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U

pon conjugation to Ag or target cells, B, T, and NK cells
establish an immunological synapse. This structure enables the dynamic scan of the target cell surface for ligands to initiate the effector’s response. Various supramolecular
movements have been characterized on the effector lymphocyte
membrane in contact with the target. These comprise peripheral
repulsion of CD45, CD43, and LFA-1 molecules and the central
concentration of the activating receptors, coreceptors, and associated protein kinases (1, 2). Although initially thought to regulate
effector cell activation (3), the synapse also permits to direct the
response on its triggering target (4, 5).
This contact area also enables a transient transfer of patches
from target membranes to the surface of effector lymphocytes (6 –
13). However, its physiological significance in the exchange of
information between NK or T effectors and their respective target
remains unclear, either at the triggering phase or in the response
delivery (see reviews, Refs. 14 and 15). Healthy B cells can efficiently extract Ags inserted into cell membranes or even tightly
tethered to a synthetic surface (16), which favors their Ag processing and presentation to T lymphocytes. Thus, B cell-mediated
synaptic transfer might promote affinity maturation of the immune
response (8). Along this line, T cell-mediated synaptic capture could
also favor secondary in vivo responses by depriving low-affinity T cell
clones of Ag structures from the surface of APC (17).
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Innate or innate-like lymphocytes such as NK cells or ␥␦ T
lymphocytes also strip their target cells through immunological
synapses (10, 18), however, for unknown functions. Synaptic
transfer mediated by NK cells is determined by both activating
ligands and protective HLA alleles on the engaged target, and may
take place through inhibitory NK cell synapses (11, 12, 19) and is
correlated to the cytolytic response (13). In human HLA-unrestricted V␥9/V␦2 CTL cross-reactive to soluble phosphoantigens
and to tumoral cells, increasing amounts of either soluble or cell
Ag increased their capture of target cell membranes (10). Because
these ␥␦ T cells share with NK cells the expression of inhibitory
receptors for HLA class I molecules on their cell surfaces their
trans-synaptic capture activity is also controlled by inhibitory signals such as self-HLA class I on the target cell. Synaptic transfer
in various experimental systems is highly sensitive to drugs that
block ATP production (12), signal transduction (9, 10), or cytoskeleton remodeling inhibitors (10, 13, 20). De facto, the synaptic transfer constitutes a good read-out for early monitoring of
effector cell activation since intensity of the trans-synaptic acquisition correlates to the activation of B, T, or NK cells.
We had previously shown that the HLA class I-negative Daudi
Burkitt’s lymphoma is a cell target inducing a strong synaptic
transfer on either NK or V␥9/V␦2 ␥␦ T cell lines (10, 13). This
observation was in concordance with the strong lytic activity exerted on Daudi by these cytolytic subsets (21–23). Although their
specific killing was lower than the parental Daudi cytolysis, stable
HLA class I⫹ transfectants of Daudi still enabled some synaptic
transfer on reactive ␥␦ T cell lines (10). We hypothesized that the
Daudi tumor cell line was particularly prone to synaptic capture by
activated effectors, but not by unstimulated lymphocytes. To check
this, we first designed a flow cytometry-based assay measuring the
background membrane transfer between cells of the same type. We
formerly described a method using the stable PKH fluorescent
trackers which, once physiologically anchored in plasma membranes by aliphatic chains, do not passively diffuse from labeled
cells to nonlabeled cells (24 –26). In this study, we unexpectedly
found that some lymphoma cell lines including the Daudi Burkitt’s
lymphoma exert constitutive synaptic transfer within homotypic
cell conjugates whereas most healthy lymphoid subsets and several
tumoral cell lines are inactive.
0022-1767/03/$02.00
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Formation of an immunological synapse by T, B, or NK cells is associated with an intercellular transfer of some membrane
fragments from their respective target cells. This capture is thought to require effector cell activation by surface recognition of
stimulatory ligand(s). However, spontaneous synaptic transfers between homotypic lymphoid cells has never been described. In
this study, we show that without adding Ag, resting healthy lymphoid cells and several tumor cell lines are inactive. Conversely,
however, some leukemia cell lines including the Burkitt’s lymphoma Daudi continuously uptake patches of autologous cell membranes. This intercellular transfer does not involve cytosol molecules or exosomes, but requires cell contact. In homotypic Daudi
cell conjugates, this occurs through immunological synapses, involves constitutive protein kinase C and mitogen-activated protein/
extracellular signal-regulated kinase kinase activity and strongly increases upon B cell receptor activation. Thus, spontaneous
homosynaptic transfer may reflect the hitherto unsuspected autoreactivity of some leukemia cell lines. The Journal of Immunology, 2003, 171: 2517–2523.
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Materials and Methods

