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Abstract: Intestinal dysbiosis is related to the physiopathology and clinical manifestation of rheuma-
toid arthritis (RA) and the response to pharmacologic treatment. The objectives of this study were
(1) to analyze the effect of conventional synthetic disease modifying anti-rheumatic drugs (csD-
MARDs) on the abundance of gut microbiota’s bacteria; (2) to evaluate the relationship between the
differences in microbial abundance with the serum levels of intestinal fatty-acid binding protein 2
(IFABP2), cytokines, and the response phenotype to csDMARDs therapy in RA. A cross-sectional
study was conducted on 23 women diagnosed with RA. The abundance of bacteria in gut microbiota
was determined with qPCR. The ELISA technique determined serum levels of IFABP2, TNF-«, IL-10,
and IL-17A. We found that the accumulated dose of methotrexate or prednisone is negatively associ-
ated with the abundance of Lactobacillus but positively associated with the abundance of Bacteroides
fragilis. The Lactobacillus/Porphyromonas gingivalis ratio was associated with the Disease Activity Score-
28 for RA with Erythrocyte Sedimentation Rate (DAS28-ESR) (r = 0.778, p = 0.030) and with the levels
of IL-17A (r = 0.785, p = 0.027) in the group treated with csDMARD. Moreover, a relation between
the serum levels of IFABP2 and TNF-« (r = 0.593, p = 0.035) was observed in the group treated with
¢sDMARD. The serum levels of IFABP2 were higher in patients with secondary non-response to
csDMARDs therapy. In conclusion, our results suggest that the ratios of gut microbiota’s bacteria
and intestinal permeability seems to establish the preamble for therapeutic secondary non-response
inRA.

Keywords: gut microbiota; intestinal fatty-acid binding protein 2; intestinal permeability; therapy;
non-response; theumatoid arthritis

1. Introduction

The intestinal dysbiosis related to the presence of bacteria, such as Prevotella copri [1,2],
Lactobacillus [3], and Collinsella [4], is associated with the emergence of the clinical man-
ifestation of autoimmunity in rheumatoid arthritis (RA). Gut microbiota is considered
a key factor in RA’s physiopathology [5]. Among the mechanisms that explain that as-
sociation, the citrullination of peptides that favors the production of antibodies against
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citrullinated proteins produced by bacteria, such as Porphyromonas gingivalis and Aggre-
gatibacter actinomycetemcomitans, has been showed [6,7]. Another proposed mechanism
is the immunoregulation by cytokine production, which has a key role in autoimmunity
processes [2,8]. In RA patients, it has been shown that intestinal dysbiosis is associated
with the levels of acute-phase reactants, Th1/Th17 cytokines, and with the disease’s clinical
activity score [9-15]. These antecedents suggests that intestinal dysbiosis is related to the
clinical diversification of RA [13,16].

On the other hand, it has been shown that the presence of some bacterial lineages of
gut microbiota has a key role in the clinical status of RA due to their metabolites. These are
related to high levels of chemokine’s and IL-17A and to the increased intestinal permeability
associated with the decrease of the expression of protein zonula occludens-1 (ZO-1) [4], in
which the translocation of bacterial components happens [17-19]. In RA patients, elevated
lipopolysaccharide (LPS) serum levels, lipopolysaccharide-binding protein (LBP), and
soluble CD14 (sCD14) have been reported, which suggests translocation of microbial
products from the intestine [18,19]. Tajik et al. [20] reported that the serum levels of
proteins such as ZO-1, occludin-1, and claudin are elevated in the early stages of RA and
established RA while the intestinal fatty-acid binding protein 2 (IFABP2) serum levels
increased in RA patients without pharmacologic treatment and have been related to the
clinical activity [18].

Currently, there is a particular interest in studying the mechanisms through which
intestinal dysbiosis relates to the metabolism of the conventional synthetic disease modify-
ing anti-rheumatic drugs (csDMARDs) and to the therapeutic response phenotype [21,22].
This is because RA patients with a response phenotype present a higher abundance of the
phylum Bacteroidetes while in those non-response to treatment present an increase of phyla
Firmicutes and Proteobacteria [23-25]. The effect of drugs in RA treatment on the abundance
and/or changes in the proportions of intestinal bacteria remains largely unknown, as
well as the role that they could have in intestinal permeability and diversification of the
treatment response. Matei et al. [18] reported that the levels of LPS and LBP decrease in RA
patients that are responsive to biologic DMARD. Similarly, Audo et al. [19] reported that
the levels of LBP and sCD14 decrease in patients who respond to DMARDs and that the
variations in these markers are associated with the changes in the Disease Activity Score-28
(DAS28). In the present study, we hypothesized that the non-response to RA therapy
could be associated with microbiota composition changes and with intestinal permeability.
Therefore, this study has the following objectives: (1) to analyze the effect of csDMARDs
on differences in the abundance of gut microbiota’s bacteria; (2) to analyze the relation
between the abundance of intestinal bacteria and clinical activity markers, and the serum
levels of IFABP2, TNF-«, IL-10, and IL-17A, and the response phenotype to csDMARDs
treatment in RA.

2. Results
2.1. Demographic Data, Markers for Inflammation, Intestinal Bacteria Abundance, and Phenotype
of Response to Therapy

The median age of the population was 45 & 11 years old. The RA patients with
csDMARDs treatment presented significantly longer evolution times of the disease and a
lower DAS28-ESR when compared to the patients, defined as new-onset RA (NORA) and
untreated (p = 0.002). The serum levels of rheumatoid factor (RF), TNF-«, IL-10, and IL-17A
were similar among the treated patients and the NORA group. However, the IFABP2 serum
levels were higher in the NORA group (p = 0.035) compared to patients with treatment.
On the other hand, even though the abundance of Lactobacillus tended to be higher in the
NORA group, the differences were not significant. The abundance of Bacteroides fragilis,
Prevotella, Porphyromonas gingivalis, and Escherichia coli were also not different between
the studied groups (Table 1). According to the treated patients’ clinical evolution, only
23.08% presented a response phenotype, whereas 46.15% presented a primary non-response
phenotype, and 30.77% were classified as with secondary non-response to therapy.
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Table 1. Clinical, inflammatory markers and intestinal bacteria abundance in the group RA patients.

