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Syncytin and Cancer Cell Fusions
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Cell fusions are important for embryonic and fetal development and for cell differentiation. Starting with
the fusion between the egg and the sperm a number of subsequent fusions are important for the formation
of a functional placenta as well as for muscle and bone development [1]. Moreover, many viruses use
fusogenic envelope proteins to enter cells and expression of such proteins by the infected cells may lead
to cell-cell fusions. Finally, while combating certain infections, macrophages may fuse to form giant
cells[1].

Also malignant cells may fuse with each other as well as with normal host cells[2,3,4,5 and references
therein] but the underlying mechanisms as well as the biological implications of such fusions are just
being unravelled. In classical experiments, which became seminal to the discovery of tumor suppressor
genes, it was observed that fusions induced to occur between cancer cells and normal cells led to
suppression of tumorigenicity[6,7,8]. In contrast, other fusions, such as the ones between spleen cells and
myeloma cells, did not lead to cell cycle arrest but resulted in monoclonal antibody-producing
hybridomas with unlimited proliferative ability[9]. In yet other studies, fusions between e.g. melanoma
cells and macrophages aggravated the malignant phenotype, underlining that the genetic make-up of the
fusion partners dictated the outcome of the fusions[4,10,11]. This was recently further emphasized in
studies by Duelli et al.[12] using cells with mutations in an oncogene or in p53. Additionally, it has been
considered that cell fusions, which result in mononuclear hybrid cells (synkaryons) may result in
increased genetic instability and, possibly, in malignant transformation[1].

During the course of studies of interactions between breast cancer cells and endothelial cells our
group observed that such cells fused spontaneously to produce hybrids expressing chromosomal and
protein markers characteristic of both parental lineages both in vitro and in vivo[3]. Initially, the hybrid
cells were bi- or multinuclear with the parental genomes segregated in individual nuclei. However, they
were capable of cell divisions and time course studies suggested that such divisions resulted in daughter
cells expressing both parental sets of chromosomes in a single nucleus[3] (Fig. 1A). Studies of possible
mechanisms underlying the fusions showed that the breast cancer cells expressed an endogenous
retroviral envelope protein, syncytin-1, and that the endothelial cells expressed the corresponding D-type
retroviral receptor (ASCT2)[13] (Fig. 1B, C).

A significant proportion of the human genome consists of retroviral sequences, which represent
remnants of infections that occurred millions of years ago. Most of these sequences do not code for
functional proteins due to mutations, insertions and deletions. However, syncytin-1 has been preserved
during evolution, perchance reflecting its role in facilitating cell fusions creating chorionic
gonadotrophin-producing syncytiotrophoblasts[14,15,16]. Syncytin-1 expression is highest in the placenta
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FIGURE 1A. Hybrids formed from fusions between human breast cancer cells and bovine endothelial
cells reacted with fluorescent in situ hybridization (FISH) to reveal human chromosomes in red and
bovine chromosomes in green. Initially, bi- (or multi-) nuclear cells form in which the parental
genomes are segregated in different nuclei. Subsequently, mitoses, containing an admixture of human
and bovine chromosomes occur and mononuclear daughter cells form. Interestingly, human and bovine
chromosomes occupy different domains within these nuclei. B. Immunoperoxidase staining for
syncytin-1 is present in numerous cancer cells in a ductal breast cancer. C. Double-staining for ASCT-
2 (green immunofluorescence) and the endothelial cell marker CD31 (red immunofluorescence) in a
breast cancer specimen shows colocalization in endothelial cells (arrows). In addition, ASCT2
expression is seen in adjacent tumor cells (green). D. Downmodulation of syncytin expression
significantly decreases fusions between breast cancer (MCF-7) and bovine (CPAE) or human
(HUVEC) endothelial cells. E. A syncytin inhibitory peptide significantly decreases fusions between
human breast cancer cells and endothelial cells, whilst a control peptide has no effect.

and the protein uses ASCT2 and another amino acid transporter (ASCT1) as receptors[15,17]. The
syncytin-1 gene is also expressed in testis, brain, breast and endometrial carcinomas[13,15,16,18,19]. A
second related gene, syncytin-2 was recently also found to be fusogenic[20]. While the syncytin-1 gene is
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derived from the envelope-encoding gene of HERV-W, the syncytin-2 gene represents the envelope-
encoding gene of another endogenous retrovirus (HERV-FRD)[20]. Syncytin-2 is expressed in the
placenta[20] and may contribute to trophoblast cell fusions although solid evidence for such effects
presently is limited to syncytin-1.

