
December 1991 Volume 235, number 1,2,3, 3-4 FEBS IO508 
Q 1991 Federation 01’ European Biochemical Societies 00145793i91iS3.50 

Hype thesis 

The evolution of placental mammals 

J.R. Harris 

Iturirute of CcII arid Turrlow Biology, Gcrmm Cmcer Research Cemcr. D-6900 Heidelberg. Germane 

Rcceivx! 25 Seplember 1991 

Based on morphological, virological, biochemical and molecular biological data, it is proposed that :he prcscncc of cndogenous rcwovirus panicles 
in the placental cytotrophoblasts of many mammals is indicalivc of some bcnclicial action provided by lhe virus in rclaiion to cell fusion. 
syncytiotrophoblasl formation and the creation of the placenta. Further, it is hypothesised that the germ lint rctroviral infection of some primitive 

mammal-like species resulted in the evoluhon of the placental mammals. 
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1, INTRODUCTION 

It is widely accepted that major evolutionary events 
are unlikely to occur because of macromutations result- 
ing in marked cellular and morphological changes of a 
beneficial nature. Rather, it is believed that macromu- 
tations are almost always deleterious. Undoubtedly a 
major evolutionary innovation occurred at the time of 
the divergence of the placental mammals, some 200 mil- 
lion years ago. The principal histological feature of the 
early devcloptnent of placental mammnls is the rapidly 
growing trophoblast with its invasive ‘turnour-like’ na- 
ture, leading to the formation of the placenta. In most 
cases the placental circulatory barrier between mother 
and forius is formed by the highly specialized multinu- 
cleate giant syncytiotrophoblast layer and an inner 
layer of non-fused cytotrophoblasts and intermediate 
trophoblasts. Despite the fact that much is now known 
regarding retroviral insertions into the cellular genome 
[l] and the perpetuation through the germ line, such 
insertions have mostly been looked upon as being of 
symbiotic benefit to the virus rather than to the host. 

In view of the cellular developmental expression, and 
the oncogenic and fusogenic potential of many integrat- 
ed retroviruses, it is reasonable to speculate that such 
germ line insertional mutagenesis could have occurred 
in some primitive aplacental mammal-like species, with 
retroviral expression occurring only at the early stages 
of embryogenesis, and indeed within trophoblastic cells 
rather than embryo-forming cells. 

Although there is some comment available in the lit- 
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erature on the spontaneous fusion of the cytotropho- 
blasts and thereby on the role of a cellular fusicn mech- 
anism in the mechanism of placental formation in the 
early embryo [2,3], there is little reference to the origin 
and significance of this event in relation to the evolution 
of mammalia. The circulatory and metabolic benefits 
that the growing foetus derives from the placenta have 
been thoroughly addressed, but the actual existence of 
the placenta is not explained. The rapidly growing tro- 
phoblast is developmentally unique to mammals, as is its 
invasive syncytial plate, the precursor to the placenta. 

From the early 1970s through to the present day 
repcatcd eiectron microscopical observations have been 
made on the presence of endogenous retroviruses 
(usually C-type particles) within both human and ani- 
mal placenta1 tissue $--71. These viruses have been most 
positively identified in the early stages of syncytiotro- 
phoblast formation and in the first third of pregnancy, 
while rapid placental growth is in progress. Isolation of 
endogenous retrovirus has been achieved from rhesus 
monkey trophoblast [8]. A considerable wealth of bio- 
chemicai and moiecuiar bioiogical daia supports these 
morphological observations, by revealing the presence 
of reverse transcriptase and a number of different ani- 
mal or human retroviral proteins, located particularly 
within the syncytiotrophoblast [9,10]. One of the most 
notable features of the large family of retroviridae is 
their ability to produce cell fusion ‘from within’ both in 
vivo and in vitro when cell cultures are infected. This 
occurs following viral integration into the cellular ge- 
nome in latency or when biosynthesis of viral proteins 
and incorporation @viral glycoprotcin into the cellular 
plasma membrane occurs [l I]. Here, the retrovirai enve- 
lope glycoprotein is available to interact with a specific 
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receptor at th:: cell surface of neighbouring cells, there- 
by possibly initiating the fusion event. 

