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Spontaneous formation of tumorigenic hybrids between human omental
adipose-derived stromal cells and endometrial cancer cells increased motility
and heterogeneity of cancer cells
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ABSTRACT
Recent reports indicate that mesenchymal stem cells (MSCs) can fuse with cancer cells to promote
cancer progression. Omental adipose-derived stromal cells (O-ASCs) are similar to MSCs, which
could be recruited to the stroma in endometrial cancer. The aim of our study was to investigate
whether O-ASCs can fuse with endometrial cancer cells to influence cancer cells biological
characteristics. We isolated O-ASCs from patients with endometrial cancer. O-ASCs and endome-
trial cancer cells were labeled with different fluorescent tags and directly co-cultured in an Opera
high-throughput spinning-disk confocal microscopy system to observe the processes involved in
the fusion, division and migration of hybrid cells. Immunofluorescence and high-throughput
imaging analyzes were performed to evaluate proteins related to epithelial-mesenchymal transi-
tion (EMT).We found O-ASCs could spontaneously fuse with endometrial cancer cells, including
cytomembrane and nuclear fusion. After fusion, endometrial cancer cells assume an elongated
and fibroblast-like appearance that exhibit mesenchymal phenotypes. The hybrid cells prolifer-
ated through bipolar and multipolar divisions and exhibited more rapid migratory speeds than
were observed in the parental cells (P < 0.01), potentially because of their EMT-associated
changes, including the down-regulation of E-cadherin and up-regulation of Vimentin. Our results
collectively suggest that tumorigenic hybrids spontaneously formed between human O-ASCs and
endometrial cancer cells, and that the resulting cells enhanced cancer mobility and heterogeneity
by accelerated migration and undergoing multipolar divisions. These data provide a new avenue
for investigating the roles of O-ASCs in endometrial cancer.
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Introduction

Endometrial cancer (EC) is a common gynecologic
malignancy that is becoming increasingly prevalent
in China and is strongly linked with obesity [1,2].
Excess intra-abdominal adipose tissue further
increases the risk and, in some cases, the mortality
of intra-abdominal cancers, such as prostate, colon,
pancreatic, and endometrial cancer [3–5]. Moreover,
abdominal adipose tissue has been associated with
colon, breast and endometrial cancers. [6–11]

Recent studies have shown that adipose tissue
contains a population of mesenchymal progenitor
cells that can facilitate tumor progression [12–15].
Zhang Y et al. found that an increase in white adi-
pose tissue enhanced the recruitment of adipose
stem cells (ASCs) to tumor cells, thereby promoting

tumor growth [16]. Prizment et al. reported that
ASCs stimulated the migration of breast cancer
cells and markedly increased their metastasis to
mouse organs [17]. ASCs derived from the abdom-
inal adipose tissues of obese patients promoted
breast cancer cell proliferation in vitro [18]. The
omentum is a substantially vascularized and inner-
vated fatty tissue that lies over the bowels and is the
most common place from which the intraperitoneal
dissemination of ovarian cancer and endometrial
cancer occurs [19,20]. ASCs derived from the
human omentum may promote ovarian cancer pro-
liferation, migration, chemoresistance and radiation
resistance in vitro [19]. O-ASCs can also be recruited
to tumors, whereupon they enhance endometrial
cancer vascularization, thereby promoting the survi-
val and proliferation of tumor cells [20]. In addition,
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specific factors secreted by O-ASCs were dominant
contributors to tumor progression [20]. However,
whether a direct interaction between O-ASCs and
endometrial cancer cells plays a role in these pro-
cesses remains unclear.

