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Abstract

Objective Our previous study has shown that functional leukocyte immunoglobulin-like receptors A3 (LILRA3) contributes to
susceptibility and subphenotypes of systemic lupus erythematosus (SLE). However, the mechanism remains unclear. We aimed
to evaluate the role of LILRA3 in SLE.

Methods One hundred twenty-six SLE patients and 48 healthy controls were recruited in this study. Functional studies were
performed using intracellular flow cytometry and ELISA.

Results Both LILRA3 levels in serum and CD14" monocytes were significantly elevated in SLE patients compared with healthy
controls. Elevated LILRA3 level was found positively correlated with SLEDAI. Furthermore, more elevated LILRA3 levels were
found in patients with higher SLEDALI, presence of lupus nephritis, and thrombocytopenia.

Conclusions Both LILRA3 levels in serum and CD14" monocytes significantly increased in SLE and positively correlated with
disease activity and severity. The upregulation of LILRA3 expression may serve as a biomarker of disease activity and severity of
SLE.

Key Points

» LILRA3 contributes to susceptibility and subphenotypes of SLE; LILRA3 is elevated in SLE patients.
* Increased LILRA3 correlated with disease activity and severity.

* LILRA3 may serve as a biomarker of disease activity and severity of SLE.

Keywords CD14+ monocytes - LILRA3 - Systemic lupus erythematosus

Introduction
Electronic supplementary material The online version of this article Systemic lupus erythematosus (SLE) is a classic autoimmune
(https://doi.org/10.1007/s10067-019-04624-7) contains supplementary disease, characterized by multiple systems and organs damage
material, which is available to authorized users. and a large number of autoantibodies. Both genetic and envi-
ronment factors contribute to SLE pathogenesis, but the etiol-
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chromosome 19 in the region 19q13.4 [1, 2]. A total of 13
different LILRs have been identified to date, mainly expressed
on myeloid cells, natural killer (NK) cells, and T cells [1, 3].

LILRA3 is a member of the LILR family produced as a
soluble molecule by monocytes and macrophages. A 6.7-kb
deletion in the gene of LILRA3 results in a null allele and an
absence of function [2, 4]. The frequencies of the 6.7-kb de-
letion vary greatly in different populations, considerably
higher in Northeastern Asians (0.56—0.84) compared with
Africans (0.10) or Europeans (0.17) [5]. The homozygous
LILRA3 deletion (nonfunctional LILRA3) has been demon-
strated to be associated with Sjogren’s syndrome (SS) and
multiple sclerosis (MS) in Caucasians [6—8]. However, in
our previous studies, we found that in Chinese Han popula-
tion, the LILRA3 non-deletion (namely functional LILRA3)
contributes to susceptibility and subphenotypes of SLE and
SS [9]. With respect to the significant role of LILRA3 in
immune-modulatory functions, we studied the role of
LILRA3 in SLE.

Materials and methods
Patients and controls

One hundred twenty-six patients with SLE and 48 healthy
controls were enrolled at the Department of Rheumatology,
the Second Affiliated Hospital Zhejiang University School of
Medicine, and blood samples were obtained from these sub-
jects. All of the enrolled patients fulfilled at least four of the
1997 update of American College of Rheumatology (ACR)
revised criteria for SLE [10]. All participants signed the in-
formed consent to donate their blood samples and de-
identified clinical information for research. The study was
approved by the ethics committee of the Second Affiliated
Hospital Zhejiang University School of Medicine. The intra-
cellular LILRA3 expression was detected for 61 of the 126
patients and 20 of the 48 healthy controls.