Synaptic transfer between fresh lymphoid cells

Reagents and chemicals

PBMC and red cells were isolated from healthy donors by density centrifugation on Ficoll-Hypaque (Amersham Pharmacia Biotech, Uppsala, Sweden). PBMC were split in two groups which were respectively stained with
PKH67 or PKH26 and processed as above. Erythrocytes were processed
similarly and analyzed by flow cytometry. Blood-derived NK cells, ␣␤ T,
␥␦ T, and B lymphocytes were analyzed from PBMC samples which were
split in two groups, respectively stained with PKH67 or left unstained. The
two groups were mixed together for 1 h at 37°C for synaptic transfer and
dissociated by washing with PBS containing 0.5 mM EDTA. Then, the
PBMC subsets were revealed by staining for 45 min at 4°C with the following mAbs: anti-CD20-PE (blood B lymphocytes), anti-CD16-PE (NK
cells), anti-pan TCR ␥␦-PE (␥␦ T lymphocytes) and anti-pan TCR ␣␤-PE
(␣␤ T lymphocytes). Synaptic transfer on these subsets was then analyzed
by flow cytometry of the PKH67 mfi of PE⫹-gated cells.

The lipophilic fluorochromes PKH26 and PKH67 were purchased from
Sigma-Aldrich (St. Louis, MO); the cytoplasmic Cell Tracker Orange
CMTMR (5-(and-6)-(((4-chloromethyl)benzoyl) amino)tetramethylrhodamine), further referred to as orange-CMTMR, was obtained from
Molecular Probes (Eugene, OR). PD98059 and calphostin C were purchased from Calbiochem (Merck Eurolab, Darmstadt, Germany). The
mAbs anti-IgM, PE-conjugated anti-CD16, anti-CD19, anti-CD20, antiCD22, anti-CD40, anti-CD45, PE-conjugated anti-pan TCR ␣␤, and
PC5-conjugated anti-pan TCR ␥␦ were from Beckman-Coulter-Immunotech (Marseille, France); IgG1- and IgG2a-negative isotype controls
were from DAKO (Glostrup, Denmark). The secondary Abs Cya5-conjugated goat anti-mouse (GAM)3-IgG2b and Rhod-conjugated GAMIgG (H ⫹ L) were purchased from Caltag Laboratories (Burlingame,
CA) and FITC-conjugated GAM-IgG2a was obtained from BeckmanCoulter-Immunotech. Anti-phosphotyrosine (IgG2b, clone PY99) were
from Santa Cruz Biotechnology (Santa Cruz, CA). Mouse mAb 10G10
against human CD45 (IgG2a) was a kind gift of Prof. S. Valitutti
(l’Institut National de la Santé et de la Recherche Médicale, Toulouse,
France).

Daudi and most of the cell lines listed below were cultured between 5 and
10 ⫻ 105/ml in RPMI 1640 with Glutamax-I (Life Technologies, Paisley,
Scotland), supplemented with 10% FCS (Invitrogen, San Diego, CA), 25
mM HEPES, 100 U/ml penicillin G, 100 g/ml streptomycin, and 1 mM
sodium pyruvate. The human ␣␤ and ␥␦ T cell lines were raised in our
laboratory and cultured as described elsewhere (10). OCI-Ly8 and VAL
cell lines were grown in IMDM with L-glutamine (Life Technologies) containing 100 U/ml penicillin G, 100 g/ml streptomycin, and 1 mM sodium
pyruvate, and supplemented with 10% FCS, or with 20% FCS for the KG1
and DAR cell lines. The NKL cell line was maintained in complete RPMI
1640 medium plus 10% of pooled human AB serum and 100 U/ml recombinant human IL-2 (Sanofi-Synthélabo, Paris, France).

