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Abstract Monocytes are an important component in the in-
nate immune system. However, studies to date have failed to
conclude whether their levels are altered in patients with sys-
temic lupus erythematosus (SLE). We applied the cytodiff
counting method and comprehensively measured the circulat-
ing levels of distinct white blood cell (WBC) subsets, includ-
ing CD16+, CD16−, and total monocytes, in 61 SLE patients
as well as in 203 age-matched healthy controls (HCs). The
absolute number of CD16− monocytes, total monocytes, im-
mature granulocytes, mature neutrophils, total neutrophils,
and T cell blasts was significantly higher, that of non-
cytotoxic T lymphocytes, cytotoxic T + NK lymphocytes,
T + NK lymphocytes, total lymphocytes, basophils, and eo-
sinophils significantly lower (all p < 0.05), but that of CD16+
monocytes, B lymphocytes, B cell blasts, non-B and non-T
cell blasts, and total blasts was not statistically different in
SLE patients, as compared to HC. Specifically, among all
subsets examined, the percentage of CD16− monocytes and

total monocytes was the only one that could discriminate ac-
tive SLE from quiescent SLE (p = 0.033 and 0.026, respec-
tively). SLE patients with lupus nephritis were also associated
with higher levels of circulating CD16− monocytes and total
monocytes, in comparison with that of controls (both
p < 0.0001). This study suggests the significance of distinct
WBC subsets, particularly the differential regulations of
monocyte subsets, in the pathogenesis and development of
SLE.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune
disease characterized by the excessive production of autoanti-
bodies directed against cell nuclear antigens and involving
multiple key components of the immune system. The clinical
symptoms of SLE are heterogeneous and vary greatly among
patients [1].

Human blood monocyte subsets exhibit differential surface
expression of various Fc receptors for immunoglobulin G
(IgG) (FcγRs). CD16 (FcγRIII) is one of the FcγRs, which
can activate FcγRs by its cytoplasmic region. In humans, the
CD16 receptor exhibits high affinity binding to demonstrate
IgG1 and IgG3, which leads to phagocytosis, release of in-
flammatory mediators, and clearance of immune complexes
[2]. Monocytes, including CD16+ and CD16−monocytes, are
a critical component of the innate immune response and have
been shown to play a role in the development of SLE [3].
CD16+ monocytes produce large amounts of TNF-α and IL-
1β and are considered to be pro-inflammatory. CD16−mono-
cytes express high levels of CCR2 and CD93 and have the

Ziyan Wu, Shulan Zhang, and Lidan Zhao made equal contributions to
this study.

Electronic supplementary material The online version of this article
(doi:10.1007/s10067-017-3787-2) contains supplementary material,
which is available to authorized users.

* Yongzhe Li
yongzhelipumch@126.com

1 Department of Rheumatology and Clinical Immunology, Peking
Union Medical College Hospital, Chinese Academy of Medical
Sciences & Peking Union Medical College, Beijing, China

2 Key Laboratory of Rheumatology and Clinical Immunology,
Ministry of Education, Beijing, China

3 Department of Rheumatology and Clinical Immunology, Peking
Union Medical College and Chinese Academy of Medical Sciences,
1 Shuaifuyuan Hutong, Dongcheng District, Beijing 100730, China

Clin Rheumatol (2017) 36:2281–2287
DOI 10.1007/s10067-017-3787-2

http://dx.doi.org/10.1007/s10067-017-3787-2
mailto:yongzhelipumch@126.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s10067-017-3787-2&domain=pdf


ability to phagocytose [4, 5]. However, to date, the propor-
tions of monocyte subsets in SLE patients remain controver-
sial [6–11].

