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Interleukin-37: associations of plasma levels

and genetic variants in gout
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Abstract

Objectives IL-37 is an anti-inflammatory cytokine involved in inflammatory and autoimmune diseases. We aimed
to investigate the association between IL-37 genetic variants, IL.-37 plasma levels, and various clinical phases of gout.

Methods The study included a control group with no history of primary hyperuricemia/gout, (n=>50), asymptomatic
hyperuricemia (n=74), intercritical gout (n=200), acute gouty flare (n=18), and chronic tophaceous gout (n=30).
Plasma IL-37 was analysed using enzyme-linked immunosorbent assay. All coding regions and intron—exon bounda-
ries of IL-37 and exons 1-5 were amplified and sequenced.

Results Plasma levels of IL.-37 were significantly higher in asymptomatic hyperuricemic (p=0.045), intercritical gout
(p=0.001), and chronic tophaceous gout (p=0.021) cohorts when compared to control group. The levels of IL-37

in patients with acute gouty flare were comparable to control group (p=0.061). We identified 15 genetic variants

of IL-37: eight intron (rs2708959, rs2723170, rs2708958, rs2723169 rs2466448, rs3811045, rs3811048, rs2708944)

and seven non-synonymous allelic variants (rs3811046, rs3811047, rs2708943, rs2723183, 152723187, rs2708947,
rs27231927), of which rs2708959 showed an over-presentation in gouty and acute flare cohorts (p=0.003 and 0.033,
respectively) compared to European population (minor allelic frequency MAF =0.05) but not in control and hyper-
uricemic cohorts (p/MAF=0.17/0.08 and 0.71/0.05, respectively).. On the contrary, rs3811045, rs3811046, rs3811047,
and rs3811048 were underrepresented among individuals with tophaceous gout (MAF=0.57) compared to European
MAF 0.70-0.71, but not compared to the control cohort (MAF=0.67).

Conclusions We demonstrated the up-regulation of IL-37 levels across the clinical phases of gout: asymptomatic
hyperuricemia, intercritical, and chronic tophaceous gout compared to control. Moreover, 15 genetic variants of IL-37
were identified and their associations with the clinical variants of gout were evaluated.
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Introduction

Gout is a chronic disease with deposition of monoso-
dium urate (MSU) crystals, resulting from increased
urate concentrations. Patients with gout experience
chronic recurring attacks accompanied by a variety
of symptoms including inflammation, joint, and renal
damage [1]. Hyperuricemia is a risk condition that pre-
disposes a patient to the development of gout [2]. It is
characterized by elevated plasma levels of uric acid, lead-
ing to MSU crystals formation or tophi deposition, which
determines the severity of the symptoms. The genetic
background plays an important role in the incidence of
gout [1]. Although precise mechanisms have not been
explored, the imbalance of the interleukin (IL)-1 cytokine
family was thought to be one of the key processes under-
lying the gout pathology [3].

IL-37 is a unique member of the IL-1 family that func-
tions as a natural suppressor of inflammation [3]. IL-37
is implicated in the pathogenesis of several autoimmune
rheumatic diseases [4—7]; however, only few studies
have focused on IL-37 in gout arthritis so far [8]. Ini-
tially, Zeng et al. demonstrated enhanced IL-37 expres-
sion in the peripheral blood mononuclear cells (PBMCs)
of patients with gout, especially in the non-acute form
[9]. Others showed elevation of serum IL-37 in gout
patients, particularly in the active tophaceous gout and
its association with the levels of C- reactive protein
(CRP) and pro-inflammatory cytokines [10]. In vitro,
IL-37 suppressed the production of inflammatory
cytokines in THP-1 macrophages [9]. Moreover, I1L-37
inhibited the immune reaction induced by MSU crystals
in human and murine gout models [11]. Additionally,
four rare genetic variants of IL-37 have been identified in
gout patients, indicating a possible predisposition for the
development of gout [12].

It is evident that IL-37 participates in the modulation
of the immune response in gout arthritis [8]; however, lit-
tle is known about the role of the IL-37 gene variation in
the pathogenesis of gout. Therefore, we aimed to investi-
gate the link between plasma levels of IL-37 and genetic
variants of IL-37 in relation to the development and pro-
gression of gout.

