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SBVBATY,

Adhesive interactions of embryoric with neoplastic ¢ells have
been studied in cultures of 7 dasy old chick embrye neursl retina cells
and embryo hamster, baby hamster cell lines and some of their necplastic
derivative cell lines. Two ég%ures of adhesion were siudied, the
alteration of neural retina cell adhegsiveness by the conditioned media
of the hamster cell lines and the mutuél adhegiveness of the neural
retina cells and the hamster cell lines.

Experiments to test for conditioned media were done using either
the Couette Vigcometers or the collecting cell lawn assay. The results
of these experiments indicate the presence of fsactors which afféct the
sdhegiveness of 7 day old chick embryo neural retins cells. The results
varied depending upon which technique was used.

The mutuval adhesiveness of the neural retina cells and the hamster
cell lines was studied with the collecting cell lawn system znd in two
and three dimensional mixed cultures.

The collecting c¢ell lawn assay indicates that the neural retina
cells do not associate with the neoplastic cells as well as the normal
cella and that the embryonic hamster cells zssociate better than the
bahy hawster cells. The results are disgcussed on the bases of a
clasgification of the different cell types according to their origin
a3 baby, embryonic or neoplastic cells.

The two dimensional mixed cultures show that the neural retina
cells and the hamster cells do not make any important contacts and thatb
the increase by growth of the mumber of the hamster cells forecs the
neural retina cells to come off the culture dishes.

The thrae dimensional mized culiures indicate that the neural

retina cells associste to some extent with the normal baby and enbryonic
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hamster cells but not with the neoplastic ones.

In these mixed cultures, two and three dimensional omes, the
gorting out pattern observed was discussed in relation to the secretion
effects.

The results give support to the "mcrphogen theory” for the control

of sorting out in mixed aggregates.
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INTRODUCTYON

The organisation of cells into a living multicellular organism
requires their assembly in a definite and exact relafionship with one
another. During the development of an~anima1, the reletionships
between the cells change extensively. As the animal matures these
changing relations slowly settle down into the more constant
characteristics of maturity. One of these relations is observed in
the adhesion of cells to one another; without it there would be no
multicellular animals.

The positions the cells hold in the organisms are critical for
the life of the animals. Changes in thesge positions could cause
serious or fatal abnormalities. The study of cell position in animsls
has for & long time been under-experimental investigation, ( Wilson 1907,
Huxley 1921 ). One of the main systems that has been used is the
formation of aggregates and segregation.

Huxley's ( 1921 ) finding that only the types of cells allowed to
reaggregate wbre_found in the resultant aggregates led to the general
acceptance of stability of the cell type during the reaggregation snd
the occurrence of cell segregation according to cell type. Trinkaue
and Groves ( 1955 ) observed that the differentiation of any particular
tissue used in mixed aggregates will not cccur unless the required
number of cells of that tissue type are clustered and concluded that
cell transform;tion may occur in the differentiation procedure. Townes
and Holtfreter ( 1955 ) observed that rot only the disaggregated cells
gegregated in the aggregates in groups of like cells, but also these
groups took up defined positions in the aggregates. Thig study of
Townes and Holtfreter led to further investigation of cell segregation
and positioning of groups of like cells in aggregates of sponge,

embryonic amphibian, chick and mouse material.
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The most importahﬁ procedufe in these studies is the identification
of the cell types used in the reaggregation. The difficulty of this
procedure had been realised as early as>1907 by Wilson. Since then
fhe search for reliable cell markers hag continued so that the sorting
out process can be more accurately examined. Histological markers,
such as glycogen in embryonic chick heart cells ( Steinberg 1962a ),
can not be used reliably in these experiments as they can be affected
easlily during disaggregation and reaggregation. _Moscona ( 1957 and
onwards ) used the different staining properties and sizes of mouse and
chick nuclei for his studies in mixed aggregates of chick end mouse
embryonic tissues. This technique is of limited applicsation and
identification of individual cells is not always possible due to
gradation of nucleér size, ( Auerbach and Grobstein 1958 ). Trinkaus
( 1963 ) and Trinkaus and Lentz ( 1964 ) have used the granules of chick
embryonic pigmented retinal cells to recognise this tissue in mixed
aggregates. This marker is also of limited application as it only
exists in~pigmented retina cells and it 1s subjected to the degradation
of the pigmented granules. Another natural marker used but of limited
application is the natural colour of the different sponge species.

This marker has the disadvantage that only a proportion of the sponge
cells are stained. Artificial markers were widely used during recent
years. Okada { 1965 ) introduced fluorescent antibody labelling
techniques to examine sorting out of embryonic mesonephros cells.
Trinkaus snd Gross { 1961 ) introduced the use of radioactive compounds
as markers Tor sorting out experiments. These two techniques have only
been used very recentl& both for sorting out experiments and also for
the study of other related phenomena such as cell adhesion.

The positions the cells hold in aggregates of different tissues
may be a characteristic of their adhesive properties, ( Moscona 1957,

Yteinberg 1962a ). The mechanism controlling the cell positioning is



b

still unknown. Different theories have beeﬁ proposed on the possible
mechanism of positioning; the specific adhesion theory ( Wilson 1907,
Galtsoff 1925, Moscona 1962 ), differentisl adhesion theory ( Steinberg
1962a, 1963a ), timing hypothesis ( Curtis 1961, 1962b ) and morphogen
theory ( Curtis 1974 ).

These theories attempt to explain the positioning of cells from
different normal tissues, but almosgt no work has been done on the
positions cells hold in aggregates of normal and malignant tissues.

The aim of this work 1s to investigate this problem.

As early as 1394 Roux started the study of cell aggregation Wheﬁ.
he observed the aggregation of frog blastomeres. Wilson { 1907 )
found that disaggregated sponge cells were capable of reconsﬁituting a
sponge when allowed to reaggregate in a glass dish. He tried to
explain this reconstitution by two hypothesis: Either that the sponge
cells redifferenfiated according to their position in the aggregate, or
that during the reaggregation the sponge cells of one type moved to a

o
similar’ in the aggregate as in the intasct sponge.

L large variety of tissues have been tested to show the occurrence
of cell sorting out in aggregates using different combinations. Two
technicues have heen used; (i) small pileces of tissues were fused
together, and (ii) single cell suspensions, produced by various methods
of dissocciation, were aggregated under certain conditions.

Four main theories have been developed to explain the final
positioning of cells in an aggregate (sce pagez})‘ FPirst Wilson ( 1907 ),
Galtsoff ( 1925 ) and Moscona ( 1962 ) proposed that cells show a
considerable degree of specific adhesion such that either only like
cells will stick together or that like types of cglls tend %o stick
together more than unlike. The two next theories, Curtis ( 1961,
1962a ) and Steinberg ( 1962a, 1963a ), suggest that like cells will

position themselves in a manner determined by the quantitative value
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of the strength of the cell adhesion. A fourth theory was introduced
by Curtis and Van de Vyver ( 1971 ) with the examination of the

vhenomenon of non-coalescence between different strain types of the

Isponge Ephydatia fluviatilis, first observed by Van. de Vyver ( 1970 ).
Curtis and his associates further studied this theory and Curtis ( 1974 )
introduced the morphogen theory which supposes that the cells produce
factors that affect the adhesiveness of unlike cell types in a
concentretion dependent manner.

Steinberg ( 1963a ) and Curtis ( 1961, 1967 ) criticised the
specific adhesion theory of the Moscona group on the grounds that it :
does not provide any mechanism for patterning. This theory provides
an explanation of the aggregation of like cells and in the extreme
case of segregation where there is no intertype adhesion, (complete
specificity), and it predicts that entirely separate bodies of the two
cell types will form, but it does not provide any explanation for the
positions that the different cell types occupy in mixed aggregates.

The second theory is divided in two parts - the one of Steinberg's
group celled "differential hypothesis" and the other due to Curtis
called "the timing hypothesis".

Steinberg suggests that sorting out takes place so that the system
reaches optimal thermodynamic conditions. These thermodynamic conditions
refer to the surfaceenergies of the individual constituents of the
system. In this system the units adhere to one another rearranging
themselves until the free surface energy cf the system is reduced to a
minimume. This minimum is achieved when the total work done through
adhesion in the system is raised to a maximum, in other words, when all
the individusl units are mutually oriented in such a manner that they
adhere to one another with the greatest average tenacity. At this
point the thermodynamic equilibrium, the distribution of the two

different types of units within the system, is a function of the work
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of cohesion of each of the two.ﬁnits and of the work of adhesion
between them. In order for the aggregate to sort out the cells

have to move under the influence of the relative difference of the
interfacial energies of the various adhesions. Steinberg considered
a system of two cell types (a) and (b) which are cohesive and motile.
Thus if the adhesion strength (W) of unlike cells is greater than the

average adhesion strength of like cells, then the cell types will mix,

W : ‘
i.e. Wab;>—ggﬂh. If the average adhesion strength of like cells is

greater than or equal to the adhesion strength of unlike cells, the

cell types will segregate forming separate aggregates, i.e. Wabaeﬂégﬂh,

. Finally, if the

or there will be partial enclosure, i.e. Wab\(________Wa;Wb

average adhesion strength of like cells 18 greater than the adhesion

strength of the unlike cells, where both of these are greater than the

adhesion strength of the one cell type, the cells will then form

Wa+Wh
2

Steinberg's hypothesis depends on cells being freely motile

concentric masses, i.e. > Wab >Wh, (b) cells surround (a) celle.
within aégregates. It also suggests that sorting out may take place
at early stages of aggregation as soor as a choice of adhesion is
available. Supporting this are the observations of Trinkaus and
Lentz ( 1964 ) by time lapse cinematography of living pelleted
aggregates, suggesting that segregation in this system might begin
after an hour in culture. As regards the motility of cells in
aggregates there is little evidence for its occurrence. Weston and
Abercrombie ( 1967 ) fused homonomic, i.e. identical, tissue fragments,
with the cells of the one fragment labelled and further cultured these
in shaker cultures. They showed that the cells of the {two fragments
were noé(all intermixed, so no free motlior could be observed between
the cells. Trinkeus and Lentz ( 1964 ) did not observe any movement
of clusters of cells in living aggregates of embryonic chick heart

and retinal pigmented cells. Contrasted to this was the finding of
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De Haan ( 1964 ) who observed péricardial cells migrating_ig_g;gé
on an endodermal substrate.

