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can become visible if, as in mice, the right virus isolate 
infects humans o f  the correct  general genetic background  
so that  HLA-regula t ion  of  the T cell response becomes 
recognizable. 
The presented results and interpretat ions lead to another  
impor tant  consequence, with respect to appl icat ion of  
immune modula t ing  therapeutic protocols  used during 
immunopathologica l ly  mediated disease. Unless one 
knows the balance, kinetics and actual  relat ionship be- 
tween parasi te and host  response very precisely, it is 
equally likely that  one will influence the host /paras i te  
balance in a beneficial or  a determinal  direction. In  con- 
clusion, the proposa l  is made,  i l lustrated and suppor ted  
by experimental  evidence that  T cell-mediated immun0-  
pa thology  triggered initially by low- or non-cytopathic  
infectious agents may  cause diseases, suscept ib i l i ty  to 
which is l inked to the MHC.  It  is obvious tha t  not  a l l  
MHC-disease  associat ions are explained by this patho-  
physiological  mechanism, but  a reasonable  guess would 
be that  many  o f  such linkages may  follow the outl ined 
rules. Conversely, the proposa l  implies that  M H C -  
disease associations quite generally signal T cell-medi- 
ated pa thophys io logy of  the disease. 

1 This summary is an updated version of the paper given on the 
occasion of the Paul Ehrlich Prize ceremonies in 1983; it was also 
presented at the meeting 'New Trends in Allergy II' in Mfinchen 
t985, and is reproduced here with the permission of Springer Verlag, 
Heidelberg. 
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The lecture that  I gave at the Universi ty o f  F rankfur t  as 
par t  of  the proceedings associated with the award of  the 
Paul Ehrl ich-Ludwig Darmstaeder  Prize in March  1983 
was not  prepared in a format  that  was suitable for publi-  
cation. My unders tanding of  the subject has been sum- 
marized in two recent reviews that  are readily accessi- 
ble 1, 2. There would be little point  in repeating the exercise 
here. However,  on re-reading the outline of  the 1983 
lecture, it was obvious that  a number  of  the ideas current  
then must now be considered to be ra ther  dated.  The 
present, short  account,  thus concentrates on the way that  
our  unders tanding of  major  his tocompat ibi l i ty  complex 
(MHC)-rest r ic ted T cell recognit ion of  virus-infected 
cells has been modif ied over the past  two years. Much  of  
this change reflects the development  of  T cell clones and 
the appl icat ion of  molecular  biology. Many  of  the spec- 
ulations about  the nature  of  molecular  interactions that  
were raised by cell-biology experiments have been, or are 

in the process of  being, resolved. Other problems appear  
to be more intractable.  

The T cell receptor 

The debate about  whether or not  the T cell had  two 
polymorphic  receptors 3 for virus and M H C  glycoprotein,  
or one receptor  which recognizes some complex (or inter- 
action product)  of  virus and M H C  4, was very much alive 
in 1983 and is still not  buried.  Some of  us have long been 
of  the opinion that  only the one-receptor  model  can ex- 
plain the results of  various biological  experiments s-7, 
though we have tried to explore conceptual ly the ways in 
which a two receptor  model  might  operate  8, 9. 
Much  of  the current  evidence ~~ seems to indicate that  a 
single, c lonotypic T cell receptor is central to MHC-re -  
stricted T cell recognition. This receptor  consists of  cova- 
lently-linked e and fl chains, which are immamoglobulin 
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(Ig)-like but have diverged from the immunoglobulin 
genes before, for instance, speciation to mouse and man. 
Most published evidence to date is concerned with the/~ 
chain, which may only have about 1 5-30 variables (V)-re- 
gion genes, though the spectrum of receptor specificities 
may be increased by using different reading frames from 
the diversity (D)-region ~~ 
Some ~ chain sequences are also published ~3, but there is 
little information yet available on the range of V-regions 
for the ~ chain 1~ Proposals that the T cell receptor genes 
may be linked to those coding for the MHC glyco- 
proteins, or for Ig heavy chain, have been shown to 
be incorrect TM ~4. The c~ chain genes of mouse and man 
are both located on chromosome 14, while the fl chain 
genes are on chromosome 7 (man) or chromosome 6 
(mouse) 14-17. 
Earlier speculations ~8-2~ on thymic learning of both self- 
tolerance and MHC-restriction specificity are also likely 
to be considerably modified in the not too distant future. 
The groups working with the mouse 2~24 are in agreement 
that T cell receptors (or functional re-arrangements of 
and/~ chain genes coding for the receptors) can be found 
on thymocytes as early as day 17 of gestation, and are 
present on all major adult thymocyte populations. Many 
immature thymocytes also express rearranged y and/1 
chain, but not c~ chain, genes: the ~ gene 25'26 is similar to c~ 
and/?  and could act as an additional T cell receptor 
subunit. However mRNA for Y is at very low levels in 
mature T cells, so it may be that Y is involved principally 
in intrathymic differentiation pathways 24' 27. The new in- 
formation on the clonotypic receptor, together with accu- 
mulating evidence concerning the progressive expression 
of other T cell surface molecules 28-3~ such as Lyt2, L3T4 
and the I1-2 receptor will obviously contribute to the 
development of a better understanding of thymic differ- 
entiation 3~, 32. 
Though it does seem likely that the 'one-receptor' model 
for immune recognition of self+x will prevail, the nature 
of the MHC-restricted T cell repertoire is still far from 
clear. Some questions, such as the relative roles of germ- 
line genes and somatic variants 33, can obviously be an- 
swered by the molecular approach. However, at this 
stage, there is no way of distinguishing DNA coding for 
the clonotypic receptors of helper/DTH and cytotoxic T 
cells 34, even though the patterns of MHC restriction may 
be different. The answer to this problem may lie else- 
where. 