Cell fusion is believed to be a relatively rare and
strictly regulated phenomenon in which two or more
cells merge their plasma membranes, becoming one
cell. This occurs only during specific occasions, such
as fertilization, tissue regeneration and cancer
[21,22]. The results of an increasing number of stu-
dies have suggested that cell fusion may be involved
in tumor progression [23–27]. The hybrids that
result from cell fusion can be more malignant than
their parental cells and possess an enhanced ability
to metastasize [28–30]. A “wolf in sheep’s clothing”
model has been proposed to explain the link between
cell fusion and metastasis. This model suggests that
tumor cells become metastatic when they fuse with
normal cells traveling freely throughout the body
[21]. For instance, fusion between tumor cells and
macrophages has been shown to produce hybrid
cells with increased metastatic abilities [31].
Tumorigenic hybrids between mesenchymal stem
cells and gastric cancer cells enhanced cancer prolif-
eration and migration [32]. The hybrids that formed
between lung cancer and bone marrow-derived
mesenchymal stem cells enhanced malignancy by
epithelial to mesenchymal transition (EMT) and
the acquisition of stem cell-like properties [33].
Thus, inducing fusion between tumor cells and
bone marrow-derived cells may be an efficient way
to promote the rapid acquisition of metastatic phe-
notypes [34].

ASCs share many features with bone marrow–
derived mesenchymal stromal cells (BM-MSC),
including cell surface marker expression, plastic
adherence, and the capacity to differentiate into
cells with a mesenchymal lineage [35,36]. However,
few studies have been performed to explore the effect
of cell fusion between ASCs and cancer cells on
cancer progression. Based on a previous report that
showed that O-ASCs could be recruited to the
stroma of endometrial cancer, we directly co-
cultured O-ASCs and endometrial cancer (EC)
cells. We were amazed to discover that these two
cell lines can spontaneously fuse. Next, we investi-
gated the effects of fusion with O-ASCs on the bio-
logical properties of endometrial cancer cells and

found that the hybrids formed by fusion between
O-ASCs and endometrial cancer cells contributed
to high motility and heterogeneity, as reflected by
EMT and multipolar division.

Results

Characterization of O-ASCs

O-ASCs were isolated from three patients with endo-
metrioid EC at FIGO Stages Ia-Ib. As shown in sup-
plemental Figure S1A, all O-ASCs displayed
a relatively heterogeneous morphology consisting of
both elongated and polygonal cells that exhibited good
proliferative ability (Supplemental Figure S1A, S1D).
Differentiation assays demonstrated that the O-ASCs
were able to differentiate into adipogenic, chondro-
genic, and osteogenic mesenchymal lineages
(Supplemental Figure S1C). Cell surface markers
were also characterized by flow cytometry
(Supplemental Figure S1B). The O-ASCs expressed
CD29, CD44, CD73, CD90, and CD105, all of which
are characteristically found onMSCs [35,36]. In addi-
tion, the O-ASCs were negative for the monocyte
marker CD11b and the hematopoietic stem cell
makers HLA-DR, CD34 and CD45.

Fusion of EC cells with O-ASCs generates hybrid
cells

To facilitate the identification of cell fusion events,
fusion partners were fluorescently labeled (Green
for EC cells and Red for O-ASCs) via transfection
by control lentiviral vectors (See Supplemental
Figure S2). After the cells were cultured for 48 h
in vitro, the dynamic process by which the hybrids
(double-stained cells) formed was observed and
captured by an Opera high-throughput spinning-
disk confocal microscopy system. First, we
observed that the two kinds of cells migrated and
then adhered to each other. Then, a sharp fusion
process was observed that consisted of membrane
merging and cytoplasmic mixing (see Figure 1). We
have compiled the images that were captured at
each time point into a video, and this allowed us
to clearly observe this dynamic process, as shown in
Supplemental Video 1 and 2(The target cells were
labeled in the circle). The hybrid cells had large
volumes, like O-ASCs, and contained more than
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two nuclei, potentially for a long period of time,
before they suddenly fused together to form a single
new, looser and larger nucleus while undergoing
cell division (see Figure 3(a)). This dynamic process
is clearly shown in Supplemental Video3 and 5.

The fusion efficiencies between RFP-labeled
-O-ASCs and GFP-labeled-EC cells were 0.02%-
0.4% for Ishikawa cells and 0.06%-0.8% for Hec-
1A. When the portion of RFP-labeled-O-ASCs
and GFP-labeled-EC cells was 3:1, the fusion
efficiency reached the highest.