Materials and methods

The study cohort included a control group of 50 sub-
jects with no history of primary hyperuricemia/gout, 74
patients with asymptomatic hyperuricemia, 200 patients
with intercritical gout, 30 patients with chronic topha-
ceous gout, and 18 patients with acute gouty flares.
Gout patients met the 1977 American Rheumatism
Association preliminary classification criteria for acute
arthritis of primary gout [13]. Asymptomatic hyperurice-
mic patients were classified as having serum uric acid
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(SUA) >420 pmol/L for men and SUA >360 pmol/L for
women. Patients with secondary gout and other purine
metabolic disorders associated with pathological concen-
trations of SUA were excluded. High-performance liq-
uid chromatography determination of hypoxanthine and
xanthine in urine was performed on an Alliance 2695 and
a 2998 photodiode array detector (Waters, Milford, MA,
USA) as previously described [14]. The analysed cohorts
were selected based on uric acid levels from a previously
reported set of 250 hyperuricemia/gout patients and 132
control subjects with no history of primary hyperurice-
mia, gout, or autoimmune disease [15, 16] with descend-
ing levels of serum urate. All included subjects were
aged 18 years and more. Written informed consent was
obtained from each subject, and all tests were performed
according to standards set by the institutional ethics
committee (project no. 6181/2015). All procedures were
carried out in accordance with the Declaration of Hel-
sinki. All demographic, biochemical, and medical treat-
ment data are presented in Table 1.

Plasma samples were collected and stored at — 80 °C
until analysis. The levels of C-reactive protein were
assessed by a turbidimetric technique using an Olympus
Biochemical Analyser (Olympus CO Ltd., Tokyo, Japan).
IL-37 in plasma was analysed by the human enzyme-
linked immunosorbent assay (ELISA) kit (Adipogen Life
Sciences, Liestal, Switzerland).

Genomic DNA was extracted from EDTA-treated
whole blood using a Exgene Clinic SV (Gene All,
Germany). All five protein-coding exons were ampli-
fied using PCR and purified using a PCR DNA Frag-
ments Extraction Kit (Geneaid, New Taipei City,
Taiwan). DNA sequencing was performed with a DNA
sequencer (Applied Biosystems 3130 Genetic Ana-
lyzer; Thermo Fisher Scientific, Waltham, MA, USA).
Primer sequences and PCR conditions are available upon
request. The reference sequence was defined as version
ENST00000263326.

In the pilot analysis, 50 control subjects, 50 subjects
with asymptomatic hyperuricemia, 50 patients with
intercritical gout, 17 patients with acute gouty flares, and
28 patients with chronic tophaceous gout were geno-
typed. Variant allele frequencies in the above-mentioned
groups were compared with the European MAF (EXAC
database) using the binomial test. Variants with statisti-
cally significant allele frequency differences compared to
the European population (p <0.05) were genotyped in an
expanded cohort of 74 hyperuricemic patients, 200 gout
patients, 18 patients with gouty flares, and 30 patients
with chronic tophaceous gout.

Variant allele frequencies were compared with the
European MAF using the binomial test and with the con-
trol group using Fisher’s exact test. Differences in IL-37
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levels between control/hyperuricemic/gout groups were
compared pairwise, using the two-sample Wilcoxon test
with the Benjamini—Hochberg correction for multiple
testing. Spearman’s correlation was used to correlate lev-
els of IL-37 and CRP. p values < 0.05 were considered sig-
nificant. All analyses were performed using the statistical
language and environment R, version 4.0.2.

Results

Plasma levels of IL-37 were significantly higher in asymp-
tomatic hyperuricemic (p=0.045), intercritical gout
(p=0.001), and chronic tophaceous gout (p=0.021)
cohorts when compared to control group. The levels of
IL-37 in patients with acute gouty flare were not sig-
nificantly different from the control group (p=0.061)
(Fig. 1), both without and with Benjamini—Hochberg cor-
rection for multiple comparisons.

