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Abstract. Cell fusion is involved in several physiological 
processes, such as reproduction, development and immunity. 
Although cell fusion in tumors was reported 130 years ago, 
it has recently attracted great interest, with recent progress 
in tumorigenesis research. However, the role of cell fusion in 
tumor progression remains unclear. The pattern of cell fusion 
and its role under physiological conditions are the basis for our 
understanding of the pathological role of cell fusion. However, 
the role of cell fusion in tumors and its functions are compli‑
cated. Cell fusion can directly increase tumor heterogeneity 
by forming polyploids or aneuploidies. Several studies have 
reported that cell fusion is associated with tumorigenesis, 
metastasis, recurrence, drug resistance and the formation of 
cancer stem cells. Given the diverse roles cell fusion plays in 
different tumor phenotypes, methods based on targeted cell 
fusion have been designed to treat tumors. Research on cell 
fusion in tumors may provide novel ideas for further treatment.
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1. Introduction

Cell fusion is a phenomenon that exists widely in the physi‑
ological and pathological conditions of organisms (1). Cell 
fusion involves two cells merging together through their 
plasma membranes, causing their cytoplasm to mix to form 
hybrids, obtaining new biological characteristics, functions 
and phenotypes (1). Some types of cells, such as gametes, 
myoblasts, macrophages and syncytiotrophoblasts, have the 
ability to form fused cells or polyploids, which are impor‑
tant for species passage, development and the maintenance 
of normal physiological functions (2). Recent studies have 
demonstrated that cell fusion can also occur in the occurrence 
and progression of some diseases, such as viral infections and 
tumors (3‑5). The present review discusses the effects of cell 
fusion in malignant tumors and provides support and reference 
for tumor research and treatment. The present study discusses 
the phenomenon and mechanism of cell fusion in humans, 
and cell fusion events in the tumor microenvironment and 
their roles in tumor progression. In addition, potential cancer 
treatment options targeting cell fusion are considered.

2. Pattern of cell fusion

The pattern of cell fusion can be divided into three phases: 
i) Contact and dehydration, ii) hemifusion and iii) the forma‑
tion and expansion of a fusion pore (3), all of which are 
energy consuming (6). Prefusion preparation is a prerequisite 
for cell fusion to accurately fuse specific cells (Fig. 1A) (7). 
Hernández and Podbilewicz (8) further divided the prefusion 
preparation process into three steps, differentiation, recogni‑
tion and adhesion. The expression of specific recognition or 
adhesion‑associated proteins during preparation is sufficient 
and necessary for cell fusion; however, this does not mean that 
they are directly involved in the fusion process itself; they just 
help specific cells maintain proximity (8,9). In this process, 
the cells are close enough (<10 nm), and the distance gradu‑
ally becomes <1 nm under the activation of some proteins 
accompanied by the removal of water molecules between cells 
during dehydration (Fig. 1B) (10,11). At such a close distance, 
the plasma membrane begins to bend, and the outer layer of 
the phospholipid bilayer merges, which is also known as hemi‑
fusion (Fig. 1C) (12,13). Consequently, the inner layer further 
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merges and forms a fusion pore between the cells (6) (Fig. 1D). 
As the fusion pores expand, the cytoplasm is completely mixed 
to form a hybrid containing the genomes and several organelles, 
such as mitochondria of the two parental cells (Fig. 1E) (14). 
The proteins that are activated during cytoplasmic membrane 
fusion that directly mediate and induce cell fusion are referred 
to as fusogens (15,16). Fusogens assemble into unilateral or 
bilateral complexes, which determine the site of cell fusion and 
overcome the energy barriers that are required to prevent the 
anti‑fusion mechanism (17). There are four families of fuso‑
gens that are explicitly involved in cell‑cell fusion, of which 
only one is expressed in human cells, syncytins, which play a 
key role in the development of human placental syncytiotro‑
phoblasts (8). Given that differentiated cells do not share the 
same molecular mechanism, there are studies on fusogens in 
different types of human cells (18‑20). Notably, a recent study 
demonstrated that different fusogens share similar structural 
folds, which may provide insight for the discovery of novel 
fusogens (21).

