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Trogocytosis is a rapid transfer between cells of membranes and associated proteins. Trogocytic exchanges have 
been investigated between different cell types, mainly in two-cell systems, involving one donor and one acceptor cell 
type. Here, we studied trogocytosis in a more complex system, involving not only several immune cell subsets but also 
multiple tumor cells. We show that CD4+ T cells, CD8+ T cells and monocytes can acquire membrane patches and 
the intact proteins they contain from different tumor cells by multiple simultaneous trogocytoses. The trogocytic ca-
pabilities of CD4+ and CD8+ T cells were found to be similar, but inferior to that of autologous monocytes. Activated 
peripheral-blood mononuclear cells (PBMCs) may also exchange membranes between themselves in an all-autolo-
gous system. For this reason, monocytes are capable of acquiring membranes from multiple tumor cell sources, and 
transfer them again to autologous T cells, along with some of their own membranes (serial trogocytosis). Our data 
illustrate the extent of membrane exchanges between autologous activated immune effector cells and their environ-
ment, and how the cellular content of the local environment, including “bystander” cells, may impact the functions of 
immune effector cells.
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Introduction

The immune system is constituted of cell types that 
interact with each other and each have specific func-
tions. For instance, dendritic cells, and to a lesser extent 
monocytes, can act as antigen-presenting cells (APCs), 
and stimulate CD4+ T cells to become T-helper cells and 
CD8+ T cells to become cytotoxic effector cells. Such 
mechanism depends, for a significant part, on interac-
tions between ligands and receptors expressed at the cell 
surface of both cell types, such as MHC-II:TCR, MHC-
I:TCR or CD28:CD80 interactions. Thus, the functions 
of immune cells depend on the molecules expressed at 
their surface, which enable them to interact with other 

cells [1, 2].
The phenotype of immune cells, including the ex-

pression of molecules involved in immune functions is 
considered to be fixed and characteristic of each of the 
cell subsets. From a basic phenotype, one can therefore 
deduce function. However, under certain circumstances, 
membranes and/or membrane-associated proteins such 
as MHC proteins can be transferred between cells by a 
mechanism called trogocytosis, enabling the “acceptor” 
cell to display proteins borrowed from the “donor” cell 
(reviewed in [3]).

Trogocytosis is a relatively new name for a unidirec-
tional and active transfer of membranes and associated 
molecules from one cell to another [4]. The characteris-
tics of trogocytosis are cell-to-cell contact requirement, 
fast kinetics and limited lifetime of the transferred mol-
ecules at the surface of the acceptor cells. In humans, 
trogocytic transfers have been described between APCs 
and T cells [5-7], tumor cells and NK cells [8-10], NK 
cells and B cells [9], γδ T cells and tumor cells [11], and 
dendritic cells and tumor cells [12]. Functionally, trogo-
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cytic transfers have been shown to temporarily endow 
the acceptor cells with some functions of the donor cells. 
For instance, (i) CD8+ T cells that acquired their cognate 
MHC class I + peptide ligands from their targets became 
susceptible to “fratricide” antigen-specific cytolysis [13, 
14]; (ii) T cells which had acquired HLA-DR and CD80 
from APCs could stimulate resting T cells in an antigen-
specific manner, and thus behaved as APCs themselves 
[15-17] and (iii) CD4+ T cells and NK cells which had 
acquired HLA-G behaved as suppressor cells for other T 
and NK cells [7, 10].

HLA-G (reviewed in [18]) is characterized by a very 
low amount of polymorphism and an expression which is 
restricted to fetal trophoblast cells, adult thymic medulla, 
cornea, erythroid precursors, pancreas and mesenchymal 
stem cells. However, HLA-G can be neo-expressed in 
transplantation [19], inflammatory diseases [20], cancers 
[21] and viral infections [22]. HLA-G is a potent tolero-
genic molecule that inhibits the cytolytic functions of NK 
[23] and T cells [24], CD4+ T cell alloproliferation [25], 
the ongoing proliferation of T cells [7, 26] and NK cells 
[10], and dendritic cell maturation [27] and it induces 
regulatory T cells [28].

We previously demonstrated that HLA-G transfer 
from HLA-G1-transfected APCs to CD4+ T cells, and 
from HLA-G-transfected tumor cells to NK cells in vitro 
changed the function of the effector cells to the point of 
inversion. Indeed, after trogocytosis of HLA-G1-contain-
ing membranes, these effector cells behaved as temporary 
regulatory cells capable of blocking allogeneic responses 
and allo-cytotoxicity using the acquired HLA-G1 [7, 10]. 
From these data, we hypothesized that, by transferring 
HLA-G1-containing membranes onto effector cells, a 
few HLA-G1-expressing cells might propagate HLA-G1-
dependent immune suppression. Through trogocytosis, a 
few HLA-G1-expressing cells would (i) quickly increase 
the number of regulatory HLA-G1-positive cells in their 
vicinity without unlocking HLA-G1 expression and (ii) 
spread HLA-G1 presence to a larger area. This would 
block the function of any effector cell in that area, and 
dampen/stop the local reaction, preventing damages to 
tissues in the vicinity of HLA-G1-expressing cells.

