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Abstract: Gut microbiota regulates the host’s immune system. Microorganisms and their compounds
can co-exist peacefully with the immune system and coordinate its function and regulation. Some
microbial clusters may be harmful and others helpful in the respective negative or positive balance of
the immune network. These insights have revealed important mechanisms for understanding and
treating autoimmune and inflammatory diseases. This Editorial aims to clarify the role of specific
genus of gut microbiota, such as Prevotella, in influencing the pathogenesis of Rheumatoid Arthritis
(RA).

Convincing studies propose microbiota as metabolites pathway regulators capable of exerting
local and multi-level systemic long-lasting effects. One of these effects is very intriguing and includes
the interaction with the immune system. Gut microbiota alone, indeed, is able to play an important
role in the differentiation of immune cells, and this effect involves the entire body if we consider
that 70% of the immune system is located in the gastrointestinal tract. Gut microbiota modulates,
directly or indirectly (via metabolites production): (a) the innate and the adaptive system by the
immunoregulation of T-cells, (b) the cytokines network, and (c) the functionality of dentritic cells
and macrophages [1–3]. Thus, it is fully convincing that alterations in the gut microbiota can raise in
inflammatory and autoimmune disorders [4,5].
Microbial colonization occurs at beginning of life, probably even during fetal condition, and
continues to change and to shape in a dynamic way until its stabilization at around 3 years of age [6].
Looking at various properties of gut microbes, the microbiota can bind nod-like receptors (NDRs) and
toll-like receptors (TLRs) to activate the immune system, and to produce some metabolites, such as the
short-chain fatty acids (SCFAs), that can directly interact with the host [7,8]. The appropriate balance
of microbiota in terms of variability and richness is able to maintain an adequate immune response and
a tolerant state within the gastrointestinal tract. Recently, the correlation between the microbiota and
the immune system in health and diseases has been well established [9]. This connection also involves
Rheumatoid Arthritis (RA). The first publication on the link between microbiota and the pathogenesis
of arthritis in an experimental animal model was published in the late 1970s [10]. The study observed
that germ-free rats developed more severe arthritis in all the cases compared to the conventional rats
harboring a normal gut microbiota. The precise role of the gut microbiota-dysbiosis in the causation of
RA has been further studied in mice expressing the DRB1 susceptible RA gene [11].
Recently, human studies have demonstrated that low diversity and dysbiosis of gut microbiota can
have a key role in the evolution of RA [12,13]. In particular, these original studies mentioned the role of
Prevotella copri in the RA pathogenesis. More recently, a study [14] has clearly shown that the microbial
composition in new-onset untreated RA (NORA) patients shaped by the increase of the abundance of
Prevotella copri and the reduction of Bacteroides if compared with healthy subjects. By studying the
pathogenicity of P. copri and its role in RA, these authors have discovered that this species is able to
stimulate the T-helper 1 cells in the NORA patient group by the synthesis of a 27 kD protein, and then to
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negatively influence the outcome of the disease. This compound is indeed able to stimulate abundant
rate of specific immunoglobulin A (IgA) and immunoglobulin G (IgG) antibodies [14]. However,
this negative effect on RA seems strain-dependent. Interestingly, the study by Marietta et al. [15],
performed in an experimental model of arthritis in mice, has indeed demonstrated that a new strain of
the Prevotella genus, Prevotella histicola, isolated from the colon, counteracts the insurgence of arthritis
and has a positive effect on RA.
Regrettably, recent findings suggest that other species may also be involved as potential influencers
in the clinical outcome of RA. The study of Chen et al. [12] correlated RA with the abundance of
a gram positive called Collinsella, a genus of Actinobacteria present in the gut. Another studies
