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Abstract  :  Syncytial izat ion is  one of  the most  fundamental  processes in
l i f e .  I t  i s  obse rved  dur ing  deve lopment  o f  musc le  and  os teoc las t ,  and
syncytiotrophoblast  formation in placental  vi l l i .  Syncytial izat ion involves
recogn i t ion ,  migra t ion ,  adhes ion  and  f ina l ly  ce l l  fus ion  be tween  two
interact ing cel ls .  I t  i s  an  energy-dependent  process  which is  essent ia l ly
restricted to a small portion of interacting cellular membranes. Such regions
of  membranes may differ  from other  regions of  cel l  surface in terms of
physico-chemistry and expression of specific protein biomolecules resulting
in restriction of this process to cells of specific competence. Despite the fact
tha t  membrane  b io log i s t s  have  g iven  s ign i f i can t  quan ta  o f  e f fo r t s  to
understand the basic principle underlying this fundamental process of life,
fu r the r  l a rge  sca le  in i t i a t ives  have  to  be  under taken  to  d i s sec t  the
underlying molecular  correlates  central  to  this  event .
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In the narration of ‘Bound Man’ by the
Aus t r ian  au thor  I l se  Aich inger ,  the  c i rcus
mas te r  spo t ted  a  bound  person ,  who
remaining ent i re ly  within the l imits  set  by
rope ,  can  leap  and  jump gracefu l ly  wi th
purpose.  Biological  cel l  membrane exhibi ts
i t s  func t ion  s imi la r ly :  remain ing  wi th in
structural  confinement i t  exercises immense
purposefu l  ac t iv i t i es  tha t  a re  fundamenta l
to processes of life. ‘Cell fusion’ is one such
process  tha t  encompasses  d iverse  f ie lds  of
life. ‘Fusion’ implies physical fusion of two
ce l l s  in  c rea t ing  a  s ing le  new ce l lu la r
compar tment  by  the  mix ing  of  the i r  ce l l
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contents .  The fusion between archaeon and
bacterium is believed to have resulted in the
genes i s  o f  p r imord ia l  eukaryo te  (1 ) .  Ce l l
membrane  fus ion  i s  a l so  impl ica ted  in
v i rus -hos t  in te rac t ion  tha t  a l lows  for  the
v i ra l  nuc leocaps id  to  en te r  in to  ce l l
cytoplasm (2). Cell-cell fusion is also involved
in  deve lopment  o f  musc le  and  p lacen ta l
v i l lous  syncyt io t rophoblas t .  In  the  presen t
rev iew,  we  sha l l  make  an  a t tempt  to
h igh l igh t  the  p resen t  s ta te  o f  knowledge
about  molecu la r  cor re la tes  o f  p rocesses
involved  in  deve lopment  o f  musc le  and
placental  vi l lous syncytiotrophoblast .
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Def in i t ion  o f  Syncyt ia l i za t ion

The term ‘syncyt ium’  was coined more
than 100 years back and is defined as a mass
of  mul t inuc lea te  p ro top lasm which  i s
established by the fusion of initially separate
cells  (3) .  Syncytial ization  is  essential ly the
process by which ‘syncytium’ is  formed as
observed  dur ing  format ion  of  musc le ,
os teoc las t  and  syncyt io t rophoblas t .
Syncyt io t rophoblas t  i s  the  ou te rmos t
ep i the l ia l  l ayer  o f  p lacen ta l  v i l l i .  The
‘syncytium’ is a completely different enti ty
than ‘plasmodium’ which is designated as a
mass of multinucleate protoplasm that arises
as  the  resu l t  o f  repea ted  nuc lear  d iv i s ion
wi thout  consequent ia l  pa r t i t ion ing  of  the
associated cytoplasm (4). Syncytialization is
an  energy-dependent  p rocess  which  i s
essent ia l ly  res t r ic ted to  a  smal l  por t ion of
the interacting membranes.  Such regions of
membranes may differ from other regions of
ce l l  sur face  in  te rms of  phys ico-chemis t ry
and expression of specific protein biomolecules
necessary for tissue-specific cell recognition,
migra t ion ,  adhes ion  and  rear rangement  o f
the  ce l l  membranes  toge ther  wi th  the
selective restriction of this process to cells
of same lineage (5, 6).

Phys ico-chemis try  o f  membrane  fus ion

The biological  membranes consis t ing of
phosphol ip id  b i layers  wi th  embedded  and
bound  membrane  pro te ins  i s  mechanica l ly
stable. Because of the electrostatic repulsion
between the  bi layers  and s ter ic  in teract ion
of  membrane proteins ,  the  ini t ia l  dis tances
be tween  b io log ica l  membranes  a re  much
la rger  (7 ) .  However ,  p rox imi ty  of  two
oppos ing  membranes  i s  a  p re requis i t e  fo r
fusion. This is possible either by overcoming

the repulsive hydration force that discourages
fus ion  or  by  promot ing  the  hydrophobic
attractive force that favors fusion (8). Hence,
fusion requires  energy,  which ei ther  comes
from the thermal fluctuations exerted by the
membrane or  is  del ivered to the membrane
by specia l ized  prote ins  (7) .  Merger  of  the
interact ing membrane surfaces  requires  the
format ion  of  t rans ien t ,  in te rmedia te
membrane configuration which demands high
input of energy (9). Theoretical, biochemical
and  s t ruc tura l  s tud ies  wi th  i so la ted
membranes  ind ica te  tha t  th i s  energe t ica l ly
cos t ly  even t  can  be  overcome by  the
format ion  of  ‘ fus ion  s ta lk ’  –  a  neck- l ike
structure- connecting only the outer leaflets
of biological membranes (10). However, more
de ta i l ed  theore t ica l  ana lys i s  has  revea led
tha t  energy  requ i rement  fo r  th i s  s ta lk
formation is too high to allow its formation
within a biologically reasonable span of time
(see Box 1) (11).

