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Abstract. Malignant melanoma causes skin cancer with 
high rates of mortality. Multinucleated giant cells (MGCs) 
are frequently observed in tumor pathological analysis, espe-
cially in metastasized sites, and are related to poor prognosis. 
However, the role of MGCs in melanoma development and 
metastasis is currently unknown. In the present study, we 
obtained melanoma MGCs (M‑MGCs) in vitro using the modi-
fied phytohaemagglutinin (PHA)‑ECM830 electronic fusion 
method (fusion efficiency was significantly enhanced by adding 
PHA to agglutinate cells before electronic fusion). We found 
that M‑MGCs showed decreased proliferation potential but 
increased pulmonary metastasis ability relative to the parental 
B16‑F10 cells. Microarray and bioinformatics analysis showed 
that β‑tubulin gene group was significantly upregulated in 
M‑MGCs. A member of this gene group, TUBB2B, exhibited 
significantly enhanced expression, indicating that it may play 
an important role in melanoma metastasis. Our results provide 
novel insights into the properties of melanoma and they could 
contribute towards the design of new strategies for rapid diag-
nosis and treatment of this cancer.

Introduction

Melanoma is a malignant tumor that forms in the skin and 
accounts for 75% of skin cancer mortality (1). High mortality 

in melanoma cases is caused by the rapid proliferation rate 
of cells and their potential to metastasize at an early stage. 
For example, many melanomas have already metastasized to 
the lymph nodes and other organs by the time of diagnosis. 
Therefore, new strategies for rapid diagnosis and treatment of 
melanoma are urgently required because the effectiveness of 
treatment is highly dependent on the removal of the tumor at 
an early stage (2).

Multinucleated giant cells (MGCs) and polyploidy are 
commonly observed in cancer research and are related to 
poor clinical prognosis in, for example, breast cancer, prostate 
cancer and melanoma (3,4). In pathologic analysis of MGCs, 
the cell and nuclear volumes appear enlarged and the chromo-
some number is heteroploid and polyploid (5). MGCs are often 
formed by cell fusion and fused cells are commonly found in 
metastatic tumor tissue (6).

Melanoma metastasis occurs mainly through hemato-
genous spread and is organ‑specific, especially to the lungs, 
brain, skin and liver (7). Cancer metastasis requires a series of 
related processes to proceed. Cancer cells can spread via the 
blood or the lymphatic system to distant organs where tumor 
cells either adapt to the existing microenvironment or establish 
a new one by secreting growth factors or cytokines that facili-
tate their proliferation (8,9). Specific genes play important 
roles in every step of metastasis. For example, genes that are 
specific to the circumstances, such as PTHRP, IL11, CSF2RB 
(GM‑CSF) and TNFα, may primarily cause organ‑specific 
metastasis (10,11). However, the ‘seed and soil’ hypothesis also 
proposes that a tumor (seed) must adapt to the organ environ-
ment (soil) in order to survive and proliferate (12).

The cell fusion method is used in many fields (for 
example, in genome research and the generation of anti-
bodies in vitro), where the polyethylene glycol (PEG) fusion 
has been the traditional method (13). Electrofusion method 
is used for high fusion efficiency. In order to achieve this 
high fusion efficiency in the BTX ECM2001 electronic 
fusion device, cells are arranged in a bead chain due to a 
high frequency alternating current wave (AC) that facilitates 
the cell membrane contact that is required for cell fusion 
and then fuse together using a direct current (DC). However, 
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ECM2001 electronic fusion device is not so commonly 
used and are much more expensive  (14). In this study, we 
obtained M‑MGCs using a modified phytohaemagglutinin 
(PHA)‑ECM830 electronic fusion method [with an ECM830 
instrument for cell fusion and PHA for agglutination of cells, 
which facilitates cell membrane contact (15)].

Microarray analysis is a useful method for cancer study. 
Specific oligonucleotides or cDNA fragments are fixed to the 
gene chip, and the basic principle of which is hybridization (16). 
Tens of thousands of fragments can be detected simultaneously 
on gene chips such as the Affymetrix chip, which contains 
22‑base pair (bp) length oligonucleotides synthesized at high 
density using in situ lithography technology (17), making this 
process continuous, integrated and automatic (16).

