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IMMUNOLOGICAL SYNAPSE FORMATION INHIBITS THE APOPTOSIS OF RHEUMATIOD ARTHRITIS MACROPHAGES
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ABSTRACT
Objective: The objective was to assess rheumatoid arthritis (RA) macrophage immunological synapse (IS) formation and as well
the capacity of the IS to protect macrophages from apoptosis. Moreover, the effect of cyclosporin A (CsA) and its ligand, cyclophilin A
(CypA), on IS formation was assessed with regard to the control of macrophage apoptosis.
Methods: Peripheral blood was collected from ten healthy controls and ten confirmed active RA patients. CD14+ macrophages
were co-cultured with activated CD4+ T cells to promote IS formation. The macrophage–T cell conjugates were cultured for 16 h to
induce apoptosis, which was analyzed by Annexin V-PI staining, TUNEL assay, and DAPI staining. CypA (200 ng/ml) or CsA (1 μg/ml)
were assessed for their effect on IS formation and apoptosis of IS macrophages. Statistical analysis was by Student’s t-test.
Results: More ISs were formed by cells from RA patients than from healthy controls. Annexin V-PI staining, TUNEL assay, and
DAPI staining demonstrated apoptosis to be less in macrophages that formed ISs with CD4+ T cells. This effect was more pronounced
for RA cells than for healthy control cells. For RA cells, CypA further reduced the rate of apoptosis, while CsA had the opposite effect.
Conclusion: For RA patients, macrophages participated in the formation of ISs and that participation significantly reduced
macrophage apoptosis.CypA enhanced the effect but CsA suppressed it. These results provide for a new theoretical and therapeutic
foundation upon which to understand the prolonged survival and function of RA macrophages. Such macrophages may enhance inflammation and increase joint destruction in RA.
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Introduction
Rheumatoid arthritis (RA) is an inflammatory
disease characterized by pronounced synovial
inflammation and bone erosion(1). RA macrophages
secrete inflammatory factors, chemotactic factors,
and regulatory cytokines within the lining and
sublining areas of RA synovium(2) with increased
levels of macrophages related to the severity
of cartilage erosion(3). Immune responses are
initiated by the interaction of macrophages with T
cells forming an immunological synapse (IS)(4-6).
IS formation inhibits the apoptosis of dendritic
cells (DCs) in that the percentage of apoptotic cells
is reduced by almost 60% for DCs synapsed with
T cells in comparison to DCs alone(7). Macrophages
are abundant in RA synovial membranes and fluid.
Further, macrophage numbers and activation relate
to the severity of disease and bone destruction(3).

However, whether IS can protect macrophages from
apoptosis in RA patients is unknown. The commonly
used immunosuppressive drug cyclosporin A (CsA)
can significantly influence localization of the TCR/
CD3 complex to the IS(8), which suggests that CsA
may interfere with IS maturation. This interference
may be through inhibition of the TCR/CD3 complex.
Alternatively, the interference could be by cytokine
receptor-mediated signaling events(9), or through
induction of IκB blocking the activation of NF-κB(10-12).
The purpose of this investigation was to explore the
impact of CsA and its major target, cyclophilin A
(CypA), on IS formation and macrophage apoptosis.
Materials and methods
Patients
Peripheral blood was obtained from ten
patients with active RA and ten healthy controls. All
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RA patients met the 1987 diagnostic criteria of the
American College of Rheumatology(13). The active
RA patients did not receive treatment. The mean
patient age was 45 years (range 22-65 years) with
mean disease duration 5 years. The mean erythrocyte
sedimentation rate (ESR) was 52 ± 13 mm/h and the
C-reactive protein (CRP) level was 38 ± 13 mg/l. The
healthy controls did not differ significantly based
on age or gender. In this study, ethics approval was
granted and all subjects provided informed consent
whicht was obtained from all individual participants
included in the study. (Table 1).
Health controls

RA patients

After CsA treatment

Demographic
Male

6

5

5

Female

4

5

5

Age >40

5

5

5

Age <40

5

5

5

Married and

7

6

6

Unmarried

3

4

4

ESR (mean value)

11

52

25.6

Clinical factors
CRP

4.6

38

28.3

Joint swelling (mean value)

0

12

8

Joint pain (mean value)

0

14

5

DAS28

0

4.8

2.2

Disease periods (mean year)

-

5

5

Complications

-

NO

NO

Table 1: Demographic and disease characteristics of the
study population (h = 20).