Box 1 : Cr i ter ion  for  energy  requirement  for
s ta lk  format ion .
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From the  theore t i ca l  ana lys i s ,  t he  va lue  o f  the
energy  fo r  s t a lk  fo rmat ion  (assuming  membranous
s t ruc tu res  a re  ax ia l ly  symmet r i c )  i s  e s t ima ted  to
be  220  k
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There fo re  ene rgy  requ i rement  fo r  th i s  s t a lk
format ion is  too high to  a l low i ts  format ion within
a  b io log ica l ly  r easonab le  span  o f  t ime .
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Further modification of this model system
inc ludes  t i l t ing  of  hydrocarbon  cha ins  o f
l ip id  molecu les  o f  the  membranes  which
essen t ia l ly  decreases  es t imated  energy
requi rement  fo r  the  s ta lk  fo rmat ion  (9) .
Moreover ,  s ta lk  fo rmat ion  requ i res  fus ion
pro te ins  tha t  bend  the  membrane  in  o rder
to overcome this ‘energy crisis’ (12).

I t  i s  a l so  sugges ted  tha t  loca l
per tu rba t ions  o f  hydrophi l i c -hydrophobic
boundary or of phospholipid packing results
in  fus ion (13) .  Phosphol ip ids  are  normal ly
mainta ined in  an  asymmetr ica l  d is t r ibut ion
be tween  ex t race l lu la r  and  in t race l lu la r
domains of plasma membrane of eukaryotic
cel ls .  The cholinephospholipids (about  80%
of  the  sph ingomyel in  and  75% of  the
phosphatidylcholine) are located in the outer
leaf let ,  while  the aminophospholipids (80%
of  the  phospha t idy le thanolamine  [PE]  and
almost 100% of the phosphatidylserine [PS])
are located in the inner leaflet of the plasma
membrane (14). The asymmetric distribution
of aminophospholipids is actively maintained
through the action of a Mg++/ATP-dependent
aminophosphol ip id  t rans locase  tha t
moves  e r ran t  phospha t idy lse r ine  and
phospha t idy le thanolamine  f rom the  ou te r
lea f le t  to  the  inner  l ea f le t  o f  the  p lasma
membrane (15, 16). Phospholipid asymmetry
i s  d i s rup ted  when  phospha t idy lse r ine  i s
preferent ia l ly  external ized  which  i s  known
as ‘phosphatidylserine (PS) flip’ (Fig. 1). PS
f l ip  occurs  dur ing  apoptos i s  (17)  and
in te rce l lu la r  fus ion ,  as  observed  in  the
process of myogenesis and morphogenesis of
syncytiotrophoblast (18, 19).

Fusogenic  prote ins

Fusogenic proteins are a group of specific

protein biomolecules which are involved in
membrane  fus ion  by  enhanc ing  membrane
curva ture  and  thereby  decreas ing  ‘energy
cr i s i s ’  dur ing  s ta lk  fo rmat ion .  Tab le  I
shows representative fusogenic proteins that
have  been  impl ica ted  in  eukaryo t ic
syncyt ial izat ion.

Viral fusogenic proteins

Research on viral  fusion proteins paved
our way towards understanding the process
of membrane fusion. During viral  infection,
virus binds to receptor present on host cell
membrane and both membranes fuse so that
viral nucleocapsid could enter the cytoplasm
of host cell (2, 12). There are two classes of
viral fusogenic proteins which are implicated
in membrane fusion, namely class I and class
I I  p ro te ins .  The  bas ic  un i t  o f  mos t  v i ra l
fusion proteins contains one or two sets of
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Fig .  1 : Schemat ic  i l lus t ra t ion  o f  phospha t idy l se r ine
f l ip .  Phospho l ip ids  a re  normal ly  main ta ined
in  an  asymmet r i ca l  d i s t r ibu t ion  be tween
outer  and inner  leaf le ts  of  p lasma membrane
of  eukaryo t i c  ce l l s  by  the  ac t ion  o f
aminophospho l ip id  t r ans locase .  Phospho l ip id
asymmetry is disrupted when phosphatidylserine
is preferentially externalized (phosphatidylserine
f l ip)  by the  act ion of  ac t ivated f loppase  and
s imul taneous  inac t iva t ion  o f  t r ans locase .  A .
be fo re  phospha t idy l se r ine  f l ip ,  B .  a f t e r
phospha t idy l se r ine  f l ip .
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receptor,  integral  membrane glycoprotein of
v i ra l  fus ion  pro te in  ge t s  p ro teo ly t ica l ly
cleaved and hidden ‘fusion peptide’ is exposed
which triggers fusion (8).