Cytodiff is a flow cytometric counting method developed
by Beckman Coulter (Miami, FL, USA) that uses a five-color/
six-antibody cocktail to enable automatic counting of distinct
white blood cell (WBC) subsets including B lymphocytes,
non-cytotoxic T lymphocytes, cytotoxic T + NK lympho-
cytes, natural killer (NK) lymphocytes, T + NK lymphocytes,
total lymphocytes, CD16− monocytes, CD16+ monocytes,
total monocytes, immature granulocytes, mature neutrophils,
total neutrophils, eosinophils, basophils, B cell blasts, T cell
blasts, and non-B and non-T cell blasts [12]. Cytodiff is supe-
rior to traditional electronic counters that can only identify five
subsets of WBCs, namely lymphocytes, monocytes, neutro-
phils, eosinophils, and basophils. The performance of cytodiff
is also superior to manual counting, which, although generally
accepted as the reference method for obtaining leukocyte dif-
ferentials, is time-consuming, labor-intensive, and difficult to
standardize [13].

Methods

Patients and healthy controls

This retrospective study was approved by the Ethics
Committee of Peking Union Medical College Hospital
(Beijing, China), and written informed consent was obtained
from all participants. A cohort of 61 SLE patients admitted
into the Peking Union Medical College Hospital from
Jan. 2014 to Nov. 2014 were recruited into this study. The
diagnosis of SLE was established following the Systemic
Lupus International Collaborating Clinic (SLICC) Revision
of the American College of Rheumatology (ACR)
Classification Criteria for SLE [14]. Patients with other auto-
immune diseases including rheumatoid arthritis, type 1 diabe-
tes, or primary Sjögren’s syndrome were excluded. The SLE
Disease Activity Index (SLEDAI) was used to assess the ac-
tivity of lupus for each patient upon enrollment. A total of 24
active rheumatoid arthritis (RA) patients were also collected.
A total of 203 healthy controls (HC) were enrolled into this
study during their routine physical examination at the same
hospital; these individuals were healthy and had no autoim-
mune disorders or family history of SLE. Peripheral blood
sample was taken from each participant, and medical records
on clinical examination were collected for further analysis

Flow cytometry analysis

The flow cytometry analysis was performed with a five-color
flow cytometer (FC500, Beckman Coulter) by a technician
blind to the clinical information of each patient, according to

the manufacturer’s instructions. The cytodiff five-color/six-
antibody cocktail (Beckman Coulter) included FITC-
conjugated anti-CD36, PE-conjugated anti-CD2, PE-
conjugated anti-CD294, ECD-conjugated anti-CD19, PC5-
conjugated anti-CD16, and PC7-conjugated anti-CD45-PC7.
Each sample was prepared on the cell preparator (Beckman
Coulter) with a Blyse no wash^ protocol. One hundred micro-
liters of whole blood was mixed with 10 μL of cytodiff re-
agent for 20 min before red blood cells were lysed with
Versalyse solution (Beckman Coulter). The auto-gating strat-
egy was based on side-scatter graph (SSC), and specific gates
were established as described by Faucher et al. [13]. The ab-
solute number for each cell subset was calculated according to
the percentage of each subset and the total number of WBC
measured using the Automatic Blood Cell Counter (LH570,
Beckman Coulter).

Statistical analysis

Statistical analysis was performed by MATLAB R 2014a
and GraphPad Prism software version 5.0. The compari-
son of SLE or active RA with HC groups was performed
using Mann-Whitney U test. The Kruskal-Wallis test
followed by Dunn’s post hoc test was used to compare
the differences among multiple groups. A two-tailed p
value of < 0.05 was considered statistically significant.