In summary, we investigated the metastatic properties 
and gene expression of melanoma MGCs (M‑MGCs). We 
found that they exhibited decreased proliferation potential but 
increased metastatic properties. Microarray analysis showed 
that the β‑tubulin gene group (especially the TUBB2B gene), 
which is related to cell invasion and metastasis, was signifi-
cantly upregulated in M‑MGC cells. Our results suggest the 
positive role of M‑MGC cells in melanoma metastasis and the 
related genes in this process.

Materials and methods

Ethics statement. Animal research was carried out in strict 
accordance with the recommendations in the Guide for the 
Care and Use of Laboratory Animals of the Beijing Tiantan 
Hospital, Capital Medical University (no. 201201001). The 
Committee on the Ethics of Animal Experiments of the Beijing 
Tiantan Hospital, Capital Medical University, approved the 
experimental protocol. All efforts were made to minimize 
suffering of the animals.

Cell culture. Mouse melanoma cancer B16‑F10 cells, 
M‑MGCs, and 293T lentiviral packaging cell lines were all 
cultured in Dulbecco's modified Eagle's medium (DMEM) 
containing 5% heat‑inactivated fetal bovine serum (FBS) (both 
from HyClone, Carlsbad, CA, USA), 100 U/ml penicillin, and 
0.1 mg/ml streptomycin, and in a humidified 5% CO2 incu-
bator at 37˚C.

Cell labeling. B16‑F10 cells were labeled with pLL3.7 and 
pLL3.7‑dsRED lentivirus. We purchased pLL3.7, which 
expresses EGFP alone, and the packaging plasmids (pMDL, 
pRev and pVSVG) from Addgene (Cambridge, MA, USA). 
The pLL3.7‑dsRED plasmid was constructed by replacing an 
EGFP fragment of pLL3.7 with a polymerase chain reaction 
product of dsRED. Lentiviruses were generated from the 
293T packaging cell line, and the B16‑F10 cells were infected 
according to the natural protocol of lentivirus production and 
purification (18).

ECM830 cell fusion method. B16‑F10‑GFP (1x107) and 
B16‑F10‑RFP (1x107) cells were mixed and centrifuged at 
900 rpm for 5 min. The cells were resuspended in 200 µl of 
electronic liquid after the supernatant was completely removed. 
The cells were then shocked 3 times with 250 V for 30 µsec, 
rested for 5 min, and finally placed in media for culture.

PHA-ECM830 cell fusion method. B16‑F10‑GFP (1x107) 
and B16‑F10‑RFP (1x107) cells were mixed, washed 
twice with DMEM, and incubated in 500  µl of PHA in 
DMEM (50 µg/ml; Sigma-Aldrich, Carlsbad, CA, USA) at 
37˚C for 30 min. After centrifugation (900 rpm, 5 min) and 
complete removal of the supernatant, 200 µl of electronic 
liquid was added. Cells were gently resuspended in DMEM 
and transferred to an electric shock cup where they were 
shocked 3  times with 250 V for 30 µsec. After resting for 
5 min, cells were transferred to culture media.

Fluorescence‑activated cell sorting (FACS). The cultured 
cells were washed twice and subjected to FACS using a BD 
FACSAria sorter with DMEM in order to purify GFP/RFP 
double‑positive cells. The cells were collected in a medium 
containing 15% FBS and double antibiotics (100 U/ml peni-
cillin, 0.1  mg/ml streptomycin (Gibco Life Technologies, 
Carlsbad, CA, USA), and then immediately cultured in 
10% FBS DMEM.

Cell and nuclear volume measurements. Cells were suspended 
in DMEM at 1x105/ml, and cell and nuclear volumes were 
detected and assessed using a Beckman Coulter counter multi-
sizer 3.