Clinical data analysis

Demographic, clinical and laboratory data, obtained from the
medical records of the patients, included age, sex, disease du-
ration, clinical symptoms, anti-double-stranded DNA antibody
(anti-dsDNA Ab), anticardiolipin antibody (aCL), anti-
nucleosome antibody (AnuA), anti-Sm antibody (Sm), anti-
SSA antibody (SSA), blood cell counts, urinalysis, 24-h pro-
teinuria excretion, IgG, IgM, IgA, complement component 3
(C3), complement component 4 (C4), C-reactive protein
(CRP), and erythrocyte sedimentation rate (ESR). Anti-
dsDNA, 24-h proteinuria excretion, C3, and C4 were used to
predict SLE disease activity. Increased SLE severity was de-
fined by the presence of SLEDAI > 8, higher SLE-associated
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autoantibody levels (anti-dsDNA Ab, aCL, AnuA, anti-Sm Ab,
and anti-SSA Ab), decrease of C3 or C4 levels or one of the
following features: nephritis, thrombocytopenia,
leukocytopenia, and lupus encephalopathy. Clinical features
defined by the SLEDAI scoring system were seizure, psychiat-
ric symptoms, encephalosis, visual injury, cranial neuropathy,
lupus headache, cerebrovascular insult, vasculitis arthritis,
myositis, cylinderuria (hemoglobin/red blood cell cylinder),
granular cast, hemoglobinuria (> 5 red blood cells/high-power
field (HP)), proteinuria (> 0.5 g/24 h), pyuria (> 5 white blood
cells/HP), alopecia, rash, oral ulcers, pleuritis, fever (tempera-
ture (T) >38 °C), leukopenia (<3 x 10°/L), and thrombocyto-
penia (< 100 x 10%/L).

Lymphocyte separation and intracellular flow
cytometry

Peripheral blood was obtained from patients and healthy con-
trols; lymphocytes were separated using Biocoll density centri-
fugation. Lymphocytes were adjusted to a concentration of 1 x
10° cells per ml, fixed with 2% paraformaldehyde and washed
three times in PBS with BSA 0.1%. Cells were first stained with
allophycocyanin (APC) anti-human CD14 (Biolegend, San
Diego, CA, USA), and then washed three times in PBS/BSA
after 25-min incubation. Secondly, cells were permeabilized
with saponin; the Alexa Fluor®488 anti-human LILRA3
(R&D Corporation, Minneapolis, MN, USA) antibody was
added and incubated for 25 min. The stained cells were proc-
essed in flow cytometry (BD FACS Aria™ II). Forward scatter
and side scatter were used to gate lymphocytes, monocytes and
granulocytes (Fig. 1a). Monocytes initially were gated using the
monocyte marker anti-human CD14 APC conjugate IgG1 (Fig.
la). The expression of LILRA3 in CD14+ monocytes was
quantified by means of fluorescence intensity (MFI) (Fig. 1a).
The results were analyzed using Flow Jo 7.6.5 (USA).

Enzyme-linked immunosorbent assay

All serum samples were split into aliquots and stored at —
80 °C until use. ELISA kits were used for measuring
Sema5A levels in serum (Jiyinmei, Wuhan, P.R. China), ac-
cording to the manufacturer instructions. The difference be-
tween intra-assay and inter-assay are less than 6% and 10%,
respectively.

Statistical analysis

Data analyses were performed using SPSS software for
Windows 16.0. For normally distributed data expressed as
mean values = SD (standard deviation), the differences be-
tween groups were analyzed by Student’s ¢ test.
Comparisons of categorical variables were conducted using
Pearson chi-square tests. For nonparametric data, results were
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Fig. 1 Example of quantification of blood CD14+ monocytes subset.
Intracellular LILRA3 expression was measured by flow cytometry as
mean fluorescence intensity (MFI). a Cell distribution based on
forward-scatter and side-scatter; the monocyte population is identified
and gated accordingly. The fraction of monocyte positive for CD14 is
identified and gated. Histogram shows the MFI of CD14+ monocytes
positive for LILRA3 in IgGl isotype (blue line), healthy controls (red

expressed as median (range) values, and the differences be-
tween groups were analyzed by the Mann—Whitney U test.
Spearman’s correlation coefficient was applied to detect the
correlation between two groups. P values less than 0.05 were
considered significant.

