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INTRODUCTION

Cell death is an important physiological process involved in 
development and differentiation as well as the pathogenesis of 
certain diseases. It can be classified into three main categories 
including necrosis, apoptosis, and autophagy [1]. Each pro-
cess is distinct in terms of cell morphology and associated sig-
naling mechanisms. Recent research on cell death has re-

vealed several new unique processes including intracellular 
death processes occurring in cell-in-cell structures [2,3]. Cell-
in-cell structures are formed by one cell entering another ho-
motypic or heterotypic cell; this leads to diverse fates for the 
internalized cell, but cell-in-cell death is a common outcome 
[4]. To date, two main types of cell-in-cell death pathways 
have been reported, including caspase-dependent cell-in-cell 
apoptotic death (emperitosis) [5] and nonapoptotic lysosome-
dependent cell-in-cell death (entosis) [2]. The mechanism and 
potential biological significance of cell-in-cell death have been 
discussed [6,7] but the key factors that determine which intra-
cellular cell death pathway is utilized are still unclear.

When the word “entosis” was first coined, it was defined as 
a new type of cell death utilizing a caspase-independent, non-
apoptotic, lysosomal pathway, and was observed during the 
homotypic cell-in-cell death of tumor cells [2]. Soon after, en-
tosis was revealed to likely be an autophagic behavior of tu-
mor cells (outer cells) during cell starvation and other adverse 
conditions, because autophagy-associated mechanisms were 
found to be involved in the process [8]. However, during our 
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Purpose: Cell-in-cell structures are created by one living cell en-
tering another homotypic or heterotypic living cell, which usually 
leads to the death of the internalized cell, specifically through 
caspase-dependent cell death (emperitosis) or lysosome-depen-
dent cell death (entosis). Although entosis has attracted great at-
tention, its occurrence is controversial, because one cell line used 
in its study (MCF-7) is deficient in caspase-3. Methods: We inves-
tigated this issue using MCF-7 and A431 cell lines, which often 
display cell-in-cell invasion, and have different levels of caspase-3 
expression. Cell-in-cell death morphology, microstructures, and 
signaling pathways were compared in the two cell lines. Results: 
Our results confirmed that MCF-7 cells are caspase-3 deficient 
with a partial deletion in the CASP-3 gene. These cells underwent 
cell death that lacked typical apoptotic properties after stauro-
sporine treatment, whereas caspase-3-sufficient A431 cells dis-
played typical apoptosis. The presence of caspase-3 was related 

neither to the lysosome-dependent nor to the caspase-depen-
dent cell-in-cell death pathway. However, the existence of cas-
pase-3 was associated with a switch from lysosome-dependent 
cell-in-cell death to the apoptotic cell-in-cell death pathway dur-
ing entosis. Moreover, cellular hypoxia, mitochondrial swelling, 
release of cytochrome C, and autophagy were observed in inter-
nalized cells during entosis. Conclusion: The occurrence of cas-
pase-independent entosis is not a cell-specific process. In addi-
tion, entosis actually represents a cellular self-repair system, 
functioning through autophagy, to degrade damaged mitochon-
dria resulting from cellular hypoxia in cell-in-cell structures. How-
ever, sustained autophagy-associated signal activation, without 
reduction in cellular hypoxia, eventually leads to lysosome-de-
pendent intracellular cell death.
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research of cell-in-cell death, similar intracellular cell death 
processes were also observed during heterotypic cell-in-cell 
interactions between tumor cells and immune cells such as 
CCRF, RAJI, and MOLT4 cell lines [9]. In our previously pub-
lished research, we verified that emperitosis occurs in hetero-
typic cell-in-cell structures observed with tumor cells and cyto-
toxic immune cells, and is related to the release of granzyme B 
by immune cells [5]. However, in the case of entosis, which 
occurs in both homotypic and heterotypic cell-in-cell struc-
tures, the ultimate cause of intracellular cell death cannot eas-
ily be distinguished. Thus, some interesting questions have 
arisen regarding the number of cell-in-cell death pathways 
and the factors that ultimately cause the death of internalized 
cells.