DNA content and karyotype analysis. Cells (2x106) were 
collected, washed twice with phosphate‑buffered saline (PBS; 
HyClone), fixed with 75% ethanol, treated with 1  mg/ml 
RNase for 45 min at 37˚C, stained with 0.5 mg/ml propidium 
iodide (both from Sigma‑Aldrich) for 45 min in the dark, and 
then analyzed for DNA content using flow cytometry. The 
DNA content of the subcutaneous and metastasis samples was 
analyzed after ex vivo culture. For karyotype analysis, cells 
were sent to the Department of Medical Genetics of the Institute 
of Basic Medical Sciences (IBMS), treated with colcemid and 
stained with Giemsa solution (both from Sigma‑Aldrich).

In vitro proliferation rate curve. Cells (2x105) were plated on 
60 mm plates for proliferation rate analysis. The medium was 
changed every 2 days and the number of cells was counted 
daily.

Tumor xenografts and analysis. We used C57BL/6 mice 
(female, 20-25  g, 8-week old; Cancer Institute, Chinese 
Academy of Medical Sciences, Beijing, China) in all the 
experiments. In the subcutaneous studies, cells (5x104) in 
PBS were injected subcutaneously into the rear flank of 
the mice in order to determine tumor growth rate in vivo. 
The animals were observed daily and tumor volumes were 
measured every 5 day using a vernier caliper. The mice were 
euthanized when tumor volumes exceeded 2,000 mm3 or 
when >20% of their body mass was lost (measured by using 
an electronic balance).

In the metastasis studies, cells (1x104) in PBS were injected 
intravenously into the mice, which were then observed daily. 
They were euthanized 25 days after this injection or when 
they showed signs of morbidity (anorexia, difficulty moving, 
and/or weight loss >20%). Pulmonary metastatic samples 
were collected and then measured using an electronic balance 
(Mettler Toledo AL204).
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Histological analysis. Tumor samples and lung tissues were 
excised, fixed in 10% neutral‑buffered formalin and embedded 
in paraffin for hematoxylin and eosin (HE) staining at the 
Pathology Centre of the IBMS.

RNA extraction and gene chip analysis. RNA was extracted 
using TRIzol reagent (Invitrogen Life Technologies, Carlsbad, 
CA, USA) according to the manufacturer's suggested protocol. 
RNA samples were then sent to the central laboratory of the 
IBMS for subsequent Affymetrix gene chip analysis. A gene 
expression ratio of M‑MGCs/B10‑F10 ≥2 was considered 
significant. Gene functions were analyzed using Ingenuity 
pathway analysis (IPA) database software.

Western blotting analysis. Cells were harvested in lysis buffer 
(2% SDS, 0.1 mol/l DTT, 10% glycerol and 60 mmol/l Tris, 
pH 6.8) and boiled at 98˚C for 10 min. The protein lysates were 
separated by using 4-12% Bis‑Tris SDS‑PAGE gel (Invitrogen 
Life Technologies) and transferred onto polyvinyl difluo-
ride (PVDF) membranes (Pierce Chemical Co., Rockford, IL, 
USA). Non-specific reactivity was blocked by 10% non‑fat dry 
milk in TBST buffer (20 mmol/l Tris‑HCl, 150 mmol/l NaCl, 
0.05% Tween-20, pH 7.5) at room temperature for 2 h. The 
membranes were then incubated with the primary antibodies 
for TUBB2B (1:500) and phospho‑S6 (1:4,000) (both from 
Abcam, Cambridge, UK), and β‑actin (1:8,000) at 4˚C for 10 h, 
followed by another incubation with a horseradish peroxi-
dase (HRP)‑conjugated secondary antibody (both from Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) at 1:5,000 dilution 
and at room temperature for 4 h.

Statistical analysis. All data are presented as the mean ± SD. 
Data were analyzed, and P-values produced, using SPSS 17.0 
statistical software. P<0.05 was considered to indicate a statis-
tically significant difference.

