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Monumopdepusm nokyca SLC7A11-PCDH18
MoKkem 6bImb HOBbIM 2eHeMUYECKUM (haKmopoMm pucka
0/11 108eHUJIbHO20 uouonamu4ecKkoz2o apmpuma
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Monnmopdunam T>C rs13128867, pacnonoxeHHbIn mexay reHamu SLC7AT1 n PCDH18, nepBoHayanbHO OMrcaH Kak HOBbIN OKYC
npeapacnosioXXeHHOCTH K 6onesHn Kaeacaku (BK) B kKuTaiickon nonynaymm. YacTblo Hallero nccnefoBaHna no ngeHtndrkaumum
annenemn prcka IoBeHUIbHbIX aQyTOMMMYHHbIX peBMaTUYeCKMX 3aboneBaHunii Ob1 aHanu3 cBasm mexay nonumopédusmom rs13128867
1 BK, 1oBeHVNbHbIM nanonaTnyeckum apTpuTom (IOUA), loBeHNbHOI cMcTeMHON KpacHow BonyaHkol (KOCKB) y npeactaButeneii
eBponeouaHON pachl, NpoXusatoLwmx B benapycu.

B nccnepnosaHume 661510 BKNOYEHO 675 feTein U NogpOoCTKOB, B TOM Uncie 289 naumneHToB B Bo3pacTe Ao 17 neT Ha MOMEHT Havasa
3aboneBaHwuii 11 386 YeOBEK, KOTOPbIE HE MMESTN Ay TOUMMYHHbIX, BOCMAIUTENbHbIX UJIN CYCTaBHbIX 3a060MeBaHWUA 1 CYXKUN KN-
HUYecKkm KoHTponem. O6pasubl reHomHon JHK 6binv reHoTunupoBaHbl MeTtoaom MLP B peanbHom BpemeHu. CpaBHeHMe ciyyaii-
KOHTPOJ1b 6bINI0 CKOPPEKTUPOBAHO MO MOJTY C LiENIbl0 YMEHbLUEHWA HEPaBHOMEPHOCTU reHAEPHOTO pacrnpefenieHna mexay rpyn-
namu, a 3HayeHus p 6bIN CKOPPEKTUPOBaHbI C NCMONIb30BaHeM MeToaa beHpxamnHm-Xox6epra.

Yactota muHopHoro annena C rs13128867 B KOHTPONbHOM rpynne coctasuna 17,6%, 4TO COOTBETCTBYET APYT1M €BPOMEeNCcKnm
nonynAaumam. PeaynbTaTbl aHanm3a accouymaumy nonmmopédusma rs13128867 ¢ bK He coBnanu ¢ faHHbIMU, NONYYEHHbIMU B KUTal-
ckol nonynaunn. JanbHenwmnin aHann3 BbIABM accoLnaLnio MMHopHoro annens rs13128867 c tOMA (OR = 1,50; 95% M 1,11-2,03;
Poy = 0,027) n onuroapTpuTom — Hanbosnee pacnpocTpaHeHHbIM noaTunom KOUA (OR = 1,67;95% AN 1,17-2,39; Poy= 0,016). Takxe
Habnofanacb TeHAEHUMA K accolmaLmm MUHopHoro annens rs13128867 ¢ KOCKB. Takum 06pa3om, pesynbTaTbl MCCIeA0BaHNA Brep-
Bble MPOAEMOHCTPUPOBANU, YTo NonnMopdram rs13128867 SLC7AT1-PCHD 18 MOXeT 6biTb HOBbIM reHeTUYECK M paKTOPOM pUCKa
IOMA y naumeHTOB €BPONEOUIHON pachl, Of4HAKO ANA NOATBEPKAEHMWA 3TOro GpakTa HeEO6X0AMMbI AanbHeNLW e NCCNeLoBaHUA.
KnioueBblie cnoBa: SLC7A11, PCDH18, rs13128867, reHeTnyecknin GpakTop purcka, 6onesHb KaBacaku, l0BEHUNbHBIN ngmnonaTunye-
CKUIA apTpUT, IOBEHWSIbHAA CUCTEMHAs KpacHas BOMYaHKa, ay TOMMMYHHble 3abosieBaHuA

Ana untuposaHua: bakyteHko W.10., faBpunbunk U.1., Ceuko E.B., Kosbipo N.A., Ynuko A.M.,

BataH I'M., Cykano A.B., PabokoHb H./. Monnmopdusm nokyca SLC7AT1-PCDH18 MmoxeT 6biITb HOBbIM reHeTUYeCKM GakTopOM pricka A1 OBEHUSIbHOrO
nanonaTmyeckoro aptpuTa. MeouyuHckas zeHemuka 2021; 20(8): 31-36.

