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We are under attack by 
pathogens and cancer
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Immune defense and 
counter attack
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Innate immunity:
- immediate non-specific defense
- phagocytes kill or inactivate foreign objects
- information transfer to adaptive immunity

Adaptive immunity: 
- Humoral: B cell mediated, antibody 

production
- Cellular:   T cell mediated, interaction of T and 

antigen presenting cells (APCs)

Organs of the
Immune System



Dynamic process of 

Immunological Synapse

Ritter et al. Immunity. 2015;42(5):864-76.
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Synapse simulation

(a behavior not appreciated before), resulting in a small CD28-
CD80 ring around the cSMAC (Figures 3Ae–3Ah and 4A, solid
line; Video S3). This behavior occurred due to the SBS between
CD28-CD80 and LFA-1-ICAM-1 in combination with the TCR-
pMHC centripetal flow, which allowedCD28 complexes to follow
low tension paths toward the center. TheCD28 ring generated by
passive following in silico was too weak to explain the experi-
mentally observed CD28 ring around the cSMAC (Yokosuka
et al., 2008).

Actin-Dependent Localization of CD28
The effect of a potential actin-driven motion of CD28 complexes
(Pielak et al., 2017; Hayashi and Altman, 2006; Tavano et al.,
2006) onto its localization was analyzed in the model (Figure 3).
SBS between CD28-CD80 and LFA-1-ICAM-1 together with
CD28-actin coupling were sufficient to colocalize CD28-CD80
complexes with TCR-pMHC microclusters and to form a CD28
ring around the cSMAC (Figures 3Aa–3Ad, 3B, and 4A, dashed
line; Video S4) as in experiment (Yokosuka et al., 2008).

In order to find a criterion that allows to distinguish purely
passive following from CD28-CD80 coupling to actin, we inves-
tigated how barriers in several shapes that block the diffusion
of molecules and complexes on the SLB would influence IS
formation (Figure 3C). Colocalization of CD28 and TCR was
stronger when CD28 coupling to actin was on. Without actin
coupling, most CD28 was located in the dSMAC (Figure 3C).
In the annular and square setting, a structural difference was
found. With passive following alone, CD28 accumulates on
both sides of the barriers (Figure 3C, annular and square),
which are low-tension areas due to the accumulation of TCR
complexes. Still, a substantial amount of CD28 manages to
reach the cSMAC, but less than when actin coupling is on. In
this case, CD28 accumulates on the outside of the barriers
and in the center of the IS. This is a result of continuous cen-
tripetal flow, which is either interrupted by the barrier or guides
CD28 into the cSMAC area. Thus, an experiment using such
constraints in the SLB would reveal whether CD28 is coupled
to actin or not.

CD28 coupling to actin did not change the colocalization of
TCR-pMHC and CD28-CD80 early during IS formation (Fig-
ure 4A, 60 s). However, after 120 and 300 s, colocalization of
CD28 and TCR complexes decreased without actin coupling.
With actin coupling, it remained stable and increased after

Figure 1. List of Mechanisms Included in the
IS Model
The membrane of the T cell (blue) and the SLB (pink)

carrymolecules. Oppositemolecules bind or unbind

by chemical kinetics. Free and complexed mole-

cules move by diffusion or forces; centripetal forces

reflect actin coupling, and SBS represents the effect

of membrane bending.

600 s, when the cSMAC formed. In in silico
microclusters, CD28 hardly colocalized
with TCRs at a distance of less than
210 nm (Figure 4B). This reflects that
TCRs move faster to the center than

CD28. However, actin coupling resulted in a higher colocaliza-
tion of CD28 and TCR in the ring around the cSMAC.
To investigate the robustness of these results, additional in

silico experiments for molecular crowding were performed. The
total density of the molecules in Figures 3Aa–3Ad was gradually
increased from 30% to 60% (Figure S2A). As expected, this
increased the sizes of the cSMAC and CD28 ring (Figure S2A)
and consequently pushed the LFA-1 pSMAC further away from
the IS center. Despite size changes, the required mechanisms
for the formation of the ring-like structure remained the same.
Starting from Figures 3Aa–3Ad, we introduced different den-

