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Morphogenetic reactions of cultured cells 

by Juri M. Vasiliev 

Ontological Scientific Center of the Academy of Medical Sciences and Laboratory of Molecular Biology and of Bio organic 
Chemistry of the Moscow State University, Moscow (USSR) 

Dissociated fibroblasts and epithelial cells placed in 
vitro on the appropriate  substrate and surrounded by 
the appropriate fluid medium are able to perform 
many complex morphogenetic processes: these cells 
may spread on the substrate and further to move 
directionally on this substrate, epithelial cells may  
form coherent sheets, fibroblasts may  orient them- 
selves with regard to each other and to the structures 
of  the substrate etc. 1-4. Analysis of  these complex 
morphological changes suggests that they can be 
regarded as combinations of  a few types of  cellular 
reactions, which may  be called basic morphogenetic 
reactions 3. In particular, pseudopodial  at tachment 
reactions (extension, a t tachment  and contraction of  
pseudopods; figure) play the central role in all the 
changes of  shape and in locomotion, Several other 
reactions inhibit the extension of  pseudopods in cer- 
tain parts of  the cell surface. 

Pseudopodial reactions 

Extension ofpseudopods. Suspended tissue cells (fibro- 
blasts and epithelial cells) start to extend pseudopods 
(filopodia and lamellipodia) after contacting nonliv- 
ing substrata of  different types; pseudopods are usual- 
ly extended from the areas of  cell surface located near  
the site of  cell-substrate contact. These observations 
suggest that extension may  be a result of  some signal 
change within the membrane  produced by the con- 
tact. We do not know anything about the nature of  
the signal or of  the membrane  receptors involved in 
the reaction. Blood platelets extend pseudopods in 
response to contacting substances such as ADP, 
epinephrine, serotonin and others 5. It is not clear 

whether any substances can induce the extension of  
pseudopods by suspended fibroblasts. Extension of 
pseudopods, almost by definition, should involve the 
transport of  some intercellular material  into a local- 
ized area of  cell periphery but the nature of  these 
transport processes remains unknown. 
Attachment ofpseudopods. Cell-cell contacts and focal 
cell-substrate at tachment  are usually formed only by 
the surface of extended pseudopods. Special adhesive 
properties of  pseudopodial  surfaces are best demon- 
strated by the experiments with cell sheets formed by 
various cultured epithelia. In these structures pseudo- 
pods are extended only at the free edges of  marginal 
ceils. Nonactive upper  surfaces of  the sheets were 
shown to be nonadhesive for homologous and heterol- 
ogous tissue cells 6-8, for blood platelets, for solid 
particles of  a varied nature7,8; they were also nonad- 
hesive for liposomes made from the lipids which were 
in a crystalline state at 37 ~ (distearoyl- and dipalmi- 
toyllecitine) l~ In contrast, pseudopodial  surfaces at 
the free edges of  the same sheets were adhesive for 
homologous cells, solid particles and solid liposomes. 
Formation of adhesive structures involves clustering 
of some membrane  receptors within the plane of the 
membrane.  To be kept in place these receptors have 
to be fixed by some mechanism; possibly, this 
mechanism involves anchoring of clustered receptors 
from the inside by some intracellular molecules, for 
instance, by a-actinin which is a characteristic com- 
ponent  of  at least some contact structures H-~3. The 
adhesive properties of  pseudopodial  cytoplasm may 
be due to their special ability to build anchoring 
structures for clustered receptors; other explanations 
also remain possible at present. 
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Development of contractility. Contractile tension is 
developed within the cytoplasm of an extended pseu- 
dopod. This tension may cause retraction of the 
anattached pseudopod. Alternatively, if a pseudopod 
is attached, the tension will draw the cell body 
towards the attachment site. Probably, the same ten- 
sion is responsible for the centripetal movement of  the 
attached particles on the pseudopodial surface 14-16. 
Various membrane receptors, cross-linked by corre- 
sponding ligands, e.g. by lectins, also start to move 
centripetally on the pseudopodial surface, so that this 
surface is cleared from cross-linked receptors 17-19. 
Clearing is not observed in other parts of  the cell 
surface. Contractility is probably associated with ~the 
formation of  actin microfilaments within the cyto- 
plasm of fibroblasts. Polarity of  microfilaments in the 
pseudopod-forming leading edge of fibroblast sug- 
gests that polymerization of these microfilaments pro- 
gresses in a centrifugal direction2k To exert tension on 
the contact structures, on the attached particles or on 
the cross-linked receptors, microfilaments should in- 
teract with corresponding membrane components ei- 
ther directly or via intermediate anchoring structures 
(see above). Mechanisms of  these interactions are far 
from clear. Microfilaments have 2 main patterns of 
organization: a loosely arranged matrix and parallel 
bundles 2z,23. The bundles are absent in the suspended 
cells but are formed in attached pseudopods 23,24. All 
the focal cell-substrate attachment sites are associated 
with the bundles 25. The patches of cross-linked recep- 
tors may sometimes be accumulated over the bun- 
dles 26. However, our unpublished results show that in 
many cases the direction of clearing does not corre- 
spond to that of  microfilament bundles. Possibly in 
most cases not the bundle microfilaments but loosely 
arranged matrix microfilaments are anchored to the 
groups of  receptors and translocate these groups. The 
same may also be true for receptors attached to some 
external surface. Only if microfilaments are unable to 
displace the attached receptors, does the developing 
isometric tension rearrange these microfilaments into 
bundles 27. 
Thus, the existing data give reason to suggest that 
pseudopods are temporary construction sites specially 
adapted for the assembly of contact structures and of 
contractile machinery. 