3. Cell fusion in physiological processes

Cell fusion is a widespread physiological phenomenon in 
several living organisms, from fungi to mammals. Cell fusion 
participates in various processes, including reproduction, 
growth and development, and involves complex genetic and 
molecular mechanisms that remain unclear (2). Previous studies 
have reported that different differentiated cells may not share 
the same mechanism in cell fusion, such as having different 
adhesion or recognition molecules and fusogens (8,22). 
Molecules involved in some cell fusion phenomena that occur 
under physiological conditions in mammals are summarized 
in Table I.

Sperm‑oocyte fusion in fertilization is the earliest and most 
common understanding of cell fusion (23). CD9, expressed 
on the microvilli of oocytes, and IZUMO1, expressed on 
sperm, have been demonstrated to play important roles in 
sperm‑oocyte fusion (24). CD9 knockout mice exhibited an 
abnormal morphology of microvilli in oocytes (25), and CD9 
may be associated with cell membrane curvature via interac‑
tion with IgSF (24). IZUMO1 forms an adhesion complex 
by binding to the receptor Juno and mediates the specific 
recognition of sperm and oocytes during fertilization (26). 
The IZUMO1‑JUNO complex is an essential molecule in 
cell contact but is not directly involved in plasma membrane 
merger (27). The fusogens involved in mammalian sperm‑egg 
fusion remain unclear.

The only human fusogen, syncytins, which depend on 
cell fusion, are present in placental formation (28). Following 
implantation of the embryo, trophoblast cells differentiate into 
the inner layer of cytotrophoblasts (CTBs) and the outer layer of 
syncytiotrophoblasts (STBs) (29). Syncytin‑1 is predominantly 
expressed in STBs (28) and is also present in some tumors (30), 
myoblasts (31), osteoclasts (32) and oligodendrocytes (33). 
Syncytin‑2 is predominantly expressed in CTBs, and its 
receptor, major facilitator superfamily domain containing 2, is 
present in STBs (34). The function and receptor of syncytin‑3 
remain unknown.

Macrophages exert physiological functions by forming 
syncytia under certain conditions, such as osteoclasts that 

regulate skeletal stability and multinucleated giant cells, 
which participate in immune responses during infection (35). 
For macrophages, at least three receptors are essential for 
cell fusion, including macrophage fusion receptor (MFR), 
dendritic cell‑specific transmembrane protein (DC‑STAMP) 
and CD44 (36). The receptor for MFR is CD47, both of which 
belong to the immunoglobulin superfamily and are expressed 
on the macrophage membrane (37). Hyaluronan is considered a 
ligand for CD44, and CD44 antibodies can inhibit the process 
of osteoclastogenesis (38). DC‑STAMP is an important compo‑
nent of the formation of osteoclasts and multinucleated giant 
cells (39). The differentiation of myoblasts is a prerequisite for 
cell fusion, including the expression of adhesion‑, migration‑, 
and cytoskeletal rearrangement‑associated molecules (40). 
Recently, in mammals, a new fusogen candidate in myoblasts 
was discovered, myomaker, which controls the formation 
of muscle fibers and induces non‑fusogenic cells to form 
multinucleated cells (41,42).

4. Cell fusion in cancer hallmarks

Almost 120 years ago, the zoologist, Theodor Boveri, specu‑
lated that cancer may originate from the abnormal formation 
of aneuploidy (43). Cell fusion is an important pathway for 
aneuploidy formation (3). Currently, the phenomenon of cell 
fusion in tumors has been gradually recognized, and several 
fusion cases have been observed in the tumor microenviron‑
ment, such as cancer cells fusing with mesenchymal stem 
cells (MSCs) (44‑46), macrophages (47,48), fibroblasts (49) or 
endothelial cells (50,51). In addition, cumulative reports have 
demonstrated that cancer cells can obtain hallmarks from cell 
fusions within the microenvironment (52‑54). The reported 
functions of cell fusions in tumors are summarized in Fig. 2.

