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Abstract
Background. Type 3 innate lymphoid cells (ILC3s) are a newly identified  group of innate immune cells that 
participate in the progression of several metabolic diseases by secreting interleukin (IL)-17 and IL-22. These 
cytokines are associated with hyperuricemia (HUA) severity and development; however, the relationship 
between ILC3s and HUA remains unclear.

Objectives. To determine the characteristics of circulating ILC3s in patients with HUA.

Materials and methods. Type 3 innate lymphoid cells and their subsets were detected using flow cytom-
etry in peripheral blood mononuclear cells (PBMCs) of 80 HUA patients and 30 healthy controls (HC). Plasma 
levels of IL-17A and IL-22 were measured with enzyme-linked immunosorbent assay (ELISA). Clinical data 
of enrolled subjects were collected from electronic medical records.

Results. In patients with HUA, the frequency of circulating ILC3s was elevated and positively correlated with 
levels of serum uric acid and serum creatinine (Scr). Although there was no significant difference in the plasma 
concentration of IL-17A between the patients with HUA and healthy controls, positive correlations between 
plasma IL-17A and the concentration of serum uric acid and frequency of circulating ILC3s were observed 
in the patients with HUA.

Conclusions. In patients with HUA, positive correlations were detected between circulating ILC3 levels, 
plasma IL-17A and serum uric acid. Therefore, ILC3s and IL-17A may be useful indicators of disease severity, 
and are potential new therapeutic targets in HUA.
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Background

Hyperuricemia (HUA) is a prerequisite for the develop-
ment of gout,1 the most prevalent form of inflammatory 
arthritis,2,3 and is primarily caused by  impaired urate 
excretion.4 Although the  reported prevalence of  HUA 
in  the Chinese population has increased to 13.3% and 
is gradually rising,5 factors accounting for the pathogen-
esis and development of HUA are not fully understood.

As the kidney is the major organ that mediates uric acid 
(UA) excretion, HUA in humans is closely associated with 
kidney damage and kidney diseases.6 Furthermore, emerg-
ing evidence has highlighted the role of the intestine in HUA 
and gout development.7,8 The gut is responsible for 1/3 of to-
tal UA excretion,9 with HUA patients and murine models 
of the condition often exhibiting intestinal microbiota dys-
biosis and barrier dysfunction, both of which contribute 
to the progression of HUA.10,11 The studies highlighted 
above indicate that factors involved in maintaining ho-
meostasis of the intestine might affect the excretion of UA.

A newly defined group of innate immune cells express-
ing the retinoic acid receptor-related orphan nuclear re-
ceptor gamma transcription factor, called type 3 innate 
lymphoid cells (ILC3s), are thought to play an important 
role in mucosal immunity.12 They were identified as abun-
dant in the intestinal mucosa and are associated with gut 
microbiota tolerance and intestinal barrier integrity.12,13 
Additionally, similar to T helper 17 cells, ILC3s produce 
a variety of distinct cytokines, including interleukin (IL)-
17 and IL-22, that are associated with HUA severity and 
development.14,15 Nonetheless, the association between 
HUA and ILC3s remains unclear.

Objectives

This study aimed to  determine the  characteristics 
of circulating ILC3s in patients with HUA, and to explore 
whether or not the proportion of circulating ILC3s and 
the concentration of ILC3-related cytokines (IL-17A and 
IL-22) correlate with disease severity.

Materials and methods

Subjects

In this cross-sectional study, adult patients with HUA 
and healthy controls (HC) were recruited from the First Af-
filiated Hospital of Guangdong Pharmaceutical University, 
China, between September 2020 and August 2021. Hyper-
uricemia was defined as a serum UA ≥ 420 μmol/L (7.0 mg/
dL) in men and ≥360 μmol/L (6.0 mg/dL) in women.16 Pa-
tients suffering from carcinoma and intestinal diseases 
(such as Crohn’s disease and ulcerative colitis) were ex-
cluded. Demographic data and UA-associated parameters 

(serum UA, serum creatinine (Scr) and blood urea nitro-
gen (BUN)) were collected from electronic medical re-
cords. This study was approved by the Ethics Committee 
of the First Affiliated Hospital of Guangdong Pharmaceu-
tical University, China (approval No. 2021146). Informed 
consent was obtained from each patient.

Separation of peripheral blood 
mononuclear cells and plasma

Morning fasting blood samples were collected from each 
subject using a heparin anticoagulant tube (Huabo Medi-
cal Instrument Co. Ltd., Heze, China) to isolate peripheral 
blood mononuclear cells (PBMCs)  and plasma. Peripheral 
blood mononuclear cells were obtained using density gra-
dient centrifugation (Ficoll-Paque™ PLUS; GE Healthcare, 
Chicago, USA) (400 × g, 30 min, room temperature). Plasma 
was isolated by centrifugation of whole blood (800 × g, 
20 min, room temperature) and stored at –80°C for fur-
ther use in enzyme-linked immunosorbent assay (ELISA).