DOI: 10.25557/2073-7998.2021.08.31-36

ABTOp AnA KoppecnoHaeHunn: PabokoHb Hapexna ViBaHoBHa; e-mail: n.ryabokon@igc.by

(®uHaHcnpoBaHme. PaboTa bbifia NpoBefieHa B pamKax UcciefoBaTeNibckoro npoekta 6.4C HayuHo-TexHuueckow nporpammbl «/igeHTndukayma
[HK» (2017-2021).

KoH}nuKT nHTepecoB. ABTOPbI 3aABNAIOT 06 OTCYTCTBUUN KOHPMKTA MHTEPECOB.

Mocrynuna: 30.07.2021.

Polymorphism of the SLC7A11-PCDH18 locus may be a novel
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The rs13128867 (T>C) polymorphism located between SLC7A11 and PCDH18 genes was originally described as a new susceptibil-
ity locus for Kawasaki disease (KD) in the Chinese population. Focusing on the identification of risk alleles for juvenile-onset auto-
immune rheumatic diseases, the presented paper aims to demonstrate the results of the study undertaken to investigate an asso-
ciation between the rs13128867 polymorphism and KD, juvenile idiopathic arthritis (JIA), and juvenile systemic lupus erythemato-
sus (JSLE) in Caucasians living in Belarus.
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In total, 675 children and adolescents under 17 at the onset of the disease were included in the study performed, and 386 out of
them were without any autoimmune, inflammatory, or joint disorders and served as the clinical control. Genomic DNA samples
were genotyped using the real-time PCR technique. Case-control comparison was adjusted for sex with a view of reducing uneven
gender distribution between the groups, and p-values were adjusted with the Benjamini-Hochberg procedure.

The rs13128867 minor C allele frequency in the control group was found to be 17.6% that is close to other European populations.
At the same time, an associative analysis of the rs13128867 polymorphism with KD did not replicate the data known for the Chinese pop-
ulation. Further analysis revealed an association between the rs13128867 minor allele with JIA (OR = 1.50, 95% Cl 1.11-2.03, P, = 0.027)
and oligoarthritis — the most common JIA subtype (OR = 1.67, 95% Cl 1.17-2.39, P,q=0.016). A tendency to association of the
rs13128867 minor allele and JSLE was also observed. Thus, the study results demonstrated for the first time that the SLC7AT1-
PCHD18rs13128867 polymorphism may be a novel genetic risk factor for JIA in Caucasian patients. However, a further investiga-
tion into the rs13128867 polymorphism is strongly required.

Key words: SLC7A11, PCDH18, rs13128867, genetic risk factor, Kawasaki disease, juvenile idiopathic arthritis, juvenile systemic lupus
erythematosus, autoimmune diseases.
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Introduction

utoimmune diseases are a heterogeneous group of
chronic diseases affecting various tissues and systems
ue to the loss of immune tolerance. The social sig-
nificance of these disorders is high, since up to 3—5% of the
world’s population, including children and persons of work-
ing and reproductive ages, suffers from autoimmune diseas-
es [1] and usually requires continuing therapy. While exact
causes of autoimmunity are poorly understood, they may in-
clude external (infections, traumas, UV, some drugs etc.), as
well as genetic factors. With regards to the latter, it is hard to
identify certain genetic alterations directly leading to autoim-
mune diseases due to their polygenic nature. Therefore, ma-
ny genome-wide association studies (GWAS) were conduct-
ed to determine genetic loci underlying an autoimmune re-
sponse and a risk of autoimmune disease development.
Unfortunately, there are not so many results of GWAS and
other genotyping studies of multifactorial diseases that were
reproduced in different ethnic populations. This confirms the
need for genomic research involving various populations to
identify genetic risk factors for autoimmune diseases.

