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ABSTRACT

Introduction: Symptomatic juvenile idiopathic
arthritis (sJIA) is an autoinflammatory disease,
and monocytes/macrophages play an important
role. However, which macrophage subtype
plays a major role in different stages of sJIA is
still unclear. This study aimed to explore mac-
rophage subtypes in different stages of sJIA.
Methods: Twenty-two children with sJIA who
were followed up at Shanghai Children’s
Hospital from January 2018 to December 2020
were enrolled in this study. sJIA children were
divided into an activity group (n = 12) and an
inactivity group (n = 10). In the activity group,
subjects with newly diagnosed sJIA and
untreated were included; in the inactivity
group, subjects with inactive sJIA meeting the
2011 ACR criteria for sJIA were recruited. Ten
children with orthostatic proteinuria served as
controls. Peripheral blood was collected. Flow
cytometry was performed to detect macrophage
subtypes: M1 (CD14?CD86?CD80?), M2a
(CD14?CD206?CD301?), M2b (CD14?CD206?

CD86?) and M2c (CD14?CD206?CD163?), and
the contents of cytokines were also examined,

including interleukins (IL) (IL-1b, IL-2, IL-4, IL-
5, IL-6, IL-8, IL-10 and IL-17), interferon-a,
interferon-c, and tumor necrosis-a.
Results: M1 marker CD80 and M2 marker
CD163, CD301 were highly expressed in chil-
dren with active sJIA. The majority of macro-
phages were M1 and M2a in the activity group
(P\0.05). In the inactivity group, M2 tended
to polarize into M2b and M2c (P\0.05). IL-6
significantly increased in the activity group
(P\0.05), while IL-10, IL-4 and IL-17 markedly
increased in the inactivity group (P\0.05).
Conclusions: In the active sJIA, M1 activation
promotes inflammation, while M2a rapidly
responds to inhibit inflammation; in the inac-
tive sJIA, M2b and M2c play a major role in
inhibiting inflammation.
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Key Summary Points

Macrophages play an important role in the
occurrence and development of sJIA. In
the active stage of sJIA, M1 activation
promotes inflammation, while M2a
rapidly acts to suppress inflammation.

In the inactive stage, M2b and M2c play a
major role in inhibiting inflammation.

Different macrophage subtypes are related
to cytokines such as IL-6, IL-10, IL-4, and
IL-17, and both of them participate in the
development and remission of sJIA.

INTRODUCTION

Systemic juvenile idiopathic arthritis (sJIA) is a
special subtype of juvenile idiopathic arthritis.
Compared with other subtypes, sJIA is more
comparable to autoinflammatory disease. In
addition to the manifestations of arthritis, sJIA
is characterized by systemic symptoms such as
fever and rash and prone to macrophage acti-
vation syndrome [1–4]. Recent studies have
shown that the activation of mono-
cytes/macrophages plays an important role in
the pathogenesis of sJIA [5–7]. Various types of
macrophages can be present in different cyto-
kine microenvironments [8]. According to the
differences in the identified molecules on the
cells and cell functions, macrophages are
mainly divided into two types: M1 macrophages
(classically activated macrophages) and M2
macrophages (alternatively activated macro-
phages) [9]. M1 macrophages can cause
inflammation and produce pro-inflammatory
cytokines such as tumor necrosis factor (TNF)-a,
interleukin (IL)-1b, IL-6, IL-12, CXCL9 and
CXCL10, and low levels of IL-10 regulate and
promote Th1-type immune response [10, 11].
Cytokines such as IL-10, IL-4, and IL-13 can
induce polarization into M2 macrophages.
Functionally, M2 macrophages can inhibit the
inflammatory response, remove debris and

apoptotic cells, promote tissue repair and
wound healing, improve immune regulation,
and promote angiogenesis and fibrosis [12, 13].
Recently, studies have found that M2 macro-
phage-related genes are expressed in the
monocytes of sJIA children [5], such as CD163,
Arg1, and CCl2. However, further studies on
macrophages have found that M2 macrophages
under a specific environment can be further
divided into different subtypes, namely, M2a,
M2b, and M2c. Different subtypes play different
roles in various stages of this disease. For
example, M2a participates in Th2 reaction and
allergic reactions and can kill parasites, while
M2b is involved in immune regulation. M2c has
a de-priming effect and can secrete various anti-
inflammatory cytokines, which are mainly
involved in tissue remodeling and matrix
deposition [14–16]. However, the role of mac-
rophage subtypes in the pathogenesis of sJIA
has not been thoroughly investigated so far.
This study aims to examine the macrophage
subtypes, surface markers, and cytokines secre-
ted by macrophages in children with sJIA at
different stages.

