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Abstract. Entosis is a cell‑in‑cell phenomenon wherein cells 
detaching from the extracellular matrix are internalized 
by a neighboring cell. The present study examined whether 
entosis, which is observed in epithelial cells, also occurs in 
nonepithelial cells. The present study used the MCF‑7 breast 
cancer cell line as a positive control for entosis and compared 
this with three representative sarcoma cell lines (RD, HT1080 
and ICH‑ERMS‑1). The formation of cell‑in‑cell structures 
was induced by culturing cells in adherent and nonadherent 
conditions. Cell lines that formed the cell‑in‑cell structures 
were cultured in nonadherent conditions with and without 
Rho‑associated coiled‑coil containing protein kinase (ROCK) 
inhibition, and the cell‑in‑cell structures were evaluated in 
slides prepared from cell blocks. It was examined whether 
ROCK inhibition blocked the formation of cell‑in‑cell 
structures, and the expression levels of specific cadherins 
associated with entosis were determined using quantitative 
PCR. The proportion of cells with cell‑in‑cell structures was 
significantly higher in nonadherent conditions in both MCF‑7 
(P=0.0297) and RD (P=0.0098) cells, whereas few cell‑in‑cell 
structures were observed in both adherent and nonadherent 
conditions in HT1080 and ICH‑ERMS‑1 cells. Under nonad‑
herent conditions, ROCK inhibition significantly reduced 
the proportion of cells with cell‑in‑cell structures in MCF‑7 
(P=0.0021) and RD (P=0.0407) cells. Based on quantitative 
PCR, among the five cadherin genes, the E‑cadherin expres‑
sion level was the lowest in MCF‑7 cells (ΔCt, 2.6) and the 
N‑cadherin expression level was lowest in RD cells (ΔCt, 4.8). 

By contrast, the N‑cadherin expression levels were higher in 
HT1080 (ΔCt, 11.0) and ICH‑ERMS‑1 (ΔCt, 8.8) cells. These 
results suggested that the cell‑in‑cell phenomenon observed 
in RD cells is an entotic process based on its emergence in 
nonadherent culture conditions and the involvement of ROCK 
signaling. Entosis observed in RD cells was mediated via 
N‑cadherin and not E‑cadherin.

Introduction

Cell‑in‑cell (CIC) structures result from the internalization of 
one or more living cells by a neighboring cell, where the inter‑
nalized cells are surrounded by a large vacuole (1,2). The inner 
and outer cells can be of the same type (homotypic CIC) or 
different types (heterotypic CIC) (3). CIC structures have been 
observed in various cancers, including breast (4,5), lung (6,7), 
tongue (8), gastric (9), and pancreatic cancers (10) and mela‑
noma (11) as well as in cytologically malignant samples from 
urine and effusion fluids (12). CIC structures are associated 
with several cellular processes, including cannibalism, 
emperipolesis, and entosis (2,13). In tumor cells, cannibalism 
refers to the phagocytic engulfment of other tumor or immune 
cells by a tumor cell to acquire nutrients or escape from the 
immune system  (11,14). Emperipolesis, derived from the 
Greek meaning ‘inside around wandering about,’ describes 
the penetration and residence of inflammatory cells within 
host cells, such as tumor cells and megakaryocytes, without 
being destroyed  (15,16). Entosis, derived from the Greek 
word ‘entos,’ meaning inside/into/within, was first described 
by Overholtzer et al (1) as the internalization of one cell by a 
neighboring cell, triggered by the detachment of the cell from 
the extracellular matrix.