Cells isolation and culture
Peripheral blood mononuclear cells (PBMCs)
were isolated from heparinized venous blood by
density gradient centrifugation over Ficoll (1.077
g/ml; Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s instructions. CD14+ monocytes
were purified from PBMCs with CD14 MicroBreads
(Miltenyi, Germany). purity was typically more
than 90%, 1×106 cells/ml were cultured in 2 ml of
Roswell Park Memorial Institute medium (RPMI)1640 with 10% heat-inactivated fetal bovine serum
(FBS) (Gibco, Grand Island, NY, USA), 50 ng/ml
phorbol-12-myristate-13-acetate (PMA, SigmaAldrich, St Louis, MO, USA) in 6-well plates at
37°C(14). Macrophages were obtained after 48 h of
culture and levels of CD14 and CD68 assessed by
flow cytometry (Becton-Dickinson)(15-16).
CD4+ T cells were selected using a CD4
negative-selection kit that included a hapten–
antibody ‘cocktail’ of anti-CD8, anti-CD11b, antiCD16, anti-CD19, anti-CD36, anti-CD56 (Miltenyi
Biotech), and anti-hapten magnetic beads (Miltenyi).

Purity was typically greater than 80%(7). Purified T
cells were cultured overnight in 96-well flat-bottom
plates (Nunc, Roskilde, Denmark) that were coated
with 1 µg/ml anti-CD3 monoclonal antibody (mAb)
(Invitrogen) and 5 µl of anti-CD28 mAb (Santa) (10
µg/ml). Cells were cultured at 37°C in 5% CO2 for
24 h to induce CD4+T cells activation(17).
T cell/ macrophage IS formation
Induced CD14+ macrophages and activated
CD4+ T cells (ratio of 1 macrophage: 1 CD4+ T
cell) were incubated in complete medium with or
without CsA (ENZO) at 1ug/ml and CypA (R&D) at
200 ng/ml. The cells were centrifuged at 50 × g for 5
min in a conical tube and then incubated in complete
medium for another 2 h to permit IS formation. The
cells were then plated at 37°C for 30 min on poly
L lysine (PLL) coated coverslips (Sigma) at 20 µg/
ml. The cells were ﬁxed in 4% paraformaldehyde
in phosphate buffered saline (PBS) for 20 min and
permeabilized with 0.2% Triton X-100 for 10 min
at room temperature. Antibody Fc receptor binding
was blocked with 50 ug/ml human IgG for 15 min
followed by 1% BSA for 15 min to block nonspecific binding(7).
Samples were then incubated for 2 h at 37°C
with primary antibodies (Abs) CD3/CD28/ and
LFA-1 to assess IS central supramolecular activation
cluster (cSMAC) and peripheral supramolecular
activation cluster (pSMAC), respectively(18-19).
The reagents were mouse anti-CD3 (Invitrogen),
mouse anti-CD28 (Santa), and rabbit anti-LFA-1
(Abcam). After washing with PBS, cells were
incubated with secondary goat anti-mouse FITC
(KPL), goat anti-mouse Cy3 (KPL), and goat antirabbit Cy3 (KPL) for 1h at 37°C. Before mounting,
the cells were extensively washed with PBS. Cell
conjugate formation was analyzed quantitatively
by laser-scanning confocal microscopy (Olympus,
FluoView1000).Macrophage–T cell conjugates
were identified by accumulation of molecules at
cell contact clusters. Clustering was considered
positive if the color intensity was at least four-fold
higher at cell contact than at other cell surfaces(20).
The proportion of conjugates with CD3/CD28/LFA1 was calculated by counting at least 100 different
CD3/CD28/LFA-1-expressing cells per sample by at
least two individuals blinded to sample preparation.
Accumulation of fluorescent signal at the contact
regions was assessed. Three independent repetitions
were performed for each condition(8).
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Induction of apoptosis
Single macrophages or macrophages forming IS
were transferred to 0.1% BSA in RPMI-1640 for 16
h. Apoptosis was assessed by; staining of the nuclei
with 4',6-diamidino-2-phenylindole) (DAPI), or by
observing phosphatidylserine externalization using
Annexin V-PI, or by staining of DNA fragmentation
by TUNEL assay(21).
Macrophage apoptosis as assessed by Annexin V-PI staining and flow cytometry
At the end of treatment, apoptosis was assessed
with an Annexin-V-FITC Staining Kit (Bender).
Non-adherent cells were removed by aspiration
and adherent macrophages washed three times
with PBS at 1000 rpm for 6 min. Before staining,
adherent cells were treated with 1.0 ml of 0.05%