METHODS

Patients

This study enrolled 22 children with sJIA who
were followed up at Shanghai Children’s
Hospital from January 2018 to December 2020.
The sJIA was diagnosed based on the Interna-
tional League of Associations for Rheumatology
(ILAR) 2001 JIA criteria [17]. sJIA children were
divided into an activity group (n = 12) and an
inactivity group (n = 10). In the activity group,
children who were newly diagnosed with sJIA
and did not receive treatment before study were
recruited. In the inactivity group, children were
diagnosed with sJIA in inactive phase according
to the 2011 ACR criteria (no joints with active
arthritis; no fever, rash, serositis, splenomegaly,
or generalized lymphadenopathy attributable to
JIA; no active uveitis to be defined; erythrocyte
sedimentation rate (ESR) or C-reactive protein
(CRP) level within normal limits in the labora-
tory where tested (if both are tested, both must
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be normal) and physician’s global assessment of
disease activity score of best possible on the
scale used [18]. In the inactivity group, children
were treated with prednisone, methotrexate,
and IL-6 receptor antagonist to improve symp-
toms. Prednisone treatment was stopped 5–-
12 months ago at the analysis of macrophage
subtypes, and methotrexate and IL-6 receptor
antagonists were still used for maintenance
treatment. In the control group, ten children
with orthostatic proteinuria were included.

This study was approved by the Ethics
Committee of Shanghai Children’s Hospital
(No. 2017R026-F01) and informed consent was
obtained by the patient’s parents. This study
was performed in accordance with the Helsinki
Declaration of 1964 and its later amendments.

Detection of Macrophage Subtypes

Flow cytometry was performed to detect
monocytes/macrophages in the peripheral
blood of children in two groups. Cells were
subjected to incubation with CD14-FITC, CD80-
APC, CD86-PE/Cyanine7, CD301-PE, CD206-
Alexa Flour�700, and CD163-Brilliant Violet
421TM. All steps were performed according to
the manufacturer’s instructions. All reagents
were from Biolegend, and the Cytoflex S flow
cytometer was used.

We defined CD14?CD86?CD80? as M1,
CD14?CD206?CD301? as M2a, CD14?

CD206?CD86? as M2b and CD14?

CD206?CD163? as M2c.

Detection of cytokines

The cytokines (IL-1b, IL-2, IL-4, IL-5, IL-6, IL-8,
IL-10, IL-17, IFN-a, IFN-c, and TNF-a) in the
peripheral blood were detected by flow cytom-
etry. All steps were performed according to the
manufactures’ instructions. Reagents were
obtained from RaiseCare (China).

Statistical Analysis

Statistical Product and Service Solutions (SPSS)
version 19.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Quantitative data

with normal distribution were analyzed by
analysis of variance, while qualitative data
without normal distribution are expressed as
median (interquaternary interval). A non-para-
metric Kruskal–Wallis test was used for com-
parison of other continuous variables. A value
of P\ 0.05 was considered statistically signifi-
cant. Flow cytometry data were analyzed with
FlowJo10. All graphics were created using
GraphPad Prism 8.0.

RESULTS

Characteristics of Patients on Macrophage
Subtype Assay

There were 32 patients in the present study,
including 17 males and 15 females. In the
activity group, there were 12 patients (seven
males, five females, male:female = 1.40:1); the
mean age was 8.38 ± 2.77 years; the average
levels of ESR and CRP were 94.83 ± 15.78 mm/
h and 111.53 ± 25.23 mg/l, respectively. In the
inactivity group, there were ten patients (four
males, six females, male:female = 0.66:1); the
mean age was 9.91 ± 2.16 years, and the levels
of ESR and CRP returned to normal. In the
control group, there were ten subjects (six
males, four females, male:female = 1.50:1); the
mean age was 10.65 ± 2.13 years, and the levels
of ESR and CRP were normal. The results are
shown in Table 1.

Phenotype of CD141 Monocyte/
Macrophage Subsets in sJIA Children

Flow cytometry was performed to detect the
surface markers of M1 and M2 in the CD14?

mononuclear subsets based on the mean fluo-
rescence intensity (MFI). Results showed that
the expression of M1 marker CD80 in the
activity group was significantly higher than in
the inactivity group and control group (Fig. 1A).
CD86 expression was comparable among three
groups (Fig. 1B). CD206, CD163, and CD301
served as markers of M2. Results showed that
CD163 expression in the activity group was
significantly higher than in the control group,
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and CD163 expression tended to be normal
after remission of sJIA (Fig. 1C). The MFI of
CD301 in the activity group was significantly
higher than in the inactivity group and control
group (Fig. 1D), but no significant difference
was found in CD206 expression among three
groups (Fig. 1E).