With the exception of in vivo experiments [8, 29], the 
mechanism of trogocytic exchanges has been investi-
gated mainly in two-cell systems involving one donor 
and one acceptor cell type. Here, we investigated the ex-
tent of trogocytic exchanges in a less simplified system 
involving several immune effector cell types (CD4+ T 
cells, CD8+ T cells and monocytes) and two different cell 
lines, which represent environmental non-immune cells. 
Our data show that membranes, including some that con-
tain HLA-G, are extensively acquired from one or sev-

eral cell types by activated CD4+ T cells, activated CD8+ 
T cells and, with an even higher efficiency, by activated 
monocytes. This acquisition may be direct, following a 
cell-to-cell contact between acceptor immune cells and 
donor tumor cells, or may involve a third party cell as an 
intermediate. Indeed, we demonstrated that monocytes 
that had acquired membranes from tumor cells could 
transfer them again, along with patches of their own 
plasma membranes. These data strengthen the notion that 
membrane-bound antigen exchanges are extensive in the 
context of immune activation and seem to be a normal 
feature of the interaction between activated immune cells 
and their surroundings.

Results

Activated CD4+, CD8+ T cells and CD14+ monocytes 
from peripheral blood acquire tumor cell membranes by 
trogocytosis

We first evaluated the extent of trogocytosis between 
activated immune cells and the two HLA-G1-transfected 
tumor cell lines used in this study, i.e., melanoma M8-
HLA-G1 cells and lymphoblastoid LCL-HLA-G1 cells. 
Figure 1A demonstrates that PHA-L-activated CD4+ T 
cells, CD8+ T cells and CD14+ monocytes were capable 
of acquiring HLA-G1-containing membranes from either 
PKH67-labelled M8-HLA-G1 cells (M8-HLA-G167 cells) 
or PKH26-labelled LCL-HLA-G1 cells (LCL-HLA-G126 
cells). Indeed, after a 30-min co-incubation, effector im-
mune cells became positive for donor membranes (PKH) 
and HLA-G. In these experiments, HLA-G1 was used 
to demonstrate that membrane-bound proteins transfer 
along with PKH-labelled lipids. However, it should be 
stressed that HLA-G1 is but one of the proteins trans-
ferred, as previously reported [7]. Activation of the ac-
ceptor cells greatly enhanced their trogocytic capabilities 
in our system, even though it is otherwise possible to 
observe membrane transfer between APCs and alloge-
neic T cells or monocytes [5, 6, 30]. In our system, after 
co-incubating non-activated PBMCs with LCL-HLA-G1 
cells, 16% of CD4+ T cells and 11% of CD8+ T cells were 
HLA-G-positive. However, after co-incubation of PHA-
L-activated PBMCs, the percentages increased to 73% of 
CD4+ T cells and 60% of CD8+ T cells (data not shown).

In order to ascertain a trogocytic mechanism, we first 
demonstrated that cell-to-cell contact was necessary by 
separating donor and acceptor cells by a transwell mem-
brane (Supplementary information, Figure S1A). In the 
presence of the transwell membrane, acceptor cells did 
not acquire membranes. Next, we co-incubated activated 
PBMCs with M8 cells expressing HLA-G1 fused to 
EGFP in its intracellular part (M8-HLA-G1-GFP cells) 
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and showed that after co-incubation, CD4+ T cells, CD8+ 
T cells and CD14+ monocytes displayed the full-length 
EGFP-HLA-G1 protein, and not a shed or an endog-
enously-produced one (Supplementary information, Fig-

ure S1B).
Masking HLA-G or its receptor ILT2 with blocking 

antibodies had no effect on trogocytosis, ruling out the 
involvement of HLA-G:ILT2 interaction in these trans-

