
In sexually reproducing species, life begins with 
the cell fusion of the oocyte and sperm. The syncy-
tiotrophoblast is a massive cell formed by the union 
of a large number of cells, having a surface area of 
~10 square meters, and is crucial to the genesis of 
life.1 The syncytial multi-step union of myoblasts in-
volving products from several genes forms the em-
bryo’s muscles as it develops further. Osteoclasts, 
multinucleated cells generated by the fusing of 
mononuclear progenitors, play a crucial role in the 
maintenance of adult bones.2 Again, foreign body 
giant cells and Langerhans cells can be given as ex-
amples of physiological cells formed as a result of 
cell-cell fusion events; however, these cells do not 
undergo mitosis. 

 How do Cells Fuse? 

Fusogens are proteins that are activated during cyto-
plasmic membrane fusion and cause direct cell fu-
sion.3 The fusogens produce unilateral or bilateral 

complexes that determine the area of fusion and over-
come energy hurdles that would otherwise prevent 
the anti-fusion mechanism from functioning.4 Only 
syncytins, which play a critical part in the creation of 
human placental syncytiotrophoblasts, are expressed 
in human cells out of the 4 families of fusogens in-
volved in cell-cell fusion.5 

In terms of cell membrane bridging and biolog-
ical regulatory mechanisms, fusion processes differ 
significantly. Since this mechanism is one-sided, only 
one of the junctional membranes needs to be present 
in some fusions for the proteins mediating the fusion 
to occur. The bilateral process similarly necessitates 
the existence of identical or dissimilar fusogens in 
both membranes. The fusion protein machine’s role 
in all fusion processes is to bring the lipid bilayers 
into contact as quickly as possible, stimulating the 
synthesis of energy-dense fusion intermediates, and 
transitioning from the pre-fusion to the post-fusion 
state. Fusion occurs when the continuity of each of 
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the lipid bilayers is ruptured and is locally recom-
bined.6 

The establishment of stalk, hemifusion, and cre-
ation of the fusion pore are the 3 essential steps of the 
cell fusion model. Perfusion preparation is the initial 
stage as cell fusion requires perfusion preparation for 
accurate fusion. Although the expression of specific 
recognition or adhesion-related proteins during 
preparation is adequate and required for cell fusion, 
this does not imply that they are directly involved in 
the fusion process; rather, they help certain cells 
maintain their proximity.5  

Although the cells are close enough (10 nm), the 
space between them narrows to 1 nm due to the acti-
vation of specific proteins and the removal of water 
molecules between them during dehydration. The 
plasma membrane begins to flex, leading to a fusion 
between the outer phospholipid layers, a process 
known as hemifusion. As a result, the inner cell layer 
coalesces even further and produces a fusion pore. 
The cytoplasm is extensively mingled as the fusion 
pores develop, forming a hybrid comprising their 
genomes and numerous organelles such as the mito-
chondria of the two-parent cells (Figure 1).7 

 Cell Fusion and CarCinogenesis 

In 1911, German physician, Otto Aichel proposed the 
involvement of cell fusion in the development of can-
cer. The most significant consequence of cell fusion 
is the production of tumor cell-normal cell hybrids 
(TN-hybrids) and subsequent proliferation, further 
leading to disease progression.8 

The intratumoral heterogeneity in tumors is due 
to genomic instability that leads to tumorigenesis. 
Each of the 5 carcinogenesis hypotheses (mutation, 

genome instability, non-genotoxic, Darwinian cell se-
lection, and tissue organization) proposes a distinct 
mechanism for explaining this phenomenon.9 

The hybrid cells undergo a heterokaryon-to-
synkaryon transition (HST), which involves the 
merging of the parental chromosomes, and is re-
sponsible for the genomic instability generated by 
cell-cell fusion events.10 A multinucleated cell is 
called a heterokaryon, whereas a mononuclear cell is 
called a synkaryon. According to a stem cell-based 
tissue regeneration study, heterokaryons formed from 
cell fusion events, occurring between hepatic and 
bone marrow-derived dendritic cells, undergo ploidy 
reductions, resulting in daughter cells with half the 
amount of genetic information in each chromosome. 
Furthermore, this mechanism was not strictly regu-
lated in individual cells, thereby resulting in a wide 
range of successful and failed bipolar, tripolar, and 
double mitoses.11 

