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Throughout our lives we are immersed in, and colonized by,

immense and complex microbial communities. These

microbiota serve as activators and early sparring partners for

the progressive construction of the layers within our immune

defenses and are essential to immune homeostasis. Yet, at

times imbalances within the microbiota may contribute to

metabolic and immune regulatory abnormalities that underlie

the development of inflammatory and autoimmune diseases.

Here, we review recent progress in investigations of the

microbiome, with emphasis on the gut microbiota associated

with systemic autoimmunity. In particular, these studies are

beginning to illuminate aspects of the pathogenesis of

Systemic Lupus Erythematosus, and may suggest that

interconnections with specific disease-associated patterns of

dysbiosis within gut communities are bidirectional and mutually

reinforcing.
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Introduction
Influences from our microbiome communities permeate

our very essence. Integral to the birthing process itself is an

intimate relationship in which maternal bacteria taxa

immediatelybegin tocolonize thenewborn’severy surface,

with the largest communities ultimately residing within the

gut. In adults, the intestine is home to complex and

dynamic communities of an estimated 100 trillion bacteria.

In health, individual intestinal communities are comprised
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ofmany hundredsof phylogenetically distinct taxa. Indeed,

we co-evolved with our commensal bacteria that are abso-

lutely essential for ensuring the availability of nutrients for

metabolism, including for harvesting energy sources from

otherwise indigestible plant polysaccharides. These pro-

cesses also facilitate the availability of a range of factors that

are immune modulators. The representation of individual

members of these communities may reflect continuous

expansions and contractions, to adapt to dietary opportu-

nities, stressors associated with illness, and the medications

that we ingest, amongst many many potential influences.

Colonization by microbiota also primes the developing

innate and adaptive immune system, resulting in the cali-

bration and immune regulation that determines triggering

thresholds for subsequent immune responses. And what

better agents than commensal microbes to serve as sparring

partners for the developing immune system? Evidence is

now mounting that the commensal populations within our

internal environments, and especially the gut, can repre-

sent the greatest single class of influences for the develop-

ment of autoimmune disease. In the following sections we

highlight a number of key findings regarding the micro-

biome and both disease susceptibility and subsequent

disease activity.

Observations in murine models with potential
relevance for clinical disease
In mouse models, the distribution and balance of intestinal

microbes have been shown to affect fundamental features

of autoimmune pathogenesis, with central paradigms elu-

cidated from studies of Candidatus Savagella, commonly

known as segmented filamentous bacteria (SFB), a com-

mensal within the gut microbiota of rodents, fish and

chickens. In a predisposed murine strain, SFB has been

shown to contribute to the development of inflammatory

arthritis while in other mouse strains SFB expansions

instead contribute to the production of anti-nuclear auto-

antibody (ANA) [1�]. SFB are also inducers of RORg(+)
Th17 cells that potentiate autoimmune tissue injury,

whereas other taxa directly or indirectly support the devel-

opment of regulatory T-cells (i.e. Tregs) that suppress

inflammation. SFB has therefore become the prototype

for a symbiont gut bacterial species that in some settings

directly contributes to autoimmune pathogenesis, acting

akin to opportunistic pathogens, hence the term patho-

biont. Immune homeostasis in health therefore requires a

balance between the influences of diverse commensals, or

an autoimmune disease state can result.
www.sciencedirect.com
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Microbial colonization has been reported to result in the

imprinting by antigens from gut commensals that is a

fundamental influence required for early immune devel-

opment [2��,3�]. In a recent report, bacterial orthologues

of the RNA-binding protein, Ro, made by human skin,

oral, and gut commensal species were shown to prime and

clonally select the early human B-cell repertoire [2��]. Yet

autoantibodies to the Ro antigen are also prominent in

SLE and Sjogren’s syndrome patients, and sera from

human anti-Ro autoantibody-positive lupus patients were

shown to immunoprecipitate both commensal and human

Ro ribonucleoproteins. In addition, these skin and muco-

sal Ro-containing bacteria were shown to activate human

CD4 memory T-cell clones from lupus patients, suggest-

ing that T-cell cross-reactivity between human and

microbial Ro orthologues in lupus patients is common

[2��]. These studies may rationalize the process by which

microbial proteins, including primordial RNA-binding

proteins, serve as xeno-antigens that commonly select

for B-cell clones in the emerging B-cell repertoire, which

in Lupus and Sjogren’s patients may later become

recruited into pathologic autoimmune responses. Indeed

there are clinical settings in which circulating IgG anti-

SSA/Ro responses themselves can be pathogenic [4].