Figure 1 Monocytes and T cells acquire HLA-G-containing membranes from different tumor cells by trogocytosis. PKH and/
or HLA-G staining (detected with MEM-G/09 antibody) was evaluated by flow cytometry on CD4+ T cells, CD8+ T cells and 
CD14+ monocytes. (A) Analysis prior to and after co-incubation with PKH67-labelled M8-HLA-G1 cells (M8-HLA-G167, top) or 
with PKH26-labelled LCL-HLA-G1 cells (LCL-HLA-G126, bottom). Percentages of positive cells for each staining are indicated. 
Data are representative of 15 independent experiments. (B) Statistical analysis of trogocytosis efficiency in CD4+ T cells (n = 
11) compared with trogocytosis efficiency in CD8+ T cells (n = 12) for each type of donor cells. (C) Statistical analysis of trogo-
cytosis efficiency in T cells (n = 22) compared with trogocytosis efficiency in monocytes (n = 9) for each type of donor cells.
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fers (data not shown). Moreover, even though MHC:TCR 
interactions are involved in trogocytic transfers in other 
systems [5, 6, 13], this was not the case in ours where 
activated effectors were used, as already reported [7, 
10]. Indeed, CD4+ and CD8+ T cells acquired membranes 
from both HLA-Ipos/HLA-IIneg M8-HLA-G1 cells and 
HLA-Ineg/HLA-IIpos LCL-HLA-G1 cells to a similar ex-
tent (Figure 1B). Lastly, activated monocytes were two 
(LCL-HLA-G1 donor cells) to five (M8-HLA-G1 donor 
cells) times more efficient at capturing membranes than 

autologous activated T cells (Figure 1C).
Figure 2 illustrates, by confocal microscopy, the direct 

trogocytic transfers between PKH26-labelled M8-HLA-
G1-EGFP cells (M8-HLA-G1-EGFP26 cells) and CD4+, 
CD8+ and CD14+ cells. One can see that, prior to co-
incubation, CD14+ monocytes, CD4+ T cells and CD8+ T 
cells were negative for GFP and PKH fluorescence, and 
did not express HLA-G. After a 30-min co-incubation 
with M8-HLA-G1-EGFP26 cells, all three immune sub-
sets had acquired patches of M8 membranes containing 

Figure 2 Intact HLA-G-containing membrane patches are acquired by monocytes and T cells from tumor cells by trogocyto-
sis. Confocal microscopic analysis of membranes acquired by activated PBMC subsets before and after co-incubation with 
M8-HLA-G1-GFP26 cells. Green: EGFP fluorescence. Red: PKH26 fluorescence. Light blue: HLA-G. Dark blue: CD4, CD8 or 
CD14 subset marker.
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intact HLA-G molecules, as shown by the co-localization 
of PKH26 fluorescence of M8 membranes, with the 
EGFP fluorescence of HLA-G intracellular domain, and 
with the signal of HLA-G extracellular domain.

Taken together, these data show that activated immune 
cell subsets acquired membrane patches and their associ-

ated intact molecules from tumor cells by trogocytosis. 

Multiple trogocytosis: immune cells acquire membranes 
from multiple sources simultaneously

In order to determine to which extent activated im-
mune cells captured membranes from multiple sources in 

Figure 3 Monocytes and T cells acquire membrane patches from multiple tumor sources. PKH and/or HLA-G staining was 
evaluated on PHA-activated PBMC subsets after co-incubation with both M8-HLA-G167 cells and LCL-HLA-G126 cells simulta-
neously. (A, top) Flow cytometry analysis of membrane donor cells prior to co-incubation. (A, bottom) Flow cytometry analy-
sis of PHA-activated PBMC subsets prior to and after co-incubation with membrane donor cells. Percentages of positive cells 
for each staining are indicated. Data are representative of six independent experiments. (B) Confocal microscopic analysis of 
PBMC subsets after co-incubation with membrane donor cells. Green: PKH67 fluorescence. Red: PKH26 fluorescence. Light 
blue: HLA-G. Dark blue: CD4, CD8 or CD14 subset marker.
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their environment, we co-incubated CD4+ T cells, CD8+ 
T cells and CD14+ monocytes with both M8-HLA-G167 
and LCL-HLA-G126 cells. Figure 3A shows that acti-
vated CD4+ T cells, CD8+ T cells and CD14+ monocytes 
were all capable of capturing membranes from both 
sources. Figure 3A also shows that cells which acquired 
membranes from multiple sources are not a minor popu-
lation, but represent half of the trogocytic cell popula-
tion, considering the trogocytic population as the cells 
that have acquired membranes from at least one donor 
cell type. In these experiments CD4+ T and CD8+ T cells 
again showed an identical efficiency in acquiring mem-
brane from HLA-Ipos/HLA-IIneg M8-HLA-G167 cells and 
from HLA-Ineg/HLA-IIpos LCL-HLA-G126 cells, which 
confirms that trogocytosis by already activated T cells 
does not depend on MHC:TCR interactions.

Figure 3B shows, by confocal microscopy, representa-
tive examples of CD4+ T cells, CD8+ T cells and CD14+ 
monocytes that acquired membranes from both M8-
HLA-G167 and LCL-HLA-G126 cells. In this figure, sev-
eral membrane patches of M8-HLA-G167 or LCL-HLA-
G126 origin can be seen at the surface of the acceptor 

cells, some of which contain HLA-G1.
Taken together, these experiments demonstrate that 

activated immune cells can take up multiple membrane 
patches from multiple sources, possibly simultaneously.

