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ABSTRACT 
Background: Monocytes are evolutionarily preserved innate immune cells that play essential roles in immune 

response regulation. Three activated monocyte subsets—classical (CD14++CD16–), intermediate (CD14++CD16+), 
and nonclassical (CD14+CD16++)—are associated with systemic lupus erythematosus (SLE) progression. This 
study aims to determine the association of monocyte subsets with SLE disease activity. Methods: A cross-sectional 
study involving 25 patients with SLE was conducted. Blood samples were collected, and monocyte subsets were 
identified using flow cytometry. Patients were grouped by disease activity using the Systemic Lupus Erythematosus 
Disease Activity Index 2000 (SLEDAI-2K) into inactive (SLEDAI-2K ≤ 4) and active (SLEDAI-2K > 4). The cutoff 
for monocyte subsets was determined using Receiver Operating Characteristic (ROC) analysis. Results: Nine 
active and 16 inactive subjects were identified. Compared with individuals without active disease, individuals 
with active disease had significantly lower mean classical monocyte subsets (71.9% vs 88%, p = 0.008), and 
higher median intermediate monocytes (29.1% vs 11.1%, p = 0.019). The median nonclassical monocyte subsets 
were not significantly different between the two groups. The cutoff for classical monocytes in active disease was 
≤72.2%, AUC = 0.788, p = 0.021, with 66.7% sensitivity and 87.5% specificity; for intermediate monocytes, it 
was >22.3%, AUC = 0.788, p = 0.014, with 66.7% sensitivity and 100% specificity. Conclusion: Classical and 
intermediate monocytes could be considered as immune cellular markers for identifying active SLE.
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INTRODUCTION
Systemic lupus erythematosus (SLE) is a 

chronic autoimmune disease affecting multiple 
organ systems, such as the skin, joints, and 
kidneys.1,2 Disease activity in SLE in clinical 
practice is assessed using a scoring system 
known as the Systemic Lupus Erythematosus 
Disease Activity Index 2000 (SLEDAI-2K), 
which comprises several clinical findings and 
laboratory markers.2 

Despite the established markers of SLE 
activity, the search for new markers continues.2 
The role of hematologic parameters as markers 
of SLE activity has become a topic of increasing 
interest in recent years. One recent finding 
regarding this topic is the ratio of neutrophils, 
basophils, eosinophils, monocytes, and platelets 
to lymphocytes, which has been found to 
indirectly reflect subclinical inflammation.2 

Monocytes are innate immune cells that are 
essential in protecting against pathogens while 
producing several inflammatory cytokines. 
Changes in monocyte activities can affect 
host defense and cause the development of 
inflammatory diseases.3 Recent studies categorize 
monocytes into three subsets according to CD14 
[lipopolysaccharide co-receptor] and CD16 
(FcγRIII) expression levels: CD14++CD16–, 
CD14++CD16+, and CD14lowCD16++ are referred 
to as classical, intermediate, and nonclassical 
monocytes, respectively.3,4

Immunological changes in many autoimmune 
diseases involve autoantibodies and autoreactive 
lymphocytes, which indicates that the adaptive 
immune response is important in pathogenesis. 
These changes, however, cannot be the only 
changes involved in the development of 
autoimmune diseases because crosstalk with the 
innate immune system is needed for activation 
in the inflammatory response against pathogens. 
Therefore, the innate immune response may 
play a necessary and irreplaceable role as 
well.5 Investigation of activated monocytes 
in autoimmune diseases could bridge the 
knowledge gap in immune response regulation.

Evidence suggested that  monocyte 
activation was associated with the progression 
of autoimmune diseases, such as SLE. Hence, we 
aimed to determine the association of monocyte 

subsets with disease activity in patients with 
SLE.

METHODS

Subject and Study Design 
This was a cross-sectional study involving 

25 female patients with SLE at Hasan Sadikin 
Hospital, Bandung. Consent was obtained from 
each participant. This study was approved by the 
Board of the Ethics Committee of Padjadjaran 
University, Bandung. Disease activity scores 
(SLEDAI-2K) were collected from the medical 
records of each subject. Subjects were then 
grouped into inactive (SLEDAI-2K ≤ 4) and 
active (SLEDAI-2K > 4) groups.

Blood samples  were col lected via 
venipuncture and stored in heparin-containing 
tubes. Hemoglobin, white blood cells, and 
platelet levels were measured in the laboratory.

Monocyte Characterization
Venous blood samples from the subjects were 

collected in vacutainer tubes containing lithium 
and sodium heparin (Becton Dickinson, Franklin 
Lakes, NJ, USA). The samples were stored at 
room temperature for an hour and then measured. 
Monocytes were identified using multicolor flow 
cytometry and a panel of monoclonal antibodies 
consisting of CD14 Alexa Fluor 488 (BioLegend, 
San Diego, CA, USA), CD16 PE (BioLegend), 
and HLA-DR PerCP (BioLegend). 