Although the recent recognition of entosis as a concept, 
studies utilizing the human mammary epithelial cell line 
MCF‑10A and the breast cancer cell line MCF‑7 cells (1,17) 
reveal that epithelial cadherin (E‑cadherin), placental 
cadherin (P‑cadherin) (17) and α‑catenin (3) as well as the 
Rho/Rho‑associated coiled‑coil containing protein kinase 
(ROCK)/actomyosin signaling in internalized cells play 
crucial roles in entosis. During this process, neighboring cells 
compete with each other and one cell becomes the host cell, 
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the outer cell whereas the other cell becomes the internalized 
cell  (18), Sun et al  (18) demonstrated that cells expressing 
E‑cadherin and higher levels of phospho‑myosin light chain 
2 were more likely to become internalized cells both in 
MCF‑10A and MCF‑7 cells and that MCF‑10A cells harboring 
mutant KRAS exhibited a deformable cell membrane mediated 
via Rac1 signaling, rendering them to become host cells. The 
internalized cells may undergo lysosomal cell death in MCF‑7 
cells (1) and may proceed to mitosis, escape, or survival within 
the host cell in the breast cancer cell line MDA‑MB‑453 (18). 
The role of entosis in cancer remains unclear, with conflicting 
findings and different perspectives (19). Entosis can lead to the 
generation of aneuploid cells, as the presence of the inner cell 
physically inhibits the cytokinesis of the host cell, resulting in 
binucleated host cells in models utilizing MCF10A and MCF‑7 
cells (20). Conversely, entosis related to p53 can contribute to 
the elimination of aneuploid cells resulting from prolonged 
mitosis in MCF10A and MCF‑7 cells (21).

Clinical studies have also reported the association of entosis 
with cancer outcomes. Dziuba et al (5) found that the frequency 
of entosis was associated with a high Ki‑67 index and lymph 
node metastasis in patients with HER2‑positive mammary 
breast cancer. Additionally, Wen et al (22) reported that the 
rate of entotic structures was higher in patients with castra‑
tion‑resistant human prostate cancer than in those with benign 
prostate hyperplasia or androgen‑dependent prostate cancer. 
The same study also revealed that androgen receptor increased 
the frequency of entosis by inhibiting phosphoinositide 
3‑kinase and the RhoA/ROCK signaling in LNCaP cells, a 
prostate cancer cell line (22). Furthermore, entosis has been 
linked to both favorable and poor prognoses in certain cancers. 
For example, homotypic CIC in cancer cells was an indicator of 
favorable outcomes in patients with breast cancer (23) whereas 
entosis was more prevalent in patients with unfavorable prog‑
nosis in pancreatic ductal adenocarcinoma (10).

Despite considerable advances made in understanding 
the underlying entosis (17), it is still primarily considered a 
phenomenon observed in epithelial cells  (1), with evidence 
coming from a variety of sources, including mammary epithe‑
lial  (24), breast cancer  (25), bronchial epithelial  (26), lung 
cancer (27), pancreatic carcinoma (10), colon cancer (26,28), 
and epidermoid carcinoma (27,29) cell lines. To date, no studies 
have explored whether entosis might also occur in nonepithelial 
cells. Therefore, the aim of this study was to investigate whether 
entosis can occur in nonepithelial cells under nonadherent 
conditions which typically support entosis in epithelial cells.

Materials and methods

Samples. The following cell lines were purchased from 
the JCRB Cell Bank managed by the National Institutes 
of Biomedical Innovation, Health, and Nutrition (Osaka, 
Japan): MCF‑7 breast cancer cells (JCRB0134), RD rhabdo‑
myosarcoma cells (JCRB9072), HT1080 fibrosarcoma cells 
(IFO50354), and ICH‑ERMS‑1 rhabdomyosarcoma cells 
(JCRB1648). All cell lines were confirmed to be negative for 
mycoplasma by the JCRB Cell Bank.

Cell culture. All cell lines were cultured in Dulbecco's modi‑
fied Eagle's medium (DMEM; 043‑30085; FujiFilm Wako 

Pure Chemical, Osaka, Japan) supplemented with 10% fetal 
bovine serum (S1600‑500, Biowest, Nuaillé, France) and 1% 
penicillin‑streptomycin (168‑23191; FujiFilm Wako Pure 
Chemical) at 37˚C in a humidified 5% CO2 atmosphere.