Serial trogocytosis: monocytes can acquire membranes 
from tumor cells and transfer them again to autologous 
immune cells

We have shown that T cells and monocytes could ac-
quire membrane fragments from allogeneic tumor cells 
by trogocytosis. We next investigated whether mem-
branes directly acquired from the donor cells by mono-
cytes could be transferred again to autologous cells. 

Trogocytosis from APCs to effector cells is well de-
scribed in allogeneic and/or antigen-dependent contexts 
[5-7], but much less in autologous contexts [31]. Thus, 
we first investigated whether membrane transfers be-
tween monocytes and other activated immune effectors 
occurred in an autologous context and in the absence of 
immunizing antigen. For this purpose, we co-incubated 
PKH67-labelled monocytes (CD1467 cells) with au-
tologous purified CD4+ T cells, CD8+ T cells or CD14+ 

Figure 4 Monocytes can act as membrane donor cells for autologous activated PBMCs. Flow cytometry analysis of mem-
brane transfers from PKH67-labelled activated monocytes (CD1467) to autologous PHA-activated PBMCs. Top: PKH67 fluo-
rescence on CD1467 prior to co-incubation. Bottom: PKH67 fluorescence on CD4+ T cells, CD8+ T cells and monocytes prior 
to and after a 30-min co-incubation with CD1467 cells. Percentages of PKH67-positive cells are indicated. Data are represen-
tative of five independent experiments.
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monocytes. In this system, membrane donor monocytes 
(CD1467 cells) were clearly distinguishable from T cells 
using lineage markers and from autologous monocytes 
because of their high level of PKH fluorescence. Figure 
4 shows that after co-incubation with CD1467 mono-
cytes, activated autologous CD4+ T cells (44%), CD8+ T 
cells (48%) and CD14+ monocytes (79%) had acquired 
PKH67 fluorescence. This demonstrates that membrane 
transfers between monocytes and other activated immune 
cells occur in an autologous context and in the absence 
of immunizing antigen.

Next, we investigated whether monocytes could re-
transfer membranes previously acquired from other cells. 
For this, we first co-incubated LCL-HLA-G126 cells with 
activated monocytes that had been labelled with PKH67 
and coated with anti-CD14 magnetic beads. This “primary 
trogocytosis” led to the generation of membrane “sec-
ondary donors” (CD1467,(26acq+) cells i.e. CD1467 mono-
cytes which had acquired PKH26-labelled membranes 
from LCL-HLA-G126 cells). Being coated with anti-
CD14 magnetic beads, secondary donor cells were then 
positively purified from primary donors using magnetic 
cell sorting. Primary and secondary membrane donors 
are represented in Figure 5A. In the second part of the 
experiment, CD1467,(26acq+) cells were co-incubated with 
autologous activated PBMCs, and the membrane trans-
fer to these secondary acceptors (CD4+ T cells, CD8+ T 
cells and CD14+ monocytes) of endogenous monocytic 
membranes (PKH67) or membranes previously acquired 
from LCL-HLA-G126 (PKH26) was evaluated by flow 
cytometry. Figure 5A shows that following this second-
ary trogocytosis, secondary acceptor cells from all three 
subsets had acquired both PKH67-labelled membranes 
from CD1467 monocytes themselves (secondary donors), 
and PKH26-labelled membranes of LCL-HLA-G126 
origin, which had been previously acquired by CD1467 
monocytes during the primary trogocytosis. Interest-
ingly, monocytes and lymphocytes differed as secondary 
acceptor cells. Indeed, all monocytes that had acquired 
membranes from secondary donors had also acquired 
membranes originally captured from primary donor cells. 
By contrast, only a minority of trogocytic lymphocytes 
that acquired membranes from CD1467 monocytes also 
acquired PKH26-labelled membranes originally from 
primary donor cells (45% for CD4+ T cells and 21% for 
CD8+ T cells in the experiment presented).

Figure 5B is a confocal microscopy image of repre-
sentative CD4+, CD8+ and CD14+ cells which had ac-
quired both PKH26-labelled and PKH67-labelled mem-
branes from CD1467,(26 acq+) monocytes. Patches labelled 
only with PKH67 can be observed, corresponding to the 
acquisition of secondary donor membranes only. Patches 

labelled with both PKH67 and PKH26 can also be ob-
served, indicating that membranes of LCL-HLA-G1 ori-
gin and membranes of monocytic origin had been taken 
up simultaneously. In these experiments, HLA-G, origi-
nally present only at the surface of primary donor cells, 
was also transferred to secondary acceptor cells and co-
localized with PKH26 fluorescence, which confirms its 
LCL-HLA-G126 origin.

