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ABSTRACT

Objectives: This study aims to evaluate the frequency and absolute number of circulating innate lymphoid cell (ILC) subsets and their associations
with clinical and serological features in systemic lupus erythematosus (SLE).
Patients and methods: We recruited 28 SLE patients (6 males, 22 females; mean age 37.57 years; range, 18 to 56 years) and 13 healthy controls
(4 males, 9 females; mean age 32.08 years; range, 19 to 48 years). Circulating ILC subsets were identified by flow cytometry. Associations between all
detected cells and SLE disease activity, clinical manifestations, and serum autoantibodies were analyzed.
Results: In this study, significantly higher frequencies of ILC2s and ILC3s, lower frequencies of ILC1s, and higher ILC1/ILC3 and ILC1/ILC2 ratios were
observed in SLE patients than in healthy controls. The frequencies and number of ILC3s were positively associated with SLE disease activity index
2000 score and anti-double stranded deoxyribonucleic acid titers in patients with SLE. Decreased ILC1 frequencies, increased ILC3 frequencies, and
decreased ILC1/ILC3 and ILC2/ILC3 ratios were observed in patients with arthritis compared to those without arthritis.
Conclusion: Our results indicated biased altered distributions of circulating ILC subsets in SLE. ILC3s were associated with SLE disease activity, and
ILC1s, ILC3s, and ILC1/ILC3 and ILC2/ILC3 ratios were associated with SLE accompanied with arthritis. Taken together, these results suggest that ILCs
may serve as cellular biomarkers for disease activity and arthritis involvement in SLE.
Keywords: Arthritis, innate lymphoid cells, systemic lupus erythematosus.

Systemic lupus erythematosus (SLE) is a
heterogeneous autoimmune disease characterized
by the overproduction of autoantibodies and type I
interferon (IFN).1 Previous studies have indicated
that many immune cells, including B cells, T cells,
natural killer (NK) cells, monocytes, and dendritic
cells (DCs), participate in the pathogenesis of
SLE, and abnormalities in these cells can occur
at multiple points during the immune response,

resulting in striking heterogeneity in clinical
presentations.2
Innate lymphoid cells (ILCs) represent a new
lymphocyte subfamily that is distinct from T cells
and B cells due to the absence of rearranged
antigen-specific receptors,3 emerging as important
effectors of innate immunity through their rapid
production of proinflammatory and regulatory
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cytokines.4 Mimicking helper T (Th) cells, ILCs
are divided into three subgroups based on
the transcription factors they express and the
cytokines they produce: group 1 ILCs (which
include NK cells and ILC1s), group 2 ILCs
(ILC2s), and group 3 ILCs (which consist of
lymphoid tissue inducer and ILC3s).5 In addition,
depending on the cytotoxic ability, ILCs are
distributed into two groups as cytotoxic ILCs
(NK cells) and non-cytotoxic or helper ILCs (also
called CD127+ ILCs, which are composed of
ILC1s, ILC2s, and ILC3s).4
Accumulating evidences have shown that ILCs
play an important role in the innate immune
response against pathogenic microorganisms,
tissue homeostasis, and metabolic regulation4 and
in the development of chronic inflammatory and
autoimmune diseases.6 Wohlfahrt et al.7 reported
that the number of dermal and circulating ILC2s
was increased in patients with systemic sclerosis
and this increase was correlated with the extent of
fibrosis. Rodríguez-Carrio et al.8 found increased
numbers of ILC1s and ILC3s in lymph nodes of
patients with rheumatoid arthritis (RA) compared
to healthy controls. Recently, one report indicated
that kidney-resident ILC2s were suppressed by
IFN-g and that the progression of lupus nephritis
was accompanied with a reduction of ILC2s
in MRL/MpJ-Faslpr mouse model.9 Cols et al.10
identified an expanded population of ILCs with
a more remarkable IFN-g signature than T cells
in both peripheral blood and gastrointestinal and
lung tissues of patients with common variable
immunodeficiency. Recently, two studies identified
altered frequencies of circulating ILC1s, ILC2s,
and ILC3s in patients with SLE compared to
those in healthy controls.11,12
Thus, we hypothesize that an altered
distribution of ILC subsets may play a role in
the pathogenesis of human SLE based on the
evidences about ILCs in autoimmune diseases
and lupus animal models. In this study, we aimed
to evaluate the frequency and absolute number
of circulating ILC subsets and their associations
with clinical and serological features in SLE.