MHC glycoproteins and targeting o f functional T cells 

We proposed that the evolutionary basis of the MHC-re- 
striction patterns for cytotoxic (class I) and helper (class 
II) T cells reflected a biological need to focus lym- 
phocytes with different functions into appropriate anato- 
mical niches 5, 35. Class I MHC glycoproteins are found on 
most cells throughout the body, though the levels in brain 
may be very low and some neurons seem to be irrevo- 
cably negative 36-38. The class II MHC molecules tend to be 
expressed on cells involved in the generation and regula- 
tion of immune responses: B cells, monocyte/macro- 
phages dendritic cells and other T cells 39~. The idea was 
that the class I MHC-restricted, Lyt2 + (in mouse) T8 + (in 
man) virus-immune cytotoxic T lymphocytes (CTL) 

could operate to clear virus-infected targets from any 
tissue, while the Lyt2-, L3T4 (in mouse) T8-T4 + (in man) 
helper T cells 42 would be targeted into lymphoid organs 
where growth factors secreted at short range should act 
to promote the immune response in both the T and B cell 
compartments 43. Delayed-type hypersensitivity (DTH) T 
cells, that are also class II-restricted would be recruited 
into inflammatory lesions by recognizing macrophages 
that had localized to such sites. These propositions may 
still be useful as generalizations for explaining in vivo 
phenomena, but it is obvious that they cannot (together 
with other concepts derived from them) be regarded as 
any sort of invariant dogma. 
The exceptions to the postulate that CTL are recognizing 
class I MHC+neoantigen (x), while DTH/helper T cells 
are specific for class II MHC+x, have come from studies 
with T cell clones. There are now a number of instances 
where virus-immune CTL in man have been shown to be 
T8-T4 + and class iI MHC-restricted 44,45. This may not 
necessarily be the case for alloreactive CTL directed at 
class lI MHC determinants: at least some T cells in this 
category are T4-T8 +, or Lyt2 § The suggestion has 
thus been made that the T4 (or L3T4 in the mouse) 42 
molecule in some way participates in the binding event 
between the self-restricted T cell, whether helper or CTL, 
and class II MHC glycoproteins expressed on the tar- 
gep8.4~. Similarly, T8 and Lyt2 may be involved in a direct 
interaction with a constant domain on the class I MHC 
molecule. Perhaps the alloreactive CTL are of sufficiently 
high affinity that they may not require this additional 
binding event 46'47. At this stage, it does seem likely that' 
the Lyt (or T4-TS) phenotype of MHC-restricted T cells 
generally defines the MHC-restriction pattern, not the 
functional status, of T lymphocytes. 
These observations also effectively dispose of the idea 
that the MHC glycoproteins act essentially as 'signalling' 
channels, with the 'signal' for lysis being directed via the 
class I molecules and that for the promotion of help 
functioning via the class II molecules. In fact, it may not 
be necessary for the CTL to recognize any MHC glyco- 
protein at all. According to the experiments of Kranz et 
al? ~ MHC-negative targets coated with a monoclonal 
anti-idiotype antibody specific for the clonotypic recep- 
tor of a CTL clone are lysed by the effectors in question. 
The MHC glycoproteins may also not be required for 
lectin-dependent T cell-mediated cytotoxicity 5~. Further- 
more, cells can be lyzed by CTL which are focussed onto 
cell surface by hybrid antibodies, one arm of which binds 
to the T cell receptor while the other recognizes a non- 
MHC target antigen s2. The implication is thus that the 
only function that the MHC glycoprotein on the target 
fulfills is to be recognized in association with neoantigen 
by a single, clonotypic T cell receptor. This is basically the 
'altered self' (or self+x) hypothesis that we proposed 
some years back to explain MHC-restricted cytotoxic- 
ity4,5. I have recently discussed some of the conceptual 
difficulties that arise with this model of T cell receptor 
specificity at length, but with no great clarity, elsewhere 53. 
The molecule that does seem to have some signalling 