Cell internalization assay. Cell internalization was 
evaluated in cultures maintained in 24‑well cell plates 
for adherent (3473; Corning, NY, USA) and nonadherent 
(174930; Thermo Fisher Scientific Inc, Massachusetts, 
USA) cultures. First, the cells were cultured in 75‑cm² cell 
culture flasks (130190; Thermo Fisher Scientific Inc.) to 
a density of 1.0‑2.0x105  cells/ml, detached using 0.25% 
Trypsin‑ethylenediaminetetraacetic acid (EDTA) (Trypsin; 
27250018; FUJIFILM Wako Pure Chemical Corporation, 
EDTA; E5134; SIGMA, Massachusetts, USA), and adjusted 
to a density of 0.8‑1.0x105 cells/ml. Next, 1 ml of the prepared 
cell suspensions was added to each well of the adherent and 
nonadherent plates, which were then incubated for 6 h. In 
adherent plates, following medium removal from six wells, 
the wells were rinsed with 1 ml phosphate‑buffered saline 
(PBS; FUJIFILM Wako Pure Chemical Corporation), 120 µl 
of 0.25% Trypsin‑EDTA was added to each well of the plate, 
which was incubated for 5 min at 37˚C. To terminate the reac‑
tion, 1 ml fresh DMEM was added to each well, and all cells 
were collected into one tube and centrifuged at 180 x g for 
5 min at room temperature. The supernatant was discarded, 
and the cell pellet was transferred to a 1.5‑ml microtube for 
cell block preparation. In nonadherent plates, trypsinization 
was performed after the collection of cells from the plates, as 
they were not adherent to the plate. Briefly, for each treatment 
condition, cells from six wells were collected in a centrifuge 
tube, which was centrifuged at 180 x g for 5 min at room 
temperature. The supernatants were discarded, and the cells 
were resuspended in 10 ml PBS. After centrifugation at 180 x g 
for 5 min at room temperature, the supernatant was discarded, 
1 ml of 0.25% Trypsin‑EDTA was added to each tube, and the 
resuspended cells were incubated for 5 min at 37˚C. Next, 4 ml 
fresh DMEM was added to each tube to terminate the reaction, 
followed by centrifugation and the transfer of the cell pellets to 
1.5‑ml microtubes for cell block preparation.

Cell internalization assay with the ROCK inhibitor treatment 
in nonadherent cultures. A 20‑mM stock solution of the 
ROCK inhibitor Y27632 (CS‑0131; ChemScene, NJ, USA) was 
prepared by dissolving 5 mg of Y27632 in 1 ml of dimethyl 
sulfoxide (DMSO; D2650; Sigma Aldrich, Milwaukee, WI, 
USA). The working solutions for the ROCK inhibitor and 
DMSO were prepared by adding 25 µl of the stock solution to 
25 ml of DMEM, followed by sterilization with filtration. For 
treatment with the ROCK inhibitor, 0.5 ml of the cell suspen‑
sion at a density of 1.6‑2.0x105 cells/ml was added to each 
well, followed by the addition of 0.5 ml of DMEM containing 
20 µM Y27632 or DMSO. Next, the cell internalization assay 
for nonadherent cultures was performed as described above.

Cell block preparation. Approximately 30 µl of a 2% fibrin‑
ogen solution (F3879; Sigma Aldrich) in PBS (FujiFilm Wako 
Pure Chemical) was added to the cell pellets in microtubes, 
and finger tapping was used for gentle mixing. Immediately 
after adding 20  µl of the thrombin solution (224092751; 
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Mochida Pharmaceutical, Tokyo, Japan), the microtubes were 
gently tapped to mix the solution and incubated for 5 min for 
clotting. The fibrin clot was collected using forceps, placed 
into an embedding cassette (USM‑1900‑W; Youken Science, 
Tokyo, Japan), and fixed overnight in 10% neutral buffered 
formalin solution (062‑01661; FujiFilm Wako Pure Chemical).