Characteristics NORA (n = 10) Treated (n = 13) p-Value
Clinical assessment
Age, years ? 44.8 +10.11 45.69 + 11.94 0.851
Disease evolution, months P 19.5 (4-192) 60 (12-300) 0.087
ESR, mm/hr @ 36.90 £+ 10.56 36.15 + 15.30 0.896
CRP, mg/LP 9.5 (4.99-46.9) 20.1 (4.99-33.9) 0.092
DAS28-ESR, score 2 494 + 1.56 328 £0.76 0.002
HAQ-DI, score ? 0.57 (0-1.2) 0.10 (0-1) 0.134
Rheumatoid factor, UI/mL P 72 (8.59-984.3) 103.5 (8.59-942.5) 0.619
Positive rheumatoid factor > 20 UI/mL, n (%) © 7 (70) 11 (84.62) 0.618
Inflammatory markers
TNF-a, pg/mL P 23.33 (13.33-65.33) 26.66 (17.33-46.66) 0.419
IL-10, pg/mL? 8.64 (0-55.78) 6.36 (0.11-47.55) 0.732
IL-17A, pg/mL P 3.105 (0-48.04) 5.46 (0-34.86) 0.707
IFABP2, ng/mL b 21.18 (7.46-29.16) 11.64 (5.186-28.82) 0.035
Specific group bacterial

Lactobacillus, Logig CFU/mL b 6.26 (5.33-9.38) 5.93 (4.32-8.59) 0.192
Bacteroides fragilis, Logjg CFU/mL b 2.85 (1.38-4.45) 2.86 (0.60-5.14) 0.804
Prevotella, Logjg CFU/mL P 5.73 (1.72-6.88) 6.35 (2.58-7.02) 0.664
Porphyromonas gingivalis, Log1g CFU/mL b —0.56 (—0.80-0.03) —0.71 (—1.61-0.03) 0.340
Escherichia coli, Logyg CFU/mL P 3.45 (2.51-4.68) 3.05 (2.07-5.01) 0.385

Current therapy scheme

MTX, 1 (%) © - 3 (23.08)
MTX + PDN, 1 (%) € - 6 (46.15)
MTX + CLQ + PDN, 1 (%) © - 4(30.77)

2 Data are expressed as the mean and standard deviation (+), compared using the t-student test. P Data are
expressed as the median and percentiles 5th-95th, compared using the Mann Whitney U test. ¢ Data are expressed
as the 1 (%), compared using the Fisher exact test. p-Value < 0.05 was considered statistically significant.

2.2. Relation between Gut Microbiota’s Bacteria Abundance with the Dose of Drugs and
Inflammation Markers

The average prescribed dose of methotrexate (MTX) in treated patients varied between
10 and 25 mg per week and for prednisone (PDN) between 2.5 and 10 mg per day. The
accumulated dose of MTX to the top dose (25 mg per week) determines an accumulated
dose of 500 mg in 6 months of treatment and 1000 mg to the 12 months, approximately.
Similarly, in the case of PDN, considering a daily dose of 10 mg, an accumulated dose
was estimated within 6 months of therapy of around 1500 mg. In a correlation analysis, it
was observed that the abundance of Lactobacillus tends towards a negative relation with
the accumulated dose of MTX (r = —0.421, p = 0.151) (Supplementary Figure S1A) and
PDN (r = —0.443, p = 0.198) (Supplementary Figure S2A) while the abundance of Bacteroides
fragilis related positively with the accumulated dose of PDN (r = 0.632, p = 0.055); however,
these correlations were not statistically significant (Supplementary Figure S2B). In addition,
we did not find a significant relation between Prevotella, Porphyromonas gingivalis, or Es-
cherichia coli abundance and the accumulated dose of MTX (Supplementary Figure S1C-E)
and PDN (Supplementary Figure S2C-E).

When we analyzed the relation between the studied bacteria’s abundance, as well
as between bacterial ratios, we found that, particularly, the abundance of Porphyromonas
gingivalis was positively associated with IL-10 serum levels (r = 0.904, p = 0.002) and IL-17A
(r=0.761, p = 0.028), but not with RF serum levels (r = —0.02, p = 0.943). Porphyromonas
gingivalis was found in 13 out of 23 analyzed samples (5 in the NORA group and 8 in
the group with csDMARD). Meanwhile, the Lactobacillus / Porphyromonas gingivalis ratio
was positively associated with the DAS28-ESR (r = 0.778, p = 0.030) (Figure 1A). The Es-
cherichia coli/Lactobacillus ratio was negatively associated with IL-10 serum levels (r = —0.538,
p = 0.061), although not statistically significant (Figure 1B), and the Prevotella/Escherichia
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coli ratio (r = 0.550, p = 0.054) (Figure 1C) and Porphyromonas gingivalis / Lactobacillus ratio
(r=0.785, p = 0.027) were positively associated with the IL-17A serum levels (Figure 1D).
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Figure 1. Correlation between clinical activity and cytokines on gut microbiota in RA patients
with treated. (A) DAS28-ESR, (B) IL-10, (C,D) IL-17A. Spearman’s correlation. r = rho, correlation
coefficient. p-Value < 0.05 was considered statistically significant.

2.3. Relationship of IFABP2 Serum Levels and Inflammation Markers with Gut Microbiota’s
Bacteria and Therapy Response Phenotype in RA

Even though the levels of IFABP2 were significantly higher in the NORA group, we
found that in the group of patients under csDMARD treatment the IFABP2 serum levels
correlated positively with the TNF-« levels (r = 0.593, p = 0.035) (Figure 2).

Additionally, when comparing the IFABP2 levels between phenotypes of response
to therapy, it was found that IFABP2 levels were higher in the group of patients with
secondary non-response to therapy (p = 0.057) (Figure 3A), where also the TNF-a serum
levels showed a tendency to increase, although not statistically significant (Figure 3B). A
slight increase was also observed in the abundance of Prevotella and Escherichia coli in the
secondary non-responder group of patients (Supplementary Figure S3).
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Figure 2. Correlation between seric levels of IFABP2 and TNF-« in RA patients with treatment. Spear-
man’s correlation. r = rho, correlation coefficient. p-Value < 0.05 was considered statistically significant.
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Figure 3. Association of serum levels of IFABP2 and cytokines according to clinical phenotype in RA
patients with treatment. (A) IFABP2, (B) Cytokines (TNF-«, IL-10, and IL-17A). Statistical analyses
were performed by Mann-Whitney U test. p-Value < 0.05 was considered statistically significant.

3. Discussion

The main findings in this study showed that (1) the accumulated dose of MTX and
PDN favor the increase of Bacteroides fragilis, (2) the changes in proportion of Lactobacil-
lus / Porphyromonas gingivalis are associated with the increase serum levels of IL-17A and
with the clinical activity of the RA, and (3) IFABP2 serum levels are positively associated
with TNF-« levels and with secondary non-response to csDMARD in RA. The main strength
of this study is that it analyzes the relation between bacteria’s abundance, as well the bacte-
rial ratios with different serological markers related to inflammation in AR; furthermore,
this study shows evidence related to the abundance of the gut microbiota’s bacteria and
treatment dosage, suggesting a role of treatment on microbiota composition. Moreover,
our results suggest that an early change in gut microbiota and intestinal permeability
establishes the preamble for the phenotype of response to therapy.

The treatment with corticosteroids (Cs) diminishes the mucus secretion in the colon
and promotes changes in the bacterial structure of gut microbiota [26]. In an in vivo study
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in MRL/1pr mice, it was observed that PDN favors the decrease of bacterial species such
as Mucispirillum, Oscillospira, Bilophila, and Rikenella [27]. In this study, we observed that
the accumulated doses of MTX and PDN within 6 months, approximately, and within
12 months of treatment are associated with the abundance of Lactobacillus and Bacteroides
fragilis; therefore, early changes could potentially establish the dynamics of the primary
or secondary non-response to treatment with DMARDs. Similarly to what we report
in our study, there is evidence on C57B1/6 mice model that shows that the exposition
to Cs is related to the reduction of Lactobacillaceae and proposes that the changes in the
commensal bacteria could mediate the drug’s anti-inflammatory effect [28]. Previous
studies reported a higher abundance of the family Lactobacillaceae in subjects in pre-clinical
stages of RA [11,29-31] compared to the abundance reported in patients recently diagnosed
with RA [32] and early RA patients [30]. Therefore, it has been suggested that the changes
in quantity of Lactobacillus could be an important factor related to the development and
progression of RA [3].