The Nomenclature Committee on Cell Death reclassified 
the categories of cell death in 2009 according to unified mor-
phological criteria [1]. Entosis is listed as one type of cell 
death; however, this classification is contentious. This is main-
ly due to the fact that the tumor cell line MCF-7, used to de-
scribe cell-in-cell death by Overholtzer et al. [2], is deficient in 
caspase-3 [10]; this potentially limits its usefulness in elucidat-
ing the mechanisms of cell-in-cell death processes. The MCF-
7 line is a breast cancer-derived cell line widely used to study 
apoptosis. However, the expression of caspase-3 in MCF-7 
cells is controversial [11-13]. Considering the observation that 
MCF-7 cells undergo both homotypic and heterotypic cell-in-
cell structure formation under different circumstances [2,9], 
whether caspase-3 activity affects subsequent cell-in-cell death 
pathways is worth exploring. 

In the present study, we utilized features of MCF-7 cells to 
determine the role of caspase-3 in the selection of cell-in-cell 
death pathways. We also investigated the initiation factors that 
might be involved in the selection of nonapoptotic cell-in-cell 
death pathways. More importantly, through comparing the 
features of MCF-7 cells undergoing cell death inside other 
cells or exhibiting independent cell death, we will clarify 
whether MCF-7 cell-in-cell death is due to caspase-3 deficien-
cy or if it is determined by the unique genotype of the cells. 
Our conclusions will yield useful information for future re-
search of cell death, particularly in the MCF-7 cell line.

METHODS

Cell culture
The A431 cell line was purchased from the American Type 

Culture Collection (Manassas, USA), and was routinely main-
tained in DMEM (Invitrogen, Carlsbad, USA) supplemented 
with 10% fetal bovine serum (Hyclone, Logan, USA), and 100 
units/mL penicillin plus 100 µg/mL streptomycin (Invitrogen) 

at 37°C with 10% CO2. MCF-7 cells were purchased from the 
Chinese Academy of Sciences cell bank (Shanghai, China), 
and maintained under the same conditions with the addition 
of 0.01 mg/mL bovine insulin. 

Sequencing of human CASP-3 gene fragments
Genomic DNA was isolated from A431 and MCF-7 cells 

with an Animal Genomics DNA Mini Preparation Kit (New 
Probe, Shanghai, China). A set of primers (Y3 and Y2) that is 
specific for the deleted sequence of the CASP-3 gene (designed 
by Jänicke [10]) was used to amplify DNA fragments from 
cells. Primer sequences were: forward primer (Y3), 5́ -AAA 
GGATCCAAAGATCATACATGGAAGCGAATCAAT-3́  
(+317 to +343); reverse primer (Y2), 5́ -AAAGAATTC-
CAGTGCTTTTATGAAAATTCTTATTAT-3́  (+440 to 
+415). Polymerase chain reaction (PCR) products were sub-
jected to sequencing for the determination CASP-3 deletion.

Quantitative real-time PCR
Total RNA was extracted using the Blood RNA kit (Omega 

Bio-tek Inc., Norcross, USA), and reverse transcription-PCR 
was performed routinely with the PrimeScript real-time-PCR 
Kit (Takara Bio Inc., Shiga, Japan) for the preparation of CASP-
3 cDNA. The primers used for the amplification of the entire 
CASP-3 coding region (Y1 and Y5) were reported previously 
[7]: forward primer (Y1), 5́ -AAAGGATCCTTAATAAAGG-
TATCCATGGAGAACACT-3́  (corresponding to -15 to +12 
of human CASP-3 mRNA); and reverse primer (Y5), 5́ -AAA 
GAATTCTTAGTGATAAAAATAGAGTTCTTTTGT-
GAG-3́  (+834 to +805 of human CASP-3 mRNA).

Western blotting
Total protein was extracted from A431 and MCF-7 cell lines 

and was subjected to sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE). Proteins were then trans-
ferred to nitrocellulose membranes. Membranes were probed 
separately with anti-pro-caspase-3 (Millipore, Billerica, USA) 
and anti-activated caspase-3 (Millipore) antibodies to detect 
the expression of caspase-3. Anti-actin (Abcam, Cambridge, 
USA) and anti-tubulin (Calbiochem, Darmstadt, Germany) 
antibodies were used as internalized controls. Immunoreactive 
bands were visualized by enhanced chemiluminescence (Pierce, 
Rockford, USA) according to the manufacturer’s instructions. 