Embedding and sectioning of cell blocks. After fixation, 
the specimens were processed using a vacuum infiltration 
processor (Tissue‑Tek VIP; Sakura Finetek Japan, Tokyo, 
Japan) and embedded in paraffin. Four‑µm‑thick sections were 
prepared using a rotary microtome (RX‑860; Yamato Kohki 
Industrial, Saitama, Japan) attached to a continuous cooling 
device (PC‑110; Yamato Kohki Industrial) to ensure cooling 
during slicing.

Hematoxylin and hematoxylin/eosin staining. The slides 
prepared from cell blocks were soaked in xylene (242‑00087; 
FujiFilm Wako Pure Chemical) three times, 5  min each, 
followed by 100, 95, and 70% ethanol, for 1 min each. The 
slides were rinsed under running water for 1 min, followed by 
staining with Mayer's hematoxylin (30141; New Hematoxylin 
Type M; Muto Pure Chemicals, Tokyo, Japan) for 10 min. 
Following rinsing under running water for 10 min, the slides 
were stained with eosin (32081; New Eosin Type M; Muto 
Pure Chemicals) for 3 min. After a brief rinse under running 
water, the slides were dipped in 70 and 95% ethanol, five times 
each. The slides were dipped in 100% ethanol twice, for 30 sec 
each, and in xylene three times, for 5 min each. Finally, the 
slides were sealed using a mounting medium (20093; Malinol; 
Muto Pure Chemicals) and observed under a microscope 
(Olympus BX51; Olympus Corporation, Tokyo, Japan). For 
hematoxylin‑only staining, the slides were processed as 
described above, except for immersion in eosin.

Evaluation of the CIC structures. The hematox‑
ylin/eosin‑stained slides were evaluated to observe the CIC 
structures, and images of the CIC structures in the entire 
viewing area were captured using a digital microscope with 
an affixed camera (DP23; Olympus Corporation) using a 
100x oil‑immersion objective lens. The capture settings were 
as follows: exposure, auto; gain, 2x; exposure compensation, 
2/3; and resolution, 2072x2072 pixels. Each cell exhibiting 
the morphological characteristics of engulfing more than 
two‑thirds of another cell was counted as one CIC structure. 

CIC structures were assessed by one cytotechnologist and one 
pathologist, and consensus between the two observers was 
recorded.

Whole‑slide imaging. Whole‑slide imaging of the slides 
stained with hematoxylin/eosin or hematoxylin alone were 
captured using a digital slide scanner (Nano Zoomer‑SQ 
C13140‑01; Hamamatsu Photonics, Shizuoka, Japan). The 
scanning settings were as follows: objective lens, 20x; 
numerical aperture, 0.75; scanning speed, 40x; maximum 
capture size, 26x76 mm2; pixel size, 0.23 µm/pixel; diode 
source, light‑emitting; image storage format, JPEG; and focus, 
automatic.

Cell counting by computer‑assisted image analysis. Whole-
slide images of hematoxylin‑stained slides were converted to 
MRXS files using an image converter software (version 1.14) 
from 3DHISTECH (Budapest, Hungary). The files were 
analyzed to count cell nuclei using the HistoQuant module 
in the Panoramic Viewer software (3DHISTECH). The 
HistoQuant settings were as follows: hue, 252‑310; saturation: 
25‑53; separation, 7; noise reduction (Gauss), 3; minimum size, 
23; and maximum size, 211. Of note, these settings were slightly 
adjusted depending on the staining condition for precise identi‑
fication of the cellular nuclei in each sample (Table SI).

