
Two basic forms of cell death are currently recog-

nized: necrosis and programmed cell death (PCD) [1].

Fifteen types of PCD exist [2]. In 2009, the

Nomenclature Committee on Cell Death included ento-

sis in the list of cell death types for the first time [3].

Entosis is a type of cell cannibalism [4] during which one

cell invades the other [5]. It was suggested initially that

detachment of a cell from substrate initiated its internal-

ization [6-10]. However, studies during recent years indi-

cated that the “cell-in-cell” structures could be formed

without detachment of cells from a matrix [11]. It was

shown that entosis is characteristic predominantly for

tumor cells, but also can occur in some normal cell pop-

ulations [12].

Despite the fact that numerous researchers are inves-

tigating entosis actively, the exact mechanisms of this

process remain unknown. The initial and final stages of

entosis are, as a rule, investigated in studies, namely, the

process of penetration and the fate of the internalized

cell. It was shown that E-cadherin molecules in the com-

position of adhesive junctions, which are formed between

entotic cells, play an important role in the first process

[13]. Active cell invasion occurs with participation of its

actomyosin complex. The fate of this cell can be different:

it can leave the outer cell, divide within it, or be subject-

ed to lysosome-mediated degradation [5, 12]. Entosis is a

lengthy process (from 20 h and more) [5]. To understand

what determines the fate of an internalized cell, it is nec-

essary to identify the sequence of events in both cells-par-

ticipants during entosis, and to determine mechanisms

involved in each stage of this process.

The aim of our work was to identify stages of entosis

based on analysis of the sequence of structural changes of

cells themselves, as well as localization and functional

state of a number of membrane organelles and cytoskele-

ton components of the cells. This will allow in future to

investigate mechanisms of the processes involved in real-

ization of each stage. The culture of HaCaT cells with

strong adhesion to substrate was selected as the object of

our study. This cell line is a model of normal human ker-

atinocytes, for which the entosis phenomenon has not

been yet reported.
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Abstract—Entosis is a type of cell cannibalism during which one cell penetrates into another cell and usually dies inside it.

Researchers mainly pay attention to initial and final stages of entosis. Besides, tumor cells in suspension are the primary

object of studies. In the present study, we investigated morphological changes of both cells-participants of entosis during this

process. The substrate-dependent culture of human normal keratinocytes HaCaT was chosen for the work. A combination

of light microscopy and scanning electron microscopy was used to prove that one cell was completely surrounded by the

plasma membrane of another cell. We investigated such “cell-in-cell” structures and described the structural and function-

al changes of both cells during entosis. The outer cell nucleus localization and shape were changed. Gradual degradation of

the inner cell nucleus and of the junctions between the inner and the outer cells was revealed. Moreover, repeated redistri-

bution of the outer cell membrane organelles (Golgi apparatus, lysosomes, mitochondria, and autophagosomes),

rearrangement of its cytoskeleton, and change in the lysosomal, autophagosomal, and mitochondrial state in both entotic

cells were observed during entosis. On the basis of these data, we divided entosis into five stages that make it possible to sys-

tematize description of this type of cell death.
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MATERIALS AND METHODS

Cell culture. A HaCaT cell culture (normal human

keratinocytes) kindly provided by E. A. Vorotelyak

(Koltzov Institute of Developmental Biology, Russian

Academy of Sciences) was used in this work. Cells were

cultivated in DMEM medium (PanEco, Russia) supple-

mented with 10% fetal bovine serum (FBS) (PAA

Laboratories, Austria), 2 mM L-glutamine (PanEco),

and antibiotic–antimycotic solution (Sigma, USA) with

final concentrations of agents: 100 U/ml of penicillin,

0.1 mg/ml streptomycin, and 0.25 µg/ml of fungizone.

Cells were incubated at 37°C in 5% CO2.

Morphological analysis of cells. Cells were fixed in

Bouin’s solution (15 ml of picric acid, 5 ml of formalin,

and 1 ml of glacial acetic acid) for 30 min and washed

with PBS, pH 7.4 (Sigma). Samples were stained with

hematoxylin and eosin.

Intravital observations. Intravital observations were

conducted during analysis of autophagosomes and mito-

chondria in cells. A monodansylcadaverine stain

(85.5 mM stock solution in dimethyl sulfoxide (DMSO);

Sigma) was used for visualization of autophagosomes.

Rhodamine 123 (stock solution 1 mg/ml; Sigma) – a

potential-dependent stain – was used for visualization of

mitochondria. Both stains were introduced for 30 min

using 1 µl of stock solution per 1 ml of medium. The cells

were washed with medium following staining and mount-

ed onto a camera for in vivo monitoring.