Curtis ( 1961 ) using disaggregatéd cells from amphibian mid-
gastrulae found that if the endoderm was reaggregated Tor four hours
before the ectoderm and mesoderm were added, the ectoderm asscciated
with the endoderm though initially separate from it. He also
showed that the longer the endoderm has been reaggregating before
ectoderm and mesoderm were added the further inside the aggregate
were the ectoderm and mesoderm. The first result shows that the
specificity of sorting out is destroyed by confusing the timing of
the reaggregation procéss; the second that the pogitions of the
cell types in the reaggregate can be altered by changing the timing
of the addition of the various types. Together these conclusions
suggest that sorting out and positioning of the cell types in the
reageregate are controlled by timing processes. This control has
been named by Curtis { 1961 ) as "temporal specificity™.

Steinberg ( 1964 ) suggested that by the timing theory a single
internal mass of the one cell type will result, which does not always
happen. Curtis ( 1967 ) suggested that the timing hypothesis
explaing the occurrence of many small discontinuous regions in the
internally segregating types in some aggregates. Thus when the
number of cells of each type arz fairly similar, the internally
segregating type will be found to move towards the centre of the
aggregate during segregation. Slight variations in the distribution
of the various cell types in the aggregate at the start of aggregation,
or a variation in the time at which trepping starts in various parts of
the aggregate, would lead to eccentric segregation of the internaelly
segregating type, as has been found by Steinberg ( 1964, 1962b ).

The observations of Townes and Holtfreter ( 1955 ) and Steinberg

( 1964 ) that tissue fragments, which have not been treated with
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disaggregating sgents, sort out; argue against the timing hypothesis

to some extent. For the timing theory the adhesiveness of cells may
be differentially affected by the disaggregation procedure or the
‘medium in whish reaggregation occurs. Trinkaus ( 1969 ) commented
that there was no evidence that disaggregation procedure differentially
gffected cell types. Curtis ( 1970 ) showed that the adhesiveness of
chick embryo neural retina and liver cells varied according to the
disaggregetion procedures applied. Components of the medium, such as
the presence of serum, could conceivably alter the adhesiveness of
tissues as well as suspensions ( Curtis 1965 Y.

Active cell motility during sorting out is essential for both
the differential adhesion hypothesis and the timing hypothesis.
Experiments with tissue fragments fused overnight on an agar substrate
and then cultured on millipore filters or agar, supposed substrates of
low adhesiveness, or in shaker cultures, which are believed to provide
a substrate of higher adhesiveness in the presence of growth medium,
have sho&n that: a) heteronomic tissues sorted out following the
patterning of aggregatés in the case of shsker cultures, but they did
not show any patterning in the cases of agsr or éillipore filter
cultures, ( Steinberg 1964, Weston and Abercrombie 1967, Wiseman et al
1972 )5 b) homonomic tissue fragments fused without the cells
infiltrating the apposing tissuc, ( Weston and Abercrombie 1967).

The fourth theory has been recenily advanced by Curtis ( 1974 ).
This theory -the morphogen theor&- s term used by Edelstein ( 1970 )
for hypothetical factors that are supposed to control cell positions in
aggregates by chemotsctic action, was Tirst introduced by Curtis and
Van de Vyver ( 1971 ). They were testing the mechanism by which the
non-coalegcence phenomenon ( Van de Vyver 1970 ) is developed in the

sponge Ephydatis fluviatilis. When sponges of unlike strains were

placed in contact they appeared to adhere temporarily but soon

i
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afterwards separate, ( Van de Vyver 1970 ). This §bservation wag
explained ( Curtis and Van de Vyver 1971 ) by the assumption that
specific diffusible substances were secreted from the sponges that
diminished the adhesiveness of the opposite strain cells, resultiné
in the separation of the sponges. Curtis and Van de Vyver ( 1971 )
confirmed this by measuring cell adhesion in the presence of these
factors.

Curtis ( 1974 ) and in press, found that embryonic neural
retina and liver cells released substances into the medium during
active growth that redqce the adhesiveness of the opposite cell
type without stimulating the adhesion of the type from which they
were derived. Similar action has been found for the mouse B and T
lymphocyte system in vitro, ( Curtis and De Sousa 1973, 1975 ) and
a hypothesis was advanced that lymphocyte recirculation and thus the
positioning is controlled by B-T interacitions mediated by soluble
factors.

Inkorﬁer_to test one or more of these theories a great variety
of experinents have been carried out using either dissoclated cells
from different tissues or whole tissue fragments from different
specles. Chick and mouse embryos are widely used in these
experiments. However other animals have also beén used for this
study, i.e. sponges and amphibians. The selection of the different
species and tissues is based mainly on the availability of these
animals and on the facility of the disaggregation of the cell types
from these tissues.

Attempts to distinguish differences in the morphogenetic
. processes of the various tissues led %o the use of tissues of the
same species in sorting out experiments. Simultaneously there
were attempts to study if differences exist between the same tissue

of different species and between different tissues of various species
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in order to study possible changes on the positioning pattern of
tissues betwen different species so that possible evolutionary
processes could be further studied.

In the study of sorting out the following terminology has
been applieds For the combinations of tissues of the same species,
"hompsﬁecific" combinations, there are the 'homologous' aggregates
and 'homonoﬁic' fragments, where cell type is identical, and +the
'heterologous' aggregates and 'heteronomic! fragments, where cell
types are different. For the combinations of tissues from
different species,'"heterospecifio, xenospecific" combinations,
there are the '1sotypi¢' and ‘'heterotypic' aggregates when the
aggregates are from dissociated cells either from the same or
different tissues respeotivély.

Moscone and his associates and Burdick and Steinberg
(references see below) prepared mixed aggregates of mouse and chick
embryonic cells from either the same or different tissues.‘ Thusg
the tisgsue specificity observed, that is the'cellular self recognition,
among tissues of the same animal was extended to species specificity.
Moscona and his associates in a series of publications have reported
that, for heterospecific isotypic combinations of liﬁb precartilage,
( Levak-Svajger and Moscona 1964, Moscona 1957, 196la ), 1iver;
( Moscona 1957, 1961a ), neural retina, ( Moscona 1961b ), embryonic
kidney, ( Moscona 1962 ), brain, ( Garber and Moscona 1972 ), and skin,
( Garber and Moscona 1964, Levak-Svajger and Moscona 1964, Moscona
1961c, 1964, Moscona and Garber 1968, Moscona M. and Moscona A 1965 ),
the cells 3id not sort out from each other according to the two
species types. .These results suggested the generslisation that for
any 6ne embryonic cell type the properties responsible for cell
gorting are indistinguishablé among even vefy'distantly related warm-

blooded wverbtebrate species.
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Contrasting results to those of Moscona's group are those of
Steinberg's group. Burdick and Steinberg ( 1969 ) cbserved sorting
out in heterospecific aggregates of myoéardial cells and Burdick
( 1970 ) in limb mesoblast cells. While these observations of
Steinberg's group contrast those of Moscona's group, Burdick ( 1972 )
carried out experiments and showed that mixtures of mouse and chick
liver cells do not sort out and so he confirmed the resultg of
Moscona's group. He also fused mouse and chick liver fragments and
observed that they sorted out with the chick tissue enveloping the
mouse tissue. Weston and Abercrombie { 1967 ) and Gershmen ( 1970 )
observed that in fusing chick liver fragments there was no significant
envelopment of the one fragment by the other. From the above results
it is apparent that the generalisation of Moscon'a group is no longer
valid. The facts that chick embryonic liver fragments when fused do
not envelop each other, but when fused with mouse liver they envelop
it, and also that chick liver cells sort out from chick heart cells
and that mouse liver and chick heart cellé do not sort out in mixed
aggregates, indicate that the morphogenetic properties of mouse liver
cells are not the same as those of chick iiver cells, ( Burdick 1972 ).
In all these experiments the different cell types were recognised by
gtaining the aggregate sections with haematoxylin.

