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GUT MICROBIOTA ALTERATIONS IN PATIENTS WITH JUVENILE IDIOPATHIC ARTHRITIS
Porosyuk MV, Klementiev DD, Hodov NA, Gumenyuk LN &, Esatova ES, Sereda EV, Chetveruhina-Malova KS, Sarchuk EV, lvanov SV
Georgievsky Medical Academy, Vernadsky Crimean Federal University, Simferopol, Russia

Currently, the issue of the relationship between gut microbiota and juvenile idiopathic arthritis (JIA) is still relevant. The study was aimed to assess alterations in the
gut microbiota taxonomic composition and estimate the relationship between these alterations and cortisol, melatonin, and TNFa at the genus level in patients
with JIA. The comparative cross-sectional study involved 65 patients with JIA (index group) and 60 healthy children (control group). The gut microbiota taxonomic
composition and plasma levels of cortisol, melatonin, and TNFa were assessed. The following alterations of the gut microbiota taxonomic composition were found
in patients with JIA: the significantly decreased abundance of Anaerostipes (p = 0.042), Lachnospira (p = 0.034), Roseburia (p = 0.002), Coprococcus (p = 0.014),
Dialister (p = 0.003) and the increase in the abundance of Ruminococcus (p = 0.012). There were significant correlations of cortisol levels with the abundance of
Lachnospira (r = —0.44; p = 0.001), melatonin concentrations and the abundance of Coprococcus (r = —0.48; p = 0.023), the levels of TNFa and the abundance of
Ruminococcus (r = 0.52; p = 0.001). The association of the Lachnospira, Roseburia, and Ruminococcus abundance with the higher DAS28 scores was discovered
(r=-0.57; p = 0.002; r = -0.44; p = 0.002; r = 0.54; p = 0.032, respectively). The findings provide additional information about the features of gut microbiota
alterations and their correlation with some hormone and inflammatory biomarkers associated with JIA, that could provide the basis for further research and possibly
for new approaches to treatment of this disorder.
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M3MEHEHUA MUKPOBNOTbI KULLEYHUKA Y BOJ1bHbIX FOBEHWJ1bHbIM
NONOMATUHECKUM APTPUTOM

M. B. Mopoctok, O. . KnemerTses, H. A. Xomos, J1. H. l'ymeHiok =, 3. C. Scatosa, E. B. Cepena, K. C. YetsepyxuHa-Manosa, E. B. Capuyk,
C. B. VBaHoB

MepmumnHekas akagemmns uvenn C. W. FfeoprieBckoro, KpbiMckuin dhefepanbHbiii yHUBepeuTeT nmeHn B. . BepHaackoro, Cumdepornons, Poccus