Hybrid cells were aneuploid and possessed the
ability to proliferate

The O-ASCs contained a normal number of chromo-
somes (45.6 ± 1.1). There were 46.3 ± 1.3 and
58.6 ± 3.0 chromosomes in the Ishikawa EC cells
and Hec-1A EC cells, respectively, both of which
were close to normal. There were 94.1 ± 8.0 and
114.7 ± 3.3 chromosomes in the fused Ishikawa-
ASCs and fused Hec-1A-ASCs cells, respectively.
The hybrid cells were therefore aneuploidy (see
Figure 2) but not tetraploid.

Figure 1. Fusion of O-ASCs and endometrial cancer cells. (a). O-ASCs/RFP (indicated by a red arrow) and Hec-1A/GFP (indicated by
a blue arrow) cells were directly co-cultured under a Perkin Elmer Opera High-Content Microscopy System that automatically took
fluorescence photographs every 1 h for a continuous 24 h (80X). At the 3 h time point, we observed that fused cells had formed
(indicated by white arrow). These cells were double-labelled and did not undergo nuclear fusion. (b). O-ASCs/RFP (indicated by a red
arrow) and Ishikawa/GFP (indicated by a blue arrow) cells were directly co-cultured under a Perkin Elmer Opera High Content
Microscopy System. At the 4 h time point, fused, double-labelled cells had formed (indicated by a white arrow) but had not
undergone nuclear fusion.
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To study the proliferation of the hybrid cells,
the fusion partners were labeled with different
fluorescence and directly co-cultured in 96-well
plates under an Opera high-throughput spinning-
disk confocal microscopy system. We recognized
the hybrid cells because they were double-labeled.
We observed both normal mitosis and unusual
asymmetric divisions and found that the hybrid
cells had acquired the ability to proliferate. This
process can be divided into the following three
stages: (i) the nuclei fused into a single new, looser
and larger nucleus 3–4 h before cell division; (ii)
these huge hybrid cells abruptly shrank into
a much smaller globule; (iii) this small globule
exploded into two or three new large and irregular
cells (see Figure 3). This continuous and dynamic

process can be observed in the included video (see
Supplemental Video 3, 4, and 5).

Cell fusion enhanced migration in EC cells

Morphological observations showed that the paren-
tal EC cancer cells mainly displayed rounded and
polygonal morphologies. After fusion with O-ASCs,
the hybrid cells lost their epithelial morphology,
became scattered and exhibited a fibroblast-like
appearance with an elongated shape (Figure 1).To
further investigate the effect of cell fusion on the
ability of cells to migrate, we compared the in vitro
migratory speeds of the hybrid cells to the speeds
observed in their parental EC cells and O-ASCs.
These speeds were captured and calculated using

Figure 2. Chromosomes of fused cells and their parental cells. (a). Typical chromosome maps of fused cells and their corresponding
parental cells: O-ASCs and Ishikawa or Hec-1A cells (100X). (b). The number of chromosomes in each hybrid and parental cell
karyotype.
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an Opera high-throughput spinning-disk confocal
microscopy system. We found that the hybrid cells
were more active than their parental cells. The
migratory speed of the O-ASCs was faster than that
observed in the EC cells, but the hybrid cells were
even faster (Figure 4). The high migratory speed of
the hybrid cells is demonstrated in Supplemental
Video 3, 4, and 5. In summary, these data suggest
that cell fusion enhances the migratory capacity of
EC cells in vitro.

Cell fusion promoted EMT in EC cells

The morphological changes we observed in O-ASC-
EC cell hybrids prompted us to hypothesize that the
fused cells might undergo EMT. To this end, migra-
tory assays were carried out to determine the migra-
tory capacity of the hybrid cells. In addition, we

found that the hybrid cells’ migratory speed was
much faster than that observed in their parental
cells. To investigate whether EMT-associated genes
were differentially expressed between the fused and
parental cells, we used immunofluorescence and
real-time RT-PCR to determine the expression of
EMT related proteins and genes in fused cells and
parental cells.