Unequal segregation of chromosomes has also 
been associated with ploidy reductions. Aneuploid 
karyotypes result from a gain or loss in the number of 
chromosomes. However, it is still unclear whether the 
ploidy reduction and HST mean the same. Since both 
processes are accompanied by cellular proliferation 
and nuclear membrane disintegration, an absence of 
these 2 might result in improper linking of the parent 
chromosomes as well as random sorting of daughter 
cells.12 Both HST and ploidy reduction have been as-
sociated with chromosomal missegregation.13 

Initiation of the HST process leads to several ge-
nomic aberrations induced by cell fusion. Chromo-
some rearrangements (e.g., substitutions, deletions, 
etc.) and damage (single and double chain breaks), 
loss of complete chromosomes, uneven chromosome 
segregation in daughter cells, and chromothripsis are 
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FIGURE 1: Stages of cell fusion.
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all associated with the evolution of cancer. Chro-
mothripsis is a complex genomic rearrangement char-
acterized by the breaking of chromosomes into 
various pieces and then reassembling in an uneven 
pattern, resulting in the loss of chromosomal frag-
ments. This is analogous to the putative mutator phe-
notype theory that has been proposed to explain 
genomic instability for both the aneuploid hypothesis 
of carcinogenesis and tumor development.10 

 deteCtion oF Cell Fusion and  
dark Matter 

The TN-hybrid cells must be “visible”, meaning they 
must express certain markers to be recognized in 
human tumors. The fusion of tumor cells and 
macrophages can be demonstrated using macrophage 
markers. However, cell fusion is not confined to 
tumor cells and macrophages but also occurs in other 
cells like tumor cells, fibroblasts, and bone marrow-
derived cells. The presence of particular markers de-
termines the presence of tumor cell-tumor cell (TT) 
hybrids or tumor cell-fibroblast/stem-like cell hybrid 
cells (also known as TN-hybrid cells) in the tumor 
microenvironment (TME).  

These TT-and TN-hybrid cells are referred to be 
“invisible” or “dark matter hybrids” as they cannot 
be recognized due to a lack of specific markers.14 

It is suggested that although dark matter  
accounts for 85% of all matter in the universe, its 
composition remains unknown. Dark matter is unde-
tectable because it does not interact with observable 
electromagnetic energy such as light and can only be 
discovered indirectly through innate gravitational in-
teractions.15 

Dark matter is a concept for describing species 
that cannot be identified by biochemical assays, such 
as intrinsically disordered proteins, post-translational 
states, ion species, as well as infrequent, temporary, 
and weak interactions.16 Dark matter in biology in-
teracts with and performs tasks that can be sensed but 
cannot be directly measured and is similar to dark 
matter in gravitational physics. Non-coding DNA 
has been proposed as the genetic counterpart of dark 
matter in cosmology.17 Although non-coding DNA 
influences genetic expressions, establishing its com-

plete impact has been difficult due to the expensive 
computations necessary to interpret genomic and 
RNA expression data simultaneously.  

Dark matter hybrids may be the unseen compo-
nent of apparent tumor matter and might communi-
cate and execute roles that aid tumor proliferation. 
Homotypic tumor cell fusion events may result in 
dark matter hybrids; TN hybrids are indistinguishable 
from unfused tumor cells, like TT hybrids. Moreover, 
the loss of ability to express certain markers by visi-
ble hybrid cells might induce the formation of dark 
matter hybrids.14 

 tuMor MiCroenvironMent 

The cellular environment inhabited by tumor cells is 
denoted as the TME, which consists of epithelial 
cells, stromal cells, immune cells, blood vessels, per-
icytes, adipocytes, mesenchymal stromal cells, cy-
tokines, and extracellular matrix. 

