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Communication between cells is a vital
process that governs cellular organization
and coordination in an organism. Thus,
multiple mechanisms of cell communica-
tion have evolved to respond to all the
needs of an organism. The modes of cell-
cell communication range from the ones
that require direct contact between cells,
such as cytoplasmic bridges (CBs) and gap
junctions, to others that may take place
over long distances throughout the organ-
ism, such as hormone signaling. Precise
integration of data acquired from all these
different modes of communication main-
tains tissue homeostasis and allows opti-
mal adaptation of an organism to various
stresses.

Cellular senescence represents one of
the outcomes of cellular response to
stress.1 Senescent cells execute essential
functions in different physiological and
pathophysiological conditions. They are
present in pre-malignant lesions, sites of
tissue damage, aging tissues and even
during embryonic development. In all
these places senescent cells communicate
with cells in their surroundings and
modulate the function of these cells.2-5

The effect of senescent cells on nearby
cells is commonly attributed to the
secretion of cytokines, chemokines and
matrix metalloproteinases.4,6 We have
recently demonstrated that in addition
to secretion, senescent cells affect neigh-
boring cells by direct intercellular pro-
tein transfer (IPT).2 Proteins from
senescent cells are directly transferred to
recipient neighboring cells, such as
immune and cancer cells, triggering
activation of signaling pathways in these
cells, ultimately leading to changes in
cellular behavior.

We have detected IPT from senes-
cent cells and demonstrated that these
cells form CBs with other cells, includ-

ing immune cells, cancer and non-can-
cer epithelial cells.2 CBs, which in some
conditions are called tunneling nano-

Figure 1. Senescent cells communicate with NK cells by multiple mechanisms. Senescent cells
influence NK cells by (i) senescent associated secretory phenotype (SASP); (ii) specific receptor
ligand interactions; (iii) cytoplasmic bridges. These diverse mechanisms trigger PI3K and p-AKT
pathways, resulting in activation of the granule exocytosis in the NK cells and elimination of the
senescent target cells by activation of apoptosis.
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tubes, are open on both edges and allow
transfer of cytoplasmic content to
neighboring cells. Interestingly, we also
identified mitochondria and lysosomes
in CBs, implying that organelles might
be transferred between the cells. Trans-
fer of these organelles was indeed iden-
tified in several other systems. Since
dysfunctional mitochondria are thought
to play a role in cellular senescence, it
can be speculated that transfer of the
dysfunctional mitochondria to healthy
neighboring cells may induce senescence
in these cells. Transfer of cytoplasmic
content or whole organelles might serve
therefore, for communication of cellular
stress.

The functional consequences of cell
communication of senescent cells
through IPT are not completely under-
stood and could be cell type dependent.
For instance, we have reported that IPT
facilitates elimination of senescent cells
by NK cells since transfer of proteins to
NK cells correlated with NK cell activa-
tion and cytotoxicity. Remarkably, inhi-
bition of CDC42 in senescent cells
resulted in decreased IPT and impaired
elimination of the senescent cells by
NK cells.2 In addition to interaction
with NK cells senescent cells also com-
municate with other components of the

innate and adaptive immune sys-
tems.2,5,6 Thus, it is possible that senes-
cent cells transfer proteins to other
types of immune cells and alter their
behavior. To fulfill their function
immune cells respond to cytokines and
chemokines using receptor-ligand inter-
actions to activate cellular responses
(Fig. 1). IPT can serve as an additional
mechanism regulating activity of
immune cells following contact medi-
ated interaction with resident cells and
thereby fine-tune the immune response.

Senescent cells can impact tumori-
genesis, mainly by secretion of pro-
inflammatory cytokines.3,5 Our data
demonstrate that senescent cells form
CBs with cancer cells, thereby imple-
menting IPT in interaction of senescent
and cancer cells. Since the interaction
of these cells is long lasting, in contrast
to the interaction with NK cells, higher
amount and number of proteins could
potentially be transferred. The func-
tional impact of IPT from senescent
cells to cancer cells is unknown, as it
could potentially promote or restrain
cancer cells. Senescent cells could trans-
fer cell cycle inhibitors (i.e. p16, p15
and p21) to cancer cells, thereby inhib-
iting their proliferation. Conversely,
cancer cells may also receive organelles

and proteins to support their rapid
proliferation.

In addition to pathological conditions,
senescent cells modulate physiological
processes, including embryonic develop-
ment.4 During embryonic development
human placental syncytiotrophoblast
exhibit features and molecular markers of
cellular senescence.7 The syncytiotropho-
blast is a multinucleate epithelium which
supports fetal growth by creating an inter-
face between maternal and fetal circula-
tion. The syncytiotrophoblast cells
communicate with subjacent layer of
mono-nucleated cytotrophoblasts to pro-
mote division and fusion of cytotropho-
blasts into the syncytiotrophoblast. These
cells also communicate with immune
cells to control immune tolerance at the
maternal-fetal interface. Therefore, senes-
cent syncytiotrophoblast cells might also
form CBs to facilitate these non-cell
autonomous effects which are essential for
embryonic development.

Overall, IPT from senescent cells repre-
sents a pivotal mode of cellular com-
munication with possible physiological
outcomes on cancer progression, tissue
repair, embryonic development, aging and
immune modulation.
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