trypsin in 0.53 mM ethylenediaminetetraacetic acid
(EDTA) (Invitrogen) at 37°C for approximately
5 min. Then, 1.5 × 105 cells were collected and
gently resuspended in 100 µL of binding buffer. 5
µl of Annexin V-FITC and 10 µl propidium iodide
(PI) were added and incubated with cells in the
dark for 15 min. At the end of incubation, flow
cytometry (Becton Dickinson, FACS Calibur) was
used to detect early apoptotic cells (Annexin V+PI+
events) and late apoptotic cells (Annexin V+ PI-).
Flow cytometry data were analyzed with WinMDI
software (Institute of Orthopedics, Second Hospital
of Lanzhou University).
TUNEL assay and DAPI staining
A TUNEL apoptosis detection kit (Roche)
was used to assess DNA fragmentation. Briefly
macrophages (cultured alone or with T cells to
permit IS formation, were treated with CypA (200ng/
ml) and CsA (1ug/ml). The cells were washed with
RPMI-1640, fixed with 4% paraformaldehyde in
PBS (pH 7.4) for 10 min, and then permeabilized
with 0.1% Triton X-100 for 2 min on ice (2–8°C).
Cells were then incubated with a reaction mixture
containing terminal deoxynucleotidyl transferase
and a fluorescein-conjugated nucleotide mixture
in the dark at 37°C for 60 min. Positively stained
fluorescein-labeled cells were visualized and
photographed using fluorescence microscopy(22).
The total number of TUNEL positive cells was
determined from ten different 20 × ﬁelds for each
treatment. Three independent experiments were
performed. In parallel experiments, cells were treated
with DAPI and apoptotic cells identified as those
with a concentrated, dense granular fluorescence.
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DAPI positive cells were assessed in 30 different 20
× ﬁelds(21).
Statistical analysis
Data were expressed as means ± SEM.
Differences between groups were examined for
statistical significance by Student’s t-test and
SPSS software. A value of p < 0.05 was considered
statistically significant.
Results
Formation of IS by RA macrophages
In a mature IS, TCR/MHC-peptide complexes
associate with CD3 and cluster at the center of
cell contact. This cluster is known as the cSMAC.
In contrast, molecules such as talin, LFA-1, and
ICAM are thought to segregate into the pSMAC
that surrounds the cSMAC(18-19,23). Herein RA
macrophages were assessed for IS formation using
CD4+ T cell and induced CD14+ macrophages
as antigen presenting cells (APCs). The surface
molecules CD3/CD28 and LFA-1 were used to
identify cSMAC and pSMAC, respectively. These
molecules were assessed for polarization and
clustering at the T cell-macrophage IS. ISs were
formed between CD4+ T cells and induced RA
CD14+ macrophages as well as macrophages from
healthy controls. For RA, CD3/CD28/LFA-1 clearly
polarized and clustered to the T cell-macrophage
contact point.
In contrast, healthy control macrophage
polarization of CD3/CD28/LFA-1 was not as clear
(Fig. 1a). In Fig. 1b quantitative frequency analysis
of macrophage–T cell IS clustering is shown for
RA and healthy control macrophages by confocal
microscopy. The proportion of conjugates with CD3/
CD28 /LFA-1 redistributed to the contact areas was
calculated by counting at least 100 different CD3/
CD28/LFA-1-expressing cells per sample. This
was accomplished by at least two individuals who
were blinded to the samples and who observed
the accumulation of fluorescent signals at contact
regions. Three independent repetitions were
performed for each condition. RA macrophages had
a greater tendency to form ISs than healthy control
macrophages. For T cells and RA macrophages the
percentages were CD3: (58.7 ± 15.3%), LFA-1:
(59 ± 14%), and CD28: (50.7 ± 14%). For healthy
control T cells and macrophages the percentages
were CD3: (23.7 ± 2.5%), LFA-1: (20.7 ± 5.5%, and
CD28: (14.7 ± 3.1%). See Fig. 1b.
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to the IS by 52.2%, compared to untreated control.
CsA also blocked the translocation of LFA-1 by
59.8%, which is consistent with a previous report
[24]. CD28 was blocked by more than 51.2%.
In contrast to CsA, CypA had no obvious effect
on CD3/LFA-1/CD28 recruitment to the APC/T cell
interface.