Results

Clinical characteristics of study subjects

A total of 61 SLE patients (including 52 females), 24
active RA patients (including 17 females), and 203 HC
(including 93 females) were recruited into this study. The
median age (interquartile range (IQR)) for SLE was 32.85
(25.50–40.00) years, and those for RA and HC were
51.00 (48.00–61.75) and 42.00 (31.00–52.00) years
(p > 0.05). The general clinical characteristics of all
SLE patients are summarized in Table 1. These patients
presented a wide range of clinical symptoms, from malar
rash, discoid rash, oral ulcers, alopecia, arthritis, serositis,
renal disorder, neurological disorder, to hematological dis-
order. Of note, 42 (68.85%) SLE patients had lupus ne-
phritis. And the invasive pathological biopsy was made in
seven SLE patients, with one patient LN III, two LN IV-
V, and four LN IV. The majority (96.72%) of SLE patients
tested positive for anti-nuclear antibody (ANA), while on-
ly 44.26% were positive for anti-double-stranded DNA
(dsDNA) antibody. When assessed for lupus activity, 14
patients (22.95%) had inactive SLE (inSLE; SLEDI < 4)
and the remaining 77.05% active SLE (aSLE). Seven SLE
patients (11.48%) were treated with low-dose prednisone
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(< 7.5 mg/day [15]), while the remaining were treated
with moderate-dose to high-dose prednisone.

Comparison of total monocytes and monocyte subsets
among SLE, active RA, and HC

The total WBC count in SLE patients was 7.92 × 103/μL
whole blood, which was significantly higher than that in
HC (6.11 × 103/μL whole blood; p = 0.0092). Cytodiff
flow cytometric analysis showed that the percentage of
CD16− monocytes and total monocytes was higher in
SLE patients than in HC (p < 0.0001 for both; Table 2,
Fig. 1). But the median (IQR) percentage of CD16−
monocytes in active RA was 6.06% (5.06–6.65%).
Comparing with that of HC [5.67% (4.82–6.40%)], the
difference was not statistically significant (p = 0.22).
Also, the comparison of the percentage of CD16+ mono-
cytes and total monocytes between active RA and HC did
not reach statistical significance (p = 0.15 and 0.30,

respectively). But the mean number of CD16− monocytes
(0.43 × 103/μL) and total monocytes (0.48 × 103/μL) in
SLE patients was significantly higher than the corre-
sponding number (0.33 × 103/μL for CD16− monocytes,
p < 0.0001; 0.35 × 103/μL for total monocytes,
p < 0.0001) in HC. However, there were no significant
differences in the percentage or absolute number of
CD16+ monocytes between SLE and HC (all p > 0.05;
Table 2).

Comparison of total lymphocyte and lymphocyte
subpopulations between SLE and HC

SLE patients had a significantly lower percentage and abso-
lute count of non-cytotoxic T lymphocytes, cytotoxic T + NK
lymphocytes, T + NK lymphocytes, and total lymphocytes, as
compared with HC (all, p < 0.05). But neither the percentage
nor the absolute number of B lymphocytes was significantly
different between SLE and HC (all p > 0.05; Table 2).

Table 1 Clinical characteristic of
SLE patients recruited into this
study

Characteristics SLE patients
No./total (%)

Clinical symptoms

Malar rash 28/61 (45.90)

Discoid rash 5/61 (8.20)

Oral ulcers 13/61 (21.31)

Alopecia 16/61 (26.23)

Arthritis 32/61 (52.46)

Serositis 15/61 (24.59)

Renal disorder 42/61 (68.85)

Neurological disorder 5/61 (8.20)

Hematological disorder 31/61 (50.8)

Laboratory manifestations

Anti-nuclear antibody (ANA) 59/61 (96.72)

Anti-double-stranded DNA (anti-dsDNA) antibody 27/61 (44.26)

ESR 28.98 (9.00–43.00)

hsCRP (mg/L) 6.80 (0.90–7.03)

C3 (g/L) 0.63 (0.45–0.79)

C4 (g/L) 0.10 (0.05–0.12)

Serum creatinine (μmol/L)a 67 (47–120)

Serum urea (mmol/L)a 8.62 (4.35–13.32)

SLEDAI

< 4 14/61 (22.95)

5–9 19/61 (31.15)

10–14 20/61 (32.79)

> 15 8/61 (13.11)

Prednisone usage in SLE patients

Low-dose group 7/61 (11.48)

Moderate-dose to high-dose group 54/61 (88.52)

a Serum creatinine and urea were collected for 42 SLE patients with renal involvement
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Comparison of total neutrophils and granulocyte
subpopulations between SLE and healthy controls

The proportion and absolute number of eosinophils and baso-
phils decreased, whereas that of immature neutrophils, mature
neutrophils, and total neutrophils increased in SLE patients, as
compared to HC (all p < 0.05; Table 2).