Cytochemical staining. The LysoTracker Red DND-

99 cell stain (Invitrogen, USA) designed for labeling live

cells was used to visualize vesicles of the acidic compart-

ment. Stock solution was diluted at rate 1 : 5 in DMSO

and added to cells using 1 µl of this solution per 1 ml of

medium. Then the cells were kept in a CO2-incubator for

30 min. Prior to fixation, cells were washed with DMEM

medium without serum. A 4% solution of formaldehyde

in PBS was used as a fixative agent for 20 min. To visual-

ize polymerized F-actin, TRITC-labeled phalloidin

(Sigma) was used: stock solution 1 mg/ml in methanol,

working solution 0.005 mg/ml in PBS. Incubation time

with the stain was 45 min. The cell nuclei were addition-

ally stained with DAPI (0.1 µg/ml) (Sigma) for 10 min,

and then the preparation was transferred into

glycerol–PBS (1 : 1) mixture.

Immunocytochemical staining. Cells were fixed with a

4% formaldehyde solution. To permeabilize the cell mem-

brane, cells were transferred into a 0.2% Triton X-100

solution for 7 min, washed with PBS, and placed into a

solution of a first antibody for 1 h at room temperature in

a moist chamber. Rabbit polyclonal anti-mannosidase II

antibodies (1 : 200; Abcam, USA) were used to visualize

Golgi apparatus, mouse monoclonal anti-α-tubulin anti-

bodies (1 : 1000; Sigma) – to visualize microtubule system,

and rabbit anti-β-catenin antibodies (1 : 1000; Sigma) – to

visualize β-catenin. Then the cells were washed with PBS

and placed in solution of secondary antibodies for 1 h at

room temperature in a moist chamber. Monoclonal goat

anti-mouse IgG antibodies conjugated with Alexa Fluor

488 (1 : 800; Invitrogen, USA) and monoclonal donkey

anti-rabbit IgG antibodies conjugated with Alexa Fluor

568 (1 : 800; Invitrogen) were used as secondary antibod-

ies. Samples were analyzed with a Leica light microscope

(Leica, Germany) using an N Plan 100×/1.25 oil immer-

sion objective and an Axiovert 200M luminescence micro-

scope (Carl Zeiss Inc., Germany) using PlanApo 63×/1.4

oil immersion objective. The samples were imaged with

Leica Application Suite and AxioVision program, respec-

tively. Further image processing was performed using the

ImageJ program. Construction of histograms and calcula-

tions of standard deviation were performed using

Microsoft Office Excel 2007.

Scanning electron microscopy (SEM). Cells were

fixed using a 2.5% glutaraldehyde with 2% formalin in

0.1 M PBS and dehydrated according to the standard

technique. Sample was subjected to critical point drying

(for CO2 t = 31°C, P = 73.8 bar). Glass slides with cells

were mounted onto metal stages. Samples were sputter

coated with Au-Pd (gold–palladium) mixture and ana-

lyzed in a SCAN JSM scanning electron microscope

(JEOL, Japan).

Correlative light-electron microscopy (CLEM). The

following procedure was performed to identify certain

cells in SEM: entotic cells were located on the sample

fixed with 2.5% glutaraldehyde using phase contrast

microscopy (Axiovert 200M, ×63) and marked with a

marker. The cell layer around the mark was removed

under a differential interference microscope (DIC)

(Leica) (HI Plan10×/0.22 and 20×/0.30 objectives) using

a thin needle. A standard protocol for SEM preparations

was then conducted.

RESULTS

Frequency of entotic cells in the investigated culture.

The structures in which one cell was located inside anoth-

er (“cell-in-cell” phenomenon) were found in the HaCaT

cell culture. Characteristic changes in morphology of

both cells were observed in the process. The nucleus of

the outer cell (cannibal cell) assumed a crescent-like

shape and shifted toward the periphery. Usually, no fea-

tures of the outer cell differed from the neighboring cells:

it was well-flattened, showed clearly defined lamella, and

had size comparable with the sizes of neighboring cells.

The inner cell (internalized cell) usually had rounded

shape and was located inside a large non-stainable vac-

uole structure – entotic vacuole (Fig. 1a). These mor-

phological features were consistent with indicators of

entosis described in the literature [5].

