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Abstract: Rheumatoid arthritis (RA) is a progressive inflammatory disorder characterized by swollen
joints, discomfort, tightness, bone degeneration and frailty. Genetic, agamogenetic and sex-specific
variables, Prevotella, diet, oral health and gut microbiota imbalance are all likely causes of the onset
or development of RA, perhaps the specific pathways remain unknown. Lactobacillus spp. probiotics
are often utilized as relief or dietary supplements to treat bowel diseases, build a strong immune
system and sustain the immune system. At present, the action mechanism of Lactobacillus spp.
towards RA remains unknown. Therefore, researchers conclude the latest analysis to effectively
comprehend the ultimate pathogenicity of rheumatoid arthritis, as well as the functions of probiotics,
specifically Lactobacillus casei or Lactobacillus acidophilus, in the treatment of RA in therapeutic and
diagnostic reports. RA is a chronic inflammation immunological illness wherein the gut microbiota
is affected. Probiotics are organisms that can regulate gut microbiota, which may assist to relieve
RA manifestations. Over the last two decades, there has been a surge in the use of probiotics.
However, just a few research have considered the effect of probiotic administration on the treatment
and prevention of arthritis. Randomized regulated experimental trials have shown that particular
probiotics supplement has anti-inflammatory benefits, helps people with RA enhance daily activities
and alleviates symptoms. As a result, utilizing probiotic microorganisms as therapeutics could be a
potential possibility for arthritis treatment. This review highlights the known data on the therapeutic
and preventative effects of probiotics in RA, as well as their interactions.

Keywords: probiotics; gut microbiota; Lactobacillus; Bifidobacterium; rheumatoid arthritis

1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by swelling,
nerve pain, stiffening, decreased functioning, fractures and cartilage deterioration, all of
which contribute to dysfunction [1,2]. RA affects 1% of individuals aging 20–40 years
worldwide, and that it’s widespread in people over the age of 75 and older [3]. Women
are predisposed to RA at a higher rate [4]. Diabetes, heart conditions, nephritis, lung can-
cer/chronic obstructive pulmonary disease (COPD), psychological problems, hypertension,
asthmatic and cancer are prominent in RA patients, resulting in an increased death rate [5].

Nonsteroidal anti-inflammatory medicines (NSAIDs) are currently used to treat RA
because they limit prostaglandin synthesis by suppressing the cyclooxygenase enzymes 1
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and 2 (COX-1 and COX-2) and hence reduce redness in the body. Meloxicam, diclofenac,
indomethacin, ketoprofen, naproxen ibuprofen and other medications fall within this
category [6]. Aside from NSAIDs, disease-modifying anti-rheumatic drugs (DMARDs)
such as methotrexate are utilized as first-line RA medication, however, one-fifth to almost
one-third of patients with RA were unable to complete medication for more than 12 months
due to potentially negative responses. The most prevalent outcomes of the medication
are gastrointestinal toxicity (nausea in 20–70% of RA patients). Hydroxychloroquine and
chloroquine are antimalarial medicines that have been used to treat RA. Individuals with
renal and hepatic impairments may experience toxic effects from co-administration of
these drugs because they are weaker bases and have a prolonged shelf life (50 days) in the
blood [7].

It has already been observed that individuals with RA have enhanced gut permeation
due to gastrointestinal (GI) tract inflammation that causes food antigens and highly danger-
ous microorganisms to travel through the blood as an outcome. Antibodies to such antigens
were found to be increased in individuals with RA [8], resulting in the immunological
complex in ducts feeding the joint [9]. A meta-analysis indicated that fasting and a vegan
diet had a statistical and therapeutically beneficial effect in patients with RA whilst the
study revealed how this method affected the microbiome [10].

Probiotics are described as “live microorganisms that bestow health benefits when
provided in suitable amounts” [11]. Although it is unclear how well probiotics act, indi-
cations of published data are suggesting that they lower gut permeability and influence
the immune system as well. This regulation could occur by boosting distal secretory im-
munoglobulin A (IgA) immunological reactions to pathogens [12], limiting bacterial strains’
proliferation, or decreasing activating immunological components as tumor necrosis factor
alfa (TNF-α) [13]. Probiotics are microorganisms that, when given in sufficient propor-
tions, impart a therapeutic effect upon the individual; these advantages vary depending
on the strain. The utilization of probiotics to reduce the risk of developing arthritis is
relatively unknown, however, some researchers have suggested that it may be beneficial.
Oral probiotic treatment has been proven in animal models to reduce the prognostic value
of arthritic processes [14]. Gut bacteria may play a role in the development of arthritis,
according to research. Researchers have been attracted by the link between the microbiome
and immune-mediated diseases. Microbiota refers to the billions of commensal microor-
ganisms that live on human epithelial surfaces such as the gut, respiratory system and skin
(bacteria, phage, viruses and unicellular eukaryotes). However, bacterial microbes and
their involvement in regulating immune responses have recently gained a lot of interest
due to their role in modulating immune function, even though the relevance of viruses,
archaea and unicellular eukaryotes is still largely understood.

Symbiotics are formed of living microbes when provided in proper concentrations
could enhance the health of the host. These are produced by the interaction of probiotics
or prebiotics, being supplements that combine pro-biotics (good bacteria for the gut) with
prebiotics (non-digestible fibers that help these bacteria grow). A symbiotic substance has
a favorable effect on the host by selectively encouraging the growth and/or activating the
metabolism of one or a small number of health-promoting bacteria (this phrase should
only be used for items that include prebiotic compounds that favor the growth of probiotic
organisms). Symbiotic were created to help probiotics survive any problems that might
arise. The rationale for utilizing symbiotic appears to be based on observations that it
shows a boost in probiotic bacteria viability throughout passage via the upper digestive
tract. Improved colon implantation and a stimulating influence on the growth of probiotics
and ubiquitous bacteria was found [15].

It has also been established that the combination of methotrexate and probiotics
(Enterococcus faecium) lowers therapeutic measures compared to animals receiving alone
methotrexate treatment [16,17]. The imbalanced GI microflora in individuals with ankylos-
ing spondylitis suggests dislocation of infections (in this case sulphate-reducing bacteria)
and inclusion of commensals such as Lactobacilli and Bifidobacteria could confer significant
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metabolic and symptomatic assistance. A study in Lewis rats utilizing a RA model found
that Lactobacillus rhamnosus GG intake can give some anatomical and functional relief in
swelling at joint locations [18]. The clinical picture of RA is produced by the interaction
of antibodies and immunological mechanisms involved in the host immune response.
There are immune cells that penetrate the joint tissue of RA patients. These cells produce
cytokines that promote inflammation and eventually tissue degeneration, leading to joint
destruction. Modification of GM may regulate the gut immunological tolerance mechanism.
Due to its influence on the quantity and function of colonic regulatory T cells (Tregs), GM
modification may help modulate gut immunological tolerance [19,20].

There is some evidence to suggest that probiotics help lower blood levels of total
cholesterol (TC) and low-density lipoprotein cholesterol (HDL-C). In animal studies, Lacto-
bacillus casei strains were discovered to have hypolipidemic effects. Dendritic cell toll-like
receptors (TLR-7 and TLR-9), as well as the production of major histocompatibility complex
(MHC) class II molecules, are inhibited by the medicines, which modulate B-cell-mediated
release of inflammatory cytokines—interleukins (IL-1, IL-6, etc.). Administering L. casei
fermented milk to rats on a high cholesterol diet reduced cholesterol accumulation; HDL-C
was considerably enhanced in the probiotic cluster, whereas serum triglyceride (TG) was
infinitesimally reduced [21]. Low-fat milk cultured with L. casei Shirota in rodents lowered
plasma TG on both a higher and lower-fat diet. Additionally, when rodents were given
solubilized L. casei ssp. for 90 days, the resulting reduction in triglycerides was 15 to 25%,
depending on the category of skim milk. There was no statistically significant change in
RA activity with L. rhamnosus GG, while additional participants in the probiotic group
informed a progression in subjective well-being when clinical research was significantly
underpowered (n = 10 patients) and examined solely moderate RA [22]. Since L. rhamnosus
and L. reuteri have pro-inflammatory capabilities, such variants should be studied in the
treatment of RA. Pro-inflammatory characteristics of the probiotics L. rhamnosus GR-1 and L.
reuteri RC-14 were suggested to allow persons with RA to increase their everyday activities.

According to a survey, consumers are well aware of probiotics and frequently utilize
them. Individuals’ probiotic use decisions are heavily influenced by factors such as age,
occupation, expenditure and education, as well as lifestyle features such as exercising
routinely and reviewing food labels. Most active probiotic users are likely to continue
using probiotics, and the usage is expected to rise in future years, according to the research
findings. The millennial generation uses probiotics regularly, which means that probiotics
with indications of effectiveness have a significant potential for addressing public health
challenges in the future. The survey also found among the non-users, the most common
reasons for not utilizing probiotics are financial restrictions and a positive perception
of one’s health [23]. Users prefer yogurt and shake to other carrier forms of probiotics,
regardless of whether they are already utilizing them. Overall, our findings demonstrate
that youth are already a significant probiotics market, with room to grow. The availability of
probiotics that fit the desires and expectations of consumers may result in greater probiotic
consumption by millennials, which could have a favorable impact on public health [24].
Increased use of probiotics by young adults could result from the availability of probiotics
that fit their preferences and expectations, which could have a favorable impact on public
health, healthcare spending and the general economy. The capacity of probiotics to solve
public health challenges will also be determined by how health care practitioners and the
probiotic sector take advantage of factors that influence consumers’ level of awareness and
use [25].

We chose this topic starting from the observation of the recent and more and more
accentuated attention of the specialists focused on the attempt to use probiotics in the
treatment of various diseases. Thus, the purpose of this study was to evaluate the possi-
bility of using probiotics and their usefulness as adjuvant therapy, in addition to classical
therapeutic medication, to optimize the management of the health status of patients with
RA [26]. Thus, we’ve succeeded in providing a solid framework for information on this
topic after searching the most popular medical databases (PubMed, EMBASE, Cochrane
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Library, etc.), helping readers and future studies in the field in better understanding the
relationship of probiotics with RA.