In this study, we observed that the abundance of Lactobacillus was higher in the NORA
group and that this abundance decreases in relation to the accumulated dose of MTX and
PDN while the abundance of Bacteroides fragilis increases. Opposing evidence was reported
in a Balb/c model of rats in which the treatment with MTX was seen to diminish the
abundance of the species Bacteroides fragilis [33] but not that of the order Lactobacillales in
C57BL/ 6] rats [34]. However, it has been shown that particularly Lactobacillus casei [35] can
metabolize MTX just as Pseudomonas [36] and the families Prevotellaceae and Anaeroplasmat-
aceae [37]. Nayack et al. [23] proved in an in vitro model the impact of MTX on Bacteroidetes;
moreover, they estimated that the concentration of MTX in the proximal gastrointestinal
tract (22-220 pM or 10-100 pg/mL) would be sufficient to inhibit the microbial growth [25].
These changes in microbial abundance could be related to the sensitivity to the adminis-
tered drug’s or the dosage and to the intrinsic capacity of bacteria to metabolize some of
the drugs’ structural components.

Interestingly, even though we did not observe a relation between the bacteria’s abun-
dance in their individual form, we found that the variability of Lactobacillus, regarding other
studied bacteria, showed an association with the clinical activity and inflammation markers.
Specifically, we observed that the Lactobacillus / Porphyromonas gingivalis ratio is positively
related to the DAS28-ESR while the Porphyromonas gingivalis / Lactobacillus ratio is related
to the serum levels of IL-17A. These findings are of great interest given that it has been
found that Lactobacillus salivarius [10] and Porphyromonas gingivalis are related to the clinical
activity in RA patients [38]. Therefore, the analysis of the changes in the ratios among gut
microbiota’s bacteria could potentially reveal their role in RA’s physiopathology.

Porphyromonas gingivalis is associated with the production of citrullinated proteins and
with the development of RA [6], as well as the expansion of Th17 cells and the signaling
of IL-17’s receptor A, which promotes the infiltration of neutrophils in the joints, and the
increase of IL-17 and TNF-« [39]. Meanwhile, in vitro, it was found that Porphyromonas
gingivalis could polarize a cellular response towards a Th17/IL-17 profile by being rec-
ognized by the toll-like receptor 2 (TLR2) of antigen-presenting cells and mediating the
synthesis of IL-1, IL-6, IL-17, as well as the increase of osteoclastogenesis [40]. Similarly,
Marchesan et al. [41] reported in an in vivo model of arthritic rats that Porphyromonas
gingivalis modulates the levels of IL-1f3, IL-6, IL-22, IL-23, TGF-f3, and TNF-c.

In this study, we did not evaluate antibodies to citrullinated protein antigens (AC-
PAs) levels, but we determined RF serum levels and evaluated their relationship with
Porphyromonas gingivalis abundance, finding a null relationship. Similar to our results,
Scher et al. [42] reported that the presence of Porphyromonas gingivalis DNA is not directly
related to the presence or levels of ACPAs, nor to RF, thus hypothesizing that this relation-
ship may be subject to interaction with other factors. In that sense, Torato et al. [43] reported
that patients with RA positives to HLA-DRB1*04 present higher levels of Porphyromonas
gingivalis DNA in peripheral blood and synovial tissue, so the genetic factor may be a
determinant in the establishment of the host-pathogen relationship.
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Furthermore, in our study, the Prevotella/Escherichia coli ratio was positively related
to IL-17A serum levels. Maeda et al. [2] reported that the ribosomal protein L23A from
Prevotella copri is related to dendritic cell stimulation and IL-17 synthesis. Likewise, IgA
antibodies against Prevotella copri have been correlated with the serum Th1/Th17 cytokines
profiles [44]. In addition, we found that the Escherichia coli/Lactobacillus ratio was negatively
related to IL-10 serum levels. Neuman et al. [9] reported a positive relation between
Escherichia coli and ESR levels. In this context, the change in the abundance of Lactobacillus
and other gut microbiota’s bacteria could be an action modulating mechanism of the drugs
and inflammation process.

In this study, the IFABP2 serum levels were not associated with clinical characteristics
and gut microbiota’s bacteria ratios. However, our study found a relation between the levels
of TNF-a and IFABP?2 in patients with RA under csDMARD therapy, as well as a relation
between IFABP2 and the secondary non-response to therapy. Similarly, Matei et al. [18]
observed in RA patients treated with etanercept (anti-TNF) that the IFABP2 serum levels
remain elevated in patients with a clinical non-response phenotype. Interestingly, in active
Crohn’s disease, it was observed that the infliximab (anti-TNF) treatment could modulate
the levels IFABP2 and TNF-« and achieve remission [45]. This evidence supports the
findings in this study where IFABP2 exhibited a relation with the non-response phenotype
to csDMARD treatment. Currently, the therapy optimization in RA recommend treat-to-
target strategies for management and tapering on clinical activity using csDMARD, short
term Cs, or targeted therapies with anti-TNFs and biosimilar DMARDs [46,47]. Hence, it
is important to evaluate the relationship between IFABP2 and the lack response to others
therapeutic schemes in RA.

IFABP2 is a cytosolic protein found mainly in the enterocytes [48], and its elevated
serum levels represent a marker for intestinal lesions [49,50]. The relation between TNF-oc
and IFABP2 allows correlating the chronic inflammation processes and the increase of
intestinal permeability. In an in vitro model, it was identified that the pathway of NF-«B
has a key role in the activation of TNF-«, whose increment has been related to the decrease
of the expression of molecules like ZO-1 and the increase of intestinal permeability [51].
In addition, it has been recognized that NF-kB promotes the expression and enzymatic
activity of myosin light chain kinase (MLCK), thus modulating the pathways where this
kinase is involved [52]. MLCK has been involved in the paracellular regulation of tight
junctions [53], and the evidence indicates that this could be modulated by cytokines such
as IL-1p3 [52], IFN-y, and TNF-« [54,55].

Martinsson et al. [56] reported that short-chain fatty acids derived from bacterial
metabolism decrease during the clinical progression of RA. Moreover, it has been demon-
strated that butyric acid, oleic acid, and phosphatidylcholine, as well as leptin and TNF-o
regulate the expression of IFABP in the cells’ cytosol [57]. TNF-o is a molecule that is closely
related to the clinical activity and response phenotype to DMARD:s therapy in RA [58,59].
Therefore, the changes in the ratios of gut microbiota, along with the subsequent effect
over the production or metabolism of fatty acids, could contribute synergistically to the
destabilization of the gut barrier, promoting chronic inflammation and the lack of response
to pharmacologic treatment in RA.

