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Abstract

The innate lymphoid cell (ILC) is a group of effector cells with diverse important cellular 

functions in both health and disease states. In comparison with healthy controls, there were 

increases in circulating ILC in SLE patients. The proportion of ILC1 significantly increased with 

significant decreases of ILC2 in SLE patients and ILC3 in SLE patients with moderate to severe 

activity. IL-12, IL-18, IL-25, IL-33, IL-23, IL-1β and IFN-γ were significantly increased in SLE 

patients. Moreover, IL-12, IL-18 and IL-1β but not IFN-γ correlated significantly with SLEDAI. 

Successful treatments rapidly reduced them and with certain normalization of the ILC subsets. In 

addition to increases in ILC1 numbers, ~ 80% of the ILC1 in SLE patients were positive for 
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synthesis of IFN-γ. Plasma from SLE patients were shown to be potent in inducing ILC1. Thus, 

increased circulating ILC1 might contribute to the pathogenesis of SLE through mounting type 1 

immune response.
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1. Introduction

The innate lymphoid cell (ILC) family is a novel group of innate effector cells which 

provide early and prompt defensive immune response to protect epithelial integrity and 

tissue immunity throughout the body [1]. They are defined by their lymphoid morphology 

and the lack of antigen specificity for T and B cells or myeloid and dendritic cell 

phenotypical markers [2]. ILCs are composed of “cytotoxic” ILCs (natural killer cells) and 

“helper” ILCs [3]. The latter are characterized by CD127+ phenotype and are divided into 

three groups including type 1, 2 and 3 ILC subsets according to the expression of cytokines 

and transcription factors [3].

ILCs have been proposed to be classified as the counterparts of T helper (Th) cells [2]. In 

this classification scheme, type 1 ILCs (ILC1) express T-bet and produce T helper 1-

associated cytokine IFN-γ in response to IL-12 and IL-18 [2]. Type 2 ILCs (ILC2) express 

high levels of GATA3 and are able to produce Th2-associated cytokines in response to 

thymic stromal lymphopoietin (TSLP), IL-25 and IL-33. Type 3 ILCs (ILC3) express the 

transcription factor RORγt and make IL-17 [2]. Some of the ILC3 cells in the skin and in 

the gut also make IFN-γ and IL-22 [2].

Since their discovery, ILCs have been studied extensively [1,4,5]. In addition to contributing 

to multiple immune pathways, they are important in tissue homeostasis, morphogenesis, 

metabolism, repair and regeneration. Therefore it is not surprising that pathogenic roles of 

ILCs in autoimmune diseases have been explored. Because of their roles in maintaining 

mucosal barriers and the availability of tissue from affected patients, significant information 

on their roles in the pathogenesis of Crohn’s disease has been generated. In inflamed 

intestines of these patients, frequency of IFN-γ-producing ILC1 was much higher than that 

of healthy intestines and the frequency of IL-22-producing ILC3 decreased, indicating a role 

for ILC1 in the pathogenesis of mucosal inflammation [6]. This conclusion is congruent 

with the fact that anti-IL-17 therapy is not effective in the treatment of Crohn’s disease [7]. 

Although psoriasis has been thought to be a Th17 prototypic disease, proportions of NKp44+ 

ILC3 have been shown to be significantly increased in the skin lesions and peripheral blood 

suggesting that ILC3 cells participate in psoriasis through producing IL-22 and IL-17 [8]. 

For ANCA associated vasculitis, circulating ILC1 were increased with decreases in ILC2 

and ILC3 and the imbalance of ILCs returned to normal when the disease was in remission 

[9].

In systemic lupus erythematosus (SLE), limited information is in the literature regarding the 

role of ILCs in its pathogenesis. In the present study, circulating ILCs subsets as defined by 

Guo et al. Page 2

Clin Immunol. Author manuscript; available in PMC 2021 June 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the current nomenclature in patients with active disease activity were interrogated and 

correlated with circulating cytokine levels. The results suggest that the marked increases in 

ILC1 in the ILCs population may contribute to the pathogenesis of SLE through the 

mounting of a Th1 immune response.