Flow cytometry

Peripheral blood mononuclear cells were stained using 
the following antibodies: anti-CD3-FITC (clone: HIT3a), 
anti-CD5-FITC (clone: UCHT2), anti-CD11c-FITC 
(clone: 3.9), anti-CD16-FITC (clone: B73.1), anti-CD19-
FITC (clone: HIB19), anti-TCRαβ-FITC (clone: IP26), 
anti-CD117-PE (clone: A3C6E2), anti-CD127-PE/Cyanine7 
(clone: A019D5), anti-CD294-APC (clone: BM16), and anti-
CD45-APC/Cyanine7 (clone: H130) (all from BioLegend, 
Beijing, China). Dead cells were stained with 7-amino-
actinomycin D (7-AAD) viability staining solution (BioLe-
gend). Total ILCs were identified as 7-AAD– CD45+ lineage 
(CD3, CD5, CD11c, CD16, CD19, and TCRαβ) –CD127+ 
lymphocytes. The  ILC1s were CD117–CD294–, whilst 
ILC2s were CD294+, and ILC3s were CD117+CD294–. Flow 
cytometry was performed using a CytoFLEX flow cytom-
eter (Beckman Coulter, Brea, USA), and data were analyzed 
using CytoExpert v. 2.3 software (Beckman Coulter).

Enzyme-linked immunosorbent assay

Plasma levels of IL-17A and IL-22 were measured using 
the ELISA MAX™ Deluxe Set Human IL-17A (No. 433914) and 
the ELISA MAX™ Deluxe Set Human IL-22 (No. 434504) 
(both from BioLegend), according to the manufacturer’s 
instructions.

Statistical analyses

Statistical analyses were performed using GraphPad 
Prism v.  8.0 software (GraphPad Software, San Diego, 
USA.). Data distributions were assessed using the Sha-
piro–Wilk test (Table 1). Normally distributed data are 
presented as mean ± standard deviation (M ±SD), whereas 
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non-normally distributed data are presented as median 
(interquartile range (IQR)). The Spearman’s rank-order cor-
relation was used for nonparametric correlations. The value 
of p < 0.05 was considered statistically significant.

Results

The frequency of circulating ILC3s 
was increased in patients with HUA

A total of 80 patients with HUA (mean age 52.85 ±15.99 years, 
49 males (61.25%)) and 30 HC (mean age 37.57 ±12.37 years, 
9 males (30.00%)) were included in the study. A positive 
correlation between serum UA and Scr concentrations was 
found in patients with HUA (rs = 0.501, p < 0.001), which 
suggests an association between HUA and the  impair-
ment of renal function. The gating strategy used to sepa-
rate ILCs and their subgroups is shown in Fig. 1A. First, 
the  levels of ILCs and their subgroups in PBMCs were 
compared between HC and patients with HUA. Statisti-
cal comparisons showed that the percentage of total ILCs 
in the live lymphocyte population did not differ signifi-
cantly between the 2 groups (0.09% (0.05–0.17%) compared 
to 0.07% (0.05–0.10%), U = 959.5, p = 0.07; Fig. 1B). For 
ILC subgroups, a marked elevated frequency of circulating 
ILC3s (22.27% (11.28–32.32%) compared to 17.11% (10.83–
21.29%), U = 868, p = 0.03) was observed in HUA patients, 
although the  frequencies of  circulating ILC1s (23.24% 
(13.83–38.20%) compared to  32.80% (18.91–54.08%), 
U = 924.5, p = 0.06) and ILC2s (46.87% (31.37–67.91%) 
compared to 48.32% (27.26–66.32%), U = 1139, p = 0.69) 
did not differ significantly between the 2 groups (Fig. 1C 
and Table 2).

Table 1. Results of normality test

Variable W-value p-value

Patients with hyperuricemia

ILCs/lymphocytes [%] 0.8518 <0.0001

ILC1s/ILCs [%] 0.9510 0.0039

ILC2s/ILCs [%] 0.9623 0.0187

ILC3s/ILCs [%] 0.9571 0.0090

Plasma IL-17A [pg/mL] 0.9533 0.2760

Plasma IL-22 [pg/mL] 0.5434 <0.0001

Serum uric acid [μmol/L] 0.9174 <0.0001

Scr [μmol/L] 0.6294 <0.0001

Blood urea nitrogen [mmol/L] 0.8111 <0.0001

Healthy controls

ILCs/lymphocytes [%] 0.8040 <0.0001

ILC1s/ILCs [%] 0.9657 0.4301

ILC2s/ILCs [%] 0.9724 0.6065

ILC3s/ILCs [%] 0.9873 0.9695

Plasma IL-17A [pg/mL] 0.8487 0.0021

ILCs – innate lymphoid cells; IL – interleukin; Scr – serum creatinine. 
Data distribution was assessed using the Shapiro–Wilk test.