In order to gain insight into the mechanisms and pa-
rameters of serial trogocytosis, we compared trogocyto-
sis efficiencies between direct and secondary trogocyto-
sis, and between trogocytosis performed by different cell 
types. We first compared the amounts of primary donor 
cell membranes transferred during the course of these 
two co-incubations. Figure 6A shows that the amount 
of primary donor cell membranes to be acquired by the 
three cell subsets is higher in direct than in secondary 
trogocytosis. This was expected since during secondary 
trogocytosis, the only primary donor cell membranes 
available are those that are already acquired by the sec-
ondary donor cells. We next investigated whether al-
logeneic membranes have an impact on the secondary 
trogocytosis. Figure 6B shows that the proportions of 
monocytic membranes acquired by activated CD4+ T 
cells, CD8+ T cells and CD14+ monocytes from autolo-
gous monocytes, or from autologous monocytes which 
had previously acquired membranes from M8-HLA-G1 
cells (monocytesM8-HLA-G1_mb_acq+), or from LCL-HLA-G1 
cells (monocytesLCL-HLA-G1_mb_acq+) were not significantly 
different. Lastly, we investigated which membranes were 
preferentially acquired during secondary trogocytosis by 
the effector cells: endogenous membranes from the sec-
ondary donor monocytes or membranes that monocytes 
had previously acquired from LCL-HLA-G1 cells. Inter-
estingly, we found that all three secondary acceptor cell 
subsets preferentially acquired membrane patches that 
contained LCL-HLA-G1 membranes (Figure 6C).

Multiple and serial trogocytosis: monocytes can acquire 
membranes from several tumor cells and transfer them 
again to autologous immune cells

We finally investigated whether multiple and serial 
trogocytosis was possible. For this purpose, we incubated 
unlabelled monocytes attached to magnetic beads, with 
M8-HLA-G167 and LCL-HLA-G126 cells, generating 
monocytes with PKH67-labelled patches of M8-HLA-
G167 origin and PKH26-labelled patches of LCL-HLA-
G126 origin (CD14(67acq+,26acq+)). Primary and secondary 
membrane donors are represented in Figure 7. After 
primary trogocytosis, we purified the CD14(67acq+,26acq+) 
monocytes by magnetic cell sorting and co-incubated 
them with autologous activated PBMCs (secondary 
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Figure 5 Through serial trogocytosis, monocytes can redistribute HLA-G-containing membranes acquired from tumor cells 
to autologous immune cells. The presence of HLA-G and/or PKH-labelled membranes was investigated on activated PBMC 
subsets after co-incubation with PKH67-labelled monocytes that had previously acquired membranes from PKH26-labelled 
HLA-G+tumor cells. (A, top) Flow cytometry analysis of LCL-HLA-G126 cells and PKH67-labelled monocytes prior to (CD1467) 
and after (CD1467,(26acq+)) the co-incubation (primary trogocytosis). (A, bottom) Flow cytometry analysis of PBMC subsets prior 
to and after co-incubation with CD1467,(26acq+) monocytes (secondary trogocytosis). Percentages of positive cells for each stain-
ing are indicated. Data are representative of eight independent experiments. (B) Confocal microscopic analysis of PBMC 
subsets after secondary trogocytosis. Green: PKH67 fluorescence. Red: PKH26 fluorescence. Light blue: HLA-G. Dark blue: 
CD4, CD8 or CD14 subset marker. 
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trogocytosis). Figure 7 shows that following secondary 
trogocytosis, some cells from all three secondary ac-

ceptor cell subsets had acquired both PKH67-labelled 
and PKH26-labelled membranes of M8-HLA-G167 and 
LCL-HLA-G126 origin, respectively. This demonstrates 
that multiple and serial trogocytosis is possible, i.e. 
monocytes can acquire membranes from several cellular 
sources and transfer them again to other activated im-
mune cells.

Discussion

In this work, we investigated the extent of the trogo-
cytic transfers of membranes and associated molecules 
between immune and non-immune cells. We first demon-
strated that several simultaneous and independent trogo-
cytic processes can occur between multiple non-immune 
cells acting as donor cells, and one acceptor immune 
cell. We further showed that serial trogocytosis, and 
even multiple serial trogocytosis, is possible since mono-
cytes could redistribute to autologous activated PBMCs, 
membrane fragments that had been acquired from one or 
multiple tumor cells through a previous allogeneic trogo-
cytosis. Taking all these results together, we suggest that 
trogocytosis is not such a rare phenomenon, but a regular 
feature of immune processes.