Heterogeneity. In addition to genetic or epigenetic alterations 
in oncogenes or tumor suppressor genes, tumorigenesis is 
closely associated with chromosomal instability (55). However, 
previous studies have reported that there are some diploid 
tumor cells with no obvious mutations at the genetic level, chal‑
lenging the traditional somatic mutation theory (SMT) (56,57). 
Aneuploidy is observed in several malignancies, revealing the 
genetic instability of cancer cells (58). A hypothesis called the 
heterokaryon‑to‑synkaryon transition provides an explanation 
for the heterogeneity of tumors (59), which suggests that the 
tumor forms a heterokaryon (containing the respective nuclei) 
and further forms a synkaryon (containing only one nuclei) by 
rearrangement of the chromosome (60). When homotypic or 
heterotypic cells fuse, genomic instability caused by chromo‑
somal rearrangement is likely to be fatal (55). Zhou et al (61) 
also detected DNA double‑strand damage and translocation 
in hybrid cells. Furthermore, Delespaul et al (55) confirmed 
that hybrids of partly transformed fibroblasts can detect 
genomic instability and induce hybrid cell tumor formation 
in mice. Dittmar et al (62) demonstrated that cell fusion in 
breast cancer, as a mechanism of gene transfer, is involved in 
the emergence of tumor heterogeneity in evolution. Hybrid 
progenies overexpress or lose specific genes via chromosome 
rearrangement, which not only increases tumor heterogeneity 
but also enhances the ability of cancer cells to adapt to diverse 
tumor microenvironments (63). Delespaul et al (55) also 
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demonstrated that tumors formed by fused cells can rapidly 
promote tumor progression if they have the appropriate 
genome. However, Su et al reported that cell fusion (such as in 
breast cancer) can also regulate tumor heterogeneity through 
epigenetics rather than genetics (64). These phenomena provide 
a new understanding of the role of cell fusion in heterogeneity, 
and there are other complex regulatory mechanisms for the 
formation of tumor heterogeneity.

Oncogenesis. In some cases, genetic instability in aneuploid 
hybrid cells is likely to trigger the malignant transformation 
of cells and induce malignant cell behaviors (3). As early as 
1992, Munzarova et al (65) observed that advanced melanoma 
gradually exhibits the biological characteristics of lympho‑
cytes and macrophages, and hypothesized that melanoma may 
derive from the fusion of host melanocytes and macrophages. 
Zhou et al (61) reported the fusion of small intestinal epithelial 
cells (IEC‑6 cells) through PEG‑informed mice and detected 
aneuploidy in 40% of the clones. Some fused cells exhibited 
transformed phenotypes, such as resistance to apoptosis, 
enhanced proliferation capacity and chromosomal rearrange‑
ment (61). He et al (66) also confirmed that 84.1% of progeny 
cells fused with gastric epithelial cells and MSCs were 
aneuploid and malignant transformation occurred, in the labo‑
ratory. However, the association between tumor formation and 
cell fusion remains unclear. In some studies, hybrid cells have 
played key roles in suppressing malignant behaviors following 
cell fusion. For example, in the liver of mice, the fusion of liver 
tumor cells and stem cells has been demonstrated to suppress 
tumorigenesis (67). Furthermore, Israel and Schaeffer (68) 
performed cell fusion between the original cloned normal 
and transformed liver epithelial cells, and the survival time of 
hybrid cell transplanted mice was significantly longer. Taken 
together, these findings confirm the tumor suppressive effect 
of normal cytoplasm, making the role of cell fusion in tumors 
more complicated.

Recently, it has been speculated that the SMT cannot 
explain various tumorigenesis phenomena. Theories that 
abnormal mitochondria mediate tumorigenesis have been 
proposed (69,70). Given that the fusion of cytoplasm is 
involved in the process of cell fusion, the role of mitochon‑
dria in cell fusion cannot be ignored (70). According to 
Seyfried and Shelton (71), the offspring of normal cell nuclei 
transplanted into the enucleated cytoplasm of tumor cells 
can still have the characteristics of malignant behavior. This 
means that metabolic abnormalities caused by cytoplasmic 
fusion, such as abnormal mitochondrial function, may be 
the cause of tumors rather than nuclear gene changes (70). 

However, malignant transformation of normal cells via cell 
fusion in vivo, and cell fusion have not been observed in all 
tumors (72). Similarly, Duelli and Lazebnik have reported 
that the appearance of fused cells in solid tumors is a rare 
phenomenon (~1%) (73). A hypothesis called the ‘dark matter 
hypothesis’ states that because hybrid cells currently identi‑
fied in tumors mostly rely on the expression of cell surface 
biomarkers and parental DNA, the instability of progeny cell 
genes may lead to the inability to continuously express relevant 
biomarkers (74). In addition, the fusion between tumor cells 
may be more difficult to detect, resulting in a lower incidence 
of cell fusion events detected in tumors (74).