Fig. 1: RA cells shows a higher tendency to form IS
than healthy control cells. CD4+ T cells were isolated
from peripheral blood of ten RA patients and ten healthy
controls and then co-cultured with CD14+cells derived
macrophages for 30 min to induce IS formation.

(a) Cells were settled onto poly-l-lysine-coated slides, ﬁxed, and
stained with anti-CD3 antibodies (green), anti-LFA-1 antibodies
(red) with localization of CD3 and LFA-1 by confocal microscopy.
(b) The diagrams show a summary of at least three independent
experiment means ± SEM expressed as percent of immunological
synapse formation by RA and healthy control cells. For each
time point, 70 to 100 individual T cell/macrophage conjugates
were analyzed. Scale bars: macrophages, 20 μm; CD4 T cells,
10 μm. Signiﬁcance versus untreated control: *, P < 0.05; **, P
< 0.01; ***; P < 0.001.

IS formation inhibits the apoptosis of RA
macrophages
Previously, CD14+ macrophages from the
peripheral blood of RA patients were shown to
form more ISs than healthy control macrophages(24).
Herein, apoptosis of macrophages was assessed
by Annexin-PI staining, TUNEL assay, and DAPI
staining. For both RA and healthy control subject
macrophages apoptosis was significantly decreased
when co-cultured with CD4+ T cells than when
macrophages were cultured alone. See Fig. 2.
However, for RA macrophages co-cultured with
CD4+ T cells apoptosis was significantly reduced
compared to healthy control macrophages. These
results suggest that RA macrophages, which are
abundantly found in the synovium of patients with
RA, have an increased tendency for survival.
CsA inhibits RA IS formation
The effect of CsA and its ligand CypA on
RA macrophage IS formation was assessed.
RA peripheral blood CD4+ T cell and CD14+
macrophages were allowed to form conjugates for 30
min. Fig. 3a shows confocal and Nomarski images of
CD4+T cell-macrophage conjugates that were either
untreated or treated with CsA/CypA. Fig. 3b, c show
that treatment of CD4+T cell-macrophage conjugates
with CsA signiﬁcantly reduced recruitment of CD3

Fig. 2: IS formation protects RA macrophages from
apoptosis in serum free conditions. Macrophages alone or
macrophages in combination with CD4+ T cells formed
IS were maintained in complete medium for 2 h. Then
cells were transferred to 0.1 %BSA in RPMI-1640 for 16
h.
(a) (b) The percentage of macrophage apoptosis was determined
using Annexin V/PI staining. (c) Apoptotic macrophages (arrows),
with characteristic condensed, fragmented, brighter nuclei
than non-apoptotic macrophages. (d) Single and co-cultured
macrophages were seeded in 24 well chamber slides, then the
TUNEL assay was completed with an in situ cell death detection
kit (Roche) according to the manufacturer’s protocol. Apoptotic
macrophages (arrows), which suffered DNA damage are labeled
with a green fluorescent marker. Scale bars: macrophages, 20
μm; CD4 T cells, 10 μm. (e) Quantitative estimation of TUNEL+
cells in single and co-cultured macrophages. (f) Percentage of
macrophages with condensed or fragmented nuclei (DAPI+)
after 16 h of T cell/ macrophages co-culture were determined
by DAPI staining.

