, Reilly CM,
et al. Gut microbiota in human systemic lupus erythematosus
and a mouse model of lupus. Appl Environ Microbiol. (2018)
4:02288-17. doi: 10.1128/AEM.02288-17

Kalam S, Basu A, Ahmad I, Sayyed RZ, El-Enshasy HA, Dailin DJ, et al. Recent
understanding of soil acidobacteria and their ecological significance: a critical
review. Front Microbiol. (2020) 11:580024. doi: 10.3389/fmicb.2020.580024
Liu H, Carvalhais LC, Crawford M, Singh E, Dennis PG, Pieterse CM]J, et
al. Inner plant values: diversity, colonization and benefits from endophytic
bacteria. Front Microbiol. (2017) 8:2552. doi: 10.3389/fmicb.2017.02552

He H, Lin M, You L, Chen T, Liang Z, Li D, et al. Gut microbiota profile in
adult patients with idiopathic nephrotic syndrome. Biomed Res Int. (2021)
2021:8854969. doi: 10.1155/2021/8854969

Wang J, Wang Y, Gao W, Wang B, Zhao H, Zeng Y, et al. Diversity analysis
of gut microbiota in osteoporosis and osteopenia patients. Peer]. (2017)
5:€3450. doi: 10.7717/peer;j.3450

Li Y, Wang HF Li X, Li HX, Zhang Q, Zhou HW, et al. Disordered intestinal
microbes are associated with the activity of systemic lupus erythematosus. Clin
Sci (Lond). (2019) 133:821-38. doi: 10.1042/CS20180841

van den Bogert B, Meijerink M, Zoetendal EG, Wells JM, Kleerebezem
M. Immunomodulatory properties of Streptococcus and Veillonella
isolates from the human small intestine microbiota. PLoS ONE. (2014)
9:¢114277. doi: 10.1371/journal.pone.0114277

Blank M, Barzilai O, Shoenfeld Y. Molecular mimicry and auto-immunity.
Clin Rev Allergy Immunol. (2007) 32:111-8. doi: 10.1007/BF02686087
Pisetsky DS. The role of bacterial DNA in autoantibody induction. Curr Top
Microbiol Immunol. (2000) 247:143-55. doi: 10.1007/978-3-642-59672-8_10
Kotzin BL, Kozora E. Anti-DNA meets NMDA in neuropsychiatric lupus. Nat
Med. (2001) 7:1175-6. doi: 10.1038/nm1101-1175

. Yumoto H, Hirota K, Hirao K, Ninomiya M, Murakami K, Fujii H, et al. The

pathogenic factors from oral streptococci for systemic diseases. Int J Mol Sci.
(2019) 20:4571. doi: 10.3390/ijms20184571

Justesen T, Nielsen OH, Jacobsen IE, Lave J, Rasmussen SN. The
normal cultivable microflora in upper jejunal fluid in healthy adults.
Scand ] Gastroenterol. (1984) 19:279-82. doi: 10.1080/00365521.1984.120
05721

. Chen, Yang F, Lu H, Wang B, Chen Y, Lei D, et al. Characterization of fecal

microbial communities in patients with liver cirrhosis. Hepatology. (2011)
54:562-72. doi: 10.1002/hep.24423

Chen Y, Guo J, Qian G, Fang D, Shi D, Guo L, et al. Gut dysbiosis in acute-
on-chronic liver failure and its predictive value for mortality. ] Gastroenterol
Hepatol. (2015) 30:1429-37. doi: 10.1111/jgh.12932

Ferrando ML, Schultsz C, A. hypothetical model of host-pathogen

interaction of Streptococcus suis in the gastro-intestinal tract.
Gut  Microbes.  (2016)  7:154-62. doi:  10.1080/19490976.2016.11
44008

Jobin  MC, Grenier D. Identification and  characterization
of four proteases produced by  Streptococcus suis. FEMS
Microbiol — Lett.  (2003)  220:113-9. doi:  10.1016/S0378-1097(03)0
0088-0

Mu Q, Zhang H, Liao X, Lin K, Liu H, Edwards MR,
et al. Control of lupus nephritis by changes of gut
microbiota.  Microbiome. (2017) 5:73. doi:  10.1186/s40168-017-
0300-8