Results
Characteristics of SLE patients

One hundred twenty-six SLE patients with a mean age of
36.85+14.3 years, and 48 healthy controls with a mean
age of 37.05+14.51 years were enrolled to detect the
serum LILRA3 expression by ELISA. Among them, 61
SLE patients and 20 matched controls were enrolled in the
flow cytometry study to detect LILRA3 expression in
CD14+ monocytes. The SLE patients consisted of 111
female and 15 male subjects, and the healthy controls
consisted of 43 females and 5 males. The median disease
duration was 48 months with a range of 1 to 480 months.
No significant differences were observed in age (P=0.2)
and gender (P =0.73) between SLE patients and healthy

line) and SLE patients (orange line). LILRA3 expression in CD14+
monocytes subset was significantly higher in patients with SLE
compared with healthy controls. b Serum LILRA3 levels were
significantly higher in patients with SLE than healthy controls. ¢ The
LILRA3 levels in the CD14+ monocytes were significantly higher in
SLE patients compared with healthy controls

controls. The SLEDAI score of the SLE patients was 9.31
+5.98. The clinical and laboratory characteristics of the
studied SLE patients and healthy controls are shown in
Table 1.

LILRA3 levels in serum and CD14+ monocytes
in patients with SLE

The results of ELISA revealed that the mean values of
LILRA3 were (2246.1 £123.7) pg/mL in serum from SLE
patients and (858.2 = 112.5) pg/mL in those from healthy con-
trols, and the difference was statistically significant
(P<0.0001, Fig. 1b). Besides the elevated LILRA3 expres-
sion level in serum, the levels in monocytes examined by
FACS were also significantly higher among 61 SLE patients
(MFI 9.81+£0.91) than those from the 20 healthy controls
(MF13.31+0.63) (P=0.0001, Fig. 1c).

Elevated LILRA3 levels were correlated with disease
activity and severe clinical manifestations in SLE

In patients with SLE, the serum LILRA3 concentrations
were positively correlated to disease activity quantified by
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Table 1 Clinical and laboratory
characteristics in patients with Clinical characteristics SLE, N (%)* Healthy controls P value®

SLE and healthy controls

Age 36.85+14.3 37.05+14.51 0.200
Sex (female:male) 115:11 43:5 0.730
Disease duration (median, months) (1-480, 48) NA
ANA (%) 119/126 (94.4) NA
Anti-dsDNA Ab (%) 85/126 (67.5) NA
ACL (%) 20/126 (15.9) NA
AnuA (%) 50/126 (39.7) NA
Sm (%) 37/126 (29.4) NA
SSA (%) 99/126 (78.6) NA
24 h proteinuria (%) 61/126 (48.4) NA
Lupus nephritis (%) 56/126 (44.4) NA
Decreased C3 (%) 104/126 (82.5) NA
Decreased C4 (%) 74/126 (58.7) NA
SLEDAI 9.31+5.98 NA

SLEDAI systemic lupus erythematosus disease activity index, ANA antinuclear antibody, Anti-dsDNA Ab anti-
double strand DNA antibody, ACL anticardiolipin antibody, AnuA antinucleosome antibody, Sm anti-Smith
antibody, SSA anti-SSA antibody, C3 Complement component 3, C4 Complement component 4; NA not
applicable

#Values are represented as either mean or number N (%). Numerical data were presented as mean + SD and
analyzed using the Student ¢ test or Pearson’s chi-squared test.

®P<0.05

SLEDALI score (r=0.257, P=0.0036) (Table 2, Fig. 2a). 0.0018) (Table 2, Fig. 2b), and significant correlation was
The LILRA3 expression in CD14+ monocyte was also  detected between LILRA3 in monocytes and 24-h protein-
positively associated with SLEDAI score (r=0.398, P= uria excretion (r=0.328, P=0.024) (Table 2, Fig. 2c).

Table 2 Correlations of LILRA3

levels with the studied parameters Clinical manifestations LILRA3 in monocytes (MFI) LILRA3 in serum (pg/mL)
in SLE patients
Spearman’s P value Spearman’s P value
r r
SLEDAI 0.398 0.0018%** 0.257 0.0036%*
24 h proteinuria excretion 0.328 0.024* 0.159 0.09
Leucocytes —0.033 0.680 -0.253 0.0037%*
Thrombocytes -0.176 0.213 —0.144 0.11
Anti-dsDNA Ab 0.066 0.627 —0.061 0.498
C3 —0.138 0.290 —0.076 0.392
C4 —0.140 0.282 —0.025 0.777
IgA 0.068 0.604 0.017 0.852
IgM 0.107 0.417 0.053 0.557
IgG 0.143 0.218 0.228 0.01*
CRP —0.164 0.237 0.088 0.339