Aggregntes prepared from different tissues from mouse and chick
embryos showed tissue specific sorting out as stated by Moscona ( 1957 }
for mouse liver and chick chondrogenic cells, by Auerbach and Grobstein
( 1958 ) for mouse metanephrogenic mesenchymal cells and chick spinal
cord cells, by Moscona ( 1961a ) for 1imb bud mesoblast and liver cells
in both combinations of mouse and chick embryos, and from unpublished
results of Burdick referred in Burdick ( 1972 ) for ﬁouse liver and
chick neural retina cells. Meanwhile Burdick ( 1972 ) reported that

the combiration of mouse liver and chick heart ventricle cells did not
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sort out and.instead formed intermingled aggregates.

The grouping behaviour of embryonic cells and tumour cells was
examined by Moscona and Kuroda, (references see below), as a result
of the observations of Leighton et al ( 1960 ) and Wolff and Wolff
( ;961 ) and of others, that a variety of mammelian tumours were
capaplé of invading chick embryonic tissues. An early attempt at
this was made by Moscona ( 1957) who mixed chick embryo chondrogenic
cells with mouse pigmented melanoma cells, 8 91, and found that the
aggregates derived from these cells consisted of a central mass of
cartilage surrounded by S 91 cells. Moscona ( 196la ) repeated
thig experiment with liver cells and observed that the aggregates
consisted of a central mass of 8 91 cells surrounded by hepaticv
parenchyma. In both the experiments, upon a further culture, the
clarity of the regional segregation of the two kinds of cells was
progressively lost owing to the invasive activity of the neoplastic
elements, |

Purther experiments on this embryonic-neoplastic cell behaviour
were carried out by Kuroda ( 1968a ). He combined chick liver, limb
bud and gkin cells with Hela cells. On the first combination, chick

liver-Hela cells, there was a complete segregation of the two cell

Covin gy "‘E@ !‘

et

types. On the second, limb bud-Hela cells, the aggregat of )

composite structures of chick mesoblasts and Hela cells. Cn the third,

skin-Hela cells, chick epidermal cell masses were surrounded by a

chimaeric tissue in which Hela and chick dermal cells were interspersed.
It 1s elso worth considering experiments carried out with cells

with common germ layer origin within one species. Oré&nisms with which

work has been done are the sponges, amphibians, chick and mouse emﬁryos.
The readhesion of aggregating sponge cells was shown #o he

preferentially species specific, ( Wilson 1907, Galtsoff 1925 )y i.ee

mixtures of cells from two species tend to adhere to homologous cells.
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More recent work on the aggregation of gponge cells indicated the same
conclusions of Wilson and Galtsoff. Humphreys ( 1970 ) using the

sponges Microciona prolifers, Haliclona occulats and Halichondris

: anicea, observed complete segregation of the different sponge cells
during reaggregation by time lapse photography. In these experiments
the different cell types were not recognised precisely and on occasions
as Humphreys reported the cells made ‘mistakes'.

John et &) ( 1971 ) studied the aggregation of the sponges

Ophlitaspongia seriata and Halichondria panicea in mixed aggregates.

They separated the archeocytes from the mucoid cells and they
concluded that archeocytes must be present in dissociated monospecific
cell populations for aggregation of all cells to occur. It seems that
the archeocytes interact with the mucoid cells before the latter show
any aggregative potential. Aggregated archeocytes from two species
will not separate from one another uniess the mucoid cells from one of
the species are present. ‘Meanwhile aggregated mucoid cells from both
species will not separate from one another unless both their
homologous archeocytes are present. Species specificity in the
sorting out process is conferred by mucoid cells in interaction with
the archeocytes. The term mucoid cells is not well understood. In
this work the recognition of the cells in the aggregates formed was on
the basis of colour only.

In sddition to these cases where couplete segregation of the
different species occurs during reaggregation, Curtis { 1962v )

studied the reaggregation of the sponges Microciona senguinea,

Suberites ficus, Halichondris panicea and Hymeniacidon perleve. He

found that soriing out patterns depended on the conditions of the
experiment. By varying the conditions of the experiments, that is
the time at which the different species were mixed, he could elicit

different types of sorting out behaviour, namely (1) the aggregates
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separated completely, (2) the aggregates formed éhains, (3) the
aggregates formed concentric coating masses and (4) the aggregates
appeared intermingled. These observations support Curtis'! timing
hypothesis for sorting out. If one attempts to apply the
differential adhesion hypothesis which presupposes that cells in
aggregates are freely motile, to the previous observations, then it
would be difficult to give any logical explanation on the different
types of sorting out behaviour referred to earlier.

The specific adhesion theory may explain the sorting out pattern
of sponge cells, and the findings of Turner and Burger ( 1973 ) and of
Weinbaum and Burger ( 1973 ) can give further support to.a particular
explanation of this type of the species gpecific segregation of sponge
cells. The macromolecules they have isolated appear to contfol sponge
cell segregation.

The individual aggregative potential of chick embryonic tissues
was studied before the study of the morphogenetic movements of the
chick embryo. The effect of the dissociating agents, components of
the media and other reagents involved in the reaggregating system were
studied first. /

The pozitioning of the different cell typesrin mixed aggregates
may depend on the selectivity they show towards like and unlike cells.,
Strdies on this selecti&ity were carried out by Roth and Weston ( 1967 ),
who prepared aggregates of neursl retina and liver cells and continued
the aggregaﬁion in the presence of labelled suspensions of neural retine
and liver cells. They concluded that isotypic associations are more
stable than heterotypic ones as isotypic aggregates collected more
labelled cells than heterotypic aggregates. Similar experiments were
carried out by Roth ( 1968 ) and Roth et sl ( 1971 ).

Bearing in mind this adhesive selectivity shown by cell aggregates

we can now advance to the segregation patterning found in mixed
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aggregates., Many combinations have been studied and Steinberg { 1964 )
demonsirated a "hierarchy" of sorting out in some combinations of N
embryonic chick tissues within aggregates or tissue fragments systems,
and Steinberg ( 1970 ) explaing this hierérchy in terms of 'preference;.
of various tissues for the internal positions. The term preference is
used because instances of reversal of positions have been observed.
The tissues used were from different embryonic stages between the 3%6th
hour and the 8th day of incubation. The hierarchy found is as follows:
germinative layer of epidermis > limb bud precartilage > pigmented
epithelium of the eye > myocardium of heart wventricle 3 neural tube >
liver, where the observation is that every member of the series tends to
envelop each member preceding it. This work of'Steinberg agrees with
the results of all other workers who used chick embryonic tissues for
their studies.

Under certain conditions it is possible to alter this generally
aceepted hierarchy. Armstrong and Niederman { 1972 ), Wiseman et _al
( 1972 ), Steinberg ( 1970 ) and Wiseman ( 1970 ) have reported cases
where the normal pattern of sorting out was reversed. This phenomenon
was called 'position reversal', ( Steinberg 1970 ). Wiseman et al
( 1972 ) concluded that the dissociation-reaggregation procedure
decreased he=rt intercellular cohesiveness, that organ culture increascd
the cohesiveness of heart fragments and reaggregates, and that as a
result of ;uoh changes a pair of combined cell populations could becone
reversed in relative cohesiveness during the course of an experiment,
and that differences in phase ratio merely facilitated the detection of
such time Jdepended reversals in relative intercellular cohesiveness.
Crosby ( 1967 ) suggested that the proportions in which two cell
populations are mixed, which he termed "phase ratio" might also, uﬁder
certain circumstances, influence their final arrangement. A1l the

experiments in which reversal of positioning has been observed included
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heart tissue. Therefore, Wiseman et 8l ( 1972 ) studied the heart
ventricle-liver combination, and Armstrong and Niederman ( 1972 ) the
combinations ¢f heart ventricle-pigmented retina, and of heart
ventricle~limb bud mesoderm cells,

Different factors could influence the pattern of sorting out.

Such a factor is the drug cytochalasin B which inhibits active cell
movement, ( Carter 1967 ). Steinberg and Wiseman ( 1972 ) reported
that when cytochalasin B was removed from the incubation medium of
liver explantyg growing on plastic the inhibitory effect was reversed.
The reversibility also exists in mixed aggregates, where in the presenée
of cytochalasin B heart and liver cell mixtures fail to sort out.
Cytochalasin B also inhibits isotypic fusions of heart and liyer
fragments, but when removed the fragments recovered from the inhibition.
Carter ( 1967, 1972 ) observed that the effect of cytochalasin B on cell
motility was a reversible effect and Sanger and Holtzer ( 1972 )
reported the reversibility of the effect of cytochalasin B on cell
sdhesion and sorting out. Armstrong and Parenti ( 1972 ) also studied
the effect of cytochalasin B on éEher combinations of chick embryonic
tissues. They found that the sorting out of pigmented retina-heart
cells was completely inhibited but the sorting of neural retina-
pigmented retina aggregates was only,slightly affected.

Other fuctors which possibly affect cell positioning are the
secretions of cells. The latest experiments of Curtis' group show =
control of cell positioning by such secretions, ( Curtis and Van de
Vyver 1971, Curtis and De Sousa 197%, 1975, Curtis 1974 ). Such
secretions can even cause position reversal. When neural retina and

liver cells from the chick embryo were réaggregatgd in liver conditioned
medium intermingled aggregates resulted. If aggregated in neural'
retina conditioned medium a position reversal phencomenon was observed.

If presorted aggregates were incubated in neural retina conditioned
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medium no effect on sorting out was seen, but in liver conditioned
medium randomisation occurred within the aggregates, { Curtis 1975
in press ). These factors not only affect cell positioning
significantly, but also affect the rate of cells adhering together
before any positioning procedure commences, ( Curtis and De Sousa
1973 ).