2. Methods

2.1. Study subjects

Forty-nine SLE patients were enrolled from the First Affiliated Hospital, Sun Yat-sen 

University. All SLE patients fulfilled the American College of Rheumatology criteria for the 

classification of SLE. SLE Disease Activity Index (SLEDAI) was calculated to classify the 

SLE patients into patients with inactive disease (SLEDAI: 0–4, n = 4), with mild disease 

activity (SLEDAI: 5–9, n = 10), with moderate disease activity (SLEDAI: 10–14, n = 16) 

and with severe disease activity (SLEDAI > 15, n = 19). Enrolled SLE patients included 

newly diagnosed patients and those experiencing relapse because of discontinuation of 

steroid and immunosuppressive agents for at least three months. Patients with complications 

such as infection or tumor were excluded. Twenty age and sex matched healthy controls 

were recruited. This study was approved by the Ethics Committee of the First Affiliated 

Hospital, Sun Yat-sen University. Informed consents were obtained from all patients and 

healthy controls. The demographic and clinical features of the SLE patients and healthy 

controls were summarized in Supplementary Table 1.

2.2. PBMC isolation and stimulation

Blood from SLE patients and healthy controls were drawn into tubes coated with heparin. 

PBMCs were isolated using density-gradient centrifugation on Ficoll-Paque™ PLUS (GE 

Healthcare, Chicago, IL, USA). Single cell suspensions were prepared and subjected to flow 

cytometry or in vitro stimulation. PBMCs from 5 healthy controls were seeded in 12-well 

plates with a concentration of 1 × 106 cells/ml and cultured with plasma from healthy 

controls or SLE patients for 3 days. In separate experiments, PBMCs from 11 healthy 

controls and 11 SLE patients were seeded in 12-well plates with a concentration of 1 × 106 

cells/ml and cultured with RPMI 1640 (Thermo Fisher Scientific, Waltham, MA, USA), 2 

mM glutamine, 100 U/ml penicillin, 100 μg/ml streptomycin and 10% heat-inactivated FBS 

(Thermo Fisher Scientific, Waltham, MA, USA). Although IL-2 itself does not activate 

ILC1, it enhances the activation of ILC1 by IL-12/IL-18 [6]. Fifty ng/ml recombinant human 

IL-2 (PeproTech, Rocky Hill, NJ, USA) was added to the cell cultures together with 50 

ng/ml recombinant human IL-12 (PeproTech, Rocky Hill, NJ, USA) and 50 ng/ml 

recombinant human IL-18 (Invivogen, San Diego, CA, USA) for 3 days [6]. After 

stimulation, PBMCs were collected and stained for flow cytometric analysis. The choice of 

3 days’ incubation was carried out according to the protocol of Bernink et al. [6].

2.3. Flow cytometry for ILCs

For ILCs identification, freshly isolated PBMCs were blocked with Human TruStain FcX™ 

(Fc Receptor Blocking Solution) (Biolegend, San Diego, CA, USA) for 15 min at room 

temperature. Following blocking, PBMCs were stained with Brilliant Violet 510™ anti-

human CD45 antibody (Biolegend, San Diego, CA, USA), Pacific Blue™ anti-human 
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Lineage Cocktail (CD3, CD14, CD16, CD19, CD20 and CD56) (Lin, Biolegend, San Diego, 

CA, USA), Alexa Fluor® 488 anti-human CD127 (IL-7Rα) antibody (Biolegend, San 

Diego, CA, USA), PE anti-human CD294 (CRTH2) antibody (Biolegend, San Diego, CA, 

USA), APC anti-human CD117 (c-kit) antibody (Biolegend, San Diego, CA, USA) and 

PerCP/Cy5.5 anti-human CD336 (NKp44) antibody (Biolegend, San Diego, CA, USA). For 

intracellular cytokine staining, in order to block cytokine secretion, Brelfeldin A solution 

(1000×) (Biolegend, San Diego, CA, USA) was added to freshly isolated PBMCs for 6 h 

before flow cytometry or stimulated PBMCs for the last 6 h. PBMCs were then collected 

and stained with the above antibodies and APC/Cy7 anti-human IFN-γ antibody (Biolegend, 

San Diego, CA, USA).