Approximately 2000 µL of 0.5% buffer 
solution was added to a 200 µL heparinized blood 
sample, followed by vortexing and centrifugation 
at 1500 rpm for 5 min without a break. The 
cell suspension was separated, followed by the 
addition of a mixture of monoclonal antibodies 
and vortexing of the Fluorescence-Activated 
Cell Sorting (FACS) buffer diluted solution. 
The mixture was incubated for 20 min at 2–8°C 
while covered with aluminum foil. A ten-time 
diluted red cell lysing buffer (BioLegend) was 
added to the stained cells and incubated for 12 
min. The suspension was vortexed, washed 
two times using 2000 µL of 0.5% PBA, and 
suspended in 200 µL of 0.5% PBA. Cells stained 
with phenotypic markers were scanned and read 
accordingly using BD Cell Quest Pro Software 
(Biosciences, San Jose, CA, USA) for 500,000 
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events. Flow cytometry results were analyzed 
using FlowJo 10 (Tree Star, California, United 
State of America). Monocytes were identified 
using a positive gating strategy according to the 
phenotypic expression of markers such as CD14, 
HLA-DR, and CD16.

The monocyte gating strategy (Figure 
1) started by distinguishing granulocytes 
using forward scatter and side scatter signals. 
The positive Boolean gating strategy was 
implemented on cells with CD14+HLA-DR+ vs 
CD14–HLA-DR+ phenotype after determining 
the area of monocytes in leukocytes to identify 
true monocytes. Monocytes were further 
characterized based on the expression of CD14 
and CD16 into classical (CD14++CD16–), 
intermediate (CD14++CD16+), and nonclassical 
(CD14+CD16++). Populations of monocyte 
subsets were represented as a percentage (ratio 
between absolute monocytes and each monocyte 
subset).

Statistical Analysis
We initially conducted normality test of 

our data. Data with normal distribution were 
presented as mean (±SD), whereas data with 
skewed distribution were presented as median 
(range). Differences between groups were 
evaluated using an unpaired Student t-test and 
Mann–Whitney test, and area under receiver 

operating characteristic (ROC) analysis was used 
to determine the cutoff of monocyte subsets.

RESULTS
The subjects’ characteristics and monocyte 

subsets are shown in Table 1.
Compared with individuals without active 

disease, individuals with active disease had 
significantly lower mean classical monocyte 
subsets (71.9% vs 88%, p = 0.008), and higher 
median intermediate monocytes (29.1% vs 
11.1%, p = 0.019). The area under the curve 
(AUC) of monocyte subsets was determined to 
identify active disease. The cutoff for classical 
monocytes was ≤72.2%, AUC = 0.788, p = 
0.021, with sensitivity of 66.7% and specificity 
of 87.5%, whereas for intermediate monocytes, 
the cutoff was >22.3%, AUC = 0.788, p = 0.014, 
with sensitivity of 66.7% and specificity of 100% 
(Table 2). 

DISCUSSION
The study found that classical monocytes 

were significantly lower while intermediate 
monocytes were significantly higher in subjects 
with active disease compared with those with 
inactive disease. 

Classical monocytes express high levels 
of CCR2 and CD93 and can phagocytose. 

Table 1. Characteristics of Patients with SLE and the Monocyte Subsets 

  Inactive (SLEDAI-2K ≤ 4)
 (n = 16) Active (SLEDAI-2K > 4) (n = 9) p

Age (years) 45 ± 11 32 ± 7 0.005*

Duration of illness (months) 79.5 (52.5–133.5) 60 (40.5–110.5) 0.428**

Medications 
Corticosteroid (n, %) 16 (100) 9 (100) 
Mycophenolate  mofetil (n, %) 3 (18.8) 3 (33.3) 0.630***