Conversely, the use of prebiotics and probiotics has a more significant presence in the
treatment of RA as a strategy to promote the restoration of the commensal microbiota and
to decrease the disease’s progression [60], it could also be a future key factor to improve
the response to this therapy. This is a pilot study in woman AR patients, and among the
limitations of our work, we can consider the lack of male participants; therefore, the results
should be interpreted with caution because they are necessary adequately-powered studies,
and randomized trials and a control for the covariates are needed to support our findings.
Therefore, there is the need for more studies that corroborate the potential role of microbiota
and intestinal permeability in response to pharmacologic treatment in RA, as well as to
validate IFABP2 as a new marker related to lack therapeutic response.
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4. Materials and Methods
4.1. Studied Population

A cross-sectional pilot study was conducted in 23 women diagnosed with RA accord-
ing to the American College of Rheumatology (ACR) and the European League Against
Rheumatism (EULAR) criteria [61]. They were diagnosed in the Rheumatology Depart-
ment of the General Hospital in Chilpancingo, Mexico, from March 2019 to February 2020.
Patients with an overlapping syndrome (characteristics of two autoimmune connective
tissue diseases present in the same patient); chronic viral infection (hepatitis C or B virus
or human immunodeficiency virus); or acute bacterial, virus, or fungal infections were
excluded from the study. In addition, RA patients with gastrointestinal surgeries (e.g.,
gastrectomy, bariatric surgery, and colectomy) or who were diagnosed with peptic ulcer
and inflammatory bowel diseases were also excluded, as well as those who had antibiotic
treatment two or three months before taking the sample, drug treatment for other condition,
laxatives and current extreme diet (e.g., parenteral nutrition or macrobiotic diet), or the
consumption of probiotics. All patients were surveyed to obtain sociodemographic data.
The clinical and treatment characteristics were evaluated during the consultation and from
the clinical file. The weekly average dose and cumulative dose of methotrexate (MTX)
and prednisone (PDN) were calculated. The cumulative dose was defined as the sum of
all the doses taken by the patient (mg of drugs consumption according to the number of
weeks). In contrast, the average dose was defined as the weekly dose between the numbers
of appointments. All patients agreed to participate and gave their informed consent in
writing in accordance with the Declaration of Helsinki. The protocol was approved by
the Ethics and Research Committee of the University Autonomous of Guerrero (project
identification code CB-004/2017).

4.2. Sample Collection

Blood samples were collected after 8 h of overnight fasting. Serum samples were stored
at —20 °C until used. The erythrocyte sedimentation rate (ESR) was determined by the Win-
trobe method. The C reactive protein (CRP) and rheumatoid factor (RF) were determined
using the immunoturbidimetry technique (Ortho Clinical Diagnostics, VITROS®5600, Rar-
itan, NJ, USA). An RF level > 20 Ul/mL was considered positive. On the other hand,
stool samples were collected in sterile vials and stored at a temperature of —80 °C for
subsequent analysis.

4.3. Clinical Assessment

The disease activity and disability were evaluated through the Disease Activity Score
28 (DAS28) and a Spanish version of the Health Assessment Questionnaire-Disability
Index (HAQ-DI). The 13 RA patients were treated with conventional synthetic disease-
modifying anti-rheumatic drugs (csDMARDs) and corticosteroids (Cs). Meanwhile, ten
newly diagnosed patients, defined as new-onset RA (NORA) and untreated, provided their
samples previous to starting the consumption of their prescribed treatment. The treated RA
patients received an oral MTX to the standard of care doses that was prescribed by their
rheumatologist. The clinical response phenotype was defined in the 13 treated RA patients
according to the DAS28-ESR change. The phenotypes were defined as following: response,
primary non-response, and secondary non-response [62].

4.4. DNA Extraction from Stool and gPCR to Estimation of Microbial Abundance

Bacterial DNA was extracted with the QlAamp DNA stool Minikit (Qiagen Inc.,
Valencia, CA, USA), following the manufacturer’s instructions. DNA concentration and
purity were determined with a Nanodrop N1000 (Thermo Fisher Scientific, Carlsbad, CA,
USA). The count of gut microbiota was determined with specific primers [63-67] shown
in Supplementary Table S1. To determine the microbiota abundance, curves of calibration
were performed using Bacteroides fragilis ATCC 25285, Prevotella melanonigenica ATCC 25845,
Porphyromonas gingivalis ATCC 33277, and Escherichia coli ATCC 25922 reference strains, as
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well as with the Lactobacillus strain of Lactobacillus casei Shirota of Yakult®. Serial dilutions
from bacteria cells ranging between 18 x 10° at 18 x 10° were used to isolate DNA and
performed the qPCR curves of calibration.

The qPCR was performed using 5 uL Maxima SYBR Green/ROX (Thermo Scientific,
Vilnius, Lituania), 0.31 pL of specific primers (0.25 umol/L), and 1 uL of DNA (20 ng) in a
total 12.5 pL volume. Negative controls were included in each experiment. The calibration
curves of each bacterium were duplicated in each assay. The fluorescence products were
detected in the reaction cycles using the equipment StepOnePlus Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA). The abundance was quantified using cycle
threshold (Ct) values, and the data was graphically represented in Log, base 10 (log 10).

4.5. Cytokines (TNF-a, IL-10, and IL-17A) and Serum IFABP2 Levels Quantification

The TNF-a serum levels were determined using a commercial ELISA kit (Invitrogen,
Thermo Fisher Scientific, Vienna, Austria) following the manufacturer’s instructions, and
the results were expressed as pg/mL. The IL-10 and IL-17A levels were determined with
a ProcartaPlex Hu assay (Invitrogen, Thermo Fisher Scientific, Vienna, Austria), and the
results were expressed as pg/mL. Similarly, the IFABP2 serum levels were determined with
ELISA (Sigma Aldrich, St. Louis, MO, USA) according to the manufacturer protocol, and
the results were expressed as ng/mL.

4.6. Statistical Analysis

Statistical analysis was carried out using Stata v. 13.0 (StataCorp, College Station, TX,
USA) and GraphPad Prism v. 8.0 (GraphPad Software, San Diego, CA, USA) for Windows.
Continuous parametric data is presented as the mean =+ standard deviation (SD) and com-
pared using a f-student test. Non-parametric data is presented as median and (5th-95th)
percentile and compared using Mann-Whitney U-Tests. Categorical data is summarized,
reporting numbers, and proportions (%) and compared using Fisher’s exact test. Spear-
man’s rank correlation was used to calculate correlation between this study’s dependent
and independent variables. p-Values below 0.05 were considered statistically significant.