2. An Inflammatory Pathway in Rheumatoid Arthritis

It is categorized by enhanced fluid accumulation, incendiary cell differentiation of the
joints, and stimulates the release of immune cells (IL-1, IL-17 and TNF-α) [27]. TNF-α and
IL-6 antagonists have been used in experiments to be beneficial against RA [28]. Decreased
development of immunoregulatory mediators such as IL-11, IL-13 and IL-10 leads to the
immune response [29]. Chronic inflammatory disorders such as RA are caused by an
elevated percentage of pro-inflammatory to anti-inflammatory cytokines, which is induced
by helper T cell type 1 (Th1) [30]. TNF-α, IL-17A, IL-17F and IFN (-interferon) are produced
by helper T17 (Th17) cells (which protect from foreign microorganisms) and contribute to
the pathophysiology of RA [31]. Several receptors that identify pathogen-virulence factors,
such as TLRs, regulate RA by activating host-defense mechanisms and maintaining adap-
tive inflammatory reactions. TLRs control nuclear factor kappa-B ligand (NF-B), osteoclast
formation and promote the elevated generation of TNF-α, IL-6, IL-12, IL-18 and a variety
of other proinflammatory cytokines. TLRs are found in the cartilaginous fluid, where
they generate inflammation that results in swollen joints, discomfort, rigidity and bone
and cartilage deterioration. TNF-α and IL-1 levels rise in the blood and synovial tissues,
speeding up the stimulation of matrix metalloproteinase (MMP) enzymes (e.g., MMP-1,
MMP-9 and MMP-13), which could disintegrate extracellular matrix and joint cartilage
components. RA onset and development are linked to several hereditary, ecological and
socioeconomic variables. Various inflammatory states and outcomes in RA are caused
by extra fat and limited diet, tobacco, intestinal microbiota, periodontal disorders and
bacterial or viral infections [32,33]. A rising number of studies have shown that nutrition
has a significant impact on the microbiota’s makeup and function, with crucial implications
for human health and illness. Throughout the last few centuries, people’s eating patterns
have evolved dramatically, giving rise to a whole new dietary category. It’s important to
note that substantial reductions in dietary fiber intake have characterized a “fiber gap” or
inability to deliver enough nutrients to the microbiota, resulting in the decrease of its activi-
ties, which has important pathophysiological implications. The microbiota’s composition is
influenced by the socioeconomic background and lifestyle because of dietary patterns [34].

3. Probiotics and Their Interventions in RA

Probiotics are supposed to benefit health by boosting the useful bacteria in the stomach
(gut microbiota). In theory, some of the bacteria found in our bodies, such as Lactobacillus
and Bifidobacterium types, are also available in probiotic supplements or foods. Everyone’s
body is home to a unique variety of microorganisms (in the gut, on the skin and in the
mouth, for instance) [35].

Diet, environment, drugs and experiences all have an impact on these communities
throughout time. Scientists are now discovering that they may have an impact on many
elements of human functionality. There is a broad consensus that gut microorganisms
have a larger role in human health than we previously believed and many of the healthy
microbes work together to keep the harmful bacteria in control, which is advantageous to
your general health. Experts are uncovering also that gut microbiota is critical to human
survival, for instance, by assisting the immune cells in determining whether it is safe or
threat and assisting the digestive tract in extracting necessary nutrition. Most of these
microbes seem beneficial, some may be harmful, some tend to be impartial and others
are equally healthy and unhealthy based on the circumstances. There seems to be an
intricate association between gut microbiota and disorder. Whenever there is a chronic
condition that affects the gastrointestinal tract, including immune-mediated forms of
arthritis, probiotics have the potential to treat it [36,37].

Probiotics appear to function in three ways:

• Keeping an equilibrium of “beneficial” and “harmful” bacteria in the body;
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• Diminishing harmful bacteria that can cause allergies and ailments;
• Renewing beneficial bacteria that have been lost post sickness.

There is increasing understanding that Lactobacillus and Bifidobacterium, probably one
of the best probiotics, may aid the system in a variety of ways, including:

• Accelerating the treatment of some intestinal infections;
• Assisting in the reduction of gas and bloating;
• Preventing or minimizing the severity of colds and flu;
• Improving blood pressure;
• Relieving symptoms of inflammatory bowel illnesses such as Crohn’s disease and

ulcerative colitis.

Probiotics may be highly beneficial if you have inflammatory arthritis [38,39]. The
good bacteria seem to provide an impact on the treatment, lowering common inflammatory
indicators such as C-reactive protein (CRP). Individuals with RA have also demonstrated
inflammation in the intestinal wall which leads to greater intestinal motility [40]. This
allows specific bacteria to pass the gut barrier, enter the circulation of the blood and
produce an infection. Probiotics can help reduce inflammation due to increased intestinal
permeability. Individuals with RA and allergic diseases have a changed gut microflora,
showing that the normal intestinal microflora is ecologically important that reacts to the
swelling in the stomach and around the human body. The rationale for probiotic therapy
is to normalize the qualities of unbalanced native microbiota by using selected strains
of healthy gut microflora. Generalization of enhanced gastrointestinal permeability and
changed gut microecology, strengthening of the intestine’s immune barrier activities and
relief of the intestinal immune response are all signs of probiotic effectiveness. Clinical
ailments requiring poor mucosal barrier properties, notably viral and proinflammatory
disorders, are identified as potential targets for probiotic therapy [41,42].

A nutritious diet helps maintain strong intestinal barriers and a highly combated
immune system, healthy diets and probiotic supplementation can complement each other
to keep joints healthy and the rest of the body strong. 46 patients with RA were categorized
into two groups in a recent report in the journal. A group was given Lactobacillus casei
supplements daily, while the other was given a placebo [43]. During an eight-week term,
multiple markers of inflammation were much reduced in the probiotic group, prompt-
ing researchers to conclude that, while more research is needed to validate the findings,
probiotic administration may be a useful supplementary therapy for individuals with RA.

Another study, published, discovered that gut bacteria in mice could be analysed
to determine which animals were more prone to developing RA and collagen-induced
arthritis (CIA)—the rodent version of osteoarthritis [44,45]. This prompted researchers to
speculate that the gut microbiome could be a possible predictor of arthritis susceptibility.

3.1. Probiotics Selection

Probiotics and their therapeutic benefits on many health issues are still unknown.
Furthermore, supplements are not adequately monitored, so there is no assurance that they
include the same forms of probiotics that have been clinically confirmed to be helpful [46].
According to a recent investigation, 30% of probiotic pills did not contain the levels of
beneficial organisms claimed on their labels. There is no meaningful consumer advice for
probiotic supplements, people must evaluate the type and dosage and compare that to
medical research to see whether it will help—but most people will not take the time to
do that, so there will be a lot of trial and error [47,48]. Check for medications with a USP
label, that signifies that the components have been confirmed by an external company,
and consult your doctor before beginning any supplementation; some could interfere
with existing prescriptions or cause other unforeseen effects [49]. A variety of assertions
are made about probiotics’ methods of action and “vital” qualities based on conjecture
rather than scientific research. Examples include the requirement that the probiotics be
able to attach themselves to gut cells. Even though much of the evidence for adhesion
comes from in vitro studies, that have restricted prediction for in vivo studies, it should be
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harmonized with the fact that, in general, probiotics are only present for a short period after
feeding has ceased inside the host body. As a result of this, some strains of Bifidobacterium
animalis that are not generally isolated from humans are efficient probiotics. A common
claim is that probiotics help to maintain healthy microbiota. There is some evidence that
probiotics can affect the populations or activity of colonizing microorganisms (lactobacilli
or bifidobacteria) levels in the faces are commonly correlated with improved balance. When
the microbiota is disturbed (e.g., by antibiotics or disease), probiotics may help restore
normalcy, or at the very least, limit the degree of change induced by such challenges.
This activity lends greater credence to the idea that probiotics help improve microbial
balance [50,51].

In humans, a probiotic-enhanced recovery to baseline levels following antibiotic usage
has been measured in a few investigations. Further research on the hypothesis of probiotic-
induced better microbiota balance might be beneficial. When choosing probiotic strains, it’s
crucial to consider both efficacy and scientific functionality. It would be a difficult under-
taking to establish a list of qualities required for all probiotic actions because the spectrum
of targets for in vivo function is so extensive, including oral, gastric, pulmonary, gastroin-
testinal, genital and immunological functions [52]. Fundamental strain identification and
taxonomic characterization should be carried out first, followed by testing with established
assays in lab animals and controlled research in the targeted system. In vitro studies are
commonly used, however, they have yet to be proven to predict in vivo function. Scientific
resilience, such as the strain’s ability to grow in large numbers, concentrate, stabilize and
combine into a finished product with good sensory qualities, if appropriate, must also be
assessed, as must the strain’s physiological and genetic stability throughout the product’s
shelf life and at the functional center in its host [53].

Certain lactobacilli strains have been demonstrated in studies to be useful in reducing
antibiotic-associated infection, many of its species being frequently chosen as probiotics
because they possess some important characteristics, including: a high tolerance to acid and
bile; the ability to tolerate low pH, gastric juice; the ability to inhibit potentially pathogenic
species; the ability to resist antibiotics; the ability to produce exopolysaccharides; and the
ability to remove cholesterol. Lactobacillus rhamnosus CRL1505 has also been shown to be
beneficial in lowering viral-associated lung damage by regulating immune-coagulative
responses and eliminating respiratory viruses [54,55]. Due to their extensive spectrum of
bile salt resistance mechanisms, Bifidobacterium strains are commonly used as probiotic
bacteria. This is important because the therapeutic effects of probiotic bacteria should
arise in the vicinity of such a biological fluid. However, research has revealed that the
bile threshold varies by strain and that bile-sensitive wild-type bacteria and Lactobacillus
strains can respond to the proximity of bile salts by culturing and progressively raising
bile salt concentration. Bifidobacterium infantis, B. adolescentis, B. animalis subsp. animalis,
B. animalis subsp. lactis, B. bifidum, B. longum and B. breve are all regarded as essential
probiotics [56].

3.2. Role of Diet in RA

A well-balanced diet is one that contains a variety of meals in specific quantities and
proportions to meet the body’s needs for carbohydrates, proteins, minerals, vitamins and
other nutrients, while also reserving a small amount of nutrients for when the body is at
its leanest. A healthy, well-balanced diet gives you the strength you need to be active all
day and reducing your risk of disease caused by poor diet, such as some heart disease and
diabetes [57].

However, the effect of dietary changes in RA is not fully recognized. Several types of
research have been conducted in an attempt to fill these information gaps. For the preven-
tion and treatment of RA, intestinal microbial changes are being investigated. Antioxidants,
lactobacilli, fibber and changes in the intestinal flora may be responsible for some of the
benefits of a vegan diet. Dietary omega-3 polyunsaturated fatty acids and vitamins, as well
as gut microbiota, influence the anti-inflammatory effects of the Mediterranean diet. Diets
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that are low in carbohydrates and high in vitamins and minerals have been linked to some
benefits in RA, however, the data is limited. A diet of long-chain polyunsaturated fatty
acids (PUFAs) such as those found in fish and other sources is protective against the devel-
opment of RA. For people with rheumatoid arthritis (RA), the advantages of flavonoids,
antioxidant supplements and fasting, probiotics remain unclear. RA disease activity has
been proven to be reduced when vitamin D is consumed. RA-specific dietary advice should
consider the role of supplements such as fish oils and vitamin D in future research. Changes
in diet can affect the human gut microbiome, causing local inflammation and increased
permeability. This can result in the transmission of pro-inflammatory cells and cytokines
throughout the body, causing inflammation in distant areas such as the joints. Diet and
weight loss have been shown to reduce the disease load in RA. Disease-modifying medica-
tions and dietary adjustments that alter the microbial environment appear to regulate RA’s
disease process and progression [58].