Some studies reported that an MHC:TCR interaction 
was needed for trogocytosis between T cells and APCs 
[5, 6, 13], while others have shown that trogocytosis may 
occur through interactions other than MHC:TCR [9, 16, 
32]. In our system, antigen-specific interaction was ap-
parently not essential for a successful transfer. Indeed, (i) 
CD4+ T cells and CD8+ T cells had a similar efficiency 
in taking up membranes from tumor cells, independently 
of the HLA-class I or II expression by donor cells and 
(ii) successful trogocytosis was achieved between im-
mune cells in an all-autologous system. This rules out an 
impact of primary donor allo-antigens on the membrane 
transfer described here. Thus, it seems that MHC:TCR 
interaction itself is not absolutely required for the trogo-
cytic membrane antigen capture by activated cells, even 
if it may be required for the trogocytic membrane capture 
by resting T cells. In our opinion, MHC:TCR interac-
tion does not play a key role in trogocytosis by activated 
cells, whereas activation does [7, 10, 11, 16, 30]. How-
ever, one can argue that since in most systems that have 
been used to study trogocytosis, activation is achieved 
through MHC:TCR interaction, cognate recognition of 
antigen through TCR is, in a way, mandatory for trogo-
cytosis, even for trogocytosis by activated effector cells.

As demonstrated by the strict requirement for in-
tercellular contact, cell-to-cell interactions other than 
MHC:TCR interactions are required for trogocytosis. 
These cell-to-cell interactions are not clearly defined, 

Figure 6 Statistical analysis of trogocytosis efficiencies. (A) Ef-
ficiency of direct trogocytosis (white bars, n = 11) and second-
ary trogocytosis (gray bars, n = 10) for each type of acceptor 
cells (CD4+ T cells, CD8+ T cells and CD14+ monocytes) Results 
are indexed on the fluorescence of the tumor cells. (B) Impact 
of the presence of allogeneic membranes acquired during pri-
mary trogocytosis on the efficiency of secondary trogocytosis by 
CD4+, CD8+ or CD14+ cells. Membrane donor cells were control 
monocytes (white bars, n = 5), monocytes that had previously 
acquired membranes from M8-HLA-G167 cells (gray bars, n = 
3), or monocytes that had previously acquired membranes from 
LCL-HLA-G126 cells (black bars, n = 8). Results are indexed on 
the fluorescence of the monocytes. (C) Secondary trogocytosis 
efficiency for the transfers of endogenous monocyte mem-
branes (white bars, n = 8) and allogeneic membranes acquired 
from LCL-HLA-G126 cells (gray bars, n = 8).
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may be multiple and redundant, and may differ depend-
ing on the donor:acceptor cell pair. In this work and in 
others previously published [7, 10, 30], antibodies block-
ing the HLA-G:ILT2 interaction had no effect on the 
efficiency of trogocytosis, ruling out the involvement of 
HLA-G in the trogocytic processes we observed.

Confocal images of acceptor cells after trogocytosis 
showed that trogocytic processes that occurred during 
the 30-min time frame of our studies were most likely 
independent from each other, as shown by individual-
ized membrane fragments at the surface of most of the 
acceptor cells. Yet, trogocytosis efficiency calculations 
revealed that membranes that had been previously ac-
quired by monocytes from tumor cells were preferential-
ly transferred again to other cells. This might mean that 
membranes collected by monocytes were not randomly 
distributed at the monocytes’ surface but located in a 
clustered manner possibly at sites that are trogocytosis-
prone.

When activated immune cells were co-incubated at 
the same time with different non-immune cells several 
trogocytic processes were observed simultaneously re-
sulting in the transfer of membranes from several sources 
to one acceptor cell. To our knowledge, this is the first 
report of multiple trogocytosis. This finding is notewor-
thy because, while experiments in two-cell systems have 
proved trogocytosis, described its parameters, and eluci-
dated some of its key mechanisms, multiple trogocytosis 
highlights the qualitative extent of this mechanism. It 
suggests that membrane exchanges between activated 
immune effector cells and the cells surrounding them are 
extensive and somewhat non-discriminative. Given what 
is known of the transfer of functional proteins through 
trogocytosis, our results emphasize the potential role of 
bystander cells in immune responses.

Throughout our studies, monocytes were more effi-
cient than T cells at taking up membranes from different 
sources, including from other autologous immune cells, 

Figure 7 Multiple and serial trogocytosis: monocytes can redistribute membranes acquired from several tumor cells to au-
tologous immune cells. PKH staining was evaluated by flow cytometry on activated PBMC subsets after a co-incubation with 
monocytes that had previously acquired membranes from several tumor cells simultaneously. Top: flow cytometry analysis of 
primary membrane donor cells (M8-HLA-G167 cells and LCL-HLA-G126 cells) and of monocytes coated with anti-CD14 mag-
netic beads prior to (CD14) and after (CD1467acq+,26acq+) the co-incubation with primary donor cells (primary trogocytosis). Bot-
tom: flow cytometry analysis of PBMC subsets prior to and after co-incubation (secondary trogocytosis) with CD1467acq+,26acq+ 
monocytes. Percentages of positive cells for each staining are indicated. Data are representative of three independent ex-
periments.
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and at redistributing them. This might be linked to the 
antigen collecting/processing/presenting functions of 
these cells. In that case, it may be considered that mono-
cytes have the capability to take up membrane-bound 
antigens from living cells in order to (i) process them 
for presentation in the context of class I and class II, (ii) 
temporally display them and possibly use them as un-
processed molecules which may alter their function, as in 
the case of HLA-G, and (iii) redistribute these collected 
membrane antigens from multiple sources to other im-
mune cells.