Quantitative polymerase chain reaction (qPCR). Total RNA 
extraction was performed using TRIzol™ reagent (15596‑026; 
Thermo Fisher Scientific) according to the manufacturer's 
instructions. The synthesis of cDNA was performed using 
SuperScript™ III Reverse Transcriptase (18080‑044; Thermo 
Fisher Scientific). according to the manufacturer's instructions. 
Candidate genes were measured using qPCR system according 
to the manufacture's protocol of PowerUp™ SYBR™ Green 
master mix (A25742; Thermo Fisher Scientific) described. 
The reaction conditions were as follows for primer pairs with 
a melting temperature (Tm) at or above 60˚C: 1 cycle at 50˚C 
for 2 min and 95˚C for 2 min, followed by 40 cycles at 95˚C 
for 15 sec and 60˚C for 1 min. For primer pairs with a Tm 
below 60˚C, the reaction conditions were as follows: 1 cycle 
at 50˚C for 2 min and 95˚C for 2 min, followed by 40 cycles 
at 95˚C for 15 sec, Tm of the primer‑pair (Table I) for 15 sec, 
and 72˚C for 1 min. In all reactions, melting curve analysis 
was performed for reaction specificity, and the single melting 
curve gained reaction was considered specific. The primers 

Table I. Primers used for PCR in the present study.

Primer	 Forward (5'‑3')	 Reverse (5'‑3')	 Tm (˚C)

E‑cadherin	 agggaggattttgagcacgt	 ttgggttgggtcgttgtact	 59.8
M‑cadherin	 gtcatctacagcatccaggg	 aggaaggctggccggttgtc	 60.0
N‑cadherin	 ggcagaagagagactgggtc	 gaggctggtcagctcctggc	 60.0
P‑cadherin	 aacctccacagccaccatag	 aaactgctcatcctcacggt	 60.0
R‑cadherin	 ccgaccagccccccatggag	 cctggcttg gagccctcgtcc	 60.0
GAPDH	 aggtgaaggtcggagtcaac	 gcatcgccccacttgatttt	 60.0

Tm, melting temperature.
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used for qPCR were synthesized at FASMAC (Kanagawa, 
Japan) and purchased from Greiner Bio‑One (Tokyo, Japan) 
(Table I). Delta Ct (ΔCt) value was calculated based on the 
following formula: ΔCt=Ct (a target gene) ‑ Ct (a reference 
gene: GAPDH) (30).

Statistical analysis. All data were analyzed using JMP Pro 
version 15 (SAS Institute, Tokyo, Japan). For the analysis 
of the cell internalization assay, Welch's t‑test was used to 
compare means and the Wilcoxon rank‑sum test was used for 
nonparametric comparisons between two groups. A P value of 
<0.05 was considered to indicate statistical significance.

Results

CIC structures are observed in rhabdomyosarcoma cell lines 
under nonadherent conditions. Although widely documented 
in epithelial cells under nonadherent conditions (1), whether 
entosis can occur in nonepithelial cells remains unknown. 
Therefore, we determined whether rhabdomyosarcoma cells 
exhibited entosis under nonadherent culture conditions. To this 
end, we compared the proportion of cells with CIC structures 
in a range of cell lines grown in adherent and nonadherent 
tissue culture plates. A representative CIC structure is shown 
in Fig. 1. As shown in Fig. 2A and B, the proportion of cells 

Figure 1. Representative images of CIC structures in cultures of (A) MCF‑7 and (B) RD cells stained with hematoxylin and eosin. Magnification, x100. Black 
arrows indicate the CIC phenomenon. CIC, cell‑in‑cell.

Figure 2. Comparison of the proportion of cells with CIC structures in (A) MCF‑7 cells and (B) sarcoma cell lines cultured in adherent and nonadherent 
conditions. CIC, cell‑in‑cell; ns, not significant.
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with CIC structures was significantly higher in nonadherent 
culture conditions than in adherent culture conditions in both 
the MCF‑7 and RD cell lines (P=0.0297 and P=0.0098 respec‑
tively). However, the proportion of cells with CIC structures was 
low in adherent conditions and did not significantly change in 
nonadherent conditions in either the HT1080 or ICH‑ERMS‑1 
cell lines. These results suggested that CIC structures could 
emerge not only in epithelial but also in nonepithelial cells.