PATIENTS AND METHODS
This cross-sectional, case-control study included
28 SLE patients (5 males, 23 females; mean age

37.57 years; range, 18 to 56 years) who fulfilled
the American College of Rheumatology (ACR)
classification criteria for SLE (1997)13 from the
Department of Rheumatology and Immunology
at West China Hospital, Sichuan University
between April 2017 and December 2017. Patients
that presented with other autoimmune diseases,
infections, tumors or other severe conditions
were excluded. We also recruited 13 sex- and
age-matched healthy controls (4 males, 9 females;
mean age 32.08 years; range, 19 to 48 years).
The study protocol was approved by the West
China Hospital, Sichuan University Ethics
Committee. A written informed consent was
obtained from each participant. The study was
conducted in accordance with the principles
of the Declaration of Helsinki.Disease activity
was measured using the SLE Disease Activity
Index 2000 (SLEDAI-2000) and a score ≥5
was used to define active SLE.14 Organ system
involvement was identified according to the
1997 ACR criteria. Laboratory tests conducted
included measuring titers of anti-nuclear antibody
(ANA), anti-double stranded deoxyribonucleic
acid (anti-dsDNA) antibody, anti-Sjögren’s
syndrome-related antigen A antibody, antiribonucleoprotein antibody, anti-ribosomal P
antibody, and anti-Smith antibody, Coombs
test, measuring serum levels of immunoglobulin
(Ig)-G, IgA, IgM, complement component 3
(C3), C4, and C-reactive protein (CRP), and
erythrocyte sedimentation rate (ESR) level.
Disease manifestations and ongoing therapy
were recorded at the inclusion visit.
Peripheral blood mononuclear cells (PBMCs)
were separated from 4 mL of peripheral blood by
Ficoll-Hypaque density-gradient centrifugation.
Human Trustain FcX™ (BioLegend Inc.,
San Diego, CA, USA) was used to block the
Fc receptor for 5 minutes prior to antibody
staining. To eliminate nonspecific interactions
between multiple BD Horizon Brilliant™ polymer
conjugates, we used BD Horizon Brilliant Stain
Buffer (BD Biosciences Inc., San Jose, CA, USA)
according to the manufacturer’s instructions.
After adding all reagents, the cell suspension was
incubated at room temperature in the dark for
15 minutes and analyzed using the CytoFLEX
(Beckman Coulter Inc., S. Kraemer Boulevard,
CA, USA) flow cytometer after washing twice with
phosphate-buffered saline. The flow cytometry
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Table 1. Demographic, clinical, and serological features of systemic lupus erythematosus patients
SLE patients (n=28)
n

%

Age (year)
Sex
Female

22

78.57

27

96.43

Hydroxychloroquine

23

82.14

27

96.43

14

50

4

14.29

Active SLE patients (SLEDAI-2000≥5)

21

75

Inactive SLE patients (SLEDAI-2000<5)

7

25

Current dose of prednisone (mg/d)

Mean±SD

37.6±2.3

9

69.23

32.1±3.1

p
0.169

41.3±5.0

Cumulant dose of methotrexate
Other medications

%

55.7±11.7

Prednisone
Methotrexate

n

0.698

Disease duration (month)
Current concomitant medications

Healthy controls (n=13)

Mean±SD

1.0±0.3

SLEDAI-2000

8.9±0.8

System involved (% positive)
Mucocutaneous

7

28

Musculoskeletal

6

21.43

Neurological

6

21.43

Renal

15

53.57

Hematological

11

39.29

Mesenteric vasculitis (LMV)

