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The cell-in-cell phenomenon is 
frequently observed in tumor samples, 
especially in those highly malignant 
or metastatic tumors. It is believed 
that through this mechanism, cancer 
cells could ingest immune cells such 
as neutrophils and lymphocytes, which 
otherwise kill tumor cells. Tumor cells 
could also phagocytose tumor cells—a 
phenomenon resembles autophagic di-
gestion of cellular organelles under star-
vation. This cell-eat-cell phenomenon 
is called cannibalism [1-2]. Therefore, 
tumors may take advantage of cell can-
nibalism for survival and immune eva-
sion. It was recently discovered that the 
cell-in-cell phenomenon also happens 
in epithelial cells and is referred to as 
entosis [3]. Entosis is a homogeneous 
cell-in-cell phenomenon while can-
nibalism can be either homogeneous 
or heterogeneous cell-in-cell structures 
[4-5]. The process of entosis is different 
from cannibalism in that entosis is a live 
cell invasion while cannibalism has no 
selectivity for dead cells or live cells. 
Interestingly, the studies by Wang et al. 
[6] presented in this issue revealed that 
internalization of natural killer (NK) 
cells in tumor cells is a distinct type of 
cell-in-cell phenomenon that is different 
from cannibalism and entosis.

The phenomenon of internalization 

of NK cells to tumor cells was reported 
more than two decades ago [7]. How-
ever, the mechanisms of the process 
and the fate of the internalized NK cells 
have yet to be investigated. Here, Wang 
et al. reported that internalization of 
NK cells is an active process and only 
involves live cells, which is similar to 
the process of entosis, but different from 
cannibalism. In entosis, live epithelial 
cells or tumor cells detach from extra-
cellular metrix (ECM) and then invade 
their neighbor cells. This process is also 
different from normal phagocytosis of 
apoptotic cells. Entosis depends on 
conjugations or adherens junctions and 
needs Rho and ROCK activities for 
internalization, suggesting that entosis 
is an active process and requires actin 
polymerization. Similarly, Wang et al. 
found that the internalization of NK 
cells also involves actin polarization 
and is an active process. Only live NK 
cells enter into neighboring tumor cells. 
Transmission electron microscopic 
analyses revealed that the NK cell 
plasma membrane remains connected 
to its target membrane, suggesting the 
involvement of adherens junction. It is 
well known that E-cadherin is involved 
in cell-cell adhesion and compaction 
[8]. Indeed, knockdown of E-cadherin 
using siRNA severely impaired cell-cell 
contact and internalization of NK cells 
to A431 tumor cells. Since cadherin pro-
teins require calcium for function, Wang 
et al. also found that calcium chelating 

reagent EGTA inhibits cell-cell conju-
gation or junctions and consequently 
NK cells internalization to tumor cells. 
Ezrin, an actin-binding protein, plays 
an important role in the regulation of 
actin and cytoskeleton functions [9]. 
It was also shown to be involved in 
membrane-cytoskeleton dynamics and 
in the formation of immunological syn-
apse between NK cells and target tumor 
cells. When ezrin was knocked down, 
Wang et al. found that internalization 
of NK cells to A431 target cells was 
completely inhibited, However, ezrin 
knockdown did not affect membrane 
association of NK cells and target 
cells, suggesting ezrin functions in 
internalization after cell conjugation/
junction. As ezrin activity is shown to be 
functionally regulated by site-specific 
phosphorylation [10], the authors fur-
ther investigated the function of ezrin’s 
phosphorylation by PKA and found 
that PKA inhibitor prohibited NK cell 
internalization, confirming an essential 
role of ezrin in NK cells internalization 
to tumor cells. Although the process 
of NK cells internalization to tumor 
cells is similar to entosis, the fate and 
death mechanisms of the internalized 
NK cells seem to be quite different. In 
entosis, internalized homogenous cells 
go through non-apoptotic lysosome-
mediated degradation. However, Wang 
et al. found that some NK cells in target 
tumor cells go through typical apoptotic 
cell death. Activation of caspase 3 was 
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observed in internalized NK cells but 
not in target A431 cells. TUNEL as-
say also showed DNA fragmentation 
specifically in internalized NK cells. 
Furthermore, caspase inhibitors attenu-
ated the apoptotic process. Therefore, 
this study strongly suggests that NK 
cell internalization is a distinct type of 
cell-in-cell phenomena. 

Tumor cells take advantage of can-
nibalism to kill immune cells such as 
neutrophils and lymphocytes for sur-
vival and immune evasion. Entosis is a 
homogenous cell-eat-cell phenomenon 
which happens in both normal and tu-
mor cells. Its physiological functions are 
yet to be identified, although entosis was 
shown to have tumor suppressive effect 
in soft agar assay. NK cells internaliza-
tion to tumor cells is a heterozygous 
cell-in-cell phenomenon also called 
emperpolesis, which is expected to be 
similar to cannibalism. Unexpectedly, 
mechanistic investigation by Wang et 
al. showed that NK cells internalization 
needs cell conjugation and actin cy-
toskeleton reorganization in target cells 
in order to allow NK cells entry, which 
also happens during the entosis process. 
It is important to emphasize that the 
same group previously found that NK 

cell internalization led to target tumor 
cell death and NK cell self-destruction, 
suggesting that NK cells may use this 
kind of cell-in-cell pathway to kill target 
tumor cells in addition to the usual target 
cell killing through the cytolytic effect. 
This potential tumor suppressive func-
tion is similar to that in entosis. How-
ever, it is still possible that target tumor 
cells may use NK cells internalization 
for survival and escape from immune-
surveillance as in cannibalism. The 
exact physiological and pathological 
functions of NK cells internalization to 
tumor cells need to be further investi-
gated. The current study leads the way 
of dissecting the mechanism of NK cell 
internalization process, opening a new 
branch for NK cell biology and tumor 
immunology in this fascinating cell-eat-
cell research field.
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