Inhibition of ROCK signaling blocks the emergence of 
CIC structures in rhabdomyosarcoma cells. Previous 
studies  (17,18) demonstrated that entosis could be blocked 
by the inhibition of ROCK with Y27632 (31). To determine 
whether the CIC structures observed in the RD cell line repre‑
sented entosis, we evaluated the proportion of cells with CIC 
structures in RD and MCF‑7 cells cultured in nonadherent 
conditions and treated with Y27632. As shown in Fig. 3, the 
proportion of cells with CIC structures was significantly 
decreased in both the MCF‑7 (P=0.0021) and RD (P=0.0407) 
cells treated with Y27632 compared with the cultures treated 
with the DMSO vehicle, suggesting that the emergence of CIC 
structures observed in the RD cells cultured in nonadherent 
conditions was due to entosis, which was also observed in the 
MCF‑7 cells, the positive control.

N‑cadherin is involved in entosis in rhabdomyosarcoma 
cells. To investigate the molecular mechanisms underlying 
entosis in rhabdomyosarcoma cells, we compared the expres‑
sion levels of the members of the cadherin family of genes 

using quantitative PCR between the entotic MCF‑7 and RD 
cell lines and the nonentotic HT1080 and ICH‑ERMS‑1 cell 
lines. As shown in Fig. 4, the E‑cadherin expression level was 
the lowest among the five cadherin genes in the MCF‑7 cell 
line, with a ΔCt value of 2.6. Conversely, the neural cadherin 
(N‑cadherin) expression level was lowest among the five 
cadherin genes in the RD cell line, with a ΔCt value of 4.8. 
However, the N‑cadherin expression levels were relatively 
higher in the HT1080 (ΔCt value of 11.0) and ICH‑ERMS‑1 
(ΔCt value of 8.8) cell lines compared with the RD cell line 
(Fig. 4). Overall, these results suggested that E‑cadherin and 
N‑cadherin were involved in entosis in the MCF‑7 and RD cell 
lines, respectively.

Discussion

The sequent ia l  act ivat ion of RhoA, ROCK, and 
phospho‑myosin light chain 2 leads to the contraction of acto‑
myosin, resulting in entosis (32); indeed, ROCK inhibition was 
shown to block entosis (17,18). In the present study, we found 
that the CIC structures observed in the nonepithelial rhabdo‑
myosarcoma cell line RD were triggered by the detachment 
of cells from the matrix in nonadherent culture conditions 
and that these structures were blocked by ROCK inhibition, 
thereby demonstrating that entosis could occur not only in 
epithelial but also in nonepithelial cell lines. In addition, we 
found that the core adhesion molecule involved in the entosis 
of nonepithelial cells was N‑cadherin and not E‑cadherin, 
which was previously shown to be involved in epithelial cell 

Figure 3. Effect of Rho‑associated coiled‑coil containing protein kinase inhibition with Y27632 on the proportion of cells with CIC structures in (A) MCF‑7 
and (B) RD cells. DMSO was used as the vehicle for Y27632. CIC, cell‑in‑cell.
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entosis (1). Sun et al  (17) reported that the introduction of 
E‑ or P‑cadherin in cadherin‑negative breast cancer cell lines 
induced entosis, demonstrating the role of cadherin proteins 
in entosis. During entosis, a multimolecular complex termed 
the mechanical ring is formed in the interface between the 
cellular surfaces of the invading and host cells; this complex 
consists of E‑cadherin; α‑, β‑, and γ‑catenin; F‑actin; vinculin; 
and other components  (2). In the present study, we found 
that N‑cadherin, and not E‑ or P‑cadherin, was involved 
in the entosis of nonepithelial cells. The cadherin family of 
proteins includes E‑cadherin (33,34), N‑cadherin (33), and 
P‑cadherin (35), and N‑ and E‑cadherin fulfill similar roles in 
cell adhesion (35). Notably, increased N‑cadherin expression 
is observed in some rhabdomyosarcoma cell lines, including 
the RD cell line (36), although it is not expressed in striated 
muscle (37). Thus, N‑cadherin might function as an adhesion 
molecule in the entosis of nonepithelial cells.