Staining with fluorochromes
Unless otherwise specified, cells were stained with the lipophilic dyes
PKH67 (green), PKH26 (red), or with cytoplasmic orange-CMTMR according to the manufacturer’s instructions. PKH67-labeled cells were
cocultured at various ratios (1:1 when unspecified) either with CMTMRlabeled cells or with PKH26-labeled cells. Cocultures were done in 96-well
U-bottom tissue culture plates at a final concentration of 6 ⫻ 105 cells in
100 l of complete RPMI 1640-10% FCS. Culture plates were then centrifuged 1 min at 700 rpm to promote cell contact and kept 1 h at 37°C in
humidified 5% CO2 in air atmosphere. Cells were then washed twice with
PBS containing 0.5 mM EDTA and analyzed by flow cytometry.

Flow cytometry
After 0 and 60 min of coculture, cells were analyzed by flow cytometry
using a FACSCalibur and CellQuest software (BD Biosciences, Mountain
View, CA). Live cells were gated on the basis of forward scatter/side scatter parameters and 25,000 events were acquired in each experiment with
FL1 channel (log scale) for PKH67 and FL2 channel (log scale) for
PKH26. To normalize these experiments, the geometric mean fluorescence
intensity (mfi) of PKH67-stained cells was set at ⬃5,000, while the mfi of
PKH26 cells was ⬃1,000, (⬃600 V for FL1 and FL2 photomultipliers).
With these settings and compensations of 1.7% FL2 (in FL1) vs 28% FL1
(in FL2), dot plots of PKH67/PKH26 unambiguously identified each cell
group and permitted to measure the PKH67 mfi of gated red cells (10,000
events per sample). The synaptic transfers were deducted from the PKH67
mfi of gated red cells after 0 and 60 min of coculture.

Drug treatments
After labeling with PKH and before mixing, cells were treated for 1 h at
37°C either with PD98059 (100 M) or with calphostin C (1 M). When
using anti-Ig (4 g/ml), anti-CD19, anti-CD20, anti-CD22, or anti-CD40
(8 g/ml), IgG1 or IgG2a control isotypes (10 g/ml), PKH-stained cells
were incubated for 45 min at 4°C and analyzed by flow cytometry.

3
Abbreviations used in this paper: GAM, goat anti-mouse; mfi, mean fluorescence
intensity; ␤2m, ␤2-microglobulin; BCR, B cell receptor; MEK, mitogen-activated
protein/extracellular signal-regulated kinase kinase; PKC, protein kinase C.

PKH-stained Daudi cells were processed for confocal microscopy as follows. After contact (see above), cells were then gently suspended and
plated on poly-L-lysine (Sigma-Aldrich)-coated slides for 5 min at 37°C.
After fixation with PBS containing 4% p-formaldehyde, cells were washed
and directly mounted in PBS containing 90% glycerol and 2% 1-4-diazabicyclo (2.2.2) octane (DABCO; Sigma-Aldrich). Samples were examined
using a Carl Zeiss LSM 410 confocal microscope (Jena, Germany).

Confocal microscopy of the Daudi immunological synapse
Stained Daudi cells were processed for confocal microscopy as above.
However, cells were plated on poly-L-lysine (coated slides), fixed with
paraformaldehyde and blocked in PBS ⫹ 3% BSA. Cells were then permeabilized by incubation for 10 min with 50 l of PBS 3% BSA plus 0.1%
saponine. After supernatant aspiration, primary Abs were added in PBS ⫹
1% BSA (45 min, room temperature) and washed prior to incubation with
secondary Abs and rinse. Samples were then mounted with PBS-glycerolDABCO as above and examined using a Carl Zeiss LSM 410 confocal
microscope and AIM Imaging Software (Carl Zeiss).