The results of real-time RT-PCR revealed that the
level of E-cadherin mRNA in hybrids was obviously
down-regulated but the expression of Vimentin in
fusion cells were evidently increased (Figure 5(c)).
Immunofluorescence also revealed that E-cadherin
expression was clearly lower, while vimentin expres-
sion was higher in the fused cells than in their par-
ental EC cells (Figure 5(a)). Additionally, a high-
throughput imaging analysis revealed that these
expression differences were statistically significant

Figure 3. Division of hybrid cells. (a). The process of nuclear fusion and bipolar division in hybrid cells (40X). The fused cell is located
in the bottom left corner of the picture. We have shown it at higher power in the top right corner to make it more convenient to
observe. From T0 to T9, the fused cell maintained multiple nuclei. At the T12 time point, the nuclei had fused into a large and loose
nucleus. In addition, the huge hybrid cells abruptly shrank to form a minimal globule at T15 before exploding into two new, large
and irregular cells at T15. (a). The process of multipolar division of hybrid cells (40X). The fused cell is located in the top right corner
of the picture. We have shown it at higher power in the bottom left corner so that it is more convenient to observe. This process was
similar to that observed during bipolar division before cell division. At T11, the cell also shrank into a bright minimal globule before
exploding into three new, large and irregular cells at T12.

324 M. LI ET AL.



(Figure 5(b)). In summary, these data suggest that
after fusion withO-ASCs, themigratory ability of EC
cells was markedly altered, indicating that the hybrid
cells underwent EMT.

Discussion

During the processes that occur during tumor
progression, tumor cells sometimes exfoliate from

the primary tumor site and spread to other parts of
the body. However, the precise mechanisms
underlying this process are elusive. The idea that
cell fusion contributes to cancer progression was
introduced almost 100 years ago when it was pro-
posed that malignancy is a consequence of hybri-
dization between leukocytes and somatic cells [37].
Recently, another prominent theory has emerged
that states that a tumor cell can fuse with a mobile

Figure 4. The migratory capabilities of hybrid cells and their parental cells. (a). The horizontal migration speed at each time point
was captured and calculated by a Perkin Elmer Opera High Content Microscopy System over a 24 h period. (b). The mean horizontal
migratory speeds of the hybrid cells and their parental cells were significantly different (P < 0.001). The experiments were repeated
three times. The statistical results are presented as Means ± SD. ***P < 0.001.
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cell type and then travel to another site in the body
to establish cancer. This is the classic “cancer cell
fusion” theory [38], which was the first to regard
cell fusion as a possible mechanism of tumor
metastasis. Pawelek et al. fused healthy macro-
phages with weakly metastatic melanoma cells
and found that most of the experimental hybrids
were highly metastatic and lethal when implanted
into mice [31]. They showed this in an animal
model and then substantiated their findings in
reports showing that cancer cell fusion occurs in
humans. They described two patients who suffered
from renal-cell carcinomas that possessed a donor-
patient hybrid genome after bone marrow trans-
plantation [27,28,34]. Thus, cell fusion events may
be regarded as a hidden force or enemy in can-
cer [21].

A large number of studies have explored the for-
mation of hybrids between myeloid and tumor cells.

Pawelek JM proposed that fusion between tumor and
bone marrow-derived cells is a unifying explanation
for metastasis [31]. Xu et al. found that tumorigenic
hybrids between bone marrow-derived MSCs and
lung cancer cell lines lost their epithelial morphology,
assumed a fibroblast-like appearance and exhibited
increased malignancy and prometastatic traits [33].
Another report suggested that the formation of MSC-
breast cancer cell hybrids was a potential mechanism
underlying the generation of invasive/metastatic
breast cancer cells [29]. In summary, these studies
indicate that hybrids between myeloid cells and
tumor cells contribute to tumor progression.
Currently, very few reports have described cell fusion
between ASCs and cancer cells. ASCs have features
that are similar to those of BM-MSCs, which can also
be recruited to the tumor stroma, where they promote
the acceleration of migration and metastasis in cancer
cells, including endometrial cancer [20,39–41].