A new human endogenous  re t rov i rus
(HERV-W) family has been discovered (22).
HERV-W is  no t  de tec tab le  as  a  comple te
provi rus  in  the  human genome,  bu t  i t s
envelope is expressed in the placenta and in
t rophoblas t -der ived cel l  l ines .  I t  i s  fur ther
charac te r ized  as  be ing  encoded  on
chromosome 7 and expressed as  two major
transcripts with a length of 4 and 8 kb (22,
23) .  The  mature  enve lope  pro te in  cons i s t s
of 518 amino acids and is presumed to be a
membrane protein (22,  23).  I t  was reported
tha t  on  t rans fec t ion  in to  COS ce l l s ,  i t
induces  the  fo rmat ion  of  mul t inuc lear
syncyt ia .  Hence ,  the  p ro te in  has  been
des igna ted  as  syncyt in  (23) .  Syncyt in

type  1  in tegra l  membrane  g lycopro te ins
which project  from viral  envelope (Fig.  2) .
Class I viral fusion proteins (exemplified by
HA and  HIV gp120/gp41)  a re  o r ien ted
perpendicularly to the envelope surface and
feature α-helical coiled-coil domains (Fig. 2A).
A highly conserved sequence located at  or
near  the  N- te rmina l  o f  the  fus ion  pro te in
appears critical for ‘fusion peptide’ (20). Class
II  viral  fusion proteins (exemplif ied by E1
pro te in  o f  a lphav i ruses  and  E  pro te in  o f
f lav iv i ruses )  l i e  t angen t ia l  to  the  v i rus
membrane and have an ‘internal’ rather than
‘terminal’ fusion peptide (Fig. 2B). Class II
p ro te ins  con ta in  p redominant ly  β - s t rand
secondary  s t ruc tures  and are  not  predic ted
to form coiled-coils (21). Fusion peptides are
short  (16 to 26 amino acids) and relatively
hydrophobic (8). On activation of viral fusion
pro te in  by  a  sh i f t  in  pH (mi ld  ac id ic )  o r
b ind ing  of  fus ion  pro te in  to  i t s  hos t  ce l l

TABLE I : Fusogenic  prote ins  involved in  eukaryot ic
s y n c y t i a l i z a t i o n .

Name of fuso- Localization References
genic protein

Syncytin 1 Placenta and Blond
trophoblast- et al. (20);
derived cell Mi et al. (23)
lines

Syncytin 2 Placental tissue Potgens et al. (6)

ADAM (a Sperm head, Cho et
disintegrin myoblast, al. (28);
and a metallo- myogenic Gilpin et
prote inase cell line, al. (27)
domain) placental tissue

Gap junctional Muscle tissue, Lowenstein (33);
prote in placental Cronier et al.
Connexin 43 t issue (35); Frendo et

al. (36)

Amino acid Osteoclast, Kudo et
t r anspor t e r placental al. (39)
CD98 t issue

Apoptotic protein Placental Black et
Caspase 8 t issue al. (42)
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Fig .  2 : Schemat ic  i l lus t ra t ion  of  c lass  I  v i ra l  fus ion
prote in  (A)  and  c lass  I I  v i ra l  fus ion  pro te in
(B) .  See  Whi te  (8 )  fo r  de ta i l s .
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interacts with a specific receptor, known by
the  acronym ASCT2.  I t  func t ions  as  a
re t rov i rus  recep tor  and  as  a  sod ium-
dependent  neu t ra l  amino  ac id  t ranspor te r
(24) .  A second fusogenic  envelope  prote in
der ived  f rom enve lope  of  endogenous
retrovirus HERV-FRD has also been described
(25) .  This  protein  is  named as  syncyt in  2 .
Syncytin 2 is appeared to utilize a receptor
different  than that  of  syncytin.  The mRNA
encoding  syncyt in  2  has  been  spec i f ica l ly
found in placenta tissue (6).

A disintegrin and a metalloproteinase domain
(ADAM)

ADAMs ( for  a  d i s in tegr in  and  a
meta l lopro te inase  domain)  a re  a  fami ly  of
transmembrane glycoproteins encoded by at
l eas t  30  genes  iden t i f i ed  in  C.  e legans ,
Drosophila ,  Xenopus and various mammalian
species (26). They are about 800 amino acids
long and have a unique domain organization,
conta in ing  a  prometa l lopro tease  domain ,  a
meta l lopro tease  domain ,  a  d i s in tegr in
domain, a cysteine-rich domain, an epidermal
growth  fac tor  (EGF)- l ike  domain ,  a