Ha cerogHsLLIHWIA feHb OCTaeTca akTyaslbHOM NpobneMa B3arvMOCBA3M MUKPOOMOTHI KALLEYHMKA U IOBEHUIBHOMO manonatydeckoro aptputa (KOWA). Liensto
1ncenenoBaHns Obi1o M3YHnTb UBMEHEHUST TAKCOHOMUHYECKOrO COCTaBa MUKPOOMOTbI KULLEYHMKA U OLEHUTb Ha YPOBHE POAOB XapakTep KX B3avMOCBS3U
C KOPTU30/10M, MenaToHnHoM 1 TNFa y 605bHbIx FOUA. B 0AHOMOMEHTHOM CpaBHUTENBHOM UCCNEA0BaH NPUHAMM y4acTie 65 6ombHbIX KOVIA (ocHOBHas! rpynna)
1 60 300POBbIX AeTen (KOHTpONbHas rpynna). OueHnBan TaKCOHOMUYECKIIA COCTaB MUKPOOMOTbI KULLEYHMKA, YPOBHU KOPTU30sa, MenaToHnHa 1 TNFa B nna3ve
KpoBK. Y 60nbHbIX KOVIA 0BHapy»eHbl M3MEHEHNA TAKCOHOMUHYECKOrO COCTaBa MUKPOOMOTbI KULLEYHNKA: CTATUCTUHECKM 3HAYUMOE CHIDKEHNE YNCNEHHOCTH
Anaerostipes (o = 0,042), Lachnospira (p = 0,034), Roseburia (p = 0,002), Coprococcus (p = 0,014), Dialister (p = 0,003) 1 NOBbILLEHNE YNCIEHHOCTN RUMinococcus
(o = 0,012). YcTaHOBNEHa CTaTUCTUHECKI 3HAUMMAast KOPPENSLWS 3Ha4eHNIn KopTaona ¢ ypoBHeM bakTepuii Lachnospira (r = -0,44; p = 0,001), KOHLEeHTpaumm
MesiaToHMHa 1 yposHem 6akTepuin Coprococcus (r =—-0,48; p = 0,023), 3HaqeHuin TNFa 1 yposHem 6axtepuin Ruminococcus (r = 0,52; p = 0,001).Takoke BbisiBneHa
COMPSPKEHHOCTb “YncneHHOCTV 6akTepuin Lachnospira, Roseburia n Ruminococcus ¢ 6onee BbICokMMM nokasatenammn no DAS28 (r = -0,57; p = 0,002; r = -0,44;
p =0,002; r=0,54; p = 0,032 COOTBETCTBEHHO). Pe3ynsTaTbl NpeaocTaBnsAoT AONONHUTENbHbIE AaHHbIE 06 0COOEHHOCTAX UBMEHEHWIN MUKPOBNOTbI KMLLIEYHMKA
1N X CBA3W C HEKOTOPBIMU FOPMOHANBHBIMY 11 BOCManMTENbHbIMN BrioMapkepamu npu FOVIA, 4TO MOXET cTaTb 0O0CHOBaHVEM A9 MPOBEAEHNSA AaNbHENLLINX
1CCnefoBaHWi, a Takxke, BO3MOXKHO, OTKPbIBAET HOBbIE MOAXOMb! K Tepanum 3Toro 3abonesanHus.

KnioyeBble cnoBa: 1oBEHU bHbIA MAUONATUHECKMIA apTPUT, MUKPOBMOTA KILLEYHKA, KOPTK30M, MenaToHuH, TNFa
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Juvenile idiopathic arthritis (JIA) is arthritis of unknown etiology
that persists for more than six weeks and occurs in children
under the age of 16 [1]. The incidence of JIA all over the world
varies between 0.8-22.6 cases per 100,000 children annually,
and the prevalence is 7-401 cases per 100,000 children a year
[2]. JIA remains one of the vital sociomedical issues due to high
prevalence and high levels of early disability [3].

It has been proven that JIA is a multifactorial disease with
the complex and poorly understood pathophysiology. In the
light of the current concept, aberrant cytokine production along
with the dysregulated immune response is a key element of the
disease process associated with JIA [4]. In this regard, tumor
necrosis factor — (TNFa) that is considered as the “early”
cytokine emerging at the onset of inflammatory response [5] and
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playing a vital part in the disease process chronification [6], is of
special interest. There is evidence that in patients with JIA the
levels of TNFa are associated with the activity of inflammation,
including cartilage and bone destruction, bone tissue losses
[5], while the significantly increased level of TNFa is a predictor
of severe complication, the macrophage activation syndrome
[5]. Furthermore, the immune system is closely linked with the
neuroendocrine system. The pineal-pituitary-adrenal axis deep
involvement in the mechanisms underlying the emergence and
progression of the JIA clinical symptoms is actively discussed
in the literature, and alterations in the melatonin and cortisol
secretion are of particular importance [7, 8]. Assessment of
blood hormone profiles in patients with JIA revealed the elevated
levels of cortisol and the decreased melatonin levels [7, 8].
Moreover, the elevated cortisol levels were related to the clinical
markers of inflammation [8], while the levels of melatonin were
associated with the process activity, erythrocyte sedimentation
rate (ESR), and the levels of immunoglobuline M [8].