Results
Most healthy cells and several tumor cell lines do not exert
spontaneous homotypic transfer
To determine whether resting lymphoid cells engaged in homotypic conjugates exchanged their membrane fragments, we modified the assay for synaptic transfer described previously (13) by
differently labeling the same cell type as “effector” and as “target.”
So, each cell line to be tested was cultured in complete culture
medium without stimulus and then was split into two equal groups,
one of which was stained with PKH26 (red) while the other was
stained by PKH67 (green). After coincubation for 1 h, the lack of
membrane transfer results in unchanged red and green mfi for each
group. Alternatively, membrane exchange was expected to give
acquisitions of green PKH67 by red cells and reciprocally, of red
PKH26 by green cells. Although applying the same labeling procedure for the two PKH fluorochromes, flow cytometric detection
of the green fluorochrome (PKH67) on the FL1 channel was always more sensitive than detection of the red fluorochrome
(PKH26) on the FL2 channel (see below). So, we unilaterally focused our comparative analysis to the green acquisition by red
cells after 60 min of coculture.
In the absence of CMV-derived pp-65 Ag and APC, a specific
␣␤ CTL did not acquire any green fluorescence after the coculture:
the green mfi of red CTL remained unchanged after 1 h of coculture with their green homologues (Fig. 1a). The transfer ratio
(green mfi of red cells at time t 60 of coculture)/(green mfi of red
cells at t 0 of coculture) was of 1 (⫾ 0.8) in several independent
experiments. We obtained similar results when testing, without
stimulus, the whole PBMC freshly isolated from healthy donors,
blood-derived ␣␤ T lymphocytes or ␥␦ T lymphocytes, bloodderived B lymphocytes, and erythrocytes from various blood
groups. This was also found for primary ␣␤ and ␥␦ T cell lines
tested without their APC and respective Ag (Fig. 1b).
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Integral membrane patches are transferred between homotypic
Daudi cell conjugates
FIGURE 1. Spontaneous homotypic transfer activity in various cell
types. a, Flow cytometric dot plots of PKH67- vs PKH26-labeled, resting
␣␤ CTL after 0 and 60 min of coculture show absence of PKH transfer.
Numbers are the green mfi of gated red cells. b, Results for different cells
types summarized by the (mfi t 60/mfi t 0) ratio (log scale). Vertical bar,
Mean of several independent experiments.

We then tested 10 human tumor cell lines, mainly of hemopoietic lineage, and obtained similar results. These included the
monomyelocytic THP-1 cell line, the myeloid cell line KG1, the
nonhemopoietic glioblastoma DAR and the neuroblastoma SHSY,
the IL-2-dependent neoplastic NK-like cell line NKL, the nonHodgkin’s lymphoma VAL and OCI-Ly8 cell lines, the B cell
lymphoma C1R, and the ALK⫹ anaplastic T cell lymphoma COST
cell line. In addition, the BCR-Abl⫹ chronic myelogenous leukemia cell line K562 which is highly effective in exosome-mediated
intercellular transfer (27), was inactive in homosynaptic transfer
assays (Fig. 1b). Hence without adding exogenous stimulus, various healthy blood-derived cells, primary lymphoid cell lines, and
tumoral cell lines do not spontaneously exchange fragments of
their cell membrane, regardless of their ability to secrete
exosomes.
Spontaneous intercellular exchange of lipophilic fluorochromes
between Daudi cells
Unexpectedly however, the homotypic transfer assay also revealed
that some tumor cell lines including Daudi spontaneously acquired
membrane-bound PKH67 upon 1 h coculture. These were the