transmembrane domain and a cytoplasmic tail
(Fig. 3) (26). 18 different members of ADAMs
family have been proposed as candidates for
modula t ing  pro teo lys is ,  ce l l  adhes ion ,  ce l l
fus ion and s ignal ing (27) .  ADAM 1 and 2
( fe r t i l in  α  and  β )  have  been  shown to  be
crucia l  for  sperm-egg fus ion  in  the  mouse
and disintegrin domain of fertilins (localized
to the posterior head domain of the sperm)
is responsible for sperm-egg fusion (28). On
the assumption that myoblast fusion may be
similar to sperm-egg fusion,  homologues of
ADAMs 1 and 2 were searched in a mouse
myogenic cell line and ADAM 12 (meltrin α)
has  been ident i f ied  (29) .  ADAM 12 shows
s t rong  express ion  in  neona ta l  ske le ta l
musc le  and  bone .  In  mouse  C2 myoblas t
cultures, the expression of ADAM 12 becomes
apparen t  on  musc le  ce l l  d i f fe ren t ia t ion .
Evidence for a role in muscle cell fusion has
been  prov ided  by  s tud ies  showing  tha t
t rans fec t ion  of  mouse  C2 ce l l s  wi th  a
minigene of  adam 12  lacking the pro-  and
meta l lopro tease  domains  acce le ra ted  ce l l
fusion, whereas antisense constructs blocked
myoblast fusion (27). ADAM 12 has also been
found  to  be  involved  in  the  fo rmat ion  of

1 2 3 4 5 6 71 2 3 4 5 6 7

Fig .  3 : Schemat ic  d iagram of  ADAM (a  d i s in tegr in  and  a  meta l lopro te inase  domain)  p ro te in .
1 .  a  p rometa l lopro tease  domain ,  2 .  me ta l lopro tease  domain ,  3 .  d i s in tegr in  domain ,  4 .  cys te ine - r i ch
domain,  5 .  epidermal  growth fac tor  (EGF)- l ike  domain ,  6 .  t ransmembrane domain ,  and 7 .  cytoplasmic
ta i l .  For  de ta i l s  see  Gi lp in  e t  a l .  (27) .
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osteoclasts (30). ADAM 12 (meltrin-α) mRNA
has been detected in human placenta, but it
i s  no t  c lea r  whe ther  t rophoblas t  o r  o ther
ce l l  type  (b lood  mononuc lear  ce l l s )  i s
responsible for this expression (27).

Gap junctional protein

Gap junc t ions  a re  c lus te r s  o f
t ransmembrane  channe ls  composed  of
connexin (Cx) hexamers. Connexins represent
a  fami ly  of  c lose ly  re la ted  membrane
proteins,  which are encoded by a multigene
family that contains at least 20 members in
humans .  In  genera l ,  e f fec t s  o f  connexin
express ion  have  been  a t t r ibu ted  to  gap
junc t iona l  in te rce l lu la r  communica t ion
(GJIC)  and  shar ing  a  common pool  o f
in t race l lu la r  messengers  and  metabol i t es
(31). In addition, connexin expression varies
dur ing  d i f fe ren t ia t ion ,  p ro l i fe ra t ion  and
t ransformat ion  processes ,  and  fo l lowing
treatment with growth factors and hormones
(32) .  The  exchange  of  molecu les  th rough
gap  junc t ions  i s  thought  to  be  involved
in  the  cont ro l  of  ce l l  pro l i fe ra t ion ,  in  the
cont ro l  o f  ce l l  and  t i s sue  d i f fe ren t ia t ion ,
in  metabol ic  coopera t ion  and  in  spa t ia l
compar tmenta l iza t ion  dur ing  embryonic
deve lopment  (33) .  Gap  junc t iona l
communication is essential in myogenesis in
the rat and the chick models (34). Connexin
43 (C×43) mRNA and protein have been found
to be present between cytotrophoblastic cells
and syncytiotrophoblast of placental villi and
has been shown to be involved in trophoblast
differentiation and fusion (35, 36).

Amino acid transporter

CD98 i s  a  mul t i func t iona l  p ro te in  and
like syncytin receptor, it is involved in amino

acid transport. CD98 is an integral membrane
pro te in  which  i s  expressed  on  the
cy to t rophoblas t  and  membrane  of
syncyt io t rophoblas t  of  p lacenta l  v i l l i  (37) .
This molecule is found to be similar to fusion
regula tory  p ro te in -1  (FRP-1)  and  i t s
expression is necessary for virus-induced cell
fusion, for osteoclast formation (38) and for
syncytialization in placenta (39).

Pro-apoptotic protein

One of  the  mechanisms  to  in i t i a te
apoptos i s  i s  b ind ing  of  a  dea th- induc ing
ligand to i ts  cognate receptor.  This l igand-
receptor  interact ion resul ts  in  formation of
a  death- inducing s ignal ing complex (DISC)
which  in i t i a tes  d i s t inc t  pa thways  to  s ta r t
caspase-dependent  cascade  of  apoptos i s .
Caspases  a re  p resen t  as  inac t ive  p roforms
in  mos t  ce l l s  and  on ly  the  ac t iva t ion  of
caspases leads to apoptotic death of cell. The
in i t i a to r  caspases  such  as  caspase  8  a re
d i rec t ly  ac t iva ted  by  DISC and  a re  ac t ive
dur ing  ear ly  and  revers ib le  s tages  o f  the
apoptotic cascade (40, 41). Caspases normally
have  key  func t ions  in  apoptos i s  and  a re
a l so  invo lved  in  d i f fe ren t ia t ion  processes
as  shown in  case  o f  d i f fe ren t ia t ion  of
cytotrophoblast  cells and its fusion to form
syncyt io t rophoblas t  (42) .  Th is  f ind ing
emphas izes  the  c ruc ia l  ro le  p layed  by
apoptosis  re la ted biomolecules  in  syncyt ia l
fus ion.