5. Conclusions

The increase of intestinal permeability is potentially related to the early changes in
gut microbiota’s bacteria. The microbial ratios, based on the abundance of Lactobacillus and
Porphyromonas gingivalis, tend to be related to the secondary non-response to pharmacologic
therapy in RA. Therefore, intestinal permeability could establish the preamble for the
therapeutic secondary non-response in RA.
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IL-6 interleukin-6
IL-10 interleukin-10
IL-17A interleukin-17A
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IL-22 interleukin-22
IL-23 interleukin-23
LBP lipopolysaccharide-binding protein
LPS lipopolysaccharide
MLCK myosin light chain kinase
MTX methotrexate
NORA new-onset RA
PDN prednisone
gPCR quantitative polymerase chain reaction
RA rheumatoid arthritis
RF rheumatoid factor
sCD14 soluble cluster of differentiation 14
TGF-p transforming growth factor-3
Thl T helper 1 cells
Th17 T helper 17 cells
TLR-2 Toll-like receptor 2
TNF-« tumor necrosis factor alpha
70-1 zonula occludens-1
References
1. 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]

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] [PubMed]

Liu, X.; Zou, Q.; Zeng, B.; Fang, Y.; Wei, H. Analysis of fecal Lactobacillus community structure in patients with early rheumatoid
arthritis. Curr. Microbiol. 2013, 67, 170-176. [CrossRef] [PubMed]

Chen, J.; Wright, K,; Davis, ] 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]

Maeda, Y.; Takeda, K. Host-microbiota interactions in rheumatoid arthritis. Exp. Mol. Med. 2019, 51, 1-6. [CrossRef] [PubMed]


http://doi.org/10.7554/eLife.01202
http://www.ncbi.nlm.nih.gov/pubmed/24192039
http://doi.org/10.1002/art.39783
http://www.ncbi.nlm.nih.gov/pubmed/27333153
http://doi.org/10.1007/s00284-013-0338-1
http://www.ncbi.nlm.nih.gov/pubmed/23483307
http://doi.org/10.1186/s13073-016-0299-7
http://www.ncbi.nlm.nih.gov/pubmed/27102666
http://doi.org/10.1038/s12276-019-0283-6
http://www.ncbi.nlm.nih.gov/pubmed/31827063

Int. J. Mol. Sci. 2023, 24, 1958 110f13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Maresz, K.J.; Hellvard, A.; Sroka, A.; Adamowicz, K.; Bielecka, E.; Koziel, J.; Gawron, K.; Mizgalska, D.; Marcinska, K.A;
Benedyk, M.; et al. Porphyromonas gingivalis facilitates the development and progression of destructive arthritis through its
unique bacterial peptidylarginine deiminase (PAD). PLoS Pathog. 2013, 9, €1003627. [CrossRef]

Konig, M.E; Abusleme, L.; Reinholdt, J.; Palmer, RJ.; Teles, R.P; Sampson, K.; Rosen, A.; Nigrovic, P.A.; Sokolove, J.;
Giles, J.T.; et al. Aggregatibacter actinomycetemcomitans-induced hypercitrullination links periodontal infection to autoimmunity
in rheumatoid arthritis. Sci. Transl. Med. 2016, 8, 369ral76. [CrossRef]

Block, K.E.; Zheng, Z.; Dent, A.L.; Kee, B.L.; Huang, H. Gut Microbiota Regulates K/BxN Autoimmune Arthritis through
Follicular Helper T but Not Th17 Cells. J. Immunol. 2016, 196, 1550-1557. [CrossRef]

Neumann, V.C.; Shinebaum, R.; Cooke, E.M.; Wright, V. Effects of sulphasalazine on faecal flora in patients with rheumatoid
arthritis: A comparison with penicillamine. Br. J. Rheumatol. 1987, 26, 334-337. [CrossRef]

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]
Picchianti-Diamanti, A.; Panebianco, C.; Salemi, S.; Sorgi, M.L.; Di Rosa, R.; Tropea, A.; Sgrulletti, M.; Salerno, G.; Terracciano, E,;
D’Amelio, R.; et al. Analysis of Gut Microbiota in Rheumatoid Arthritis Patients: Disease-Related Dysbiosis and Modifications
Induced by Etanercept. Int. J. Mol. Sci. 2018, 19, 2938. [CrossRef]

Rodrigues, G.S.P.,; Cayres, L.C.F.,; Gongalves, F.P,; Takaoka, N.N.C.; Lengert, A.H.; Tansini, A.; Brisotti, J.L.; Sasdelli, C.B.G;
Oliveira, G.L.V. Detection of Increased Relative Expression Units of Bacteroides and Prevotella, and Decreased Clostridium leptum in
Stool Samples from Brazilian Rheumatoid Arthritis Patients: A Pilot Study. Microorganisms 2019, 7, 413. [CrossRef]

Chiang, H.I; Li, J.R,; Liu, C.C,; Liu, PY.; Chen, H.H.; Chen, YM.; Lan, J.L.; Chen, D.Y. An Association of Gut Microbiota with
Different Phenotypes in Chinese Patients with Rheumatoid Arthritis. J. Clin. Med. 2019, 8, 1770. [CrossRef]

Li, Y,; Zhang, S.X;; Yin, X.F,; Zhang, M.X,; Qiao, ].; Xin, X.H.; Chang, M.].; Gao, C.; Li, Y.F,; Li, X.F. The Gut Microbiota and Its
Relevance to Peripheral Lymphocyte Subpopulations and Cytokines in Patients with Rheumatoid Arthritis. J. Immunol. Res. 2021,
2021, 6665563. [CrossRef]

Gupta, V.K.; Cunningham, K.Y.; Hur, B.; Bakshi, U.; Huang, H.; Warrington, K.J.; Taneja, V.; Myasoedova, E.; Davis, ].M., 3rd;
Sung, J. Gut microbial determinants of clinically important improvement in patients with rheumatoid arthritis. Genome Med.
2021, 13, 149. [CrossRef]

Hammad, D.B.M.; Hider, S.L.; Liyanapathirana, V.C.; Tonge, D.P. Molecular Characterization of Circulating Microbiome Signatures
in Rheumatoid Arthritis. Front. Cell. Infect. Microbiol. 2020, 9, 440. [CrossRef]

Guerreiro, C.S.; Calado, A.; Sousa, J.; Fonseca, J.E. Diet, Microbiota, and Gut Permeability-The Unknown Triad in Rheumatoid
Arthritis. Front. Med. 2018, 5, 349. [CrossRef]

Matei, D.E.; Menon, M.; Alber, D.G.; Smith, A.M.; Nedjat-Shokouhi, B.; Fassano, A.; Magill, L.; Duhlin, A.; Bitoun, s.;
Gleizes, A,; et al. Intestinal barrier dysfunction play an integral role in arthritis pathology and can be targeted to ameliorate
disease. Med 2021, 2, 864-883.€9. [CrossRef]

Audo, R,; Sanchez, P,; Riviere, B.; Mielle, ].; Tan, J.; Lukas, C.; Macia, L.; Morel, J.; Daien, C.I. Rheumatoid arthritis is associated
with increased gut permeability and bacterial translocation wich are reversed by inflammation control. Rheumatology 2022,
2022, keac454. [CrossRef]

Tajik, N.; Frech, M.; Schulz, O.; Schilter, F; Lucas, S.; Azizov, V,; Diirholz, K.; Steffen, F; Omata, Y,; Rings, A.; et al. Targeting
zonulin and intestinal epithelial barrier function to prevent onset of arthritis. Nat. Commun. 2020, 11, 1995. [CrossRef]