7

28

Laboratory features (% positive)
ANA

28

100

Anti-dsDNA antibody

22

78.57

Anti-Sm antibody

8

28.57

Anti-SSA antibody

13

46.43

Anti-RNP antibody

15

53.57

Anti-Rib antibody

9

32.14

Coombs test

10

35.71

C3 (g/L)

0.6±0.0

C4 (g/L)

0.1±0.0

IgG (g/L)

12.4±0.9

IgA (mg/L)

2282.5±191.2

IgM (mg/L)

965.5±102.3

CRP (mg/dL)

6.1±1.7

ESR (mm/h)

27.4±2.5

SLE: Systemic lupus erythematosus; SLEDAI-2000: Systemic Lupus Erythematosus Disease Activity Index 2000; ANA: Anti-nuclear antibody; anti-dsDNA:
Anti-double stranded deoxyribonucleic acid; Sm: Smith; SSA: Sjögren’s syndrome-related antigen A; RNP: Ribonucleoprotein; Rib: Ribosomal P; C3/4:
Complement component 3/4; Ig: Immunoglobulin; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate.

data were analyzed using the FlowJo X software
(Treestar, Ashland, OR, USA). Gating was based
on isotype controls and fluorescence minus one
controls.
In humans, total ILCs are phenotypically
identified as CD45+ PBMCs lacking markers

specific for progenitor cells (CD34), T cells
(CD3), B cells (CD19), NK cells (CD94 and
CD16), DCs-monocytes (CD14, CD123,
and CD11c), and mast cells (FceRIa), i.e.,
lineage marker-negative (Lin-) and CD127positive.15,16 ILC2s express surface marker
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(a)
NS

NS

(b)
p=0.036

p=0.008

NS

p=0.007

(c)

(d)
NS

p=0.003

(e)
p=0.005

p=0.009

NS

Figure 1. Differences in ILC subsets and ILC ratios between patients with SLE and
HCs. Representative plots of ILCs and their subsets from SLE patients (left column). Plots
are gated on live CD45+ PBMCs. Gates used to define populations under analysis are
indicated: total helper ILCs (red gates, a), ILC1s (green gates, c), ILC2s (black gates, b),
and ILC3s (blue gates, d). Absolute numbers (per 1¥106 CD45+ PBMCs; center column)
and frequencies (for total helper ILCs based on CD45+ PBMCs and for three ILC subsets
based on total helper ILCs, right column). Comparisons of total helper ILCs (a), ILC2s
(b), ILC1s (c), and ILC3s (d); as well as ILC1/ILC2 ratio (e) (left column), ILC1/ILC3
ratio (center column), and ILC2/ILC3 ratio (right column) between SLE patients (n=28)
and HCs (n=13).
CD: Cluster of differentiation; NS: Not significant; SLE: Systemic lupus erythematosus; HC: Healthy control;
SSC: Side scatter; ILC: Innate lymphoid cells; CRTH2: Chemoattractant receptor-homologous molecule
expressed on TH2 cells; PBMC: Peripheral blood mononuclear cells; Data are shown as mean ± standard error
of mean. Differences were assessed by Mann-Whitney U test. P<0.05 were considered statistically significant.
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chemoattractant receptor-homologous molecules
expressed on Th2 cells (CRTH2), whereas ILC3s
do not express CRTH2 but express CD117. ILC1s
lack CRTH2, CD117, and CD336 expression,
allowing us to distinguish these three ILC
subsets based on CRTH2, CD117, and CD336
expression. The eight-color immunophenotyping
panel is described in Table 1. The gating strategy
and definition of all immune cells are shown in
Figure 1 and Table 2, respectively.
Statistical analysis
Statistical analyses were performed using
IBM SPSS version 22.0 software (IBM Corp.,
Armonk, NY, USA) and Prism 5.0 (GraphPad
Software, Inc., La Jolla, CA, USA). Continuous
variables were expressed as the mean ± standard
error of the mean, and categorical variables were
reported as numbers (%). Differences between
two groups were compared using the MannWhitney U test and Fisher’s exact test for
categorical variables. Differences between the
three study groups were analyzed using KruskalWallis followed by a Dunn’s test. Correlation
analysis was evaluated using the Spearman
correlation coefficient. P<0.05 was considered
statistically significant.