Molecular  corre la tes  o f  ce l l  fus ion:  myoblas t
m o d e l

The multinucleated muscle fiber develops
dur ing  myogenes i s  by  fus ion  of
mononuc lea ted  myoblas t s  (43) .  Severa l
u l t ras t ruc tura l  s tud ies  have  prov ided  the
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bas i s  fo r  the  cur ren t  apprec ia t ion  of  th i s
fus ion  process  (44 ,  45) .  Fus ion  even ts  in
vertebrate embryos are asynchronous across
muscles  and depending on the species ,  can
take  days ,  weeks  or  months .  In  con t ras t ,
myoblas t  fus ion  in  the  Drosophi la  embryo
occurs over a  period of  several  hours.  The
combination of short t ime frame for fusion,
simple anatomy of the somatic musculature
and  gene t ic  amenabi l i ty  makes  Drosophi la
an ideal  model  organism for  analyzing the
gene t ic  and  molecu la r  bas i s  o f  myoblas t
fusion (46).

Cellular characteristics

During myoblast fusion, founder cells and
fus ion  competen t  myoblas t s  make  contac t ,
recognize  one  ano ther  and  fuse  (F ig .  4 ) .
‘Prefusion complex’ appears following cell-
cell recognition and adhesion between fusion
competent myoblasts and founder cells (Fig.
4A, B).  Prefusion complexes are evident in
the cytoplasm adjacent  to  s i tes  of  cel l -cel l
con tac t  and  cons i s t  o f  as  many  as  50
e lec t ron-dense  g ranu les  per  con tac t  s i t e .
These  ves ic les  l ine  up  wi th  one  ano ther ,
fo rming  pa i r s  ac ross  the  appos ing  p lasma
membranes  (F ig .  4C) .  An e lec t ron-dense
mater ia l  appears  bo th  a long  the  ves ic le
marg ins  and  in  the  ex t race l lu la r  space
be tween  the  ves ic le  pa i r s .  E lec t ron-dense
plaques then form in areas where membrane
breakdown u l t imate ly  occurs ,  p resumably
through  the  fus ion  of  the  e lec t ron-dense
ves ic les  wi th  p lasma membrane  (F ig .  4D) .
After  plaque formation,  myoblasts  e longate
and align more extensively with one another.
Membrane breakdown then begins and pores
form,  c rea t ing  cy top lasmic  con t inu i ty
between fusing cel ls  (Fig.  4E).  Final ly  the
remain ing  excess  membrane  i s  removed in

clear vesicles, which are most likely recycled
(Fig. 4F) (47).
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Fig .  4 : Schemat ic  representa t ion  of  subcel lu lar  s teps
of  myoblas t  fus ion .  Fus ion  competen t
myoblas t  ce l l s  ( t ear  shaped )  (A)  r ecogn ize
and  adhere  to  founder  ce l l  (B) .  Ves ic les
(prefus ion  complexes)  accumula te  a t  s i tes  of
ce l l -ce l l  con tac t  (C) .  E lec t ron-dense  p laques
then  fo rm presumably  th rough  fus ion
of  e lec t ron-dense  ves ic les  wi th  p lasma
membrane  (D) .  Fus ion  pores  a re  fo rmed  a t
the  s i t e  o f  membrane  b reakdown (E) ,  and
then  membrane  ves icu la r i za t ion  t akes  p lace
(F) .  Final ly  the  membrane ves ic les  d isappear
and cytoplasmic continuity is  established (G).
Adap ted  f rom Dobers te in  e t  a l .  (47) .

Founder  ce l l s  and  fus ion-competen t
myob las t s

The  process  o f  myoblas t  fus ion  in
Drosophila is a dynamic relationship between
two myoblast cell types : ‘founder cells’ and
‘ fus ion  competen t  myoblas t s ’  (48) .  The
genetic basis of formation of founder cell and
fus ion  competen t  myoblas t  i s  an  a rea  of
intense research.  Both are known to derive
f rom areas  o f  mesoderm express ing  h igh
levels of the transcription factor ‘Twist’ (49).
Clusters of cells  within the ‘Twist’  domain
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express Lethal-of-scute (L’Sc), a transcription
factor (50).  Through Notch-mediated lateral
inhibition one cell  within each L’Sc cluster
i s  s ing led  ou t  to  become a  p rogeni to r
myoblast,  while the remaining cells become
fus ion  competen t  myoblas t s  (50) .  Each
progenitor myoblast then divides to give rise
to a founder cell  and one fusion competent
cell or two founder cells (50).