Cell transfection
A caspase-3 expression plasmid (GeneCopoeia, Guangzhou, 

China) was transfected into MCF-7 cells using Lipofectamine® 
3000 (Invitrogen). The expression of caspase-3 could be ob-
served by fluorescence microscopy because a green fluores-
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cent protein (GFP)-tag was fused to the caspase-3 protein. 
Western blotting was utilized to confirm the expression of 
caspase-3, 24 hours after transfection.

Cell death assay
Apoptosis in A431 and MCF-7 cells was induced by treatment 

with 1 μM of staurosporine (Calbiochem), which is a com-
monly used apoptosis-inducing reagent [14], for 8 to 16 hours. 
Terminal-deoxynucleoitidyl transferase mediated nick end 
labeling (TUNEL) analysis was performed using the Dead 
EndTM Fluorimetric TUNEL System (Promega, Madison, 
USA). The percentage of dead cells was calculated from 100 
cells, in triplicate. Cell-in-cell apoptotic rate was calculated as 
followed:

Apoptotic rate %= (TUNEL positive internalized cells/total 
cell-in-cells)× 100% 

Lactate dehydrogenase (LDH) cytotoxicity analysis was 
performed using the CytoTox-ONETM Homogeneous Mem-
brane Integrity Assay according to the manufacturer’s instruc-
tion (Promega). 

Cell cycle analysis
Staurosporine-treated or untreated cells were fixed in pre-

cooled 80% ethanol, washed with phosphate buffered saline 
(PBS), and stained with 50 μg/mL of propidium iodide (PI; 
Sigma, St. Louis, USA) at 37°C for 60 minutes in the presence 
of RNase (20 μg/mL; Sigma) and 0.1% Triton X-100. Cell cycle 
analysis was performed using the Beckman FACScan (Brea, 
USA). LysoTrackerTM Red and cathepsin B rates were calculat-
ed in the same manner as the TUNEL positive rate described 
above.

DNA fragmentation
Total DNA was extracted using the KeyGen Blood and Cell 

Culture Mini DNA kit (Nanjing KeyGen Biotech, Nanjing, 
China). Purified DNA was incubated with 200 μg/mL of 
RNase at 37°C for 2 hours and analyzed on 1.6% agarose gels. 
DNA fragments were visualized by ethidium bromide staining.

Cathepsin B activity assay
Cells seeded on coverslips were incubated with LysoTrack-

erTM Red (Invitrogen) or the fluorogenic substrate of cathepsin 
B (Invitrogen) at 37°C for 30 minutes, according to the manu-
facturer’s instructions. Cells were then fixed with freshly pre-
pared 4% paraformaldehyde in PBS and rinsed three times in 
PBS. Coverslips were supported on slides using ProLong® 
Gold antifade reagent with 4́ ,6́ -diamidino-2-phenylindole 
(DAPI) reagent (Invitrogen) and mounted using Vectashield 
(Vector Laboratories, Burlingame, USA; Reactolab, Servion, 

Switzerland). Images were taken using a fluorescence micro-
scope (Leica, Allendale, USA). In some experiments, concana-
mycin A (con A; Merck), a specific inhibitor of vacuolar-type 
H+-ATPase (V-ATPase), which can inhibit lysosome function 
in both MCF-7 and A431 cells in culture [15], was used at a 
concentration of 100 nM to determine lysosomal activity.

Cell-in-cell internalization assays
Cell lines were stained with CellTrackerTM Green dye (Invit-

rogen) or CellTrackerTM Red dye (Invitrogen) for 30 minutes 
at 37°C in the absence of serum and washed with PBS three 
times. The cell-in-cell structures were counted using fluores-
cence microscopy. 

Immunofluorescence assay
For immunofluorescence after internalization, cells were 

seeded on sterile, acid-treated, 12-mm coverslips in 24-well 
plates (Corning Glass Works, Corning, USA) for at least 12 
hours, and then incubated with homotypic tumor cells as in-
dicated in the legends. The cell mixtures were fixed immedi-
ately after incubation in freshly prepared 4% paraformalde-
hyde in PBS and rinsed three times with PBS. After blocking 
with PBS-0.05% Tween 20 (PBST) containing 1% bovine se-
rum albumin (Sigma), these cells were incubated with anti-
bodies in a humidified chamber for 1 hour, and then washed 
three times with TPBS. DNA was stained with DAPI (Sigma). 
Coverslips were supported on slides by grease pencil mark-
ings and mounted using Vectashield. Images were taken as 
described before. Antibodies against cleaved caspase-3 (Milli-
pore) and Cytochrome C (Millipore) were used.