Interaction of tumor cells with the stroma ac-
tively modifies the TME, thus, allowing angiogene-
sis, cellular proliferation, invasion, metastasis, and 
treatment resistance.18 TME interaction is also influ-
enced by soluble substances, cytokines, microRNAs, 
and extracellular vesicles released by tumor or stro-
mal cells.19,20 

As cell-cell fusion events are governed by the 
influence of various genes and epigenetic factors, a 
spontaneous union between the 2 cells is rare. The in-
cidence of cell fusion increases with aging, radiation 
exposure, inflammation, chemotherapy, and tissue 
damage.21 

Several tumor cells having different genetic fea-
tures and biological behaviors than the normal tissues 
produce a distinct environment, resulting in aberrant 
cell-cell fusions like TME, which is always devoid 
of oxygen and nutrients with a persistent low pH.22 
Thus, an unfavorable microenvironment enables 
tumor cells to speed up the cellular processes like cell 
fusion that leads to tumor progression. Pathological 
conditions like hypoxia and inflammation are both 
implicated in cell fusion regulation.23 Similarly, a low 
pH level denotes a chronic inflammatory environ-
ment. 
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 Cell Fusion and Metastasis 

Fusogenic immune cells provide crucial biological 
abilities to tumor cells through cell fusion, namely 
the ability to metastasize and evade the immune sys-
tem. Cell-cell fusion between tumor cells and 
macrophages yields hybrids with distinct migratory 
macrophage-like physical characteristics, such as cir-
culation survival and immune system evasion.24 

Cancer cells generate hybrids with phenotypic 
traits of macrophages and express the macrophage-
specific marker CD163 during interaction with 
macrophages. Additionally, hybrid cells expressing 
CD163 acquire radioresistance and have better sur-
vival and colony formation abilities. In breast cancer, 
CD163 expression indicates advanced stages and a 
poor prognosis.25 Recent evidence indicates that 
tumor-macrophage fusion provides new malignant 
abilities to hybrid cells that subsequently result in the 
acquisition of cancer stem cell properties. 

In order to meet around 85% of their energy re-
quirements, proliferating tumor cells use the gly-
colytic pathway to obtain energy by glucose 
degradation in the presence of oxygen, a phenomenon 
termed the “Warburg effect”. Tumor cells use aerobic 
glycolysis to meet their energy needs and also pro-
vide substrates for protein and nucleic acid synthe-
sis. The Warburg effect causes the fusion of cancer 
cells with macrophages, resulting in hybrids with 
high levels of structural autophagy, similar to 
macrophages under hypoxia and food restriction. 
Moreover, hypoxia increases tumor cell survival and 
proliferation due to the acquired features of fusion-
derived macrophages.26 

Metastasis is the most lethal attribute of tumor 
cells. The “wolf in sheep’s clothes” hypothesis de-
scribes a putative link between cell fusion and metas-
tasis. According to this hypothesis, a tumor cell 
becomes metastatic by fusing with normal circulat-
ing cells such as lymphocytes or macrophages.27 

A previous study suggested that cell fusion is as-
sociated with the tissues where tumor cells have 
metastasized. Fusion of non-metastatic mouse plas-
macytoma or myeloma cells with lymphocytes or 
splenic dendritic cells leads to metastatic hybrids that 

vary in target tissues depending on the normal cell 
type.28 The “wolf in sheep’s clothing” paradigm pro-
poses that tumor cells are drawn to these tissues as 
they acquire macrophage tropism as macrophage hy-
brids because tissues with extensive metastasis are 
generally high in the macrophage population.29 

Another hypothesis suggests that tumor cells 
fuse with a tissue’s normal cell, gaining the “sheep’s 
coat” and forming a tumor cell capable of growing in 
the new environment. This method is similar to the 
one hypothesized for stem cell differentiation, in 
which a stem cell differentiates from host tissue by 
fusing with an existing cell.30 

 ConClusion 

The major processes through which cells undergo 
malignant transformation are suggestive of mutations 
and the accumulation of genetic defects. Cell fusion 
is a fast-paced phenotypic and functional evolution 
mechanism that generates new cells at a considerably 
faster rate than random mutagenesis. As a result, cell 
fusion is favorable for the expanding cancer cell pop-
ulation because it allows tumor cells to acquire new 
features that help them survive under specific selec-
tive pressures.  

Tumor cells alter their genomes and exhibit ma-
lignant traits by fusing with numerous cell types in 
the TME. Tumor stem-like cells are produced by hy-
brids created by the fusion of macrophages and tumor 
cells. It is involved in tumor genesis as well as recur-
rence. The ability to survive, move, and metastasize 
is provided by circulatory mechanisms. Radioresis-
tance and medication resistance are conferred by 
tumor cell fusion with other TME cells.  