Results

M‑MGCs obtained by a modified PHA‑ECM830 electronic 
fusion method. B16‑F10 is a commonly used melanoma cell line 

with a high proliferation rate and metastatic potential to the lungs 
when injected intravenously (19). We used these cells to obtain 
M‑MGCs by using cell fusion in vitro. First, B16‑F10 cells were 
labeled with GFP and RFP fluorescence (Fig. 1A and B) for 
easy screening of the after fusion. Initially, we attempted to fuse 
the labeled B16‑F10 cells using the ECM830 electronic fusion 
method; however, the cell fusion efficiency was so limited that 
positive fusion cells (those that showed both GFP and RFP and 
appeared yellow after overlay) were only partially observed in 
one microscopic field. Therefore, we added the cell‑aggluti-
nating agent PHA prior to cell fusion in order to enhance the 
level of cell membrane contact, which is an essential part of the 
process (Fig. 1C). The addition of PHA significantly increased 
fusion efficiency, and fusion cells were clearly observable in one 
field (Fig. 1D). FACS analysis showed that the fusion efficiency 
was ≤7.18% (Fig. 1E). The presence of live fusion cells after 
selection indicated successful cell fusion.

The cell and nuclear sizes of M‑MGCs were both twice as 
large as those of the parent B16‑F10 cells (Figs. 1D and 2B). 
DNA content and karyotype analysis showed that the obtained 
M‑MGCs had converted from being hyperdiploid to hypertet-
raploid (Fig. 2A and C).

M‑MGCs exhibit increased metastatic potential. The M‑MGCs 
showed a decreased rate of proliferation in the cell culture. 
Both their proliferation rate in vitro (Fig. 3A) and the growth 
rate in vivo (Fig. 3B) decreased. However, the downregula-
tion of the M‑MGCs growth rate in vivo was not that obvious 
compared to the change of the proliferation rate in vitro. This 
discrepancy may have arisen because of the enlarged tumor 
size of the M‑MGCs. After the tumor cells were injected intra-
venously, the potential for M‑MGCs to metastasize to the lung 
was enhanced (Fig. 4A). The weight of lung containing meta-
static tumors and the metastatic nodules on the lung surface 
were counted, and the results also showed the enhanced 
metastatic potential of M‑MGCs to the lungs (Fig. 4B and C). 
Hematoxylin-eosin (HE) analysis showed the metastatic 
M‑MGCs to the lungs (Fig. 4D). However, HE analysis also 
showed the M‑MGCs did not metastasize to other organs, such 
as the liver, kidneys, spleen and brain.

Figure 1. A modified PHA‑ECM830 electronic fusion method was used to obtain melanoma multinucleated giant cells. (A and B) Melanoma cells were labeled 
with (A) GFP and (B) RFP fluorescence using lentivirus (x400). (C) The B16‑F10 cells agglutinated after the addition of PHA (x200). (D) Fusion cells exhibited 
GFP and RFP simultaneously (observed as yellow when overlaid) after cell fusion. (E) Melanoma fusion cells were analyzed and selected by using FACS.
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Microarray analysis show changes to metastasis in M‑MGCs 
associated with β‑tubulin gene group. The A260/280 ratio 
of extracted RNA was ~1.8. There were clear 28S, 18S and 
5S RNA bands in the 1.2% formaldehyde agarose gel, and 
the 28S/18S ratio was ~2, which indicated the integrity of the 
RNA fragments. Microarray analysis showed that changes 
in the AKT network were associated with proliferation and 
metastasis in the M‑MGCs  (Fig.  5). At the centre of this 
network, the AKT gene was significantly downregulated. 
Other genes in the PI3K‑AKT pathway that play an important 
role in cell proliferation, such as PI3K and pS6, were also 

downregulated (Table I). Western blot analysis confirmed the 
downregulation of pS6, downstream of the PI3K‑AKT pathway 
in M‑MGCs (Fig. 6A and C). The β‑tubulin gene group, which 
is related to cell migration and invasion, was upregulated in 
M‑MGCs (Table II). The TUBB2B gene, which is also part 
of the AKT network (Fig. 5), was significantly upregulated 
in M‑MGCs, and this was also confirmed by western blot 
analysis (Fig. 6A and B).