Electron microscopic analyses
After incubation for the indicated times, the cell mixture 

was harvested by centrifugation and fixed in cacodylate buffer 
(0.2 mol/L; pH 7.2) containing 2.5% glutaraldehyde (Sigma) 
and 1% H2[OsO4(OH)2] (Sigma). After dehydration, a cell 
monolayer was embedded in epoxy resin (Baoman, Shanghai, 
China) in situ. Ultrathin sections (70 nm) were counter-
stained with 50% lead citrate for 10 minutes and uranyl ace-
tate for 30 minutes. Samples were observed with a Hitachi 
electron microscope (Hitachi Ltd., Tokyo, Japan). 

Statistical analysis
Statistical analysis was performed with SPSS version 22.0 

software (IBM Corp., Armonk, USA). Data are presented as 
mean± standard deviation. A paired t-test was used to deter-
mine the p-value. A p< 0.05 was considered statistically sig-
nificant.
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RESULTS

A431 and MCF-7 cell lines were selected for typical entosis
During our study of cell-in-cell structure formation in 

many different cell lines, we found that the epidermoid carci-
noma cell line A431 showed a high rate of homotypic cell-in-
cell structure formation that was similar to that seen in MCF-
7 cells cultured in vitro. Further TUNEL staining showed that 
intracellular cell death of both A431 and MCF-7 cells led to 
nuclear DNA degradation, as was initially used to describe 
entosis (Figure 1A and B). Immunofluorescence analysis was 
used to detect the activation of caspase-3, whereas the fluores-
cent substrate cathepsin B and LysoTrackerTM stain were used 
to detect the activation of lysosomes. Our results demonstrat-
ed that during homotypic cell-in-cell interactions, the activa-
tion of caspase-3 was not observed in either cell lines, whereas 
strong fluorescent signals for cathepsin B and LysoTrackerTM 
were observed in internalized cells after only 6 hours of incu-
bation for both A431 and MCF-7 cells (Figure 1A, C, D). In 
addition, the fluorescent images representing cathepsin B and 
LysoTrackerTM staining indicated that during the early stage of 
cell-in-cell formation, there was a marked increase in Lyso-
TrackerTM Red fluorescence in the cytoplasm of the internal-
ized cell and an abundance of cathepsin B, released from the 
lysosome, permeated throughout the internalized cells. Dur-
ing the cell-in-cell process, we also observed lysosomal stain-
ing in the engulfing cell surrounding the double membrane 
vesicles of the internalized cell (Figure 1C). Therefore, we 
concluded that both A431 and MCF-7 cells undergo typical 
lysosome-dependent cell-in-cell death, and thus can be used 
to investigate the determining factors leading to entosis. 

Partial deletion of the CASP-3 gene in MCF-7 cells
To clarify the deficiency of CASP-3 in MCF-7 cells, we am-

plified CASP-3 genomic DNA as well as cDNA from MCF-7 
cells using different pairs of primers, using caspase-3-suffi-
cient A431 cells used as a positive control. To our surprise, 
PCR fragments from both genomic DNA and cDNA of MCF-
7 cells were obvious after amplification, but were shorter com-
pared to those from A431 cells (Figure 2A and B). Sequencing 
results indicated that there was a 47-base pair deletion be-
tween nucleotides 345 and 391 in the CASP-3 gene (5́ - 
GACTCTGGAATATCCCTGGACAACAGTTATAAAATG-
GATTATCCTGA-3́ ), located at the end of exon 4, in MCF-7 
cells. This deletion corresponded to +82 to +128 nucleotides 
in human CASP-3 mRNA at the beginning of the translational 
regions (Figure 2B). More importantly, this deletion led to an 
in-frame, premature translational stop codon, which suggests 
a complete loss of the protein product. In contrast, the same 

deletion in the CASP-3 gene was absent in A431 cells (used in 
our previous study on heterotypic cell-in-cell structures). 

Subsequently, we examined the expression of a pro-cas-
pase-3 in these two tumor cell lines by Western blotting. Our 
results clearly showed the presence of 32-kDa pro-caspase-3 
in A431 but not in MCF-7 cells (Figure 2C), indicating that 
the 46-bp deletion in the CASP-3 gene resulted in an overall 
deficiency of caspase-3 in MCF-7 cells.