Armstrong and Parenti ( 1972 ) observed that the adhesion of
neural retina cells to form aggregates was not inhibited by cytochalasin
B, but limb bud cells formed smaller aggregates than in the controls.
However Steinberg and Wiseman ( 1972 ) demonstrated the reverse, that”
1imb bud cells were hardly affected by cytochglasin B, and neural retina
and liver cells formed smaller aggregates than iﬁ the controls. In
addition they demonstrated that heart cell reaggregation was enhanced by
cytochalasin B. These results show that cytochalasin B has & variable
~effect on cell adhesiveness.

Jones and Partridge ( 1974 ) reported that cytochalasin B
inhibiteé the aggregation of limpet haemocytes, (but did not disrupt
preformed cellular contacts), whereas colchicine did not significantly
affect their aggregation. Waddell et al ( 1974 ) showed that the
aggregation of BHK fibroblasts was sensitive to the alkaloids colchicine
and vinblastine. Prostaglandins and cyclic nucleotides have a varying
eftect on the adhesion of cells onto protein coated plastic. For
example, Ehrlich ascites tumour cells responded differently to various
prostaglandins, and dibutyryl-cyclic-AMP decreased the adhesiveness of

these cells, ( Weiss 1973 ). Grinnell et al ( 1973 ) reported that

dibutyryl-cyclic-AMP did not affect the stickiness of BHK 21 C13 cells
- nor of the polyoma transformed derivative BHK-Py cells.

Another appruach to the elucidation of the mechanism of sorting
out has been to ask the question does specific adhesion exist and if so

how is it mediated.
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Moscona ( 1960, 1962 ) described a gel which he termed extracellular
material found in asscciation with reaggregating cells. Rosenberg
( 1960 ) reported that freshly trypsinized celle released a gel material
which bound to glass. Steinberg ( 1963b ) and Steinberg and Roth
( 1964 ) suggested that extracellular material was derived from cells
lysed by trypsinisation, since they demonstrated that extracellular
material could be lysed with DNA ase.

Moscona ( 1962, 1963 ) found that supernatants from actively
metabolising suspensions of chick embryonic cells would increase the
size of aggregates formed at 2500. Moscona { 1963% ) and Humphreys _J

( 1963 ) reported that cells from the marine sponges Haliclona occulats

and Microciona prolifera would not aggregate at low temperatures if
they had been dispersed in a medium lacking divalent cations, although
mechanically disrupted cells would adhere at low temperatures.
Fractiong of thesé divalent cation free media in which the cells had
been dispersed would cause aggregation of homologous cells, but not of
heterologous cells. Thus the factors appear tc be specific promoters
of aggregation. Margoliash et al ( 1965 ) found that Haliclona
occulata factor was a complex macromolecular mixture of high molecular
welght. Humphreys ( 1965 ) reported slightly different properties
for the same material.

Lilien and Moscona ( 1967 ) obtained a factor from the medium of
neural retina cultures, exposed to serum free media for two days, which
increased the diameter of aggregates of cells. Lilien ( 1968 ) showed
that several other cell types could produce non specific adhesion
factors when treated like the ones of iilien and Moscona. Kuroda
( 1968b ) obtained similar evidence, that .the eon@itioned medium from
liver cell cultures would stimulate aggregation of these cells.
Takshashi and Okada ( 1970, 1971 ) fractioned s conditioned medium from

chick embryonic fibroblasts and myoblasts to obtain two factors. One
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- promoted the aggregation of cells, the other was not effective by
itself but only on cells treated with the other factor. Konde and
sakai ( 1971 ) reported that a factor released duringxfhe dispersion

of sea urchin embryos stimulated the aggregation of these cells.

Kondo ( 1974 ) found in crude ovacquenin, a reaggregation promoting
substance from sea urchin embryos, a factor which inhibits
reaggregation of dissociated blastomeres. Pessac and Defendi ( 19722 )
suggested that the factors reported by Lilien and others were hyaluronic
acid., Mateyko and Kopac ( 1963 ) found that hyaluronidase was
ineffective in cell dispersion, so the suggestion of Pessac and Defendi
( 1972a ) seems improbable. Wasteson et 8l ( 1973 ) reported that
feline lymphoma cell aggregation is depended on hyaluronic acid, but
BHK 21 cell aggregation is not inhibited in the presence of 12.5 rg/ml
bovine testicular hyaluronidase, ( Edwards‘gg_gl 1975 ).

Pessac and Defendi ( 1972b ) demonstrated that some wmammelian
cell lines produce factors that stimulate the aggregation of their own
cells and of heterclogous cell lines. Roth ( 1968 ) using undialysed
conditioned media of the same type as Lilien, found that the factors
from both retina and liver increased the collectipn of cells by
isologous aggregates whether isotypic or heterotypic factors were used.
Oppenheimer and Humphreys ( 1971 ) obtained a spebific adhesion factor
from the ascitic fluid in which teratoma cells were grovwn. This
factor promotzd the aggregation of mouse teratoma cells but not the
aggregation of sarcoma 180 or 7 day old chick embryo neural retina
cells. Curtis and Van de Vyver ( 1971 ) examined the adhesion of
cells from different strains of.the fresh water sponge Ephydatia
 fluviatilis. They discovered that these sponges produce soluble
factors that diminish the adhesion of unlike celi types while
increasing the adhesiveness of homologous cells.

Muller and Zahn ( 1973 ) studied a factor from the sponge Geodia
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cydonium which was released aftér calcium and magnesium free sea water
treatment,; and which appears to be species specific with its functional
group consigting of a protein with polaﬁ amino acids. Turner and
’Burger ( 1973 ) and Weinbaum and Burger ( 1973 ) studied the aggregation

of cells of the sponge Microciona prolifers and described an aggregation

factor which had a carbohydrate constituent, was calcium dependent, and
was bound on the cell surface on a special feceptor site which they
isolated and called base plate.

The existence of factors in cell cultures affecting cell adhesion
and positioning either positively or negatively is indubitable.

There are a group of factors which may or may not be identical
with these described above which are present in sera, ( Fisher et_al
1958, 19%9, Curtis and Greaves 1965, Orr and Roseman 1969, George et al
1971 ).

Divalent cations play a very important role in cell adhesion.
Ringer ( 188C ) found that calcium was necessary to preserve the normal
intercellular contécts in tissues. Rouxl( 1894 ) found that in calcium
free media frog blastomeres were more easily separated than in complete
salt solution. All workers studying the aggregation of sponge cells
heve shown the importance of calcium jons in sponge cell dissociation
and adhesion, ( Weiss 1960, Garvin 1961, Armstrong and Jénes 1968,
Takeihi and Ckada 1972, Hornby 1973, Demen et al 1974 ). Edwards
et 8l (1975 ) also studied the effect of the divalent cations on cell
to cell and cell to substrate adhesion. They found that the formation
of adhesions of BHK cells does not require addition to the medium of
divalent cations, although it is increased by divalent manganese and
cobalt ions.

Because of the involvement‘of caleium in cell adhesion, chelating
agents (such as ethylene-diamine-tetra-acetate, EDTA) are used in the

disaggregation of chick and mammalian embryonic tissues, ( Anderson
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1953, Zwilling 1954 ). Townes and Holtfreter ( 1955 ) uged alkaline
pH, Rinaldini ( 1958 ), Wilmer ( 1945 ), Moscona ( 1952 ), Easty and
Mutolo ( 1960 )} and others used enzymes to disaggregate embryonic
tissues, such as trypsin, papain, e.t.c. Argument has been growing
for years between séientists as to which method is best for
disaggregation of embryonic tissues. Moscona A. and Moscona M,

( 1967 ) ana Lilien ( 1969 ) claimed that EDTA separated cells do nect
show histogenetic aggregation and thus that the cells are so damaged
that they display none of the adhesive properties exhibited by
trypsinized and presumably normal cells. Glaeser et al (1968 )
compared the Tormation of aggregates of neural retina cells after
EDTA or trypsin treatment and found that gimilar aggregates in size
and shape formed after both treatments. Allen and Snow ( 1970 ) and
Snow and Allen ( 1970 ) reported that BHK cells harvested with trypsin
suffered more damages than harvested with EDTA. Crude trypsin
released similar amounts of.RNA ag EDTA did, but higher amount of DNA
than EDTA; meanwhile crude trypsin released more macromoclecules
containing smino sugafs than EDTA did, ( Snow and Allen 1970 ).

Tickle ( 1970 } and Elton and Tickle ( 1971,) showed that EDTA
treated cells sorted out in aggregates. Glaeser gng;_( 1968 )
reported that the adhesion of EDTA treated cells was not affected by
puromycin, wheresas itrypsinized cells were inhibited by this
antimetabolite. Kemp et al { 1967 ) found that puromycin inhibited
the aggregation of trypsinized chick embryonic muscle cells extensively,
while the adhesion of EDTA treated cells was affected to a less extent.
Curtis ( 1970 ) showed that the adhesiveness of chick embryonic neural

,refina and liver cells as measured by Couette Visconetry, ( Curtis
1969 ), varied according to whether the cells were disaggregated with
EDTA or trypsin and discovered the recovery phenomenon after

trypsinization.
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Three principle methods have been uséd f'or the preparation of
aggregates., One methed is to allow disaggregated cells to settle
and reaggregate in cavity slides where cell movement and Brownian
motion are presumed to form aggregates, ( Wilson 1907 Ye A
variation of this method has been to allow cells to reaggregate on
the chorioallantoic membrane of the chick embryo, ( Weiss and Taylor
1960 ). In the other two methods, aggregation of cells is not
dependent on cell locomotion. In the first of these methods
disaggregated cells are pelleted with centrifugstion and the pellets
cultured on agar, ( Trinkesus and Lentz 1964 ). TIn the other method
cells are brought together to form aggregates in shaking. flasks.
This techniaque was introduced by Gerisch ( 1960 ) and has been widely
used by many workers since then.