Chloroquine (n, %) 5 (31.3) 1 (11.1) 0.364***

Azathioprine (n, %) 5 (31.3) 4 (44.4) 0.671***

Cyclophosphamide  (n, %) 2 (12.5) 1 (11.1) 1.000***

Cyclosporine (n, %) 0 (0.0) 2 (22.2) 0.120***

Hemoglobin (gr/dL) 13 ± 2 11.8 ± 2.6 0.23*

White blood cells (/mm3) 6,450 (2,920–21,370) 7,430 (4,060–13,540) 0.77**

Monocytes (/mm3) 567 ± 291 469 ± 108 0.34*

Platelet (/mm3) 288,813 ± 89,019 304,000 ± 67,337 0.66*

Classical monocytes (%) 88 ± 10.2 71.9 ± 1.7 0.008*

Intermediate monocytes (%) 11.1 (0–22.3) 29.1 (0–49.4) 0.019**

Nonclassical monocytes (%) 0.31 (0.1–10.2) 0.49 (0–2.9) 0.887**

*Unpaired Student t-test; **Mann–Whitney test, ***Fisher’s exact test
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By contrast, nonclassical monocytes produce 
large amounts of TNF-α and IL-1β and are 
considered pro-inflammatory.6,7 Our study 
signifies a shift of monocyte population from 
classical to intermediate because intermediate 
monocytes emerge from the classical subset.8 
Intermediate monocytes are generally known as 
an important subset of antigen presentation and 
CD8+ T cell activation. Activation of these cells 
has been associated with kidney damage and is 
deemed to expand locally as disease exacerbation 
occurs.9 Another possible explanation that might 
contribute to the finding of lower classical 
monocytes in active SLE is influenced by 
interferon-α (IFN-α), which promotes classical 
monocyte transformation into monocyte-derived 
dendritic cells (moDCs).10 These moDCs serve 
as potent antigen-presenting DCs, particularly 
in the setting of inflammation.11 Miyagawa et al. 
reported that in the murine model, inflammatory 
moDCs might be essential for autoantibody 
production and the release of proinflammatory 

cytokines, such as type I IFN.12 Type I IFN 
has been associated with active SLE.13 T-cell 
proliferation was enhanced when cocultured 
with both SLE monocyte subsets, particularly 
CD16+ monocytes, suggesting the potential 
proinflammatory phenotype of monocyte subsets 
in patients with SLE compared with healthy 
controls.5

Conflicting studies have been published 
regarding the variations in monocytes in patients 
with SLE. Our findings were consistent with 
a study by Zhu et al. who showed that the 
frequencies of CD16+ (intermediate/nonclassical 
monocytes) subset were increased while the 
frequencies of CD16– (classical) monocytes 
were decreased in patients with SLE. Further 
analysis revealed that the proportions of CD16+ 
monocytes were also higher in patients with 
SLE compared with healthy subjects. This 
monocyte alteration might occur as a result of 
in vivo cytokine and hormonal environments 
in SLE, which could lead to the conversion of 

Table 2. Area Under the Curve (AUC) for Monocyte Subsets

AUC p-value Cutoff Accuracy
Classical 
monocytes

0.767 (0.557–0.911) 0.021* ≤72.2% Sensitivity: 66.7%
Specificity: 87.5%

PPV: 75.0%
NPV: 82.4%

Intermediate 
monocytes

0.788 (0.580–0.924) 0.014* >22.3% Sensitivity: 66.7%
Specificity: 100.0%

PPV: 100.0%
NPV: 84.2%

*Significant. 
Note: PPV: positive predictive value, NPV: negative predictive value

Figure 1. Activated Monocyte Gating Strategy.

(A) Identification of monocyte subpopulation in blood. (B) Selection of “true” monocytes by gating on CD14-positive and HLA-
DR-positive populations. (C) The remaining population was further discriminated on a CD14 vs CD16 scatterplot to give three 
monocyte subsets (Q1-nonclassical subset: CD14+CD16++; Q2-intermediate: CD14++CD16+; Q3-classical subset: CD14++CD16–).
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CD16− monocytes into CD16+ monocytes.5 It was 
shown that CD16+ monocytes were the producers 
of proinflammatory cytokines, including TNFα, 
IL-1, and IL-6.14 Jin et al. evaluated monocyte 
gene expression in 15 patients with SLE and 
5 healthy donors and showed that the overall 
expression of classical monocytes was higher 
in healthy subjects compared with patients with 
SLE. There was no significant difference in the 
overall expression of nonclassical monocytes 
in patients with SLE compared with healthy 
subjects.1 

Our findings differed from a previous study 
that found classical monocytes were significantly 
higher in 14 patients with active SLE than in 47 
patients with inactive SLE (7.64% vs 5.54%, p = 
0.037, p < 0.0001, respectively). Burbano et al. 
also found that active SLE had higher classical 
monocytes and lower nonclassical monocytes 
compared with inactive SLE.15 Garcia et al. 
revealed in their study that in patients with severe 
lupus nephritis, lower levels of nonclassical 
monocytes were found in peripheral blood.16

These differences could be due to variations 
in enrollment criteria, flow cytometric 
gating strategies, and sample size. Another 
possible explanation might be the difference 
in glucocorticoid doses used in each study. 
Glucocorticoid treatment decreased the number of 
CD16+ monocytes (intermediate and nonclassical 
monocytes) in a dose-related manner.17  We also 
concern about possible confounding factors such 
as age, hemoglobin and other drug. 