Spearman’s correlation coefficient () was applied to detect correlation between two types of numerical data

SLE systemic lupus erythematosus, SLEDAI systemic lupus erythematosus disease activity index, LILRA3 leu-
kocyte immunoglobulin-like receptor A3, ANA antinuclear antibody, Anti-dsDNA Ab anti-double strand DNA
antibody, ACL anticardiolipin antibody, AnuA antinucleosome antibody, Sm anti-Smith antibody, SS anti-SSA
antibody, C3 Complement component 3, C4 Complement component 4, CRP C-reactive protein.

*P<0.05

*#P<0.01
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Fig. 2 Correlation of LILRA3 levels with different clinical parameters
such as SLEDAI score and 24 h proteinuria excretion in patients with
SLE. a Serum LILRA3 was positively correlated to b SLEDAI score, ¢
LILRA3 in CD14+ monocytes had positive correlation with SLEDAI

Besides the correlation between LILRA3 expression
and disease activity, both LILRA3 levels in CD14+ mono-
cytes and circulating LILRA3 levels in serum were associ-
ated with more severe clinical and laboratory manifesta-
tions in SLE patients (Fig. 3). We grouped patients by
SLEDALI or presence of clinical and laboratory features.
The patients with SLEDAI more than 8 showed higher
LILRA3 levels in serum (2646.5+215.8 pg/mL vs.
1873.6+115.2 pg/mL, P=0.011) and in CD14+ mono-
cytes (MFI 13.35+1.85 vs. 7.44+0.81, P=0.0049).
Serum LILRA3 levels were significantly higher (P =
0.04) in patients with leukocytopenia (2455.4 +202.8 pg/
mL) than those without leukocytopenia (2119.5+
155.2 pg/mL). LILRA3 levels in CD14+ monocytes were
significantly higher in patients with proteinuria (MFI
12.34+1.62) than those without protein excretion (MFI
8.06 £0.97). Patients with lupus nephritis or thrombocyto-
penia showed both higher LILRA3 levels in serum and
CD14+ monocytes than those without lupus nephritis or
thrombocytopenia (serum LILRA3 lupus nephritis+
2510.3+195.0 pg/mL vs. lupus nephritis—1849.3 +
113.0 pg/mL, P=0.013; thrombocytopenia+2872.7 +
319.7 pg/mL vs. thrombocytopenia—2061.8 £ 124.8 pg/
mL, P=0.012; LILRA3 in CD14 + monocytes: lupus

score and 24 h proteinuria excretion. 24 h, 24 h proteinuria excretion;
SLEDAI, SLE disease activity index. Spearman’s rank correlation test
was used to assess correlations

nephritis+ MFI 13.66 +1.89 vs. lupus nephritis—7.94 +
0.87, P= 0.0056; thrombocytopenia+14.83 +£2.39 vs.
thrombocytopenia—=8.92 +£0.77, P=0.016) (Table 3, Fig.
3).

Comparison of clinical features
between the LILRA3-positive group
and LILRA3-negative SLE patients

The cutoff value for positivity was established 2SD above
the mean value of healthy controls. Based on this cutoff
value, the sensitivity and specificity of serum LILRA3
levels for identification of SLE patients in this cohort were
33.3% and 91.6%, respectively.

Among the 126 patients with SLE, there were no signif-
icant differences between the LILRA3-positive and
LILRA3-negative subgroups with respect to sex, autoanti-
bodies, and most other features (Supplementary Table 1).
However, LILRA3-positive group showed shorter disease
duration (serum LILRA3 36 (1-480) vs. 60 (6-360), P=
0.045; LILRA3 in CD14 + monocytes 36 (1-240) versus
120 (1-360), P= 0.032) and higher incidence of nephritis
(serum LILRA3: 27/42 vs. 29/84, P=0.002; LILRA3 in
CD14 + monocytes 16/34 vs. 4/27, P= 0.007) compared
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Fig. 3 Serum LILRA3 levels and
LILRA3 in CD14+ monocytes
according to the clinical
manifestations in SLE. a Serum
LILRAS3 concentrations in
patients with a SLEDAI more
than or equal to 8, WBC less than
4x 10°/L, PLT less than 100 x
10°/L, and with lupus nephritis. b
LILRA3 in CD14+ monocytes in
patients with a SLEDAI more
than or equal to 8, PLT less than
100 x 10°/L, 24 h proteinuria
excretion more than or equal to
0.1 g/d, and with lupus nephritis.
SLEDALI SLE disease activity
index; WBC, leukocyte; PLT,
thrombocyte