Reactions inhibiting pseudopod extension 

In order to move directionally the cell has to restrict 
the formation of  pseudopods in certain parts of its 
surface. Several mechanisms are used for this pur- 
pose: 
a) Contact inhibition of  movement (contact paralysis) 
is the cessation of  pseudopodial activity at the sites of  
cell-cell contacts 2s. Only contact with a living cell 
surface induces this reaction. Destruction of  microtu- 
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bules does not abolish the cell's ability for contact 
paralysis. 
b) Microtubule-dependent stabilization 29. An isolated 
surface-spread fibroblast which is not in contact with 
other cells is, nevertheless, able to inactivate consider- 
able parts of its edge. Destruction of microtubules by 
colcemid or similar drugs leads to a decrease in the 
size of the inactive parts of  the cell edge. Almost all of  
the perimeter of  these cells shows pseudopodial activi- 
ty so that directional translocation on the substrate 
becomes impossible. In the intact cell all cytoplasmic 
microtubules form a united radial system 3~ which 
somehow determines the distribution of the pseudo- 
podial activities along the edge. 
c) Microtubule-independent stabilization 31. Certain 
relatively short areas of  cell edge may remain inactive 
even in colcemid-treated fibroblasts. This micro- 
tubule-independent stabilization is more often ob- 
served in poorly attached transformed fibroblasts 
than in well-spread non-transformed cells. Microtu- 
bule-independent stabilization involves a shorter zone 
of the edge and probably lasts a shorter time than the 
microtubule-dependent process. The mechanisms of  
all these reactions are unknown. 

Concluding remarks 

In the course of  cell spreading and locomotion basic 
morphogenetic reactions may be repeated many times 
and combined in various ways. For instance, in the 
course of the locomotion of an individual cell effective 
attachment of 1 pseudopod to the substrate may 

Cell-substrate contact 
(immobilization of 
membrane receptors?) 

! 

Extension of pseudopod / 

Development of Formation of micro- 
contractility filament bundle 
(polymerization of (rearrangement of 
microfilament microfilaments by 
matrix?) isometric tension?) 

l \1 / Retraction [ Formation of 
focal attachments 
(clustering and 
anchoring of 
receptors?) 