Molecular correlates

Utilization of reverse and forward genetic
strategies in Drosophila  has resulted in the
identif icat ion of  molecular  components that
support myoblast fusion. The findings allow
for  a  p re l iminary  model  o f  molecu la r
in terac t ions  tha t  fac i l i ta te  myoblas t  fus ion
in  v ivo  (Fig.  5) .  The extracel lular  proteins
St icks  and  s tones  (Sns) ,  Hibr i s  (Hbs)  and
Irregular-chiasm-C/Roughest  ( IrreC/Rst)  are
found on fus ion competent  myoblas t  ce l l s ,
and Dumbfounded/Kin  o f  I rregular-chiasm-
C (Duf/Kirre) and IrreC/Rst are localized on
founder  ce l l s .  B ind ing  of  Sns  and  Hbs
localized on fusion competent myoblast with
Duf/Kirre present  on founder cel l  has been
de tec ted ;  I r reC/Rs t  i s  known to  ac t
homotypically between these two cell types.
These extracellular proteins are likely to be
involved in cell-cell recognition and adhesion
events  in  bo th  ce l l  types .  In  the  fus ion
competen t  myoblas t s ,  Sns  and  Hbs
poten t ia l ly  in te rac t  wi th  p ro te in  k inase  C
(PKC), protein kinase A (PKA) and protein
kinase G (PKG) through adaptor proteins to
media te  in t race l lu la r  s igna l ing  as  Sns  and
Hbs have no intracellular signaling domains.
The  in t race l lu lar  domain  s t ruc ture  of  Duf /
k i r re  and  I r reC/Rs t  sugges t s  tha t  the i r
s igna l ing  would  a l so  be  media ted  th rough
adaptors .  Indeed  the  f i r s t  in te rac t ion

identified between extracellular proteins and
intracellular effectors in founder cell is with
an adaptor  protein.  The interact ions of  the
adaptor  p ro te in  Rol l ing  Pebbles /Ant i soc ia l
(Roles7/Ants)  with Duf/Kirre  and Myoblast
city (Mbc), and potentially with irreC/Rst and
D-titin has provided an exciting first glimpse
of  poss ib le  l inks  be tween  a  ce l l  su r face
receptor and modulation of the cytoskeleton.
D-titin and Mbc (through adaptor protein D-
crk  and D-Rac [Rho fami ly  GTPases] )  a re
thought  to  o rgan ize  ac t in  and  myos in ,
thereby  remodel ing  the  cy toske le ton  (46) .
In te res t ing ly ,  fo r  mos t  o f  the  p ro te ins
identified in Drosophila there already exists
a t  leas t  one homologue in  ver tebrates  (see
Table  I I ) .  The mouse homologues of  Rols /
Ants  a re  expressed  in  the  deve lop ing
mesoderm (55) ,  sugges t ing  an  immedia te
su i tab le  genet ic  en t ry  poin t  for  examining
ana logous  func t ion .  Compar ing  and
contrasting the functions of such homologues
wi l l  y ie ld  inva luab le  ins igh ts  in to  the
molecular  nature of  myoblast  fusion across
o rgan i sms .

Molecular  corre la tes  o f  ce l l  fus ion:

syncyt ia l i za t ion  in  p lacenta l  v i l l i

The  f loa t ing  chor ion ic  v i l l i  o f  v i l lous
p lacen ta  fo rm the  fe to -materna l  in te r face .
The  f loa t ing  v i l l i  cons i s t  o f  s t romal  core
sur rounded  by  double - layered  ep i the l ia l
membrane  which  in  tu rn  cons i s t s  o f  ou te r
syncyt io t rophoblas t  and  inner  s ing le  l ayer
of  cy to t rophoblas t  ce l l s  res t ing  on  the
basement  membrane .  The  daughte r  ce l l s
of  cy to t rophoblas t  s tem ce l l s  (Langhans’
cell) differentiate depending on their position
in to  e i ther  v i l lous  syncy t io t rophoblas t
o r  invas ive  ex t rav i l lous  cy to t rophoblas t
(60).
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Fig .  5 : Schemat ic  representa t ion  of  molecular  events  in  myoblas t  fus ion .  Ext race l lu la r  pro te ins  Sns  and  Hbs
presen t  on  fus ion  competen t  myoblas t s  can  b ind  wi th  Duf /Kirre  ( ex t race l lu la r  p ro te ins )  p resen t  on
founder  ce l l s .  I r rC/Rs t  ( ex t race l lu la r  p ro te ins )  p resen t  on  bo th  fus ion  competen t  myoblas t s  and
founder  ce l l s  in te rac t  wi th  each  o the r  homotyp ica l ly .  In  the  fus ion  compe ten t  myoblas t s ,  Sns  and
Hbs  po ten t i a l ly  in te rac t  wi th  p ro te in  k inase  C  (PKC) ,  p ro te in  k inase  A (PKA)  and  p ro te in  k inase
G (PKG)  th rough  adap to r  p ro te ins  to  med ia te  in t race l lu la r  s igna l ing .  In  founder  ce l l s ,  Duf /k i r re
in te rac t s  wi th  adap to r  p ro te ins  Rol l ing  Pebb les /An t i soc ia l  (Ro les7 /Ants )  and  Myoblas t  c i t y  (Mbc) .
In  turn ,  Mbc in terac ts  wi th  D-t i t in  ( through adaptor  prote in  D-crk  and  D-Rac [Rho family  GTPases])
which  sugges t ive ly  o rgan izes  ac t in  and  myos in ,  the reby  remode l ing  the  cy toske le ton .  I r reC/Rs t
potent ia l ly  a l so  in te rac ts  wi th  Roles7 /Ants  and  D-t i t in .   From Dworak  e t  a l .  (54)  a f te r  modi f ica t ion .
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Cellular characteristics