On the other hand, it is well-known that many of the
discovered risk alleles or genotypes are not specific for one
disease and are shared among different multifactorial dis-
orders, including autoimmune diseases. This phenomenon
is described as genetic overlap [2]. It means that well-doc-
umented alleles for one disorder may be a risk factor for the
other belonging to the same heterogeneous group of diseases.

In our research, we focused on finding risk alleles for ju-
venile-onset autoimmune rheumatic diseases. Juvenile idio-
pathic arthritis (JIA) is among them due to the fact that it is

the most frequently occurring autoimmune rheumatic dis-
ease in children. Less common disorders of this group, such
as juvenile systemic lupus erythematosus (JSLE) and Ka-
wasaki disease (KD, also known as mucocutaneous lymph
node syndrome), were also of our interest. All of them are
characterized by malfunctions of different components of
the immune system that is important for understanding of
a possible role of gene variants in the pathogenesis of auto-
immune diseases. The relevance of assessing a genetic pre-
disposition to these diseases and their early molecular di-
agnosis are determined by the severity of these diseases, as
well as a high probability of their rapid progression result-
ing in organ changes and disability.

Our focus fell on the rs13128867 polymorphism lo-
cated between SLC7A411 and PCDH1§ genes on chromo-
some 4 being described as a new susceptibility locus for
KD in the original GWAS of the Chinese population [3].
At the same time, the role of these genes or their polymor-
phisms in the development of autoimmune diseases has not
yet been elucidated.

Our study aimed to determine the frequency of
rs13128867 polymorphic variants in the Belarusian popu-
lation and analyze their relationship with juvenile rheumat-
ic diseases, including KD, JIA, and JSLE.

Subjects and methods

Participants and samples. Our case-control study in-
volved children and adolescents under 17 at the onset of
the disease and was approved by the Ethics Committee of
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the Belarusian State Medical University (Minsk) in ac-
cordance with the Declaration of Helsinki. Parents of all
the participants signed informed consent. Subjects of the
case and control groups were involved in the study in the
course of their treatment in 2012-2021 at the clinical bas-
es of the 1t Department of Childhood Diseases of the Be-
larusian State Medical University. In total, 675 Caucasian
children and adolescents living in Belarus were included
into the study; 386 out of them had no autoimmune, in-
flammatory, or joint disorders and served as the clinical
control; 202 patients were diagnosed with JIA, 38 patients
with JSLE, and 49 with KD in accordance with the inter-
national diagnostic criteria [4—6]. For the JIA group, the
Steinbrocker functional capacity rating was used to assess
the disease severity (from class I with no joint restrictions
to class IV with maximal functional disability). The partici-
pants were not related to each other and had no other auto-
immune diseases or malignancies. Basic demographic and
clinical details of the case and control groups are summa-
rized in Table 1.

DNA extraction and genotyping. Venous blood sam-
ples were collected in EDTA-containing tubes (Sarstedt,
Germany). Then DNA extraction from blood samples was
conducted according to the standard phenol-chloroform
protocol. Further, DNA samples were quantified, diluted
to 100 ng/ul, and stored at -20°C before genotyping. Gen-
otype status was determined by the real-time PCR using
the following oligos: Fw 5AGAAAAAAATAAATAATCCT-
GTGACT, Rv SGAAAGTACAAGGCAAGAAGAG,
PrC 5S’FAM-AGCCGAAAATCCTCCTAACA-BHQI,

PrT 5’ROX-AGCTGAAAATCCTCCTAACAC-BHQ?2
(Primetech ALC, Minsk, Belarus). Real-time PCR and
allelic discrimination were performed using the QuantStu-
dio 5 system (Applied Biosystems, Singapore).