Syncytin-1 is expressed in man and in old world primates and is calculated to have entered the
primate genome 25-40 million years ago[14]. However, in our very distant relatives, the rodents,
trophoblasts also fuse to form syncytiotrophoblasts. Interestingly, two different retroviral envelope genes,
syncytin-A and -B, are expressed in the placenta of all classes of muridae and may function in facilitating
placental cell fusions in rodents[21], suggesting an astonishing example of parallel evolution due to
accidental infections with unrelated retroviruses in primates and rodents.

Two lines of evidence suggest that syncytin-1 is also involved in breast cancer-endothelial cell
fusions[13]. Firstly, antisense-mediated knockdown of syncytin-1 expression resulted in a highly
significant inhibition of such cell fusions (Fig. 1D). Secondly, a syncytin-1 inhibitory peptide also
strongly inhibited cell fusions (Fig. 1E). Interestingly, both approaches inhibited fusion efficiency by 40-
50%. This may reflect that additional factors are involved. Interestingly, recent unpublished data from our
laboratory show that also syncytin-2 is expressed by breast cancer cell lines. Additionally, recent studies
show that cancer cells express syncytin-1 in 63 out of 165 (38%) of clinical breast cancer specimens and
that both endothelial cells and tumor cells express ASCT2 [22]. This suggests that at least some of the
molecular requirements for cancer-cancer and cancer-host cell fusions are present in clinical breast
cancer. Syncytin-1 is also expressed by endometrial carcinomas and downmodulation of syncytin-1
expression almost totally inhibited endometrial carcinoma cell fusions[19]. Importantly, the latter study
revealed that both estrogens and agents, which increases cAMP, upregulated expression of syncytin-
1[19]. However, while cAMP-elevating treatments increased the frequency of cell fusions, estrogens did
not. A possible explanation to this is that estrogens, but not cAMP-elevating agents, upregulated
TGFbetal. TGFbeta isoforms may be important negative regulators of cell fusion events. Evidence for
this was that addition of TGFbeta 1 or 3 to cells treated with cAMP-elevating agents decreased cell
fusions in both endometrial carcinoma cells and in trophoblast tumor (choriocarcinoma) cells and that
immunoneutralization of TGFbeta increased the frequency of cell fusions in estrogen-treated cells[19].
These and additional data suggest TGFbeta isoforms to be important negative regulators of cell fusions
and that they antagonize the effects of syncytin-1.

What is the role of syncytins in pathology? Expression of the gene has been implicated in multiple
sclerosis and inefficient syncytin-1 expression may relate to placental malfunctions such as
preeclampsia[18,23]. The data by others and us implicate syncytin-1 expression in tumor
pathology[13,19,22]. Results by Strick et al.[19] showed that, in a small series of endometrial polyps and
malignancies, the level of syncytin-1 expression correlated positively with malignancy. In contrast, our
own studies of 165 human breast cancers showed that the level of syncytin expression correlated
positively to improved disease-free survival of the patients [22]. It is yet too early to speculate on the
mechanism behind this. Thus, although cancer-cancer and cancer-host cell fusions have been connected
with syncytin-1 expression, this molecule possesses additional important roles in cell proliferation and
immune modulation. Moreover, at least in glial cells, syncytin-1 upregulates expression of nitric oxide
synthase (NOS) [18]. Importantly, NO production in tumor vessels has been linked to improved disease-
free and over-all survival as well as to decreased metastatic potency in experimental systems[24,25,26].
Moreover, the effects of syncytin-1 on cell fusions is likely to be modulated by additional factors, one of
which may be TGF-beta isoforms[19], and cell fusions may, as referred to above, produce cells of both
increased and decreased malignancy. Finally, the specificities of existing syncytin antibodies tend to vary.
It is probable that many antibodies also detect the closely related syncytin-2 protein and
immunolocalizations in the placenta with different antibodies have produced contradictory results.

At the bottom line, it can be stated that syncytin-1 not only mediates trophoblast cell fusions but may
also mediate cancer-cancer and cancer-host cell fusions. It may therefore be that syncytin-1 (and, perhaps,
syncytin-2) is also involved in other cell fusions operating in a tightly controlled multiprotein network of
facilitatory and inhibitory factors, which ensure that inapropriate cell fusions never occur in the healthy
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individual. The role of syncytins in tumor pathology is still uncertain — part of the effects may relate to
cell fusion mechanisms while part may reflect effects of syncytins on immunomodulation, proliferation
and expression of mediators like nitric oxide synthases and interleukin-beta.
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