Based on morphologic  s tudies  on  ear ly
placenta of the rhesus monkey (61) and the
human (62) ,  suf f ic ien t  exp lana t ion  of  the
or ig in  o f  the  mul t inuc lea te  t rophoblas t  o r
syncyt io t rophoblas t  has  not  been achieved.
This  issue has  been addressed by s tudying
human p lacentae  in  the  f i r s t  th ree  months
of gestat ion,  and i t  has been proposed that
syncyt io t rophoblas t  may  or ig ina te  f rom
either (i) cytotrophoblast while it  undergoes
nuc lear  d iv i s ion  wi thout  ce l lu la r  d iv i s ion ,
or  ( i i )  adjacent  cytot rophoblas ts  that  uni te
and  fuse  to  fo rm syncyt io t rophoblas t ,  o r
(iii) cytotrophoblast that fuses with overlying
syncytiotrophoblast  (63).

An e lec t ron  microscopic  s tudy  of  f i r s t
t r imes te r  human p lacen ta  ind ica tes  tha t
syncyt io t rophoblas t  expans ion  involves
plasmodia l  d iv is ion  though in terp lasmodia l
gaps  have  no t  been  found  (64) .  However ,
ev idence  of  syncyt io t rophoblas t  a r i s ing

f rom fus ion  of  cy to t rophoblas t  wi th
syncyt iotrophoblast  has  been provided (65)
a long wi th  morphological  evidence  for  the
presence of intermediate cytotrophoblast cell
type  (60 ,  63) .  The  ce l lu la r  fea tures  o f
in te rmedia te  cy to t rophoblas t s  a re  c lose ly
comparab le  wi th  fea tures  descr ibed  by
ear l i e r  inves t iga tors  fo r  t rans i t iona l  s tage
cytot rophoblas ts  (66,  67) .  The evidence of
syncyt ia l  c le f t s  wi th  a t tached  desmosomes
in syncytiotrophoblast also provides evidence
in support of the possible cell fusion between
cytotrophoblast and syncytiotrophoblast (63).

Two-stage model of  syncytialization

On the  bas i s  o f  u l t ras t ruc tura l
charac te r i s t i cs  o f  f i r s t  t r imes te r  human
villous trophoblast, a ‘two-stage’ model of cell
fus ion  has  recen t ly  been  proposed  (68) .
Figure 6 gives a cartoon depicting the ‘two-
s tage’  model  of  syncyt ia l iza t ion  in  human
firs t  t r imester  vi l lous placenta.  In the f i rs t
stage,  a ‘pre-fusion complex’ is  established

TABLE I I : Ver teb ra te  homologues  o f  Drosoph i la  fusogen ic  p ro te ins .

Drosophila protein Localization in Drosophila Vertebrate homologue Reference

E x t r a c e l l u l a r

Sticks and stones Fusion competent myoblast N e p h r i n Bour et al. (51)
Dumfounded/Kin of Founder cell Dm-Grasp/Ben/SC1 Ruiz-Gomez et al. (52)
Irregular-chiasm-C
Irregualr-chiasm- Founder cells and fusion Dm-Grasp/Ben/SC1 St runke lnbe rg
C/Roughest competent myoblasts et al. (53)
Hibris Fusion competent myoblasts N e p h r i n Dworak et al. (54)

I n t r a c e l l u l a r

Rolling Pebbles/Antisocial Founder cells Man t s Chen et al. (55)
D-Titin Founder cells and fusion Titin Machado et al. (56)

competent myoblasts
Myoblast City Founder cells and fusion DOCK 180 Nolan et al. (57)

competent myoblasts
D - C r k Mesoderm Crk-II and CrkL Galletta et al. (58)
Rac1/Rac2 Ubiquitous Rac Luo et al. (59)
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be tween  ‘ t rans i t ion’  s tage  cy to t rophoblas t
and its adjoining syncytiotrophoblast,  and it
i s  charac te r ized  by  c lose ly  approx imat ing
dense  membrane  p laques  be tween  apposed
plasma membranes enclosing mutual  hiatus.
Such gaps often show vesiculating membranous
structures and electron-dense,  l iposome-like
s t ruc tures .  In  the  second  s tage ,  a  ‘ fus ion
complex’ forms with punctuate areas of plasma
membrane  breakdown resu l t ing  in  foca l
cytoplasmic continuity.  Addit ional  evidence
in form of the presence of intracytoplasmic
desmosomes and membrane fragments inside
ad jo in ing  syncyt io t rophoblas t  fu r ther
substantiates the proposed ‘two-stage’ model
of villous placental syncytialization (Fig. 6).