Several methods have been used for the study of cell adhesiveness.
These methods are based on the measurement of the force required to
break an adhesion or the rate at which adhesion form or on the final
size of the aggregates. Dan ( 1936 ) counted the proportion of
echinoderm eggs that remained adherent {10 a glass plate after it was
inverted so that gravity tended to pull the eggs away from the plate.
Coman ( 1944 ) and Malenkov et al ( 1963 ) measured the deformation of
8 microneedle which wag used to pull two cells apart at the time of
separatiion of the two cells. Easty et al ( 1960 ), Weiss ( 196la,b )
and Berwick and Coman ( 1962 ) measured the proportion of cells
attached to a glass slide after it had been exposed to centrifugal
force acting along the plain éf the slide. Moscona ( 1961a ) uéed the
diameter of aggregates that were formed on shaking a cell suspension as

a measure of cell adhesiveness, but Gershman ( 1970 ) could not find any

relationship between adhesiveness measured from éggregate diameter and
that measured by following aggregation rate.

Curtis and Greaves ( 1965 ) measured the rate of inclusion of
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cells into aggrégates by counting the population density of cells
that were nof incorporated in aggregates after a period of time,
Curtis ( 1969 ) and Curtis and Hocking ( 1970 ) put this kinetic
method on a fullv quantitative basis and used it to measure
adhesiveness. Edwards and Camphell ( 1971 ) suggested that the
slégefcf the plot of the total particle number against time is
proﬁortional to the adhesiveness of the cells,

_Roth and Weston ( 1967 ) used the collecting aggregate system to
study the adhésiveness of chick embryonic cells. In this method the
proportion of cellé 'trapped' from suspensions by a cell aggregate is
a measure of adhesion. Roth et al ( 1971 ) introduced the collecting
cell lawn system which has been developed by Walther et al ( 1975 ).
This method is a variation of the pirevious stated\oniwhere instea@ of
aggregates collecting cells, cell monolayers are used for the
collection, (for further details see methods). Curtis ( 1969 ) used
@he Couette Viscometer to measure the collision efficienciés of
various proportions of freshly disaggregated cells, as the collision
efficiency has been shown to measure the adhesiveness of cells, (for
further details see methods). These three last methods can be used

for the study of the specificity of the adhesions as well as to

measure cell adhesiveness.
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MATERTALS & METHODS

For this study the following cell lines and tissues were used:
BHK 21 C13, BHK Py C1, BHK Py €li, HP, HP HSVZ2, T2, T3 and 7 day old
chick embryo neural retina and liver cells.

Tissue Culture

4. Chick embryonic tissues.

1) FNeural retina cells.

Hen eges (Golden Comet, Hubbard hybrid) were incubated for 7
days, stage 30 of the development. The embryos were removed
aseptically from the eggs and placed in ice cold Hanks H%es BssS. (HH).
The eyes then were removed and kept in HH and with the use of fine
forceps they were opened through the choreid fissure and the.neural
retinas were dissected and placed in HH. The retinas were next
treated by either EbTA or trypsin.

a)\ EDTA disagéregation, (after Curtis and Greaves 1965).

' The tissues were washed with CMF saline (pH 7.8) and next treated‘
lwith 0.001 M EDTA in CMF saline (pH 7.8) for 10 min. at 2%, After
two further washings with CMP saline the tissues were mechanically
disaggregated in HH and finally'the single cells, derived after
removing by centrifugation the clumps, were suspended in HH.

b) Trypsin disaggregation (after Roth and Weston 1967).

The tissues were washed with HH and treated with 10 ml of 0.25%
trypsin (Difco 1:250, 1000 BAEE units/mg) in Tris saline for 15 min. at
3700. The trypsinization was next sfopped by adding 10 ml of fresh
growth medium to the disaggregation medium. After discarding the.
disaggregation medium the tissues ‘were mechanically disaggregated in
fresh growth medium plus 1 kg of DNA ase. The gingle cells left after

the clumps had been removed by centrifugation were suspended in fresh
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growth medium. The growth me@ium consigted of 8 parts of Bagles MEM,
(Glasgow modification), plus one part of calf serum, (Biocult Lab.),
plus one part of tryptose phosphate brﬁth, (0xo0id), (ECT). These
cells were used for culture preparations, Fig. 1.

2) Liver cells.

Livers were dissected from stage 30 hen eggs and placed in HH.
The blood was removed from the liver by squeezing the lobes with fine
forceps and next by chopping the liver followed by a wash with HH aﬁd
treated either with EDTA or trypsin with the same methods described
before for neural retinas.

B. Syrian hamstér embryonic cell cultures. -

All the cell lines were kindly provided by Mrs. Macnab
(Institute of Virology, Glasgow University).

1)} Hamster embryo primary cell cultures, (HP). (After Duff
and Rapp 1970).

The cells were kept in cultures of low passages in 120 cm2 flat
glass culture bottles. After 10 passages the cellé were discarded
and new ones were prepared by the same method. Cultures were prepared
every 3 days, from previous subcultures by seeding 4):104 cells/cm2 in
the culture hottles. The growth medium in which the cells grew was:
8 parts of Fagles MEM, plus one part of foetal calf serum, (Biocult
Lab.), plus one part of tryptose phosphate broth, (EFT). The cultures
were buffered with 5% 002 and 95% air ag the gas phase and the bottles
were sealed and placed at 37°C, Fig. 2.

2) Herpes simplex type 2 virus transformed hamster embryo primary
ce‘ll line, (HSV2). (After Duff and Rapp 1970).

The media in which cells were growing were kindly provided by Mrs.
Macnab. The same culture conditions were used as for the hamster
embryo cells.

3) Herpes simplex type 2 virus transformed hamster embryo primary
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derived tumours, (T2, T3)." (After Duff and Rapp 1971).

Stocks of these cells were prepared in 13 parts of Eagles MEM,
plus one part of glycerol, plus 6 parts of foetal calf serum, and were
kept in liguid nitrogen. The same culture conditions were used as for
the hamster embryonic cells but 1x104 cel]s/cma‘were seeded in the
cui@uﬁe bottles, Fig. 3.

| C. BSyrian baby hamster cell cultures.
. A1l the cell lines were kindly provided by Dr. J.G. Edwards,
(Department of Cell Biology, Glasgow University).

1) Baby hamster kidney fibroblasts, (BHK 21 C13). (aAfter Stoker
end Macpherson 1964). |

Stock of these cells was prepared in 13 parts of Eagles MEM, one
part of glycerol, 6 parts of foetal calf serum, and kept in liqui@
nitrogen. The growth medium for these cultures was the ECT. The
cells were seeded at the concentration of 2x104 cells/cmz, under the
previous describved conditions, Fig. 4. |

2) - Polyoma transformed baby hamster kidney cells (BHK Py C1).
(After Macpherson and Montagnier 1964).

All conditions were identical as for the BHK 21 Cl3 cells but
only 1x104 Cells/cm2 were seeded per culture bottle.

3) Poiyoma transformed baby hamster kidney cells, (BHE Py C1i).

This cell line was cloned by Dr. J.G. Bdwards from the BHK Ty C1l
cell line. All culture conditions were identical as for the BHK Fy Cl
cells, Fig. 5.

Dissociation of cell lines, (after Bdwards and Campbell 1971).

The same procedure was used 4o obtain single cell suspensions
of hamster empryo and baby hamster cell lines.

The culturés were washed with Tris saline and next treated with
8 mixture of 1l:4 parts of 0.25% trypsin (Difco 1:250) in Tris saline:

0.55 mM EDTA in Phosphate buffer saline, for 3C sec. at room temperature.



Fig. 2. HP cell culture. Magn. 1500

Pig. 5. T2 cell culture. 1500



Pig, 4. BHK 21 Cl13 cell culture. Magn. 1500

Pig. 5. BHK Py Cli cell culture. Magn. 1500
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The dlssociating mixture was next discarded. When the cells started
conming off the glass 10 ml‘of fresh growth medium was added per culture
bottle and the cells were wicame smoothly off the glasa. After
mechanical dissociation of the clumpeﬁ cells, a single cell suspension
was obtained.

Techniques

The study of the embryonic and neoplastic cell interaction was
carried out using the following technigues:

Measurement of cell adhesion by

Couette Viscometry.

The effect of the different conditioned media upon:-neural retina
cell adhesion was investigated using the Couette Viscometers, ( Curtis
1969 ). |

Couette Viscometers consist of a palr of concentric cylinders of
radial dimensions such that when the smaller is suspended freely inside
the larger a narrow gap exists between the two cylinders and laminar
flow conditions ohtain&when one cylinder is rotated with respect to
the other. The suspension of cells whose adhesiveness is to be
measured is placed in the gap between the concentric cylinders and the
one of the c¢ylinders is rotated resulting in a laminar shear flow.

