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Fusion of human bone hemopoietic stem cell with esophageal carcinoma 
cells didn’t generate esophageal cancer stem cell 
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Prior studies showed that cell fusion between bone marrow-derived cell (BMDC) and somatic cell might be the origin of 
cancer stem cell. Our previous study suggested that cell fusion of human bone marrow-derived mesenchymal stem cell (MSC) 
with esophageal cancer cell did not generate cancer stem cells. But up to now, the origin of cancer stem cell is still ambiguous. 
In this study, we carried out the cell fusion experiment between hemopoietic stem cells (HSCs) and human esophageal cancer 
cells, and found that cell fusion slowed the growth speed of esophageal cancer cells and decreased the clone formation ability 
and tumorigenicity in NOD/SCID mice. In addition, cell fusion did not increase the ratio of side population (SP) cells and the 
resistance to chemotherapeutic drugs. Collectively, our data indicated that cell fusion between HSCs and esophageal cancer 
cells has a therapeutic effect rather than generate cells with characteristics of esophageal cancer stem cells.
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Current opinions in the field of cancer origin intensively
focused upon that most cancers arise from a single cell, cancer 
stem cell (CSC) [1]. CSC is a kind of cell which has the ability to 
self-renew, dividing to give rise to another malignant stem cell 
and a cell that gives rise to the phenotypically diverse tumor 
cell population [2,3]. But up to now, the origin of cancer stem 
cell is still ambiguous. Cell fusion is a normal physiological 
process that occurs in diverse organisms and plays essential 
roles in fertilization and development of various organ systems. 
When cell fusion goes awry, however, it may lead to cancer [4]. 
The idea of cell fusion as a key driver of oncogenesis dates back
to early twentieth century [5]. At present, there is an increas-
ing body of evidence indicating that the cell fusion leads to 
cancer stem cell initiation [1,6-8]. Compared with the classic 
model of oncogenesis through linear accumulation of mutant 
alleles, cell fusion efficiently creates nonlinear assortments of
genetic rearrangments and associated phenotypic alterations 
[1]. The observation that bone marrow-derived cells can fuse
with local somatic cells in vivo in the event of tissue damage 
and inflammation raised the interesting possibility that cell
fusion might provide a means for the generation of CSCs and 
neoplasm [1]. Our previous study showed that fusion between 
MSCs and esophageal cancer cells didn’t contribute to the ori-

gin of esophageal cancer stem cell [9]. So cell fusion of HSCs 
with cancer cells might contribute to the origin of cancer stem 
cell. In order to verify this hypothesis, we conducted cell fusion 
tests of HSCs with esophageal cancer cells. 

Material and methods

Cell culture. Human esophageal cancer cell line EC9706 
was established by the Cancer Institute, Chinese Academy of 
Medical Science. Both EC9706 and fusion cells (FCs) were 
maintained in DMEM (Gibco, USA) culture medium supple-
mented with 10% FBS, 100 units/ml penicillin G and 100μg/ml 
streptomycin. All these cells were maintained in a humidified
5% CO2 incubator in 37°C. Human bone marrow hemopoietic 
stem cells were taken from healthy adult and the cells were 
cryopreserved in liquid nitrogen for use.

Cell fusion and sorting. Heterokaryons were generated 
by fusing hHSCs and EC9706 cells using 50% polyethylene 
glycol, pH7.4 (PEG 1500; Roche, Cat.783641) according to 
the method on “Current Protocols in Stem Cell Biology”[10]. 
The labeled cells mixed (EC cells: hHSCs =1:10) and
centrifuged at 400g for 5min, after the supernatant was
completely removed 1 ml of PEG (prewarmed to 37°C) was 
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added dropwise to the pellet over 60 sec in a 37°C water bath 
and incubated for 90 sec with constant stirring. Then, 4ml
of serum-free DMEM pre-warmed at 37°C were carefully 
added over a period of 2 min, followed by 6ml of DMEM 
and incubation at 37°C for 3 min. After washed twice with
50ml of serum-free DMEM immediately to reduce PEG 
toxicity, the pellet was allowed to swell in complete medium 
for 5 min. Cell mixtures were gently re-suspended with PBS, 
and were isolated by CD34+CD38-Scal+ immunomagnetic 
beads. The column was washed with 500 µL Dilution Buffer
apart from magnetic field. The solution obtained included
CD34+CD38-Scal+ cells and HSCs. Then cell mixtures were
gently re-suspended with DMEM with 10% FBS, and in-
cubated in a humidified 37°C incubator with 5% CO2. For 
HSCs cannot grow in DMEM with 10% FBS, only FCs would 
survival in this circumstance. 