Statistical analysis. Categorical variables are expressed as
percentages and frequencies, and age data are presented as the
mean * standard error (SE). The *test and the Mann—Whit-
ney U-test were used to compare gender and age differences
between the case and control groups. For these purposes, IBM
SPSS Statistics 22 was used. The exact Hardy-Weinberg equi-
librium test and the association analysis were performed using
the statistical package SNPassoc for R v4.0.3. An allele or gen-
otype association with the disease was evaluated by the odds ra-
tio (OR) with a 95% confidence interval (95% CI). Since most
autoimmune diseases have a strong sex bias and the case groups
in our study significantly (p<0.05) differed from the control
by gender (Table 1), the case-control association analysis per-
formed was gender-adjusted to reduce uneven gender distribu-
tion between the groups. Also, there was a significant age dif-
ference (p<0.05) between case and control groups (Table 1).
Nevertheless, taking into account the small sample sizes in our
study, age adjustment was not applied to avoid false effects. In
order to steer away from a multiple testing problem, p-values
were adjusted (p ) with the Benjamini-Hochberg correction,
andp, s < 0.05 was considered significant.

Results

The Hardy-Weinberg equilibrium was confirmed for
rs13128867 genotype frequencies in all the groups under

Table 1
Clinical and demographic characteristics of study groups
Group or subgroup Number of patients Females, % Ar%li:rtl dii_sgal;’e ;‘;S;t’ me:ﬁeiatsigl,“;tars
Clinical control 386 40.7 - 14.6 +2.35
JIA, including subtypes: 202 64.4* 6.9+4.92 9.8 + 4.88*
Oligoarthritis 118 68.6 5.8 +4.48 8.9+4.70
Polyarthritis, RF positive 4 75.0 13.1 £ 1.31 15.0+0.0
Polyarthritis, RF negative 31 64.5 7.0 £3.72 11.0 £ 4.25
Systemic arthritis 20 50.0 431454 7.1 £4.96
Psoriatic arthritis 2 100 15.5+£0.71 17.0 £ 0.0
Enthesitis-related arthritis 14 21.4 14.0 £1.96 149 +£2.13
Undifferentiated arthritis 13 84.6 10.2 £ 4.1 11.3+4.6
KD 49 20.4** 2.5+2.46 3.1 £2.75%
JSLE 38 89.5% 1.9 £ 3.11 13.6 + 2.84**

Note. JIA — juvenile idiopathic arthritis; RF — rheumatoid factor; KD — Kawasaki disease; JSLE — juvenile systemic lupus erythematosus; * — p < 0.001

and ** — p < 0.05 compared with the clinical control.
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study. The minor C allele frequency of rs13128867 in the
clinical control was found to be 17.6% that corresponded
to the data for European populations, showing large vari-
ation in allele frequency, from 15.9 to 23.4% according to
the dbSNP database [7].

The distribution of rs13128867 genotypes and al-
leles between the control and patient groups is demon-
strated in Table 2. A comparison analysis showed that
the rs13128867 C allele is associated with susceptibili-
ty to JIA (OR = 1.50, 95% CI 1.11-2.03, Py = 0.027),
and homozygous CC genotype carriers have a tendency
@, e 0.085) to the JIA development. The analysis of the
most common JIA subtypes (Table 3) revealed that the
rs13128867 C allele is strongly correlated with oligoarthritis
(OR=1.67,95% CI 1.17-2.39,p,,= 0.016), while other JIA
subgroups (polyarthritis and systemic JIA) with smaller sam-
ple sizes did not allow us to derive corresponding conclusions.

No differences were found in the rs13128867 variant dis-
tribution among the JIA patients with the low (class 1) and

moderate (class II) severity of the disease assessed using
the Steinbrocker functional classification (data not shown).
Higher severity (class III and IV) cases were quite rare in
our study. Also, no obvious differences in rs13128867 fre-
quencies were found between males and females, as well as
between different age groups with JIA.

The JSLE group (Table 2) demonstrated a tendency
(2, e 0.078) to a more frequent occurrence of the rs13128867
C allele and genotypes compared with the control. The low
statistical significance of these data is likely to be due to a
small number of patients in the JSLE group involved in our
analysis, and this requires a further study of rs13128867 in
JSLE patients to confirm our preliminary observation.

In contrast to our data on JIA and JSLE, as well as
KD-related data for the Chinese population [3], no signif-
icant differences in rs13128867 allele and genotype frequen-
cies were identified between the KD and control groups
(Table 2). This demonstrates the importance of genetic re-
search involving ethnically different populations.