Difference in Macrophage Subtypes in sJIA
Children

First, we gated monocytes in a forward scatter/
sideward scatter (FSC/SSC) dot plot. Second, we
gated CD14? monocytes within monocytes.
Finally, we gated M1, M2a, M2b, and M2c using
isotype controls within CD14? monocytes.
Proportions of M1 and M2a in the activity
group were higher than in the control group
(Fig. 2A, B), indicating that M1 and M2a played
an important role in the activity of sJIA. In the
activity group, the proportions of M2 subtypes
in the total M2 were significantly different
(Fig. 2C): the proportions of both M2a and M2b
were higher than that of M2c, but no difference
was found between M2a and M2b. In the inac-
tivity group, M2a decreased significantly as
compared to M2b and M2c, and the M2 sub-
types showed the same trend in the inactivity
group and control group.

Cytokines in the Peripheral Blood of sJIA
Children

Cytokines (IL-1b, IL-2, IL-4, IL-5, IL-6, IL-8, IL-
10, IL-17, IFN-a, IFN-c, and TNF-a) in the blood
were detected by flow cytometry (Table 2).
Results showed that the IL-6 in the activity
group was significantly higher than in the
inactivity and control groups. IL-6 was still
higher than normal in the inactivity group.
Interestingly, IL-4, IL-10, and IL-17 markedly
increased in the inactivity group, while other
cytokines were comparable among three
groups.

DISCUSSION

Macrophages are an important component of
innate immunity and play a central role in the
inflammation and host defense. In response to

Table 1 Characteristics of patients at the time of macrophage subtyping (n or mean ± SD)

Characteristics Activity group Inactivity group Control group

Number of patients 12 10 10

Gender

Male 7 4 6

Female 5 6 4

Age (years) 8.38 ± 2.77 9.91 ± 2.16 10.65 ± 2.13

ESR (mm/h) 94.83 ± 15.78 2.10 ± 0.13 9.20 ± 7.26

CRP (mg/l) 111.53 ± 25.23 B 5 B 5

ESR erythrocyte sedimentation rate, CRP C-reactive protein

cFig. 1 Mean fluorescence intensity of M1-and M2-related
surface markers. A Expression of M1-related marker CD80
in sJIA children and controls. B Expression of M1-related
marker CD86 in sJIA children and controls. C Expression
of M2-related marker CD163 in sJIA children and
controls. D Expression of M2-related marker CD301 in
sJIA children and controls. E Expression of M2-related
marker CD206 in sJIA children and controls. F FACS
histograms of M1- and M2-related surface markers.
Activity group, n = 12; inactivity group, n = 10; control
group, n = 10. *P\ 0.05 **P\ 0.01
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various environmental factors (e.g., microbial
products, damaged cells, and activated lym-
phocytes) or different pathophysiological con-
ditions, macrophages transform into different
functional phenotypes as classically activated
macrophages (M1) and alternatively activated
macrophages (M2) [8, 19]. Recent studies have
classified M2 into M2a, M2b, and M2c accord-
ing to the induced molecules and transcription
products [11, 12]. At present, numerous studies
have shown that macrophages play an impor-
tant role in the occurrence and development of
sJIA, but the role of different subtypes of mac-
rophages at different stages of sJIA is still poorly
understood.

It has been reported that the M1 macro-
phages highly express CD80, CD86, and MHCII
and can secret IL-1, IL-6, IL-12, and TNF-a
[13, 20]. M2a macrophages are characterized by
CD206, CD301, CD200R, Arg1, and other
molecules, and can secrete IL-10 and TGF-b at
the same time [21, 22]. The signature molecules
of M2b macrophages include CD86, CD206,
and MHCII, and they can secrete IL-10, TNF-a,
IL-1b, and IL-6 [15, 23]. Markers of M2c include
CD163, CD206, MERTK, and CXCL13, and
these cells can secrete IL-10 and TGF-b and are
simultaneously activated by IL-10 and gluco-
corticoids [12, 14, 24].