Of the fifteen variants, only rs2708959 showed a sig-
nificant difference in the variant allele frequency between
the gout/gout flare cohorts and the European popula-
tion MAF (Table 2). Compared to European MAF =0.05,
we found an allele frequency 0.085 in gout and 0.139 in
the gout flare cohorts (p=0.003 and 0.033, respectively).
There was no statistically significant difference from
European MAF for the control and asymptomatic hyper-
uricemic cohorts (p/MAF=0.17/0.08 and 0.71/0.05,
respectively). We have also found that rs3811045,
rs3811046, rs3811047, and rs3811048 were underrep-
resented among individuals with tophaceous gout, with
MAF=0.57 for all four compared to European MAF
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0.705, 0.705, 0.703, and 0.704 respectively. In no variants
and no cohorts, allele frequencies varied from the fre-
quency in the normouricemic cohort (Table 2).

Discussion

IL-37 is a key suppressor of innate immunity and a mas-
ter regulator of inflammation at mucosal surfaces. Here,
we show that IL-37 is significantly elevated in the plasma
of patients with intercritical and tophaceous gout. This
evidence supports the implication of IL-37 in the patho-
genesis of gout. In the last decade, several research groups
have focused on IL-37 and its association with gout [9—
11]. To the best of our knowledge, we are the first to dem-
onstrate an elevation of IL-37 in the plasma of tophaceous
gout Caucasian patients. Our findings are congruent with
the data of Ding et al. in Chinese gout patients [10] and
imply an association of IL-37 with the deposition of MSU
crystals. This is further supported by the accumulation of
IL-37 in the synovium surrounding the tophus [11] and
by in vitro studies using MSU crystals [3, 9, 11]. In con-
trast to others [10], we found significant differences in
the levels of IL-37 in hyperuricemic compared to control
subjects. These adverse results may be caused by the fact
that our cohort was about five times larger in contrast to
the abovementioned study [10]. Moreover, IL-37 was not
elevated in the plasma of acute gouty patients compared
to controls, which is inconsistent with previous study [10].
This finding is surprising as acute gout is an inflamma-
tory reaction to the deposition of MSU crystals. As our
study involved only 20 patients with acute gouty flare,

p=0.01 (p=0.021)
T
p =0.061 (p =0.061)
1500 f 1
p <0.001 (p=0.001)
I
12504 p=0.034 (p =0.045)
1
T 1000
>
K>
N~
©® 7501
=
500 1 ' ‘ ’
A k
2504 % :
. f '
el .y,
1
o4 TR HH ol
Conltrols Asympltomatic Interclritical Aclute Chrlonic

hyperuricemia

gout gouty flare  tophaceous gout

Fig. 1 Plasma levels of IL.-37 in controls, asymptomatic hyperuricemia, intercritical gout, acute gouty flare and chronic tophaceous gout patients.
Two-sample Wilcoxon test p-values, unadjusted (with Benjamini-Hochberg adjustment for multiple comparisons)
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further analysis on a larger cohort is needed to confirm
this result. In contrast to Ding et al. who showed an asso-
ciation of IL-37 with clinical inflammatory markers and
cytokines in patients with gout [10], we found no correla-
tion between IL-37 and CRP levels. It is well established
that anti-rheumatic therapy can suppress inflammation
and modify cytokine levels. The study by Ding et al. [10]
did not include data on the therapeutic intervention,
which makes the comparison with our results rather
problematic. Finally, it must be noted that the data on cir-
culating IL-37 vary across the published studies (our study
included), and the levels of IL-37 also differ by an order of
magnitude [9-11]. One reason for the high variability in
circulating IL-37 levels is the use of different ELISA Kkits,
as shown in a recently published study [17].

However, no published study has analysed IL-37 lev-
els across the four clinical phases of gout: asympto-
matic hyperuricemia, intercritical gout, gouty flares, and
chronic tophaceous gout. In our study, we did not find
any significant associations of common or rare IL-37
variants with the abovementioned groups; however, we
demonstrated a significant underrepresentation of com-
mon variants whose functional impact on IL-37 expres-
sion or stability is currently unknown.