Current research suggests that gut microbiota plays a
certain role in the development and progression of JIA, resulting
from its key role in the neuroendocrine regulation. Thus, the
changes in the microbial landscape and disbalance between
the members of gut microbiota [9-11], some of which strongly
correlate with such biomarkers of inflammation, as anti-cyclic
citrullinated peptide antibody, rheumatoid factor, and C-reactive
protein [12], are typical for patients with JIA. Furthermore,
some microbial representatives are found in the synovial fluid
of patients with rheumatoid arthritis [13] and liver tissue of
humans and mice [14], which can be the cause of autoimmune
reactions [13, 14]. Finally, it was shown that treatment of gut
dysbiosis using the specific four-week carbohydrate diet
contributed to the decreased plasma levels of TNFa, number
of swollen joints, pain syndrome severity, and morning stiffness,
as well as to the increased physical activity in patients with
JIA [15]. However, many aspects of the relationship between
gut microbiota and hormonal biomarkers in patients with JIA
are still poorly understood. There is no information about the
relationship between the gut microbiota members and the
levels of cortisol, melatonin, and TNFa in JIA.

Thus, the issue of the relationship between gut microbiota
and JIA is still relevant. The study was aimed to assess
alterations in the gut microbiota taxonomic composition and
estimate the relationship between these alterations and cortisol,
melatonin, and TNFa at the genus level in patients with JIA.

METHODS

The comparative cross-sectional study involved 65 patients
with JIA (index group) (39 girls (60.0%), 26 boys (40.0%);
average age 10.3 [3.1; 11.6] years), who seeked help in the
Children's Outpatient Clinic Ne 1 and Children's Outpatient
Clinic Ne 3 (Simferopol, Republic of Crimea), and 60 healthy
children (control group, CG) (35 girls (58.3%), 25 boys (41.7%);
average age 9.9 [3.2; 11.8] years), who underwent their
annual medical check-up at the Gemokod medical center
(Simferopol, Republic of Crimea) and met the inclusion and
exclusion criteria.

Inclusion criteria: first verified case of JIA; child's age
1-16 years; JIA duration 6 weeks to 6 months; no treatment
with  non-steroidal anti-inflammatory drugs (NSAIDs),
genetically engineered biological preparations (GEBPs), and
steroids; availability of the parents' informed consent to the
child's participation in the study.

Exclusion criteria: systemic JIA, deficit [16] — the criteria
for verification of underweight and overweight in children are
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provided [17]; concomitant somatic diseases; irritable bowel
syndrome; chronic disorders of gastrointestinal tract and
liver; bacterial, viral, and fungal infections; mental disorders;
stool disorders (constipation / diarrhea) within a month before
the study; taking antibiotics, probiotics, prebiotics, antivirals,
symbiotic or acid-suppression drugs within three months
before the study; taking drugs that affect the stool within a
month before the study; refusal to participate in the study.

Inclusion criteria for healthy volunteers: age 1-16 years;
no chronic disorders or allergy; no more than three respiratory
diseases a year; no infectious or acute disorders within two
months before the study; no stool disorders (constipation /
diarrhea) within a month before the study; refusal to take
probiotics, prebiotics, symbiotic drugs within three months
before the study; refusal to take drugs that affect the stool
within a month before the study; no history of mental disorders;
availability of the parents' informed consent to the child's
participation in the study.

Exclusion criteria for healthy children: body temperature
above 36.9 °C; refusal to participate in the studly.

The diagnosis of JIA was verified in accordance with the
classification criteria proposed by the International League of
Associations for Rheumatology (ILAR), Second Revision (2001)
[18]. To provide the disease activity objective assessment, we
used the disease activity score (DAS) for 28 joints (DAS28):
scores < 2.6 corresponded to remission, 2.6-3.0 to low activity,
3.1-5.0 to moderate avtivity, 5.1 or more to high disease
activity [19].

To assess the gut microbiota taxonomic composition,
faecal samples were collected in the morning on the day of
admission (between 8 am and 11 am), that were frozen and
stored in the disposable plastic containers at a temperature
of =80 °C until the metagenomic analysis. Total DNA was
isolated by the phenol extraction. The fragments of the V3-V4
variable regions of gene encoding 16S rRNA was amplified
using universal primers. The V3-V4 region of 16S rBNA of gut
microbiota was analyzed in the SOLID5500 Wildfire sequencer
(AppliedBiosystems; USA) by the paired-end sequencing with
the total coverage of at least 10,000 pairs of reads per
sample [20].