with LILRA3-negative group (Supplementary Table 1).
Moreover, the value of SLEDAI was significant higher in
LILRA3-positive group compared with LILRA3-negative
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group (serum LILRA3 11.85+7.39 vs. 7.59+4.01; P=
0.0018; LILRA3 in CD14 + monocytes 9.34+5.61 vs.

6.11+3.76, P= 0.023), but the values of WBC (serum

LILRA3: 4.0 (1.9-8.1) vs. 5.0 (1.5-13.1), P=0.01) and

PLT count (serum LILRA3 132 (5-259) vs. 170 (3—496),
P=0.021; LILRA3 in CD14 + monocytes: 118 (16—460)
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vs. 164 (7-363), P=0.03) were lower in LILRA3-positive
group compared with LILRA3-negative group
(Supplementary Table 1).

The LILR family can be divided into two classes: the activat-
ing LILR subfamily A (LILRA1-6) and the inhibitory LILR
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Table 3  Comparison of LILRA3 levels in the presence or absence of SLE clinical and laboratory manifestations

Manifestations LILRA3 in CD14+ monocytes (MFI) P LILRAS3 in serum (pg/mL) P
Presence (n) Absence () Presence (n) Absence (n)

SLEDAI 134+19 7.4+0.8 0.0049%*  2646.5+215.9 1873.6+115.2 0.011%*
(SLEDAI>8,n=22) (SLEDAI<S8,n=39) (SLEDAI>8,n=62)  (SLEDAI<S, n=064)

Lupus nephritis 13.7+1.9 7.9+09 0.0056**  2613.3+£217.5 1930.5+137.8 0.013*
(n=20) (n=41) (n=56) (n=70)

proteinuria 123£1.6 8.1+09 0.026%* 2261.4+279.4 2243.6+142.3 0.434
(n=25) (n=36) (n=61) (n=065)

Leukocytopenia 99+1.7 94+1.1 0917 2455.4+202.8 2119.5+155.2 0.04*
(n=14) (n=41) (n=46) (n=280)

Thrombocytopenia 14.8+24 8.9+0.7 0.016%* 2872.7+£319.7 2061.8+124.8 0.012*
(n=17) (n=44) (n=30) (n=96)

Anti-dsDNA Ab 104+1.5 8.8+1.1 0.665 2483.3+£383.1 2480+257.3 0.898
(n=38) (n=23) (n=285) (n=41)

ACL 13.6+4.2 9.0+0.8 0.298 2442.3+352.4 2548.9+£346.0 0.776
(n=238) (n=53) (n=20) (n=106)

SSA 9.6+12 97+15 0.879 2556.5+£340.6 2523.6+380.7 0.583
(n=49) n=12) n=99) (n=27)

Sm 10.3+3.0 84+14 0.298 2207.8+£233.1 2253.0+£151.8 0.832
(n=13) (n=48) (n=37) (n=289)

Decreased C3 10.1+£1.2 92+14 0.831 2261.7+141.7 204531739 0.856
(n=43) (n=18) (n=105) (n=21)

Decreased C4 10.7+1.4 87+1.1 0.376 2373.9+185.3 2084.9+£162.5 0.674
(n=34) (n=27) (n=174) (n=52)

An independent student’s ¢ test was used for statistical comparison of LILRA3 levels between the presence and absence of manifestations group in SLE