Numerous studies have shown that nutrition can influence RA’s clinical course
through a variety of pathways, and this is a major concern for both patients and physicians.
Rheumatoid patients frequently seek dietary advice and engage in experimental diets in the
hopes of reducing their symptoms and slowing the progression of their condition. Results
can be mixed at best, therefore knowledge in dietary behavior is needed to accompany
modern pharmacological treatment. According to research, eating fruits, vegetables and
whole grains lowers one’s chance of acquiring a variety of infectious conditions, whereas
consuming red and processed meats, simple carbs and added sugars raise one’s risk. Lacto-
ovo-vegetarian or vegan diets, the MedDiet, elemental eating plans and exclusion diets are
among the most frequently recommended dietary approaches [59].

4. Mechanism of Action of Probiotics in Rheumatoid Arthritis

While probiotics’ local impacts on gut health were well established, the mechanisms
behind their widespread anti-inflammatory and immunomodulatory ability remain largely
unknown. As well as having a local effect on gut health, SCFAs are known to have a
significant influence on the external inflammatory process and oxidative stress through
the control of different innate immune activities [60,61]. Butyrate has been shown to
inhibit antigen-induced inflammation in rodents by influencing the B lymphocyte’s cellular
proliferation. For example, it suppresses antigen-specific B lymphocytes and plasmablastic
proliferation as well as innate natural killer T (NKT) cell cytokine production, a cell
subgroup implicated in joint inflammation and tissue degradation [62]. The mechanism of
probiotics’ action in RA is schematized in Figure 1.

In a separate rodent model of RA, there was an increase in polarity towards that
T regulatory (Treg) phenotype with a decrease in Th17 cells, as well as suppression of
pro-inflammatory cytokines [63]. Other mechanisms, in addition to SCFA, could also be
postulated to elucidate the therapeutic activity of probiotics in rheumatic illnesses. The
control of T helper and T reg cell activities, as well as the generation of immunological
tolerance, appear to be the most important. L. casei strain Shirota has been demonstrated
to inhibit the occurrence of autoimmune illnesses by altering the production of cytokines
from antigen-presenting cells and, as a result, lymphocyte differentiation toward effector T
cell-specific subsets [64]. It is of great significance since the Th1-Th17 response is crucial
in the early stages of the development of autoimmune illnesses, particularly inflamma-
tory rheumatic disorders. In experimental immunological illnesses such as RA, probiotic
microorganisms have been demonstrated to generate a Treg immune response [65]. They
have been demonstrated, in particular, to promote the transformation of T cells into Tregs
via the forkhead box transcription factor FOXP3 and to enhance the suppressive function
of pre-existing Tregs [66].
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The decrease in antibody immune response has also been linked to an increase in FoxP3
positive Treg cells. In a certain approach, a decrease in antibody immune response has been
linked to an increase in FoxP3 positive Treg cells, an increase in anti-inflammatory cytokines,
and a decrease in pro-inflammatory cytokines [67]. In an animal model of collagen-induced
arthritis (CIA), oral treatment of L. casei Shirota reduced the abnormal antibody production
produced by type 2 collagen immunization. An increase in anti-inflammatory cytokines,
and a decrease in pro-inflammatory cytokines, are all signs of FoxP3-positive Treg cells.
SCFA, histamine and adenosine are examples of probiotic-modulated local and systemic
metabolites with anti-inflammatory and antibacterial properties [68]. A fundamental mech-
anism by which probiotics compete in this environment is selective alienation, by which
they attach to the gut wall and prevent pathogens from entering the lamina propria there-
after [69]. SCFAs have an indirect anti-inflammatory effect through enhancing gut barrier
integrity. For example, butyrate inhibits histone deacetylase and modulates the activation
of multiple pro-inflammatory genes, leading to the division and growth of Tregs and
controlling cytokine release [70]. Assessing that a dysbalanced gut microbiome is a critical
trigger in the pathophysiology of RA, clinical interest in probiotics to rectify gut dysbiosis
and reduce the inflammatory cytokine cascade has evolved. SCFAs have anti-inflammatory
characteristics because they regulate various leukocyte functions, including the generation
of inflammatory cytokines, chemokines, such as Tumor necrosis factor, IL-10 and IL-2 [71].
The metabolic products of probiotic bacteria and their adaptability to the gut mucosa and
sensitivity to pathogenic microbial invasion, attachment and movement can be maintained
by using probiotics. With these features, it may be possible to reduce gut wall permeability,
which is thought to be a contributing factor to inflammatory arthritis. Transmigration
of cytokines and expansion of regulatory T cells (Tregs) at the site of inflammation is a
common process. SCFA, a probiotic metabolic product, affects immunological reaction and
increased inflammation by influencing immune cell activity [72].

A signaling cascade that results from the attachment of probiotic bacteria to epithelial
cells may modulate the immune system. According to studies conducted in humans, this
activity could reduce oxidative stress and minimize cardiac problems linked with chronic
inflammation in RA. Factors affecting the immune system are summarised in Figure 2.
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5. Rheumatoid Arthritis and Gut Microbiota

The gut microbiota is gained significant focus as a key contributor to the development
of a range of disorders [44,45]. As a result of several powerful technologies, researchers can
now conduct extensive investigations of microbial populations, showing that they could
influence the pathophysiology of inflammation conditions such as RA. Studies have shown
that the microbiome influences central immune response in a variety of ways, including
changes in bacterial composition, enhanced gut porosity and impact on T-cell pathogenesis.
Bacteria and bacterial cells make up approximately 1000 types of bacteria in the human gut
and bacteria cells.

The “microbiome” refers to the collection of genes found in the microbiota. The gut
microbiome is a massive source of antigenic diversity. From the other perspective, it is
postulated that immunological responses to self-antigens represent a key development
event in JIA [46,47]. Several groups of effector T cells play a role in juvenile idiopathic
arthritis (JIA) pathogenesis. The increased presence of regulatory T lymphocytes in the
site of the inflammation (Tregs) in the JIA was also involved. Given the interaction of the
gut microbiota with T-cell development, a role for the microbiome in JIA pathogenesis
is feasible.

Only laboratory animals have been used to study how the gut microbiome supports
the body’s immune growth [48]. Intestinal mucosal inflammatory response stops growing
in germ-free mice, according to studies. Th17 cells and Tregs in the colonic basal lamina
are declining, whereas Th17 cells are increasing in the intestinal wall basal lamina [73].
These germ-free mouse tests indicated that the gut microbiome influences the intestinal
immune system. The K/BxN spontaneous mouse model of arthritis was one of the first to
show that symbiotic microbes affect systemic autoimmunity. To prevent arthritis, K/BxN
rats are kept in a germ-free environment, which leads to a reduction in the generation
of Th17 cells in comparison to traditionally housed K/BxN rodents [74]. A single mono-
colonization with the segmentous fibrous bacteria is enough to reactivate rheumatism in
this animal, by inducing the production of Th17 cells in the lamina propria, which can then
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recirculate to the joint and cause arthritis inflammation. The microbiota in the intestine
could potentially produce local impacts on vascular permeability and gut resistance. The
gastrointestinal mucosa prevents gut microorganisms from reaching lymphoid tissues,
preventing dysregulated stimulation of the local inflammatory pathways [75].

Mucin is degraded by several Bacteroides species which is an important defence factor.
It is fair to believe that mucin breakdown can improve bacteria’s access to the gut immune
system, hence fostering an inflammatory response. The number of helpful bacteria in the
gastrointestinal systems of people who develop RA is significantly reduced. It might be
too early to determine if gut bacteria induce RA, precisely since it is too early to determine
whether gut bacteria protect it [76]. We all know that having a healthy gut flora is important
for general health. The gut’s walls serve as a habitat for numerous cells of the immune
system. These immune cells in the gut play a crucial role as gatekeepers. They have to find
and destroy foreign intruders that are riding on our food [77]. The immune system of the
intestine, on the other hand, must strike a precise balance between attacking intruders and
allowing nutrients into the body [78].

5.1. Bacillus coagulans in Rheumatoid Arthritis

Rheumatoid arthritis is regarded as among the most important chronic autoimmune,
inflammatory disorders of unknown origin. Research has shown RA sufferers have dif-
ferent gut bacteria than healthy individuals. In RA patients, Bifidobacterium species and
lactic acid bacteria (LAB) levels are significantly reduced, with varied reports of lower
and higher Clostridium levels. As a result, dietary management via probiotic remedy may
be a noninvasively strategy to controlling the gut microbiota to maintain appropriate GI,
downregulating the aberrant inflammatory response and alleviate RA symptoms [75].

It is unclear how probiotics inhibit or cure arthritis; nevertheless, other researchers
previously observed a reduction in gut permeability, that relates to immune system mod-
ulation. Such regulation activity could be linked to improved localized secretion of IgA
inflammatory cells to the pathogen, decreased pathogenic bacterial proliferation and down-
regulation of immune response components such as IL-12, and TNF-α without altering
regulated factors such as IL-10 and tissue growth factor beta (TGF-β) [76]. When certain
bacteria and microorganisms are stimulated by probiotics, they boost the health of their
hosts. Animal models of RA suggest that taking probiotics orally reduces arthritis severity
by decreasing gut permeability [77]. A recent clinical trial assessed the effects of probiotic L.
rhamnosus oral treatment. The impact of oral administration of probiotic L. rhamnosus GR-1
and Lactobacillus reuteri RC-14 capsules on RA patients has been assessed in a recent clinical
investigation. In comparison to the placebo group, there was a functional enhancement in
the probiotic group [79].

Bacillus probiotics are a type of probiotic bacteria that live in our intestines. The main
distinction between Bacillus organisms and many such various probiotics is that Bacillus
microorganisms produce “spores”. Probiotics in spore form are protected from severe
stomach acid, allowing them to reach the intestines faster than unprotected types such as
lactobacilli or bifidobacteria.