Clinical studies have demonstrated that IL-37 gene var-
iant rs3811047 G> A is associated with susceptibility to
rheumatoid arthritis [18] and ankylosing spondylitis [19,
20]. Notably, a recent study by Kluck et al. [12] showed a
devastating impact of four rare IL-37 variants (p.A144P,
p-G174Dfs*16, p.C181%, and p.N182S) on protein func-
tions in the pathogenesis of gout. However, in our study,
we have not identified any rare variants in /L-37 gene.
The frequencies of minor alleles for each SNP were com-
pared to published frequencies in dbSNP for cohorts with
similar ethnic backgrounds to our subjects, i.e. majority
European descent. Of the fifteen identified variants, only
rs2708959 showed a significant difference in the variant
allele frequency between the hyperuricemic/gout/gout
flare cohorts and the European population MAF. Com-
pared to European MAF=0.05, we found a- significant
allele frequency 0.085 in gout and 0.150 in the gout flare
cohorts. However, this variant is located in upstream
intronic region, and currently, there are no analyses avail-
able regarding its impact on IL-37 protein or its associa-
tion with phenotype. We have also found that rs3811045,
rs3811046, rs3811047, and rs3811048 were underrep-
resented among individuals with tophaceous gout, with
MAF=0.57 for all four compared to European MAF
0.705, 0.705, 0.703, and 0.704, respectively. Upstream
intronic variants rs3811045 and rs3811046 have not
been investigated in rheumatic diseases; however, a sig-
nificant association of rs3811045 with an increased
risk of COVID-19 [21] and an association of rs3811046

Page 6 of 7

with susceptibility to pulmonary tuberculosis [22] were
recently demonstrated.

Non-synonymous allelic variants 3811046 (p.Gly31Glu,
p.Gly31Ala, and/or p.Gly31Val) and 3811047
(p-Thr42Ala, p.Thr42Ser) located in exon 2 are missense
variants with reported limit observations. No associa-
tions of rs3811046 were found in rheumatoid arthritis
[23], open-angle glaucoma [24], and tuberculosis [25].
However, three significant associations were reported in
periodontal inflammation [26], COVID-19 [21], and as a
decreased genetic risk factor in Graves’ disease [27].

Variant rs3811047 has been associated with susceptibility
to or protection against several infectious, inflammatory,
and autoimmune diseases as ankylosing spondylitis, rheu-
matoid arthritis, auto-immune thyroid disease, Behcet’s
disease, and Vogt-Koyanagi-Harada disease [28]. The cur-
rent study showed that TG genotype of rs3811046 may
increase the risk of developing COVID-19 [21].

This finding may be influenced by study limitations—
first, although our sample size of 372 hyperuricemia/
gout subjects is large for studies involving deep physi-
ological phenotyping of hyperuricemia/gout, it is quite
small for genetic studies, which often include hundreds
to thousands of subjects—some functional variants may
have gone undetected. Second, we studied genetic vari-
ants in transcribed regions and exon—intron boundaries
only, and therefore, genetic variants outside these regions
would have gone undetected.

The “Common Disease, Multiple Common and Rare
Variant” model argues that genetic susceptibility to
common diseases such as gout does not reside only in
common genetic variants but rather in a multiplicity of
individually rare variants with high penetrance. This the-
ory has been fully confirmed by the relationship between
hyperuricemia, gout, and functional variants in the major
uric acid transporter ABCG (ATP-binding cassette sub-
family G member) [15]. Our results suggest that not only
rare variants but also reduced presentation of common
variants in the IL-37 gene may influence disease progres-
sion. Therefore, haplotype analysis is a useful approach
to understanding the genetic association between IL37
gene SNPs and diseases, but due to the limited data avail-
able, further studies and experimental verifications are
necessary.

Conclusion

Taken all together, we showed an elevation of serum
IL-37 across the clinical phases of gout compared to con-
trols. Furthermore, the detection of 15 genetic variants
of IL-37 and their association with the clinical phases of
gout indicates that underrepresentation of common vari-
ants in the IL-37 gene may potentially influence progres-
sion of gout.
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