Since trogocytosis seems to be a common phenome-
non allowing intercellular transfer of intact and function-
al molecules, trogocytic processes could be considered 
as an important mechanism to spread the antigen display 
and to enable cells to act through molecules they do not 
express. This is especially important for molecules with 
a limited tissue distribution such as HLA-G. For these 
molecules, serial trogocytosis can be considered as a 
mechanism to amplify their expression and effects. This 
means that a few HLA-G-positive tumor cells may gen-
erate a larger number of HLA-G-positive cells in a short 
time without the need for cell maturation or unlocking 
HLA-G expression. This is relevant because HLA-G 
plays a key role in immunotolerance to the fetus and its 
expression has been demonstrated in a variety of tumors 
(reviewed in [18]), contributing to the escape from the 
immune attack [33, 34]. Thus, HLA-G trogocytosis, 
whether it is direct, multiple and/or serial, may further 
amplify HLA-G tolerogenic effect. In the present study, 
we could not perform functional assays after secondary 
trogocytosis because of technical considerations. Howev-
er, this hypothesis is based on in vitro data showing that 
when transferred by direct trogocytosis, HLA-G main-
tains its functionality in the acceptor cells and allows 
them to act, at least temporarily, as if they endogenously 
expressed it [7, 10, 30]. 

Taken together, our results indicate that trogocytosis 
could play an important role in the immune response 
through the spreading of membrane-associated proteins 
such as HLA-G, or through the influence of the surround-
ing non-immune cells on immune cells. 

Materials and Methods

Cells and cell lines
Blood was obtained from healthy volunteer donors through the 

French Blood Bank under a protocol approved by the Institutional 
Review Board of the Saint Louis Hospital, Paris. PBMCs were 
isolated on Histopaque 1077 density gradient (Sigma, St Louis, 
MO, USA).

Monocytes were isolated either by adherence, or by magnetic 
cell sorting. For magnetic cell sorting, Fc receptors of PBMC were 

first blocked using 20 µg/ml human IgG (Sigma) for 30 min. A to-
tal of 20 µg/ml of anti-CD14 were then added and CD14-positive 
monocytes were positively separated using goat anti-mouse-coated 
magnetic beads according to the manufacturer’s specifications 
(Ademtech, France). 

Adherent melanoma cell line M8 transfected with pcDNA3.1 
(Invitrogen, Carlsbad, CA, USA) alone (M8-pcDNA), containing 
HLA-G1 cDNA (M8-HLA-G1) or containing cDNA of HLA-G1 
fused to EGFP (M8-HLA-G1-GFP); lymphoblastoid LCL-721.221 
cells (LCL) transfected with pRc/RSV vector (Invitrogen) alone 
(LCL-RSV) or containing HLA-G1 cDNA (LCL-HLA-G1) have 
been previously described [7, 10].

All cells were cultured in RPMI 1640 medium (Invitrogen) 
supplemented with 2 mM l-glutamine, 100 U/ml penicillin, 100 
µg/ml streptomycin and 10% heat-inactivated FCS.

Cell activation
Purified monocytes were activated with 100 ng/ml lipopolysac-

charide (Sigma) for 48 h. PBMCs or purified T cells were acti-
vated for 48 h with 4 µg/ml leucoagglutinin (PHA-L; Sigma) and 
were cultured in IL-2-supplemented medium (100 U/ml; Sigma).

Membrane labelling
Cell membrane labelling was performed using either PKH67 or 

PKH26 Fluorescent Cell Linker Mini kit (Sigma) according to the 
manufacturer’s specifications.

Transwell experiments
Transwell experiments were performed using Transwell culture 

system (Greiner Bio-One, Kremsmünster, Austria): immune cells 
were cultured in the upper chamber of a 12-well plate and sepa-
rated from M8-HLA-G167 and LCL-HLA-G126 cells by a 0.4-µm 
pore semipermeable membrane.

Trogocytosis assays
Direct/primary trogocytosis: activated monocytes, T cells or 

PBMCs were co-incubated with PKH67-labelled M8-HLA-G1 
cells (M8-HLA-G167 cells) or with PKH26-labelled LCL-HLA-
G1 cells (LCL-HLA-G126 cells) at a 1:1 ratio for 15-30 min at 37 
°C and 5% CO2. Even though M8 cells are adherent, trogocytosis 
assays were performed in cell suspensions. After co-incubation 
(trogocytosis), cells were placed on ice and all further steps were 
performed on ice.

Multiple trogocytosis: activated PBMCs were co-incubated 
with both M8-HLA-G167 cells and LCL-HLA-G126 cells at the 
same time and in the same conditions as above.