To confirm that one cell was located inside another,

we analyzed entotic cells using correlative light-electron
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microscopy (CLEM). It can be seen in Fig. 1b that the

plasma membrane of the outer cell completely covers the

inner cell. It must be mentioned that there can be several

internalized cells, in particular several cells in one cell or

cell-in-cell-in-cell.

The fraction of entotic cells in the culture is on aver-

age 0.5% on the first day of cultivation, which decreases

to 0.06% by the fourth day (Fig. 1c).

Morphological changes of inner and outer cells during

different stages of entosis. By analyzing “cell-in-cell”

structures, we revealed that the morphology of the inner

cell as well as the state and location of the outer cell

organelles can be different. This is related to the fact that

the observed entotic cells are at different stages of the

process. We divided entosis into five stages according to

the following features: morphology of the internalized

cell nucleus and cytoplasm, availability of junctions

between entotic cells, state and location of organelles in

both cells.

Shape and size of inner cell. The inner cell displays

rounded shape at the early stage of entosis (immediately

after invasion of one cell into another). Its size corre-

sponds to the size of cells of this cell line in suspension

(Fig. 1d, 1). Then small collaterals in the form of spines

are formed on the surface of the inner cell (second stage

of entosis) (Fig. 1d, 2). The cell outlines later become

rough, and its size decreases (third and fourth stages of

entosis) (Fig. 1d, 3 and 7). At the fifth stage of the

process, the inner cell displayes irregular shape, and its

size is significantly reduced in comparison with the initial

size (Fig. 1d, 8 and 9).

Availability of space between plasma membrane of the

inner cell and entotic vacuole membrane. At the early stage

of entosis, the plasma membrane of the inner cell is in
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Fig. 1. Entosis in HaCaT cell culture. a) Changes in morphology of entotic cells, light microscopy, staining with hematoxylin-eosin. b) Proof

of one cell location inside another, CLEM: 1, 4) phase-contrast microscopy; 2, 5) fluorescence microscopy, staining with DAPI; 3, 6) SEM.

c) Histogram of frequency of entotic cells in HaCaT cell culture. d) Stages of degradation of an internalized cell: 1) first stage; 2) second stage;

3) third stage; 7) fourth stage; 8, 9) fifth stage; 1-3, 7-9) phase contrast microscopy; 4-6, 10-12) fluorescence microscopy, staining with DAPI.
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tight contact with the entotic vacuole membrane and,

hence, space between them is not observed. At the second

stage of entosis, when only a few contact points between

the two membranes are retained, the boundaries of the

inner cell and of the entotic vacuole become clearly visi-

ble (Fig. 1d, 2). At the third and fourth stages of entosis,

the distance between these two membranes reaches its

maximum value due to reduction of the inner cell size

(Fig. 1d, 3 and 7). At the last stage of entosis, the space

between the plasma membrane of the inner cell and

entotic vacuole membrane decreases again (Fig. 1d, 9).

State of inner cell nucleus and cytoplasm. In majority

of cases, the inner cell is subjected to degradation during

entosis. As a consequence, the morphology of its nucleus

changes. At the first stage of entosis it has rounded shape,

is enriched with euchromatin, and several nucleoli are

clearly visible (Fig. 1d, 4). This state of the inner cell

nucleus is retained at the second stage of entosis (Fig. 1d,

5). However, the inner cell nucleus becomes slightly

deformed at the third stage, assuming irregular shape

(Fig. 1d, 6). At the fourth stage it shrinks significantly,

chromatin undergoes gradual condensation, and nucleoli

are not revealed (Fig. 1d, 10). At the final stage the nucle-

us of the inner cell is subjected to fragmentation (Fig. 1d,

11 and 12). Simultaneously with the morphology changes

of the inner cell nucleus, enhancement of cytoplasmic

vacuolation occurs.

Adhesive junctions between inner and outer cells. It is

known that development of adhesive junctions between

outer and inner cells (E-cadherin mediated) is required

for the “cell-in-cell” structure formation. We conducted

stage-by-stage analysis of adhesive junctions between

entotic cells. For this purpose, cells were stained with

anti-β-catenin antibodies binding to the intracellular

domain of E-cadherin [14]. At early stages of entosis, the

antibodies stained a thick circle between the membranes

of the internalized cell and of the entotic vacuole (Fig. 2a,

3). At the second stage of entosis, β-catenin was observed

along the periphery of the inner cell and along the periph-

ery of the entotic valuole (Fig. 2a, 6). At the third stage,

only few junction points between the internalized cell and

entotic valuole were observed that contained β-catenin.