RD, an embryonal rhabdomyosarcoma cell line, is 
originally less invasive than alveolar rhabdomyosarcoma 
cell lines (38). Therefore, the entosis of RD cells cannot be 
explained as inherently invasive behavior. Instead, the matrix 
detachment condition might alter their behavior. Li et al (39) 
demonstrated that RD cells cultured under spheroid conditions 
exhibited enhanced migration compared with those cultured 
under adherent conditions. In addition, during entosis, the 
mobility of inner cells increases, and they themselves invade 
outer cells (17). Our experiments under nonadherent condi‑
tions created a situation where cells showed three‑dimensional 
overlapping, which might have altered the mobility of RD cells, 

creating conditions favorable for entosis. Thus, in nonepithelial 
cells, entosis may occur when the environment surrounding 
tumor cells changes. Because there are no articles specifically 
mentioning entosis in non‑epithelial tumor cells, we would 
like to speculate on the meanings and significance of entosis 
in non‑epithelial tumor cells by reviewing the phenomenon as 
reported in epithelial tumor cells. What should be understood 
from reports on the incidence of CIC and the prognosis of 
cancer patients is that the relationship between CIC incidence 
and prognosis varies depending on the type of cancer. For 
example, Schwegler et al (40) found that lower incidences of 
CIC in head and neck cancer and colorectal cancer were associ‑
ated with a better patient prognosis, while a higher incidence of 
CIC in anal cancer was associated with a better patient prog‑
nosis. Song et al (10) reported that the prognosis of pancreatic 
cancer patients was worse in cases where CIC was observed. 
In addition, Druzhkova et al (41) showed that the incidence 
of CIC in colon cancer cell lines increased depending on the 
chemotherapy drug concentration. In other words, considering 
the above reports, regarding whether the appearance of CIC has 
a pro‑tumor or anti‑tumor effect, it appears that the majority 
of reports suggest that CIC formation has a pro‑tumor effect. 
Therefore, even in non‑epithelial tumors, the significance of 
CIC formation may be understood more in terms of its possible 
role as a poor prognostic factor or as a means of escaping from 
anticancer drugs, rather than its anti‑tumor effect. Further 
studies are needed to confirm this implication.

Homotypic CIC structures can also occur in canni‑
balism, which, however, usually arises under starvation 

Figure 4. mRNA expression levels of the different members of the cadherin family of genes in the indicated cell lines. Data are presented as mean ΔCt values, 
and GAPDH was used as the reference gene. A small ΔCt value indicates a higher mRNA expression level.
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conditions (14). Additionally, other molecules, such as ezrin, 
actin, and caveolin‑1, play roles in cannibalism but not in 
entosis (11,42). Therefore, the accumulating data suggests that 
the CIC observed in the present study is not an indication of 
cannibalism.

We acknowledge the limitations of the present study. 
Among the three nonepithelial cell lines analyzed in the 
present study, entosis was observed only in RD cells. Thus, 
experiments utilizing additional nonepithelial cell lines 
are necessary to confirm our study findings. Additionally, 
we examined only the role of N‑cadherin in nonepithelial 
cell‑related entosis and did not expand our evaluations to 
other potential molecules. Furthermore, we did not evaluate 
the histologic aspects of nonepithelial cell entosis due to the 
lack of clinical samples containing rhabdomyosarcoma cells 
collected from body cavities.

In conclusion, this is the first study to demonstrate that 
entosis, a phenomenon previously considered to be limited 
to epithelial cells, could occur in nonepithelial cells. We also 
show that nonepithelial cell entosis involves N‑cadherin, but 
not E‑cadherin, an entotic finding not previously reported.
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