In a separate report, the obligate anaerobic gut commensal,

Roseburia intestinalis, was shown to express non-orthologous

mimetopes for B-cell and T-cell epitopes in b2 glycoprotein

I, an autoantigen that is a target for responses in patients with

anti-phospholipid syndrome [5]. If subsequently validated,

these studies may outline an experimental approach by

which additional commensals (and their autoantigen ortho-

logues) may be linked to other autoimmune diseases.

Imbalances in microbiome communities (termed dysbiosis)

are postulated to at times influence dysregulation of the

systemic immune system. In the extreme, breaches of the

intestinal barrier can result in the release of components of

dead bacteria, or even translocation of live bacteria to outside

of the gut. In a recent report, mice that develop a severe

inflammatory Lupus-like syndrome were reported to

have expansions in the small intestine of an anaerobe,

Enterococcus gallinarum, detectable by direct culture of mesen-

teric lymph nodes, and by in situ hybridization studies of

hepatic tissue [6].This colonization was linked to triggeringof

the Aryl hydrocarbon receptor system, resulting in autoanti-

body production and a type I interferon signature, even

though only low-level serum anti-E. gallinarum antibody

responses were detected [6]. In a separate report colonization

ofgnotobioticmicewithamicrobialconsortiumfromapatient

with primary biliary sclerosis resulted in Th17 expansions and

hepatobiliary injury. In these colonized mice E. gallinarum, as
well as Klebsiella pneumoniae and Proteus mirabilis, were recov-

ered in cultures of mesenteric lymph nodes [7]. These latter

studies therefore suggest that translocation of E. gallinarum
may not have a specific association with Lupus alone, but may

also occur in other inflammatory diseases that affect the liver.
www.sciencedirect.com 
Dysbiosis and impaired gut barrier function in
SLE
Patients with SLE display a remarkable range of clinical

manifestations, and disease activity often appears to wax and

wane in the absence of obvious external precipitating

influences. Recent reports have begun to consider the

potential contributions of the gut microbiome [8–10].

Whereas the human gut microbiome is dominated by four

bacterial phyla —Firmicutes, Bacteroidetes, Actinobacteria and

Proteobacteria, in one Lupus cohort with all patients in

remission, and in a second that included patients with a

broader range of disease activity, overall shifts were reported

with expansions of Proteobacteria (aerobes) along with reduc-

tionsofFirmicutes (anaerobes) [8,9], apatternpreviouslyseen
in other inflammatory pathologic conditions. However, such

patterns were not found in a third Lupus study [10]. These

differences could be ascribed to different microbiomes in

patients residing in different parts of the world. Or perhaps

the great clinical heterogeneity within the patients in these

small cohorts was contributory, as each had limited repre-

sentation of clinically active patients.

Toaddress theneedfor studies of larger Lupuscohorts with

a broader range of disease activity, a larger cross-sectional

study was recently reported with 61 female patients with

comparisons to a control group of healthy female volunteers

[11��]. Akin to findings associated with SFB colonization of

the murine intestine [12�], Lupus fecal samples had greater

than twofold overall elevations in secretory IgA than was

found in healthy controls attesting to local immune activa-

tion [11��]. In addition, many Lupus patients had elevated

fecal levels of calprotectin [11��], a host innate protein from

neutrophils that has become an accepted biomarker for

intestinal inflammation and barrier defect in patients with

inflammatory bowel disease (IBD). Although serious intes-

tinal disease is distinctly uncommon in SLE, Lupus

patients also displayed significantly raised serum soluble

CD14 and a1-acid glycoprotein levels, which have been

attributed to gut bacterial translocation in other conditions

[13,14]. Notably, the immune systems of Lupus patients

are reported to commonly show evidence of chronic endo-

toxin exposure that has been interpreted as suggestive of

leakage of the gut barrier [15]. Taken together, these

findings bolster the notion that Lupus patients may at

times suffer impaired gut barrier integrity, potentially

enabling commensals, or their components, to escape the

intestinal lumen. Yet, the actual anatomic site responsible

for these postulated ‘leaks’ has not been directly studied in

lupus patients, and unlike those with IBD Lupus patients

do not commonly suffer from overt enteritis.