In this study, the characteristic surface
markers were detected aiming to subtype mac-
rophages. Our results showed that the expres-
sion of CD80, a surface marker of M1, increased
at the active stage of sJIA, while CD86 expres-
sion was comparable among three groups,
which was consistent with the results of
Macaubas et al. [5]. CD80 and CD86 are
important molecules that can provide

synergistic stimulus signals, which can bind to
ligands CD28 and CTLA-4 on the T lympho-
cytes to provide synergistic signals, leading to
the activation of T lymphocytes [25, 26]. At
present, the CD80 antagonist abatacept has
been used in the treatment of sJIA in children
achieving favorable efficacy [27]. Our results
indicate that CD80 antagonists may also be
applied in the clinical treatment of sJIA in
children. Our study also revealed that M2
markers CD163 and CD301 were highly
expressed in the activity group as compared to
the control group, but CD206 expression was
comparable among the three groups. A variety
of studies have shown that CD163 expression
significantly increases in case of active sJIA,
which is consistent with our findings [5, 28].
CD163 is a scavenger receptor with mononu-
clear macrophage specificity. It is highly
expressed on mature macrophages (mainly M2
macrophages) in various tissues. Recent studies
have shown that CD163 is highly expressed
mainly in M2c macrophages and plays an anti-
inflammatory role in sJIA. CD206 is a scavenger
receptor and a marker of M2 macrophages
[29, 30]. Macaubas et al. also found that CD206
expression increased in the peripheral blood of
active sJIA patients [5]. However, our study
indicated the CD206 expression increased in
the activity group as compared to the inactivity
group and control group, although there was no
significant difference, which might be related to
the small sample size. CD301, also known as
macrophage galactose-calcium lectin, is a
C-type lectin receptor that can be highly
expressed in macrophages after IL-4 treatment
[31]. It is related to the uptake of glycoprotein,
and the interaction between immune cells and

Fig. 1 continued
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pathogen recognition [32], but its expression in
sJIA has not been reported yet. To our knowl-
edge, this study for the first time reported that
CD301 expression significantly increased in sJIA

in active phase, but the specific role of CD301 in
sJIA remains to be further evaluated.

At the active stage, sJIA is mainly manifested
by the massive secretion of inflammatory

Fig. 2 Subtypes of macrophages in children with sJIA.
A The proportions of M1, M2a, M2b, and M2c in
different stages of sJIA children and controls. B Represen-
tative flow chart of the proportions of M1, M2a, M2b, and
M2c in different stages of sJIA children and controls.

C M2a, M2b, and M2c accounted for the proportion of
total M2 in the same period of sJIA children and controls.
Activity group, n = 12; inactivity group, n = 10; control
group, n = 10. *P\ 0.05 **P\ 0.01 ***P\ 0.001
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cytokines and outbreak of inflammatory
response [1, 3, 33], while M1, as a typical mac-
rophage, can promote the inflammation and
accelerate the degradation of extracellular
matrix and apoptosis by secreting large
amounts of cytokines such as TNF-a, IL-6, IL-1b,
IL-23, etc. In this study, M1 macrophages
increased in the activity group (P\ 0.05), and
the M1 macrophages in the inactivity group
were similar to those in the control group.
However, M2a macrophages increased in the
active stage of sJIA, which has not been reported
yet. Many studies have shown that monocytes
in the peripheral blood of children with
untreated active sJIA express molecules related
to M2 macrophages, such as CD163, Arg1, IL-
10, MS4A4a, and CCL2 [5, 6, 34]. However, the
specific subtype of macrophages that play a
major role in the active phase of sJIA is not yet
known. Haribhai et al. found that implantation
of M2a macrophages into mice with inflamma-
tory bowel disease served as an immune adju-
vant for cell transfer immunotherapy to
promote the directed and consistent expansion
of the iTreg-Th17 cell axis and reconstruct
mucosal immunity [35]. Therefore, we hypoth-
esized that M2a macrophages were stimulated

by various inflammatory cytokines at an early
stage of sJIA to produce a rapid immune
response and thereby inhibit the inflammatory
cytokine storm.

In this study, sJIA children were mainly
treated with prednisone, methotrexate, and IL-6
receptor antagonist (tocilizumab), aiming to
improve symptoms. In the present study, pred-
nisone treatment was discontinued about half a
year ago in the inactive group, but they were
still taking methotrexate orally, and the time
interval to the last dose of tocilizumab was 2–-
6 weeks. In the inactivity group, levels of M1
and M2a basically returned to normal. Among
the M2 subtypes, the macrophages in children
with sJIA in the remission stage were mainly
M2b and M2c, and the percentage of M2a sig-
nificantly decreased (P\0.05), which was con-
sistent with the observations in the control
group. However, in children with active sJIA,
M2c in the M2 subtype reduced, and M2a and
M2b were the dominant subtypes, suggesting
that M2b and M2c play a decisive role in the
late remission of sJIA. There is evidence show-
ing that both M2b and M2c have immunoreg-
ulatory effects, but whether the decrease in the

Table 2 The expression of cytokines in the plasma of sJIA children (mean ± SD; pg/ml)

