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Abstract This communication reports the first experimental
evidence that in the bladder cancer model, membranous components labelled with the DiO dye and the cholera toxin
subunit B can be transported from highly malignant (T24) to
non-malignant (RT4) cells by extracellular vesicles. Taking
into account the presence of stable membranous nanostructures found by scanning electron microscopy, we suggest a
possible uptake mechanism in recipient cells through fusion
with highly curved membranous regions.
Keywords Intercellular transfer . Extracellular vesicles .
Exosomes . Microvesicles . DiO . Cholera toxin

Introduction
The plasma membrane is responsible for the intercellular
communication involved in oncogenic transformation. In a
bladder cancer model, it was previously shown that
intercellular connections can be established through the membrane nanotubes that are formed between the T24 highly
malignant urinary carcinoma-derived cell line and the RT4
non-malignant urinary papilloma cell line (Veranič et al.
2008). In the present work, we show that besides the shortHandling Editor: Peter Nick
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range transfer route directly through nanotubes, the membranous components can also be transported from T24 to RT4
cells by the extracellular vesicles (EVs) shed from cells by
various mechanisms, e.g. budding of the plasma membrane,
exosome formation, apoptotic breakdown and non-apoptotic
blebbing (D’Asti et al. 2012). EVs released from individual
cells are highly heterogeneous in size and composition
(D’Asti et al. 2012) and can be isolated in vitro from cell
culture media (Simpson et al. 2008). Complementary to the
previously suggested mechanisms of EV uptake by recipient
cells—endocytosis, fusion and receptor-mediated uptake
(Kharaziha et al. 2012)—we suggest a possible uptake mechanism through fusion of EVs with the plasma membrane at
highly curved membranous regions (e.g. at membrane buds
and nanotubes, particularly at their tips). This mechanism
could be general for all cells.

Materials and methods
T24 and RT4 urothelial cell lines were cultured as described
previously (Veranič et al. 2008). To investigate the intercellular
transfer of membranes from the donor T24 cells to recipient RT4
cells, fluorescent microscopy was used. T24 and RT4 cells were
seeded onto sterile glass cover slips (Brand GmbH, Wertheim)
and grown to approximately 80 % confluence. T24 cells were
grown overnight and labelled with the fluorescent lipophilic
carbocyanine dye 3,3′-dioctadecyloxacarbocyanine perchlorate
(DiO) (VybrantCell labelling solution kit, Molecular Probes) or
cholera toxin subunit B (CtB) (Vybrant Lipid Raft labelling kit,
Alexa 488 Molecular Probes) according to the manufacturer’s
recommendations. Labelled T24 cells were washed with fresh
medium and left overnight to emit EVs into the medium. In order
to remove cells and cell debris, the medium with labelled EVs
was collected and filtered through pores of either 200 nm
(Millipore) or of 800 nm (Drummond Scientific, Broomall, PA,
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USA). The acceptor RT4 cells were incubated with the filtered
EV-containing medium from the T24 cells for 60 min at 37 °C
and 5 % CO2. After incubation, RT4 cells were washed, fixed in
4 % formaldehyde for 20 min and washed with PBS. Afterwards,
the cover slips were mounted in vectashield-4′,6-diamidino-2phenylindole (vectashield-DAPI) (Vector Laboratories,
Peterborough, UK) and analysed by an Axio-Imager Z1 fluorescence microscope with an Apotome upgrade (Carl Zeiss Inc.,
Germany).
To observe membrane budding and morphologically assess
the impact of staining to the level of vesiculation in T24 cells,
scanning electron microscopy was used. T24 cells were grown
on round cover slips. They were either unlabelled or labelled
with DiO or CtB. The cells were fixed in 2 % paraformaldehyde and 2 % glutaraldehyde in 0.1 M phosphate buffer
(pH 7.4) for 3 h at 4 °C, rinsed in 0.1 M cacodylate buffer
and postfixed in buffered 1 % osmium tetroxide for 1 h at
4 °C. The samples were critical point dried and sputter coated
with gold. The samples were examined at 15 kV with a
scanning electron microscope (Jeol JSM 84A, Japan).

Results and discussion
Figure 1 shows scanning electron micrographs of membrane
budding in T24 cells, which were unlabelled (a), labelled with
DiO (b) and labelled with CtB (c). In all samples, the morphology appeared similar, exhibiting a mass of EVs (Fig. 1a–c,
arrows) and nanotubes (Fig. 1a–c, arrowheads) suggesting that
the probes applied (DiO and CtB) did not essentially affect the
budding and vesiculation process.
Intensive membrane budding can be seen in T24 cells
(Fig. 2). Figure 2a shows the heterogeneity in size and shape
of the membranous structures emitted from an individual cell:
large EVs (arrow), smaller EVs (arrowhead) and nanotubes
(arrow with two heads). In addition to numerous globular EVs
(Fig. 2a), Fig. 2b shows nanotubes with dilatations in the
shape of gondolas (arrow).
DiO-labelled and CtB-labelled EVs emitted from T24 cells
were transferred to RT4 cells (Fig. 3). Figure 3a shows DiOstained T24 cells exhibiting the plasma membrane, intracellular membranes, nanotubes and EVs. The fluorescence of DiO
was observed in RT4 cells after incubation with EVcontaining filtered medium (pore size of 200 nm (Fig. 3b)
and pore size of 800 nm (Fig. 3c)) derived from cultures of
T24 cells. The staining of T24 cells by CtB was inhomogeneous and in general less effective (Fig. 3d); nevertheless,
non-uniform fluorescence of CtB could be observed in RT4
cells after incubation with EV-enriched filtered medium (pore
size of 200 nm (Fig. 3e) and pore size of 800 nm (Fig. 3f))
from T24 cells.
We showed that CtB is a convenient probe for studying cell
vesiculation-related processes. This agrees with previous