Two sets of Daudi cells were stained on their membranes with
PKH67 (green) or at the cytosol with orange-CMTMR, respectively, cocultured as above and analyzed by confocal microscopy.
After 1 h, the pictures confirmed that orange-CMTMR-labeled
Daudi cells had massively acquired integral patches of green
Daudi cell membrane on their own surface (Fig. 2c). Increasing the
duration of these cocultures progressively led to relocalization of
the surface PKH67 labeling of these cells at their cytoplasm (Fig.
2d, arrows). Serial confocal sections of such late conjugates were
recorded and their Z-stack reconstruction showed that ectopic
membrane patches were both located at the recipient cell surface
and in its cytosol (Fig. 2e, arrows), suggesting that the acquired
membrane material was further internalized by the recipient cells.
Thus, in culture, Daudi cells spontaneously capture patches of the
cell membranes of their homologues.
Synaptic transfer involves intercellular membrane exchange, but
not cytosol exchange
Because the homotypic conjugation of Daudi cells enabled the
spontaneous intercellular transfer of membrane patches, we then
questioned whether this process also carried cytosolic material.
Daudi cells stained with either membrane PKH67 or cytosolic
CMTMR were prepared and analyzed by confocal microscopy as
in Fig. 2, c– e. Homotypic conjugates with strong transfer of membrane fluorochrome were, however, totally devoid of reciprocal
transfer of cytoplasmic CMTMR (Fig. 3a). To rule out insufficient
CMTMR detection by the confocal-based red channel, the same
cocultures were then analyzed by flow cytometry, but the results
were identical: no CMTMR was transferred while the mfi PKH67
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Jurkat thymoma, and the Burkitt’s B cell lymphoma Raji, Daudi,
the stable ␤2-microglobulin (␤2m) transfectant Daudi-␤2m (28)
and the Daudi-Raji hybrid DITRUD-1 (29). These cells reproducibly acquired green fluorescence when tested in several independent experiments, but most active among these latter was unambiguously the Daudi cell line (Fig. 1b). We analyzed further this
process using Daudi as a model. It was not an artifact caused by the
PKH67 fluorochrome because both PKH were simultaneously exchanged by the cocultured Daudi cells. The clear-cut green fluorescence acquired by the red Daudi cells (a typical 9.7-fold increase is shown in Fig. 2a) was parallel to a lower shift of red
fluorescence on the green Daudi cells (compare cells in lower right
gates from Fig. 2a). Along this study, we recorded an interassay
variation in green mfi acquisition ratio by red Daudi from 2- to
80-fold, and the average acquisition ratio was of 8-fold. From
these data, we used the formula: ((mfiPKH67 of red Daudi cells at t
60 min of coculture) ⫺ (mfiPKH67 of red Daudi cells at t 0 min of
coculture)/(mfiPKH67 of green Daudi cells at t 0 min of coculture))
to estimate that within 1 h of coculture at 37°C, all red Daudi cells
acquired on average 1–10% of the fluorochrome of their green
homologue. This observation was not an artifact due to flow
cytometry, because similar conclusions were drawn from fluorescence microscopy analysis. Two sets of Daudi cells respectively stained on their membranes with either PKH26 (red) or
with PKH67 (green), coincubated for 1 h in culture medium at
37°C and without dissociation, were prepared on a glass slide
and analyzed by fluorescence microscopy. Although few individualized Daudi cells had retained their original green-only or
red-only staining pattern, most fields showed large multicellular
aggregates stained by both fluorochromes and appeared orange
(Fig. 2b).
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simultaneously shifted (Fig. 3b). Because Daudi cells may spontaneously fuse with various other tumor cells and create somatic
hybrids (30 –33), we asked whether this transfer of membranebound fluorochrome merely reflected whole cell fusions. Thus,
Daudi cells prepared as above were observed after increasing durations of coculture to detect a delayed cytoplasmic exchange, but
no CMTMR transfer was seen until 5 h of coculture whereas
PKH67 was acquired along the same period (Fig. 3c). Hence, the
Daudi cell-mediated homotypic transfer involved intercellular acquisition of cell membrane patches and most probably does not
result from somatic cell fusion nor involve a cytosol transfer.
Transfer through homotypic synapses between Daudi cells
The fluorochrome transfer was favored by cell contact. Within
short cocultures, smears of PKH67 were already present on the few
unlabeled cells conjugated to PKH67⫹ cells (e.g., on 20% of
Daudi cells after 10 min), but not on most isolated unlabeled cells.
Accordingly, fluorochrome acquisition by unlabeled Daudi cells
mixed with PKH67⫹ Daudi cells in cocultures paralleled the progressive formation of new Daudi conjugates. Flow cytometry further confirmed that, comparative to labeled and unlabeled Daudi
cells kept separately for 1 h, PKH67 acquisition was stronger
within pelleted cocultures than within rotating cocultures (t 0 mfi:
4.4, t 60 mfi of cells in suspension: 15, t 60 mfi of pelleted cells:

37.4, data not shown). Thus, membrane transfer between Daudi
cells involved cell conjugates rather than membrane or exosome
secretion in the culture medium. Cell contact-dependent membrane
transfers have been described in lymphocyte-target conjugates after the formation of their immunological synapse (8). However,
because here the conjugates involved the same cell type on each
side, whether homotypic conjugates involving two Daudi cells
were bound through an immunological synapse was unclear. To
address this, we examined the spatial distribution of surface markers in homotypic Daudi conjugates by confocal microscopy. Although immunostainings of the Ig chain or of CD45 in Daudi
cultures showed a uniform diffuse pattern on isolated Daudi cells,
homotypic cell aggregates frequently showed the enrichment of
both B cell receptor (BCR) and CD45 surface markers at the cell
interfaces. In addition, single intracellular staining of phosphotyrosine revealed an accumulation of phosphotyrosine-containing
proteins below the interfaces of synapsed cells, but not in cells
without contact (Fig. 3d, arrows). So, both molecular reorganization of surface markers and localized intracellular signaling indicate that the interface of homotypic Daudi cell conjugates correspond to a B cell tumor synapse. Therefore, the membrane uptake
between Daudi cells corresponds to a transfer across homotypic
immunological synapses.
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FIGURE 2. Spontaneous homotypic transfer activity in Daudi cells. a, Flow cytometric dot plots of
PKH67- vs PKH26-labeled Daudi cells after 0 and 60
min of coculture show strong PKH67 acquisition by
red Daudi cells. Note that the green mfi increase of
gated red cells is paralleled by a reciprocal but lower
increase of red mfi for gated green cells. b, Representative image of a 1 h coculture containing membrane
labeled-Daudi, either by PKH67 (green) or PKH26
(red). Although few isolated cells show their original
stain, most fields comprised large cell aggregates
which merged their respective fluorescence (orange).
c, Confocal images of an homotypic conjugate between two Daudi cells stained red at the cytosol by
CMTMR (left), a Daudi cell stained green at the membranes by PKH67 (middle), and the transfer evidenced
by the merge of both images (right). d, Progressive
internalization of PKH67 acquired by recipient cells
from homotypic conjugates in cocultures of increasing
durations. Although most pKH67 is at the cell surface
at early time points, it is at the surface and inside at 1 h
and mostly internalized at later stages (arrows). e, Zstack reconstitution of serial sections from a homotypic conjugate (1 h cocultures) represented in the (x,
y), (x, z), and (y, z) plans, evidencing green fluorochrome at the surface and cytosol (arrows) of the recipient cell reconstituted at the point specified by
white lines.
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Spontaneous homotypic transfer of Daudi is active and
enhanced by BCR activation
In nontumoral cells, the trans-synaptic acquisition of cell membrane fragments is tightly controlled by the activation of effector
lymphocytes. Although Daudi is a tumoral B cell line, we sought
to determine whether the homotypic Daudi’s membrane transfer
matched such criteria. We tested this activity in Daudi cell cultures
containing various stimuli or, conversely, metabolic inhibitors. Microbial stimuli such as LPS (Fig. 4a) or lipoteichoic acids (not
shown) did not change the intensity of the transfer. However,
while several inhibitors including the broad tyrosine kinase inhibitor PP2, the NF-B-targeting helenalin and gliotoxin, did not affect it (not shown), mitogen-activated protein/extracellular signalregulated kinase kinase (MEK) or protein kinase C (PKC)
inhibition by PD98059 or calphostin C, respectively, strongly reduced the homotypic transfer of Daudi (Fig. 4a). This phenomenon
is thus active and regulated, as for nontumoral immunological synapses. However, by contrast neither thapsigargin nor PMA which
strongly increased NK-mediated transfer (13) were effective in increasing the transfer of Daudi. Instead, these reagents slightly reduced it (not shown). Neither of the above treatments gave different results when done prior to or after cell labeling with PKH (data