2.4. Elisa

Plasma was collected from SLE patients and healthy controls. IL-12, IL-1β, IL-25, IL-33, 

IL-23 and IL-18 were measured using ELISA kits (Cusabio, Wuhan, China) according to the 

manufacturer’s instructions. IFN-γ (Multi Sciences, Hangzhou, China) was also measured.

2.5. Statistical analysis

Statistical analysis was performed using SPSS 20.0 software. Normally distributed data were 

presented as mean ± SD and non-normally distributed data were presented as median ± 

interquartile range. Differences were determined with a two-tailed unpaired t-test, Mann-

Whitney U test, paired t-test or Chi-squared test. Correlations were analyzed using 

Spearman correlation coefficient with two-tailed p value. P values < .05 were considered 

statistically significant.

3. Results

3.1. Frequency of ILCs increased in the peripheral blood of SLE patients

In the present study, 49 SLE patients and 20 healthy controls were included. No significant 

differences in age and gender were observed between these two groups (Supplementary 

Table 1). Selected laboratory test results and organ involvement in SLE patients are 

presented in Supplementary Table 1.

Isolated PBMCs from patients and healthy controls were stained and subjected to flow 

cytometry for analysis of ILC subsets according to the gating strategy as outlined by 

Munneke J et al. [10]. The lineage makers (CD3, CD14, CD16, CD19, CD20 and CD56) are 

those for B, T, monocytes, dendritic and NK cells. Lin−CD127+ cells gated on CD45+ 

lymphocytes were considered to be ILCs (Fig. 1A–C). For further classification, ILCs 

expressing CRTH2 were defined as ILC2 (Fig. 1B and C). CRTH2−CD117− ILCs were 

designated as ILC1 and CRTH2−CD117+ ILCs can also be subdivided into NKp44+ ILC3 

and NKp44− ILC3 according to the expression of NKp44 (Fig. 1B and C). As shown in Fig. 

1B and C from a typical healthy individual and a SLE patient, ILC1, ILC2 and NKp44− 

ILC3 were the major components of ILCs in the peripheral blood of both healthy controls 

and SLE patients, while NKp44+ ILC3 was rarely seen in both groups. The data show that 

the ratios of these ILCs are altered in SLE patients. This later point will be discussed later. It 

suffices to state that the percentages of ILC/total PBMCs (Total cells) (Fig. 1D) and ILC/
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lymphocytes (Fig. 1E) were significantly increased in SLE patients compared to controls 

from a ratio of 0.45% to 0.89% and from 0.84% to 1.77% respectively.

3.2. ILC subsets were altered in SLE patients

In addition to an increase in ILCs in the peripheral blood of SLE patients, their ILC subsets 

were markedly altered. In healthy controls, ILC2 accounted for about 40% ILCs as the major 

ILC subset in the peripheral blood (Fig. 2B). In SLE, ILC1 were significantly increased and 

became the dominant ILC subset (Fig. 2A) while ILC2 (Fig. 2B) and ILC3 (Fig. 2C) subsets 

decreased significantly.

SLE patients with moderate and severe disease activities had increases in ILC1/ILC and 

decreases in ILC2/ILC and ILC3/ILC (Fig. 2D–F). In the case of patients with mild disease 

activity, there were significant increases in ILC1/ILC and decreases in ILC2/ILC but the 

proportion of ILC3/ILCs in patients with mild active SLE was not significantly different 

from that of the control group (Fig. 2F). The subset alterations correlated with disease 

activities as measured by SLEDAI except ILC3/ILCs (Fig. 2G–I). As a group, SLE patients’ 

SLEDAI scores correlates positively with the increases in ILC1 and negatively with decrease 

in ILC2 (Fig. 2G and H). SLEDAI scores were not significantly correlated with changes in 

the ILC3 subset (Fig. 2I).