Even though many of these bacteria are found naturally in the stomach, we ingest
some via interaction with the soil. Spore organisms can be found in abundance in soil.
As individuals eat spores from everyday interactions with soils, they germinate in our
small intestine and can survive there for up to three weeks [80]. These subsequently revert
to spores and are discharged into the atmosphere until they are picked up by another
host. Bacillus probiotics provide us with a lot of health benefits once they’re in our system.
Bacillus coagulans is one of the most common Bacillus strains. There were no negative side
effects noted among those who utilized Bacillus supplements. While we usually associate
probiotics with gastrointestinal health and comfort, they also play an important function
in our immune system. From within the gut, immune health has an impact on all of our
tissues and bodily systems, such as the occurrence and progression of RA [81].



Nutrients 2021, 13, 3376 11 of 18

5.2. Preclinical Studies on the Effects of Lactobacillus Probiotics on Arthritis

Probiotics are living organisms that are taken orally to improve the microbiota of the
host [82]. In conditions such as antibiotic treatment, trauma, NSAIDs and immune diseases
such as RA and osteoarthritis, the human gut microbiota could become unbalanced and
induce dysbiosis. Lactobacillus spp. and Bifidobacterium spp. are widespread probiotics
organisms, and Lactobacillus spp. may thrive in an acidic intestinal surrounding with
the support of glucose in the stomach [83]. The effectiveness of probiotics is determined
by the host’s microbial strain or pathophysiologic circumstances. In a preclinical model,
therapy with L. casei or L. acidophilus for 28 days inhibited the development of arthritis by
reducing cytokines such as IL-17, IL-1, IL-6 and TNF-α [83]. Anti-inflammatory cytokines
including Interleukin4 and 10 were similarly elevated in the body fluids after treatment
with Lactobacillus spp. [84]. Intake of Lactobacillus acidophilus and L. casei lowers oxidative
stress in collagen-induced arthritic rats. In a collagen-induced arthritis model, oral L.
casei therapy inhibited the cyclooxygenase-2 (COX-2) enzyme and reduced chemokines,
leading to anti-inflammatory benefits in rats. The experimental investigation found that
intragastric treatment of L. casei reduced lymphocyte proliferation and delayed the progress
of Salmonella enterocolitis-induced arthritis [85]. In rats, treatment with L. casei at the
beginning of adjuvant-induced arthritis reduced the progression of arthritis in a way it
was similar to methotrexate, with stabilization of intestinal microbiota and an increase in L.
acidophilus number [86,87].

Post L. casei therapy in CIA rodents, another survey suggests similar alterations in
cytokine profiles, as well as decreased oedema, cartilage degradation and lymphocyte
infiltration in joints [88]. By altering the gut microbial community (raising Lactobacillus
spp.) and preventing CIA in female Wistar rats, various Lactobacillus spp., including L. casei,
L. reuteri, L. fermentum and L. rhamnosus reduced CIA. Numerous Lactobacillus spp., particu-
larly L. casei, L. reuteri, L. fermentum and L. rhamnosus, decreased CIA in female rat models
by changing the gut microbiome group (rising Lactobacillus spp.), prohibiting inflammatory
cells, emitting antibodies, antibiotic stimulants, altering Th1/Th17 responses [89,90]. How-
ever, on the downside, L. casei, L. salivarius, L. ruminis and L. iners have been linked to the
pathology of RA with higher populations of these bacteria found in RA patients compared
to healthy individuals [91].

Additional analysis revealed that giving L. casei and L. acidophilus orally augmented
phagocytic and lymphocytic activities in the intestinal mucosa of albino rats [92]. As a
result of the higher abundance of these cells in the intestinal gut, ingestion of L. casei and L.
acidophilus can occasionally but rarely result in adverse effects. As previously documented,
there are differences in the effects of Lactobacillus spp., treatment procedures and induction
of RA, animal species and measurement parameters. As a result, the findings of the
published research are ambiguous, but it can be considered that a moderate population of
L. casei and L. acidophilus has positive benefits.

5.3. Clinic Applications of Lactobacillus Probiotics in the Treatment of Rheumatoid Arthritis

Bacteroides, Escherichia and Shigella bacteria were found in higher numbers in the guts
of RA patients, while Lactobacillus spp. was significantly lower [93]. Essential vitamins of
the B vitamins complex—including B3, B5, B6 (pyridoxal phosphate), B7 and B12, as well as
folate, tetrahydrofolate and vitamin K, are all provided by well-balanced gut bacteria [94].

Inflammatory diseases such as RA have lower plasma folate levels, and prolonged
therapy with NSAIDs such as cyclooxygenase blockers inhibited vitamin-B6 metabolism,
resulting in lower blood pyrophosphate levels [39,95]. To provide nutritional support and
to lower the pH of the intestinal lumen, bacteria release many short-chain fatty acids and
vitamins [96]. Assume that there is a random sequence. Lactobacillus spp. can also be used
as an antibacterial agent against a variety of bacteria [53]. Eight weeks of L. casei therapy
enhanced RA-related pathological indicators in a randomized clinical trial. Natriuretic and
reactive oxygenated species (ROS) levels are elevated, which leads to the breakdown of
lipids and various macromolecular components of the affected individual’s matrix [97,98].
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L. casei in capsules (containing 108 colony-forming units) devouring treatment was found
to lower joint swelling, joint problems and inflammatory cytokines in comparison to a
placebo-treated control group.

6. Probiotics’ Efficacy in the Treatment of Rheumatoid Arthritis

Probiotics has been researched both for human and animal trials to assess possible
positive benefits in the prophylaxis and therapeutic approaches for an effective range of
autoimmune disorders. Immune-related disorders such as RA, psoriatic arthritis, ulcerative
colitis, are demonstrative examples of these conditions.

Probiotics have many benefits, including the regulation of immune functions, that are
usually reliant on the type of probiotic used. Some strains have been shown to stimulate
the immunological response, making them advantageous to patients with immunodefi-
ciency [99]. While the origin of RA remains uncertain, new data suggests that microbial
dysbiosis at mucosal locations (in the association of stimuli) may play a role in the ailment
in biologically susceptible patients. The presence of increased serum-related autoantibodies
in early RA despite therapeutically visible synovitis validates such theory, implying that
disease develops outside of the joint [100].

Dysbiotic gut microbiota was observed in people with initial phase auto-immune
provocative RA, which can trigger autoimmune reactions in distant sites such as the joints.
Initial mouse models consistently showed a link between intestinal microbiota and systemic
immunity, and joint provocative stimulation as well. Researchers in prior probiotic surveys
were unable to demonstrate a substantial distinction in RA activity through the use of
probiotics, but few observed that supplementation led to enhanced disease severity results
in RA patients when compared to placebo in more recent published research [101–103].
They discovered lower gut microbial diversity in RA comparison to the control group, that
also corresponded with a duration of illness and serum rheumatoid factor levels. L. casei 01
supplementations reduced serum high-sensitivity C-reactive protein (hs-CRP) levels, sore
and swollen joint counts, and increased global health (GH) score (p < 0.05).

A substantial difference in circulation levels of IL-10, IL-12 and TNF was also seen
between the two groups, favoring the probiotic group [104]. The researchers have reported
enhanced actual figures of Lactobacillus salivarius, Lactobacillus iners and Lactobacillus rimae
in non-treated patients with RA [105]. Researchers anticipate that additional study will
be required to identify the microbiome profiles that contribute to RA and the potential for
adjuvant probiotic treatment because of these emerging facts.

Recently, more emphasis on the role of nutrition in the pathophysiology of rheumatic
disorders has been carried out. Healthy eating habits and the intake of food high in
bioactive chemicals, essential fatty acids and antioxidants have been linked to a lower
chance of developing certain diseases and a less severe clinical result [106].

A substantial relationship between gut microbiota and clinical aspects of patients
underlined the prospect of modulating illness progression and presentation through micro-
biome manipulation.

Probiotics, live bacteria that, when provided in sufficient proportions, impart a health
benefit on the host, may play an emerging role in this context [79]. Lactobacillus (L.),
Bifidobacterium (B.) and Streptococci (S.) are the most often employed bacteria, either as a
specific organism or in mixed cultures.

Randomized controlled clinical trials (RCTs) and meta-analyses on infectious illnesses,
bacterial diarrhea, inflammatory bowel diseases, abdominal discomfort and colitis have
widely identified and supported their health effects [80]. Even though just a few RCTs had
researched the impact of probiotics in RA patients, the results have been promising [81].
Despite the small sample size, the medication improved the pain scale, patient systemic risk,
self-assessed functionality and serum C-reactive protein (CRP) indicator when relative to
the placebo group. These researchers found a significant reduction in serum inflammatory
cells however no impact of L. casei 01 supplements on the patients’ oxidative condition [82].
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Only a few fundamental processes underlying probiotics’ positive benefits are cur-
rently understood. To establish health claims, molecular characterization of probiotics is
necessary due to incomplete information regarding the doses of probiotics required for
certain clinical outcomes. Probiotics’ ability to exert their positive benefits is currently
only partially understood due to a dearth of direct data. The probiotic interactions among
the strains in formulations, which contains a mixture of probiotic strains, have not been
explored. Only a small amount of research has been carried out to date on the production
process and subsequent formulation, and much more work needs to be carried out to
ensure that strains survive the formulation and storage processes. Probiotic(s) that cause
harm are uncommon, although the most common adverse effect in GIT, such as bloating. S.
boulardii and Lactobacillus GG have been shown to hasten the onset of problems in certain
patient groups, particularly those with impaired immune systems. Since their immune
systems are weakened, pregnant women, neonates and the elderly are more susceptible to
probiotic infection. Several Lactobacillus strains are naturally vancomycin resistant, which
raises concerns about the spread of resistance to other harmful organisms in the gut [107].

In a group of 60 RA patients, similar outcomes were reported (30 cases and 30 controls).
Researchers discovered that probiotic delivery was linked to a substantial increase in
insulin sensitivity when subjected to the placebo. On the other hand, no effect was seen
on oxidative stress indicators. In this case, 29 patients with RA participated in the sole
12-week trial, which found that combining L. rhamnosus GR-1 and L. reuteri RC-14 resulted
in a marked increase in the (HAQ) level in the probiotics groups however could not
therapeutically ameliorate RA [83].

Nevertheless, probiotic supplement in RA provides a general advantage to patients,
at least in the shorter period. Taking probiotics is a sensible way to promote healthy gut
bacteria. Probiotics, on the other hand, are living bacteria. As a result, most probiotics
eaten perish in the stomach’s acidity. Ill-advisedly, taking just one type of probiotic won’t
be enough to prevent or treat RA. Prebiotics such as oligofructose and inulin provides
nourishment for good bacteria in the gut. Prebiotics are bacteria that migrate through
the gastrointestinal tract and into the big intestine when you eat them. These substances
are not digested by the human body, but they are digested by good bacteria. Prebiotics
promote the expansion and proliferation of bacteria.