Scher, J.U.; Nayack, R.R.; Ubeda, C.; Turnbaugh, P.J.; Abramson, S.B. Pharmacomicrobiomics in inflammatory arthritis: Gut
microbiome as modulator of therapeutic response. Nat. Rev. Rheumatol. 2020, 16, 282-292. [CrossRef] [PubMed]
Zaragoza-Garcia, O.; Castro-Alarcon, N.; Pérez-Rubio, G.; Guzman-Guzman, I.P. DMARDs-Gut Microbiota Feedback: Implica-
tions in the Response to Therapy. Biomolecules 2020, 10, 1479. [CrossRef] [PubMed]

Nayak, R.R.; Alexander, M.; Stapleton-Grey, K.; Ubeda, C.; Scher, J.U.; Turnbaugh, PJ. Perturbation of the human gut microbiome
by a non-antibiotic drug contributes to the resolution of autoimmune disease. bioRxiv 2019. [CrossRef]

Artacho, A,; Issac, S.; Nayak, R.; Flor-Duro, A.; Alexander, M.; Koo, I.; Manasson, J.; Smith, P.B.; Rosenthal, P.; Homsi, Y.; et al.
The Pretreatment Gut Microbiome Is Associated With Lack of Response to Methotrexate in New-Onset Rheumatoid Arthritis.
Arthritis Rheumatol. 2021, 73, 931-942. [CrossRef]

Nayak, R.R.; Alexander, M.; Deshpande, I.; Stapletom-Gray, K.; Rimal, B.; Patterson, A.D.; Ubeda, C.; Scher, ].U.; Turnbaugh, P.T.
Methotrexate impacts conserved pathways in diverse human gut bacteria leading to decreased host immune activation. Cell Host
Microbe 2021, 29, 362-377.e11. [CrossRef]

Wu, T,; Yang, L,; Jiang, J.; Ni, Y.; Zhu, J.; Zheng, X.; Wang, Q.; Lu, X.; Fu, Z. Chronic glucocorticoid treatment induced circadian
clock disorder leads to lipid metabolism and gut microbiota alterations in rats. Life Sci. 2018, 192, 173-182. [CrossRef]

He, Z.; Kong, X.; Shao, T.; Zhang, Y.; Wen, C. Alterations of the Gut Microbiota Associated with Promoting Efficacy of Prednisone
by Bromofuranone in MRL/lpr Mice. Front. Microbiol. 2019, 10, 978. [CrossRef]

Huang, E.Y; Inoue, T.; Leone, V.A,; Dalal, S.; Touw, K.; Wang, Y.; Musch, M.W.; Theriault, B.; Higuchi, K.; Donovan, S.; et al.
Using corticosteroids to reshape the gut microbiome: Implications for inflammatory bowel diseases. Inflamm. Bowel Dis. 2015,
21,963-972. [CrossRef]

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


http://doi.org/10.1371/journal.ppat.1003627
http://doi.org/10.1126/scitranslmed.aaj1921
http://doi.org/10.4049/jimmunol.1501904
http://doi.org/10.1093/rheumatology/26.5.334
http://doi.org/10.1038/nm.3914
http://doi.org/10.3390/ijms19102938
http://doi.org/10.3390/microorganisms7100413
http://doi.org/10.3390/jcm8111770
http://doi.org/10.1155/2021/6665563
http://doi.org/10.1186/s13073-021-00957-0
http://doi.org/10.3389/fcimb.2019.00440
http://doi.org/10.3389/fmed.2018.00349
http://doi.org/10.1016/j.medj.2021.04.013
http://doi.org/10.1093/rheumatology/keac454
http://doi.org/10.1038/s41467-020-15831-7
http://doi.org/10.1038/s41584-020-0395-3
http://www.ncbi.nlm.nih.gov/pubmed/32157196
http://doi.org/10.3390/biom10111479
http://www.ncbi.nlm.nih.gov/pubmed/33114390
http://doi.org/10.1101/600155
http://doi.org/10.1002/art.41622
http://doi.org/10.1016/j.chom.2020.12.008
http://doi.org/10.1016/j.lfs.2017.11.049
http://doi.org/10.3389/fmicb.2019.00978
http://doi.org/10.1097/MIB.0000000000000332
http://doi.org/10.1136/annrheumdis-2018-214514

Int. J. Mol. Sci. 2023, 24, 1958 12 0f13

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Yin, X.; Zhang, S.; Zhang, M.; Chang, M.; Mao, X.; Wang, J.; Zhang, J.; Qiu, M.; Gao, C.; Li, X. Diversity Analysis of Intestinal Flora
in Patients with Rheumatoid Arthritis. ACR Meeting Abstracts. Arthritis Rheumatol. 2019, 71 (Suppl. 10), 493. Available online:
https:/ /acrabstracts.org/abstract/diversity-analysis-of-intestinal-flora-in-patients-with-rheumatoid-arthritis/ (accessed on 24
September 2022).

Tong, Y,; Tang, H.; Li, Y,; Su, L.C.; Wu, Y,; Bozec, A.; Zaiss, M.; Qing, P.; Zhao, H.; Tan, C.; et al. Gut Microbiota Dysbiosis in
High-Risk Individuals For Rheumatoid Arthritis Triggers Mucosal Immunity Perturbation and Promotes Arthritis in Mice. Res.
Square 2020. [CrossRef]

Anis, RH.; Dawa, G.A.; El-Korashi, L.A. Assessment of gut microbiota in rheumatoid arthritis patients. Microbes Infect. Dis. 2021,
2,77-83. [CrossRef]

Zhou, B,; Xia, X.; Wang, P; Chen, S.; Yu, C.; Huang, R.; Zhang, R.; Wang, Y; Lu, L.; Yuan, F; et al. Induction and Amelioration
of Methotrexate-Induced Gastrointestinal Toxicity are Related to Immune Response and Gut Microbiota. EBioMedicine 2018,
33, 122-133. [CrossRef]

Tang, D.; Zeng, T.; Wang, Y.; Cui, H.; Wu, ].; Zou, B.; Tao, Z.; Zhang, L.; Garside, G.B.; Tao, S. Dietary restriction increases
protective gut bacteria to rescue lethal methotrexate-induced intestinal toxicity. Gut Microbes 2020, 12, 1714401. [CrossRef]

Shin, Y.S.; Buehring, K.U.; Stokstad, E.L. The metabolism of methotrexate in Lactobacillus casei and rat liver and the influence of
methotrexate on metabolism of folic acid. |. Biol. Chem. 1974, 249, 5772-5777. [CrossRef]

Levy, C.C.; Goldman, P. The enzymatic hydrolysis of methotrexate and folic acid. J. Biol. Chem. 1967, 242, 2933-2938. [CrossRef]
Letertre, M.PM.; Munjoma, N.; Wolfer, K.; Pechlivanis, A.; McDonald, J.A K.; Hardwick, R.N.; Cherrington, N.J.; Coen, M.;
Nicholson, J.K.; Hoyles, L.; et al. A Two-Way Interaction between Methotrexate and the Gut Microbiota of Male Sprague-Dawley
Rats. J. Proteome Res. 2020, 19, 3326-3339. [CrossRef]