However, this pattern was rare. As a rule, the anti-β-

catenin antibody staining between internalized cell and

entotic vacuole was not observed commencing from the

third stage (Fig. 2a, 9). Hence, we showed that the mole-

cules mediating adhesive junctions, such as β-catenin,

undergo gradual degradation during entosis.

Golgi apparatus of inner and outer cells. Dictyosomes

of the Golgi apparatus in mononuclear cells were usually

located along the periphery of the cell nucleus (Fig. 2b,

3). Localization of the Golgi apparatus changed in the

outer cell during entosis. At the early stages, the dic-

tyosomes of the cannibal cell Golgi apparatus moved to

the area of the entotic vacuole, surrounding it completely

(Fig. 2b, 6). This location of the outer cell Golgi appara-

tus was retained up to the fourth stage. In some cases,

repeated redistribution of dictyosomes in the cannibal cell

occurred – they returned to the area close to the nucleus.

The Golgi apparatus of the internalized cell was observed

in the perinuclear space during the first two stages of

entosis. Starting with the third stage, the dictyosomes of

the the inner cell Golgi apparatus usually broke down into

separate cisterns and vesicles (Fig. 2b, 9). The Golgi

apparatus was not observed in the inner cell at the fifth

stage. Thus, we demonstrated that redistribution of the

outer cell Golgi apparatus dictyosomes occurred during

entosis, and prolonged integrity of the Golgi apparatus

was observed in the internalized cell.

Lysosomes and autophagosomes of inner and outer

cells. It was shown that lysosomes in mononuclear cells

were located predominantly in the area close to nucleus.

At the first stage of entosis, the lysosomes of the cannibal

cell started to redistribute and localized along the periph-

ery of the entotic vacuole. However, their numbers were

low (Fig. 2c, 3). At the second stage, the number of lyso-

somes in the outer cell increased significantly (Fig. 2c, 6).

From this point on, lysosomes chaotically located in the

cytoplasm were observed in the cannibal cell. Their num-

ber decreased in the process. The lysosomes of the inter-

nalized cell were assembled close to the nucleus, and their

numbers were low at the first stage of entosis (Fig. 2c, 3).

At the second and third stages, the number of lysosomes

was likely increasing and they became redistributed –

they were found throughout the entire cytoplasm of the

cell (Fig. 2c, 6). Next, the lysosomes of the inner cell

started merging, its cytoplasm acidified, and by the fifth

stage the entire entotic vacuole was stained with

LysoTracker Red (Fig. 2c, 9).

Autophagosomes located throughout the outer cell

cytoplasm were observed at the initial stage of entosis

(Fig. 2d, 4). At the second stage, the autophagosomes of

the cannibal cell were usually localized along the periph-

ery of the entotic vacuole (Fig. 2d, 5). At the final stages

of entosis, larger autophagosomes were observed close to

the entotic vacuole in the outer cell (Fig. 2d, 6). Their

number was significantly lower than at the first stages of

entosis. Single autophagosomes were found in the cyto-

plasm of the inner cell during the initial stage of entosis.

Thereafter, the number of autophagosomes in the inner

cell increased gradually (second and third stages), they

started merging (fourth stage), and at the late stage of

entosis diffuse monodansylcadaverine staining of the

entire internalized cell was observed.

So, it can be suggested that both the acidic vesicular

compartment and autophagosomes of outer and inner

cells participate in degradation of the internalized cell.

Mitochondria of the inner and outer cells. The mito-

chondria of HaCaT cell line are thread-like, although

smaller bead-like mitochondria can also be found. The

mitochondria are usually distributed uniformly through-

out the entire cytoplasm of the cell (Fig. 2e, 4). The mito-
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chondria of the outer cell during entosis (all stages) were

mainly assembled around the entotic vacuole (Fig. 2e, 5

and 6). It must be noted that the mitochondria of the

internalized cell localized around the cell nucleus were

able to sustain membrane potential during early stages of

entosis (first and second stages) (Fig. 2e, 5). However, the

mitochondrial membrane potential of the inner cell

decreased gradually starting with the third stage of ento-

sis, and mitochondria of the inner cell were not observed

at the final stages (Fig. 2e, 6). Hence, redistribution of the
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Fig. 2. Entosis in HaCaT cell culture. a) Visualization of adhesive junctions between entotic cells: 1-3) first stage; 4-6) second stage; 7-9)

fourth stage; 1, 4, 7) phase-contrast microscopy; 2, 5, 8) fluorescence microscopy, DAPI staining; 3, 6, 9) fluorescence microscopy, staining

with anti-β-catenin antibodies. b) Visualization of Golgi apparatus: 1-3) mononuclear cell; 4-6) second stage of entosis; 7-9) fourth stage; 1,