Cell fusion can also be used for therapeutic pur-
poses. Cancer cell/dendritic cell fusion produces hy-
brid cells that can generate an anti-tumor immune 
response and could be employed to treat colorectal 
and kidney cancer.31 

As a result, although the cell fusion process has 
been known for over a century, it has gone unnoticed 
due to the difficulty of detecting it. With technologi-
cal advancements, our understanding of this issue is 
growing at a fast pace. However, questions about 
how the fusogenic cells regulate their biological func-
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tions and identify other ambiguous fusogens remain 
unanswered. 

Source of Finance 
During this study, no financial or spiritual support was received 
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may 
negatively affect the evaluation process of this study. 

Conflict of Interest 
No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-

bers of the potential conflicts of interest, counseling, expertise, 
working conditions, share holding and similar situations in any 
firm. 

Authorship Contributions 
Idea/Concept: Mustafa Yıldırım; Design: Mustafa Yıldırım; 
Control/Supervision: Mustafa Yıldırım, Özlem Nuray Sever; 
Data Collection and/or Processing: Mustafa Yıldırım, Özlem 
Nuray Sever; Analysis and/or Interpretation: Mustafa Yıldırım, 
Özlem Nuray Sever; Literature Review: Mustafa Yıldırım; 
Writing the Article: Mustafa Yıldırım; Critical Review: 
Mustafa Yıldırım; References and Fundings: Mustafa  
Yıldırım.

Mustafa YILDIRIM et al. J Oncol Sci. 2022;8(2):107-12

1. Benirschke K. Remarkable placenta. Clin Anat. 1998;11(3):194-205. 
[Link]  

2. Taylor MV. Muscle differentiation: how two cells become one. Curr 
Biol. 2002;12(6):R224-228. [Crossref]  [PubMed]  

3. Eckert DM, Kim PS. Mechanisms of viral membrane fusion and its in-
hibition. Annu Rev Biochem. July 2001;70:777-810. [Crossref]  
[PubMed]  

4. Calder LJ, Rosenthal PB. Cryomicroscopy provides structural snap-
shots of influenza virus membrane fusion. Nat Struct Mol Biol. 
2016;23(9):853-858. [Crossref]  [PubMed]  [PMC]  

5. Hernández JM, Podbilewicz B. The hallmarks of cell-cell fusion. De-
velopment. 2017;144(24):4481-4495. [Crossref]  [PubMed]  

6. Brukman NG, Uygur B, Podbilewicz B, Chernomordik LV. How cells 
fuse. J Cell Biol. 2019;218(5):1436-1451. [Crossref]  [PubMed]  [PMC]  

7. Wang HF, Xiang W, Xue BZ, et al. Cell fusion in cancer hallmarks: 
Current research status and future indications. Oncol Lett. 
2021;22(1):530. [Crossref]  [PubMed]  [PMC]  

8. Aichel O. Über zellverschmelzung mit quantitativ abnormer chromo-
somenverteilung als ursache der geschwulstbildung. In: Roux W, ed. 
Vorträge und Aufsätze über Entwicklungsmechanik der Organismen. 
Germany: Wilhelm Engelmann, Leipzig; 1911. p.1-115. 

9. Vineis P, Schatzkin A, Potter JD. Models of carcinogenesis: an 
overview. Carcinogenesis. 2010;31(10):1703-1709. [Crossref]  
[PubMed]  [PMC]  

10. Zhou X, Merchak K, Lee W, Grande JP, Cascalho M, Platt JL. Cell fu-
sion connects oncogenesis with tumor evolution. Am J Pathol. 
2015;185(7):2049-2060. [Crossref]  [PubMed]  [PMC]  

11. Duncan AW, Taylor MH, Hickey RD, et al. The ploidy conveyor of ma-
ture hepatocytes as a source of genetic variation. Nature. 
2010;467(7316):707-710. [Crossref]  [PubMed]  [PMC]  

12. Sottile F, Aulicino F, Theka I, Cosma MP. Mesenchymal stem cells 
generate distinct functional hybrids in vitro via cell fusion or entosis. 
Sci Rep. Nov 2016;6:36863. [Crossref]  [PubMed]  [PMC]  

13. Ganem NJ, Godinho SA, Pellman D. A mechanism linking extra cen-

trosomes to chromosomal instability. Nature. 2009;460(7252):278-
282. [Crossref]  [PubMed]  [PMC]  