conducted by Zhang et al. [16] found that the abundance of Eggerthella lenta and Collinsella correlated
with RA outcomes, independently by diet or host genetic confounding factors. This suggests that RA
originates at mucosal sites, which includes also the oral mucosal cavity. Porphyromonas gingivalis, a
major pathogenic bacterium of periodontal diseases, is indeed recently considered to correlate with the
development of RA with mechanisms similar to P. copri action in the mucosal gut [17,18].
Maeda and Takeda [19], supported by other additional authors [20], finally demonstrated that
the mono-colonization of germ-free mice with P. copri was able to induce arthritis. The study was
developed in a Th17 cell-dependent autoimmune arthritis, clinically resembling human RA, after
injection of low doses of zymosan (a fungal component). Considering these experiments all together, it
is therefore highly suggestive to think that dysbiosis dominated by P. copri in the gut contributes to RA
development and its maintenance.
The study of Pianta et al. [14] had already identified a specific HLA-DR-presented peptide
((Human Leukocyte Antigen – DR isotype of T cell epitope) in a 27 kDa P. copri protein, called Pc-p27,
in the synovial environment [14]. This peptide was able to increase IL-17 production as well as the IgG
and IgA anti-citrullinated antibody responses, as similarly occurs in RA. The study concluded that P.
copri may then contribute to the development of RA.
Thus, dysbiosis and particular bacterial clusters as P. copri first, but also Collinsella, Erghetella, the
oral P. gingivalis, and others, such as the segmented filamentous bacteria (SGB) [21], or a particular
strain of Lactobacillus bifidus [22] can play an important role in the pathogenesis of RA.
Further studies have evidenced that this type of dysbiosis is correlated not only to the increase of
the above-mentioned microorganisms’ abundance, but also to the decrease of Bacteroides, Veillonella,
Eubacterium, or Haemophilus genres in the gut [9,13,16,20]. This is a clear demonstration that the
unbalance of some combined and specific microbial clusters may be responsible for the pathogenesis
of RA.
Thus, the presence of predisposing genetic and environmental host factors combined with a
particular altered profile of the gut microbiota (also oral) may lead to an increased risk of RA.
A very recent study reveals that gut microbiome dysbiosis can be restored in a eubiotic status after
administration of the so called “disease-modifying anti-rheumatic drugs” (DMART) [23]. This study
indirectly confirms the important role of microbiota balance in the influence of RA disease and that
some anti-rheumatic drugs can have a “probiotic” effect by inducing host microbiota modulations to
generate a gut eubiosis. This and other studies have opened the way for the possibility of using real
bacterial probiotics (living microorganisms that upon consumption in adequate amounts can improve
the health of the intestinal microbial flora) as potential gut restoring tools to rebalance the alteration of
the microbiota [24,25].
Although the studies on RA and gut microbiota need to be further corroborated by new and strong
evidence, the finding that a P. copri-dominated microbiota combined with genetic and other external
RA-influencing factors may represent a further risk factor for the development of the disease is highly
suggestive. Thus, looking at P. copri as fecal marker along with a specific metagenomic gut dysbiotic
profile in the RA patents could be a good intriguing field for better understanding the disease outcome.
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More intensive human studies and in-depth in vivo experiments will surely be needed to
investigate whether microbiota, or other than P. copri bacteria and specific microbial clusters can elicit
severe arthritis.
In conclusion, future perspectives are mandatory to identify the precise biomolecular links
between P. copri gut dysbiosis (or P. gingivalis oral dysbiosis) and the onset and maintenance of human
RA. The final aim will be to develop novel therapeutic/preventive approaches as well as to study
additional biological markers in RA patients by harnessing the microbiota of the body.
Conflicts of Interest: The author declares no conflict of interest.