Comparison of distinct WBC subsets by SLE activity

Among the WBC subsets showing significant differences
between SLE patients and HC, we chose nine subsets
(CD16− monocytes, total monocytes, cytotoxic T + NK
lymphocytes, T + NK lymphocytes, eosinophils,

basophils, immature neutrophils, mature neutrophils, and
total neutrophils) to further analyze their variations ac-
cording to disease activity. As shown in Fig. 1 and sup-
plementary Fig. 1, only the percentage of CD16− mono-
cytes and total monocytes presented a significant differ-
ence between aSLE and inSLE (p = 0.033 and 0.026,
respectively). The number of CD16− monocytes, as well
as that of total monocytes, mature neutrophils, and total
neutrophils, was significantly higher in aSLE patients
than in HC (p < 0.01), but not between inSLE patients
and HC (p > 0.05). The number of the other five subsets
was not only significantly different between aSLE and HC
but also between inSLE and HC (p < 0.01; supplementary
Fig. 2).

Table 2 Comparison of the
proportions and absolute numbers
of different cell types by the
cytodiff flow cytometry in SLE
patients

Cell types SLE median (IQR) HC median (IQR) P value

CD16− monocytes % 7.01 (5.28–9.65) 5.67 (4.82–6.40) < 0.0001

103/μL 0.43 (0.31–0.71) 0.33 (0.28–0.41) < 0.0001

CD16+ monocytes % 0.33 (0.20–0.66) 0.37 (0.28–0.54) 0.43

103/μL 0.022 (0.014–0.044) 0.022 (0.017–0.032) 0.50

Total monocytes % 7.73 (5.62–10.08) 6.10 (5.26–6.93) < 0.0001

103/μL 0.48 (0.32–0.82) 0.35 (0.30–0.44) < 0.0001

B lymphocytes % 2.99 (1.21–5.87) 3.38 (2.66–4.51) 0.12

103/μL 0.18 (0.067–0.45) 0.20 (0.15–0.28) 0.59

Non-cytotoxic T
lymphocytes

% 15.05 (10.15–23.34) 23.73 (20.15–26.76) < 0.0001

103/μL 1.02 (0.55–1.91) 1.41 (1.18–1.70) 0.0002

Cytotoxic T + NK
lymphocytes

% 0.69 (0.27–1.24) 6.06 (3.95–8.27) < 0.0001

103/μL 0.043 (0.020–0.082) 0.35 (0.23–0.49) < 0.0001

T and NK lymphocytes % 15.60 (11.29–24.22) 30.66 (27.06–33.80) < 0.0001

103/μL 1.13 (0.60–2.00) 1.85 (1.46–2.21) < 0.0001

Total lymphocytes % 19.00 (14.10–31.35) 34.44 (30.06–37.73) < 0.0001

103/μL 1.41 (0.76–2.56) 2.07 (1.64–2.46) < 0.0001

Immature granulocytes % 0.45 (0.19–1.41) 0.04 (0.02–0.08) < 0.0001

103/μL 0.045 (0.0083–0.11) 0.0022 (0.0009–0.0049) < 0.0001

Basophils % 0.20 (0.073–0.36) 0.70 (0.53–0.96) < 0.0001

103/μL 0.012 (0.0059–0.020) 0.044 (0.029–0.059) < 0.0001

Eosinophils % 0.47 (0.23–0.95) 1.89 (1.25–2.85) < 0.0001

103/μL 0.030 (0.015–0.064) 0.12 (0.072–0.18) < 0.0001

Mature neutrophils % 68.04 (56.31–76.16) 55.99 (52.34–59.77) < 0.0001

103/μL 4.55 (2.78–7.63) 3.34 (2.88–3.88) 0.0005

Total neutrophils % 70.95 (57.68–78.82) 56.01 (52.35–59.94) < 0.0001

103/μL 4.65 (2.79–7.92) 3.34 (2.88–3.88) 0.0002

B cell blasts % 0.01 (0.01–0.03) 0.04 (0.02–0.06) < 0.0001

103/μL 0.00096 (0.00037–0.0026) 0.00092 (0.00058–0.0013) 0.75

T cell blasts % 0.07 (0.025–0.13) 0.23 (0.15–0.36) < 0.0001

103/μL 0.0052 (0.0018–0.0097) 0.0018 (0.00–0.0036) < 0.0001

Non-B and non-T cell
blasts

% 0.07 (0.05–0.16) 0.04 (0.03–0.06) < 0.0001

103/μL 0.0062 (0.0029–0.015) 0.0037 (0.0025–0.0059) 0.08

Total blasts % 0.23 (0.14–0.33) 0.32 (0.23–0.47) 0.0002

103/μL 0.015 (0.0097–0.027) 0.02 (0.01–0.03) 0.19
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Comparison of leukocytes in SLE patients divided
by nephritis

We also analyzed the variations of WBC subsets by nephritis,
which is defined by the presence of lupus nephritis (LN)
(supplementary Figs. 3 and 4). We found that all nine subsets