RESULTS
In the present study, all enrolled patients
(n=28) were Han Chinese with a mean age of
37.57 years, and 82.14% of the patients (23) were
females. Patients with a mean SLEDAI-2000
score of 8.93 were enrolled. The mean disease
duration was 55.68 months. The other clinical
manifestations and serological features of the
recruited patients are summarized in Table 1.
First, we observed no significant differences
in the absolute numbers of total ILCs, ILC1s, and
ILC3s and frequencies of total ILCs in patients
with SLE compared to healthy controls. However,
absolute numbers of ILC2s were significantly
decreased in patients with SLE compared to those
in healthy controls (normalized per 1¥106 total
CD45+ PBMCs; 83.0±28.5 and 148.2±36.5,
respectively; p=0.036) (Figure 1b). Decreased
frequencies of ILC2s (7.2±2.1% and 14.1±2.9%,
respectively; p=0.008) (Figure 1b) and ILC3s
(18.6±2.9% and 33.9±4.0%, respectively;

525

p=0.003) (Figure 1d) were observed in SLE
patients compared with healthy controls. In
contrast, frequencies of ILC1s were higher in SLE
patients than in healthy controls (68.4±4.5% and
49.3±4.8%, respectively; p=0.007) (Figure 1c).
Next, we analyzed the ratios of ILC1s to ILC2s
(ILC1/ILC2), ILC1s to ILC3s (ILC1/ILC3), and
ILC2s to ILC3s (ILC2/ILC3) in SLE patients and
healthy controls. A significantly higher ILC1/ILC2
ratio (66.6±18.6 and 15.8±10.3, respectively;
p=0.005) and a higher ILC1/ILC3 ratio (9.4±2.8
and 2.1±0.5, respectively; p=0.009) were
observed in patients with SLE than in healthy
controls. However, there was no difference in the
ILC2/ILC3 ratio between the SLE patients and
healthy controls (Figure 1e).
Furthermore, we analyzed the potential
associations of ILC subsets and their ratios with
SLE disease activity. We grouped patients with
SLE into patients with inactive SLE (n=7) and
patients with active SLE (n=21) according to the
SLEDAI-2000 score. We compared the differences
of cell population numbers, frequencies, and
ratios among healthy controls, patients with
active SLE, and patients with inactive SLE.
We found significantly increased frequencies of
ILC1s in patients with active SLE compared
to those in healthy controls (68.2±6.0% and
49.3±4.8%, respectively; p=0.028) (Figure 2d),
decreased frequencies of ILC2s in patients with
active SLE compared with those in healthy
controls (3.8±1.2% and 14.1±2.9%, respectively;
p=0.008) (Figure 2f), and decreased frequencies
of ILC3s in patients with inactive SLE compared
with those in healthy controls (10.7±2.3% and
33.9±4.0%, respectively; p=0.005) (Figure 2h).
In addition, decreased absolute numbers of ILC3s
in patients with inactive SLE compared with
healthy controls (105.9±23.8 and 319.4±41.8,
respectively; p=0.006) (Figure 2g) and increased
absolute numbers of ILC3s in patients with
active SLE compared to patients with inactive
SLE (309.3±63.4 and 105.9±23.8, respectively;
p=0.011) (Figure 2g) were observed in the present
study. Moreover, a higher ILC1/ILC2 ratio in
patients with active SLE compared with that
in healthy controls (73.1±23.6 and 15.8±10.3,
respectively; p=0.009) (Figure 2i) and a higher
ILC1/ILC3 ratio in patients with inactive SLE
than in healthy controls (9.3±2.5 and 2.1±0.5,
respectively; p=0.012) (Figure 2j) were also
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NS