References
1.
2.

3.
4.
5.

6.
7.

8.

9.
10.
11.

12.

13.

14.

15.

Lee, Y.K.; Mazmanian, S.K. Has the microbiota played a critical role in the evolution of the adaptive immune
system? Science 2010, 330, 1768–1773. [CrossRef] [PubMed]
Klareskog, L.; Forsum, U.; Scheynius, A.; Kabelitz, D.; Wigzell, H. Evidence in support of a self-perpetuating
HLADR-dependent delayed-type cell reaction in rheumatoid arthritis. Proc. Natl. Acad. Sci. USA 1982, 79,
3632–3636. [CrossRef] [PubMed]
Yu, M.B.; Langridge, W.H.R. The function of myeloid dendritic cells in rheumatoid arthritis. Rheumatol. Int.
2017, 37, 1043–1051. [CrossRef] [PubMed]
Alhagamhmad, M.H.; Day, A.S.; Lemberg, D.A.; Leach, S.T. An overview of the bacterial contribution to
Crohn disease pathogenesis. J. Med. Microbiol. 2016, 65, 1049–1059. [CrossRef] [PubMed]
Miyake, S.; Kim, S.; Suda, W.; Oshima, K.; Nakamura, M.; Matsuoka, T.; Chihara, N.; Tomita, A.; Sato, W.;
Kim, S.W. Dysbiosis in the Gut Microbiota of Patients with Multiple Sclerosis, with a Striking Depletion of
Species Belonging to Clostridia XIVa and IV Clusters. PLoS ONE 2015, 10, e0137429. [CrossRef]
Drago, L.; Panelli, S.; Bandi, C.; Zuccotti, G.; Perini, M.; D’Auria, E. What Pediatricians Should Know Before
Studying Gut Microbiota. J. Clin. Med. 2019, 8, 1206. [CrossRef]
Hasegawa, M.; Yang, K.; Hashimoto, M.; Park, J.H.; Kim, Y.G.; Fujimoto, Y.; Nuñez, G.; Fukase, K.; Inohara, N.
Differential release and distribution of Nod1 and Nod2 immunostimulatory molecules among bacterial
species and environments. J. Biol. Chem. 2006, 281, 29054–29063. [CrossRef]
Reichardt, N.; Duncan, S.H.; Young, P.; Belenguer, A.; McWilliam Leitch, C.; Scott, K.P.; Flint, H.J.; Louis, P.
Phylogenetic distribution of three pathways for propionate production within the human gut microbiota.
ISME J. 2014, 8, 1323–1335. [CrossRef]
Vaahtovuo, J.; Munukka, E.; Korkeamaki, M.; Luukkainen, R.; Toivanen, P. Fecal microbiota in early
rheumatoid arthritis. J. Rheumatol. 2008, 35, 1500–1505.
Kohashi, O.; Kuwata, J.; Umehara, K.; Uemura, F.; Takahashi, T.; Ozawa, A. Susceptibility to adjuvant-induced
arthritis among germfree, specific-pathogen-free, and conventional rats. Infect. Immun. 1979, 26, 791–794.
Gomez, A.; Luckey, D.; Yeoman, C.J.; Marietta, E.V.; Berg Miller, M.E.; Murray, J.A.; White, B.A.; Taneja, V.
Loss of sex and age driven differences in the gut microbiome characterize arthritis-susceptible 0401 mice but
not arthritis-resistant 0402 mice. PLoS ONE 2012, 7, e36095. [CrossRef] [PubMed]
Chen, J.; Wright, K.; Davis, J.M.; Jeraldo, P.; Marietta, E.V.; Murray, J.; Nelson, H.; Matteson, E.L.; Taneja, V.
An expansion of rare lineage intestinal microbes characterizes rheumatoid arthritis. Genome Med. 2016, 8, 43.
[CrossRef] [PubMed]
Scher, J.U.; Sczesnak, A.; Longman, R.S.; Segata, N.; Ubeda, C.; Bielski, C.; Rostron, T.; Cerundolo, V.;
Pamer, E.G.; Abramson, S.B.; et al. Expansion of intestinal Prevotella copri correlates with enhanced
susceptibility to arthritis. eLife 2013, 2, e01202. [CrossRef] [PubMed]
Pianta, A.; Arvikar, S.; Strle, K.; Drouin, E.E.; Wang, Q.; Costello, C.E.; Steere, A.C. Evidence of the immune
relevance of Prevotella copri, a gut microbe, in patients with rheumatoid arthritis. Arthritis Rheumatol. 2017,
69, 964–975. [CrossRef] [PubMed]
Marietta, E.V.; Murray, J.A.; Luckey, D.H.; Jeraldo, P.R.; Lamba, A.; Patel, R.; Luthra, H.S.; Mangalam, A.;
Taneja, V. Suppression of inflammatory arthritis by human gut-derived Prevotella histicola in humanized
mice. Arthritis Rheumatol. 2016, 68, 2878–2888. [CrossRef] [PubMed]

J. Clin. Med. 2019, 8, 1837

16.