Filtration of the reads based on the quality and taxonomic
classification were provided using the QIIME software, v. 1.9.1
[21]. The approach that involved the use of two taxonomic
databases was used to define the taxonomic status of the
reads. During the first stage we selected the reference set of
bacterial operational taxonomic units (OTUs) based on the
comparison of the 16S rRNA gene reads obtained with the
GreenGenes database, v. 13.5 [22]. During the second phase
we defined the taxonomic status of these OTUs based on the
HITdb specialized database of human microbiota using the
RDP algorithm [23].

The qualitative and quantitative gut microbiota composition
was assessed by defining microbial species, genera, and
phyla. Assessment of community a-diversity by calculating the
Chao1 index, the number of taxa observed (Sobs), and the
abundance-based coverage estimator (ACE) was performed
using the Mothur software, v.1.22.0 (http:// www.mothur.org).

The serum levels of cortisol, melatonin, and TNFa were
assessed by enzyme-linked immunosorbent assay using the
test systems (Vector-Best; Russia) and (Immuno Biological
Laboratories; Germany). Blood was collected from the cubital
vein in the morning (7.00-9.00) after fasting in a resting state
(for at least 15 min).

Statistical processing was performed using the STATISTICA
8.0 software package (StatSoft Inc.; USA). When the data were
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Table 1. Characteristics of patients with JIA and healthy children

Parameter Patie(r,;ti \glst)h JIA Control group (n = 60)
Girls/boys, n (%) 39 (60,0)/26 (40,0) 35 (58,3)/25 (41,7)
Average age, years, median [25%; 75%] 10,3 [3,1; 11,6] 9,9 [3,2; 11,8]
Body mass index, kg/m?, median [25%; 75%] 16,2 [15,1; 18,3] 16,6 [15,7; 18,1]

Table 2. Clinical characteristics of patients with juvenile idiopathic arthritis

Parameter Patients with JIA (n = 65)

Disease duration, months (M + CD) 25+15
Oligoarthritis, n (%) 38 (58,5)
Polyarthritis, n (%) 27 (41,5)
Rheumatoid factor (+), n (%) 8(12,3)
Anti-CCP (+), n (%) 5(7,7)

Low disease activity based on the DAS28 score, n (%) 49 (75,3)
Moderate disease activity based on the DAS28 score, n (%) 12 (18,5)

High disease activity based on the DAS28 score, n (%) 4(6,2)

Total DAS28 score, median [25%; 75%) 3,4[2,9; 4,2]

Note: Anti-CCP — anti—cyclic citrullinated peptide (anti-CCP) antibody

normally distributed, mean values and standard deviations
were defined, while in case of non-normal distribution median
values, 25th and 75th percentiles were calculated. Distributions
were tested for normality using the Gaussian functions.
Shares and absolute values were defined for qualitative traits.
Comparative analysis of the normally distributed quantitative
traits was performed using the parametric Student's t-test,
Mann-Whitney U test was used for non-normal distributions,
and the chi-squared (x?) test was used for qualitative traits.
Spearman's rank correlation coefficient was used for
assessment of correlations between traits. The correlation
analysis and multiple rank correlation analysis were performed,
the correlation reliability was tested using the correlation
reliability tables. The multiple comparisons were adjusted using
the Bonferroni test. The differences were considered significant
atp < 0.05.

RESULTS

The characteristics of patients with JIA and healthy children
are provided in Table 1. The groups were matched for gender
(p = 0.97; x?, age (0o = 0.92; x?), and body mass index
(o = 0.054; x?).

The clinical characteristics of patients with JIA are provided
in Table 2. Children with oligoarthritis and low level inflammation
prevailed among patients.