(a)

NS

(c)

(e)
NS

NS

(f)

(i)

NS

NS

NS

p=0.005

NS

(k)

NS
p=0.012

NS

NS

(h)

p=0.011

(j)

p=0.009

NS

p=0.008

NS

NS
p=0.006

NS

p=0.028

NS

NS

(g)

NS

(d)

NS
NS

NS

(b)

NS

NS

NS
NS

NS

Figure 2. Differences in ILC subsets and ILC ratios among patients with active SLE,
inactive SLE, and HCs. Comparisons of absolute numbers and frequencies of total helper
ILCs (a and b), ILC1s (c and d), ILC2s (e and f), ILC3s (g and h), ILC1/ILC2 ratio
(i), ILC1/ILC3 ratio (j), and ILC2/ILC3 ratio (k) among patients with active SLE.
Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2000) ≥5, n=21], patients with inactive SLE
(SLEDAI-2000 <5, n=7), and HCs (n=13); ILC: Innate lymphoid cell; NS: Not significant; HC: Healthy control; SLE:
Systemic lupus erythematosus; PBMC: Peripheral blood mononuclear cell; Data are shown as mean ± standard
error of mean. Differences were assessed by Kruskal-Wallis followed by Dunn’s test. P<0.05 were considered
statistically significant.
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(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)

(k)

Figure 3. Associations between ILC subsets and ILC ratios and SLEDAI-2000 score. Correlations
between total helper ILC numbers (a), total helper ILC frequencies (b), ILC1 numbers (c), ILC1
frequencies (d), ILC2 numbers (e), ILC2 frequencies (f), ILC3 numbers (g), ILC3 frequencies
(h), ILC1/ILC2 ratio (i), ILC1/ILC3 ratio (j), and ILC2/ILC3 ratio (k) in patients with systemic lupus
erythematosus.
ILC: Innate lymphoid cells; SLEDAI-2000: Systemic Lupus Erythematosus Disease Activity Index 2000; PBMC: Peripheral blood
mononuclear cell. Associations were assessed by Spearman correlation coefficient. P<0.05 were considered statistically significant.
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(a)

(c)

NS

NS

p=0.039

(f)

NS

(g)

NS

(d)

NS

(e)

(i)

(b)

NS

NS

p=0.002

(h)

(j)

p=0.002

(k)

p=0.007

Figure 4. Differences in ILC subsets and ILC ratios between patients with arthritis and patients without
arthritis. Comparisons of total helper ILC numbers (a), total helper ILC frequencies (b), ILC1 numbers
(c), ILC1 frequencies (d), ILC2 numbers (e), ILC2 frequencies (f), ILC3 numbers (g), ILC3 frequencies
(h), ILC1/ILC2 ratio (i), ILC1/ILC3 ratio (j), and ILC2/ILC3 ratio (k) between patients with arthritis (n=6)
and patients without arthritis (n=22).
ILC: Innate lymphoid cell; NS: Not significant; PBMC: Peripheral blood mononuclear cell. Data are shown as mean ± standard error of
mean. Differences were assessed by Mann-Whitney U test. P<0.05 were considered statistically significant.
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0.939
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-0.135
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0.694
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CRP
level