The shear rate G is determined by the rate of rotation of the cylinder
ani the radial dimensions of the cylinders. A Couette Viscometer
constructed by Barholm Tool and Gauge Co. Ltd., Glasgow, was used %o
measure the adhesiveness of the neural retina cells. The cylinders
were treated with 1% silicone fluid DC 1107 (Hopkin and Williams Ltd.)
in ethylacetate followed by overnight U.V. irradistion to polymerise
the silicone and make a non adhesive.surface on top of the stainless
gteal surfaces of the cylinders. The cells maké collisions unaer the
influence of the laminar shear flow. The probability that a collision

between two particles results in their adhesion, collision efficiency,



-27=

is & measure of adhesiveness in this system. The collision efficiency
is calculated from the formula that Swift and Friedlander ( 1964 )

developed:

byt . 4G du

Wero I

where No 0 and N gt are the total number of particles of all classes
at the start and at the time t of aggregation respectively, G is the
shear rate,(h is the fractional volume occupied by particles and
the collision efficiency. This relationship ceases to apply when the
agegregates begin to approach their equilibrium size, ( Curtis 1973 Yo

Approximately one ml of cell suspension was added per Couette. .
Thé cells were reaggregated for 28 min. and samples were taken every 7
min. and counted on a modified Fuchs-Rosenthal (BS 748) haemocytometer
with the use of a Vickers Patholux microscope. The adhesiveness of
the cells was measured as the mean value of the collision efficiencies.
The shear rate developed during the rotation of the Couettes was of
the value 10.25 sec™ .

Cell lawn system, { Walther et al 1973 ).

Cell monolayers growing on a substrate, either glass or plastie,
collect &ggé from a suspension placed on top of the monolayers. In
this system the adhesiveness of cells is measured as the proportion of
cells collected from the original cell suspension by the monolayer.

In this system the collected cells are labelled with either 52?, 140

or 3H and they are counted in a ligquid geintillation system. With
this assay we measure cell adhesiveness and the specific adhesion of
cells. In the present work this assay will be used to study the
effect of the conditioned media on the neural retina cell adheslveness
and the adhesive relationships the different cell types develop between
themselves.

Monolayers of cells were cultured in 16mm diameter plastic wells
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(Linbro Chemical Co. Inc.) %o confluency. The monolayers were washed
with HH twice and next the appropriate medium was added on top of the
monolayers. . The assay was carried out at 3700 using radiocactively
1labelled cell suspension. The appropriate number of labelled cells
/were next placed on top of the monolayers and were left for the
appropriate time to interact, more details see during the experiments
description. The medium next with the non attached cells was drained
off aﬁd the monolayers were washed twice with warm HH, One ml of 1 N
NH40H was added per monolayer to dissolve it. The dissolved monclayers
were then transferred in scintillation counting vials and 10 ml of
gcintillation fluid was added per vial. The radioasctivity was counted
in a Beckman LS 200B liquid scintillation system. The Dioxan cocktail

100 gm Naphthaline (scintillation grade BDH), 5 gm PPO (Koch-Light
Lab.), made up to one litre with Dioxan (¥uclear Bnterprises Ltd.) , or
the Aquasol (New England Nuclear) were used as scintillation fluids.

Radicactive labelling,

52p (every free P is a 52P),

’H leucine (1.0 curie/mmol) and
from the Radiochemical centre Amersham, were used as markers.
Cells were cultured in small glass vottles, 35 cm2, in the

52P the growth medium in

presence of the markers. In the presence of
which the cells were cultured did not contain tryptose phosphate broth.
24 hours after the addition of the marker the culture medium was
discarded and fresh complete medium was added to the cultures which
were kept for another 24 hours. The cells according to the experiment
were recovered either with EDTA or trypsin or trypsin-versine. The
dése of radiocactivity given was 5 yCi.of 3H leucine and 50qﬁ01 of 52?.

Conditioned media preparation.

The oonditioned media %o be tested were prepared as follows:

Cells growing in glass or plastic culture bottles for 24 hours were

washed with Tris saline and fresh growth medium was added. The cells
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then were left to ¥each the confluent state for another 24 hours when
the medium was collected, passed through a 0.22]Vm filter (Millipore
filter corporation USA.) and stored either in deep freeze or at 400

ﬁp to 14 days when it was discarded and new one was prepared. The
final concentration of the cells in the culture before the conditioned
media were collected was approximately 0.6x106 cells/ml of medium.

Flask shaker system, ( Moscona 196la ).

Cells were mixed in the desired proportion in siliconed 2% ml
conical flasks (Quickfit). The flasks stoppered with silicone bungs
usually contained a minimum of 0.8x106 cells/ml in 4 ml solution.

The gas phase was 5% 002 and 95% air. The cells were reaggregated for
48 hours in the fiasks in a receiprocating shaker, (Gallenkamp) at 80
strokes/min. at 37°C, ( Curtis and Greaves 1965 ).

Histology.

The aggregates which were formed after 48 hours in shaking flapks
were transferred in conical tubes and washed twice in HH and fixed with
4% formaline in HH (pH 8.0) for 5 min. The hicgh pH was used to prevent
the cells from developing autofluorescence. After fixation the
aggregates were frozen onto Cambridge microtome block holders and
stored in a deep freeze. A Cambridge microtome placed in a Slee
cryostat (South London Electrical Co.) was used for preparing sectionc.
The 6)Jm thick sections were placed on 'subbed' slides. Sulfuric/
nitric acid washed slides were dipped into a filtered 5% w/v gelatin
end 0.1% w/v chrom alum solution at room temperature and allowed to
dry in dust free conditions. The 'subbing' of the slides acts as an
&dhesive for the sections, ( Rogers 1947 ).

Antibody preparation.

Feural retina antibody was prepared in a sheer, (by kind
permigsion of Professor Hemingway, Veterinary School, Glasgow University).

7
In three successive weeks 2x10' neural retina cells in HH were
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-Injected into the left jugular wvein of the sheep. A week after the last
injection blood wes collected in sterile bottles without using anti-
coagulant. The blood clot was broken up with a sterile glass rod. A

2500 rpm centrifugation for 15 min. separated the serum from the plasma.

5 min. seﬁéfﬁﬁé&‘%i

uamwv
for ?Q’min. Finally a sma??daﬁgﬁuu E?“%%&éuﬂ Szide was added in the

The serum was next collecte ag deactivated at 560
serum as & ﬁreservative.

.The serum was tested for specificity towards the neural retina
and the Cl3 cells. Af£er 10 times of absorp%ion with approximately
5x108 Cl3 cells eaéh time the serum was tested for specificity and
gave a faint fluorescence for the Cl3 cells and a bright .fluorescence
for the neural retina cells after counter stained with fluorescent
rabbit antisheep immunoglobulin (The Wellcome Foundation Ltd.).

The different cell types did not develop autofluorescence when
geen under illumination to detect fluorescence, and the fluorescent
.rabbit antisheep immunogliobulin did not conjugate with the‘cells.

For the detection of fluorescence ploem inéident illumination
was used. The light passes through a geries of filters. Two
systems of filters were used: a) excitation filters, there were
successively two BG 12 lmm thick Vickers filters, one FITC excitation
filter and cne dichoic filter reflecting blue and transmititing green
light. b) barrier filter was used a 530 nm filter and placed just
before the occular lenses. Under this biue light illumination the
fluorescent cells were seen as bright green.

Staining.

The sections of the aggregates were treated for 30 min. with
the sheep neural retina antibody. They were next washed with HH fd
Temove non bound.serum and counter stained for another 30 min with
fluorescent rabbit antisheep immunoglobulin., ~ Finally the sections

were washed thoroughly with HH to remove any excess of fluorescent
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antibody that would cause disturbing fluorescence to the secitions.
The sections were observed with the use of a Vickers Photoplan M

41 microscope.



RESULTS

The adhesiveness of the fibroblastic cells, BHK 21 €13, BHK Py Cli,
HP and T2 was examined. Tests were‘carried out with the use of a
shaking bath controlled at 3700 with a speed of 90 strokes/min. 4 mli
of cell suspension at the concentration of approximately lxlo6 cells/ml
was placed in 10 ml sgiliconed conical flasks. Samples were taken every
5 min. and counted with & Coulter Counter, model %b, (aperture ZOOF ’
l/aper.cur. 0.354, 1/ampl. 1/4, lower thres. 20 and upper thres. max).

The results obtained for BHK Cl3 cells agreed with those of |
Edwards and Campbell ( 1971 ), while the results for thenéHK Py C1i,
cloned BHK Py €l cells, agreed with those of Edwards et al ( 1971 ).

In the short term aggregation tests, up to one hour, the BHK C13% cells
sgeregated rapidly, while the BHK Py Cli cells did not aggregate at all.
In the loﬁg term aggregation tests, overnight, toth BHK C13% and BHK By
Cli cells formed aggregateé, but the BHK Py Cli aggregates were very
loose and after being éhaken harder than normal they break up, { Edwards
personal communication ).

The HP and T2 cells were tested for their aggregative potential
with the short term aggregation test. Tests were carried out over
several months and at no time was aggregation seen at sll after 2 hours.