sities of an extra population of arbitrary molecules (AMs) without
ligands on the SLB on the T cell lattice. Similar to Figure 6, AMs
are affected by the LFA-1 gradient in the pSMAC and are
excluded to the outer region of the IS. With increasing AM den-
sity, CD28 complexes became more spread out around the
cSMAC, but the ring-like structure was maintained (Figures
S2B and S2D, left graph) based on the same mechanisms of
pattern formation.
In order to exclude that the lattice resolution (a) of 70 nmwould

generate artifacts, we replicated the critical simulations with
different as (a = 100, 50, and 35 nm) (Figure S2C). Additionally,
a swapping algorithm was implemented, which allowed agents
moving by active forces, such as repulsion and centrally directed
force, to exchange positions when two agents are about to move
to each other’s position (Meyer-Hermann et al., 2012), resulting
in a more realistic fluidity similar to a lattice gas model. All the
mechanisms and patterns remained in accordance to the refer-
ence resolution of a = 70 nm (Figure S3). Altogether, the results
show that CD28 coupling to the centripetal actin flow is sufficient
for the formation of the ring-like structure and that SBS and pas-
sive following alone are not able to generate this pattern.

Existence of an Optimal Actin Coupling Strength
Next, we asked to which extent actin coupling controls CD28-
CD80 localization and varied the coupling strength from com-
plete absence (CCC = 0.00), to the strength on TCR complexes
(CCC = 1.00) (Figure 5). Both TCR and LFA-1 coupling were
kept the same as in Figure 2Af. The amount of CD28 in the
cSMAC and in the surrounding ring increased with increasing
coupling strength (Figure 5B), while the dSMAC population
was decreased. The time of pattern formation and the coupling
strength were not clearly correlated, and for weak actin coupling,

1154 Cell Reports 24, 1151–1162, July 31, 2018
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Immunological synapse 
simulation
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Differential F-actin 
coupling for CD28 ring
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Costimulators (±) are 
captured in the corolla
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CD2-CD28 attractoin can 
account for Corrola
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CD2 corolla formation
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Self attractionpromotes 
corolla with no CD28
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F-actin controls position 
of CD2 and LFA-1 rings
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CD45 can also promote 
corolla formation
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Low CD2 is a checkpoint

Philippos Demetriou



Conclusion- low CD2 
checkpoint
• CD2 expression can be down-regualted on TIL.
• CD2 expression is tightly controlled on T-cell 

subsets.
• CD2-CD58 interactions localize to a corolla-

making space for many interactions.
• Low CD2 expression limits TCR amplification.
• Low CD2 and high PD-1/PD-L1 interaction 

have a similar impact on TCR signaling.
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Abstract  
Number: "

The Immunological Synapse (IS) is the major structure 
formed during the contact between a T cell and B cell 
during antigen presentation. The IS is composed of a 
central accumulation of T cell receptors (TCRs) surrounded 
by an adhesive ring. Our group has recently demonstrated 
release of TCR enriched extracellular  microvesicles  into 
the  centre  of the IS by plasma membrane budding in a 
process that is dependent on the Tumour Susceptibility 
Gene 101 (TSG101).   We refer to these structures as 
synaptic ectosomes. Using supported planar  lipid bilayers 
(SLB) we demonstrate the concentration of CD40L and 
RNA species  in the center of the IS (cSMAC), which could 
serve as messages to  the  antigen presenting cell. Using 
the staphylococcal enterotoxin B (SEB),  we show 
that TCRs and CD40L can be  transferred from T cells to 
autologous B cells in a  superantigen  dose and TSG101 
dependent fashion. "
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Figure 1: CD40L staining in Immunological Synapse (A) TIRFM images of CD4+ blasts during an extended 
time-course of IS formation displaying CD40L (red) staining at the cSMAC. (B) Representative TIRFM images 
of CD4+ blasts imaged after 10 minutes of IS formation; top 3 rows CD40L (red) bottom row IgG control (red). "

IgG Con"