function in the T cell target interaction is the T3 phospho- 
protein, which is loosely associated with the human T cell 
receptor ~~ Binding of monoclonal antibody (MAb) to 
T3 results in a rapid increase of intracellular Ca 2+ in the T 
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celP 4. Furthermore, the MAb-T3 interaction can induce 
both cytotoxic and non-cytotoxic (in some cases) T cell 
clones to display antigen non-specific cytotoxic activity 55. 
The latter observation may go some way towards ex- 
plaining the numerous reports 5s47 of degeneracy, or 
modification of specificity, of T cell clones that are main- 
tained in vitro. Also, a virus-specific, class II MHC-re- 
stricted proliferating T cell clone has been shown to be- 
come cytotoxic after prolonged in vitro culture 58. Thus, at 
this stage, the only molecular entity known to have a 
direct signalling role to play in T cell function is associ- 
ated with the plasma membrane of the lymphocyte, not 
the target. 
The other dogma that has been discarded is that the 
production of lymphokines is a property unique to class 
II MHC-restricted T cells. Many class I MHC-restricted 
CTL clones produce )~ interferon s9,6~ The growth-pro- 
moting lymphokine, I1-2, is made mostly by class II 
MHC-restricted T cells, but a subset of class I restricted 
lymphocytes also secrete relatively low levels of I1 26~ 
Perhaps this may explain why we were able to stimulate 
class I-restricted, primary virus-immune CTL responses 
in the absence of any class II homology between the 
irradiated stimulator environment and negatively-se- 
lected (for aUoreactivity) T cells 6~. This flew in the face of 
the then current thinking about the need for T-T help 3, 
which may be demonstrated in some in vitro situations 62. 
At this stage the need, or otherwise, for class II MHC-re- 
stricted T cell help in primary virus-immune CTL respon- 
ses in vivo is still not clear 63-65. 
The existence of class II MHC-restricted CTL raises im- 
portant questions concerning the nature of immune regu- 
lation 66. Both resting and activated B cells have been 
shown to present antigen in association with class II 
MHC glycoproteins 67'68. The current model is that bind- 
ing of antigen (or anti-Ig) to the Ig receptor on the B cell 
results in cross-linking, membrane depolarization and 
enhanced Ia expression 69. In addition, the antigen-Ig 
complex is thought to be interiorized, disassociated and 
the antigen (or a fragment of it) re-presented on cell 
surface in the context of self Ia 7~ There would thus seem 
to be the potential for the selective elimination of re- 
sponder B cells by class II MHC restricted CTL. The 
possibility that such effectors may cause immunopathol- 
ogy has also been raised by Jacobsen et al. 71, who isolated 
measles-virus specific, class II-restricted CTL from a pa- 
tient with multiple sclerosis (MS): the T cells were HLA- 
DR2 restricted, presence of DR2 being a known risk 
factor in MS. Perhaps, except in immunopathological 
conditions, Ia-restricted CTL are essentially a pheno- 
menon of in vitro T cell cloning procedures. It would not 
be surprising if those T cells which constitutively produce 
high levels of I1-2 are more readily cloned. 
The generalization that the Lyt2 + (OKT8 +) CTL tend to 
be concerned with class I MHC glycoproteins, while the 
L3T4 + (OKT4 +) helper-inducers that produce growth 
factors (such as I1-2) are targeted onto the class II mole- 
cules may still be of value when considering normal host 
recovery mechanisms in vivo. However, these associ- 
ations between function, Lyt or OKT phenotype and 
MHC-restriction specificity are not invariant, and a 
number of exceptions have been found with cloned T cell 
lines. The one thing that is now clear is that the class I and 

class II MHC-glycoproteins cannot be thought of as dif- 
feriantial 'signalling channels' for the selective delivery of 
a lytic (class I) or inductive (class II) message from the T 
cell. Effector function is a property of the physiological 
capacity of the individual T lymphocyte, not the particu- 
lar target MHC glycoprotein. 