M‑MGCs show DNA stability following culture in vitro and 
ex vivo. M‑MGCs were cultured for 6 months ex vivo after 

Figure 3. Melanoma multinucleated giant cells (M‑MGCs) exhibited reduced proliferation rate. (A and B) The proliferation rate of M‑MGCs reduced 
in vitro (A) and the growth rate reduced in vivo (B). (*P<0.05, compared to the B16‑F10 samples). The data are representative of three experiments, and each 
assay was performed in quintuplicate.

Figure 2. Melanoma multinucleated giant cells (M‑MGCs) show double the DNA content and enlarged volumes compared to parental B16‑F10 cells. (A) The 
DNA content of the M‑MGCs was almost twice that of the parental cells. (B) The M‑MGCs acquired enlarged nuclei and cell volumes. (C) Karyotyping 
analysis of the M‑MGCs and the parental B16‑F10 cells (*,#P<0.05, compared to the B16‑F10 samples). Data are representative of three experiments, and each 
assay was performed in triplicate.
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being derived from metastatic tumor sites. DNA content 
analysis showed that the genotype of M‑MGCs was consistent 
after ex vivo and in vitro passage, indicating the genomic 
stability of M‑MGCs (Fig. 7).

Discussion

MGCs are commonly observed in melanoma pathological 
analysis, especially at metastatic tumor sites, and they are 
usually associated with poor prognosis (3,4,20). Cell fusion, 
which is considered a cause of cancer metastasis, is one 

Figure 4. Melanoma multinucleated giant cells (M‑MGCs) exhibit enhanced metastatic ability. (A) Pathological anatomy analysis of lung tissue with metastatic 
M‑MGCs and B16‑F10 cells (bars represent 1.5 mm). (B and C) Metastasized lung weight (B) and the number of lung nodules (C) produced with M‑MGCs 
was considerably higher than those produced with B16‑F10 cells. (D) HE staining of lung tissue with metastatic M‑MGCs and B16‑F10 cells (x100). (*,#P<0.05, 
compared to the B16‑F10 samples). The data are representative of three experiments, and each assay was performed in quintuplicate.

Table II. The β-tubulin gene group was upregulated in melanoma 
multinucleated giant cells.

Gene symbol	 Gene title	 Fold-change

Tubb2b	 Tubulin, β2b	 10.8058a

Tubb6	 Tubulin, β6	 3.39871a

Tubb2a-ps2	 Tubulin, β2a, pseudogene 2	 2.82951a

aP<0.01, compared with the B16-F10 parental cell group; n=2.

Table I. The PI3K-AKT pathway is downregulated in melanoma 
multinucleated giant cells.

Gene symbol	 Gene title	 Fold-change

Pik3r1	 Phosphatidylinositol 3-kinase, 	 -2.05297a	
	 regulatory subunit, polypeptide 1 (p85α)
Akt3	 Thymoma viral proto-oncogene 3	 -2.65325a

Rps6ka1	 Ribosomal protein S6 kinase polypeptide 1	 -2.67889a

aP<0.01, compared with the B16-F10 parental cell group; n=2.
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process by which MGCs are formed (20). For the formation of 
MGCs, cancer cells can fuse with many types of somatic cells, 
including stromal and epithelial cells, as well as other cancer 
cells. In the present study, we obtained the MGCs in vitro by 
fusing melanoma cells with each other (21‑23).

In the present study, an ECM830 electronic fusion device 
was used to achieve melanoma cell fusion. However, the 

fusion efficiency was very limited, and so PHA was used to 
promote contact between the cells by agglutination, thereby 
promoting cell fusion (13). PHA significantly increased fusion 
efficiency  (>10  times); therefore, our study demonstrates 
a convenient and effective fusion method (PHA‑ECM830 
fusion) that could be used for future cancer research. The 
MGCs obtained by this method could be used, for example, 

Figure 5. The AKT network in melanoma multinucleated giant cells (M‑MGCs). Gene expression change of genes in the AKT network in M‑MGCs.

Figure 6. TUBB2B and pS6 gene expression in melanoma multinucleated giant cells. Whole cell extracts were used to detect the activity of TUBB2B (A and B) 
and phosphor‑S6 by western blotting (A and C). (*P<0.05, compared to the B16‑F10 samples). Data are representative of three experiments, and each assay was 
performed in triplicate.
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in studies of organ‑specific cancer metastasis and genome 
stability research. We also found that the MGCs obtained in 
this study exhibited stable genome characteristics. Although 
the mechanism of this property was not revealed in our study 
and awaits further research, these fusion cells could potentially 
provide a useful model for genome stability research.