Metastasis. Tumor metastasis is a multistep and multistage 
complex process. Among these multistage processes, epithe‑
lial‑to‑mesenchymal transition (EMT) is a key step (75). EMT 
is an important adaptive process for tumors to move away 
from the primary site to distant tissues during tumor metas‑
tasis (76). During EMT, the number of adhesion molecules on 
the surface of tumor cells decreases to express the interstitial 
phenotype and gain migration capacity (77). Several aggressive 
cancer cells exhibit metastasis, secretion and phagocytosis, 
similar to bone marrow‑derived cells (BMDCs) (78). One 
theory is that tumor cells acquire a mesenchymal pheno‑
type derived from the fusion of tumors and BMDCs, such 
as macrophages (76). Spontaneous fusion of BMDCs with 
tumor cells in vivo has been observed in both mice (79) and 
humans (80), and hybrid cells express several genes associ‑
ated with tumor invasion and metastasis, such as SPARC, 
MCR1 and MET (76). Recently, Gast et al (48) demonstrated 
that BMDCs can increase their heterogeneity by fusing with 
tumors, allowing tumors to acquire a migration phenotype. In 
addition, macrophage‑tumor fusion cells are detected in the 
peripheral blood of patients with cancer, an observation that 
is closely associated with the tumor stage and prognosis (48). 
Furthermore, the tumor‑BMDC fusion hypothesis gives tumor 
metastasis an explanation for the preference of different 
organs (76). The liver, lungs and bone are usually the preferred 
metastatic sites for several tumors, and these sites usually 
have large numbers of BMDCs (81). The migration induced 
by BMDC‑tumor fusion may be more suitable for a new 
microenvironment (78). In addition to BMDCs, some studies 
have also demonstrated that MSCs, endothelial cells and 
fibroblasts can also induce tumor metastasis by spontaneous 
fusion with cancer cells in the tumor microenvironment (82). 
Noubissi et al (83) demonstrated that the migratory ability of 
the nonmetastatic breast cancer cell lines, T47Ds and MCF7s, 
is significantly enhanced following induction of fusion with 

Figure 1. Pattern of cell fusion. (A) Cell pre‑fusion state. (B) The membranes of two cells fuse and form a dehydrated zone between the cell membranes. 
(C) The outer phospholipids of the two cell membranes fuse, which is known as hemifusion. (D) The inner phospholipids of the two cell membranes fuse and 
form a fusion pore between the two cells. (E) The fusion pore expands and forms a hybrid cell.
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MSCs. Similar findings were observed in vascular epithelial 
cells (84) and tumor‑associated fibroblasts (85). In a coculture 
model of mesenchymal cells and prostate cancer cells by 
Wang et al (86), spontaneously fused hybrid cells were formed 
that had the ability to sustain growth, genotype changes and 
increase malignancy. Conversely, it has been reported that the 
fusion of mesenchymal cells and tumor cells plays a role in 
tumor suppression (45). For example, Wei et al (45) demon‑
strated that FOXF1 can decrease the malignancy of tumors 
by regulating the fusion of lung cancer cells and MSCs. Thus, 
the role of cell fusion in tumor progression requires further 
research and discussion.

Notably, Clawson et al (87) demonstrated that macro‑
phage‑tumor cell fusions (MTFs) extracted from the peripheral 
blood of patients with pancreatic ductal adenocarcinoma 
(PDAC) have the phenotypes of macrophages, stem cells and 
PDACs. However, in the orthotopic xenograft tumor model in 
nude mice, only well‑differentiated cell islands were observed 
in the pancreas, and many disseminated cell populations, 
such as lungs and liver, were present, but no obvious tumor 
formation was observed (87). A similar phenomenon has been 
demonstrated in melanoma (47). For instance, the extracted 
MTFs did not form transplanted tumors in the subcutaneous 
area of nude mice but produced metastatic lesions in other 
organs (47). Collectively, these findings suggest that the fused 
cells do not directly form tumor metastases, but they form 
a niche that facilitates tumor metastasis in the tissues they 
disseminate (88). These seemingly contradictory studies make 
the theory of tumor fusion cell metastasis controversial.