Ceccarelli, F,; Orru, G.; Pilloni, A.; Bartosiewicz, I.; Perricone, C.; Martino, E.; Lucchetti, R.; Fais, S.; Vomero, M.; Oliveiri, M.; et al.
Porphyromonas gingivalis in the tongue biofilm is associated with clinical outcome in rheumatoid arthritis patients. Clin. Exp.
Immunol. 2018, 194, 244-252. [CrossRef]

de Aquino, S.G,; Talbot, J.; Sonego, E; Turato, W.M.; Grespan, R.; Avila-Campos, M.].; Cunha, F.Q.; Cirelli, ].A. The aggravation of
arthritis by periodontitis is dependent of IL-17 receptor A activation. J. Clin. Periodontol. 2017, 44, 881-891. [CrossRef]

de Aquino, S.G.; Abdollahi-Roodsaz, S.; Koenders, M.I; van de Loo, FA.; Prujin, G.; Marijnissen, R.J.; Walgreen, B.; Helsen, M.M.;
van den Bersselaar, L.A.; de Molon, R.S.; et al. Periodontal pathogenesis directly promote autoimmune experimental arthritis by
inducing a TLR2-and IL-1-driven Th17 response. . Immunol. 2014, 192, 4103—4111. [CrossRef]

Marchesan, J.T.; Gerow, E.A.; Schaff, R.; Taut, A.D.; Shin, S.Y.; Sugai, J.; Brand, D.; Burberry, A.; Jorns, J.; Lundy, S.K; et al.
Porphyromonas gingivalis oral infection exacerbates the development and severity of collagen-induced arthritis. Arthritis Res.
Ther. 2013, 15, R186. [CrossRef]

Scher, J.U.; Ubeda, C.; Equinda, M.; Khanin, R.; Buischi, Y.; Viale, A.; Lipuma, L.; Attur, M.; Pillinger, M.H.; Weissmann, G.; et al.
Periodontal disease and the oral microbiota in new-onset rheumatoid arthritis. Arthritis Rheum. 2012, 64, 3083-3094. [CrossRef]
[PubMed]

Totaro, M.C.; Cattani, P,; Ria, F.; Tolusso, B.; Gremese, E.; Fedale, A.L.; DOnghia, S.; Marchetti, S.; Di Sante, G.; Canestri, S.; et al.
Porphyromonas gingivalis and the pathogenesis of rheumatoid arhritis of various compartments including the synovial tissue.
Arthritis Res. Ther. 2013, 15, R66. [CrossRef] [PubMed]

Pianta, A.; Arvikar, S.; Strle, K.; Drouin, E.E.; Wang, Q.; Costello, C.E.; Steere, A.C. Evidence for Immune Relevance of Prevotella
copri, a Gut Microbe, in Patients with Rheumatoid Arthritis. Arthritis Rheumatol. 2017, 69, 964-975. [CrossRef] [PubMed]
Al-Saffar, A K.; Meijer, C.H.; Gannavarapu, V.R.; Hall, G.; Li, Y; Diaz Tartera, H.O.; Lordal, M.; Ljung, T.; Hellstrom, P.M.; Webb,
D.L. Parallel Changes in Harvey-Bradshaw Index, TNF-«, and Intestinal Fatty Acid Binding Protein in Response to Infliximab in
Crohn “s Disease. Gastroenterol. Res. Pract. 2017, 2017, 1745918. [CrossRef] [PubMed]

Fraenkel, L.; Bathon, ].M.; England, B.R.; St Clair, E.W.; Arayssi, T.; Carandang, K.; Deane, K.D.; Genovese, M.; Huston, K.K,;
Kerr, G.; et al. 2021 American College of Rheumatology Guideline for the Treatment of Rheumatoid Arthritis. Arthritis Rheumatol.
2021, 73, 1108-1123. [CrossRef] [PubMed]

Smolen, ].S.; Landewé, R.B.M.; Bijlsma, ].W.].; Burmester, G.R.; Dougados, M.; Kerschbaumer, A.; McInnes, 1.B.; Sepriano, A.; van
Vollenhoven, R.E.; de Wit, M.; et al. EULAR recommendations for the management of rheumatoid arthritis with synthetic and
biological disease-modifying antirheumatic drugs: 2019 update. Ann. Rheum. Dis. 2020, 79, 685-699. [CrossRef]

Pelsers, M.M.; Hermens, W.T.; Glatz, ].F. Fatty acid-binding proteins as plasma markers of tissue injury. Clin. Chim. Acta 2005,
352, 15-35. [CrossRef]

Stevens, B.R.; Goel, R.; Seungbum, K.; Richards, E.M.; Holbert, R.C.; Pepine, C.J.; Raizada, M.K. Increased human intestinal
barrier permeability plasma biomarkers zonulin and FABP2 correlated with plasma LPS and altered gut microbiome in anxiety of
depression. Gut 2018, 67, 1555-1557. [CrossRef]

Blaser, A.; Padar, M.; Tang, J.; Dulton, J.; Forbes, A. Citrulline and intestinal fatty acid-binding protein as biomarkers for
gastrointestinal dysfunction in the critically ill. Anaesthesiol. Intensive Ther. 2019, 51, 230-239. [CrossRef]

Ma, T.Y.; Iwamoto, G.K.; Hoa, N.T.; Akotia, V.; Pedram, A.; Boivin, M.A.; Said, H.M. TNF-alpha-induced increase in intestinal
epithelial tight junction permeability requires NF-«B activation. Am. J. Physiol. Gastrointest. Liver Physiol. 2004, 286, G367-G376.
[CrossRef] [PubMed]


https://acrabstracts.org/abstract/diversity-analysis-of-intestinal-flora-in-patients-with-rheumatoid-arthritis/
http://doi.org/10.21203/rs.3.rs-104572/v1
http://doi.org/10.21608/mid.2021.56268.1106
http://doi.org/10.1016/j.ebiom.2018.06.029
http://doi.org/10.1080/19490976.2020.1714401
http://doi.org/10.1016/S0021-9258(20)79883-2
http://doi.org/10.1016/S0021-9258(18)99594-3
http://doi.org/10.1021/acs.jproteome.0c00230
http://doi.org/10.1111/cei.13184
http://doi.org/10.1111/jcpe.12743
http://doi.org/10.4049/jimmunol.1301970
http://doi.org/10.1186/ar4376
http://doi.org/10.1002/art.34539
http://www.ncbi.nlm.nih.gov/pubmed/22576262
http://doi.org/10.1186/ar4243
http://www.ncbi.nlm.nih.gov/pubmed/23777892
http://doi.org/10.1002/art.40003
http://www.ncbi.nlm.nih.gov/pubmed/27863183
http://doi.org/10.1155/2017/1745918
http://www.ncbi.nlm.nih.gov/pubmed/29201046
http://doi.org/10.1002/art.41752
http://www.ncbi.nlm.nih.gov/pubmed/34101376
http://doi.org/10.1136/annrheumdis-2019-216655
http://doi.org/10.1016/j.cccn.2004.09.001
http://doi.org/10.1136/gutjnl-2017-314759
http://doi.org/10.5114/ait.2019.86049
http://doi.org/10.1152/ajpgi.00173.2003
http://www.ncbi.nlm.nih.gov/pubmed/14766535