Figure 2: Effect of TSG-101 perturbation 
on CD40L deposition on anti-CD3/CD28 
magnetic beads. (A) TSG101 knockdown 
in anti-CD3/CD28 stimulated CD4+ 
blasts; compare lane 3 to lane 1,2,4 and 
5; top panel. (B-F) Deposition of CD40L 
and CD63 (extracellular vesicle marker) 
on anti-CD3/CD28 beads. (B) Forward/
side scatter of anti-CD3/CD28 beads 
used to set gate on bead singlets. (C) 
anti-CD3/CD28 beads used to activate 
CD4 blasts were washed extensively 
with Versene (EDTA) to liberate the cells. 
Gate from (B) used to select bead 
singlets. Positive staining of CD40L and 
CD63 on beads used to activate cells (E) 
compared to beads stained with isotype 
controls (D) and beads not used to 
activate cells but stained for CD63 and 
CD40L (F). (G-I) Deposition of CD40L on 
anti-CD3/CD28 beads is impaired 
following TSG101 KD (H) compared to 
SiRNA control (G). (I) Immunoblot of 
TSG101 KD used in experiment G-H; top 
panel anti-TSG101, bottom panel anti-β-
actin."
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Figure 3: TSG101 Perturbation 
impairs CD40L transfer to B-
cells. (A-B) Sorted SEB-reactive 
CD4+ T cells were cultured with 
autologous CD19+ B cells at a 
1:1 ratio, alone or in the 
presence of the indicated doses 
of SEB for 6 hours in the 
presence of Bafilomycin A. Flow 
cytometry plots show staining 
for the TCR zeta chain (A) or 
CD40L (B) in gated CD19+ 
CD4- singlets. (C) Same co-
culture conditions as in (B) with 
SEB-reactive CD4+ T-cells 
following TSG101 knockdown 
(third plot) or SiRNA control 
(second plot) in the presence of 
1 0 µ g / m L o f S E B . ( D ) 
Immunoblot of TSG101 KD 
used in experiment C; top panel 
anti-TSG101, bottom panel anti-
β-actin."
 "
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Human CD4+ T cells were isolated"
from peripheral blood by negative"
selection and expanded with "
anti-CD3/CD28 magnetic "
beads (bead:cell 1:1). "
T-B transfer experiments: "
Peripheral blood mononuclear cells"
(PBMCs) were stimulated with "
staphylococcal enterotoxin b "
(SEB 20 ng/mL)  for 2 days after which CD4+ T cells were isolated by negative 
selection. Autologous B cells were isolated by negative selection and cultured on 
MS40L-low expressing stromal cells in the presence of CpG, IL-2, IL-10, and IL-6."
"
Supported lipid bilayer (Figure Lipid Bilayer): 1,2 dioleoyl-sn-glycero-3-"
phosphatidylcholine (DOPC) lipid bilayers containing 12.5 mol% 1,2-dioleoyl-sn-
glycero-3-[(N-(5-amino-1-carboxypentyl)iminodiacetic"
acid)succinyl] (nickel salt)"
(DGS-NTA-Ni) were deposited on coverslips that were cleaned with peroxidated"
sulphuric acid and rinsed with pure water. Bilayers contained 200 molecules per mm2 
ICAM-1. Optical imaging was performed on an Olympus TIRF microscope."
"
SiRNA knockdown: CD4 blasts were electroporated in the presence of SMARTpool 
siRNA (100 pmol) using a BTX Electro Square Porator"
"

We show that B cells receive CD40L 
from autologous T cells in an SEB 
dose dependent manner. This transfer 
is impaired fol lowing select ive 
knockdown of TSG101. "
Current efforts are directed at 
unravelling the RNA content (Figure 
4A) of synaptic ectosomes (Figure 4B) 
as a means of transferring trancellular 
signals across antigen-dependent 
synapses. The effect of CD40L 
transfer on B-cells will be evaluated by 
assessing levels of activation markers 
such as CD63, CD83 and CD86. "
"
CD40L is also transferred to anti-CD3/
CD28 beads. We will deposit lipid 
bilayers containing ICAM1 and anti-
CD3 on silica coated magnetic beads 
in an effort to isolate synaptic 
ectosomes."

A"

B"

Figure 4 (A)Top row: RNA staining (SYTO 
RNAselect; green) of the cSMAC following 
removal of cells with Versene (EDTA); 
bottom row negative stain  control. (B) 
Detection of synaptic ectosomes produced 
by Jurkat cells following photoactivation of 
cytoplasmic photoactivatable-GFP (green) 
in TIRFM.    "
"
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