MCF-7 cells underwent atypical apoptosis
We further evaluated the effect of caspase-3 deficiency on 

the induction of apoptosis. Following treatment for 16 hours 
with staurosporine, the activation of caspase-3 was detectable 
only in A431 cells but not in MCF-7 cells (Figure 3A). How-
ever, the results from the LDH cell death assay showed that 
the complete loss of the 17-kDa subunit in MCF-7 cells did 
not prevent cell death. No significant difference in the mortal-
ity rates of MCF-7 and A431 (78.7%± 2.6% vs. 81.3%± 3.9%, 
respectively) was observed after 16 hours of treatment with 
staurosporine (Figure 3B). 

To compare the morphological and cellular characteristics 
of cell death, with or without caspase-3, DAPI staining and 
TUNEL staining were used to analyze the nuclear morphol-
ogy after staurosporine treatment. Fluorescence images showed 
that both MCF-7 and A431 cells displayed strong TUNEL 
positive signals after treatment with staurosporine. Positive la-
beling was observed in 58.2% ± 7.7% of A431 cells and 
48.7%± 5.5% of MCF-7 cells after 16 hours of staurosporine 
treatment; negligible staining was observed in untreated 
cells (Figure 3C and 3), which was consistent with the results 
from the LDH assay. However, we found that there were dra-
matic differences in cell nucleus morphologies in A431 com-
pared to MCF-7 cells after treatment (Figure 3D). The nuclei 
of A431 cells displayed the typical apoptotic morphology with 
obvious nuclear pyknosis after 8 hours of treatment with stau-
rosporine. In contrast, nuclear pyknosis was not obvious in 
MCF-7 cells, wherein the chromosomes were disperse and 
loosening as indicated by the steadily paler DAPI staining. A 
remarkable sub-G1 apoptotic peak was consistently present in 
A431 cells after PI staining (Figure 3E). In addition, DNA lad-
der formation was evident by agarose gel electrophoresis (Fig-
ure 3F). However, there was a complete absence of the sub-G1 
apoptotic peak and DNA ladder formation in dying MCF-7 
cells. 

Our results suggested that MCF-7 and A431 cells display 
distinct cell death properties after the induction of apoptosis 
by staurosporine. As staurosporine is a typical apoptosis-in-
ducing reagent, this difference might be attributed to different 
caspase-3 expression levels between these two cell lines. 
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Figure 1. Lysosome-dependent cell-in-cell 
death of A431 and MCF-7 cell lines. (A) Ki-
netic quantification of internalized terminal-
deoxynucleotidyl transferase mediated 
nick end labeling (TUNEL) positive cells, in-
ternalized cells containing cleaved cas-
pase-3 and internalized cells demonstrat-
ing lysosome activation in cell-in-cell struc-
tures of A431 cells and MCF-7 cells. One 
representative experiment of three inde-
pendent experiments is shown. Data are 
presented as means ±SD. (B) Confocal 
images show TUNEL positive (green) and 
DNA fragmentation (blue) of internalized 
A431 cells (red) and MCF-7 cells (red) at 
48 hours. Both internalized A431 and 
MCF-7 showed inconspicuous changes in 
cell size and gradual nuclei degradation af-
ter entosis. Nuclei were labeled with 
4’,6-diamidino-2-phenylindole (DAPI). The 
scale bars are 10 μm. (C) As early as 6 
hours after cell engulfment, the release of 
active cathepsin B (red) from the lyso-
somes into the plasma of the internalized 
cells was detected and was also seen in 
the surrounding cytoplasm of outer cells. 
Cells were stained with CellTrackerTM 
Green and cell nuclei were labeled with 
DAPI. The scale bars are 10 μm. (D) A431 
cells (green) and MCF-7 (green) cells are 
stained for lysosomes using LysoTrackerTM 
Red (red), which binds to acidified com-
partments after 30 hours of culture. Con-
focal images show positive staining for ca-
thepsin B in the cytoplasm of internalized 
cells. Scale bars are 10 μm.
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Entosis converting to apoptosis in the presence of caspase-3
To further determine the role of caspase-3 in the transition 