Figure 5. Fusion with O-ASCs induces EMT in endometrial cancer cells. (a). Immunofluorescent staining for E-cadherin and Vimentin
in the hybrid cells and their parental cells. (b). Semi-quantitative expression analysis of E-cadherin and Vimentin was performed by
a High-Throughput Imaging Analysis. (c). The expression of EMT-related genes was determined by real-time RT-PCR. The experiments
were repeated three times. The statistical results are presented as Means ± SD. *P < 0.05, ***P < 0.001.
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However, the mechanisms underlying these effects
might involve their ability to affect the expression of
paracrine cytokines.

In our study, we found that O-ASCs spontaneously
fused with Ishikawa and Hec-1A EC cells. The result-
ing hybrid cells lost their round and polygonal mor-
phology, assumed an elongated and fibroblast-like
appearance, exhibited mesenchymal phenotypes and
properties of ASCs in addition to increased metastatic
capacity. Under an Opera high-throughput spinning-
disk confocal microscopy system, we found that the
fused cells were hyperactive compared to their parental
cells. Their migratory speed was far faster than the
speed observed in O-ASCs and EC cells. Further
experiments indicated that the fused cells expressed
higher levels of markers and regulatory genes and
proteins associated with EMT, including an obvious
decrease in E-cadherin expression and increase in
vimentin expression, and this likely contributed to
their enhanced motility in migration assays. These
data indicate that cell fusion events may induce EMT
in the resulting hybrids, and EMT is an essential step
during the process of cancer cell dissemination and
metastasis. This phenomenon was also observed in
MSC and gastric cancer cell hybrids and lung cancer
and breast cancer cell hybrids and contributed to can-
cer progression [30,33].

As previously reported, cell fusion promotes pheno-
typic and genotypic diversity in tumors [42]. When
accompanied by cell fusion, centrosome amplification
may lead to multipolar division and chromosomal
instability, resulting in a heterogeneous pool of aneu-
ploid cells [25]. However, centrosome doubling after
cell fusion does not always lead to chromosomal
instability because the extra centrioles can be dis-
carded, coalesced or orphaned, allowing tumor cells
tomaintain the ability to undergo bipolar division with
two functional centrosomes [43]. In addition, the abil-
ity of hybrids to sustain a relatively stable genomic
composition allows tumor cells to acquire and stably
maintain additional malignant properties [24,44]. In
this study, we found that the multiple nuclei that
formed as a result of cell fusion possessed the ability
to spontaneously fuse into a single nucleus immedi-
ately before cell division. The fused cells could undergo
either bipolar or multipolar division, and this might
help to explain why their chromosomes were

aneuploid. Through multiplolar division the hybrids
formed by O-ASCs and EC cells were capable of divid-
ing to achieve proliferation which also increased het-
erogeneity of cancer cells.

After the O-ASCs and EC cells fused, they under-
went EMT, which provided them with a new pheno-
type that enhanced their migratory capacity. In
addition, by undergoing multipolar division, the
fused cells obtained a new genotype, and this may
have helped them to increase heterogeneity during
cancer progression. These data represent just the very
beginning of our study, and our aim is to identify
more characteristics of fused cells, including those
related to their stemness, drug resistance and metas-
tasis, to fully explore the true significance of fusion.

Material and methods

Cell culture

The Ishikawa line of endometrial adenocarcinoma cells
[estrogen receptor (ER)- and progesterone receptor
(PR)-positive] was obtained from laboratory stocks
and cultured in 5% CO2 at 37°C in DMEM/F12 (Cat.
C11330500BT，Gibco, USA) supplemented with 10%
fetal bovine serum (FBS, Cat.10099–141, Gibco, USA).
Another endometrial adenocarcinoma cell line, Hec-
1A [estrogen receptor (ER)- and progesterone receptor
(PR)-negative], was purchased from ATCC(Manassas,
VA,USA) in 2015(Lot NO. 58087755) and cultured in
5% CO2 at 37°C in H-DMEM (Cat. C12430500BT，
Gibco, USA) supplemented with 10% FBS
(Cat.10099–141, Gibco, USA). Cell passages 3 to 10
after thawing were used for the experiments. Cultured
cells were routinely tested for viability with trypan blue
exclusion and maintained high viability(>95%). And
the minute fraction of dead cells was predominantly
removed bywashing before trypsinization. DNA fluor-
escence staining method were used to exclude myco-
plasma infection.