Fig. 1. Circulating type 3 innate lymphoid cells (ILC3s) increased in patients with hyperuricemia. A. Representative dot plots showing the gating strategy 
used to identify ILC3s among human peripheral blood mononuclear cells (PBMCs). Percentages of ILCs (B) and their subsets (C) in PBMCs from healthy 
controls (HC) and patients with hyperuricemia (HUA) (Mann–Whitney U test). Lineage = CD3, CD5, CD11c, CD16, CD19, TCRαβ. Boxplots represent median, 
interquartile ranges (IQRs) and Tukey-style whiskers. Data points beyond the whiskers represent outliers

* p < 0.05; ns – not significant.
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Circulating ILC3s positively correlated 
with serum UA and Scr levels in patients 
with HUA

Correlations between the levels of circulating ILCs and their 
subgroups with UA-associated parameters (serum UA, Scr 
and blood urea nitrogen) in patients with HUA were assessed. 
As shown in Fig. 2A–C, no significant correlations were found 
between the frequencies of circulating ILCs, ILC1s or ILC2s, 
and UA-associated parameters. In contrast, the frequency 

of ILC3s in PBMCs from patients with HUA positively cor-
related with serum levels of UA (rs = 0.310, p = 0.005) and Scr 
(rs = 0.268, p = 0.018) (Fig. 2D).

Plasma IL-17A positively correlated 
with the frequency of circulating type 
ILC3s and serum UA levels

Plasma concentrations of ILC3-related cytokines (IL-17A 
and IL-22) were compared between the 2 groups, with 

Fig. 2. Frequency 
of circulating type 3 
innate lymphoid 
cells (ILC3s) positively 
correlated with serum 
uric acid (UA) and serum 
creatinine (Scr) in patients 
with hyperuricemia. 
Spearman correlation 
coefficients between 
the frequencies 
of circulating ILCs (A), 
ILC1s (B), ILC2s (C), ILC3s 
(D), and concentrations 
of serum UA, Scr and 
blood urea nitrogen 
(BUN) in patients with 
hyperuricemia
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samples from 26 HUA patients and 24 HC being avail-
able for ELISA analysis. Although no differences in plasma 
IL-17A (3.36 (2.47–4.70) compared to 3.26 (2.75–4.00) 
pg/mL, U = 289, p = 0.66) or IL-22 (29.25 (12.31–49.13) 
compared to  45.15 (16.69–86.51) pg/mL, U  =  186.5, 
p = 0.14, Table 2) concentrations were detected between 
the 2 groups, a positive correlation was observed between 
plasma IL-17A concentration and the frequency of circulat-
ing ILC3s in patients with HUA (Fig. 3).

Finally, the associations between ILC3-related cyto-
kines and UA-associated parameters were assessed with 

the Spearman’s rank-order correlation. Plasma IL-17A 
positively correlated with serum UA levels (rs = 0.445, 
p = 0.023); however, no correlations were observed between 
IL-22 and UA-associated parameters (Fig. 4).

Discussion

In the present study, the expansion of circulating ILC3s 
was observed in patients with HUA. Moreover, the propor-
tion of ILC3s among PBMCs positively correlated with 

Table 2. The proportion of circulating ILC subgroups and the concentrations of plasma cytokines between healthy controls and patients with 
hyperuricemia

Variable Healthy controls Patients with hyperuricemia U-value p-value

ILCs/lymphocytes [%] 0.09 (0.05–0.17) 0.07 (0.05–0.10) 959.5 0.07

ILC1s/ILCs [%] 32.80 (18.91–54.08) 23.24 (13.83–38.20) 924.5 0.06

ILC2s/ILCs [%] 48.32 (27.26–66.32) 46.87 (31.37–67.91) 1139 0.69

ILC3s/ILCs [%] 17.11 (10.83–21.29) 22.27 (11.28–32.32) 868 0.03

Plasma IL-17A [pg/mL] 3.36 (2.47–4.70) 3.26 (2.75–4.00) 289 0.66

Plasma IL-22 [pg/mL] 29.25 (12.31–49.13) 45.15 (16.69–86.51) 186.5 0.14

ILCs – innate lymphoid cells; IL – interleukin. Data are presented as median (interquartile range (IQR)). Differences between the 2 groups were assessed with 
Mann–Whitney U tests.