The ratio of ILC/total PBMCs and ILC/lymphocytes were not statistically different between 

patients with or without renal lesions (Supplementary Fig. 1A and B). However, the ratio of 

ILC1/ILC was significantly higher and the ratio of ILC2/ILC was significantly lower in 

patients with renal lesions compared to those SLE patients without renal lesions. ILC3/ILC 

was not significantly different between patients with or without renal lesions 

(Supplementary Fig. 1C–E).

3.3. Levels of IL-12 and IL-18 increased and positively correlated with ILC1/ILCs

IL-12, IL-18, IL-25, IL-33, IL-23 and IL-1β are the cytokines that are closely associated 

with ILC subset induction [4]. These cytokines were significantly increased in SLE patients 

(Fig. 3 and Supplementary Fig. 2). IL-12, IL-18 and IL-1β were positively correlated with 

SLEDAI (Fig. 3E–G). Similar positive correlations were also observed between IL-25 and 

SLEDAI (Supplementary Fig. 2A). However, there were no significant correlations between 

IFN-γ, IL-23 or IL-33 and SLEDAI (Fig. 3H, Supplementary Fig. 2B and C).

Regarding cytokines that are relevant to the induction of ILC subsets [4], levels of IL-12 and 

IL-18 were positively correlated with ILC1 (Fig. 3I and J). However, IL-25 and IL-33 did 

not correlate with ILC2 (Supplementary Fig. 2A and B). IL-1β negatively correlated with 

ILC3 (Fig. 3K) while there was no significant correlation between IL-23 and ILC3 

(Supplementary Fig. 2C). In addition, the level of IFN-γ did not correlate with ILC1 (Fig. 

3L).

3.4. Treatment restored ILC1/ILCs and ILC2/ILCs in SLE patients

Twelve SLE patients with lupus nephritis were followed up for 10–12 days after the 

initiation of treatments with steroid and cyclophosphamide. The plasma samples of these 

Guo et al. Page 5

Clin Immunol. Author manuscript; available in PMC 2021 June 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



patients before and after the initiation of therapy were analyzed for cytokines of interest. 

Some of these patients’ PBMC were analyzed regarding their changes in ILC subsets. As 

shown in Fig. 4A–C, ILC1 were significantly decreased with concomitant increases in ILC2 

while no significant change was found in ILC3. In addition, ILC1 inducing cytokines IL-12 

and IL-18 were significantly decreased (Fig. 4D). IL-33 and IL-1β were also decreased 

following treatment, but IL-25 and IL-23 did not change significantly (Fig. 4D and 

Supplementary Fig. 3). Levels of IFN-γ were also decreased (Fig. 4D). In addition, lower 

SLEDAI scores were achieved following the treatments (Fig. 4C).

3.5. ILC1 presented potent ability to secrete IFN-γ in SLE

In order to ascertain the function of ILC1 in the peripheral blood of SLE patients, PBMCs 

from 11 healthy controls and 11 SLE patients were prepared for intracellular cytokine 

staining. As shown in Fig. 5A and B, ILC1 from healthy controls and SLE patients were 

able to secret IFN-γ. ILC1 from SLE patients secreted larger amount of IFN-γ as presented 

by the elevated MFI of IFN-γ (Fig. 5C and D). In healthy controls, only about 20% of ILC1 

were positive for IFN-γ (Fig. 5B and E). In contrast, over 80% of ILC1 were positive for 

IFN-γ in SLE patients (Fig. 5B and E).

3.6. Plasma from SLE patients promoted the production of IFN-γ in ILC1

PBMCs from healthy controls or SLE patients were treated with different stimuli to explore 

the responsible factors for the activation of ILC1 in SLE patients. Gating strategy is shown 

in Fig. 6A. PBMCs from 5 healthy controls were stimulated with plasma from healthy 

controls or with plasma from SLE patients for 3 days. In these groups, stimulations of SLE 

plasma or IL-2/IL-12/IL-18 significantly increased the amounts of IFN-γ secreted by ILC1 

presented as increased MFI of IFN-γ (Fig. 6B–D). 10–40% of the ILC1 cells in control 

PBMCs incubated with control plasma were positive for IFN-γ (Fig. 6E). After incubation 

with SLE plasma, percentages of IFN-γ positive ILC1 increased to 50–90% (Fig. 6E). 