were significantly different between LN patients and HC, as
well as between non-LN patients and HC (p < 0.05), but not
between LN and non-LN patients (p > 0.05).

Comparison of leukocytes in SLE patients divided by dose
of prednisone

By comparison between high-dose and low-dose group, we
found that the low-dose group had high percentage of CD16+
monocytes, CD16−monocytes, total monocytes, and cytotox-
ic T + NK lymphocytes (all p < 0.05, Fig. 2). High-dose group
tended to have higher percentage of mature neutrophil and
total neutrophil comparing to low-dose group (68.75 vs.

67.71%, 71.41 vs. 67.88%, respectively), but the difference
did not have statistical significance.

Discussion

Conflicting studies have been published regarding the varia-
tions in monocytes in SLE patients [6–11]. In this study, we
showed that the absolute number of CD16− as well as total
monocytes, but not CD16+ monocytes, was significantly in-
creased in SLE patients than in healthy controls. Consistent
with our findings, Burbano et al. found an increased percent-
age and absolute number of CD16− monocytes in active SLE
patients [6]. In contrast, another study on six female SLE
patients showed decreased proportions of CD16− monocytes
in SLE patients as compared to HC [10], while Li et al. de-
tected no difference in monocyte subsets between SLE pa-
tients and healthy individuals [9]. Multiple factors may con-
tribute to the inconsistent observations regarding monocytes

Fig. 1 The percentage of CD16− monocytes by the cytodiff flow
cytometry in SLE patients and healthy controls (HC). a The percentage
of CD16− monocytes was higher in SLE patients (7.01%) than in HC
(5.67%, p < 0.0001). b The mean number of CD16− monocytes
(0.43 × 103/μL) in SLE patients was higher than that in HC

(0.33 × 103/μL, p < 0.0001). c The percentage of CD16− monocytes
was higher in active SLE patients (7.64%) than in inactive SLE and HC
(5.54%, 5.67%; p = 0.037, p < 0.0001, respectively). d The absolute
number of CD16− monocytes was higher in active SLE patients
(0.45 × 103/μL) than that HC (0.33 × 103/μL, p < 0.0001)
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between SLE patients and HC, including variations in the
enrollment criteria, in flow cytometric gating strategies, and/
or in sample size. With respect to CD16+ monocytes, this
study, as well as three other studies [7–9], failed to reveal
any statistically significant differences between SLE patients
and healthy individuals. In disagreement, Burbano et al.
showed reduced CD16+ monocytes in SLE patients [8], while
Jiang et al. identified increased CD16+ monocytes in six SLE
patients [13]. Also, a study with 10 SLE patients suggested the
expansion of CD16+ monocytes in SLE patients [11]. This
discrepancy may be attributed to the small sample size, differ-
ent including criterion and diverse dose of prednisone.
Supporting the significance of CD16+ monocytes in autoim-
mune diseases including SLE, studies have shown that
CD16+ monocytes were associated with elevated ESR and
CRP in RA patients [16], correlated with an increasing risk
of subclinical coronary artery atherosclerosis in RA [17], and
glucocorticoid treatment decreased the number of CD16+
monocytes in a dose-related manner [18]. In our study, not
only the number of CD16+ monocytes but also other cells
(CD16− monocytes, total monocytes, and cytotoxic T + NK
lymphocytes) also decreased in high-dose group.