i would therefore like to propose the hypothesis that 
at an early stage in animal evolution, prior to the diver- 
gence of the placental mammals. developing embryos 
became infected at an early intrauterine stage with a 
retrovirus, which gave rise to cellular proliferation and 
creation of the trophoblast. This could have led to the 
formation of the highly invasive ‘turnour-like’ vacuolat- 
ed and microvillated syncytial plate and a primitive 
placenta. Some of the more slowly dividing truly em- 
bryo-forming cells must also have contained the retrovi- 
ral progene, thereby retaining this genetic information 
in the germ line cells, so that future generations of em- 
bryos would continue to developmental!y express the 
trophoblast and its syncytial plate as a retained cellular 
feature during early embryonic growth. 

Utimately the placental tissue is discarded, but by 
then the syncytiotrophoblast exhibits cellu!ar degenera- 
tion, with marked nuclear clumping and pyknosis. At 
all stages of its active growth and degeneration the syn- 
cytiotrophoblast shows morphological features in com- 
mon with the multinucleate giant cells/syncytia formed 
in cell cultures following retroviral infection [12], which 
can also be detected in vivo in certain tumours and in 
some retroviral infections. It has been suggested [13] 
that the extreme ability of certain members of the retro- 
viridae to produce cytopathic cell fusion may indicate 
a general effect of retroviral glycoproteins at the plasma 
membrane of infected cells, which might deeply affect 
their specialized biol~~gical functions. 

Extensive culture studies on cytotrophoblastic cell 
lines have shown that most have the potential for spon- 
taneous cell fusion into syncytiotrophoblast-like giant 
cells. Indeed C-type retroviral particles have been de- 
tected budding from trophoblastic cells of very early 
human ar.d animal embryos in vivo [7] and in vitro [14]. 
Present-day cellular and molecular biology, in combina- 
tion with immunology and electron microscopy, have 
the potential to facilitate experimental investigation 
using both cell culture and whole animal systems which 
may provide evidence in favour of the fundamental im- 
portance of retroviral-induced cell fusion in mammalian 
evolution. This concept provides a truly symbiotic rela- 
tionship between virus and animal. The viral genome is 
perpetuated indefinitely as long as the,animal and its 
off-spring continue to survive, despite the fact that the 
tissue (the placenta) most clearly expressing the virus 
and biologically influenced by its presence, is eliminat- 
ed. The exceptional physiological benefit that the grow- 
ing mammalian embryo derives from the placenta in- 
cluding its syncytiotrophoblast does not need to be ex- 
panded upon. 

The protovirus hypothesis [ 15, I.61 certainly includes 
the possibility that retroviral germ line gene insertion 
could be of significance for both normal development, 
evolution and for oncogenesis, Indeed, the hypothesis 
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advanced above could be satisfied T.:y the germ line per- 
petuation of a defective virus-like particle (VLP) or an 
infective ;ririon, as either situation could comply with 
the available retrotransposition mechanisms advanced 
by virologists and molecu!ar biologists [17-201 for the 
developmental and evolurionary [21] role of gene inser- 
tions. Within the sphere of oncogenesis, the presence of 
retroviral particles may be implicated in the formation 
of multinucleate giant cells in certain choriocarcinomas, 
trophoblastic and germ line tumors of the ovary and 
testis [22,23], but this topic is beyond the scope of the 
present discussion. 

rlckr~o~~l~ll~o?lcrrrs: I would like to acknowlcdgc the construc~iw dis- 
cussions centrcd around the above hypothesis provided by my col- 
leagues in the research group orProT. Dr. Wcrncr W. Frankc. Instilutc 
of Cell and Tumor Biology. German Cancer Research Center. Hcidcl- 
berg. 