Table 2
Comparison of the rs13128867 genotype and allele frequencies in the case and control groups
Clinical control (n=386) KD (n=49) JSLE (n=38) JIA (n=202)
Genotype / OR OR OR
allele
% %ol peswcen | Pa | % | pswcny | Pw | % | swcr | Pw
1.44 2.50 2.57
cC 2.6 A1 030686 0661 53 usiieey  O%S 69 0eos 008
0.90 1.75 1.28
TC 30.1 28.6 [0.47-1.75] 0.765 42.1 [0.86-3.58] 0.301 34.7 [0.88-1.85] 0.301
0.96 1.96 1.49
CC+TC 32.6 32.7 [0.48-1.79] 0.901 474 0.97-3.96] 0.094 41.6 [1.04-2.15] 0.089
1.01 1.83 1.50 .
C 17.6 18.1 [0.58-1.76] 0971 264 [1.01-3.34] 0.078 244 [1.11-2.03] 0.027

Note. JIA — juvenile idiopathic arthritis; JSLE — juvenile systemic lupus erythematosus; KD — Kawasaki disease; * — statistically significant data (p,, 5 < 0.05).

Table 3
rs13128867 polymorphism among the most frequent subtypes of JIA
Clinical control (n=386) Oligoarthritis (n=118) Polyarthritis (n=35) Systemic arthritis (n=20)
Genotype / OR OR OR
allele
N N [95% CI] Puy N [95% CI] Puy % [95% CI] Puy
3.25 . 3.86
CC 2.6 8.5 [1.27-8.30] 0.046 8.6 [0.98-15.29] 0.125 0.0 0 0.322
1.33 1.08 1.26
TC 30.1 35.6 [0.85-2.08] 0.216 31.4 [0.51-2.31] 0.833 35.0 [0.49-3.24] 0.639
1.66 1.41 1.12
CC+TC 32.6 44.1 [1.07-2.56] 0.069  40.0 [0.69-2.90] 0.523 35.0 [0.44-2.88] 0.816
1.67 . 1.56 1.00
C 17.6 26.2 [1.17-2.39] 0.016 24.3 [0.86-2.82] 0.229 17.5 [0.42-2.36] 0.998

Note. JIA — juvenile idiopathic arthritis; * — statistically significant data (p , < 0.05).

adj
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Discussion

As far as we know, this study is the first to describe the
SLC7A11—-PCHDI18 1513128867 (T>C) polymorphism in the
Caucasian patients with autoimmune rheumatic diseases such
as KD, JA, and JSLE. The specified diseases were studied in
the Belarusian population of children in comparison with
the clinical control consisting of children without any auto-
immune, inflammatory, or joint disorders. Here, we report
about the minor C allele of rs13128867 demonstrating an as-
sociation with susceptibility to JIA, and a tendency to asso-
ciation with JSLE. We also showed that the rs13128867 poly-
morphism is associated with a risk of particularly common
oligoarticular JIA. At the same time, no association with age,
gender, or JIA severity was observed. Moreover, mucocuta-
neous lymph node syndrome (or KD) did not show any ob-
vious association with the rs13128867 polymorphism in our
study, and thus, we were not able to confirm the aforemen-
tioned GWAS data obtained for the Chinese population [3].

However, the published data and the results obtained in
the course of our study are descriptive and cannot shed light
on the mechanisms of relationships between rs13128867 and
a risk of autoimmune disease development. Besides, there
was hardly any evidence until recently allowing to build a
hypothesis accounting for such a relationship.

The rs13128867 polymorphism is located in the chro-
mosome 4 region between SLC7A11 and PCDH1S§ genes.
The SLC7A11 gene encodes the SLC7A11 protein (also
known as xCT), one of the members of the anionic amino
acid transport system known as the cystine-glutamate anti-
porter (system Xc°), and specific for cystine transportation in
exchange for glutamate export. The PCDH 18 gene encodes a
member of protocadherins and its function is not yet known.

According to GTEx (https://gtexportal.org/), there is
no evidence that rs13128867 affects the expression or splic-
ing of any known genes, including SLC7411 and PCDH 8.
At the same time, the eQTLGen database (https://www.
eqtlgen.org/cis-eqtls.html/) shows that the rs13128867 T>C
polymorphism may be associated with an increased expres-
sion of SLC7A11 in blood samples. However, a high false
discovery rate (FDR=0.35) from the Blood eQTL database
(https://genenetwork.nl/bloodeqtlbrowser/) does not fully
confirm this and may indicate that there is a need for fur-
ther studies investigating the effect of this polymorphism on
the expression of genes.