Drug resistance. The formation of tumor resistance involves 
several mechanisms, including changes in receptor activity, 
drug transporters and enzymes that produce inactivated 
drugs (89). Intercellular gene exchange via cell fusion may 
potentially cause rapid changes in cancer cell resistance 
and form subpopulations that are dominant in the micro‑
environment. Subpopulations of cells with different drug 
resistance capacities can acquire multidrug resistance through 

cell fusion (90). Miller et al (91) demonstrated that the 
5‑fluorouracil‑resistant 44FTO cell line spontaneously fuses 
with the methotrexate‑resistant 168FAR cell line to form a 
double‑resistant hybrid cell. Nonresistant tumor cells can also 
acquire resistance through cell fusion, such as drug‑resistant 
cells formed by tumors and BMDCs (92). Uygur et al (93) 
recently discovered that in prostate cancer, the fusion of cancer 
cells with surrounding muscle cells enhances the resistance 
of tumors. Song et al (94) reported that in hybridization 
experiments of the oral cancer cell lines, SCC9 and HUVECs, 
hybrid cells exhibited parental phenotypic characteristics and 
significantly improved resistance to chemotherapy drugs. 
Following fusion of melanoma cells with fibroblasts and 
macrophages, Searles et al (95) observed that functional 
gene exchange between parental cells produced enhanced 
resistance in progeny cells. Tumor cells can increase drug 
resistance by forming polyploid giant cancer cells under the 
induction of chemotherapy drugs (96). Taken together, these 
findings suggest that cell fusion can be used as a mechanism 
to allow cell subpopulations to acquire new or enhanced drug 
resistance in a complex tumor microenvironment.

Based on the theory that mitochondrial abnormalities 
cause tumors, the role of cytoplasmic fusion in drug resistance 
cannot be ignored (70). Due to the hypoxia of the tumor 
microenvironment and the impaired mitochondrial function 
of tumor cells, ATP synthesis in several tumor cells occurs 
mainly through mitochondrial substrate level phosphorylation 
and glycolysis (97). The switch of metabolic modes will lead 
to the enhancement of drug resistance. Xu et al (98) demon‑
strated that cells with mitochondrial defects or hypoxia have 
an increase in glycolytic activity and drug resistance compared 
with normal cells. By inhibiting glycolysis, the resistance of 
tumor cells to the original chemotherapeutic drugs can be over‑
come (98). Thus, cytoplasmic fusion can provide novel insights 
into drug resistance from the perspective of metabolism.

Cancer stem cells (CSCs). CSCs are a special subpopulation 
of tumor cells that play important roles in tumorigenicity, 

Table I. Cell fusion related molecules under mammalian physiological conditions.

Molecule Expression Essential for fusion Type Function

CD9 Oocyte microvilli Yes Heterotypic Recognition
IZUMO1 Sperm Yes Heterotypic Recognition
Juno Oocyte Yes Heterotypic Recognition
Syncytin‑1 Placenta, myoblast and brain Yes Homotypic Fusogen
Syncytin‑2 Placenta Yes Homotypic Fusogen
GCM1 Placenta Unclear Homotypic Regulates syncytins
MRF Macrophage Yes Homotypic Recognition, combine with CD46
CD‑STAMP Macrophage Yes Homotypic Unclear
CD44 Macrophage No Homotypic Recognition
CCL2 Macrophage Unclear Homotypic Regulator
ADAM12 Myoblast Yes Homotypic Adhesion
Myomaker Myoblast Yes Homotypic Unclear
FGFRL1 Myoblast No Homotypic Unclear
GRAF1 Myoblast Unclear Homotypic Regulator
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drug resistance and recurrence (99). CSCs possess several 
characteristics, such as a low proliferation rate, anti‑apoptosis, 
downregulation of anti‑proliferative pathways, drug resistance 
and a more efficient DNA damage repair capacity, which often 
make them the source of tumor drug resistance and recur‑
rence (100). There are several hypotheses about the origin of 
CSCs, one of which is that CSCs are derived from the fusion 
of stem cells and differentiated cells, as recurrent tumors often 
exhibit different characteristics and phenotypes compared 
with the original tumors (101). Wei et al (45) reported that 
spontaneous fusion can occur in lung cancer and MSCs, and 
that progenies exhibit a decrease in the proliferation rate and 
stem cell‑like status. Dittmar et al (62) also observed stem 
cell‑like features in hybrid cells fused to breast epithelial 
cells and breast cancer cells. Similarly, Bartosh et al observed 
cancer cell cannibalizing MSCs in a 3D coculture model of 
breast cancer and MSCs. Cancer cells appeared dormant to 
protect against the hypoxic and undernourished microenvi‑
ronment (102), which may provide an explanation for tumor 
recurrence and drug resistance. Under this condition, the 
hybrid cells enter a state similar to hibernation by decreasing 
the metabolic level, which cannot be damaged by chemo‑
therapy drugs for an extensive period, and plays a role in the 
process of tumor recurrence (102). Similarly, Uygur et al (93) 
demonstrated that under the action of syncytins and AnxA5, 
the fusion of prostate cancer cells and muscle cells significantly 
increases the expression of CD133, indicating an increase in 
tumor stemness. Given the important role of CSCs in tumor 
recurrence and drug resistance, the specific mechanism of 
CSCs generated through cell fusion is still worth further 
investigation.