When the BHK €13, BHK Py Cli, HP and T2 cells were coaggregated
with neural retina cells from T day old chick euwbryos they formed
aggregates, (their structure is discussed later), which were of fairly
large size for the BHK C13, HP and T2 cells.but of very small size for
the BHK Py Cli cells,

Effects of cell secretions.

The effect gg?cell adhegiveness of cellular secretiocns was

studied with the Couette Viscometer and the collecting cell lawn assay.
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FYor the study of the secrétions, the media in which cells were
growing for a certain period of time, (cult&és grovn up to confluency),
conditioned media, were collected. These mediz were filtered to remove
‘dead and detached cells from the cultures and stored at 4°C before
being tested.

Couette Viscometry.

Neural retina cells were dissociated with EDTA and suspended in
HH and mixed with the conditioned media to be tested to a final
concentration 1.0 to 1.5x106 ce&ls/ml. The cell suspension was
subjected %o a standard shear rate of the value 10.25 sec™! in &
Couette Viscometer. Under this shear rate the cells are brought into
collisions. The rate of the formation of contacts by the cells
depended on the nature of the media tested.

The conditioned media tested were from the followinglcell
cultures: BHK 21 C13's (C13), BHK Py C1's (C1), BHK Py Cii's (C1i),
HP's (HP), HP HSV2's (HSV2), T2's (T2) and T3's {(T73) cells. Controls
for these conditioned media were set up uéing the H+199 as a
reference medium and also fresh ECT and EFT growth media, (used for
getting up_cultures).

The value of neural retina cell adhesiveness, (mean value for
collision efficiencies), in the presence of these conditioﬁed media iu
given in table I. The tests for the measurement of the adhesivenegsz
were carried out over a period of 28 min. Samples were taken every T
min. and counted with a haemocytometer. Statistical analysis for the
collision efficiency as a function of time, from which the significeance
of the regression coefficient was studied, is given in table la. This
analysis was done to check if adhesion had or had not changed during
a set of measurements. There is no change in adhesion during the
course of a set of measurement for neural retina cells aggregated in

the following media: ECT, C1, Cli and HSVZ, Regression analysis



TABLE I

Effect of the conditioned media on the adhesiveness of NRE cells from 7

day pld chick embryos. Adhesiveness measured as collision efficiency.

Conditioning a(4) sd n
ﬁone H+199 8.96 249 248
None ECT | 6.04 2435 | 88
C13 . 6.04 1.59 76"
c1 3465 1.55 76
- C1d 577 1.58 80
None FEIT 6,66 130 128
HP © 7.88 1,48 56
* HSV2 - 5.13 1.57 40
72 6468 1449 152

a collision efficiency, sd standard deviation, n number of repeats.



-TABLE Ia

Regrgséion analysis of the data of table I.

Conditioning b sb t af p
None H+199 .-0.013 0.01 7.95 246 £0.01
None ECT -o.oé 0.03 1.09 86 >0.05
¢13 ~0.06 0.02 2.76 74 £ 0,01
¢1 0.02 0.02 1413 T4 $0.05
cli -0.01 0,02 0.65 78 $0.05
None ERFT ~0,06 0.01 477 126 {0.01
HP -0,07 0.02 3041 | 54 {0.01
HSV2  -0.,004 0.03 0.14 38 )0.05
2 -0.07 0.01 5,12 150 {0.01

b regression coefficient, sb standard deviation, t % test of b~ t=b/sb,

df degrees of freedom, p probability.
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shows that the regression of adhesion in time has a slope not
slgnificantly different from zero. On the othgr hand it is clearly
seen that for H+199, C13, EFT, HP and T2 media the adhesiveness of
neural retina cells changed during the set of measurement, 7-14-21-
28 min. From the same anslysis it is obvious that the collision
efficiency as a function of time for the above media during this set
of measurement fits a line y=a+bx. Thus the adhesiveness of neural
retina cells under these treatments is reduced steadily at this time
set of observations. 7

The data of table I are divided into three groups according to 8
the culture media used in which adhesion was measured. - The first
group contains only the H+199 which does not contain any serum and it
is used as a reference for a later discussion. The second éroup
contains the conditioned media derived from the cell cultures growing
in ECT growth medium. The third group contains the conditioned media
derived from the cell cultures growing in EFT growth medium,

Statistical enalysis of the neural retina cell adhesiveness based
on the conditioned media used is given in table II. The different
conditioned media in table II have been classified according to the
conditioning to ECT or EFT derived and to normal or malignant
condition. Thus from table IT it is obvious that ECT, EFT and H+199
affect the adhesiveness of neural retina cells differently. ECT and
EFT contain 10% of serum, thus their effects might be due to the serum
they contain, i.e. calf and foetal calf serum respectively. From table
Ia it is slso seen that ECT and EFT affect the adhesiveness of neural
retina cells differently at the time course studied. In general,
~conditioning of the growth media from non conditioning, (fresh growth
media tested), had different effect 6n the adhesiveness of neural
retina cells. The above means that the different cell types which

conditioned the growth media either removed, added or activated some



TABLE IX

Grouped analysis of the data of table I.

Conditioning M.S.ame M.S.withe  F af P
ECT~EFT~H+199 388.60  6.08 63,90  2-462 {0.02
BECT~EFT -~ 19.87  3.26 6.09  1-214 {0.02
BCP+EFT-H+199 T5T3T  6a11 123.90  1-462 (0,02 |
C13+C1+C11+HP+

+HSV24T2~ECT+EFT 30,72 3,71 8.26  1-694 {0.02
C13-C1+C1i-ECT T1.33  3.83 18.61  2=312 {0.02
HP-HSV24T2-EFT 49.46  3.70 21,66  2-3714 (0,02

M.S.am. mean square among classes, M.S.with. mean square within clagses,

F F ratio (P=M.S.am./M.S.with.).



components of these media. In addition, normal conditioning has
different effect from malignant conditioning. From the results of
table I it is seen that Py C1l and H3V2 cells condition their growth
medium more than Py Cli and T2 cells. Actually the Py C1l and
H3V2 cells are of very low passage after transformation while the
Py C11i and T2 cells have heen selected from the Py Cl and HSV2 cells
respectively. I+t is possible during cloning and tumour progression
to select such a clone that does not appear to condition its culture
medium too much with respect to the adhesion of certain cell types.
The T2 cells do not appear to condition their medium with respeéf to
the adhesiveness of neﬁral retina cells., The T2 cells have been
defined as tumours because their agbility to produce tumours in young
hamsters very frequently. These cells are derived and seleéted from
secondary tumours, that is, after the growth of tumours in young
hamsters with a low percentage of success, the tumours obtained were
reinjected in other young hamsters and all produced tumours from which
the T2 cells have been collected. 3o the non conditioning of their
growth medium with respect to neural retina cell adhesiveness could be
beecsuse they are tumourogenic.

The dose response curve of Py Cl conditioned medium against
H+199 was studied to test the effect of a possible inhibitory factor
fo* neural retina cell adhesiveness. Table III gives the results of
this test and table IIla the regression analysis of them. From the
results 1% is obvious that Py Cl cells condition their medium with »%
inhibiting factor for neural retina cell adhesiveness, whose effect
is concentration dependent.

The T2 conditioned medium against H+129 was also studied for
the possible existence_of factor(s) on a dose reéponse curve. As &
control to this test the fresh growth medium (EFT) in which the T2

cells are growing was studied. Table IV gives the results of these



TABLE III

Dose response effect of Py C1 conditioned medium against H+199 on the

adhesivensss of 7 day old chick embryo NR cells.,

?y C1/H+199 a (%) sd
100 0 3415 0.36
90 10 | 4.50 1,02
80 20 ‘ 5,02 0.85
70 30 5422 | 117
" 60 40 5415 0.79
50 50 5445 0.87
40 60 S 5.82 0.90
30 70 6.28 | 0.67
20 8 ‘ 7.01 1,40
10 90 7.76 1.12
0 100 . 8491 1,60
TABLE IIIa

Regression analysis of the data of table III.

Conditioning b sb t ¢f P

Py C1/1i+199 0,040 0,004 9.38 8 £0.01
H+199/5y €1 0,043 0.005 8.10 8 {0.01



TABLE

Iv

Dosgse response effect of EFT and T2 media against H+199 on the

#ﬁhesiveness of 7 day old chick embryo neural retina cells.

EFT/H+199 a(%) sd T2/H+199 a (%) ad

100 ) 6.40 1468 100 0 7.58 2.02
90 10 6463 1,07 90 10 7.46 0.70
80 20 7439 0.83 80 20 7.67 1.25
70 30  6.10 089 70 30 5.77 1418
60 40 6.33 1.08 60 40 6437 0.34
50 50 6.67 1.23 50 50 6.79 0.02
40 60 6.16 1.01 40 60 T.56 1.18
30 70 6.63 0.46 30 170 6.96 0.46
20 80 7.45 0.84 20 80 7.94 0.96
10 90 . 6.34 141 10 90 6.49 0.21
0 100 744 1.76 0 100 Te44 1.76

Grouped analysis
Conditioning M.S.ame. M.S.with ® af P
EFT/H+1 99~

~T2/H+199 3.68  1.33 2.75 1-86 >0.05
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tests and their variance analysis. From these it is secen that T2
and EFT media do not differ. Thus the previously stated from table
I that the T2 cells do ﬁot condition their growth medium with respect
to neural retina cell adhesiveness is supported from the results of
table IV, |
| Another tumour cell line (TB) tested for conditioning appears
to a%fect neural retina cell adhesiveness very congiderably. The
effegt of this conditioned medium is given in table V. In table Va
the vériance analysis of table V is given. From the {ables V and
Va it is obvious that T3 cells condition their medium at different
periods differently with respect to neural retina cell adhesiveness.
T3a and T3b are conditioned media collected at different periods from
the T3 cultures. Effects like these could possibly occur if'we
consider that in the conditioned media, i.e. T3a, T3b may contain more
than one factor with contrasting effects but of complementary reaction.
The variation in the effect can be explained if one of the factors
occasionally is either inactivated or secreted in excess.