Isolation of omental adipose tissue-derived
stromal cells

Grossly normal-appearing human omentum was
obtained during staging procedures with approval
from the institutional review board of Peking
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University People’s Hospital. O-ASC1 tissues were
isolated from a patient (BMI = 23.05) with mod-
erate differentiated endometrioid adenocarcinoma.
O-ASC2 tissues were isolated from a patient
(BMI = 24.08) with adenosquamous carcinoma of
the endometrium. O-ASC3 tissues were isolated
from a patient (BMI = 30.05) with well-
differentiated endometrioid adenocarcinoma. The
omentum samples obtained from these three
patients appeared grossly normal without metas-
tasis. The tissues were subjected to mechanical
disruption followed by digestion with 0.075%
type I collagenase (Cat.17100017, Invitrogen,
USA) for 30 minutes at 37℃. The digested adipose
tissue was centrifuged at 1,000 rpm for 10 minutes.
The supernatant containing the adipocytes was
removed, and the cell pellet was resuspended in α-
minimum essential medium (α-MEM, Cat.
SH30265.01B, HyClone, USA). The resuspended
cells were filtered through a 100-mm cell strainer
(Becton Dickinson). Red blood cells were lysed in
5 ml of RBC Lysis Buffer(Cat. #786–649,
G-Bioscience,USA) and incubated in a 37°C
water bath for 10 minutes. The remaining mono-
nuclear cells were resuspended and seeded in α-
MEM supplemented with 10% FBS and 1% peni-
cillin-streptomycin at 37℃ in a humidified atmo-
sphere containing 5% CO2. O-ASCs between
passages 3 and 6 were used in the experiments.

O-ASC characterization

After isolation, the cells were expanded in vitro
and then characterized by flow cytometry to eval-
uate cell surface marker expression. All O-ASCs
were characterized at passages 3–6 using antibo-
dies against the following mesenchymal stem cell
markers: CD34-APC, CD44-FITC, CD45-PE-cy5,
CD29-APC, CD73-PE, CD90-PE, CD11b-PE-cy5,
HLA-DR-PE and CD105-PE (Becton Dickinson,
Franklin Lakes, NJ, USA). Their catalog numbers
and corresponding isotype controls (Becton
Dickinson, Franklin Lakes, NJ, USA) were showed
in supplemental Table 1.

Studies aimed at exploring cell differentiation,
including the adipogenic, osteoblastic and chon-
drogenic potentials of the cells, were conducted as
previously reported [19].

Generation of GFP-expressing cells

Ishikawa and Hec-1A EC cells were labeled with
GFP using a GFP control lentiviral vector
(Genechem, China). The titers of the viral stocks
were determined by calculating the percentage of
GFP-positive cells that were transduced in serially
diluted viral suspensions. To induce transduction,
Ishikawa and Hec-1A cells were seeded at moder-
ate density overnight. Two h before transduction,
the medium was changed, and the transductions
were then carried out for 12 h in the presence of
5 mg/ml polybrene (Cat.107689, Sigma, USA). The
GFP-positive cells were sorted and further
expanded for subsequent experiments.

Generation of RFP-expressing cells

O-ASCs were labeled with RFP using an RFP control
lentiviral vector (Genechem, China). The titers of the
viral stocks were determined by calculating the percen-
tage of RFP-positive cells that were transduced in
serially diluted viral suspensions. To induce transduc-
tion, O-ASCs were seeded at moderate density over-
night. Two h before transduction, the medium was
changed, and the transductions were then carried out
for 12 h in the presence of 5 mg/ml polybrene
(Cat.107689, Sigma, USA). The RFP-positive cells
were sorted and further expanded for subsequent
experiments.