from lysosome-dependent cell death to caspase-dependent 
cell death, entosis was interrupted by treatment with 100 nM 
con A. Samples were simultaneously prepared for the detec-
tion of cleaved caspase-3. Our results showed that when lyso-
some activity was inhibited, caspase-3 sufficient A431 cells 
predominantly switched from lysosome-dependent cell-in-
cell death to caspase-3-dependent cell-in-cell apoptosis (Fig-
ure 4A). DAPI staining showed that the nuclear morphology 
of A431 cells after intracellular cell death switched from DNA 
fragmentation to typical apoptotic chromatin condensation. 
However, the absence of caspase-3 in MCF-7 cells impeded 
this cell in-cell death transition, and these cells maintained 
their nuclear morphology and DNA fragmentation typically 

observed in entosis. We next transfected pEZ-CASP3 to MCF-
7 cells to express caspase-3 in MCF-7 cells (Figure 4B). Cleaved 
caspase-3 activity was then assessed in MCF-7 cells and cas-
pase-3 expressing MCF-7 cells during apoptosis induced by 
staurosporine and during cell-in-cell death after inhibiting 
lysosome activity with con A (Figure 4A and C). To compare 
the cell death transition, with or without lysosome activity, in-
tracellular cell death was observed by TUNEL staining in 
MCF-7 cells, caspase-3 expressing MCF-7 cells, and in A431 
cells with or without the inhibition of con A (Figure 4D). Re-
sults showed no significant difference in terms of the cell 
death transition between caspase-3 expressing MCF-7 and 
A431 cells. Intracellular death in MCF-7 cells decreased after 
48 hours of con A treatment but this was statistically insignifi-
cant (Figure 4D). In summary, the above results revealed that 
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the absence of caspase-3 did indeed play a role in the death of 
internalized cells in cell-in-cell structures; however, it was not 
the determining factor because caspase-3 deficient MCF-7 
cells were also able to undergo intracellular cell death in such 
structures even when lysosome activity was inhibited.

Cell autophagy during hypoxia leads to entosis
After observing the microstructures after cell-in-cell inva-

sion in A431 and MCF-7 cells, we noticed that there was obvi-
ous damage to the organelles, such as mitochondrial swelling, 
at the early stages of internalized cell death, and a large num-
ber of autophagic vacuoles and autophagy-associated lyso-
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Figure 4. Entosis converting to apoptosis in the presence of caspase-3. (A) Immunofluorescence of cleaved caspase-3 activity in A431 cells, cas-
pase-3 expressing MCF-7 cells and MCF-7 cells with or without concanamycin A (con A) treatment. The three kinds of cells showed typical lysosomal 
cell-in-cell death before treatment. After treatment we could see clear caspase-3 activation, nuclear shrinkage, nuclear pyknosis and other apoptotic 
forms in A431 and caspase-3 expressing MCF-7 cells. In contrast, no caspase-3 activity or other apoptosis characteristics was detected in MCF-7 
cells after the same treatment. These pictures were taken after 24 hours of cell incubation. The scale bars are 10 μm. Arrows point to entosis cells. (B) 
Result of Western blot showed fusion protein caspase-3-green fluores cent protein (GFP) (arrows marked) expressed in caspase-3 expressing MCF-7 
cells which was about 69 kDa. (C) Result of Western blotting showed caspase-3-GFP (69 kDa) and cleaved caspase-3 (17 kDa, arrow marked) were 
detected in caspase-3 expressing MCF-7 cells but not in MCF-7 cells. Both of the cells were treated with staurosporine for 16 hours. (D) Statistical 
analysis of cell-in-cell death of A431 cells, caspase-3 expressing MCF-7 cells and MCF-7 cells with or without Concanamycin A treatment for 48 
hours determined by terminal-deoxynucleotidyl transferase mediated nick end labeling (TUNEL) assay. Data are presented as means±SD. 