On the other hand, the chromosome region between
SLC7A11 and PCHD18 genes has at least 9 long noncod-
ing RNAs (https://www.ncbi.nlm.nih.gov/variation/view/).
Their function is still unclear, but some of them may serve
as regulator molecules for protein-coding mRNAs, such
as SLC7A11-AS1, that inhibits the translation of SLC7A411
mRNA [8]. Thus, the information available that could

have shed light on the possible functional activity of the
rs13128867 T>C polymorphism is contradictory.

At the same time, accumulated evidence suggests
that attention should be directed to a possible role of the
SLC7AI1I protein in immune and inflammatory process-
es. Solute carrier transporters are proposed to be called the
metabolic gatekeepers of immune cells due to their criti-
cal importance in mediating immune cell homeostasis (re-
viewed in [9]). Among them, glutamate transporter Xc is a
major way of the intracellular transport of cystine, a precur-
sor for the biosynthesis of powerful antioxidant glutathione.
Therefore, a particularly important role of Xc™ in the regu-
lation of macrophage immune functions through maintain-
ing redox state and oxidative stress protection is suggested
[9]. Overall, redox regulation is seen as a necessary part of
immunometabolism, and glutathione participates in regu-
lation of innate immunity and inflammation (reviewed in
[10]). As regards immune cells, the functional activity of T
cells is also associated with increased glutathione biosyn-
thesis [10]. Moreover, SLC7Al1 is involved in the prolifer-
ation of regulatory T (Treg) cells, since the release of gluta-
mate stimulates T, proliferation and activity [11]. Impor-
tantly, T | cells participate in maintaining self-tolerance and
preventing an autoimmune reaction [12]. They are also nec-
essary for controlling inflammation, and it was demonstrat-
ed that T  cell proliferation through the stimulation of the
SLC7A11 expression attenuates such autoimmune disease
as multiple sclerosis [13]. It is important to note that JIA
and JSLE, demonstrating in our study the association or a
tendency for association with the rs13128867 variant instead
of KD, have a common feature in the form of the impaired
function of Treg cells [14,15] that was even proposed to cor-
rect with the low doses of IL-2 [14,16]. Thus, the results of
our study may suggest the involvement of the rs13128867
polymorphism in autoimmunity through downregulation
of cystine-glutamate transport and/or Treg cell functionality.

Conclusions

Our study conducted on the Belarusian population did
not demonstrate the association between the SLC7411—
PCHD18 1513128867 (T>C) polymorphism and KD in Cau-
casian children. Thus, the results of this study did not repli-
cate the data known for the Chinese population. At the same
time, the study first revealed the association of rs13128867
with susceptibility to JIA in general and oligoarthritis (the
most common subtype of JIA) in particular. A tendency to
association with JSLE was also observed. Thus, we demon-
strated that the SLC7411—PCHDI8 rs13128867 polymor-
phism may be a novel genetic risk factor for JIA. Howev-
er, further investigations are required to confirm our obser-
vations and study the molecular mechanisms of rs13128867
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variants, as well as non-specificity of this polymorphism for
JIA or its relation with other autoimmune diseases.

Acknowledgements

The authors are very grateful to the parents and chil-
dren for their participation in the study; the medical per-
sonnel that contributed to the collection of biological ma-
terial; the colleagues of the Laboratory of Molecular Basis
of Genome Stability (the Institute of Genetics and Cytolo-
gy, the National Academy of Sciences of Belarus) for their
contribution to creating the DNA collections in 2012-2021.

Jintepartypa/References

1. Wang L., Wang F.-S., Gershwin M.E. Human autoimmune diseases:
a comprehensive update. J Intern Med 2015;278:369—95. doi: 10.1111/
joim.12395.

2. Richard-Miceli C., Criswell L.A. Emerging patterns of genetic overlap across
autoimmune disorders. Genome Med 2012;4:6. doi: 10.1186/gm305.