General scheme of pseudopodial attachment reaction. Hypothetical 
processes are shown in parentheses. Broken lines shows that 
pseudopodial attachment can proceed in a chain-like manner: 
successful attachment of one pseudopod may lead to the extension 
of other pseudopods in the nearby areas of cell surface. 
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induce  fo rma t ion  o f  p s e u d o p o d s  in the n e a r b y  a rea  o f  
the surface; in this way  the active zone will  g radua l ly  
increase.  In  contrast ,  the zones o f  the  edge in which 
p s e u d o p o d i a l  a t t a c h m e n t  is no t  eff icient  will  be  grad-  
ual ly  inac t iva ted .  Possibly,  this inac t iva t ion  is 
achieved first by  the m i c r o t u b u l e - i n d e p e n d e n t  
mechan i sm and  la te r  s t r eng thened  and  ex tended  by  
the m i c r o t u b u l e - d e p e n d e n t  process.  In  such a way  the 
cell  m a y  'choose '  the most  adhes ive  substrate ,  it  m a y  
or ient  i tself  with regard  to the  curvatures  o f  the 
subs t ra te  etc. Thus,  we are  now beg inn ing  to dist in-  
guish the m a i n  groups  o f  func t iona l ly  di f ferent  reac- 
t ions which form the basis  o f  complex  cell m o r p h o g e -  
netic  behaviour .  Our  knowledge  o f  the  p h e n o m e n o l o -  
gy o f  these react ions  is still far  f rom comple te  and  our  
ignorance  o f  the mo lecu la r  mechan i sms  o f  these reac-  
tions is still p ro found .  A n o t h e r  f u n d a m e n t a l  unso lved  
p r o b l e m  is tha t  o f  the role o f  morphogene t i c  react ions  
in the  regu la t ion  o f  cell me tabo l i sm,  p ro l i fe ra t ion  and  
di f ferent ia t ion.  To take  on ly  1 example ,  n o r m a l  f ibro-  
blasts  pro l i fe ra te  only  when  they  are a t t ached  to the  
subs t ra te  bu t  not  in su spended  state 32-34. W e  know 

noth ing  abou t  the mechan i sms  o f  this ' anchorage  
dependence  o f  growth ' .  
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Concluding remarks 
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All  in vi t ro cell  cul tures  are  ar t i f ic ial  systems which  
al low invest igators  to ana lyse  the responses  to cells in 
their  i m m e d i a t e  env i ronmen t  and  hopefu l ly  to re la te  
these responses  to n o r m a l  and  m a l i g n a n t  states in 
vivo. Pioneers  in this f ield were conf ron ted  by  the 
inheren t  diff icult ies o f  work ing  with  s t ruc tured  tissues 
and  they  dec ided  to es tabl ish v iab le  in vi tro me thods  
and  def ine  the  bas ic  t e rmino logy  for ce l lu lar  activit ies 
such as contac t  gu idance  and  inhibi t ion .  The i r  com-  
m o n  l a n g u a g e  has  a l lowed compar i sons  to be  m a d e  

be tween  dif fer ing cell types to es tabl ish bo th  the 
s imilar i t ies  and  differences.  
Since this in i t ia l  work, n u m e r o u s  factors affect ing in 
vi tro cell m o v e m e n t  have  been  r epor t ed  and  ana lyzed  
in detai l .  The  compos i t ion  o f  the media ,  the  phys ica l  
con fo rma t ion  and  chemica l  compos i t ion  o f  the sub- 
strates,  the cell type,  age and  state o f  d i f fe rent ia t ion  
all  p l ay  an  in tegra l  role. Joan  H e a y s m a n  descr ibes  
how, unt i l  recently,  the  ma jo r i ty  o f  in vi tro studies 
were devo ted  ei ther  to cell l ocomot ion  or  growth and  