REFERENCES 

[I] Varmus, H.E.. Quintrell, N. and Ortiz. S. (1981) Cell 15. 23-36. 
[?I Enders. CA. (1985) Obstct. Gynecol. 15. 378-386. 
[3] Picrcc, G.B. and Midglcy. A.R. (1963) Am. J. Pathol. 43. l53- 

113. 
[4] Pancm. S. (1979) Curr. Top. Pathol. 66. 175-189. 
[5] Urno, H.. Imamurn, M. and Kikuchi. K. (1983) virch. Arch. A. 

400, 31-41. 
[6] Smith. C.A. and Nloorc. H.D. (1988) Hum. Rcproduct. 3. 395- 

398. 
[7] Feldman. D.. Valcntinc, T., Nicmann, W.H., Hoar, R.M., Cu- 

kierski. M. and Hcndrix. A. (1989) J. Expcr. Pathol. 4. 193-198. 

181 
191 

[lOI 

SlrombcrE, K. and Bcnvcnis\c. R. (1983jViro!op; !I& 518-523. 
Suni, J.. N:irvWcn, A., Wahlstr6m. T.. Lcbtovirta. P. and Vaheri. 
A. (1984) Inl. J. Cancer 33. 293-298. 
Suni. .I., Nlrvtincn. A.. WahlsWm, T., hho. M.. Pakkancn. R., 
Vahcri. A., Copeland. T.. Cohen. M. and Oroszlan. S. (1984) 
Proc. Sarl. Acad. Sci USA 81,6197-6201. 
Ashorn. P.A.. Bcrpcr. E.A. and Moss, 8. (1990) J. Viro!. 64. 
2149-2156. 
Harris, J.R.. Tovcy. G. and Kiichcn, A.D. (1990) in: Proceedings 
or EhlhG-MICRO-89. Inst. Phys. Conr. Ser. No 98, IOP Pub- 
lisbins Lid, London, pp 723-?26. 
Montagnicr. L., Chcrmann, J.C.. 3a1rXi~oussi. F., Cbamarct, 
S., Grucst, J., Nupeyrc, M.T.. Rcy. F.. Daugucr. C.. Axier.Blin, 
C., VCzinct-Brun, F., Rouzioux, C.. Saimot. G.-A.. Rozcnbaum. 
W.. Gluckman. J.C.. Klatzmann. D.. Vilmcr. G.. Griscclli. C.. 
Foyer-Ganzcn$cl. C.. and Brunet. J.g. (1984).in: ~Human y-ccli 
LcukcmiaiLymphoma Virus (KC Gallo, M.E. Essex and L. 
Gross, cds.) Cold Spring Harbor Labaralory. New York, pp. . 
363-379. 
Lopata. A., Koblman. D.J. and Kcllow,G.N. (1982) in: Embryo- 
nic Devcloomcnt. Part B: Cellular Asoccls (M.M. Burccr arid R. 
Wcbcr, cd;.) Liss, New York, pp. 69% 
Tcmin, H.M. (1971) J. Natl. Cancer IIISI. 46. 3-4. 
Tcmin. H.M. (I982) J. Cell. Biocbcm. 19. 105-l 18. 
Sland, M. and August. J.T. (1974) J. Viral. 14, 1584-1596. 
Shih. A., Coutavas. E.E. and Rush. M.G. (1991 j Virology 182, 
495-502. 
Levy, J.A. (1977) Cancer Res. 37, 2957-2968. 
Wcinbcr8, R.A. (I 980) Cell 22. 643-644. 
Brosius. J. (1991) Science 251, 753. 
Anderson, K.P., Low, M.-A.L.. Lie, Y.S.. Kcllcr, G.-A. and 
Dinuwilz, M. (1991) Virology 181, 305-311. 
Dronson, D.L., Saxingcr. WC., Ritzi, D.M. and Fralcy. E.E. 
(1984) J. Gcn. Viral. 65, 1043-1051. 