Cell growth curve. FCs and EC9706 cells were incubated at 
1×103 cells per well in 96-well plates, at a total volume of 200μl. 
Each subpopulation had 10 replicates cultured in DMEM 
with 10% FBS. The culture medium was removed each day
in the following seven days and MTT methods were done as 
routine. According to the absorbance of each well from Bio-
Rad enzyme reader at the wavelength of 570nm, we draw the 
growth curve according to the data.

Colony formation assay. Aliquots of logarithmically grow-
ing cells (500 cells) in single cell suspensions were plated on 
6-well plates and cultured in complete medium for 14 days. 
For visualization, colonies were stained with crystal violet 
in 50% methanol and 10% glacial acetic acid for counting. 
After washing out the dye, we counted the clone number
that contained >50 cells and compared the results. The clone
formation efficiency (CFE) was the ratio of the clone number
to the planted cell number.

Xenograft assays in immunodeficient mice. NOD/SCID 
mice (5~6 weeks old) were provided from animal institute of 
Chinese Academy of Medical Science & Peking Union Medical 
College (CAMS&PUMC) and maintained in micro-isolator 
cages there. All experiments were approved by the animal care 
committee of CAMS&PUMC. 5×105 FCs and 5×105 EC9706 
cells were harvested and suspended in 200μl DMEM, then 
were injected into the left axillary regions of the mice. The
mice were monitored twice a week for palpable tumor forma-
tion and were sacrificed at 4 weeks after transplantation for
detecting the tumor formation. Tumors were measured with 
vernier caliper, and then weighed, pictured. Part of subcutane-
ous tumor tissues were collected, fixed in 10% formaldehyde
and embedded in paraffin for hematoxylin-eosin staining to
make sure the tumor pathology. 

Drug sensitivity assays to anti-tumor drugs. We tested the 
sensitivity of FC and EC9706 to the representative antitumor 
drugs for esophageal carcinoma treatment, cisplatin and 5-FU, 
using MTT assay. Two kinds of tumor cells were cultured in 
the 96-well plates, 1×103 cells per well. The concentrations
of cisplatin were 10μmol/L and 20μmol/L, and those of 5-Fu 
were 1mg/L and 5mg/L respectively. After 72 hours of culture,

the absorbance of each well was determined with the Bio-Rad 
enzyme reader using MTT assay. The rate of inhibition was
calculated according to the formula: (1–absorbance of experi-
mental well / absorbance of control well) ×100%.

Analyzing and sorting of esophageal carcinoma cell lines 
by FACS. FCs and EC9706 cells were analyzed by FACS when 
cells in a logarithmic growth phase. Cells were digested with 
0.025% trypsin and 1mM EDTA, washed with calcium/magne-
sium free phosphate buffer saline (PBS), then re-suspended in
DMEM culture medium without FBS, with the concentration of 
1×106 cells/ml and incubated in 37°C, 5% CO2 incubator for ten 
minutes. After that DNA binding dye Hoechst 33342 (Sigma)
were added at the final concentration of 7.5μg/ml either alone
or in the presence of 100μmol/L verapamil(Merck, Germany) 
and incubated for 90 minutes in incubator in dark with interval 
mixing. After incubation, cells were washed with cold PBS and
filtered through a 40μm cell strainer to obtain single-suspension
cells. Before 5 minutes of cells analyzing and sorting by FACS 
(FACSDiva Option, Becton Dickinson), final concentration of
1μg/ml propidium iodide (Sigma, USA) was added. Hoechest 
333342 was excited with UV laser at 350nm and fluorescence
emission was measured with 405/BP309 (Hoechst blue) and 
570/BP20 (Hoechst red) optical filters. Propidium iodide
labeling was measured through the 630/BP30 filter for the dis-
crimination of dead cells. PI negative cells were sorted into two 
subpopulations, Hoechst 33342 negative cells, SP cells, whose 
ability of fluorescent efflux could be blocked by verapamil, and
Hoechst 33342 positive population (non-SP). 