7. Conclusions and Future Perspectives

Probiotic usage is becoming more prevalent among patients around the world, owing
to a growing general knowledge of the microbiome and its role in diseases and nutri-
tion. Throughout this review, scientists have also seen an upsurge in probiotic utilization
amongst individuals with RA. In addition, the use of probiotics for 6 months did not lead in
any substantial change clinically reported from RA subjects. Probiotics are microorganisms
that innately inhabit the gut as the component of the microbiome and potentially be benefi-
cial to human health. They have been utilized to support clients in restoring the microflora
followed by long antibiotic or gut acid–altering pharmaceutical use. Due to their efficiency,
bifidobacteria and lactobacilli are the most often utilized probiotics. There is evidence that
probiotics can reduce immune cells such as fecal transplantation for Clostridium difficile
illness [108].

Healthy eating/diet and medical care are at least two targets that may benefit from the
use of probiotics. In addition, a probiotic supplement can help in reducing swelling and
establishing a diverse microbiome with minimal negative effects. Probiotics have indeed
been researched in RA and other rheumatic disorders using in vitro microbial bacterial
growth studies and animal tests. Results demonstrated a reduction in the cytokines (IL-6)
with the initiation of probiotics. In RA, IL-6 is a key cytokine that has been linked to joint
destruction. Randomized controlled trials, on the other hand, have not found any beneficial
impacts of probiotics in RA.

Potentially, probiotics might provide a greater probability of being effective in treat-
ing diseases based on the anticipated etiology and the findings of fundamental science
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investigations, especially considering the consequences and results, especially in light
of the implications of the microbiome actively participating in causing immunological
dysregulation and increased inflammation in RA. Probiotics could be useful in assisting
with the use of DMARDs. Colifant (probiotic bacterium Escherichia coli) has been proven to
improve methotrexate treatment efficacy by lowering inflammation. Since there had been
no variations in average results, few individuals have far worse consequences after taking
probiotics. It is unclear whether this is attributable to probiotic usage, perhaps probiotics
are introduced in response to deteriorating illness symptoms, or if the two are separate.

A lack of knowledge about probiotic strains and dosage was and is a problem for
researchers. As probiotics are often non-prescription, most people start or stop taking them
without any medical/specialized advice, making it difficult to quantify exactly how long
they’ve been in usage form. The microbiome is becoming increasingly important in the
treatment of autoimmune. Overall, there is minimal research on the utility of probiotics in
rheumatoid disease. Prospective systematic reviews would be more useful in determining
the efficacy of probiotics in RA as well as which kinds provide the most benefit.

Author Contributions: Conceptualization, T.B., S.G.B., A.S. (Anuja Singh) and A.S. (Aayush Sehgal);
methodology, T.B. and S.S.; formal analysis, T.B., A.S. (Anuja Singh), S.C. and S.V.; investigation,
T.B., A.S. (Aayush Sehgal) and S.D.; resources, T.B. and V.R.P.; data curation, T.B.; writing—original
draft preparation, T.B., S.G.B. and A.S. (Anuja Singh); writing—review and editing, S.G.B. and T.B.;
visualization and A.S. (Aayush Sehgal); supervision, S.G.B. and T.B. All authors have read and agreed
to the published version of the manuscript.

Funding: University of Oradea, Oradea, Romania—internal project.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Acknowledgments: The authors are thankful to Chitkara College of Pharmacy, Chitkara Univer-
sity, Punjab, India for providing the various resources for completion of the current article and to
university of Oradea, Oradea, Romania for supporting its publication.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wang, W.; Zhou, H.; Liu, L. Side effects of methotrexate therapy for rheumatoid arthritis: A systematic review. Eur. J. Med. Chem.

2018, 158, 502–516. [CrossRef]
2. Tilstra, J.S.; Lienesch, D.W. Rheumatoid nodules. Dermatol. Clin. 2015, 33, 361–371. [CrossRef] [PubMed]
3. Sepriano, A.; Kerschbaumer, A.; Smolen, J.S.; Van Der Heijde, D.; Dougados, M.; Van Vollenhoven, R.; McInnes, I.B.; Bijlsma,

J.W.; Burmester, G.R.; De Wit, M. Safety of synthetic and biological DMARDs: A systematic literature review informing the
2019 update of the EULAR recommendations for the management of rheumatoid arthritis. Ann. Rheum. Dis. 2020, 79, 760–770.
[CrossRef] [PubMed]

4. Schrezenmeier, E.; Dörner, T. Mechanisms of action of hydroxychloroquine and chloroquine: Implications for rheumatology. Nat.
Rev. Rheumatol. 2020, 16, 155–166. [CrossRef]

5. Reis, E.T.d.; Kakehasi, A.M.; Pinheiro, M.d.M.; Ferreira, G.A.; Marques, C.D.L.; Mota, L.M.H.d.; Paiva, E.d.S.; Pileggi, G.C.S.; Sato,
E.I.; Reis, A.P.M.G. Revisiting hydroxychloroquine and chloroquine for patients with chronic immunity-mediated inflammatory
rheumatic diseases. Adv. Rheumatol. 2020, 60, 32. [CrossRef]

6. Jorge, A.; Ung, C.; Young, L.H.; Melles, R.B.; Choi, H.K. Hydroxychloroquine retinopathy—implications of research advances for
rheumatology care. Nat. Rev. Rheumatol. 2018, 14, 693–703. [CrossRef]

7. Stokkermans, T.J.; Goyal, A.; Bansal, P.; Trichonas, G. Chloroquine and Hydroxychloroquine Toxicity; StatPearls Publishing: Treasure
Island, FL, USA, 2019.

8. Gerriets, V.; Bansal, P.; Goyal, A.; Khaddour, K. Tumor Necrosis Factor Inhibitors; StatPearls Publishing: Treasure Island, FL,
USA, 2020.

9. Zelová, H.; Hošek, J. TNF-α signalling and inflammation: Interactions between old acquaintances. Inflamm. Res. 2013, 62, 641–651.
[CrossRef]

10. Emery, P.; Vlahos, B.; Szczypa, P.; Thakur, M.; Jones, H.E.; Woolcott, J.; Estrella, P.V.S.; Rolland, C.; Gibofsky, A.; Citera, G.
Longterm drug survival of tumor necrosis factor inhibitors in patients with rheumatoid arthritis. J. Rheumatol. 2020, 47, 493–501.
[CrossRef]

http://doi.org/10.1016/j.ejmech.2018.09.027
http://doi.org/10.1016/j.det.2015.03.004
http://www.ncbi.nlm.nih.gov/pubmed/26143419
http://doi.org/10.1136/annrheumdis-2019-216653
http://www.ncbi.nlm.nih.gov/pubmed/32033941
http://doi.org/10.1038/s41584-020-0372-x
http://doi.org/10.1186/s42358-020-00134-8
http://doi.org/10.1038/s41584-018-0111-8
http://doi.org/10.1007/s00011-013-0633-0
http://doi.org/10.3899/jrheum.181398


Nutrients 2021, 13, 3376 15 of 18

11. Reed, G.W.; Gerber, R.A.; Shan, Y.; Takiya, L.; Dandreo, K.J.; Gruben, D.; Kremer, J.; Wallenstein, G. Real-world comparative
effectiveness of Tofacitinib and tumor necrosis factor inhibitors as monotherapy and combination therapy for treatment of
rheumatoid arthritis. Rheumatol. Ther. 2019, 6, 573–586. [CrossRef]

12. Furst, D.E. The risk of infections with biologic therapies for rheumatoid arthritis. Semin. Arthritis Rheum. 2010, 39, 327–346.
[CrossRef]

13. Pérez-Sola, M.J.; Torre-Cisneros, J.; Perez-Zafrilla, B.; Carmona, L.; Descalzo, M.A.; Gómez-Reino, J.J.; Group, B.S. Infections in
patients treated with tumor necrosis factor antagonists: Incidence, etiology and mortality in the BIOBADASER registry. Med. Clin.
2011, 137, 533–540. [CrossRef] [PubMed]

14. Lindhaus, C.; Tittelbach, J.; Elsner, P. Cutaneous side effects of TNF-alpha inhibitors. JDDG J. Der Dtsch. Dermatol. Ges. 2017, 15,
281–288. [CrossRef]

15. Cencic, A.; Chingwaru, W. The Role of Functional Foods, Nutraceuticals, and Food Supplements in Intestinal Health. Nutrients
2010, 2, 611–625. [CrossRef] [PubMed]

16. Krathen, M.S.; Gottlieb, A.B.; Mease, P.J. Pharmacologic immunomodulation and cutaneous malignancy in rheumatoid arthritis,
psoriasis, and psoriatic arthritis. J. Rheumatol. 2010, 37, 2205–2215. [CrossRef] [PubMed]

17. Chen, Y.; Friedman, M.; Liu, G.; Deodhar, A.; Chu, C.-Q. Do tumor necrosis factor inhibitors increase cancer risk in patients with
chronic immune-mediated inflammatory disorders? Cytokine 2018, 101, 78–88. [CrossRef] [PubMed]

18. Raaschou, P.; Soderling, J.; Turesson, C.; Askling, J.; ARTIS Study Group. Tumor necrosis factor inhibitors and cancer recurrence
in Swedish patients with rheumatoid arthritis: A nationwide population-based cohort study. Ann. Intern. Med. 2018, 169, 9.
[CrossRef]

19. McFarland, L.V. From yaks to yogurt: The history, development, and current use of probiotics. Clin. Infect. Dis. 2015, 60, S85–S90.
[CrossRef] [PubMed]

20. Gómez-Llorente, C.; Muñoz, S.; Gil, A. Role of Toll-like receptors in the development of immunotolerance mediated by probiotics.
Proc. Nutr. Soc. 2010, 69, 381–389. [CrossRef]

21. Malysheva, O.; Baerwald, C.G. Low-dose corticosteroids and disease-modifying drugs in patients with rheumatoid arthritis. Clin.
Exp. Rheumatol.-Incl Suppl. 2011, 29, S113.