not shown), ruling out artifact of the treatment on the labeling
procedure. In addition, none of these drugs modified the fluorescence of unlabeled or PKH-labeled cells. These findings suggested
that the spontaneous membrane exchange resulted from self-activation of Daudi cells. To test whether this was receptor-mediated
by the Daudi BCR or associated surface coreceptors, we tested the
transfer of Daudi in cultures containing mAbs against these markers. As compared to the reference transfer without Ab or with an
isotype-matched control Ab, the Daudi BCR cross-linking by antiIg strongly enhanced this autologous response (Fig. 4a). A similar but lower enhancement was induced by the Ab against the
CD19 coreceptor alone, while this did not apply to the other coreceptors CD20, CD22, or CD40, which excluded an Ig-mediated
artifact. Furthermore, both anti-BCR and anti-CD19, but no other
combination of the above-mentioned Ab, synergized their effects
on homotypic transfer (Fig. 4a). Titration of the anti-Ig dose
effect on PKH67 acquisition demonstrated that BCR activation
progressively enhanced the membrane exchange of Daudi (EC50 ⫽
10⫺8 M, Fig. 4b). Together, this demonstrated that the spontaneous homosynaptic transfer between Daudi cells involves constitutive PKC and MEK activity and strongly increases upon BCRmediated activation.
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FIGURE 3. Membrane transfer at the immunological synapse between Daudi cells. a,
CMTMR-labeled cytoplasmic material was not
exchanged upon synaptic transfer of PKH67.
Confocal images of a 1 h coculture containing
Daudi labeled either by the membrane fluorochrome PKH67 (green) or by the cytoplasmic
stain CMTMR (red). b, Flow cytometry of the
same cocultures demonstrate that the green membrane is transferred on red cells but without simultaneous transfer of CMTMR stain on the
green cells. c, The CMTMR stain does not transfer to conjugated green cells after various time
points of the coculture (arrows). d, Formation of
the synapse between Daudi cells CD45 and BCR
do not segregate and accumulate at the contact
area, while phosphotyrosines are produced below
the synapses.

2522

SPONTANEOUS MEMBRANE TRANSFERS BETWEEN DAUDI CELLS

Discussion
So far, synaptic transfers were known to occur in immunological
conjugates wherein an Ag cell behaves as “donor” and an activated
lymphoid effector acts as “recipient” (14, 15). Without Ag, T cells
make synapses with dendritic cells (DC) (34), but whether intercellular transfer ensues remains to be seen (A. Trautmann, unpublished observations). However, without Ag and APC resting lymphocytes do not acquire membrane markers from cells transiently
encountered along nonproductive interactions. By using a novel
assay for homotypic transfer by autologous healthy blood lymphocytes, this study initially confirmed this assumption and further
extended it to several tumoral cell lines of lymphoid and nonlymphoid lineages.
However, it was found in this study that while alone in culture,
some leukemia cell lines spontaneously exchanged large amounts
of membrane material with their cell homologues. Although
clearly not a hallmark of transformed cell lines, this homotypic
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FIGURE 4. BCR activation increases the homotypic transfer between
Daudi cells. a, By comparison to the reference transfer of PKH67 in culture
medium without drug, MEK or PKC inhibition of Daudi cells reduced their
transfer activity while it is strongly increased by activation of their BCRCD19 complex. b, Dose-effect titration of the anti-Ig on PKH67 transfer
between Daudi cells; F, green mfi reference at t 0 and t 60 without
anti-BCR.