Statistical methods. Microsoft Office Excel 2010 and the
statistical software SPSS20.0 were used in data processing and
in analyzing the significance between fusion cells and EC9706
cells with the unpaired or paired t test. P values <0.05 were 
considered significant. Data were expressed as the mean ± SD
from at least three independent experiments.

Results

Cell fusion inhibited the growing ability of EC9706. MTT 
methods were conducted to determine the cell growth rate. 
After day 4, the FCs and EC9706 cells reached a logarithmic
growth phase in DMEM. In contrast, FCs grew slowly in 
DMEM until day 7, which was much slower than EC9706. 
(Figure 1A)

Cell fusion inhibited the colony formation ability of 
EC9706. After 9 days of culture, most clones had reached >50
cells. We counted the clone number and found that the mean 
CFE was 28.8% and 46.2% in FCs and EC9706 cells, respec-
tively. Statistical analysis showed significant differences in
CFE between them (p< 0.01; Figure 1B and C). These findings
showed FC grew more slowly than EC9706, further indicating 
that HSCs inhibited the EC9706 after fusion.

Cell fusion inhibited the tumorigenicity. FCs grew more 
slowly in growing curve and plate clone forming test. We 
further examined the tumorigenesis in vivo with NOD/SCID 
mice engraftments. Mice were euthanatized 4 weeks after
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inoculation, and the tumors were weighed. All mice formed 
tumors in EC9706 group and fusion cells group. But the weight 
of tumors in fusion groups were significantly lighter than those
of EC9706 (Figure 1 D and E). 

Cell fusion didn’t increase the ratio of SP cells. After ex-
cluding dead cells and cellular debris based on scatter signals 
and propidium iodide fluorescence, the FCs and EC9706 cells
were sorted. The P3 gate showed the SP cells that were Hoechst
33342 negative/dim, and the P4 gate indicated the NSP cells that 
were Hoechst 33342 positive. SP cells occupied 0.3% in FC cells 
and 0.2% in EC9706. When pre-incubated with verapamil for 
30 min, the percentage of SP cells dropped to 0.1% of the total 
cells (Figure 2), which is consistent with reports that Hoechst 
33342 exclusion is verapamil sensitive [11] (Figure 2).

Fusion cell didn’t acquire increased ability of resistance 
to anti-tumor drugs. MTT assay was used to evaluate the 
sensitivity of FC and EC9706 cells to chemotherapeutic agents, 
such as 5-Fu and cisplatin. 5-Fu and cisplatin are commonly 

used for the chemotherapy of esophageal cancer. After expo-
sure with 1 mg/ml and 5-mg/ml 5-Fu, the viability of the FC 
cells was slightly lower compared to EC9706 cells (p > 0.05) 
(Figure 3A) . The results were similar in the case of cisplatin
treatment (p > 0.05 for both 10 and 20 μmol/L) (Figure 3B). 
These results demonstrated FCs did not acquire increased
ability of resistance to chemotherapeutic drugs.

Discussion

Recently, cell fusion has been conjectured to be involved in 
the generation of CSCs and bone marrow-derived stem cell 
fused with a local differentiated cell might play a role in these
hypotheses. To investigate the role of HSCs in cell fusion hy-
pothesis, we carried out fusion between HSCs and EC9706. 

