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How the gut microbiota contributes  
to changes of autoimmune phenotype –  
from molecular studies to clinical utility
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Analyzing the current state of knowledge about the 
microbiota and the microbiome, nobody would expect 
that microorganisms living in the human body would 
have such a  huge impact on our health state and the 
pathogenesis of many entities. The idea that gut mi-
croorganisms could affect the development of inflam-
matory bowel diseases seems to be quite rational, but 
a  connection with depression seems rather tenuous. 
Surprisingly, a  link between the gut-brain axis and mi-
crobiota also exists [1]. 

Nevertheless, long before the investigation of the 
microbiome became technically possible, it was sug-
gested that gut microbes are involved in autoimmunity, 
leading to clinical inflammatory arthritis. The occurrence 
of inflammatory and autoimmune diseases, including 
rheumatic diseases, has been growing worldwide, but at 
the same time, we can also observe increased physician 
knowledge and earlier diagnosis. Moreover, research on 
the microbiome results mostly from the development of 
new, high-throughput technologies.

To date, the cause of rheumatic diseases is not ful-
ly understood, but it is believed that a combination of 
genetic and environmental factors is involved in their 
pathogenesis. Despite the constant evolution of the 
knowledge about its epidemiology, genetic susceptibil-
ity and pathophysiological mechanisms, rheumatic dis-
eases remain disorders with a very variable course and 
significant inter-individual variability. They have an un-
predictable prognosis, depending mainly on the severity 
of disease activity, organ damage, and response to the 
treatment. Recently, disturbed microbial composition 
and function, defined as “dysbiosis”, has been proposed 
as one of the potential mechanisms that may be import-
ant for the autoimmune rheumatic disease phenotype 
[2, 3]. However, the links between rheumatic diseases 
and the microbiome remain largely unknown.

Unicellular organisms were pioneers in the evolution 
of the Earth’s ecosystem. The co-evolution of bacteria 
and other symbiotic microbes such as archaea, viruses, 
fungi, and protozoa with their multicellular hosts has 
gradually built a  unique micro-ecosystem, termed the 
“microbiota”, whereas microbes with their genomic el-
ements are defined as the microbiome [4].

Microorganisms can implant on open surfaces such 
as the skin, digestive tract, respiratory system and uro-
genital tract and develop into local microflora with dis-
tinctive features. Overall, the microflora shares a survival 
niche with its hosts, exhibiting traits such as adaptation 
to the environment and interdependence with the hosts, 
and plays a  unique and key role in human physiologi-
cal and pathological processes. The gut microbiota is 
the main source of microbes that can exert beneficial or 
pathogenic effects on the host’s health [5]. 

The first association between rheumatoid arthritis 
(RA) development and infectious organisms dates to 
the back 1990s [6] when the correlation between the 
level of antibodies against Bacteroides gingivalis and 
Eubacterium saburreum and periodontosis in RA pa-
tients was described. Further research revealed that 
Porphyromonas gingivalis, the major aetiological agent 
of periodontosis, expresses peptidylarginine deiminase, 
which is a crucial enzyme in the citrullination process. 
Interestingly, anti-cyclic citrullinated peptide autoanti-
body and citrullinated peptide are involved in the break-
ing of self-tolerance and development of autoimmunity 
in RA [7]. 

According to the recent findings, in the case of lupus 
nephritis, the internal gut environment may play a more 
critical role than genetic factors in renal flares [8]. 

The microbiome modulates many aspects of the nor-
mal functions of the immune system and gut such as 
provisions of nutrients, absorption, as well as metabo-
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lism. Abundant evidence suggests that Treg/Th17 bal-
ance is regulated by the microbiome [9]. 

The commensal Bacteroides fragilis controls the bal-
ance between Th1 and Th2 cells as well as managing 
regulatory T (Treg) cell development. Moreover, Clostrid-
ia spp. and bacteria-derived SCFAs are powerful medi-
ators of the effect of the microbiota on Treg cell induc-
tion. The segmented filamentous bacteria promote the 
function of Th17 cells through IL-23, IL-22 and serum 
amyloid A. The “crosstalk” between the gut microflo-
ra and the immune system plays an important role in 
inducing tolerance to self-antigens and commensal 
bacteria, not only in the intestinal mucosa, but also at 
the systemic level, without compromising their ability 
to respond to invading pathogens. Another aspect is 
the interaction between microbial ligand and Toll-like 
receptors (TLRs) which are crucial components of in-
nate immunity. It seems that TLR pathways in intestinal 
epithelial cells depend on cell polarization (apical and 
basolateral cell sides) [10]. 