SLE patients with active disease display
characteristic patterns of dysbiosis and
immune responses
Studies of 16S rRNA libraries have confirmed an inverse

association between Lupus disease activity and overall

intestinal microbiota biodiversity [11��]. Strikingly, SLE
Current Opinion in Immunology 2019, 61:80–85
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patients with high disease activity displayed a mean

fivefold overabundance of the obligate anaerobic species,

Ruminococcus gnavus [11��], which has been reassigned to

the Blautia genus of the Lachnospiraceae family. Further-

more, patients with high disease activity had an eightfold

increase in R. gnavus abundance compared to the healthy

subjects and most patients with high R. gnavus abundance

had active Lupus nephritis, an often severe clinical

feature of disease, at the time of biosampling [11��].

In earlier surveys, Lupus patients were also reported to

have expansions of Blautia related bacteria [10]. More-

over, in two different cohorts fecal 16S rRNA surveys also

detected expansions of the Veillonella species [11��,16],
which are common components of the oral microbiome.

These latter findings suggest that the dysbiosis in Lupus

patients can involve translocation of bacteria from the oral

cavity to gut.

In a study of serum responses to oral microbiota, Bagavant

et al. stratified Lupus patients based on seropositivity to the

major Lupus-associated autoantigens; dsDNA, SmRNP,

SSA/Ro and SSB/La. Patients with anti-dsDNA antibodies

also displayed higher antibody levels to Aggregatibacter acti-

nomycetemcomitans, Porphyromonas gingivalis, Treponema
denticola, and the commensal Capnocytophaga ochracea,

when compared to patients lacking anti-dsDNA. Further-

more, the presence of anti-SmRNP antibodies was associ-

ated with higher anti-bacterial antibody titers against all the

bacteria, while anti-SSA/Ro and anti-SSB/La failed to asso-

ciate with antibodies to any of the periodontal bacteria [17�].
These studies support the notion that inflammatory

responses in the gingival tissues, especially to periodontal

pathogens, may contribute to Lupus disease activity.

In the above-described studies of the gut microbiome, the

abundance of R. gnavus in fecal samples correlated with

serum IgG anti-R. gnavus antibody levels. Anti-R. gnavus
antibody levels also directly correlated with those of

autoantibodies against native DNA that is a laboratory

correlate of Lupus nephritis. Indeed, in three indepen-

dent cohorts, the highest levels of IgG anti-R. gnavus
antibodies were associated with active Lupus nephritis

[11��], which suggested a link between a dysbiotic gut

community dominated by high R. gnavus abundance and

autoimmune pathogenesis responsible for Lupus nephri-

tis. A cell wall lipoglycan was identified as an immuno-

dominant antigen in a R. gnavus strain that is recognized

by serum IgG responses in the Lupus patients, and

purified preparations displayed TLR2-activating capacity

[11��]. Cumulatively, these findings suggested that

increased gut permeability in Lupus patients may result

in systemic release of microbial substances, that include

R. gnavus bacterial antigens and immune-activators. Fur-

thermore, some bacterial factors can also induce type I

interferon production (reviewed in Ref. [18]), which

could represent a missing link in our understanding of
Current Opinion in Immunology 2019, 61:80–85 
Lupus pathogenesis. In a recent report, a secreted poly-

saccharide with TLR4 stimulatory capacity was isolated

from a R. gnavus strain [19�], indicating this pathobiont

may affect host immunity via a number of pathways

Ruminococcus gnavus outgrowths implicated
in diverse pathologic conditions
In the human gut, the Lachnospiraceae family members fill a

special niche and degrade complex polysaccharides includ-

ing those of the intestinal mucus layer, which might con-

tribute in some individuals to a leaky gut [20]. Yet

R. gnavus strains vary greatly in their genomic composition,

metabolic features and competitiveness, and some isolates

produce Lantibiotic polypeptides that suppress competing

species. R. gnavus strains are found generally at low levels in

the intestines of an estimated 90% of adults, typically

representing <0.1% of the gut microbiota. However, abun-

dance is also greatly increased in a subset of patients with

Crohn’s disease, and these RG blooms, which can represent

up to 69% of communities [21�] often co-occur with disease

flares. Although roles in pathogenesis are circumstantial,

R.gnavusmonocolonizationofmice can causeexpansionsof

IL-17 producing T-cells in the small bowel [22].