SLE systemic lupus erythematosus, SLEDAI systemic lupus erythematosus disease activity index, LILRA3 leukocyte immunoglobulin-like receptor A3,
Anti-dsDNA Ab anti-double strand DNA antibody, ACL anticardiolipin antibody, Sm anti-Smith antibody, SSA anti-SSA antibody, C3 Complement

component 3, C4 Complement component 4
*P<0.05
##P<0.01

subfamily B (LILRB1-5). LILRs are in close linkage with the
human killer cell inhibitory receptor (KIR) family, and both
LILRs and KIR share similar Ig-like structure and cytoplasmic
signaling domains. LILRA receptors have a transmembrane
domain containing a charged arginine or lysine residue that
associated with the (YxxI/Lxg_1,YxxI/L) ITAM-containing
FcRy [11]. ITAM activation recruits Syk/ZAP70 family ki-
nases to drive downstream activation pathways important for
immunity [12]. Conversely, LILRB receptors contain cyto-
plasmic (S/I/V/LxYxxI/V/L) ITIM domains to recruit Src ho-
mology 2 domain-containing phosphatases, SHP1/SHP2/
SHIP, leading to inhibited immune signaling cascades [13].
The LILR family comprises primate-specific receptors in
terms of sequence homology, and PIR-A and PIR-B have been
proposed as the murine orthologs of LILRs.

Several LILR members were found in association with au-
toimmune diseases. Abnormal expressions of LILRBs have
been demonstrated to be associated with SLE, RA and MS

[14-16]. Compared with healthy donors, SLE patients
showed significantly less inhibitory activity by LILRB1s on
T cells and reduced expression of LILRB1 on B cells [14].
Phenotypic analysis of IL-10-treated, monocyte-derived DCs
in patients with SLE suggested that enhanced LILRB1 expres-
sion might have a role in tolerogenic DC functions [17]. In RA
patients, elevated serum LILRA3 levels were correlated with
disease activity [18]. Upregulated LILRA2, LILRB2, and B3
expressions were found in RA synovial tissue, and the number
of LILRB-expressing inflammatory cells significantly de-
creased in those patients who responded to anti-rheumatic
treatment, because of partial inhibition of LILRA2-mediated
TNF-« production [19].

In the previous study, for the first time, we showed that the
functional rather than nonfunctional L/ILRA3 was associated
with SLE in Han population. The significant elevation of dis-
ease activity in SLE patients homozygous for functional
LILRA3, and the notable higher level of LILRA3 transcripts
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in LILRA3 carriers, supported a functional role of LILRA3 in
regulation of SLE susceptibility and disease activity [9]. The
mechanism(s) underlying this genetic association of function-
al LILRA3 remains unknown.

Deregulation of innate immunity and clearance of apopto-
tic cells have been implicated in the pathogenesis of SLE [20,
21]. In SLE, cell debris produced by impaired apoptosis may
serve as danger signals to break immune tolerance and result
in autoimmune inflammation and autoantibody production
[22]. In this study, we revealed for the first time that
LILRAS3 levels were significantly higher in SLE patients com-
pared with healthy controls. LILRA3 expression in both SLE
serum and CD14+ monocytes was positively correlated with
SLEDAL

In terms of clinical and laboratory variables, both LILRA3
levels in CD14+ monocytes and circulating LILRA3 levels in
serum were associated with more severe clinical and labora-
tory manifestations in SLE patients. LILRA3 positive group
showed higher incidence of nephritis compared with LILRA3
negative group. Moreover, the value of SLEDAI was signifi-
cant higher in LILRA3-positive group than in LILRA3-
negative group, but the values of WBC and PLT count were
lower in LILRA3-positive group than in LILRA3-negative
group. Taken together, these results demonstrate that
LILRA3 might play an important role in the development of
SLE.

Several limitations should be considered in this study. First,
a large sample size is required to validate the results, and
because of the relatively small number of patients, the research
lacks multivariate analysis. Second, a longitudinal study
would be beneficial to better understand the LILRA3 level
changes that are associated with disease activity and severity
of SLE.

In conclusion, the findings of the present study demonstrate
that LILRA3 is elevated in SLE patients and correlated with
lupus nephritis and blood system damage, although our results
stem from a single-center study with a relatively small sample
size that could bias the association between LILRA3 and SLE.
The upregulation of LILRA3 may serve as a biomarker of the
disease activity and severity of SLE. Further investigations on
the exact role of LILRA3 signaling will provide novel insights
into the pathogenesis of SLE.
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