Specificity of influenza-immune cytotoxic T cells 

The question of the nature of T cell specificity for virus- 
coded determinants assumed immediate significance fol- 
lowing the discovery of MHC restriction for virus-im- 
mune CTL 4,5. Could we show specificity for particular 
virus-coded determinants or were T cells recognizing 
some form of modified MHC molecules 4,5, a speculation 
which was in accord with Jerne's earlier model for the 
thymus? 72 The influenza A viruses seemed to offer a ready 
made biological system for analyzing this specificity 
question 73. 
These RNA viruses have a segmented genome, with 8 
segments that can assort independently when two virus 
strains are grown together in the same cell 73. The major 
viral surface glycoproteins, the hemagglutinin (HA) and 
the neuraminidase (N), can thus be associated differ- 
entially with each other and with the genes coding for the 
nucleoprotein (NP), matrix (M1 and M2) proteins and the 
viral polymerases. The HA and N glycoproteins vary 
considerably between the different influenza A viruses, 
being subjected to antibody-mediated selective pressures, 
while the NP and M components tend to be relatively 
stable TM. 
The initial finding was that mice primed with, for in- 
stance, an HA1N1 influenza A virus generated CTL 
populations which were lytic for MHC-compatible tar- 
gets infected with an HA3N2 strain, even though antibo- 
dies to these two viruses did not cross-neutralize 75 77 Fur- 
thermore, mice which had been exposed to HA1N1 
showed a classical secondary CTL response when in- 
fected later with HA3N2 TM. The dominance of the cross- 
reactive CTL response, which was decidedly unfashiona- 
ble in the context of then current thinking about immun- 
ity in influenza, was disputed for a time 79 but was soon 
confirmed for both man 8~ 8~ and the rat 82. In fact, it seems 
that influenza infection in adult humans generally pro- 
cedes in the context of a secondary CTL response which 
may have some protective value 83. In the mouse, limiting 
dilution analysis has shown quite clearly that 8 0 4 0 %  of 
CTL clones are of the cross-reactive type 84, 85. 
The question of what exactly it is that the influenza im- 
mune CTL are seeing on cell surface is still not resolved. 
However, the identities of the virus-coded determinants 
that are required for T cell recognition are rapidly being 
established. This has depended on the availability of T 
cell clones, and on gene transfection protocols which 
employ either SV40 genes or vaccinia virus as expression 
vectors. 
Many of the cross-reactive (e.g. between HA1N1 and 
HA3N2) CTL appear to be directed at a product of the 
viral NP gene ~88. Target L cells transfected with the NP 
gene are lyzed to a high level by MHC-compatible bulk 
CTL populations, generated following priming with a 
variety of influenza A viruses. It should be noted that NP 
is not a glycoprotein, and does not have the character- 
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istics of an integral membrane protein. Although NP may 
be found on the surface of virus-infected cells 89 little, if 
any, could be detected serologically on the transfected L 
cells 87. This follows the general principle that the antige- 
nic determinants recognized by antibody are not those 
that are of interest to CTL ~' 2, though there are exceptions 
to this rule 9~ 
More recently, another cross-reactive virus-coded deter- 
minant has been found on cell-surface in considerable 
quantities 9~. This is the M2 protein, which is detected only 
in infected cells and not in virus particles 92. It now seems 
that M2 is an integral membrane protein with 18 NH2-ter- 
minal amino acids experessed on cell surface: ten of these 
are conserved for all strains of influenza A virus that have 
been sequenced so far 9~. It would not be surprising if the 
M2 molecule turns out to be a major virus-coded target 
molecule of interest to the cross-reactive CTL popula- 
tion. 
A small proportion (probably ~10%) of CTL clones are 
specific for the viral HA molecule, as established by gene 
transfection protocols 87,93, 94. Some of these T cells may be 
cross-reactive for HA1 and HA2, but not for HA3 87, 
reflecting the extent of molecular identity. However, even 
though the HA molecule is the predominant virus-coded 
entity on cell surface, it does not seem to be particularly 
immunogenic for the CTL compartment. 
The findiligs with the influenza A viruses thus have two 
lessons for us. The first is the general point that, though a 
molecule may be expressed in high concentrations on the 
cell plasma membrane, it may be of relatively little signif- 
icance in, at least, the cytotoxic arm of the CMI response. 
In fact, a variety of ' internal '  components such as NP and 
even viral polymerase gene products ~5 must be considered 
as targets for T cell recognition. The realization that this 
caveat exists may be of particular importance for the 
interpretation of tumor immunologf .  The second point 
is that strategies for producing influenza vaccines di- 
rected solely at the viral HA and N may be ill-conceived. 
Perhaps it is also necessary to incorporate viral compo- 
nents that may be involved in the induction of CM183, 
though such vaccines would have to be designed so that 
the relevant antigenic determinants are presented on cell 
surface in an immunogenic configuration. 