22. Petta, I.; Peene, I.; Elewaut, D.; Vereecke, L.; De Bosscher, K. Risks and benefits of corticosteroids in arthritic diseases in the clinic.
Biochem. Pharmacol. 2019, 165, 112–125. [CrossRef]

23. Zamora, N.V.; Christensen, R.; Goel, N.; Klokker, L.; Lopez-Olivo, M.A.; Kristensen, L.E.; Carmona, L.; Strand, V.; Curtis, J.R.;
Suarez-Almazor, M.E. Critical Outcomes in Longitudinal Observational Studies and Registries in Patients with Rheumatoid
Arthritis: An OMERACT Special Interest Group Report. J. Rheumatol. 2017, 44, 1894–1898. [CrossRef] [PubMed]

24. Oliviero, F.; Spinella, P.; Fiocco, U.; Ramonda, R.; Sfriso, P.; Punzi, L. How the Mediterranean diet and some of its components
modulate inflammatory pathways in arthritis. Swiss Med. Wkly. 2015, 145, w14190. [CrossRef]

25. Draper, K.; Ley, C.; Parsonnet, J. A survey of probiotic use practices among patients at a tertiary medical centre. Benef Microbes.
2017, 8, 345–351. [CrossRef]

26. Aletaha, D.; Smolen, J.S. Diagnosis and management of rheumatoid arthritis: A review. JAMA 2018, 320, 1360–1372. [CrossRef]
27. Cruz-Topete, D.; Cidlowski, J.A. One hormone, two actions: Anti-and pro-inflammatory effects of glucocorticoids. Neuroim-

munomodulation 2015, 22, 20–32. [CrossRef] [PubMed]
28. Mandel, D.R.; Eichas, K.; Holmes, J. Bacillus coagulans: A viable adjunct therapy for relieving symptoms of rheumatoid arthritis

according to a randomized, controlled trial. BMC Complement. Altern. Med. 2010, 10, 1–7. [CrossRef] [PubMed]
29. de los Angeles Pineda, M.; 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. Int. Med. J. Exp. Clin. Res. 2011, 17, CR347.
[CrossRef] [PubMed]

30. Strowski, M.Z.; Wiedenmann, B. Probiotic carbohydrates reduce intestinal permeability and inflammation in metabolic diseases.
Gut 2009, 58, 1044–1045. [CrossRef]

31. Keller, D.; Farmer, S.; McCartney, A.; Gibson, G. Bacillus coagulansas a probiotic. Food Sci. Technol. Bull. 2011, 7, 103–109.
[CrossRef]

32. Needle, C. Gut Instinct: AIDS healthcare foundation trains a research lens on probiotics. A&U Magazine, 6 November 2010.
33. Wang, P.; Tao, J.-H.; Pan, H.-F. Probiotic bacteria: A viable adjuvant therapy for relieving symptoms of rheumatoid arthritis.

Inflammopharmacology 2016, 24, 189–196. [CrossRef]
34. Hagen, K.B.; Byfuglien, M.G.; Falzon, L.; Olsen, S.U.; Smedslund, G. Dietary interventions for rheumatoid arthritis. Cochrane

Database Syst Rev. 2009, 1, CD006400. [CrossRef]
35. Alipour, B.; Homayouni-Rad, A.; Vaghef-Mehrabany, E.; Sharif, S.K.; Vaghef-Mehrabany, L.; Asghari-Jafarabadi, M.; Nakhjavani,

M.R.; Mohtadi-Nia, J. Effects of L actobacillus casei supplementation on disease activity and inflammatory cytokines in rheumatoid
arthritis patients: A randomized double-blind clinical trial. Int. J. Rheum. Dis. 2014, 17, 519–527. [PubMed]

36. Schorpion, A.; Kolasinski, S.L. Can probiotic supplements improve outcomes in rheumatoid arthritis? Curr. Rheumatol. Rep. 2017,
19, 1–7. [CrossRef]

37. Vaghef-Mehrabany, E.; Alipour, B.; Homayouni-Rad, A.; Sharif, S.-K.; Asghari-Jafarabadi, M.; Zavvari, S. Probiotic supplementa-
tion improves inflammatory status in patients with rheumatoid arthritis. Nutrition 2014, 30, 430–435. [CrossRef]

http://doi.org/10.1007/s40744-019-00177-4
http://doi.org/10.1016/j.semarthrit.2008.10.002
http://doi.org/10.1016/j.medcli.2010.11.032
http://www.ncbi.nlm.nih.gov/pubmed/21514606
http://doi.org/10.1111/ddg.13200
http://doi.org/10.3390/nu2060611
http://www.ncbi.nlm.nih.gov/pubmed/22254045
http://doi.org/10.3899/jrheum.100041
http://www.ncbi.nlm.nih.gov/pubmed/20810498
http://doi.org/10.1016/j.cyto.2016.09.013
http://www.ncbi.nlm.nih.gov/pubmed/27688201
http://doi.org/10.7326/M17-2812
http://doi.org/10.1093/cid/civ054
http://www.ncbi.nlm.nih.gov/pubmed/25922406
http://doi.org/10.1017/S0029665110001527
http://doi.org/10.1016/j.bcp.2019.04.009
http://doi.org/10.3899/jrheum.161108
http://www.ncbi.nlm.nih.gov/pubmed/28620065
http://doi.org/10.4414/smw.2015.14190
http://doi.org/10.3920/BM2016.0148
http://doi.org/10.1001/jama.2018.13103
http://doi.org/10.1159/000362724
http://www.ncbi.nlm.nih.gov/pubmed/25227506
http://doi.org/10.1186/1472-6882-10-1
http://www.ncbi.nlm.nih.gov/pubmed/20067641
http://doi.org/10.12659/MSM.881808
http://www.ncbi.nlm.nih.gov/pubmed/21629190
http://doi.org/10.1136/gut.2009.179325
http://doi.org/10.1616/1476-2137.16015
http://doi.org/10.1007/s10787-016-0277-0
http://doi.org/10.1002/14651858.CD006400.pub2
http://www.ncbi.nlm.nih.gov/pubmed/24673738
http://doi.org/10.1007/s11926-017-0696-y
http://doi.org/10.1016/j.nut.2013.09.007


Nutrients 2021, 13, 3376 16 of 18

38. Vaghef-Mehrabany, E.; Homayouni-Rad, A.; Alipour, B.; Sharif, S.-K.; Vaghef-Mehrabany, L.; Alipour-Ajiry, S. Effects of probiotic
supplementation on oxidative stress indices in women with rheumatoid arthritis: A randomized double-blind clinical trial. J. Am.
Coll. Nutr. 2016, 35, 291–299. [CrossRef] [PubMed]

39. Mohammed, A.T.; Khattab, M.; Ahmed, A.M.; Turk, T.; Sakr, N.; Khalil, A.M.; Abdelhalim, M.; Sawaf, B.; Hirayama, K.; Huy, N.T.
The therapeutic effect of probiotics on rheumatoid arthritis: A systematic review and meta-analysis of randomized control trials.
Clin. Rheumatol. 2017, 36, 2697–2707. [CrossRef]

40. Bedaiwi, M.K.; Inman, R.D. Microbiome and probiotics: Link to arthritis. Curr. Opin. Rheumatol. 2014, 26, 410–415. [CrossRef]
41. Abdollahi-Roodsaz, S.; Abramson, S.B.; Scher, J.U. The metabolic role of the gut microbiota in health and rheumatic disease:

Mechanisms and interventions. Nat. Rev. Rheumatol. 2016, 12, 446–455. [CrossRef] [PubMed]
42. Kim, J.-E.; Chae, C.S.; Kim, G.-C.; Hwang, W.; Hwang, J.-s.; Hwang, S.-M.; Kim, Y.; Ahn, Y.-T.; Park, S.-G.; Jun, C.-D.; et al.

Lactobacillus helveticus suppresses experimental rheumatoid arthritis by reducing inflammatory T cell responses. J. Funct. Foods
2015, 13, 350–362. [CrossRef]

43. 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]

44. Xu, L.; Feng, X.; Tan, W.; Gu, W.; Guo, D.; Zhang, M.; Wang, F. IL-29 enhances Toll-like receptor-mediated IL-6 and IL-8 production
by the synovial fibroblasts from rheumatoid arthritis patients. Arthritis Res. Ther. 2013, 15, 1–9. [CrossRef]

45. Thompson, C.; Davies, R.; Choy, E. Anti cytokine therapy in chronic inflammatory arthritis. Cytokine 2016, 86, 92–99. [CrossRef]
[PubMed]

46. Kishimoto, T. Discovery of IL-6 and development of anti-IL-6R antibody. Keio J. Med. 2019, 68, 96. [CrossRef]
47. Alam, J.; Jantan, I.; Bukhari, S.N.A. Rheumatoid arthritis: Recent advances on its etiology, role of cytokines and pharmacotherapy.

Biomed. Pharmacother. 2017, 92, 615–633. [CrossRef] [PubMed]
48. Pradhan, A.; Bagchi, A.; De, S.; Mitra, S.; Mukherjee, S.; Ghosh, P.; Ghosh, A.; Chatterjee, M. Role of redox imbalance and

cytokines in mediating oxidative damage and disease progression of patients with rheumatoid arthritis. Free Radic. Res. 2019, 53,
768–779. [CrossRef] [PubMed]

49. González-Rodríguez, I.; Sánchez, B.; Ruiz, L.; Turroni, F.; Ventura, M.; Ruas-Madiedo, P.; Gueimonde, M.; Margolles, A. Role of
extracellular transaldolase from Bifidobacterium bifidum in mucin adhesion and aggregation. Appl. Environ. Microbiol. 2012, 78,
3992–3998. [CrossRef]

50. Villena, J.; Barbieri, N.; Salva, S.; Herrera, M.; Alvarez, S. Enhanced immune response to pneumococcal infection in malnourished
mice nasally treated with heat-killed Lactobacillus casei. Microbiol. Immunol. 2009, 53, 636–646. [CrossRef] [PubMed]

51. Yamanaka, H.; Taniguchi, A.; Tsuboi, H.; Kano, H.; Asami, Y. Hypouricaemic effects of yoghurt containing Lactobacillus gasseri
PA-3 in patients with hyperuricaemia and/or gout: A randomised, double-blind, placebo-controlled study. Mod. Rheumatol. 2019,
29, 146–150. [CrossRef]

52. de Oliveira, G.L.V.; Leite, A.Z.; Higuchi, B.S.; Gonzaga, M.I.; Mariano, V.S. Intestinal dysbiosis and probiotic applications in
autoimmune diseases. Immunology. 2017, 152, 1–12. [CrossRef]

53. 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, 1–14. [CrossRef]

54. Amdekar, S.; Singh, V.; Singh, R.; Sharma, P.; Keshav, P.; Kumar, A. Lactobacillus casei reduces the inflammatory joint damage
associated with collagen-induced arthritis (CIA) by reducing the pro-inflammatory cytokines: Lactobacillus casei: COX-2 inhibitor.
J. Clin. Immunol. 2011, 31, 147–154. [CrossRef]

55. Azad, M.A.K.; Sarker, M.; Wan, D. Immunomodulatory Effects of Probiotics on Cytokine Profiles. Biomed. Res. Int. 2018,
2018, 8063647. [CrossRef] [PubMed]

56. Achi, S.C.; Talahalli, R.R.; Halami, P.M. Prophylactic effects of probiotic Bifidobacterium spp. in the resolution of inflammation in
arthritic rats. Appl. Microbiol. Biotechnol. 2019, 103, 6287–6296. [CrossRef]