ILCs: Innate lymphoid cells; SLE: Systemic lupus erythematosus; ANA: Anti-nuclear antibody; anti-dsDNA: Anti-double stranded deoxyribonucleic acid; C3/4: Complement component 3/4; Ig: Immunoglobulin;
ESR: Erythrocyte sedimentation rate; C-reactive protein; PBMCs: Peripheral blood mononuclear cells; CRP: P<0.05 were considered statistically significant.
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Table 2. Correlations between ILCs/ILC subtypes and serological features of SLE patients
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observed. Afterwards, we analyzed the associations
between ILC subsets and SLEDAI-2000 score.
It was indicated that only the frequencies of ILC3s
were positively associated with the SLEDAI-2000
score (correlation coefficient=0.431, p=0.022)
(Figure 3h).
Next, we explored the associations between
ILC subsets and organ involvements in patients
with SLE. We found that frequencies of ILC1s
were lower in SLE patients with arthritis than
SLE patients without arthritis (50.1±10.4% and
73.4±5.0%, respectively; p=0.039) (Figure 4d),
while frequencies of ILC3s were higher in SLE
patients with arthritis than SLE patients without
arthritis (34.2±6.0% and 14.3±2.8, respectively;
p=0.002) (Figure 4h). In addition, the ILC1/ILC3
ratio (1.6±0.5 and 11.5±3.4, respectively;
p=0.002) (Figure 4j) and the ILC2/ILC3 ratio
(0.1±0.0 and 1.0±0.3, respectively; p=0.007)
(Figure 4k) were decreased in SLE patients
with arthritis compared to SLE patients
without arthritis. Other ILC subsets did not
differ depending on renal system involvement,
mucocutaneous system involvement, neurologic
system involvement, hematologic system
involvement, and lupus with mesenteric vasculitis
(data not shown).
Finally, we analyzed the relationships between
ILC subsets and the serological features in SLE
(including ANA titer, anti-dsDNA titer, serum
IgG/A/M level, serum C3/C4 level, ESR level,
CRP level, and other autoantibodies). The results
showed that the absolute numbers of ILC3s
were positively correlated with serum anti-dsDNA
titers (correlation coefficient=0.504, p=0.006)
(Table 2). There were no correlations between
other ILC subsets and serological features (data
not shown).

DISCUSSION
Our data revealed an altered distribution
of circulating ILC subsets in patients with
different disease stages of SLE. In addition,
ILC3 frequencies and numbers were positively
associated with SLE disease activity. Decreased
frequencies of ILC1s and increased frequencies of
ILC3s were associated with arthritis involvement
in SLE.