14. Weiler J, Dittmar T. Cell fusion in human cancer: the dark matter hy-
pothesis. Cells. 2019;8(2):132. [Crossref]  [PubMed]  [PMC]  

15. Bertone G. The moment of truth for WIMP dark matter. Nature. 
2010;468(7322):389-393. [Crossref]  [PubMed]  

16. Ross JL. The dark matter of biology. Biophys J. 2016;111(5):909-916. 
[Crossref]  [PubMed]  [PMC]  

17. Scarpa A, Mafficini A. Non-coding regulatory variations: the dark mat-
ter of pancreatic cancer genomics. Gut. 2018;67(3):399-400. [Cross-
ref]  [PubMed]  [PMC]  

18. Bolouri H. Network dynamics in the tumor microenvironment. Semin 
Cancer Biol. Feb 2015;30:52-59. [Crossref]  [PubMed]  

19. Zhou Z, Lu ZR. Molecular imaging of the tumor microenvironment. 
Adv Drug Deliv Rev. Apr 2017;113:24-48. [Crossref]  [PubMed]  

20. Han L, Xu J, Xu Q, Zhang B, Lam EW, Sun Y. Extracellular vesicles 
in the tumor microenvironment: Therapeutic resistance, clinical bio-
markers, and targeting strategies. Med Res Rev. 2017;37(6):1318-
1349. [Crossref]  [PubMed]  

21. Kemp K, Wilkins A, Scolding N. Cell fusion in the brain: two cells for-
ward, one cell back. Acta Neuropathol. 2014;128(5):629-638. [Cross-
ref]  [PubMed]  [PMC]  

22. Yang L, Lin PC. Mechanisms that drive inflammatory tumor microen-
vironment, tumor heterogeneity, and metastatic progression. Semin 
Cancer Biol. Dec 2017;47:185-195. [Crossref]  [PubMed]  [PMC]  

23. Weiler J, Mohr M, Zänker KS, Dittmar T. Matrix metalloproteinase-9 
(MMP9) is involved in the TNF-α-induced fusion of human M13SV1-
Cre breast epithelial cells and human MDA-MB-435-pFDR1 cancer 
cells. Cell Commun Signal. 2018;16(1):14. [Crossref]  [PubMed]  
[PMC]  

24. Powell AE, Anderson EC, Davies PS, et al. Fusion between Intestinal 
epithelial cells and macrophages in a cancer context results in nu-
clear reprogramming. Cancer Res. 2011;71(4):1497-1505. [Crossref]  
[PubMed]  [PMC]  

 REFERENCES

https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291098-2353%281998%2911%3A3%3C194%3A%3AAID-CA8%3E3.0.CO%3B2-T
https://www.sciencedirect.com/science/article/pii/S0960982202007571?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/11909553/
https://www.annualreviews.org/doi/10.1146/annurev.biochem.70.1.777
https://pubmed.ncbi.nlm.nih.gov/11395423/
https://www.nature.com/articles/nsmb.3271
https://pubmed.ncbi.nlm.nih.gov/27501535/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6485592/
https://journals.biologists.com/dev/article/144/24/4481/48252/The-hallmarks-of-cell-cell-fusion
https://pubmed.ncbi.nlm.nih.gov/29254991/
https://rupress.org/jcb/article/218/5/1436/120911/How-cells-fuseAtlas-of-cell-fusion-mechanisms
https://pubmed.ncbi.nlm.nih.gov/30936162/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6504885/
https://www.spandidos-publications.com/10.3892/ol.2021.12791
https://pubmed.ncbi.nlm.nih.gov/34055095/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8138896/
https://academic.oup.com/carcin/article/31/10/1703/2476893
https://pubmed.ncbi.nlm.nih.gov/20430846/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3025741/
https://www.sciencedirect.com/science/article/pii/S0002944015002059?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/26066710/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483464/
https://www.nature.com/articles/nature09414
https://pubmed.ncbi.nlm.nih.gov/20861837/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2967727/
https://www.nature.com/articles/srep36863
https://pubmed.ncbi.nlm.nih.gov/27827439/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5101832/
https://www.nature.com/articles/nature08136
https://pubmed.ncbi.nlm.nih.gov/19506557/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2743290/
https://www.mdpi.com/2073-4409/8/2/132
https://pubmed.ncbi.nlm.nih.gov/30736482/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6407028/
https://www.nature.com/articles/nature09509
https://pubmed.ncbi.nlm.nih.gov/21085174/
https://www.sciencedirect.com/science/article/pii/S0006349516306178?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/27602719/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5018137/
https://gut.bmj.com/content/67/3/399
https://gut.bmj.com/content/67/3/399
https://pubmed.ncbi.nlm.nih.gov/28659348/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5868282/
https://www.sciencedirect.com/science/article/abs/pii/S1044579X14000315?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/24582766/
https://www.sciencedirect.com/science/article/abs/pii/S0169409X16302320?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/27497513/
https://onlinelibrary.wiley.com/doi/10.1002/med.21453
https://pubmed.ncbi.nlm.nih.gov/28586517/
https://link.springer.com/article/10.1007/s00401-014-1303-1
https://link.springer.com/article/10.1007/s00401-014-1303-1
https://pubmed.ncbi.nlm.nih.gov/24899142/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4201757/
https://www.sciencedirect.com/science/article/abs/pii/S1044579X17302055?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/28782608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5698110/
https://biosignaling.biomedcentral.com/articles/10.1186/s12964-018-0226-1
https://pubmed.ncbi.nlm.nih.gov/29636110/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5894245/
https://aacrjournals.org/cancerres/article/71/4/1497/570999/Fusion-between-Intestinal-Epithelial-Cells-and
https://pubmed.ncbi.nlm.nih.gov/21303980/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079548/