Serial trogocytosis: a primary trogocytosis was first performed 
by co-incubating PKH26-labelled LCL-HLA-G1 cells (LCL-
HLA-G126) with activated PKH67-labelled monocytes (CD1467) 
attached to magnetic beads. During this co-incubation, monocytes 
acquired PKH26-labelled membranes from LCL-HLA-G1 cells 
(CD1467,(26acq+) cells; primary trogocytosis). Next, these monocytes 
were purified by magnetic cell sorting. After verifying by flow 
cytometry that all LCL-HLA-G126 cells had been removed, these 
CD1467,(26acq+) monocytes were used as “secondary donor cells” in a 
co-incubation with autologous PHA-activated PBMCs (secondary 
trogocytosis), in the same conditions as for primary trogocytosis. 
Secondary trogocytosis was only performed when contamination 
by LCL-HLA-G126 cells was less than 1%. The exact same experi-
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ments were performed using PKH26-labelled M8-HLA-G126 in 
suspension as primary donor cells.

Multiple and serial trogocytosis: for this experiment, PHA-L-
activated unlabelled monocytes attached to magnetic beads (CD14) 
were co-incubated with PKH67-prelabelled M8-HLA-G1 cells 
(M8-HLA-G167) and with PKH26-prelabelled LCL-HLA-G1 cells 
(LCL-HLA-G126). This generated “secondary donor monocytes” 
with PKH67-labelled patches of M8-HLA-G167 origin and PKH26-
labelled patches of LCL-HLA-G126 origin (CD14(67acq+,26acq+)). 
CD14(67acq+,26acq+) monocytes were then positively purified by mag-
netic cell sorting, and the absence of primary donor cells from the 
sorted population was verified by flow cytometry. CD14(67acq+,26acq+) 
monocytes were then used as membrane donor cells for autologous 
activated PBMC in a secondary trogocytosis assay.

Trogocytosis results were evaluated by flow cytometry and 
confocal microscopy. For the latter, monocytes attached to mag-
netic beads were removed from the co-culture after trogocytosis, 
for a better visualization of the final membrane acceptor cells.

Antibodies and flow cytometry
All antibodies were from Exbio (Prague, Czech Republic): 

FITC-conjugated, PE-conjugated or biotin-conjugated non-block-
ing anti-HLA-G Mem-G/09; purified or biotin-conjugated block-
ing anti-HLA-G 87G; purified or PE-DY647-conjugated anti-CD4, 
anti-CD8, anti-CD14. Flow cytometry analyses were performed on 
an EPICS XL Cytometer (Beckman Coulter, Fullerton, CA, USA). 
Prior to staining, Fc receptors were blocked with 20 µg/ml hu-
man IgG. Appropriate isotypic controls were systematically used 
to evaluate non-specific binding. Membrane transfer was directly 
analyzed through PKH fluorescence.

Confocal microscopy
Membrane transfer was visualized using PKH fluorescence. 

Acceptor cells of each subset were identified with mouse anti-CD4 
(IgG1 antibody), anti-CD8 (IgG2a antibody) or anti-CD14 mono-
clonal antibodies, respectively, and HLA-G was visualized using 
biotinylated anti-HLA-G antibodies. To avoid cross-reactivity 
between HLA-G staining and lineage marker staining, we used 87 
G, an IgG2a antibody, to detect HLA-G in CD4+ T cells and mono-
cytes, whereas MEM-G/09, an IgG1 antibody, was used to detect 
HLA-G in CD8+ T cells. In a second step, streptavidin-Alexa405 
and a goat anti-mouse (anti-IgG1 or anti-IgG2a) antibody conju-
gated to Alexa647 (Invitrogen) were used as secondary antibodies.

After the staining, cells were left adhered on poly-l-lysine-
coated slides for 3 min at 37 °C and fixed for 15 min with 3% 
paraformaldehyde (Sigma). Samples were finally mounted in a 
VECTASHIELD mounting medium (Clinisciences, Paris, France) 
and analyzed using a Carl Zeiss LSM 510 confocal microscope 
(Zeiss, Germany). 

Statistical analysis
To compare different types of trogocytosis, or trogocytosis per-

formed between different cell types, we calculated the trogocytosis 
efficiency in each experiment using mean fluorescence intensity 
(MFI) values for the PKH fluorescence.

Trogocytosis efficiency was calculated as: ((MFI of acceptor 
cells after trogocytosis−MFI of acceptor cells before trogocytosis)/
MFI of donor cells)×100. 

Thus, the amount of transferred membranes to the acceptors 

was normalized to the amount of membranes of donor cells origi-
nally available.

We performed the statistical analysis of this parameter with 
SPSS Program for Windows. Comparisons of trogocytosis effi-
ciencies were performed using the non-parametric Mann-Whitney 
U test. P values less than 0.05 were considered to be significant.
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