Molecular correlates

In  chor iocarc inoma and  in  p r imary
trophoblast cells phosphatidylserine fl ip has
been shown to be involved in syncytial fusion.
Blockage of phosphatidylserine by antibodies
h inders  syncyt ium format ion  (69 ,  70 ,  71) .
Focal presence of phosphatidylserine flip has
been documented in syncytiotrophoblast and
discrete membrane bound phosphatidylserine
are  observed  in  v i l lous  cy to t rophoblas t  in
explan t  cu l tu re  model  sys tem of  t e rm
vi l lous  p lacen ta  (19) .  The  same group  of
inves t iga tors  has  shown tha t  inh ib i t ion  of
caspase  8  ( in i t i a to r  caspase)  resu l ted  in
failure of trophoblast fusion in vitro by virtue

Fig .  6 : Sca le - f ree  ca r toon  represen ta t ion  o f  ‘ two-s tage’  mode l  o f  syncy t i a l i za t ion  in  human  f i r s t  t r imes te r
v i l lous  p lacen ta .  Trans i t iona l  cy to t rophob las t  (TrCt )  showing  numerous  b lebb ing  o f  ap ica l  p lasma
membrane  fo rms  desmosomal  junc t iona l  complexes  wi th  ne ighbour ing  cy to t rophob las t  (C t )  and  wi th
invading tongue of syncytial cell (dotted single arrow) as it  approaches fetal stroma, fs (A). Transitional
cy to t rophob las t  (TrCt )  wi th  ‘p re - fus ion  zone’  o f  complex  membraneous  ves icu la t ion  (bracke t )  tha t
enc loses  e lec t ron-dense  l iposome l ike  ves ic les  (arrow )  and  a re  bound  by  dense  p laques  (hol low
tr iangle ) .  The  ‘ fus ion  zone’  i s  ev ident  f rom puncta te  a reas  of  p lasma membrane  breakdown (s t ippled
arrows )  r e su l t ing  in  cy top lasmic  con t inu i ty  be tween  cy to t rophob las t  (C t )  and  syncy t io t rophob las t ,
(S t ) ,  f r agments  o f  p lasma  membrane  bea r ing  junc t iona l  complexes  ( f - j c )  a re  seen  in  syncy t i a l  ce l l
(B) .  Adap ted  f rom Kar  e t  a l .  (68) .
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of  causing inhibit ion of tanslocase enzyme,
critical for phosphatidylserine flip (42). This
report supports the proposed hypothesis that
the  molecu la r  machinery  of  the  ea r ly
apoptosis cascade is utilized for early phase
of differentiation of villous trophoblast cells
and  i t  p recedes  syncyt ia l  fus ion  (19 ,  72) .
However using BeWo cells in vitro (cell line
der ived  f rom chor iocarc inoma tha t  exh ib i t
fea tures  o f  syncyt ia l i za t ion  on  forsko l in
s t imula t ion) ,  t rophoblas t  fus ion  has  been
found to be dependent on phosphatidylserine
ef f lux ,  bu t  independent  o f  apoptos i s  (73) .
Data obtained from an in vitro model system
us ing  permanent  ce l l  l ines  has  genuine
cavea t s  tha t  t emper  the i r  ex t rapo la t ion  to
the biological  system in si tu .

In  human v i l lous  cy to t rophoblas t  ce l l s
endogenous retroviral envelope proteins have
been reported to decrease cell  proliferation,
initiate intercellular fusion with an efflux of
phosphatidylserine independent of  apoptosis
(74) ,  and  resu l t s  in  hCG produc t ion
characteristic of syncytialization (75).

The  express ion  of  syncyt in  has  been
shown to  be  upregula ted  a f te r  s t imula t ing
the fusion of primary cytotrophoblast isolates
in to  syncyt ia  by  forskol in ,  an  ac t iva tor  of
adenylate cyclase (36). However using a two-
color fluorescence assay for quantification of
cell-cell fusion in choriocarcinoma cell lines
BeWo, JAR and JEG3, fusion index has not
been found to be associated with comparable
levels of mRNAs of syncytin and its receptor
RDR (ASCT2) (67). It is however likely that

different set of fusogenic proteins may also
be  involved  in  syncyt ia l  fus ion .  CD98,  a
subunit of a family of amino acid transporter
molecules has been shown to play a role in
osteoclast formation and in mediating virus-
induced  ce l l  fus ion  and  t rophoblas t  ce l l
fusion (24,  37).  Inhibit ion of expression of
CD98 by antisense strategy, results in failure
of  fus ion  in  BeWo ce l l s  (24) .  Ant i sense
s t ra tegy  for  connexin  43  revea l s  tha t  th i s
gap  junc t iona l  p ro te in  i s  invo lved  in
t rophoblas t  fus ion  in  i so la ted  t rophoblas t
cells from term villous placenta (36).

In  l i eu  o f  conc lus ion

Syncytialization is not an isolated event
during myogenesis,  formation of osteoclasts
or  morphogenesis  of  syncytiotrophoblast .  I t
i s  a  process  tha t  evolves  wi th in  s t ruc tura l
and functional constraints of a given t issue
and involves tools of a complex homeodynamic
process including proliferation, differentiation
and  apoptos i s .  To  th i s  e f fec t ,  i t  appears
imperat ive  that  mul t iparametr ic  large  scale
studies are to be undertaken in near future
towards  de l inea t ing  syncyt ia l i za t ion  as  a
p rocees .
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