5. Targeting cell fusion for tumor treatment

Cell fusion plays an important role in tumor progression; thus, 
targeting cell fusion for therapeutic approaches to cancer is 
also within the scope of this discussion. Currently, research 
on targeted tumor therapy for the cell fusion process is very 
scarce; however, there has been some progress in using cell 
fusion as a tumor therapeutic strategy.

Block cell fusion. Due to the various negative effects of cell 
fusion in tumors, scientists are naturally driven towards 
inhibiting cancer heterogeneity, drug resistance, stemness 
and EMT by blocking cell fusion. Li et al (103) successfully 
blocked the occurrence and progression of rhabdomyo‑
blastoma in vivo by inhibiting IL‑4 receptors (mediating 
myoblast fusion). The inhibition of cell fusion in some colon 
cancer models has also yielded positive results (61). However, 
not all cell fusions in the body are pathological, and scholars 
have also noted that in some cases of tumor and somatic cell 
fusion, hybrid cells exhibit more benign phenotypes rather 
than promoting tumor progression (104). Further under‑
standing of the role of cell fusion in tumors is required, and 
specific agents that inhibit the cell fusion process of specific 
tumors are lacking. Reliable inhibitors for cell fusion require 
further investigation.

Fusogens are an important part of cell fusion, and under‑
standing their function is key to the development of specific 
cell fusion inhibitors. Fusogens are very complex in compo‑
sition and function (21). Some loss of functions for fusogens 
indicate that the lack of fusogens is associated with diseases, 
such as infertility and muscle dystrophies (18). Defects in 

Figure 2. Function of cell fusion in tumor. (A) Simplified tumor microenvironment model. (B) Cancer cells can fuse with other cells, such as mesenchymal 
cells, BMDCs and cancer cells. The fused hybrid cells increase tumor heterogeneity. These progeny cells enhance the characteristics of oncogenesis, metas‑
tasis and drug resistance. Some of the fused hybrid cells exhibit the characteristics of cancer stem cells (GSCs) and cause tumor recurrence. BMDC, bone 
marrow‑derived cell; RBC, red blood cell; EC, endothelial cell.
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SNAREs can cause neurocutaneous CEDNIK syndrome 
and centronuclear myopathy (18). In addition, the structure 
and function of several fusogens remain unclear, and further 
research is required.

Immunomodulatory functions. The fusion of BMDCs with 
tumor cells may be an important mechanism for tumor 
metastasis and tumor stem cell formation. Due to the immu‑
noregulatory function of BMDCs, some scientists have tried 
to use hybrids of BMDCs and tumor cells to activate tumor 
immunity and suppress the progression of tumors (76,105). 
In the study of Koido et al, the progeny cells fused with 
tumor cells and dendritic cells (DCs) were used to make 
cell fusion vaccines to induce anti‑tumor specific immunity. 
This vaccine utilizes DCs to expose entire tumor‑associated 
antigens, and present antigens to activate CD8+ and CD4+ 
T cells (106,107). Previous studies have reported that newly 
fused hybrid cells are prone to necrosis, and release a 
large number of proteins locally (108), which may also be 
presented by DCs as tumor antigens to activate the immune 
system (72).

Some new biomaterial technologies have also been incor‑
porated into the idea of cell fusion‑targeted tumor therapy. 
Recently, Liu et al (109) tried to construct immunotherapeutic 
nanoplatforms from hybrid cell membranes derived from 
cancer cells and DCs to achieve more efficient and precise 
photodynamic therapy (PDT). Utilizing DC‑tumor hybrid 
cell membranes for tumor tropism successfully enriches PDT 
nanomaterials to tumor entities (109). This tumor‑specific 
immunotherapy method expands the method of cell fusion 
for tumor treatment.