25

20

15

10

5

0
DMSO Con A

In
ne

r c
el

l T
U

N
EL

 p
os

iti
ve

 (%
)

D

 A431     MCF7     CASP-3-MCF7 

B

C

Tubulin

Tubulin

kDa

kDa

69

69

55

55

32

17

Caspase-3

Cleaved
caspase-3

Caspase-3
-GFP

Caspase-3
-GFP

  CASP-3 
 MCF7 -MCF7 A431

  CASP-3 
  -MCF7 MCF7



Entosis Is an Overreaction of Autophagy Initiated by Hypoxia 239

http://dx.doi.org/10.4048/jbc.2016.19.3.231 http://ejbc.kr

Figure 5. Cell autophagy against hypoxia leading to entosis. (A) Transmission electron microscope images show the ultrastructures of A431 and 
MCF-7 cells undergoing entosis. Right panels show greater details of left panels. Images show mitochondria swelling and DNA degradation of inter-
nalized cells at the early stage of cell-in-cell formation. (B) Images show internal cells completely losing their morphology with a large number of au-
tophagic vacuoles and autophagic lysosomes at a later stage of cell-in-cell formation. (C) We used anticytochrome C antibody, which can only bind to 
cytochrome C released from mitochondria and indicates mitochondrial injury. Confocal images show strong fluorescence (green) in the cytoplasm of 
the internalized cells. Cells were labeled with CellTrackerTM Red and cell nuclei were stained with DAPI. The scale bars are 10 μm. The right diagram 
shows the kinetics of cytochrome C release in the internalized tumor cells. (D) 2’,7’-Dichlorofluorescin diacetate (DCFI-DA) was used to detect reac-
tive oxygen species (ROS) in internalized cells of cell-in-cell structure. Confocal images show clear ROS (red) in the cytoplasm of internalized cells. 
Cells were labeled with CellTrackerTM Green, and cell nuclei were stained with 4’,6-diamidino-2-phenylindole (DAPI). The scale bars are 10 µm, which 
has been described in the legend in Figure 5. The right diagram displayed the kinetics of ROS positive internalized cells in cell-in-cell structures.
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somes were seen during the later stages of internalized cell 
death (Figure 5A and B). We confirmed by immunofluores-
cence that cell-in-cell structure formation could lead to the re-
lease of cytochrome C from the mitochondria in internalized 
cells during the early stage of this process (Figure 5C). Further 
immunofluorescence experiments examining cell-in-cell struc-
ture formation using fluorescent sensor 2’, 7’-Dichlorofluo-
rescin diacetate (DCFH-DA), which can detect ROS in hy-
poxic cells, indicated the presence of hypoxia in the internal-
ized cells, which could result in mitochondrial damage (Figure 
5D). 

DISCUSSION

The concept of “cell-in-cell death” is derived from the ob-
servation that living cells enter other homotypic or heterotypic 
cells, and subsequently die during the formation of cell-in-cell 
structures [4]. However, the exact molecular mechanism of 
cell-in-cell death is not fully known. In the present study, we 
demonstrated that caspase-3 deficiency, as seen in the MCF-7 
cell line, results in cell-in-cell death with atypical apoptotic 
properties, unlike that observed in the caspase-3 sufficient 
A431 cell line. Moreover, the absence of caspase-3 in MCF-7 
cells had little effect on lysosome-dependent cell-in-cell death 
during entosis or when lysosome activity was inhibited. Never-
theless, caspase-3 does indeed play a certain role in cell-in-
cell death in that it causes a transition from lysosome-depen-
dent cell-in-cell death to caspase-dependent cell-in-cell apop-
tosis in the caspase-3 sufficient A431 cell line. Additionally, we 
discovered that entosis is utilized as a type of self-repair to 
eliminate damaged mitochondria caused by hypoxia in cell-
in-cell structures. However, sustained autophagy-associated 
signal activation, without alleviation of the harsh cellular mi-
croenvironment, eventually led to lysosome-dependent cell-
in-cell death.

Based on the molecules involved, it has been reported that 
there are two types of cell-in-cell death pathways, specifically, 
lysosome-dependent degradation (entosis) and caspase-in-
volved apoptosis (emperitosis). These two pathways are associ-
ated with different types of cell-in-cell structures, suggesting 
differential physiological significance. Benseler et al. [7] re-
ported the cell-in-cell death of naïve autoreactive T cells in the 
lysosomes of hepatocytes and proposed a physiologic role for 
emperipolesis as a unique mechanism for deletion of auto-
reactive CD8 T cells that are activated in the liver. One previously 
reported cell death pathway, termed cannibalism, also exhibits 
properties similar to cell-in-cell death [16]. However, the can-
nibalism pathway is not the same as that observed for either 
homotypic or heterotypic cell-in-cell death. Cannibalism is 

defined as the entrance of both apoptotic and living cells into 
another living cell, and only partially shares characteristics 
with phagocytosis and entosis. Upon entering the cell, the lyso-
some degradation system is activated to induce cell death [6].