4, 7) phase-contrast microscopy; 2, 5, 8) fluorescence microscopy, DAPI staining; 3, 6, 9) fluorescence microscopy, staining with anti-man-

nosidase II antibodies. c) Visualization of lysosomes: 1-3) first stage; 4-6) second stage; 7-9) fourth stage; 1, 4, 7) phase-contrast microscopy;

2, 5, 8) fluorescence microscopy, DAPI staining; 3, 6, 9) fluorescence microscopy, staining with LysoTracker Red. d) Visualization of

autophagosomes: 1, 4) first stage; 2, 5) second stage; 3, 6) fifth stage; 1-3) phase-contrast microscopy; 4-6) fluorescence microscopy, stain-

ing with monodansylcadaverine. e) Visualization of mitochondria: 1, 4) mononuclear cell; 2, 5) second stage of entosis; 3, 6) fourth stage; 1-

3) phase-contrast microscopy; 4-6) fluorescence microscopy, staining with rhodamine 123.
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outer cell mitochondria occurs during entosis, and mito-

chondria of the internalized cell remain in their function-

al state up to the third stage.

Cytoskeleton of inner and outer cells. Actin cytoskele-

ton. Invasion of one cell into another during entosis occurs

through the work of actomyosin complex of the invading

cell [5, 13]. We studied the location of actin microfila-

ments in both entotic cells at different stages of entosis.

The actin microfilaments were observed along the periph-

ery of cannibal cell, as individual stress fibers in the cell

cytoplasm and along the periphery of the entotic vacuole

during all stages of entosis. One or two areas with high

actin content in the area proximal to the nucleus of the

outer cell were observed in the internalized cell during the

early stage of entosis (Fig. 3a, 3). Moreover, actin micro-

filaments were located in the cortex zone of the inner cell.

Later, the actin cytoskeleton of the internalized cell was

observed along the periphery of the cell and in the cyto-

plasm as short chaotically located filaments (Fig. 3a, 6 and

9). At the final stage of entosis, only a few short actin fila-

ments were retained in the inner cell cytoplasm.

Microtubule system. Repeated redistribution of the

cannibal cell membrane organelles occurs during entosis.

It is known that movement of cellular organelles is

accomplished with the help of microtubules [15, 16]. In

this connection, we investigated localization of micro-

tubules during entosis. The microtubule system in the

HaCaT cell culture appears as a three-dimensional net-

work (Fig. 3b, 3). Two variants of microtubule distribu-

tion in the cannibal cell were observed at early stages of

entosis: (i) in the case of a well-flattened cell, the 3D

network structure was well conserved (sometimes with

slightly more pronounced concentration around entotic

vacuole) (Fig. 3b, 6); (ii) in the case of a moderately flat-

tened cell, microtubules were localized predominantly

around the entotic vacuole in the form of dense bundles

(Fig. 3b, 9). Such localization of microtubules was main-

tained up to the late stage of entosis. At the final stage,

the microtubule cytoskeleton of the cannibal cell always

resembled three-dimensional network structure (Fig. 3b,

12). It was remarkable that the mucrotubules in the

rounded internalized cell were assembled and located

Fig. 3. Entosis in HaCaT cell culture. a) Visualization of actin cytoskeleton: 1-3) first stage; 4-6) second stage; 7-9) third stage; 10-12) fifth

stage; 1, 4, 7, 10) phase-contrast microscopy; 2, 5, 8, 11) fluorescence microscopy, DAPI staining; 3, 6, 9, 12) fluorescence microscopy, stain-

ing with phalloidin. b) Visualization of microtubule system: 1-3) mononuclear cell; 4-6) first stage of entosis; 7-9) second stage; 10-12) fifth

stage; 1, 4, 7, 10) phase-contrast microscopy; 2, 5, 8, 11) fluorescence microscopy, DAPI staining; 3, 6, 9, 12) fluorescence microscopy, stain-

ing with anti-α-tubulin antibodies.

a b
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near the nucleus as thick bundles during the first and sec-

ond stages of entosis. As the inner cell degraded, its

microtubules were gradually disassembed (third and

fourth stage), and they were not observed at the fifth

stage. Thereby, the microtubules of the outer cell are

rearanged in some cases surrounding the entotic vacuole

at the early stages of entosis; the microtubules of the

internalized cell are not disassemblled for a long period

of time.