Self-renewal and differentiation are properties of CSCs
that allow them to generate additional CSCs. These make
CSCs to have higher tumorigenic ability than normal cancer 

 9 / 10 
 
Figure legends  

 

Figure 1 Proliferation of FC and EC9706. A, Cell growth curve of FC and EC9706 in DMEM, 

the growth curves of FC grew more slowly than EC9706 (p < 0.05). B and C, Clone formation of 

FC and EC9706 results and statistical analysis. The CFE of FCs was lower than that of EC9706 

cells (p< 0.05). D and E, Tumor formation in NOD/SCID mice and statistical analysis. Injection 

sites of NOD/SCID mice inoculated with 5×105 FCs or EC9706 cells and euthanatized 4 wks later. 

All mice formed tumors, but the tumor weight of FC was lighter than that of EC9706.  

Figure 1. Proliferation of FC and EC9706. A, Cell growth curve of FC and EC9706 in DMEM, the growth curves of FC grew more slowly than EC9706 
(p < 0.05). B and C, Clone formation of FC and EC9706 results and statistical analysis. The CFE of FCs was lower than that of EC9706 cells (p< 0.05).
D and E, Tumor formation in NOD/SCID mice and statistical analysis. Injection sites of NOD/SCID mice inoculated with 5×105 FCs or EC9706 cells 
and euthanatized 4 wks later. All mice formed tumors, but the tumor weight of FC was lighter than that of EC9706. 



543CELL FUSION DIDN’T GENERATE CANCER STEM CELL
 10 / 10 

 

 

Figure 2 SP cell analysis. The FCs contained 0.3%SP cells, and the EC9706 cells contained 0.2% 

SP cells. The ratio of SP cells was 0.1% after verapamil treatment. The ratio of SP cells in FCs 

was not significantly different from that in EC9706 cells.  

 

 

Figure 3 The sensitivity of FCs and EC9706 cells to 5-Fu and DDP. Two kinds of cells showed similar 

resistance to 5-Fu and DDP.  
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Figure 2. SP cell analysis. The FCs contained 0.3%SP cells, and the EC9706 cells contained 0.2% SP cells. The ratio of SP cells was 0.1% after verapamil
treatment. The ratio of SP cells in FCs was not significantly different from that in EC9706 cells.

Figure 3. The sensitivity of FCs and EC9706 cells to 5-Fu and DDP. Two kinds of cells showed similar resistance to 5-Fu and DDP.
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cells. Our in vitro experiments revealed that FCs grew more 
slowly than EC9706 cells. In addition, in vivo treatment of 
NOD/SCID mice showed that the tumor formation ability 
of FCs was lower than EC9706 cells. Houghton et al trans-
planted male mice’s bone marrow to lethally irradiated female 
C57BL/6 mice, and Y-chromosome was detected in gastric 
cancer tissue, implying that bone marrow-derived cells might 
be involved in the formation of gastric cancer by fusion with 
epithelia cell [12]. Contrarily, we found that the colony for-
mation ability and tumorigenicity of esophageal cancer cell 
declined after fusion with HSCs, opposite to our expectation.
Bone marrow-derived cells include HSCs and MSCs. Our 
previous study had shown that fusion between MSCs and 
esophageal cancer cells didn’t increase the tumorigenicity of 
esophageal cancer cells, indicating that cell fusion with MSCs 
might not contribute to the origin of cancer stem cell [9]. 
HSC is another bone marrow-derived cell. In 1970s, Henry 
Harris carried out a series of cell fusion experiments. Fusion 
of mouse breast cancer cells with L cells, fibroblasts and L cell
derivatives of low tumorigenicity, suppressed the malignancy 
of the tumor cell and reduced the tumorigenicity of tumor 
cells [13-15]. Only cell fusion between tumor cells increased 
tumorigenicity of tumor cell [16]. Additionally, Rizvi AZ et al 
also reported that transplanted BMDCs fuse with both normal 
and neoplastic intestinal epithelium resulted in stable hybrid 
cells, but the fusion cells did not initiate cancer of the small 
intestine [17]. These studies support our results: cell fusion
inhibited the tumorigenicity of tumor cells. Previous studies 
also indicated fusion of BMDCs might play an important 
role in regeneration of damaged tissue [18-21]. Thus HSCs
might still have a therapeutic effect rather than an origin of
malignance. 