Int. J. Mol. Sci. 2023, 24, 1958 13 0f 13

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Al-Sadi, R.; Ye, D.; Dokladny, K.; Ma, T.Y. Mechanism of IL-1-Induced Increase in Intestinal Epithelial Tight Junction Permeability.
J. Immunol. 2008, 180, 5653-5661. [CrossRef] [PubMed]

He, W.Q.; Wang, ].; Sheng, .Y.; Zha, ].M.; Graham, W.V,; Turner, J.R. Contributions of Myosin Light Chain Kinase to Regulation of
Epithelial Paracellular Permeability and Mucosal Homeostasis. Int. . Mol. Sci. 2020, 21, 933. [CrossRef] [PubMed]

Wang, F.; Graham, W.V.; Wang, Y.; Witkowski, E.D.; Schwarz, B.T.; Turner, ].R. Interferon-gamma and tumor necrosis factor-alpha
synergize to induce intestinal epithelial barrier dysfunction by up-regulating myosin light chain kinase expression. Am. . Pathol.
2005, 166, 409-419. [CrossRef]

Al-Sadi, R.; Guo, S.; Ye, D.; Rawat, M.; Ma, T.Y. TNF-a Modulation of Intestinal Tight Junction Permeability Is Mediated by
NIK/IKK-o Axis Activation of the Canonical NF-«B Pathway. Am. J. Pathol. 2016, 186, 1151-1165. [CrossRef]

Martinsson, K.; Diirholz, K.; Schett, G.; Zaiss, M.; Kastbom, A. Higher serum levels of short-chain fatty acids are associated with
non-progression to arthritis in individuals at increased risk of RA. Ann. Rheum. Dis. 2022, 81, 445—447. [CrossRef]

Dubé, N.; Delvin, E.; Yotov, W.; Garofalo, C.; Bendayan, M.; Veerkamp, ].H.; Levy, E. Modulation of intestinal and liver fatty
acid-binding proteins in Caco-2 cells by lipids, hormones and cytokines. J. Cell. Biochem. 2001, 81, 613-620. [CrossRef]
Maillefert, ].F.; Puéchal, X.; Falgarone, G.; Lizard, G.; Ornetti, P; Solau, E.; Legré, V.; Lioté, F,; Sibilia, ].; Morel, |.; et al. Prediction
of response to disease modifying antirheumatic drugs in rheumatoid arthritis. Jt. Bone Spine 2010, 77, 558-563. [CrossRef]
Zhao, PW,; Jiang, W.G.; Wang, L.; Jiang, Z.Y.; Shan, Y.X,; Jiang, Y.F. Plasma levels of IL-37 and correlation with TNF-«, IL-17A,
and disease activity during DMARD treatment of rheumatoid arthritis. PLoS ONE 2014, 9, €95346. [CrossRef]

Horta-Baas, G.; Saldoval-Cabrera, A.; Romero-Figueroa, M.D.S. Modification of Gut Microbiota in Inflammatory Arthritis:
Highlights and future Challenges. Curr. Rheumatol. Rep. 2021, 23, 67. [CrossRef]

Aletaha, D.; Neogi, T.; Silman, A.J.; Funovits, ].; Felson, D.T.; Bingham, C.O., 3rd; Birnbaum, N.S.; Burmester, G.R.; Bykerk, V.P;
Cohen, M.D.; et al. 2010 Rheumatoid arthritis classification criteria: An American College of Rheumatology/European League
Against Rheumatism collaborative initiative. Arthritis Rheum. 2010, 62, 2569-2581. [CrossRef]

Vallejo-Yagiie, E.; Keystone, E.C.; Kandhasamy, S.; Micheroli, R.; Finck, A.; Burden, A.M. Primary and secondary non-response:
In need of operational definitions in observational studies. Ann. Rheum. Dis. 2021, 80, 961-964. [CrossRef]

Fu, CJ.; Carter, ].N.; Li, Y.; Porter, ].H.; Kerley, M.S. Comparison of agar plate and real-time PCR on enumeration of Lactobacillus,
Clostridium perfringens and total anaerobic bacteria in dog faeces. Lett. Appl. Microbiol. 2006, 42, 490-494. [CrossRef]

Matsuki, T.; Watanabe, K.; Fujimoto, J.; Miyamoto, Y.; Takada, T.; Matsumoto, K.; Oyaizu, H.; Tanaka, R. Development of 16S
rRNA-gene-targeted group-specific primers for the detection and identification of predominant bacteria in human feces. Appl.
Environ. Microbiol. 2002, 68, 5445-5451. [CrossRef]

Matsuki, T.; Watanabe, K.; Fujimoto, J.; Takada, T.; Tanaka, R. Use of 16rNA gene-targeted group-specific primers for real-time
PCR analysis of predominant bacteria in human feces. Appl. Environ. Microbiol. 2004, 70, 7220-7228. [CrossRef]

Slots, J.; Ashimoto, A.; Flynn, M.].; Li, G.; Chen, C. Detection of putative periodontal pathogens in subgingival specimens by 165
ribosomal DNA amplification with the polymerase chain reaction. Clin. Infect. Dis. 1995, 20, S304-5307. [CrossRef]

Huijsdens, X.W.; Linskens, R.K.; Mak, M.; Meuwissen, S.G.; Vandenbroucke-Grauls, C.M.; Savelkoul, PH. Quantification of
bacteria adherent to gastrointestinal mucosa by real-time PCR. J. Clin. Microbiol. 2002, 40, 4423-4427. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.4049/jimmunol.180.8.5653
http://www.ncbi.nlm.nih.gov/pubmed/18390750
http://doi.org/10.3390/ijms21030993
http://www.ncbi.nlm.nih.gov/pubmed/32028590
http://doi.org/10.1016/S0002-9440(10)62264-X
http://doi.org/10.1016/j.ajpath.2015.12.016
http://doi.org/10.1136/annrheumdis-2021-221386
http://doi.org/10.1002/jcb.1090
http://doi.org/10.1016/j.jbspin.2010.02.018
http://doi.org/10.1371/journal.pone.0095346
http://doi.org/10.1007/s11926-021-01031-9
http://doi.org/10.1002/art.27584
http://doi.org/10.1136/annrheumdis-2021-220202
http://doi.org/10.1111/j.1472-765X.2006.01893.x
http://doi.org/10.1128/AEM.68.11.5445-5451.2002
http://doi.org/10.1128/AEM.70.12.7220-7228.2004
http://doi.org/10.1093/clinids/20.Supplement_2.S304
http://doi.org/10.1128/JCM.40.12.4423-4427.2002

	Introduction 
	Results 
	Demographic Data, Markers for Inflammation, Intestinal Bacteria Abundance, and Phenotype of Response to Therapy 
	Relation between Gut Microbiota’s Bacteria Abundance with the Dose of Drugs and Inflammation Markers 
	Relationship of IFABP2 Serum Levels and Inflammation Markers with Gut Microbiota’s Bacteria and Therapy Response Phenotype in RA 

	Discussion 
	Materials and Methods 
	Studied Population 
	Sample Collection 
	Clinical Assessment 
	DNA Extraction from Stool and qPCR to Estimation of Microbial Abundance 
	Cytokines (TNF-, IL-10, and IL-17A) and Serum IFABP2 Levels Quantification 
	Statistical Analysis 

	Conclusions 
	References