57. Derrien, M.; Veiga, P. Rethinking Diet to Aid Human-Microbe Symbiosis. Trends Microbiol. 2017, 25, 100–112. [CrossRef] [PubMed]
58. Deehan, E.C.; Walter, J. The Fiber Gap and the Disappearing Gut Microbiome: Implications for Human Nutrition. Trends

Endocrinol. Metab. 2016, 27, 239–242. [CrossRef]
59. Hu, Y.; Sparks, J.A.; Malspeis, S.; Costenbader, K.H.; Hu, F.B.; Karlson, E.W.; Lu, B. Long-term dietary quality and risk of

developing rheumatoid arthritis in women. Ann. Rheum. Dis. 2017, 76, 1357–1364. [CrossRef] [PubMed]
60. Park, J.H.; Lee, N.K.; Lee, S.Y. Current understanding of RANK signaling in osteoclast differentiation and maturation. Mol. Cells

2017, 40, 706. [PubMed]
61. Hatano, Y.; Matsuoka, H.; Lam, L.; Currow, D.C. Side effects of corticosteroids in patients with advanced cancer: A systematic

review. Support. Care Cancer 2018, 26, 3979–3983. [CrossRef]
62. Mateen, S.; Zafar, A.; Moin, S.; Khan, A.Q.; Zubair, S. Understanding the role of cytokines in the pathogenesis of rheumatoid

arthritis. Clin. Chim. Acta 2016, 455, 161–171. [CrossRef] [PubMed]
63. Goh, Y.J.; Klaenhammer, T.R. Functional roles of aggregation-promoting-like factor in stress tolerance and adherence of Lacto-

bacillus acidophilus NCFM. Appl. Environ. Microbiol. 2010, 76, 5005–5012. [CrossRef] [PubMed]

http://doi.org/10.1080/07315724.2014.959208
http://www.ncbi.nlm.nih.gov/pubmed/25856220
http://doi.org/10.1007/s10067-017-3814-3
http://doi.org/10.1097/BOR.0000000000000075
http://doi.org/10.1038/nrrheum.2016.68
http://www.ncbi.nlm.nih.gov/pubmed/27256713
http://doi.org/10.1016/j.jff.2015.01.002
http://doi.org/10.1002/art.39785
http://doi.org/10.1186/ar4357
http://doi.org/10.1016/j.cyto.2016.07.015
http://www.ncbi.nlm.nih.gov/pubmed/27497159
http://doi.org/10.2302/kjm.68-007-ABST
http://doi.org/10.1016/j.biopha.2017.05.055
http://www.ncbi.nlm.nih.gov/pubmed/28582758
http://doi.org/10.1080/10715762.2019.1629586
http://www.ncbi.nlm.nih.gov/pubmed/31284792
http://doi.org/10.1128/AEM.08024-11
http://doi.org/10.1111/j.1348-0421.2009.00171.x
http://www.ncbi.nlm.nih.gov/pubmed/19903264
http://doi.org/10.1080/14397595.2018.1442183
http://doi.org/10.1111/imm.12765
http://doi.org/10.1186/s13073-016-0299-7
http://doi.org/10.1007/s10875-010-9457-7
http://doi.org/10.1155/2018/8063647
http://www.ncbi.nlm.nih.gov/pubmed/30426014
http://doi.org/10.1007/s00253-019-09864-2
http://doi.org/10.1016/j.tim.2016.09.011
http://www.ncbi.nlm.nih.gov/pubmed/27916707
http://doi.org/10.1016/j.tem.2016.03.001
http://doi.org/10.1136/annrheumdis-2016-210431
http://www.ncbi.nlm.nih.gov/pubmed/28137914
http://www.ncbi.nlm.nih.gov/pubmed/29047262
http://doi.org/10.1007/s00520-018-4339-2
http://doi.org/10.1016/j.cca.2016.02.010
http://www.ncbi.nlm.nih.gov/pubmed/26883280
http://doi.org/10.1128/AEM.00030-10
http://www.ncbi.nlm.nih.gov/pubmed/20562289


Nutrients 2021, 13, 3376 17 of 18

64. Sánchez, B.; González-Tejedo, C.; Ruas-Madiedo, P.; Urdaci, M.C.; Margolles, A. Lactobacillus plantarum extracellular chitin-
binding protein and its role in the interaction between chitin, Caco-2 cells, and mucin. Appl. Environ. Microbiol. 2011, 77,
1123–1126. [CrossRef]

65. von Ossowski, I.; Reunanen, J.; Satokari, R.; Vesterlund, S.; Kankainen, M.; Huhtinen, H.; Tynkkynen, S.; Salminen, S.; de Vos,
W.M.; Palva, A. Mucosal adhesion properties of the probiotic Lactobacillus rhamnosus GG SpaCBA and SpaFED pilin subunits.
Appl. Environ. Microbiol. 2010, 76, 2049–2057. [CrossRef]

66. von Ossowski, I.; Satokari, R.; Reunanen, J.; Lebeer, S.; De Keersmaecker, S.C.; Vanderleyden, J.; de Vos, W.M.; Palva, A. Functional
characterization of a mucus-specific LPXTG surface adhesin from probiotic Lactobacillus rhamnosus GG. Appl. Environ. Microbiol.
2011, 77, 4465–4472. [CrossRef] [PubMed]

67. Candela, M.; Centanni, M.; Fiori, J.; Biagi, E.; Turroni, S.; Orrico, C.; Bergmann, S.; Hammerschmidt, S.; Brigidi, P. DnaK from
Bifidobacterium animalis subsp. lactis is a surface-exposed human plasminogen receptor upregulated in response to bile salts.
Microbiology 2010, 156, 1609–1618. [CrossRef]

68. La Fata, G.; Weber, P.; Mohajeri, M.H. Probiotics and the Gut Immune System: Indirect Regulation. Probiotics Antimicrob. Proteins
2018, 10, 11–21. [CrossRef] [PubMed]

69. Kalinkovich, A.; Livshits, G. A cross talk between dysbiosis and gut-associated immune system governs the development of
inflammatory arthropathies. Semin. Arthritis Rheum. 2019, 49, 474–484. [CrossRef]

70. Plaza-Diaz, J.; Ruiz-Ojeda, F.J.; Gil-Campos, M.; Gil, A. Mechanisms of Action of Probiotics. Adv. Nutr. 2019, 10, S49–S66.
[CrossRef]

71. Van Spaendonk, H.; Ceuleers, H.; Witters, L.; Patteet, E.; Joossens, J.; Augustyns, K.; Lambeir, A.M.; De Meester, I.; De Man, J.G.;
De Winter, B.Y. Regulation of intestinal permeability: The role of proteases. World J. Gastroenterol. 2017, 23, 2106–2123. [CrossRef]
[PubMed]

72. Volkov, M.; van Schie, K.A.; van der Woude, D. Autoantibodies and B Cells: The ABC of rheumatoid arthritis pathophysiology.
Immunol. Rev. 2020, 294, 148–163. [CrossRef]

73. Amdekar, S.; Singh, V.; Kumar, A.; Sharma, P.; Singh, R. Lactobacillus casei and Lactobacillus acidophilus regulate inflammatory
pathway and improve antioxidant status in collagen-induced arthritic rats. J. Interferon Cytokine Res. 2013, 33, 1–8. [CrossRef]
[PubMed]

74. van Hamburg, J.P.; Tas, S.W. Molecular mechanisms underpinning T helper 17 cell heterogeneity and functions in rheumatoid
arthritis. J. Autoimmun. 2018, 87, 69–81. [CrossRef] [PubMed]

75. Chen, J.-Q.; Szodoray, P.; Zeher, M. Toll-like receptor pathways in autoimmune diseases. Clin. Rev. Allergy Immunol. 2016, 50,
1–17. [CrossRef] [PubMed]

76. Piccinini, A.M.; Williams, L.; McCann, F.E.; Midwood, K.S. Investigating the role of Toll-like receptors in models of arthritis. In
Toll-Like Receptors; Springer: Berlin/Heidelberg, Germany, 2016; pp. 351–381.

77. Elshabrawy, H.A.; Essani, A.E.; Szekanecz, Z.; Fox, D.A.; Shahrara, S. TLRs, future potential therapeutic targets for RA. Autoimmun.
Rev. 2017, 16, 103–113. [CrossRef]

78. McGarry, T.; Veale, D.J.; Gao, W.; Orr, C.; Fearon, U.; Connolly, M. Toll-like receptor 2 (TLR2) induces migration and invasive
mechanisms in rheumatoid arthritis. Arthritis Res. Ther. 2015, 17, 1–14. [CrossRef]

79. Ramezani, A.; Raj, D.S. The gut microbiome, kidney disease, and targeted interventions. J. Am. Soc. Nephrol. 2014, 25, 657–670.
[CrossRef] [PubMed]

80. Dias Bastos, P.A.; Lara Santos, L.; Pinheiro Vitorino, R.M. How are the expression patterns of gut antimicrobial peptides modulated
by human gastrointestinal diseases? A bridge between infectious, inflammatory, and malignant diseases. J. Pept. Sci. 2018,
24, e3071. [CrossRef]

81. Boulangé, C.L.; Neves, A.L.; Chilloux, J.; Nicholson, J.K.; Dumas, M.-E. Impact of the gut microbiota on inflammation, obesity,
and metabolic disease. Genome Med. 2016, 8, 1–12. [CrossRef]

82. Kau, A.L.; Ahern, P.P.; Griffin, N.W.; Goodman, A.L.; Gordon, J.I. Human nutrition, the gut microbiome and the immune system.
Nature 2011, 474, 327–336. [CrossRef]

83. Haber, A.L.; Biton, M.; Rogel, N.; Herbst, R.H.; Shekhar, K.; Smillie, C.; Burgin, G.; Delorey, T.M.; Howitt, M.R.; Katz, Y. A
single-cell survey of the small intestinal epithelium. Nature 2017, 551, 333–339. [CrossRef]

84. Bodkhe, R.; Balakrishnan, B.; Taneja, V. The role of microbiome in rheumatoid arthritis treatment. Ther. Adv. Musculoskelet. Dis.
2019, 11, 1759720X19844632. [CrossRef]

85. Manasson, J.; Blank, R.B.; Scher, J.U. The microbiome in rheumatology: Where are we and where should we go? Ann. Rheum. Dis.
2020, 79, 727–733. [CrossRef] [PubMed]

86. Rouhani, S.; Griffin, N.W.; Yori, P.P.; Gehrig, J.L.; Olortegui, M.P.; Salas, M.S.; Trigoso, D.R.; Moulton, L.H.; Houpt, E.R.; Barratt,
M.J. Diarrhea as a potential cause and consequence of reduced gut microbial diversity among undernourished children in Peru.
Clin. Infect. Dis. 2020, 71, 989–999. [CrossRef] [PubMed]