DISCUSSION

In this work, we described entosis in HaCaT culture

of normal human keratinocytes for the first time. The

highest frequency of entosis of 0.5% in this cell line is

observed during the first day of cultivation. According to

the literature data, the frequency of entosis in tumor cell

lines is significantly higher [5]. It was suggested that ento-

sis is initiated in the majority of cell lines by detachment

of cells from the substrate. The cells of HaCaT line, being

normal cells, exhibit higher adhesion to the substrate in

comparison with tumor cells [17]. It seems likely that pre-

cisely the difference in adhesion to substrate could

explain the difference in the number of entotic cells in the

cultures of normal and tumor cells.

By comparing morphological characteristics of cells

and their organelles, we were able for the first time to

present entosis as a sequence of events related to changes

in organization, functional activity, and integrity of the

cannibal cell and the internalized cell organelles. Based

on our data, we identified five stages of entosis (after inva-

sion of one cell into another).

We suggest that the changes occuring in both entotic

cells reflect the processes required for degradation of the

internalized cell. Following the invasion of one cell into

another, the former is found surrounded by the plasma

membrane of the cannibal cell (Fig. 4a). A large number

of adhesive junctions is maintained between the cells in

the process.

Fig. 4. Schematic representation of the sequence of events after invasion of one cell into another. a) Localization of cell organelles and com-

position of entotic vacuole membrane immediately after invasion; b) activation of autophagy-related proteins and first modification of entot-

ic vacuole membrane; c) complete replacement of entotic vacuole plasma membrane with autophagosome membrane; d) activation of lyso-

somes and second modification of entotic vacuole membrane; e) formed entotic vacuole membrane; f) acidification of entotic vacuole and

degradation of internalized cell. Designations: GA, Golgi apparatus; AP, autophagy-related proteins; IC, inner cell; L, lysosome; M, mito-

chondrion; OC, outer cell; EV, entotic vacuole; N, nucleus.

N N N

N N N

N N N

N N N
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At the early stage of entosis, the first modification of

the entotic vacuole membrane starts through the

autophagy-related proteins (Fig. 4, b and c). According to

the literature, autophagy-related proteins such as Atg5,

Atg7, Vps34, and LC3 participate in the entotic vacuole

membrane rearrangement [18, 19]. Moreover, integral

lysosome-associated membrane proteins, LAMP, are

introduced into the entotic vacuole membrane [5]. This

explains the gradual disruption of the junctions between

the cells. At the same time, the location of the outer cell

Golgi apparatus changes. It is known that the Golgi appa-

ratus participates in protein maturation and formation of

lysosomes [20, 21]. We suggest that redistribution of the

Golgi apparatus at the first stage of entosis, as a result of

which it localizes along the periphery of entotic vacuole,

is required for formation of additional lysosomes and

autophagosomes that is observed at the second stage of

entosis, close to the entotic vacuole in particular. This is

related to the fact that at the end of the second-beginning

of the third stage of entosis, the lysosomes of the cannibal

cell are merged with modified membrane of the entotic

vacuole (Fig. 4d). It is likely that by these means the lyso-

somal membrane proteins, which protect the outer cell

from hydrolases, are brought into the entotic vacuole

membrane (Fig. 4e) [22]. In addition, the release of lyso-

somal hydrolases of the cannibal cell inside the entotic

vacuole takes place (Fig. 4f).

Extended preservation of the Golgi apparatus and

microtubule system in the internalized cell is necessary

for production of additional lysosomes and autophago-

somes and to ensure their transport within the cell.

Hence, the lysosomes of both the cannibal cell and the

internalized cell itself take part in degradation of the

inner cell.

Redistribution of mitochondria in the outer cell as

well as the ability of the inner cell mitochondria to main-

tain membrane potential for an extended period of time

during entosis could be related to the necessity for pro-

duction of a large amount of energy required for func-

tioning of other cellular organelles. Emergence of large

autophagosomes in the cannibal cell close to the entotic

vacuole at the fifth stage of entosis is due to the fact that

either excessive or damaged cell organelles of the outer

cell could be there or the fragments of the entotic vacuole

with the debris of the internalized cell.

Thus, we have presented a full picture of structur-

al–functional changes occuring in cells during entosis.

Nevertheless, the fate of the entotic vacuole and all the

matter iside it remains unknown – does complete degra-

dation of the vacuole content occur or its extrusion? The

mechanisms involved in different stages of entosis are to

be investigated in the future and compared for normal

and tumor cells.
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