Similarly, IL-2/IL-12/IL-18 significantly increased the percentages of IFN-γ positive ILC1 

in PBMCs from both healthy volunteers and SLE patients (Fig. 6F and G).

4. Discussion

ILCs are functionally diverse and developmentally related innate lymphocytes with 

phenotypes that resemble those of polarized T cell subsets [11]. They are enriched at barrier 

surfaces in tissues such as skin, lung and intestine. They respond to cytokines and microbial 

signals promptly [12]. Mature ILCs secret a series of type 1, type 2 and type 17 immune 

response cytokines to mount pro-inflammatory responses, regulate tissue homeostasis and 

shape the adaptive immune responses [1]. In the present study, we found that ILC subsets 

were significantly altered with an increase of ILC1 and decrease of ILC2 and ILC3 in SLE. 

In addition, functional ILC1 increased and presented with robust IFN-γ secretion.

Our results showed that about 0.1% lymphocytes in the peripheral blood were ILCs and 

ILC2 was the major subset of ILCs in healthy controls. This percentage of ILCs was 

consistent with that reported in the literature [13]. In SLE, the frequencies of ILCs increased 

to about 0.2% and ILC1 increased from 30% to near 70% accompanied with a decrease in 
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ILC2. Correlation analysis showed a positive correlation between ILC1 and SLEDAI and a 

negative correlation between ILC2 and SLEDAI. This added the credence that type 1 

immune response was the prominent immune response in SLE. Such a change in the 

proportion of ILC subsets was reversed after immunosuppressive treatment of SLE. These 

findings indicate that ILC1 may be a useful marker to predict disease activity and to monitor 

disease activity in SLE.

In this study, the cytokines that are related to the induction of ILC subsets such as IL-12 and 

IL-18 for ILC1, IL-25 and Il-33 for ILC2 and IL-23 and IL-1β for ILC3 are elevated in SLE 

patients. Except for IL-12 and IL-18 for ILC1, the elevation of circulating cytokines does 

not correlate with the elevation of related ILC subsets. This observation is concurrent with 

the observation that induction of ILC2 and ILC3 are under the control of additional 

cytokines [4]. In addition, it suggests that there are local factors determining the induction of 

these cells. This complexity is illustrated by the subset of NKp44−ILC3. NKp44− ILC3 in 

the peripheral blood differ dramatically from NKp44− ILC3 in the gut. The NKp44−ILC3 in 

the gut do not express RORγt and yet they are able to differentiate to functional ILC1, ILC2 

or ILC3 in the presence of cytokines that drive ILC subset development, indicating that 

NKp44− ILC3 was a circulating pool of partially committed ILC progenitors [3]. Even in the 

gut, CD117+NKp44− ILC3 are able to differentiate to NKp44+ ILC3 in the presence of 

IL-23 and IL-1β [7]. These findings demonstrated that ILC have plasticity and may present 

certain types of immune responses in specific microenvironments. This may explain why 

ILC3 did not correlate well with relevant cytokines in SLE patients.

The rapid rate of changes in circulating cytokines after the initiation of treatment in SLE was 

unexpected. The rates of the changes vary greatly from one patient to another. It is tempting 

to speculate that the changes in cytokine profiles may influence the changes in ILC subsets. 

In addition, whether the rates of changes in cytokine concentrations have any prognostic 

significance should be investigated with serials studies of circulating cytokines in SLE 

patients during the course of their treatments.

IFN-γ is the hallmark cytokine of the Th1 immune response. IFN-γ has been implicated in 

the pathogenesis of SLE. IFN-γ genetic polymorphism is associated with susceptibility to 

SLE [14]. IFN-γ receptor deletion prevents autoantibody production and protects NZB/W 

F1 mice from the development of lupus nephritis [15]. Recent studies showed that IFN-γ 
activity preceded autoantibody accrual and elevated IFN-α activity and SLE clinical 

manifestation [16]. In the present study, we found that plasma IFN-γ was elevated in SLE 

patients and decreased following treatment. However, the level of IFN-γ did not correlate 

with disease activity or ILC1/ILCs. This might be explained by the fact that IFN-γ are 

produced by a variety of cells including activated Th1 CD4+ lymphocytes, CD8+ 

lymphocytes NK cells, NKT cells, and professional antigen-presenting cells as well as B 

cells [17]. On the other hand, ~ 80% of circulating ILC1 expressed IFN-γ in SLE patients. 