Cell fusion in radiotherapy. Radiotherapy is a common 
method used to treat malignancies, and radiation is also 
an important inducer of cell fusion (110). Thus, the phenom‑
enon of cell fusion during radiotherapy is worthy of discussion. 
Rizvi et al (111) reported that gamma‑ray radiation can induce 
the fusion of small intestinal stem cells and BMDCs, and this 
effect is significantly increased in small intestine tumors. 
Further research in the BMDC‑transplanted mouse model 
demonstrated that the proliferation of epithelial cells increased 
significantly following radiation, which was associated with 
the increase in fusion of BMDCs and the small intestinal 
epithelium (111). And as the radiation dose increases, the 
number of fused cells also increases (112). Garvin et al (113) 
reported that CD163 (macrophage phenotype)‑positive tumor 
cells were detected in some patients with breast cancer 
undergoing breast‑conserving surgery and radiotherapy. The 
increase in CD163‑positive cancer cells is associated with the 
infiltration of macrophages in the tumor stroma, which may 
be due to radiation‑induced macrophage‑tumor fusion. These 
CD163‑positive cells have strong resistance to radiotherapy, 
and indicate a poor prognosis (113). The spontaneous fusion 
hybrid of MCF‑7 cells and macrophages in vitro and in vivo 
confirmed its radioresistance and DNA repair abilities, which 
makes the treatment of tumors more difficult (114). In addition, 
Yeh et al (115) demonstrated that the fusion of macrophages 
and small intestinal stromal cells caused by radiation can 
increase chronic fibrosis of the intestinal stroma. Collectively, 
these findings suggest that it is important to consider the 

influence of radiation on tumor cell fusion when undergoing 
radiotherapy.

Diagnosis and prognosis. The increase in tumor heterogeneity 
caused by cell fusion is closely associated with the grade and 
prognosis of the tumor. The degree of tumor malignancy and 
prognosis can be determined by detecting the frequency of tumor 
cell fusion (48). Gast et al (48) successfully constructed hybrid 
cells of macrophages and tumor cells in vitro and detected tumor 
hybrid cells in circulating blood in mice. The number of hybrid 
cells in peripheral blood was significantly associated with the 
tumor stage and survival of mice (48). This suggests that hybrid 
cells may also be detected in human peripheral blood and used 
as a diagnostic tool to determine the cancer stage and patient 
prognosis. However, several details about the mechanism of cell 
fusion in tumors are yet to be investigated, and thus, there is 
no effective way to prevent tumor cell fusion. Furthermore, the 
direct application of hybrid cells to treat tumors requires full 
verification of the safety of the progeny (116).

6. Conclusions

Cell fusion is essential for the normal growth and development 
of organisms, but the consequences of unexpected cell fusion 
may also be catastrophic, such as initiating cancer. Although the 
theory that cancer originates from cell fusion has been proposed 
for a century, in recent decades, the existence of spontaneous 
cell fusion in human tumors has been confirmed. Currently, the 
effects on cell fusion in tumors are focused on the following 
aspects: i) Whether hybrid cells can cause tumor formation; 
ii) which cells can hybridize with tumor cells; iii) how to detect 
hybrid cells in tumors; iv) the association between cell fusion 
and tumor progression; v) the role of cytoplasm in tumor fusion 
and vi) the clinical value of hybrid cells in tumors (3,8,61,72,74). 
According to the SMT, offspring genome changes via cell fusion 
cause cells to acquire new phenotypes and biological charac‑
teristics. This directly triggers further cell invasion, metastasis, 
drug resistance and recurrence (57). In addition, given that cell 
genetic abnormalities do not exist in all tumor cells, changes 
via cytoplasmic fusion, particularly mitochondrial abnormali‑
ties, can also induce malignant characteristics (69). Metabolic 
disorders caused by cell fusion are also an important driving 
force for the progression of cancer cells (97). Recently, some 
targeting cell fusion treatment methods have gradually been 
proposed. However, due to the large heterogeneity of cell fusion 
in different tumors, these treatment options are unstable and 
cannot be applied for short‑term use (106,107,109,116). Cell 
fusion is widespread in the tumor microenvironment. Based 
on the limited understanding of tumor cell fusion, its scientific 
value is worthy of further investigation.
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