Side population (SP) refers to cell clusters with strong abil-
ity to efflux DNA dye Hoechst 33342 via ABC transporters,
whose activity can be inhibited by verapamil. SP is regarded as 
a universal hallmark of stem cells, which means SP cells possess 
stem cell potentials. Up to now, there aren’t special cell surface 
markers to isolate esophageal cancer stem cells. Huang et al 
found SP cells had cancer stem like properties in esophageal 
cancer cell lines [22]. Wang et al used SP method to isolate 
nasopharyngeal cancer stem cell and found that the SP ratio 
declined from 99% initially to 9.6% after culturing for 20 days
[23]. On the basis of these studies, if cell fusion generates cancer 
stem cells, the ratio of SP cells in FCs should be higher than in 
EC9706 initially. We investigated ratios of SP cells in FCs and 
EC9706 cells. The result showed that the ratios were initially
both low and not significantly different in these two kinds of
cells (FC: 0.3% ; EC9706: 0.2%), which indicated that cell fusion 
might not generate esophageal cancer stem cell because SP ratio 
would not increase but only decrease after culturing.

The CSC theory suggests that not all cancer cells are identi-
cal [24]. Tumors may have a built-in population of pluripotent 
cells that are resistant to chemotherapy, which may repopulate 
the tumor after other cells are killed [25]. The Hoechst 33342
exclusion ability conferred by ABC transporters forms the 

basis for the SP phenotype, and many chemical drugs may be 
pumped out of cells in the same way. Because chemotherapy 
is the primary method of treatment for cancer patients, we 
also conducted chemosensitivity assays to investigate whether 
FCs could resist treatment more readily than EC9706 cells. 
In the drug sensitivity assay, FCs were not more resistant to 
5-fluorouracil and cisplatin. This suggested that FCs did not
acquire the property of drug resistance of CSCs, which further 
indicated that cell fusion might not generate cancer stem cell. 
In recent years, some researches showed that distinct CSCs 
subpopulations exhibit different properties. Hermann et al 
identified two distinct populations of CSCs in pancreatic can-
cer: CD133+ pancreatic CSCs were exclusively tumorigenic and 
highly resistant to standard chemotherapy, whereas CD133+ 
CXCR4+ pancreatic CSCs, being present in the invasive front 
of the tumor, determined the metastatic phenotype [26]. Ac-
cordingly, in our study, the FCs might be one subgroup of 
CSCs which were not resistant to chemotherapy. However, 
Hermann’s study further indicated that transplantation of both 
CSC populations into athymic mice showed a similar tumor 
development [26]. In our study, tumorigenicity of FC was 
lower than esophageal cancer cell, implying that FC was not 
one of subgroups of cancer stem cells, and it did not acquire 
the characteristics of cancer stem cell as well. 

In conclusion, cell fusion between HSCs and EC9706 did 
not generate cells with increased potential of proliferation, 
self-renewal, differentiation, resistance to chemotherapy, and
tumor formation ability. In particular, we found that cell fu-
sion slowed the growth speed of esophageal cancer cells and 
decreased the clone formation ability and tumorigenicity in 
NOD/SCID mice. Additionally, cell fusion did not increase the 
ratio of SP cells and the resistance to chemotherapeutic drugs. 
Although our data directly demonstrated that HSCs fused with 
esophageal cancer cells did not lead to increased tumorigenic 
ability, we cannot rule out alternative mechanisms for HSCs 
incorporation into esophageal cancer cells. There is evidence
for the involvement of BMDCs in tumorigenesis, as proved 
by the contribution of these cells to tumor vasculature [27] 
and in initiation of the angiogenic switch which is important 
for tumor progression [28]. In short, the origin of CSC needs 
further investigation.
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