3. Tsai E-J., Lee Y.-C., Chang J.-S., Huang L.-M., Huang F.-Y., Chiu
N.-C., et al. Identification of novel susceptibility loci for Kawasaki dis-
ease in a Han Chinese population by a genome-wide association study.
PLoS ONE 2011;6:¢16853. doi: 10.1371 /journal.pone.0016853.

4. Aringer M., Costenbader K., Daikh D., Brinks R., Mosca M., Ram-
sey-Goldman R., et al. 2019 European League Against Rheumatism/
American College of Rheumatology classification criteria for system-
ic lupus erythematosus. Ann Rheum Dis 2019;78:1151-9. doi: 10.1136/
annrheumdis-2018-214819.

5. Petty R.E., Southwood T.R., Manners P., Baum J., Glass D.N., Gold-
enberg J., et al. International League of Associations for Rheumatol-
ogy classification of juvenile idiopathic arthritis: second revision, Ed-
monton, 2001. J Rheumatol 2004;31:390—2.

6. McCrindle B.W., Rowley A.H., Newburger J.W., Burns J.C., Bolger
A.F. Diagnosis, treatment, and long-term management of Kawasaki

disease: a scientific statement for health professionals from the Amer-
ican Heart Association. Circulation 2017;135:927—99. doi: 10.1161/
CIR.0000000000000484.

Sherry S.T. dbSNP: the NCBI database of genetic variation. Nucleic
Acids Research 2001;29:308—11. doi: 10.1093/nar/29.1.308.

Luo Y., Wang C., Yong P., Ye P., Liu Z., Fu Z., et al. Decreased ex-
pression of the long non-coding RNA SLC7A11-AS|1 predicts poor
prognosis and promotes tumor growth in gastric cancer. Oncotarget
2017;8:112530—49. doi: 10.18632/oncotarget.22486.

Song W., Li D., Tao L., Luo Q., Chen L. Solute carrier transporters:
the metabolic gatekeepers of immune cells. Acta Pharmaceutica Sini-
ca B 2020;10:61-78. doi: 10.1016/j.apsb.2019.12.006.

. Muri J., Kopf M. Redox regulation of immunometabolism. Nat Rev

Immunol 2021;21:363—81. doi: 10.1038 /s41577-020-00478-8.

. Long Y., Tao H., Karachi A., Grippin A.J., Jin L., Chang Y., et al.

Dysregulation of glutamate transport enhances Treg function that pro-
motes VEGF blockade resistance in glioblastoma. Cancer Res
2020;80:499—509. doi: 10.1158 /0008-5472.CAN-19-1577.

. Kond¢élkové K., Vokurkovéd D., Krejsek J., Borska L., Fiala Z., An-

drys C. Regulatory T cells (Treg) and their roles in immune system
with respect to immunopathological disorders. Acta Med (Hradec
Kralove, Czech Repub) 2010;53:73—7. doi: 10.14712/18059694.
2016.63.

. Procaccini C., Garavelli S., Carbone F., Di Silvestre D., La Rocca C.,

Greco D., et al. Signals of pseudo-starvation unveil the amino acid
transporter SLC7A11 as key determinant in the control of Treg cell
proliferative potential. Immunity 2021:S107476132100176X. doi:
10.1016/j.immuni.2021.04.014.

. Hoeppli R.E., Pesenacker A.M. Targeting Tregs in juvenile idiopath-

ic arthritis and juvenile dermatomyositis-insights from other diseases.
Front Immunol 2019;10:46. doi: 10.3389/fimmu.2019.00046.

. Dai Z., Turtle C.J., Booth G.C., Riddell S.R., Gooley T.A., Stevens

A.M., et al. Normally occurring NKG2D+CD4+ T cells are immu-
nosuppressive and inversely correlated with disease activity in juve-
nile-onset lupus. Journal of Experimental Medicine 2009;206:793—
805. doi: 10.1084/jem.20081648.

. Mizui M., Tsokos G.C.. Targeting regulatory T cells to treat patients

with systemic lupus erythematosus. Front Immunol 2018;9:786. doi:
10.3389/fimmu.2018.00786.

36

MEOVUNHCKAA TEHETUKA. 2021. N28