Jha et al. found that in SLE the absolute 
monocyte count was lower in the active group 
than the inactive group (median (IQR) of 329 
(228.5) vs. 628 (257)/microliter, p = 0.001). The 
frequency (%) of the intermediate monocyte 
subset showed a trend towards an increase in 
active disease (median (IQR) of 15.10% (9.65) 
vs. 11.85% (8.00), p = 0.09). It also had a 
significant positive correlation to the SLEDAI 
scores (r = 0.33, p = 0.046). These findings were 
consistent with our study.18  

Although it is well known that classical 
monocytes are the main participants in the 
host’s defense against infections, mounting 
evidence from the past ten years suggests that 
nonclassical or intermediate monocyte subsets 

play crucial roles in the emergence of SLE. 
SLE is an immune complex (IC)-mediated 
autoimmune disorder, and IgG ICs stimulate FcR 
to activate the monocyte lineage. The process 
of monocyte differentiation from the classical 
monocyte subset to the intermediate subset and 
the subsequent nonclassical subset is sped up by 
these activation signals.4 

Active monocyte subsets are related to 
disease progression. Expansion of the CD16+ 
monocyte subset (intermediate and nonclassical 
monocytes) in various diseases has been reported 
by studies over the past decades, mostly during 
infection or inflammatory conditions.5 The 
typical proportions of total monocytes in healthy 
subjects are 85% classical monocytes, 5% 
intermediate monocytes, and 10% nonclassical 
monocytes.19 Each monocyte subset has different 
characteristics and roles within the immune 
system. Classical monocytes are capable of 
superior phagocytosis that supports tissue repair 
and expresses pro-inflammatory proteins, which 
support inflammatory response. Intermediate 
monocytes express a higher level of markers 
for antigen presentation, which makes them 
responsible for the stimulation and proliferation 
of T cells.20 Intermediate monocyte subset is also 
found to have the highest expression of MHC 
class I molecules compared with other subsets. 
This suggests that CD16+ monocytes are capable 
of activating CD8+ T cells.20 Nonclassical 
monocytes are responsible for the proliferation 
and stimulation of CD4+ T cells. This subset 
also contains genes that are capable of defining 
complement components, negatively regulating 
transcription and pro-apoptosis abilities.20 

The association between monocyte subsets 
and SLE disease severity has been reported in 
previous studies, including the contribution of 
nonclassical monocytes to the disease.3,4 Serum 
levels of anti-dsDNA antibodies were reported 
to be highly correlated with the percentage 
of sialoadhesin+ CD14lowCD16++ nonclassical 
monocytes in circulation. Nonclassical monocytes 
are also known to secrete high amounts of IL-1β 
upon TLR stimulation. Furthermore, it has been 
reported that antigen presentation by nonclassical 
monocytes contributes to the activation of T 
cells and B cells in patients with SLE.1,4 Hence, 
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we suggest that monocyte subsets could be a 
simple hematological parameter to help identify 
SLE disease activity. We determined a cutoff 
point of ≤72.2% for the classical subset (66.7% 
sensitivity and 87.5% specificity, AUC = 0.767 
with p = 0.021) and >22.3% for the intermediate 
subset (67% sensitivity and 100% specificity, 
AUC = 0.788 with p = 0.014) for active SLE 
disease.

All our patients received corticosteroids, 
while the use of other immunosuppressant 
drugs was not significantly different between 
patients with inactive or active SLE. We assume 
that the influence of immunosuppressants 
on monocyte subset results between the two 
groups in our study was likely the same. 
Immunosuppressant drugs have been reported to 
influence monocytes. Steroid consumption was 
linked to increased levels of total, CD14++CD16−, 
and CD14++CD16+ monocyte counts, but a 
decrease in CD14+CD16++ monocytes. By 
contrast, the intake of mycophenolate did not 
have any effect on the counts of monocyte 
subsets.21 Cyclosporine has been reported to 
decrease monocyte counts in patients with lupus 
nephritis.22

The duration of illness in our two groups 
was not statistically different. There are still 
controversies regarding the influence of the 
duration of illness on organ damage in SLE. 
According to a systematic literature analysis 
by Sutton et al., organ damage in SLE is often 
linked to longer disease duration.23 However, 
in multivariate analysis, disease duration was 
comparable between patients with SLE, with or 
without organ damage.24 

Our study has several limitations such as the 
relatively small number of subjects; most of the 
subjects had already taken several medications, 
including steroids and immunosuppressants, 
which might influence hematological parameters. 
There were no healthy subjects included as 
controls.

CONCLUSION
Classical and intermediate monocyte subsets 

could be considered immune cellular markers to 
identify active SLE.
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