Class I M H C  immune response genes in virus infections 

The experiments with influenza virus, and with vaccinia 
virus, led to the realization that examples of low CTL 
responsiveness mapping to different class I MHC glyco- 
proteins show two distinct patterns 96'97. The first is that 
there may be a total immune response (It) gene defect 
associated with a particular MHC allele, which does not 
vary with any combination of MHC genes in recombi- 
nant or F1 mice. A case in point is H-2Dk-vaccinia virus 97. 
We thought that the same situation might apply for H- 
2Kb-influenza virus 96, but later found that responder T 
cells were present at relatively low frequency and were 
more dependent on added helper factors (in limiting dilu- 
tion cultures) than were those asociated with, for in- 
stance, H-2K k98. The second situation involves the appar- 
ent immunodominance of some MHC alleles. An in- 
stance is that H-2D b is associated with quite a strong CTL 
response to influenza virus or vaccinia virus when corn- 

plemented with H-2K b, but is a weak Ir gene when H-2K k 
is also presenff 6,97,99. 
The debate as to whether total non-responder situations 
reflect a failure to form an appropriate anatomical nexus 
between viral and MHC components, or are a conse- 
quence of there being 'holes' in the T cell repertoire due to 
cross-reactivity with self components, continues and is 
likely to continue for some time 1,991~ A reasonable, but 
essentially unhelpful, statement would seem to be that 
failure to respond reflects the lack of an 'appropriate '  
antigenic configuration, where 'appropriateness' is deter- 
mined by the available spectrum of T cell receptors. 
We do know something about the antigenic regions of 
both MHC and non-MHC molecules that are required 
for CTL recognition 1,2. 'Exon-shuffling' protocols with 
MHC genes transfected into L cells indicate that, in most 
(though not all) cases, both the cq and e2 domains of class 
I MHC molecules are required for CTL recognition, 
which presumably means that the CTL are generally in- 
terested in conformational determinants expressed on the 
more accessible, outer regions of the MHC glycopro- 
teins ~~ The ~3 domain, which is adjacent to the cell plas- 
ma membrane, does not seem to be of major significance 
in determining antigenicity. 
With the SV40 system, where the large T antigen is 
recognized by CTL 1~ 104, there is evidence that recogni- 
tion by individual CTL clones restricted to the same class 
I MHC gene product may variously require expression of 
either the amino or the carboxy terminal region of the T 
molecule ~~ There is also a preliminary report l~ that dif- 
ferent segments of the influenza NP gene product are of 
interest to H-2b-and H-2k-restricted CTL. These findings 
can be interpreted as reflecting varied patterns of co-sta- 
bilization of viral and class I MHC components 5, as we 
have discussed previously at some length 1. Such inter- 
actions may obviously determine one half of the Ir-gene 
equation. 
The immunodominance situation may prove much more 
difficult to analyze ~9. Perhaps antigenic competition for 
key reactive sites is involved: evidence in support of this 
idea has been found for class II  MHC Ir genes 1~ How- 
ever, there are problems in applying this model directly to 
the class I MHC immunodominance hierarchies de- 
scribed to date. In the mouse lymphocytic choriomenin- 
gitis virus (LCMV) model, for instance, H-2L d is abso- 
lutely dominant in the H-2 d (KdDdL d) haplotype: no CTL 
response is found for H-2K d or H-2D aI~ However, if 
H-2L d is not present, CTL are generated in association 
with H-2k d, though it is a weaker Ir gene than H-2L d. 
Furthermore, these H-2Kd-restricted CTL lyse virus-in- 
fected KdDdL d targets. Thus, if antigenic competition be- 
tween K d and L d for relevant viral molecules were to be 
invoked as an explanation for the immunodominance of 
L d, it would be necessary to argue that the requirements 
for T cell stimulation are much more demanding than 
those for lysis. The possibility 1~176 that the need for self-tol- 
erance to L d results in the suppression of clones with the 
potential to recognize Kd+LCMV is obviously one ave- 
nue of investigation that must be explored. Even so, 
findings from previous experiments with the vaccinia 
model 99 would not offer cause for undue optimism. Un- 
derstanding these Ir gene immunodominance hierarchies 
offers a considerable challenge. 
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Conclusions 