In contrast, only ~20% of circulating ILC1 cells were positive for this cytokine. We also 

showed that plasma from SLE patients were potent in the induction of IFN-γ positive ILC1 

cells and IFN-γ production by the circulating ILC1 isolated from normal controls. This 

activity may reflect the increase in IL-12 and IL-18 in SLE patients’ plasma. While we were 

not able to determine the relative contribution of ILC1 to the elevation of circulating IFN-γ 
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in SLE, it is reasonable to conclude that increased circulating ILC1 might contribute to the 

pathogenesis of SLE through mounting type 1 immune response.

IL-12 is mainly produced by monocytes and macrophages, and to a less extent by dendritic 

cells [18,19]. However, its role in the pathogenesis of SLE is conflicting. Many studies 

reported that the blood levels of IL-12 were higher in SLE patients than those of healthy 

subjects [20,21]. Tucci et al. showed that levels of both IL-12 in sera and urine were elevated 

and reflect glomerular production and parallel Th1 polarization and high IFN-γ production 

in SLE [22]. In contrast, Liu et al. reported impaired production of IL-12 in SLE [23]. IL-1β 
was also significantly increased in the present study and positively correlated with disease 

activity. Maturation and secretion of IL-1β and IL-18 was mediated by NLRP3 

inflammasome [24]. Blocking the NLRP3 inflammasome by antagonists against upstream 

molecules was shown to be effective in controlling progression of LN [25–27], indicating 

that the NLRP3 inflammasome might be a potential target to treat lupus. Recently, blood 

levels of IL-18 were shown to be increased in SLE patients and were potentially associated 

with active renal disease while IL-β was not significantly elevated [28]. More studies will be 

needed to clarify the relative role of these two cytokines in the pathogenesis of SLE.

Circulating ILCs may accumulate in certain organs and their accumulation may be a 

predictor of the ongoing processes. NKp44+ ILC3 accumulated in skin lesions in psoriasis 

patients and expanded in peripheral blood, driving epidermal thickening through secreting 

IL-22 [8,29]. Wohlfahrt et al. documented that the frequency of ILC2 was significantly 

increased in skin sections and in circulation of patients with systemic sclerosis compared 

with healthy controls, suggesting that ILC2 might be the pathogenic factor triggering 

fibroblast activation and tissue fibrosis [30]. In the present studies, we found that the 

proportion of ILC1 was higher while ILC2 was lower in PBMC of SLE with renal 

involvement compared to those without renal involvement, suggesting that ILC1 might be a 

pathogenic player in renal damage. This was consistent with previous reports showing that 

type 1 immune response plays a critical role in the pathogenesis of lupus nephritis. 

Predominance of Th1 response in both peripheral and renal tissues was observed in diffuse 

proliferative lupus nephritis [31,32]. The numbers of renal IFN-γ producing CD4+ Th1 cells 

gradually increased in the kidneys of MRL/lpr and NZB/W F1 mice over time [33]. Further 

studies of renal ILC subsets may provide novel insights in the pathogenesis of human and 

mouse lupus.

It will be remiss not to discuss the role of NK cells in the pathogenesis of SLE. There are 

multiple publications on NK cells in SLE [34]. Phenotypic analyses of NK cells in SLE have 

not yielded consistent results. For example, Schepis et al., reported the increase in CD56 

bright NK cells in SLE patients irrespective of their disease activities [35]. However, Hervier 

et al. showed that the absolute NK cell count was decreased in patients with active SLE but 

the relative frequency of CD56 bright/dim NK cells were unaffected [36]. The divergent 

results on the NK cell populations may be due to the heterogeneity and the treatments of the 