Fig. 1 Scanning electron micrographs of membrane budding in
unlabelled (a), DiO-labelled (b) and CtB-labelled (c) T24 cells with
arrows pointing at EVs and arrowheads pointing at nanotubes. Bars =
10 μm

results that CtB binds to the ganglioside GM1, which is
enriched in membrane rafts (Skočaj et al. 2013). In turn,
membrane rafts were shown to give place to membrane budding and vesiculation (Mrówczyńska et al. 2011). Moreover,
many proteins implicated in cancer cell signalling and subsequent progression of the disease, including epidermal growth
factor receptor (EGFR) and H-ras, exhibit their function
through membrane rafts—either structurally or functionally,
or both (Patra 2008).
No significant difference in the level of EV uptake by RT4
cells in both types of labelling was observed when using
different porosities of filters, suggesting that the majority of
EVs transferred were smaller than 200 nm. However, this
phenomenon could also be explained by the structure of the
filters with pores of 800 nm which are partly hydrophobic and
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Fig. 2 Chosen regions of membrane budding in T24 cells. a Heterogeneity of the emitted membranous structures: large EVs (arrow), smaller
EVs (arrowhead) and nanotubes (arrow with two heads). b Nanotube
with dilatation in the shape of gondola (arrow). Bars =10 μm

Fig. 3 Fluorescence micrographs
of DiO-labelled T24 cells, with an
arrow pointing at a nanotube and
an arrowhead pointing at an EV
(a), RT4 cells subject to
intercellular transfer of DiOlabelled EVs (200-nm pore size
filters (b) and 800-nm pore size
filters (c)), CtB-labelled T24 cells
(d) and RT4 cells subject to
intercellular transfer of CtBlabelled EVs (200-nm pore size
filters (e) and 800-nm pore size
filters (f)). Blue =nuclei. Bars =
10 μm
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could have bound a large proportion of the EVs during filtration of the medium.
The membrane composition of EVs correlates with that
from the releasing cell (Frey and Gaipl 2011); however, EVs
are composed of lower concentrations of phospholipids but
higher concentrations of cholesterol and sphingomyelin (Van
Blitterswijk et al. 1982). It was shown that sphingomyelin
itself, or as a component of EVs, plays an important role in
cancer progression by promoting angiogenesis (Kim et al.
2002) and that levels of sphingomyelin in highly metastatic
cancer cells are significantly higher than those of less metastatic variants (Dahiya et al. 1992). Oncogenic lipid signalling
has hitherto been given less attention in comparison to that of
proteins and nucleic acids. Our results, however, indicate its
importance by showing that effective transfer of membrane
material in the bladder cancer model occurred by using a
general lipophilic tracer (DiO).
Acknowledged possible mechanisms of the interaction of
EVs with recipient cells include endocytosis (phagocytosis),
fusion with the plasma membrane and receptor-mediated uptake (Kharaziha et al. 2012). It was recently shown that the
mechanisms underlying formation of EVs are based on curvature sorting of membrane constituents, promoting and stabilizing membranous nanostructures by minimization of the membrane free energy (Kralj-Iglič 2012). The configuration of the
membrane that corresponds to the minimum in membrane free
energy exhibits a particular distribution of lateral and orientational ordering of membrane components (Kralj-Iglič 2012).
The presence of stable membranous nanostructures (Fig. 2)
indicates another possible mechanism of EV uptake that involves adhesion to buds and nanotubes. This may take place in
particular at the highly curved tips and narrow necks connecting
the bud and the mother membrane. Namely, it is energetically
favourable for the EV membrane constituents also on recipient
cells to attain the high curvature that is close to their intrinsic
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shape. In EVs, due to their small size, the membrane is highly
curved. As stable structures are energetically favourable states,
this means that the packing and interaction between constituents favour a highly curved membrane shape. If these constituents merge with the membrane of the recipient cell, the energy
barrier is more likely overcame when the membrane has a
similar shape as the EV. This is not the case with the flat or
slightly curved membrane parts; however, at membrane buds
and nanotubes, the membrane curvature is high and presents
surroundings where the EV constituents can attain an energetically favourable state.
Overall, our results provide experimental evidence of the
intercellular transfer of membrane components from highly
malignant to non-malignant urothelial cells, indicating a possible mechanism of reprogramming the cellular phenotype and
progression of disease over longer distances than nanotubes or
cell junctions.
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