Sometimes, a product of commensal bacteria may 
serve as a  potential diagnostic tool. An example can 
be found in the case of lipid 654 and multiple sclero-
sis. Lipid 654 is a  lipodipeptide produced by gastroin-
testinal and oral bacteria and is found to be a human 
and mouse Toll-like receptor 2 ligand. Multiple sclerosis 
patients in comparison to healthy subjects or patients 
with Alzheimer’s disease are characterized by a  very 
low serum level of abovementioned lipid.

Nevertheless, translation of knowledge about the 
impact of the microbiome/microbiota to autoimmune 
disease pathogenesis and medical intervention may be 
difficult because of its huge complexity. Promising re-
sults of fecal microbiota transplantation have already 
been obtained. However, characteristics of a healthy mi-
crobiome and a validated medical procedure have to be 
determined.

The microbiome is one of the paradigms for person-
alized medicine, because biologic differences in patient 
microbiomes persist and they will likely persist. There-
fore, a  more accurate understanding of the molecular 
pathways leading to dysbiosis-related pathologies can 
enable the development of individualized interventions 
that could help us control the development, progres-
sion, and variable symptoms of autoimmune diseases. 

Consequently, microbiome characterization and manip-
ulation may be a potential therapeutic strategy for im-
proving and potentially fully re-establishing the normal 
functioning of the immune system.

The authors declare no conflict of interest.

References

1.	 Valles-Colomer M, Falony G, Darzi Y, et al. The neuroactive 
potential of the human gut microbiota in quality of life and 
depression.  Nat Microbiol 2019; 4: 623-632, DOI: 10.1038/
s41564-018-0337-x.

2.	 Li B, Selmi C, Tang R, et al. The microbiome and autoimmunity: 
a  paradigm from the gut-liver axis. Cell Mol Immunol 2018; 
15: 595-609, DOI: 10.1038/cmi.2018.7.

3.	 Wells PM, Williams FMK, Matey-Hernandez ML, et al. RA 
and the microbiome: do host genetic factors provide the 
link? J Autoimmun 2019; 99: 104-115, DOI: 10.1016/j.
jaut.2019.02.004.

4.	 Berg G, Rybakova D, Fischer D, et al. Microbiome definition 
re-visited: old concepts and new challenges. Microbiome 
2020; 8: 103, DOI:10.1186/s40168-020-00875-0.

5.	 Kim D, Zeng MY, Núñez G. The interplay between host immune 
cells and gut microbiota in chronic inflammatory diseases. 
Exp Mol Med 2017; 49:e339, DOI: 10.1038/emm.2017.24.

6.	 Tolo K, Jorkjend L. Serum antibodies and loss of periodontal 
bone in patients with rheumatoid arthritis. J Clin Periodon-
tol 1990; 17: 288-291, DOI: 10.1111/j.1600-051x.1990.
tb01091.x.

7.	 Liao F, Li Z, Wang Y, Shi B, Gong Z, Cheng X. Porphyromonas 
gingivalis may play an important role in the pathogenesis of 
periodontitis-associated rheumatoid arthritis. Med Hypoth-
eses. 2009;72(6):732-735. doi: 10.1016/j.mehy.2008.12.040

8.	 Azzouz D, Omarbekova A, Heguy A, et al. Lupus nephritis is 
linked to disease-activity associated expansions and immu-
nity to a gut commensal. Ann Rheum Dis 2019; 78: 947-956, 
DOI: 10.1136/annrheumdis-2018-214856.

9.	 López P, de Paz B, Rodríguez-Carrio J, et al. Th17 responses and 
natural IgM antibodies are related to gut microbiota composi-
tion in systemic lupus erythematosus patients. Sci Rep 2016; 
6: 24072, DOI: 10.1038/srep24072.

10.	 Lee J, Gonzales-Navajas JM, Raz E. The “polarizing-tolerizing” 
mechanism of intestinal epithelium: its relevance to colon-
ic homeostasis. Semin Immunopathol 2008; 30: 3-9, DOI: 
10.1007/s00281-007-0099-7.