transfer is particularly strong between Daudi cells, where it is almost as intense as the synaptic transfer between authentic effectortarget cell conjugates. Normal lymphocytes, platelets, DC, tumor
cells, and EBV-transformed B lymphocytes secrete endosomal
vesicles of small size (80 –100 nm) in the culture medium (35–37).
However, production of these hydrosoluble exosomes (e.g., ⬃10%
of the MHC of the target cell secreted per day (38)) has a lower
yield than the synaptic transfers reported in this study (1–10% of
the PKH of the target in 1 h). In addition, the cytosol-labeling
fluorochrome orange-CMTMR was not transferred between Daudi
cells. Conversely, the K562 erythroleukemia cell line is a potent
producer of exosomes (27), but did not make homosynaptic transfer. Most significantly, exosomes are secreted in culture fluids
while the transfer described here strictly requires cell contact. Altogether, these differences unambiguously distinguish the homosynaptic transfer described here from the secretion of exosomes.
In the Daudi cell line, this process takes place at tight homotypic
contact areas which correspond to tumor cell synapses. Although
these homotypic synapses harbored polarization of BCR and related cytoplasmic phosphotyrosine-containing components as already described for healthy B cells (8), they lacked CD45 exclusion at the periphery. Instead, CD45 clearly colocalized with BCR
in most of the homotypic Daudi cell conjugates analyzed in this
study. This finding is highly reminiscent of the close CD45-TCR
association recently detected in central supramolecular activation
clusters from early T-B immune synapses (39). In healthy T cells
engaging cell targets, CD45 is transiently recruited with the engaged cell-surface TCR (40, 41), after its repulsion at the earliest
stages of the activation process (42). CD45 positively regulates the
surrounding TCR-triggered tyrosine kinases, thereby sustaining
the activation signal (43). Likewise in the Daudi lymphoma, CD45
remained colocalized with BCR and in close vicinity to phosphotyrosine-containing transduction modules (Fig. 3d). Thus, we conclude that the synaptic transfer between Daudi cells reflects its
spontaneous autoreactivity. Accordingly, the spontaneous Daudi
cell autoreactivity involves their PKC/MEK transduction pathway,
and increases upon additional activation by anti-Ig clustering of
the BCR. Spontaneous BCR ligands for a defined B lymphoma cell
line in culture may have extremely diverse structure and affinity
(44). Hence, their elusive elucidation was beyond the scope of this
study. The molecular basis underlying the homotypic cell interaction and transfer needs to be clarified, most notably at the issue of
its triggering membrane receptor. Although it was found in this
study that polyclonal B cell stimuli acting via Toll-like receptors
(45), such as the microbial products LPS or lipoteichoic acid (46,
47), were not involved in this response, several other receptors
remain to be investigated. Ongoing studies using a variety of BCRdeficient B cells, as well as of non-B cell lymphoma, are currently
under way to define the role of the Ag receptor in this process.
Finally, the potential biological relevance of these findings questions the stability of membrane composition in lymphoma cells
which perform synaptic transfer. In such a cell, it might comprise
the pool of self-made molecules plus that acquired from neighboring cells, which presumably also perform homosynaptic transfer
continuously. At this point, we cannot rule out the interference of
such homotypic transfers with surrounding cells that enable the
establishment of synapses, but without being of tumoral nature. So
far, the structure of synapses between healthy lymphocytes and
tumoral cells is poorly characterized. Our ongoing studies suggest
that these may be built once relevant adhesion factors are involved.
Intercellular synaptic transfers had so far been described only between immunological conjugates comprising an effector cell and
its target. This novel study now demonstrates that it may also occur
spontaneously between autologous cells of some leukemia cell
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lines and affect their membrane. In addition, since a recent work
shows that ectopic cell surface receptors acquired along synaptic
transfer remain functional on the recipient cell surface (48), the
present study may raise the issue of the fate for surface receptors
transferred between the B lymphoma cells. Ectopic molecules are
progressively taken-up intracellularly by the recipient cells. Conceivably, the constitutive exchange of functional surface markers
between homotypic cancer cells could contribute to intracellular
pathways for sustaining activation of these cells. In addition, the
spontaneous intercellular transfer could then constitute a vector to
reach intracellular tumoral targets for therapeutic use. Future studies will aim at analyzing the consequences of this tumoral cell
activity on the surrounding healthy blood lymphocytes.
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