SLE patient populations as well as the methods of gating the cell populations. Phenotypic 

analyses further showed there was reduction of expression of inhibitory receptors on the NK 

cell population in SLE with variable expression of activating receptors. These results do not 

support the thesis that the NK cells are more active in SLE. At any rate, most if not all the 
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studies on NK cells were carried out before the classification of ILC. Their relevance to the 

present study is not apparent.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Increased frequency of ILCs in peripheral blood of SLE patients. PBMCs from healthy 

controls and SLE patients were stained for flow cytometry. (A) Single CD45+ lymphocytes 

were selected for ILCs analysis. ILCs were defined as Lin−CD127+ cells. Type 1, 2 and 3 

ILC are identified by the expression of CRTH2, CD117 and NKp44. Representative gating 

strategy of ILCs in a healthy control (B) and a SLE patient (C). Percentages of ILC/Total 

cells (PBMC) (D) and ILC/Lymphocytes (E) in SLE patients (N = 49) and healthy controls 

(N = 20).
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Fig. 2. 
Alteration of ILC subset in SLE patients. PBMCs were collected from SLE patients and 

healthy controls. 49 SLE patients were scored and classified into inactive disease (SLEDAI: 

0–4, n = 4) (data not shown), mild disease activity (SLEDAI: 5–9, n = 10), moderate disease 

activity (SLEDAI: 10–14, n = 16) and severe disease activity (SLEDAI > 15, n = 19), 

Percentages of ILC1/ILCs (A, D), ILC2/ILCs (B, E), ILC3/ILCs (C, F) in both groups are 

shown. Correlations between ILC1/ILCs (G), ILC2/ILCs (H), ILC3/ILCs (I) and SLEDAI 

are presented.
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Fig. 3. 
IL-12 and IL-18 positively correlated with SLEDAI and ILC1/ILCs. Plasma from healthy 

controls and SLE patients were collected. Levels of IL-12 (A), IL-18 (B), IL-1β (C) and 

IFN-γ (D) in both groups and respective correlation with SLEDAI (E-H) and ILC subsets (I-

L) are shown. Each point represents an individual subject.
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Fig. 4. 
Treatment restored proportions of ILCs subsets. Fresh blood samples from 12 SLE patients 

with lupus nephritis were collected before and 10–12 days after treatment. PBMCs of some 

of these patients were subjected to flow cytometry. Representative flow cytometry results of 

SLE patients before treatment (A) and after treatment (B). (C) Proportions of ILC1/ILCs, 

ILC2/ILCs and ILC3/ILCs and SLEDAI before and after treatment are compared. (D) 

Plasma was subjected to ELISA analysis. Levels of IL-12, IL-18, IL-1β and IFN-γ before 

and after treatment are presented. Each point represents an individual subject.
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Fig. 5. 
ILC1 presented potent ability to secrete IFN-γ in SLE. PBMCs from 11 healthy controls and 

11 SLE patients were isolated and cultured in RPMI1640 supplemented with 10%FBS in the 

presence of Brelfeldin A for 6 h. Intracellular IFN-γ staining was performed. (A). Gating 

strategy is presented. (B). The production of IFN-γ is measured by flow cytometry in cells 

gated on the ILC1 population. (C, D) Comparison of intensity of IFN-γ between control and 

SLE groups are shown. (E) Frequencies of IFN-γ positive ILC1 in control and SLE patients 

groups are compared.
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Fig. 6. 
IL-2/IL-12/IL-18 promoted the production of IFN-γ in ILC1. PBMCs from healthy controls 

or SLE patients were treated with different stimuli for 3 days. Brelfeldin A was added in the 

last 6 h of the incubation period. Cells were collected and stained for flow cytometry. (A) 

Gating strategy is shown. MFI of IFN-γ gated on ILC1 and frequencies of IFN-γ positive 

ILC1 are presented: PBMCs from 5 healthy controls were stimulated with plasma from 

healthy controls or SLE patients (B, E); PBMCs from 11 healthy controls were stimulated 

with PBS or IL-2/IL-12/IL-18 (C, F); PBMCs from 11 SLE patients were stimulated with 
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PBS or IL-2/IL-12/IL-18 (D, G). Each PBMC was divided into two parts and received 

different stimuli.
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