87. Paul, A.K.; Paul, A.; Jahan, R.; Jannat, K.; Bondhon, T.A.; Hasan, A.; Nissapatorn, V.; Pereira, M.L.; Wilairatana, P.; Rahmatullah,
M. Probiotics and Amelioration of Rheumatoid Arthritis: Significant Roles of Lactobacillus casei and Lactobacillus acidophilus.
Microorganisms 2021, 9, 1070. [CrossRef]

88. Huang, Z.; Stabler, T.; Pei, F.; Kraus, V.B. Both systemic and local lipopolysaccharide (LPS) burden are associated with knee OA
severity and inflammation. Osteoarthr. Cartil. 2016, 24, 1769–1775. [CrossRef] [PubMed]

http://doi.org/10.1128/AEM.02080-10
http://doi.org/10.1128/AEM.01958-09
http://doi.org/10.1128/AEM.02497-10
http://www.ncbi.nlm.nih.gov/pubmed/21602388
http://doi.org/10.1099/mic.0.038307-0
http://doi.org/10.1007/s12602-017-9322-6
http://www.ncbi.nlm.nih.gov/pubmed/28861741
http://doi.org/10.1016/j.semarthrit.2019.05.007
http://doi.org/10.1093/advances/nmy063
http://doi.org/10.3748/wjg.v23.i12.2106
http://www.ncbi.nlm.nih.gov/pubmed/28405139
http://doi.org/10.1111/imr.12829
http://doi.org/10.1089/jir.2012.0034
http://www.ncbi.nlm.nih.gov/pubmed/23030670
http://doi.org/10.1016/j.jaut.2017.12.006
http://www.ncbi.nlm.nih.gov/pubmed/29254845
http://doi.org/10.1007/s12016-015-8473-z
http://www.ncbi.nlm.nih.gov/pubmed/25687121
http://doi.org/10.1016/j.autrev.2016.12.003
http://doi.org/10.1186/s13075-015-0664-8
http://doi.org/10.1681/ASN.2013080905
http://www.ncbi.nlm.nih.gov/pubmed/24231662
http://doi.org/10.1002/psc.3071
http://doi.org/10.1186/s13073-016-0303-2
http://doi.org/10.1038/nature10213
http://doi.org/10.1038/nature24489
http://doi.org/10.1177/1759720X19844632
http://doi.org/10.1136/annrheumdis-2019-216631
http://www.ncbi.nlm.nih.gov/pubmed/32332073
http://doi.org/10.1093/cid/ciz905
http://www.ncbi.nlm.nih.gov/pubmed/31773127
http://doi.org/10.3390/microorganisms9051070
http://doi.org/10.1016/j.joca.2016.05.008
http://www.ncbi.nlm.nih.gov/pubmed/27216281


Nutrients 2021, 13, 3376 18 of 18

89. Pretorius, E.; Akeredolu, O.-O.; Soma, P.; Kell, D.B. Major involvement of bacterial components in rheumatoid arthritis and its
accompanying oxidative stress, systemic inflammation and hypercoagulability. Exp. Biol. Med. 2017, 242, 355–373. [CrossRef]

90. Alpizar-Rodriguez, D.; Lesker, T.R.; Gronow, A.; Gilbert, B.; Raemy, E.; Lamacchia, C.; Gabay, C.; Finckh, A.; Strowig, T. Prevotella
copri in individuals at risk for rheumatoid arthritis. Ann. Rheum. Dis. 2019, 78, 590–593. [CrossRef]

91. Scher, J.U.; Sczesnak, A.; Longman, R.S.; Segata, N.; Ubeda, C.; Bielski, C.; Rostron, T.; Cerundolo, V.; Pamer, E.G.; Abramson, S.B.
Expansion of intestinal Prevotella copri correlates with enhanced susceptibility to arthritis. eLife 2013, 2, e01202. [CrossRef]

92. Maeda, Y.; Kurakawa, T.; Umemoto, E.; Motooka, D.; Ito, Y.; Gotoh, K.; Hirota, K.; Matsushita, M.; Furuta, Y.; Narazaki, M.
Dysbiosis contributes to arthritis development via activation of autoreactive T cells in the intestine. Arthritis Rheumatol. 2016, 68,
2646–2661. [CrossRef]

93. Wells, P.M.; Adebayo, A.S.; Bowyer, R.C.; Freidin, M.B.; Finckh, A.; Strowig, T.; Lesker, T.R.; Alpizar-Rodriguez, D.; Gilbert,
B.; Kirkham, B. Associations between gut microbiota and genetic risk for rheumatoid arthritis in the absence of disease: A
cross-sectional study. Lancet Rheumatol. 2020, 2, e418–e427. [CrossRef]

94. 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]

95. Larsen, J.M. The immune response to Prevotella bacteria in chronic inflammatory disease. Immunology 2017, 151, 363–374.
[CrossRef]

96. Balakrishnan, B.; Luckey, D.; Taneja, V. Autoimmunity-associated gut commensals modulate gut permeability and immunity in
humanized mice. Mil. Med. 2019, 184, 529–536. [CrossRef]

97. Ferreira-Halder, C.V.; de Sousa Faria, A.V.; Andrade, S.S. Action and function of Faecalibacterium prausnitzii in health and
disease. Best Pract. Res. Clin. Gastroenterol. 2017, 31, 643–648. [CrossRef]

98. Chu, X.-J.; Cao, N.-W.; Zhou, H.-Y.; Meng, X.; Guo, B.; Zhang, H.-Y.; Li, B.-Z. The oral and gut microbiome in rheumatoid arthritis
patients: A systematic review. Rheumatology 2021, 60, 1054–1066. [CrossRef]

99. Möller, B.; Kollert, F.; Sculean, A.; Villiger, P.M. Infectious triggers in periodontitis and the gut in rheumatoid arthritis (RA): A
complex story about association and causality. Front. Immunol. 2020, 11, 1108. [CrossRef] [PubMed]

100. van Vollenhoven, R.F. Sex differences in rheumatoid arthritis: More than meets the eye. BMC Med. 2009, 7, 1–4. [CrossRef]
101. Sapir-Koren, R.; Livshits, G. Postmenopausal osteoporosis in rheumatoid arthritis: The estrogen deficiency-immune mechanisms

link. Bone 2017, 103, 102–115. [CrossRef] [PubMed]
102. Tit, D.M.; Bungau, S.; Iovan, C.; Cseppento, D.C.N.; Endres, L.; Sava, C.; Sabau, A.M.; Furau, G.; Furau, C. Effects of the Hormone

Replacement Therapy and of Soy Isoflavones on Bone Resorption in Postmenopause. J. Clin. Med. 2018, 7, 297. [CrossRef]
103. Tit, D.M.; Pallag, A.; Iovan, C.; Furau, G.; Furau, C.; Bungau, S. Somatic-vegetative Symptoms Evolution in Postmenopausal

Women Treated with Phytoestrogens and Hormone Replacement Therapy. Iran. J. Public Health 2017, 46, 1528–1534. [PubMed]
104. Favalli, E.G.; Biggioggero, M.; Crotti, C.; Becciolini, A.; Raimondo, M.G.; Meroni, P.L. Sex and management of rheumatoid

arthritis. Clin. Rev. Allergy Immunol. 2019, 56, 333–345. [CrossRef] [PubMed]
105. Islander, U.; Jochems, C.; Lagerquist, M.K.; Forsblad-d’Elia, H.; Carlsten, H. Estrogens in rheumatoid arthritis; the immune

system and bone. Mol. Cell. Endocrinol. 2011, 335, 14–29. [CrossRef] [PubMed]
106. Fert-Bober, J.; Darrah, E.; Andrade, F. Insights into the study and origin of the citrullinome in rheumatoid arthritis. Immunol. Rev.

2020, 294, 133–147. [CrossRef] [PubMed]
107. Aletaha, D.; Martinez-Avila, J.; Kvien, T.K.; Smolen, J.S. Definition of treatment response in rheumatoid arthritis based on the

simplified and the clinical disease activity index. Ann. Rheum Dis. 2012, 71, 1190–1196. [CrossRef] [PubMed]
108. Hong, S.W.; Kim, J.H.; Bae, H.J.; Ham, J.S.; Yoo, J.G.; Chung, K.S.; Oh, M.H. Selection and characterization of broad-spectrum

antibacterial substance-producing Lactobacillus curvatus PA 40 as a potential probiotic for feed additives. Anim. Sci. J. 2018, 89,
1459–1467. [CrossRef]

http://doi.org/10.1177/1535370216681549
http://doi.org/10.1136/annrheumdis-2018-214514
http://doi.org/10.7554/eLife.01202
http://doi.org/10.1002/art.39783
http://doi.org/10.1016/S2665-9913(20)30064-3
http://doi.org/10.1002/art.40003
http://doi.org/10.1111/imm.12760
http://doi.org/10.1093/milmed/usy309
http://doi.org/10.1016/j.bpg.2017.09.011
http://doi.org/10.1093/rheumatology/keaa835
http://doi.org/10.3389/fimmu.2020.01108
http://www.ncbi.nlm.nih.gov/pubmed/32582191
http://doi.org/10.1186/1741-7015-7-12
http://doi.org/10.1016/j.bone.2017.06.020
http://www.ncbi.nlm.nih.gov/pubmed/28666971
http://doi.org/10.3390/jcm7100297
http://www.ncbi.nlm.nih.gov/pubmed/29167771
http://doi.org/10.1007/s12016-018-8672-5
http://www.ncbi.nlm.nih.gov/pubmed/29372537
http://doi.org/10.1016/j.mce.2010.05.018
http://www.ncbi.nlm.nih.gov/pubmed/20685609
http://doi.org/10.1111/imr.12834
http://www.ncbi.nlm.nih.gov/pubmed/31876028
http://doi.org/10.1136/annrheumdis-2012-201491
http://www.ncbi.nlm.nih.gov/pubmed/22454398
http://doi.org/10.1111/asj.13047

	Introduction 
	An Inflammatory Pathway in Rheumatoid Arthritis 
	Probiotics and Their Interventions in RA 
	Probiotics Selection 
	Role of Diet in RA 

	Mechanism of Action of Probiotics in Rheumatoid Arthritis 
	Rheumatoid Arthritis and Gut Microbiota 
	Bacillus coagulans in Rheumatoid Arthritis 
	Preclinical Studies on the Effects of Lactobacillus Probiotics on Arthritis 
	Clinic Applications of Lactobacillus Probiotics in the Treatment of Rheumatoid Arthritis 

	Probiotics’ Efficacy in the Treatment of Rheumatoid Arthritis 
	Conclusions and Future Perspectives 
	References