112

Mustafa YILDIRIM et al. J Oncol Sci. 2022;8(2):107-12

25. Garvin S, Oda H, Arnesson LG, Lindström A, Shabo I. Tumor cell ex-
pression of CD163 is associated to postoperative radiotherapy and 
poor prognosis in patients with breast cancer treated with breast-con-
serving surgery. J Cancer Res Clin Oncol. 2018;144(7):1253-1263. 
[Crossref]  [PubMed]  [PMC]  

26. Lazova R, Chakraborty A, Pawelek JM. Leukocyte-cancer cell fusion: 
initiator of the warburg effect in malignancy? Adv Exp Med Biol. April 
2011;714:151-172. [Crossref]  [PubMed]  

27. Pawelek JM. Tumour cell hybridization and metastasis revisited. 
Melanoma Res. 2000;10(6):507-514. [Crossref]  [PubMed]  

28. De Baetselier P, Roos E, Brys L, et al. Nonmetastatic tumor cells ac-
quire metastatic properties following somatic hybridization with normal 
cells. Cancer Metastasis Rev. 1984;3(1):5-24. [Crossref]  [PubMed]  

29. Munzarová M, Kovarík J. Is cancer a macrophage-mediated autoag-
gressive disease? Lancet. 1987;1(8539):952-954. [Crossref]  
[PubMed]  

30. Medvinsky A, Smith A. Stem cells: Fusion brings down barriers. Na-
ture. 2003;422(6934):823-825. [Crossref]  [PubMed]  

31. Koido S. Dendritic-tumor fusion cell-based cancer vaccines. Int J Mol 
Sci. 2016;17(6):828. [Crossref]  [PubMed]  [PMC] 

https://link.springer.com/article/10.1007/s00432-018-2646-0
https://pubmed.ncbi.nlm.nih.gov/29725763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6002457/
https://link.springer.com/chapter/10.1007/978-94-007-0782-5_8
https://pubmed.ncbi.nlm.nih.gov/21506013/
https://journals.lww.com/melanomaresearch/Abstract/2000/12000/Tumour_cell_hybridization_and_metastasis_revisited.1.aspx
https://pubmed.ncbi.nlm.nih.gov/11198471/
https://link.springer.com/article/10.1007/BF00047690
https://pubmed.ncbi.nlm.nih.gov/6370419/
https://www.sciencedirect.com/science/article/abs/pii/S0140673687902959?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/2882343/
https://www.nature.com/articles/422823a
https://pubmed.ncbi.nlm.nih.gov/12712184/
https://www.mdpi.com/1422-0067/17/6/828
https://pubmed.ncbi.nlm.nih.gov/27240347/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4926362/