CsA promotes apoptosis of RA macrophages
by inhibition of IS formation
To assess effects on IS formation, CsA (1 µg/ml)
or CypA (200 ng/ml) was added to macrophage–T
cell conjugates for 2 h, the cells were transferred
to serum-free medium for 16 h, and apoptosis
assessed by Annexin-PI staining, TUNEL assay, and
DAPI staining. CsA markedly reduced the number
of viable macrophages as assessed by AnnexinPI staining. CypA reversed the effect of CsA. See
Fig. 4a. Statistical analysis demonstrated CsA to
markedly upregulate apoptosis of macrophages.
See Fig. 4b. By TUNEL staining, the number of
TUNEL+ macrophages was greater in cells treated
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with CsA. See Fig. 4c, e. CypA significantly reversed
the effect of CsA, promoting the protective effect of
IS by reducing the apoptosis of macrophages. DAPI
staining was consistent with Annexin-PI staining,
and the TUNEL assay. See Fig. 4d, f. Hence, CsA
appears to promote apoptosis of macrophages by
weakening IS formation. CypA, which is highly
expressed in RA, reverses this effect.

Fig. 3: Effects of CsA and CypA on the formation of
macrophages–T cell IS. CD4+T cells from peripheral
blood of RA patients were treated with the CsA (1 µg/
ml) or CypA (200 ng/ml) and co-cultured for 30 min with
peripheral blood-derived macrophages from the same
individual. Cells were settled onto poly-l-lysine-coated
slides, ﬁxed, and stained for CD3, LFA-1, and CD28 by
immunoﬂuorescent labeling, then confocal microscopy
was used to analyze the localization of CD3, LFA-1, and
CD28.

(a) Representative confocal images of macrophage–T cell
conjugates untreated (control) or treated with CsA/CypA
treated along with corresponding Nomarski images. Scale bars:
macrophages, 20 μm; CD4 T cells, 10 μm. (b) Typical image
of conjugates for untreated (left panel) or CsA/CypA-treated
T cells with APCs. Arrows indicate clustering of the markers
at macrophages–T cell contact. (c) Summary of at least three
independent experiments, mean ± SEM expressed as percent
of IS formation in stimulated cells and untreated controls.
Signiﬁcance versus untreated control: *, P < 0.05; **, P < 0.01;
***; P < 0.001.

These results suggest that CsA may further
suppress IS formation by inhibiting CypA, which
would promote macrophage apoptosis, and inhibit
immune function.
Discussion

Immunological synapse (IS) formation is the
organization of membrane proteins at the interface
between T cells and APCs during the effector phase
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of the immune response(25). The most common APCs
taking part in IS formation are; DCs (professional
APCs), macrophages, and B lymphocytes. In RA,
monocytes from the peripheral blood migrate to
RA synovial tissue where they differentiate into
macrophages.

Fig. 4: CsA inhabits the protective apoptotic effect of
the IS for macrophages, CypA facilitated this protection
effect. Macrophage-CD4+T cells were treated with CypA
(200 ng/ml) or CsA (1 µg/ml) for 16 h in 0.1% BSA in
RPMI-1640 and (a) (b) the apoptosis was determined by

Annexin V/PI staining. Data show in (b) are means ±SEM
obtained from triplicate cultures. The results are representative
of three independent experiments. Signiﬁcance versus untreated
control: *, P < 0.05; **, P < 0.01; ***; P < 0.001. (c) After
different treatments, the TUNEL assay was performed with
an in situ cell death detection kit (Roche) according to the
manufacturer’s protocol. (d) Apoptotic macrophages (arrows),
with a characteristic condensed, fragmented, brighter
nucleus than non-apoptotic macrophages. DAPI staining of
representative apoptotic cells. Scale bars: macrophages, 40
mm; CD4 T cells, 10 mm. (e) Quantitative estimation of TUNEL
cells with CypA and CsA treatments. Result shows that CsA
can promote the apoptosis of macrophages, but CypA inhibits
the apoptosis of macrophages. The effect of CsA and CypA on
macrophage apoptosis may be through weakening/stimulating
IS formation. (f) Percentage of macrophages with condensed or
fragmented nuclei (DAPI+) determined by DAPI staining.