17.

18.

19.
20.

21.

22.

23.
24.

25.

4 of 4

Zhang, X.; Zhang, D.; Jia, H.; Feng, Q.; Wang, D.; Liang, D.; Wu, X.; Li, J.; Tang, L.; Li, Y.; et al. The oral and
gut microbiomes are perturbed in rheumatoid arthritis and partly normalized after treatment. Nat. Med.
2015, 21, 895–905. [CrossRef]
Wegner, N.; Wait, R.; Sroka, A.; Eick, S.; Nguyen, K.A.; Lundberg, K.; Kinloch, A.; Culshaw, S.; Potempa, J.;
Venables, P.J. Peptidylarginine deiminase from Porphyromonas gingivalis citrullinates human fibrinogen and
alpha-enolase: Implications for autoimmunity in rheumatoid arthritis. Arthritis Rheum. 2010, 62, 2662–2672.
[CrossRef]
Lappin, D.F.; Apatzidou, D.; Quirke, A.M.; Oliver-Bell, J.; Butcher, J.P.; Kinane, D.F.; Riggio, M.P.; Venables, P.;
Mclnnes, I.B.; Culshaw, S. Influence of periodontal disease, Porphyromonas gingivalis and cigarette smoking
on systemic anti-citrullinated peptide antibody titres. J. Clin. Periodontol. 2013, 40, 907–915. [CrossRef]
Maeda, Y.; Takeda, K. Role of Gut Microbiota in Rheumatoid Arthritis. J. Clin. Med. 2017, 6, 60. [CrossRef]
Maeda, Y.; Kurakawa, T.; Umemoto, E.; Motooka, D.; Ito, Y.; Gotoh, K.; Hirota, K.; Matsushita, M.; Furuta, Y.;
Narazaki, M.; et al. Dysbiosis Contributes to Arthritis Development via Activation of Autoreactive T Cells in
the Intestine. Arthritis Rheumatol. 2016, 68, 2646–2661. [CrossRef]
Wu, H.J.; Ivanov, I.I.; Darce, J.; Hattori, K.; Shima, T.; Umesaki, Y.; Littman, D.R.; Benoist, C.; Mathis, D.
Gut-residing segmented filamentous bacteria drive autoimmune arthritis via T helper 17 cells. Immunity
2010, 32, 815–827. [CrossRef] [PubMed]
Abdollahi-Roodsaz, S.; Joosten, L.A.; Koenders, M.I.; Devesa, I.; Roelofs, M.F.; Radstake, T.R.;
Heuvelmans-Jacobs, M.; Akira, S.; Nicklin, M.J.; Ribeiro-Dias, F.; et al. Stimulation of TLR2 and TLR4
differentially skews the balance of T cells in a mouse model of arthritis. J. Clin. Investig. 2008, 118, 205–216.
[CrossRef] [PubMed]
Bodkhe, R.; Balakrishnan, B.; Taneja, V. The role of microbiome in rheumatoid arthritis treatment. Ther. Adv.
Musculoskelet. Dis. 2019, 11, 1759720X19844632. [CrossRef] [PubMed]
Pineda, M.L.; Thompson, S.F.; Summers, K.; de Leon, F.; Pope, J.; Reid, G. A randomized, double-blinded,
placebo-controlled pilot study of probiotics in active rheumatoid arthritis. Med. Sci. Monit. 2011, 17,
CR347–CR3354.
Zamani, B.; Golkar, H.R.; Farshbaf, S.; Emadi-Baygi, M.; Tajabadi-Ebrahimi, M.; Jafari, P.; Akhavan, R.;
Taghizadeh, M.; Memarzadeh, M.R.; Asemi, Z. Clinical and metabolic response to probiotic supplementation
in patients with rheumatoid arthritis: A randomized, double-blind, placebo controlled trial. Int. J. Rheum.
Dis. 2016, 19, 869–879. [CrossRef]
© 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