Increases in intestinal R. gnavus abundance have also

been found in infants with allergic disease [23]. Patients

with spondyloarthropathy with a history of IBD have also

been reported to have up to threefold R. gnavus expan-

sions that directly correlated with joint disease activity

[24]. Intriguingly, patients with chronic kidney disease

have been reported to have impaired intestinal barriers as

well as characteristic R. gnavus expansions [25]. Based on

metagenomics and culturomics studies, the R. gnavus
strains in unaffected healthy individuals are reported to

differ from those in IBD patients that display a unique set

of genes (reviewed in Ref. [26]), including those postu-

lated to foster adaptation to disease-associated oxidative

stress in the gut [21�]. These reports highlight the diverse

range of autoimmune and inflammatory diseases that

have been associated with R. gnavus expansions, and

rationalize the importance of investigations of how

strain-associated genomic variations in candidate patho-

bionts may contribute to the molecular pathways respon-

sible for pathogenesis. Most exciting, it has been reported

that many strains of R. gnavus express a VH3 BCR

targeted B cell superantigen [31]. This could be very

important for understanding the pathogenesis of Lupus

for which B cell activation is a major hallmark.

Could the influences of gut dysbiosis on
Lupus immunopathogenesis be bidirectional?
In healthy adults, the composition of the microbiome can be

remarkably stable over many years, even at the level of

strains [27,28]. We therefore wonder if the above-described

Lupus disease-associated dysbiotic shifts are stable in an

individual patient over time? The balance within gut com-

munities is directly affected by diet and host genetics, as well
www.sciencedirect.com
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as potentially by an enlarging list of medications [29].

Notably, Lupus patients often receive empiric courses of

antibiotics, which potentially contribute to specific reduc-

tions and secondary expansions (or oscillations) in intestinal

microbiota representation. These perturbations could result

in a dysbiotic community that triggers Lupus clinical onset

and/or disease flares (Figure 1). Longitudinal studies of the

gut microbiome are therefore needed to understand the

nature and stability of these autoimmune disease-associated

microbiome shifts.

The central question is whether these shifts in the

microbiome communities in Lupus are direct drivers of

pathogenesis. Alternatively, these shifts may be second-

ary, as immune activation and systemic inflammatory
Figure 1

Metastable balance am ongst gut microbiota
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of potential pathobionts (?)

(a)

(b)

Numerous perturbations in the Lupus gut microbiome may lead to dysbiosis

panels, we illustrate that (a) there can be a dynamic balance within the dive

subjected to stressors that may result in shifts and reductions in the diversi

environment resulting from the high oxidative stress of the inflammatory com

community associated with R. gnavus expansions that amplify immune com
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milieu could alter the metabolomic environment in the

gut that then drives these apparently dysbiotic shifts.

However, we should also consider that these Lupus-

associated shifts in the gut microbiome may reflect a

bi-directional process (Figure 2). Indeed, transplantation

of fecal samples from mice with a Lupus-like syndrome

into germ-free C57BL/6 mice induced significant levels

of anti-dsDNA antibodies and promoted an inflammatory

shift in the immune systems of recipient mice [30�].

How this process starts is unclear. In one scenario, a shift in

the microbiota that follows an intercurrent infection, or drug

exposure, might cause a flare of Lupus disease that may itself

act to stabilize the new balance amongst the gut microbiota.

Importantly, if influences from, and upon, Lupus
Stuck in an im balanced state 
with outgrowth of  gut pathobiont( s) associated with a ctive  Lupus  neph ritis 

Impaired development of the mic robiome  commun ity
-Caesa rian deli very
-formula /cow milk fed as  neonate

Genetic  fac tors
- e.g.,  MHC II

(Current und erstanding is inadequat e?)

(c)

Current Opinion in Immunology

 that is supportive of autoimmune pathogenesis. In these sequential

rse gut microbiota. (b) SLE patients in particular are repeatedly

ty within the microbiome. (c) Stressors and/or adaptation to an

ponents of Lupus pathogenesis could result in stabilization of a

plex mediated pathology responsible for Lupus nephritis.
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Figure 2

Self- reinforcing Vicious Cycle 

Lupus  gut  dysb iosis

Lupus  high  diseas e activity 
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The influences of Lupus disease activity and Gut dysbiosis may be

bidirectional. Stabilization of a dysbiotic gut microbiome community

may be an adaptation to a local gut environment arising from Lupus

pathology, which had expansions and contractions of specific taxa

that directly or indirectly drivers of Lupus pathogenesis.
microbiome communities are truly bidirectional, then ther-

apeutic interventions for high-hurdle clinical responses may

require an effective combinatorial approach that normalizes

the immune system along with correction of the imbalances

in the intestinal gut microbiome. Such a coordinated

approach may attain what has so far been an elusive goal

of the predictable induction of long-lasting remissions, or

even a cure, for the most refractory patients.
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