Cell fusion

Cell fusion was captured by directly co-culturing
RFP-labeled-O-ASCs (O-ASCs/RFP) and GFP-
labeled-EC cells (Ishikawa/GFP&Hec-1A/GFP) in
96-well plates (PerkinElmer, Inc.). O-ASCs/RFP
(1000 cells/well) and Ishikawa/GFP (500 cells/well)
cells were co-cultured in ASC growth medium in 96-
well plates. After the cells had been co-cultured for
48 h, Hoechst 33242 (Sigma, USA) was applied for
30 minutes to stain the nuclei. Then, the plates were
put in a PerkinElmer Opera High Content System
(PerkinElmer, USA) and incubated in a humidified
atmosphere of 37°C that contained 5% CO2 to pro-
mote cell survival. Bright-field and fluorescence
microscopy photographs of 11 high-power fields in
each well were automatically taken by the system
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every 1 h for a continuous 24 h. The same treatment
was applied to the Hec-1A cells. Images of the cell
fusions resulting from RFP-labeled-O-ASCs and
GFP-labeled-Hec-1A/Ishikawa cells were also cap-
tured and analyzed. At least three independent sets
of experiments were performed.

Chromosome preparation

RFP-labeled-O-ASCs (2 × 105) and GFP-labeled-Hec
-1A/Ishikawa cells (1 × 105) were co-cultured in ASC
growthmedium in T75 culture flasks for 3 days. Then,
the fused cells were sorted by a flow cytometer (FACS
Calibur, BD Biosciences, USA). The double-positive
fusion cells were collected in ASC growth medium.
The sorted fused cells were collected and cultured in
T25 culture flasks. At the same time, O-ASCs/RFP,
Ishikawa/GFP andHec-1A/GFP cells were cultured in
T25 flasks in ASC growth medium. When all the cells
had grown to 80%-90% confluence, we used them to
prepare chromosomes, as previously reported. After
the slides were prepared and submitted to solid stain-
ing, we observed the cells under a light microscope at
10X and 100X magnification and randomly selected
10 chromosome karyotypes for statistical analysis.

Cell fusion efficiency

RFP-labeled-O-ASCs (O-ASCs/RFP) and GFP-
labeled-EC cells (Ishikawa/GFP&Hec-1A/GFP) were
co-cultured directly in 96-well plates (PerkinElmer,
Inc.). The proportions of O-ASCs/RFP (1000 cells/
well) and GFP-labeled-EC cells were
1:1,1:2,1:3,1:4,1:5,1:6,1:7,1:8,1:9 and 1:10 respectively.
After the cells had been co-cultured for 24h, Hoechst
33242 (Cat. B2261, Sigma, USA) was applied for
30 minutes to stain the nuclei. Then, Bright-field and
fluorescence microscopy photographs of 11 high-
power fields in each well were automatically taken by
the PerkinElmer Opera High Content System
(PerkinElmer, USA) every day for 8 days. The system
can capture fusion cells and the parental cells for their
different fluorescence, count cell numbers and calcu-
late cell fusion efficiency. At least three independent
sets of experiments were performed.

Proliferation and migration of fused cells

The proliferation andmigration of the fused cells were
captured following the direct co-culture of O-ASCs/

RFP cells and EC/GFP cells (Ishikawa/GFP&Hec-1A/
GFP) in 96-well plates (PerkinElmer, Inc.). The
experimental methods were the same as those used
to observe cell fusion. Cells that were both red and
green double-positive were recognized as fused cells
and distinguished from single-positive cells (O-ASCs/
RFP and EC cells/GFP) under a fluorescence micro-
scope. Their proliferation and divisions were dynami-
cally observed at each time point. Meanwhile, the
speed of migration of both the double-positive fused
cells and the single-positive unfused cells (O-ASCs
and EC cells) was determined at each time point and
calculated by the microscopy equipment. To intui-
tively obtain the details related to hybrid cell division
and migration, the sequences were captured at each
time point and compiled into a video. The mean
migratory speeds over 24 h were also analyzed. At
least three independent sets of experiments were
performed.