Cell proliferation and metastasis are two of the most 
important characteristics of cancer cells. However, previous 
studies have shown that proliferation rate is reduced when 
cancer cells are fused with fibroblast cells (24). In our study, 
the M‑MGCs we obtained showed decreased proliferation and 
increased metastasis to the lungs. These effects could be due to 
tumor suppressor genes, such as p53 (24,25). Another possible 
explanation is that a decreased rate of proliferation enables 
cancer cells to execute other functions, such as cancer metas-
tasis. However, the function of MGCs in cancer malignancy is 
complicated, and further research will be necessary to validate 
these hypotheses.

Our microarray analysis indicated that the PI3K‑AKT 
pathway includes the primary set of differentially expressed 
genes associated with cell proliferation in M‑MGCs. We also 
found decreased protein expression in this pathway, indicating 
that it probably plays an important role in melanoma cell 
proliferation. In the PI3K‑AKT pathway, the upstream mole-
cules RTK‑PI3K‑AKT activate the downstream molecules 
mTOR‑pS6 and further promote the eukaryotic initiation 
factor 4E (eIF4E) to regulate protein translation (26). AKT can 
also directly act on transcription factors, such as p27 and p21, 
to regulate the cell cycle and cell proliferation. There are many 
specific inhibitors in this pathway; for example, wortmannin 
and rapamycin specifically inhibit the activity of PI3K and 
mTOR, respectively (26‑28). The PI3K‑AKT pathway is highly 
active in melanoma cells, which proliferate rapidly (27), and 
AKT3 reportedly significantly inhibits the proliferation rate 
of these cells.

Cancer metastasis involves a series of processes, including 
the metastasis of the primary melanoma cells to a distant 
organ through blood or lymph vessels where they adhere to 
the capillary and invade the new environment. The cancer 
cells adapt to the new environment and promote cell prolif-
eration by secreting cell growth factors or cytokines (9). In 
our study, metastasis of melanoma was specific to the lungs, 
and this may be because MGCs only express lung‑specific 
metastasis genes and are, therefore, a good fit for the lung 
environment. In future studies, it will be necessary to investi-
gate the mechanisms of cell adhesion, cell invasion, and cell 
growth in the new organ environment.

Microtubulin is a part of the globular protein family, of 
which α‑tubulin and β‑tubulin are members. These two 
proteins have a similar dimensional structure and they form 
tightly integrated dimers to become the subunits of micro-
tubules. β‑tubulin can be constructed by several subunits 
including TUBB, TUBB1, TUBB2A, TUBB2B and TUBB2C, 
of which TUBB2B plays an important role in cell invasion 
and migration. In Drosophila, salivary gland development 
is inhibited when the TUBB2B gene is knocked out (29). In 
rats, knockdown of TUBB2B inhibits the migration of the 
cortical neurons (30). In our study, TUBB2B was significantly 
upregulated in M‑MGCs, which indicates that it may play an 
important role in melanoma metastasis.

Our study demonstrates the changes in cell metastatic 
ability in M‑MGCs are associated with β‑tubulin gene group. 
However, the specific genes for the metastasis of melanoma 
cells and M‑MGCs are not explicit, further study can be done 
to verify the results. For the organ specific metastasis, cell 
fusion method is a special useful tool (for example, different 
organ specific metastatic cells can be fused together to see the 
genotype and the following metastatic phenotype changes of 
the fusion cells). Collectively, our results provide novel insights 
into the properties of melanoma and they could contribute 

Figure 7. The genome stability of melanoma multinucleated giant cells (M‑MGCs) after prolonged ex vivo passage. Pulmonary metastasis samples were 
analyzed after ex vivo culture for 6 months. The data are representative of three experiments, and each assay was performed in triplicate. 
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towards the design of new strategies for rapid treatment of this 
cancer.
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