Although macrophages may not play a dominant
role in RA, they produce a wide range of proinflammatory, destructive, and remodeling proteins
that contribute significantly to inflammation and
joint destruction in both acute and chronic RA. As
judged by radiological progression, joint destruction
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is related to the degree of synovial macrophage
infiltration(3). Further, a decrease in macrophage
numbers within the synovium is associated with
clinical improvement after effective treatment(26).
Interactions between T cells and macrophages
result in polarization and clustering of CD3/LFA-1/
CD28 at macrophages-T cell contact points for both
RA and healthy control macrophages. This result
demonstrates that the supramolecular activation
cluster structure, i.e. the IS, can be formed between
macrophage and CD4+ T cells for both RA patients
and healthy controls. However, number of ISs for
RA CD4+ T cells and macrophages is significantly
higher than that of CD4+ T cells and macrophages
derived from healthy controls, suggesting more IS
formation for RA patients than for healthy control
subjects. Hence, in RA the immune response may be
accelerated by the increased number of ISs that are
formed. In a previous study at the single-cell level,
IS formation was shown to inhibit the apoptosis of
DCs(7).
Thus, we hypothesized that IS could be the
molecular device that reduced apoptosis of RA
macrophages. When CD4+ T cells and macrophage
were cultured, macrophage apoptosis was significantly
less for IS macrophages than for macrophages
cultured alone, which indicates that IS formation
protects macrophages from apoptosis. IS formation
for RA cells was significantly higher than for healthy
control cells, with the protective effect of IS formation
significantly greater for cells from RA patients than for
cells from healthy controls. These results suggest that
IS formation between CD4+ T cells and macrophages
decreases apoptosis of macrophages, thus prolonging
macrophage survival. Hence, targeted inhibition of IS
formation may promote apoptosis of macrophages,
reducing local and systemic inflammation, which
could prevent irreversible RA joint damage.
Previous studies have shown that the
immunosuppressive drug, CsA, interferes with; Jurkat
T-Raji B cell IS formation, TCR/CD3 relocalization,
and de novo TCR-induced cytokine production(8)(27).
Herein, the influence of CsA on the formation and
function of RA IS formation was assessed. The classic
IS inhibitor, anti-LFA-1, served as a control and CsA
was found to significantly inhibit the formation of the
IS, disturbing the CD3/LFA-1/CD28 accumulation at
the contract of T cells and macrophages. However, the
inhibitory effect of CsA on IS formation was inferior
to anti-LFA-1. CsA did inhibit IS formation and did
protect RA macrophages from apoptosis. The effect
of CsA on healthy control macrophages was not
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statistically significant. These results indicate that for
RA, CsA can promote the apoptosis of macrophages
and reduce the secretion of inflammatory molecules
by weakening IS formation. Further, CypA (the ligand
of CsA) did not significantly influence IS formation
but did promote the apoptotic protective effect of IS
for RA macrophages. In healthy control cells, the
effect of CypA on IS formation was not statistically
significant. These findings suggest that CsA impacts
IS formation and that this impact is aided CypA.
CsA may promote apoptosis of macrophages by
weakening IS formation. This effect can be reversed
by CypA, which is highly expressed in RA. These
results suggests that CsA may further suppress IS by
inhibition of CypA, promoting macrophage apoptosis
and inhibiting immune function. Mechanistic details
are yet to be elucidated. However, these results do
suggest potential new avenues for RA treatment by
the blockade of inflammatory pathways.
Ethical approval
All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.
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