Khorasani S, Mahmoudi M, Kalantari MR, Lavi Arab F, Esmaeili SA, Mardani
E et al. Amelioration of regulatory T cells by Lactobacillus delbrueckii and
Lactobacillus rhamnosus in pristane-induced lupus mice model. J Cell Physiol.
(2019) 234:9778-86. doi: 10.1002/jcp.27663

Zegarra-Ruiz DFE, El Beidaq A, Iniguez AJ, Lubrano Di Ricco M, Manfredo
Vieira S, Ruff WE, et al. A diet-sensitive commensal lactobacillus strain
mediates tlr7-dependent systemic autoimmunity. Cell Host Microbe. (2019)
25:113-27 e6. doi: 10.1016/j.chom.2018.11.009

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) 331:337-41. doi: 10.1126/science.1198469

La Cava A. Tregs in SLE: an Update. Curr Rheumatol Rep. (2018)
20:6. doi: 10.1007/s11926-018-0714-8

Frontiers in Medicine | www.frontiersin.org

June 2022 | Volume 9 | Article 915179


https://doi.org/10.1056/NEJMra1100359
https://doi.org/10.1038/nature12820
https://doi.org/10.1126/science.1208344
https://doi.org/10.1038/nature25973
https://doi.org/10.1186/s13099-016-0146-9
https://doi.org/10.1002/art.1780400928
https://doi.org/10.1093/oxfordjournals.aje.a114366
https://doi.org/10.1017/S0007114509990602
https://doi.org/10.1080/19490976.2020.1747329
https://doi.org/10.1111/j.1541-0420.2005.00440.x
https://doi.org/10.1136/annrheumdis-2018-214856
https://doi.org/10.1002/art.41511
https://doi.org/10.1155/2016/6951091
https://doi.org/10.1136/gut.2005.073817
https://doi.org/10.1007/s00281-019-00775-y
https://doi.org/10.1111/imm.12896
https://doi.org/10.1007/s00248-015-0613-8
https://doi.org/10.1056/NEJMra020100
https://doi.org/10.3389/fimmu.2015.00608
https://doi.org/10.1128/AEM.02288-17
https://doi.org/10.3389/fmicb.2020.580024
https://doi.org/10.3389/fmicb.2017.02552
https://doi.org/10.1155/2021/8854969
https://doi.org/10.7717/peerj.3450
https://doi.org/10.1042/CS20180841
https://doi.org/10.1371/journal.pone.0114277
https://doi.org/10.1007/BF02686087
https://doi.org/10.1007/978-3-642-59672-8_10
https://doi.org/10.1038/nm1101-1175
https://doi.org/10.3390/ijms20184571
https://doi.org/10.1080/00365521.1984.12005721
https://doi.org/10.1002/hep.24423
https://doi.org/10.1111/jgh.12932
https://doi.org/10.1080/19490976.2016.1144008
https://doi.org/10.1016/S0378-1097(03)00088-0
https://doi.org/10.1186/s40168-017-0300-8
https://doi.org/10.1002/jcp.27663
https://doi.org/10.1016/j.chom.2018.11.009
https://doi.org/10.1126/science.1198469
https://doi.org/10.1007/s11926-018-0714-8
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Wang et al.

Gut Microbiota in SLE

49. Giang S, La Cava A. Regulatory T cells in SLE: biology and use in treatment.
Curr Rheumatol Rep. (2016) 18:67. doi: 10.1007/s11926-016-0616-6

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wang, Shu, Song, Liu, Qu and Li. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Medicine | www.frontiersin.org

11

June 2022 | Volume 9 | Article 915179


https://doi.org/10.1007/s11926-016-0616-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Gut Microbiota in Systemic Lupus Erythematosus and Correlation With Diet and Clinical Manifestations
	Introduction
	Materials and Methods
	Ethics Statement
	Study Cohort and Fecal Sampling
	Nutritional Assessment
	16S-rRNA Sequencing and Microbiota Profiling
	Statistical Analysis

	Results
	Demographic, Clinical and Diet Characteristics of SLE and HC Groups
	Alpha Diversity of the Microbiota in the SLE Group
	Beta Diversity of the Microbiota in the SLE Group
	Taxonomical Changes of the Microbiota in the SLE Group
	Network Analysis of the Association Between Microbiome, Diet and SLE

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