Innate lymphoid cells have been recently
defined as new players in innate immunity that
provide rapid nonspecific responses against
foreign antigens.17 However, in addition to their
protective functions, when dysregulated by the
large amounts of cytokines and chemokines that
they express, ILCs can have detrimental effects
and result in chronic allergic, autoimmune,
and inflammatory diseases, including asthma,
inflammatory bowel disease, psoriasis, RA,
multiple sclerosis (MS), and vasculitis.6,18-22
Similar to Th cells, ILC1s mainly produce type 1
cytokines such as IFN-g and tumor necrosis factor;
ILC2s mainly produce type 2 cytokines such as
interleukin (IL)-4, IL-5, and IL-13; and ILC3s
mainly produce type 3 cytokines such as IL-17
and IL-22.23
To our knowledge, so far, only two studies
have focused on circulating ILCs and distinct ILC
subgroups in patients with SLE. According to
the findings reported by Chu et al.,12 increased
frequencies of circulating ILC1s and decreased
frequencies of circulating ILC2s and ILC3s were
observed. In contrast, Hou and Liu11 identified
increased frequencies of ILC1s and ILC3s, and
decreased frequencies of ILC2s in SLE patients
compared to those in healthy controls. Unlike the
frequencies of ILC2s associated with SLEDAI score
and serum IgG level, as well as the ILC1/ILC3
ratio associated with disease activity and nephritis
in these two previous studies, we found that ILC3
frequencies were correlated with SLEDAI-2000
score and that the ILC1/ILC3 ratio was related
with arthritis. These different findings suggest
that SLE is a heterogeneous systemic disease in
clinical and cellular phenotypes. Further studies in
larger cohorts are warranted to explore how ILCs
and ILC subgroups take part in pathogenesis in
patients with various SLE clinical manifestations.
In the present study, we identified biased ILC
distributions in different SLE disease stages. In
patients with active SLE, the ILC1/ILC2 ratio was
higher than that in healthy controls; however, in
patients with inactive SLE, the ILC1/ILC3 ratio
was higher than that in healthy controls. Recent
studies have identified that ILC2s and ILC3s could
shift to T-bet+ IFN-g -secreting ILC1s depending
on IL-12 and IL-18; on the other hand, ILC1s
could transdifferentiate back to either ILC2s
in response to IL-4 or to ILC3s in response to
IL-23 and IL-1b.24 Moreover, it has been shown
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that serum IL-12 and IL-18 levels are elevated in
SLE patients.25 Maazi et al.26 also indicated that
plasmacytoid dendritic cells (pDCs) suppressed
cytokine production and proliferation rates while
increasing the rate of apoptosis of ILC2s through
IFN-a production in allergic asthma murine
models. It is well-known that pDCs are the main
source of type I IFN and that the pDC-type I IFN
axis plays an important role in the pathogenesis
of SLE; moreover, increased pDCs and type I
IFN cytokines were found in patients with SLE.27
Another report revealed that the proliferation
and cytokine production of kidney-resident ILC2s
were suppressed by IFN-g and IL-27 produced
by activated T cells and myeloid cells in MRL-lpr
mice.9 However, patients with SLE possess
different cytokine profiles depending on the
disease activity.28 Thus, it may be suggested that
various cytokine pathways might contribute to the
plasticity of the three ILC subsets in different SLE
disease stages.
In our study, we found that the absolute
numbers of ILC3s were elevated in patients with
active SLE compared with that in patients with
inactive SLE, and that ILC3s were positively
correlated with SLEDAI-2000 and serum antidsDNA titers. This indicated that ILC3s were
associated with disease activity and that it might
be a cellular marker to monitor SLE disease flares;
however, more prospective studies are needed to
confirm this hypothesis.
Systemic lupus erythematosus is a systemic
autoimmune disease that can affect almost all
organ systems. Our results showed that increased
frequencies of ILC3s, decreased frequencies of
ILC1s, and decreased ILC1/ILC3 and ILC2/ILC3
ratios were found in patients with arthritis
compared to those without arthritis. To our
knowledge, to date, there is no research on
ILC subsets in patients with SLE accompanied
with arthritis. However, many studies on other
autoimmune diseases accompanied with arthritis
have been reported. Ciccia et al.29 found that gutderived ILC3s were expanded in the peripheral
blood and synovial fluid in patients with ankylosing
spondylitis. Rodríguez-Carrio et al.8 found
increased lymph node ILC1 and ILC3 counts in
patients with RA compared to those in healthy
controls. Soare et al.30 showed that circulating
ILC3 and ILC2 numbers were increased in
patients with psoriatic arthritis and that the
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ILC2/ILC3 ratio was correlated with disease
activity. In addition, one recent study indicated
that granulocyte-macrophage colony-stimulating
factor-producing ILCs induced by autoimmune
Th17 cells could initiate and augment autoimmune
arthritis in spontaneous autoimmune arthritis
model.31 Thus, we suggested that ILC subsets may
contribute to the development of autoimmune
arthritis and potentially serve as a cellular marker
for the diagnosis and monitoring of SLE patients
with arthritis. Although we failed to identify
significant relationships between ILC subsets and
other organ involvements, the link between them
needs to be further assessed in the peripheral
blood, kidney, skin, and synovial fluid.
A limitation of our study is the small sample
size. Thus, larger cohorts will be needed to
validate our findings.
In conclusion, the current study compared
the distribution of ILC subsets in SLE patients
with different clinical disease stages and organ
involvements. We found that ILC3 frequencies
were correlated with SLE disease activity. In
addition, we identified that ILC1 frequencies,
ILC3 frequencies, the ILC1/ILC3 ratio, and
the ILC2/ILC3 ratio were associated with SLE
accompanied with arthritis. Thus, ILC subsets may
be cellular markers for SLE disease activity and
specifically for SLE accompanied with arthritis.
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