Comparison of the gut microbiota taxonomic composition
in patients with JIA and children in the CG revealed a significant
decrease in the microbial community a-diversity (Chao1 index;
p =0.017). The ACE and Sobs indices were slightly decreased
in the group of patients with JIA compared to controls, however,
there were no significant differences (p = 0.055; p = 0.049,
respectively) (Fig. 1).

Chaot ACE
T T T T 1 T T T T 1
500 600 700 800 900 1000 500 600 700 800 900 1000
Sobs
Kr I—-—|
T T T T ] T 1
300 350 400 450 500 550 600 650

Fig. 1. Comparative analysis of the gut microbiota phylogenetic composition in patients with juvenile idiopathic arthritis and healthy children. JIA — juvenile idiopathic

arthritis, CG — control group
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Fig. 2. Comparative analysis of the gut microbiota genus-level taxonomic
composition in patients with JIA and healthy children. JIA — juvenile idiopathic
arthritis, CG — control group

Comparison of the gut microbiota genus-level taxonomic
composition in the surveyed groups revealed that the patients
with JIA showed lower abundance of Anaerostipes (p = 0.042),
Lachnospira (p = 0.034), Roseburia (p = 0.002), Coprococcus
(o = 0.014), Dialister (p = 0.003) and higher abundance of
Ruminococcus (p < 0.001) compared to the control group (Fig. 2).

Patients with JIA had the significantly higher plasma levels of
cortisol and TNFa and the significantly lower levels of melatonin
compared to controls (Table 3).

The cortisol levels and total DAS28 scores strongly
correlated with the abundance of Lachnospira (r = —0.44 at
p = 0.001; r = =0.57 at p = 0.002, respectively). We also
managed to establish a relationship between the levels of
melatonin and the abundance of Coprococcus (r = —0.48;
p = 0.028). The correlations of the TNFa levels and total DAS28
scores with the abundance of Ruminococcus were established
(r=0.52 at p =0.001; r = 0.54 at p = 0.032, respectively). The
total DAS28 scores negatively correlated with the abundance
of Roseburia (r = -0.44; p = 0.002).

DISCUSSION

In this study we have clarified alterations in the gut microbiota
taxonomic composition and assessed the relationship between
these alterations and plasma levels of cortisol, melatonin, and
TNFa at the genus level in the group of patients with JIA.

A number of earlier papers report alterations in gut
microbiota composition in patients with JIA [9-11]. Our findings
also show that the gut microbiota composition of patients
with JIA differs significantly from that of healthy children.
According to our data, patients with JIA show lower bacterial
a-diversity compared to healthy children. This is consistent
with the results of the previous studies [9, 10]. Furthermore,
dysbiotic alterations of the gut observed in patients with JIA
are characterized by the reduced abundance of bacteria having
immunomodulatory potential (members of the Anaerostipes,
Lachnospira, Roseburia, Coprococcus, and Dialister genera)
that are known to produce the short-chain fatty acids (SCFASs)
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(butyrate and propionate). The reduced levels of the latter result
in activation of histone deacetylase and inhibition of the GPR41,
GPR43, and GPR109A G protein coupled receptors, thus
promoting chronic inflammation [24]. At the same time, we have
discovered high abundance of potential pathobionts, bacteria
of the genus Ruminococcus. Our findings are partially in line
with the number of earlier studies. For example, the decrease
in the relative abundance of Anaerostipes and Lachnospira is
typical for patients with JIA [11, 25], however, these data are
opposite to the results obtained in patients with rheumatoid
arthritis [26]. The other paper reports that the decreased
abundance of Anaerostipes, Lachnospira, and Roseburia
is typical for patients with  COVID-19 [9]. In contrast to our
data, the paper [27] reports the increased relative abundance
of Dialister in patients with JIA. Such conflicting results may be
due to the fact that, first, the studies were carried out in different
geographic regions, and, second, unlike the abovementioned
authors, we included children, who matched patients with JIA
for age, gender, and body mass index, in the CG, because the
impact of these factors on the gut microbiota composition was
proven. Moreover, we did not include the patients with JIA, who
used NSAIDs, GEBPs, steroids, and antibacterials in order to
neutralize the effects of these drugs on the study results.