Lysosome-dependent degradation is mainly associated with 
homotypic cell-in-cell structures, especially in tumor cells. In 
fact, we have performed a survey using a panel of more than 
100 tumor cell lines as host cells and several lymphocytes as 
target cells to study the mechanisms associated with cell-in-
cell structures. Our published data indicates that lysosome-
dependent cell-in-cell death occurs via homotypic entosis re-
gardless of the origin or species of the cell line [9]. Hence, we 
inferred that cell-in-cell death might be important for tumor 
development. Interestingly, during heterotypic cell-in-cell in-
teractions between immunocytes and tumor cells, lympho-
cytes without cytotoxic properties, such as primary CD4 T 
cells and B cells, underwent lysosome-dependent cell-in-cell 
degradation. Cell-in-cell death in cells that have killing activi-
ties, such as NK and LAK cells, is characterized by apoptotic 
cell-in-cell death, and might be a suicide event executed by 
granzyme B release from internalized killer cells [5]. All of 
these observations strongly suggest that the occurrence of cell-
in-cell death is related to the property of the internalized cell 
rather than to the characteristics of the host cell. This implies 
that the type of cell being internalized might be the “arbiter” 
in determining which cell-in-cell death pathway is utilized. 

It has been reported that con A, a lysosome inhibitor, could 
convert the entosis process, utilized by MCF-10A cells, to a 
caspase-dependent apoptotic process [2]. In our study, similar 
results were obtained in the homotypic cell-in-cell structure 
formed by caspase-3 sufficient A431 cells and in caspase-
3-expressing MCF-7 cells, but not in caspase-3-deficient 
MCF-7 cells after treatment with con A, indicating that the 
presence of caspase-3 in cells is critical for the transition of 
one cell-in-cell death pathway to another. However, the ab-
sence of caspase-3 did not prevent death in MCF-7 cells in 
cell-in-cell structures after con A treatment. A number of 
MCF-7 cells underwent cell death, utilizing an atypical apop-
tosis pathway, but at an insignificant, slower rate, compared to 
that in caspase-3 expressing MCF-7 cells and in A431 cells 
(that underwent typical intracellular apoptosis). We conclude 
that there are signaling pathways, other than those associated 
with caspase and lysosome systems, which are able to mediate 
intracellular cell death.

Recently, the mechanism of lysosome-dependent entosis 
was revealed to be associated with autophagy [8]. However, it 
is still unclear what factors are regulated by autophagy signals. 
Considering that autophagy is a mechanism of self-repair 
used to clear damaged cell organelles, and that cell-in-cell 
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structures could create harsh environments for internalized 
cells, we first analyzed the microstructure of tumor cell-in-cell 
structures. It was apparent that there were damaged organelles 
in the cytoplasm of internalized tumor cells, such as swollen 
mitochondria, autophagic vacuoles, and autophagic lyso-
somes. Further studies revealed that there was significant in-
tracellular hypoxia associated with internalized tumor cells in 
cell-in-cell structures. It is known that autophagy is a self-re-
pair mechanism that is accomplished by degrading, digesting, 
and eliminating damaged organelles when cells are exposed to 
a harsh environment [17-19]. However, sustained autophagy 
signal activation without relief could eventually lead to pro-
grammed cell death [20-22]. Thus, we speculate that after a 
cell-in-cell structure forms in tumor cells, hypoxia eventually 
occurs in the internalized cell, and leads to organelle damage. 
Consequently, the autophagy program is initiated through ac-
tivation of the lysosome and autophagosome to clear dam-
aged organelles, for survival during the hypoxia crisis. How-
ever, it also results in irreversible injury to the internalized cell 
and eventually leads to its death via a lysosome-dependent 
pathway. In summary, we conclude that entosis is an over-
reaction of internalized cells attempting to save themselves by 
utilizing autophagy mechanisms when exposed to hypoxic 
conditions in cell-in-cell structures.

In conclusion, the results described here clarify the fact that 
lysosome-dependent and apoptotic cell-in-cell death path-
ways are two independent pathways triggered by different fac-
tors that are derived from internalized cells. Dissecting the 
precise mechanisms of these two cell-in-cell death pathways 
as well as their physiological and pathological significance will 
enrich the present knowledge and understanding of cell death 
in different situations. 
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