Fig. 3. Plasma interleukin (IL)-17A 
concentration positively correlated 
with circulating type 3 innate 
lymphoid cell (ILC3) frequency 
in patients with hyperuricemia. 
A. Quantitative analysis 
of the plasma concentrations 
of IL-17A and IL-22 in healthy 
controls (HC) and patients with 
hyperuricemia (HUA) (Mann–
Whitney U test); B. Spearman 
correlation coefficients between 
plasma IL-17A and IL-22 levels, and 
the frequency of circulating ILC3s 
in patients with HUA. Boxplots 
represent median, interquartile 
ranges (IQRs) and Tukey-style 
whiskers. Data points beyond 
the whiskers represent outliers
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serum UA and Scr concentrations, indicating that circu-
lating ILC3s could serve as an indicator of HUA severity. 
To the best of our knowledge, this is the first study to de-
termine the characteristics of circulating ILC3s in patients 
with HUA.

Multiple mechanisms could explain the findings of this 
study. First, HUA may result in increased levels of ILC3s. 
Recent studies have revealed gut microbiota dysbiosis, char-
acterized by a decrease in species diversity and an increased 
abundance of inflammation-related microbiota, in HUA 
patients and mouse models.8,11,17 In addition, HUA can lead 
to intestinal barrier dysfunction that presents as enhanced 
intestinal permeability and gut inflammation.11,18,19 Such 
gut dysbiosis and intestinal barrier injury can contribute 
to the enrichment of ILC3s.20,21 Furthermore, ILC3s can 
secrete several pro-inflammatory cytokines, including 
IL-17 and granulocyte-macrophage colony-stimulating fac-
tor,22 which may promote kidney and intestine inflamma-
tion,22–24 reduce UA excretion and subsequently exacerbate 
UA accumulation in patients with HUA. Thus, targeting 
ILC3s may be a novel therapeutic strategy for HUA.

Alterations of ILC3s have been reported in several meta-
bolic diseases. Both the frequency and absolute number 
of ILC3s were significantly increased in small intestinal 
lamina propria of  nonobese diabetic mice compared 
to healthy mice, which was accompanied by  intestinal 

dysbiosis and an impaired intestinal barrier.25 Further-
more, increased proportions of IL-22+ILC3s and IL-17A+ 
NKp44– ILC3s were detected among PBMCs from pa-
tients with axial spondyloarthritis and dyslipidemia.26 
Conversely, type 2 diabetes patients infected with tuber-
culosis exhibited an obvious reduction in circulating ILC3s 
relative to those without diabetes.27 Additionally, ILC3s 
have been shown to participate in the progression of other 
metabolic diseases, such as fatty liver disease.28 Despite 
the increased levels of circulating ILC3s in HUA patients 
observed in this study, whether or not ILC3s contribute 
to HUA development requires further investigation.

The  IL-17, a  distinct cytokine produced by  ILC3s, 
is widely reported to be associated with acute gout ar-
thritis. Liu et al. showed that serum IL-17 levels were sig-
nificantly elevated in patients with acute gout arthritis, 
which positively correlated with disease severity.29 Fur-
thermore, targeting IL-17 with neutralizing antibodies 
reduced leukocyte infiltration, decreased pro-inflamma-
tory cytokine levels and attenuated arthritis.15 However, 
plasma IL-17 levels did not differ markedly between pa-
tients with intercritical gout and HC.30 Similarly, we found 
no significant difference in plasma IL-17A concentration 
between patients with HUA and HC, whereas in patients 
with HUA, positive correlations were observed between 
plasma IL-17A, serum UA and frequency of circulating 

Fig. 4. Plasma interleukin (IL)-17A concentration positively correlated with serum uric acid (UA) level in patients with hyperuricemia (HUA). Spearman’s 
rank-order correlation analysis between the concentrations of plasma IL-17A (A) and IL-22 (B) with serum UA, serum creatinine (Scr) and blood urea nitrogen 
(BUN) in patients with HUA
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ILC3s. This suggests that HUA may induce ILC3 expansion 
and activation, and that plasma IL-17A could be a useful 
indicator of HUA severity.

Limitations

The  present study had several limitations. Only 2 
of the enrolled HUA patients had gout, meaning the as-
sociation between ILC3s and gout could not be assessed. 
Also, as this was a cross-sectional study, only the associa-
tions between UA level, IL-17 and ILC3 could have been 
investigated. Indeed, it could not be determined if the re-
lationship between UA level, IL-17 and ILC3s was causal. 
Furthermore, the sample size was relatively small, particu-
larly for the HC group. Thus, studies with a larger sample 
size should be conducted to validate our findings.

Conclusions

In conclusion, we demonstrated that patients with HUA 
have an elevated frequency of circulating ILC3s. Further-
more, circulating ILC3 levels and plasma IL-17A con-
centration were positively correlated with HUA severity. 
Therefore, ILC3s and IL-17A could be useful indicators 
of HUA severity and have potential as new therapeutic 
targets in this disease.
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