Monocytes represent an essential arm of the innate immune
systemwith a multitude of immunological functions including
antigen presentation, phagocytosis, cytokine production, and
T cell modulation [5, 19]. In mouse models of SLE, mono-
cytes bearing activating Fc receptors were pivotal to the de-
velopment of immune complexesmediating glomerulonephri-
tis [20]. Defective clearance of immune complexes is an indi-
cator of Bdefective^monocyte function which may play a role

in tissue and organ damage in SLE. Conversely, aberrant ac-
tivation of monocytes/macrophages may also contribute to the
pathogenesis of SLE [21, 22]. Disease activity and prolifera-
tive glomerular LN lesions are associated with accumulation
of CD16+ monocytes in glomeruli of active LN [23].
Increased CD64 expression on circulating monocytes was re-
lated with systemic inflammation and renal disease in SLE
patients [9]. In this study, althoughwe showed that the number
of CD16− monocytes and total monocytes were significantly
higher in active SLE than in HC, or in SLE patients with LN
than in HC, we failed to detect statistical differences of these
two parameters between LN and non-LN patients, suggesting
that monocytes and their subsets are not a sensitive marker for
renal involvement of SLE patients. But, the percentage of
CD16−monocytes was higher in active SLE patients than that
in inactive SLE patients. It implied that the endocytosis and
phagocytosis of immune complexes may play a vital role in
the initiation and development of active SLE patients.

Given that all patients received steroid treatments, it is not
known whether steroid therapy may have an effect on the
number of distinct WBC subsets. Also, the effect of other
immunosuppressant should be taken into consideration.
Although we comprehensively explored the alterations of dis-
tinct circulating WBC subsets in SLE patients, the underlying
mechanisms leading to these alterations and their biological
significance in the development and treatment responses of
SLE remain to be further investigated.

In summary, by using the cytodiff differential counting
strategy, we demonstrated for the first time that distinct
WBC subsets are differentially regulated in Chinese SLE,

Fig. 2 The percentage of
monocytes between SLE patients
who took low-dose or moderate-
dose to high-dose prednisone. a
The percentage of CD16+ mono-
cytes was higher in low-dose
group (1.21%) than that in
moderate-dose to high-dose
group (0.32%, p = 0.006). b The
percentage of CD16− monocytes
was higher in low-dose group
(9.88%) than that in moderate-
dose to high-dose group (6.79%,
p = 0.016). c The percentage of
total monocytes was higher in
low-dose group (10.12%) than in
moderate-dose to high-dose
group (7.00%, p = 0.0013). d The
percentage of cytotoxic T + NK
lymphocytes was higher in low-
dose group (1.90%) than that in
moderate-dose to high-dose
group (0.56%, p = 0.035)
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with the circulating number of CD16− monocytes, total
monocytes, immature granulocytes, mature neutrophils, total
neutrophils, and T cell blasts significantly elevated, non-
cytotoxic T lymphocytes, cytotoxic T + NK lymphocytes,
T + NK lymphocytes, total lymphocytes, basophils, and eo-
sinophils potently reduced, while CD16+ monocytes, B lym-
phocytes, B cell blasts, non-B and non-T cell blasts, and total
blasts not dramatically altered in SLE patients, as compared to
HC. This study supports the significance of leukocytes, in
particular, monocytes in SLE development and paves the
way for future studies in SLE.
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