Cytokines Activity group Inactivity group Control group

IL-6 229.96 ± 345.41*# 17.033 ± 9.56* 0.14 ± 0.05

IL-5 8.10 ± 5.12 5.44 ± 4.76 0.34 ± 0.77

IFN-a 4.14 ± 1.35 3.61 ± 2.93 0.1 ± 0.15

IL-2 3.57 ± 11.40 4.10 ± 3.56 0.18 ± 0.27

IL-10 2.19 ± 5.45 2.13 ± 1.56* 0.16 ± 0.2

IFN-c 44.7 ± 29.99 8.552 ± 7.56 23.778 ± 23.13

IL-8 65.11 ± 63.18 8.78 ± 8.91 65.10 ± 47.45

IL-17 7.26 ± 6.54 2.46 ± 0.63* 0.17 ± 0.07

IL-1b 38.44 ± 33.65 13.03 ± 4.20 0.53 ± 0.25

IL-4 1.61 ± 3.35 2.03 ± 1.45* 0.27 ± 0.37

TNF-a 12.02 ± 35.70 6.85 ± 5.73 0.28 ± 0.46

Notes: activity group, n = 12; inactivity group, n = 10; control group, n = 10. *P\ 0.05 vs. control group; #P\ 0.05 vs.
inactivity group
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M2a and the increase in the M2c are related to
tocilizumab treatment remains to be evaluated.

To further investigate the role of macro-
phage subtypes at different stages of sJIA and
the potential mechanism, cytokines were
detected and analyzed in the above three
groups. IL-6 increased significantly in the
activity group, but decreased significantly in the
inactive group as compared to the activity
group, but it failed to completely return to
normal, while other cytokines did not signifi-
cantly increase in the activity group. Studies
have shown that sustained high IL-6 level is not
only associated with the degree of joint damage
and osteoporosis but also with the clinical
manifestations such as fever, increased platelet
consumption, anemia, and growth retardation
in sJIA children [36, 37]. IL-6 can bind to the IL-
6 receptor and glycoprotein 130 to stimulate
the JAK-STAT signaling pathway, thus activat-
ing the inflammatory response [38]. Moreover,
IL-6 can be produced by the M1 macrophages.
Our study also indicated that IL-4, IL-10, and IL-
17 increased in the inactivity group as com-
pared to the control group. IL-4 is mainly
secreted by Th2 cells and can induce the dif-
ferentiation of macrophages into M2a, which is
involved in the inhibition of inflammation
[12, 13]. However, few recent studies have
evaluated the role of IL-4 in sJIA. Some studies
have shown that the expression of IL-10 in the
plasma and synovial fluid of active sJIA children
is higher than in those with inactive sJIA [39].
However, other studies have indicated that
expression of IL-10 in active sJIA children is
lower than in those with inactive sJIA, suggest-
ing that IL-10 can act as a protective anti-in-
flammatory factor and antagonize the
destruction of cartilage and bone tissues in the
pathogenesis of sJIA. In our study, IL-10
expression was elevated in the inactivity group,
which may exert a protective effect. It has been
reported that IL-10 can be secreted by M2a,
M2b, and M2c, has a wide range of anti-in-
flammatory effects, and can induce the forma-
tion of M2c, which may attribute to the increase
of M2c in the remission stage of sJIA in the
present study. The inflammatory cytokine IL-17
is secreted by Th17 cells, and can promote the
occurrence and development of sJIA. Our results

showed that IL-17 level was significantly higher
in the active stage than in the inactivity stage,
and there was a positive correlation between IL-
17 and IL-6. IL-17 and IL-6 play a synergistic
role in the pathogenesis of sJIA [40, 41]. In our
study, the IL-17 level increased in both active
and inactive phases of sJIA, and in the inactivity
group, it was significantly different from that in
the control group (P\0.05).

There were still limitations in the present
study. First, the sample size was small, and more
studies with large sample size are needed to
confirm our findings in the future. In our study,
children with orthostatic proteinuria were
included as controls, although no study has
reported the involvement of macrophages and
cytokines in the pathogenesis of orthostatic
proteinuria. In addition, the JIA subgroup dis-
tribution was not homogeneous in the present
study.

CONCLUSIONS

Macrophages play an important role in the
occurrence and development of sJIA. In the
active stage of sJIA, M1 activation promotes
inflammation, while M2a rapidly acts to sup-
press inflammation. In the inactive stage, M2b
and M2c play a major role in inhibiting
inflammation. Different macrophage subtypes
may be related to the production of different
cytokines (such as IL-6, IL-10, IL-4, and IL-17),
and both cells and cytokines participate in the
development and remission of sJIA.
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