My perceptions of the MHC restriction phenomenon, 
and the implications of MHC-restriction for T cell func- 
tion, have been aired at length in several, recent reviews. 
Rather than cover the same ground again here, it seemed 
more appropriate to attempt to summarize progress dur- 
ing 1984 and 1985 in areas that are of particular interest 
to me because I was a member of research teams that 
generated the initial discoveries or concepts. These are: 
MHC-restriction of virus-immune CTL; the 'one-recep- 
tor-altered self (self+x)' model for T cell recognition; the 
cross-reactivity of the CTL response to cells infected with 
different influenza A viruses; and class I MHC Ir gene 
effects for virus-immune CTL. 
In broad terms; those questions that are susceptible to the 
direct application of the molecular biology approach 
have shown enormous advances over this two-year pe- 
riod. The molecular nature of the T cell receptor is 
rapidly being resolved. The identities of viral genes that 
code for the entities recognized by influenza-immune 
CTL are being established, though it may be much more 
difficult to characterize the actual antigenic structure 
recognized by the T cell receptor. In addition, we now 
seem to be in a position to discard the idea that the MHC 
molecules themselves are signalling channels. Futher- 
more, a strong possibility has emerged that cell surface 
molecules other than the clonotypic receptor, such as 
those of the Lyt-OKT series, are involved in determining 
the spectrum of MHC-restricted interaction between T 
cell and target. This in no way diminishes the significance 
of the fact that we may be dealing with a single, clonoty- 
pic T cell receptor that binds to 'altered-self (self+x)'. 
At this stage, though we have gained considerable in- 
sights into the identities of both the self and non-self 
determinants that are required for T cell recognition, the 
question of the nature of the actual T cell-target inter- 
action at the molecular level may be much more difficult 
to solve. Other problems, such as the biological basis of 
the immunodominance hierarchies in class I MHC Ir 
gene effects, are also likely to remain with us for some 
considerable time. In addition, analysis of the roles of 
various T cell populations in disease states, and the inter- 
actions between immunity, immunopathology and auto- 
reactivity, is likely to continue to yield new insights. Per- 
haps the study of host response in virus infections may 
still provide original perspectives on the central problem 
of our discipline: understanding the nexus between im- 
munity, on the one hand, and self-tolerance, on the other. 
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Cell-extracellular matrix interactions in morphogenesis: an in vitro approach 

by R. M o n t e s a n o  

Ins t i tu t e  o f  H i s t o l o g y  and  E m br yo l ogy ,  Univers i ty  o f  Geneva, M e d i c a l  School ,  C H - 1 2 1 1  Geneva 4 ( S w i t z e r l a n d )  

S u m m a r y .  W e  briefly review evidence  f r o m  in v i t ro  mode ls  that  suppor t s  a role  for  the ext racel lu lar  ma t r ix  in two 
essential  steps o f  organogenes is :  the es tab l i shment  o f  app rop r i a t e  th ree -d imens iona l  cell- to-cell  re la t ionships ,  and  the 
de t e rmina t ion  o f  a correc t  cell polar i ty .  
K e y  words. Cell  cul ture ;  o rganogenes i s ;  col lagen;  endocr ine  pancreas ;  cell po la r i ty ;  L L C - P K  cells; endothe l ia l  cells; 
angiogenesis .  

F o r m a t i o n  o f  a precisely o rgan ized  func t iona l  tissue or  
o rgan  (organogenes is )  is one  o f  the m a j o r  phases  o f  em-  
b ryon ic  deve lopmen t ,  and  represents  the cu lmina t ion  o f  
a series o f  specific cel lular  events.  T h r o u g h o u t  the var i -  

ous stages o f  organogenes is ,  mac romolecu l e s  present  in 
the ext racel lu lar  ma t r ix  p rov ide  s t ructura l  suppor t ,  and  
act  as a glue tha t  binds toge ther  the di f ferent  cell types in 
a comp lex  tissue o r  organ.  Since the p ioneer ing  studies o f  