Immunofluorescence

RFP-labeled-O-ASCs (2.5 × 104) and GFP-labeled-
Hec-1A/Ishikawa cells (2.5 × 104) were co-cultured
in ASC growth medium in confocal dishes for 48 h.
After we confirmed under a fluorescencemicroscope
that fused cells had formed, the cells were washed
twice with cold PBS, fixed with 4% para-
formaldehyde for 15 min, permeabilized with 0.1%
Triton X-100 for 5 min, blocked with 5% BSA, incu-
bated with the indicated primary antibodies inclu-
dinganti-E-Cadherin (Cat.#3195, CST, USA) and
anti-Vimentin (Cat.#5741, CST, USA) at 4°C over-
night and then incubated with an Alexa Fluor 647-
conjugated anti-rabbit secondary antibody (Cat.
A281281, Invitrogen, USA). The cells were then
stained with DAPI (Cat. D1306, Invitrogen, USA)
to visualize the nuclei, and images were acquired
with a Nikon eclipse Ti-S microscope (Nikon,
Tokyo, Japan).

Real-time RT-PCR

RFP-labeled-O-ASCs (2 × 105) and GFP-labeled-Hec
-1A/Ishikawa cells (1 × 105) were co-cultured in ASC
growthmedium in T75 culture flasks for 3 days. Then,
the fused cells and EC cells were sorted by a flow
cytometer (FACS Calibur, BD Biosciences, USA).
The double-positive fusion cells were fusion cells
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and GFP-positive cells were EC cells. Total RNA was
extracted using Trizol reagent (Cat.15596026,
Invitrogen, USA) according to the manufacturer’sin-
structions and equal amount of RNA was used for
real-time PCR analyzes. The cDNAs were synthesized
by using a reverse transcription kit (Cat. KR107-02,
TIANGEN, China). was used as the internal control.
The sequences of specific primers are listed as follows:
E-Cadherin, Forward, TTTGACGCCGAGAGCTAC
AC; Reverse, AATTCACTCTGCCCAGGACG.
Vimentin, Forward, AAATGGCTCGTCACCTTC
GT; Reverse, CAGCTTCCTGTAGGTGGCAA.
GAPDH, Forward, GCACCGTCAAGGCTGAGA
AC, Reverse, TGGTGAAGACGCCAGTGGA. At
least three independent sets of experiments were
performed.

High-throughput imaging analysis

O-ASCs/RFP (500 cells/well) and EC/GFP (Ishikawa
or Hec-1a, 500 cells/well) cells were co-cultured in
ASC growthmedium in 96-well plates (PerkinElmer,
Inc.). After the cells were co-cultured for 48 h, IF
staining was performed (see Immunofluorescence).
The cells were then imaged in a single optimal focal
plane (11 fields/well with a 10x water immersion
objective) on an Opera high-throughput spinning-
disk confocal microscopy system (Perkin Elmer).
Sequential images were acquired with 647, 488 and
568 nm excitation lasers. Cells that were double-
positive for red and green were recognized as fused
cells, while cells positive for only green were consid-
ered EC/GFP cells (controls). The results of immu-
nofluorescence (IF) were analyzed at the single-cell
level with a customized algorithm [45] using DAPI-
based nuclear segmentation to quantify the total
nuclear intensity of all indicated targets. All recog-
nized cells were analyzed, and quantifications are
shown as the average of each population of cells
and were determined with a 647 nm excitation
laser in each well. In addition, the intensity of the
fluorescence in each well was quantified with Image
J software. At least three independent sets of experi-
ments were performed.

Statistical analysis

All experiments were performed at least 3 times,
and all data are expressed as the means±SEM.

Statistical significance was determined by T-tests
using Prism5 software (GraphPad, La Jolla, CA,
USA). A P value of less than 0.05 was considered
to be statistically significant.
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