Regardless of the fact that some bacteria we have identified
can be common for a number of other bowel diseases and
systemic disorders, the correlation of the decreased abundance
of Lachnospira and Roseburia and the increased abundance
of Ruminococcus with the higher DAS28 scores we have
discovered suggests that the changes in the abundance of
these bacteria may be typical for this cohort of patients with
JIA, and may also provide the basis for these alterations to
be considered as predictors of the disease progression. The
associations revealed were compared with the results of the
earlier studies. Thus, in patients with JIA admitted to the hospitals
of the Zhejiang Province, the abundance of Lachnospira and
Roseburia negatively correlated with the disease activity, anti-
CCP antibody levels, and ESR [9]. Based on the data on the
causal relationships between gut dysbiosis and metabolic
disorders [28], is can be assumed that the following sequential
transformations could be observed in patients with JIA: gut
microbiota alterations, specifically, the reduced abundance of
bacteria producing SCFAs — the decrease in the concentrations
of SCFAs — immune dysfunctions, and eventually the disease.
Furthermore, it may be that the therapeutic increase in the
abundance of Lachnospira n Roseburia and the decrease in
the abundance of Ruminococcus effectively reduce the disease
severity, however, further research with appropriate design is
necessary to confirm this hypothesis.

As stated earlier, the patients with JIA show the significantly
increased levels of cortisol, melatonin, and TNFa, the role of
which in the development and progression of the disease has
been proven [7, 8]. Our findings are in line with the literature
data: there are significant differences in the levels of cortisol,
melatonin, and TNFa between patients with JIA and healthy
children. It is worth mentioning, that some gut microbiota
representatives found in patients with JIA are associated with
plasma levels of the studied biomarkers; this could be indicative
of the correlation between the gut microbiota composition and
abundance and this disorder. The negative correlation with
the plasma cortisol levels have been shown for the genus
Lachnospira, which confirms the likelihood of these bacteria
being actively involved in the hypothalamic-pituitary-adrenal
(HPA) axis dysregulation associated with JIA. We have found
no studies focused on assessing the relationship between
gut microbiota and cortisol in patients with JIA. However, it
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Table 3. Comparative analysis of cortisol, melatonin and TNFa levels in blood plasma of patients with JIA and healthy children

Parameter Patients with JIA Control group
(n=165) (n = 60) p
Cortisol, nmol/L (m + CD) 617,5+ 17,6 326,1 + 30,8 p < 0,001
Melatonin, pg/mL (m + CD) 21,1 +6,1 35,5+9,2 p=0,038
TNFa, pg/mL (m + CD) 63,3+1,8 4,6+0,3 p < 0,001

Note: p — significance of differences between the JIA group and the control group.

has been reported that Lachnospira negatively correlates
with cortisol production in healthy children aged 8-16 [29].
Similar data are provided in the paper [30]: the decreased
abundance of Lachnospira bacteria is associated with the
higher cortisol levels in infants. We have found a possible
explanation of this relationship in the literature. It is known that
Lachnospira are among major butyrate-producing bacteria. In
turn, SCFAs are capable of affecting the synthesis of cortisol:
intracolonic administration of the physiologic doses of SCFAs
for seven days resulted in the increased levels of SCFAs in
the systemic circulation and reduced cortisol response to
acute psychosocial stress in healthy men [31]. It has been
found that oral administration of SCFAs (67.5 mmol acetate,
25 mmol propionate, 25 mmol butyrate) for 7 days in mice
promoted inhibition of the corticosterone secretion potentiated
by acute stress [32]. Since SCFAs are capable of crossing the
blood-brain barrier (through the circumventricular organs),
it can be assumed that these are involved in modulation of
the HPA axis activity via direct effects on the secretory tone
in the hypophysiotrophic neurons of the medial parvocellular
paraventricular nucleus [33].

The association of melatonin levels with the abundance
of Coprococcus bacteria has been revealed that can be
mediated by blocking signal in the p-CREB-binding protein
and arylalkylamine-N-acetyltransferase system due to the
decreased secretion of tryptophan [34], being the precursor of
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