The effect of the tumour c&nditioned media on the adhesiveness of
liver cells from 7 day old chick embryos disgsociated with EDTA and
sugpended in HH is given in table VI. In table VIa is given the
variance asnalysis of the data of table VI. From the data of tables VI
end VIa it is obvioué that both tumour cells (T2, T3) condition their
medium with respect to liver cell adhesiveness. Comparing the results
from the tables I, V and VI for the tumour conditioned media effect we
see that the media have been conditioned differently with respect to
the adhesiveness of neural retina and liver cells of the chick embryo.

Tn all the experiments testing for conditioned media, the cells
were suspended in HE and 0.5 ml of the suspension were added to 1.5 ml
of the conditioned media %to be tested, to give a final concentration

of about 1.0 to 1.5x106 cells/ml.



TABLE  V

Bffect of the T3 conditioned medium on the adhesiveness of neural

retina cells from 7 day old chick embryosg.

Conditioning a(%) sd

n
None EFT 6.66 130 128
T3a 8.52 12,22 84
T3b 5.12 0.72 48
Pool. T3 Te28 2.47 132
TABLE  Va
Grouped analysis of the data of table V.
Conditioning MeSeams MieSawith, F af P
EPP-T%a~T3b 189.86 2.56 73.89 2-258 {0.02
1-258 £0.02

EFT-T%a+13b 25.52 _ 3.93 6.49



TABLE VI

Bffect of the tumour conditioned media on the adhesiveness of liver

cells from 7 day old chick embryos.

Conditioning a (%) ad n
None EFT 6.02 1.24 36
2 5.50 0.59 36
5 5¢25 0.50 36

- PABLE VIa

Grouped analysis of the data of table VI.

Conditioning MeS.ame MeSewithe T daf P

EF-T2-13 5.64  0.T1 787 = 2-106 £0.01

EFT-T2+73 10,11 0,72 14,01 1-106  {0.01
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Collecting cell lawn assay.

Neural retina cell monolayers were prepared in Linbro plastic
wells as described previously. The assay was followed in two steps.
At the beginning the monolayers were washed twice with cold HH at
.ropm.temperature and one ml of fresh HH was added per well. They
were next trensferred at 37°C and left for 15 min. to equilibrate the
temperaturé and to allow the monolayers to recover. The HH was next
removed and one ml of the media 4o be tested was added per well. On
top of these monolayers 2x105 3H leucine labelled cells were placed
and left for 50 mih. to interact with the monolayers and to make
contacts,. The subsequent treatments were those.described in methods
(page 28).

The following conditioned media were tested on this systems HH,
EFT, T2 and T3. The effect of these media was tested on the collection.
of 7 day old chick embryo neural retina and liver cells and of T2 cells
by the neural retina (NR) monolayers. |

In table VII and histogram I the results of these experiments are
'giﬁen as the percentage of the collected cells from the added ones.
Statistical analysis of these results is given in table VIII. The data
of table VIITI indicate that the collection of trypsinised neural retira
cells is affected by the presence of the conditioned media. The
collection of the EDTA treated cells is affected only by the 12
conditioned medium, but the T2 and liver cell collections are not
affected by the conditioned media tested.

The contradictory results bhetween the Couette Viscometer and the
monolayer collection could be explained as the consequence of the use
of 4wo different techniques. In addition to this, different timeé
used for the assﬁys, 28 min. for the Couette Viscometry and 50 min.
for the monolayer collection. In the Couette Viscometer the cells are

in a continuous state of motion, while in the collecting assay the



TABLE  VII
Effect of the tumour conditioned media on the collection of NR, Liver
and T2 ’H labelled cells by NR monolayers. Collection measured as the

percentage of the collected cells.

Collected cells conditioning collection (‘/’5) . ad n
None EFT - %642 8.% 14
NR T2 47.9 10.7 14
tryps.

3% 44,9 10.1 . 14
None HH 5901 11.2 14
None EFT 4143 T8 14

NR
EDTA 2 49,0 8.1 14
treat, 73 45,3 8.4 14
None HH 48,5 7.0 14
None EFT 34,5 10.6 6
72 42.4 15.8 6

Liver

3 2642 12.1 6
None HH 49,1 13.1 6
None ERT 34,6 5.8 6
T2 5161 Te3 6

T2
T3 31.% 4.6 6
‘None HH ZBed 9.0 6



HISTOGRAM I

tumour conditioned media on the

and T2 cells by

of NR, Liver

Effect of the

collection

NR mo

\\\\\\\\\\\

7770

i

7

v

il

il
AN\

Q Q
mmm

7////// '

NR trypeinized

V4

N

3



TABLE  VIII
Grouped analysis of the conditioned media effect on the collection of NR,

Iiver and T2 cells by NR monolayers.

Collected cells conditioning t af 9]
EFT - T2 %42 26 {0.02
EFT - T3 2.4 26 {0.02
Nl,zryps_ " EFT - HH 6.1 26 {0.02
HE - T2 2.7 26 {0.02
BE - T3 34 26 {0.02
EFT - T2 2.5 26 " (o.02
EFD - T3 1.3 26 Y01
NR
EDTA EFT - HH 2.5 26 {0.02
treat. .
EH - T2 0.1 26 0.1
Fi - T3 1.1 26 - 0.1
EFT - T2 1.0 10 Y01
EFT - T3 0.2 10 0.1
Liver EFT - HHE 2.1 10 Y0.1
HE « T2 0.7 | 10 20.1
HE - T3 1.7 10 7041
EFT - T2 0.9 10 501
EFT - T3 1.0 10 041
T2 EFT - HH 0.8 10 20,1
HE - T2 1.5 10 0.1

HH - 93 1.7 10 701



=20=

cells since they sediment on thé monolayer they remain relatively
immobilised. In these two systems the cells are subjected to
different itreatments which may explain'the different results.

In these experiments the cells suspended in HH were resuspended
in the conditioned media to a final concentration of 0.1 ml of the
suspension in one ml of the media to be tested. In the case of the
Couette Viscometry the concentration of the conditioned medis was
approximately 75% and in the case of the monolayer assay was
approximately 99%, This also might account for the different
results obfained.

The previously presented results show that neoplastic cells are
capable of secreting factors affecting either positively or negatively
the adhesiveness of embryonic chick tissues. In addition to these
_factors the different sera used appear containing inhibiting factors.
Such factors can not be detected with every method used, and their
detection is dependent on the accuracy of the method used and on the
effectiveness of the factors. |

Mutual adhesiveness (adhesive relationship).

The adhegive relationships of the different cell types involved
in this work was studied with the collecting cell lawn assay.

The cells tested were the BHK C13t's (C13), BHK Py Cli's (C1i),
HP's (HP), T2's (T2) and neura’ retina (NR) from 7 day old chick
embryos. The assay was carried out at 3700. Cultures of the above
cells were prepared in glass culture bottles, 35 cm2 culture area, and
labelled with 52? (see page 28). The cells dissociated with the
réutine method were suspended in HH to a final concentration of 5x105
cells/ml, After the monolayers were washed free of serum with’gﬁe ml
of fresh HH was sdded per monolayer and on top of these were placed
5x104 radioactively labelled cells. The cells were left to interact

with the monolayer for 30 min. The subsequent steps of the assay are
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described in methods (page 28)

In table IX and histogram II the results of these experiments
are given. " The difference in the amount of collection of trypsin
treated NR cells in HH recorded in the tables VII and IX can be
explained by the different times of the assays, 50 min. and 30 min,.
respeétively. Another important factor for this difference in
results is that the washing technique after the cell interaction was
more vigorousrdufing the later experiments so that only the etfongly.
attached cells remained on the monolayers. 4 third factor is that
during the later experiments four times less cells were plated oﬁ top'
of the monolayers, than during the earlier experiments.

On table X is given the statistical analysis of table IX én the
base of the collected cells per monolayer. From the data recorded on
tables IX and XI it is obvious that: NR monolayers collect more NR
cells than the other monolayers, and so NR cells express algreater
adhesivity between themselves than among ‘the other cell types. The
results of these tables to the other cell types suggest a preference
of certain fibroblastic cell types towards other omes. A quantitative
representation of these results can bg given based on the collection of

the different cell suspensions by the different monolayers.

Monolayers
Cell suspensions
€13 Cli=C13 2 HP=T2
Cli C1li=C13 > T2>HP
HP C1i=C1% » T22 HP
T2 Cli> C13 » T2=HP

In general we can represent the results as Cli=Cl1l3 2 T2 > HP in terms of
collecting ability of these monclayers for all these cells. The &bove
is based on the results of table XfI.

A possible explanation. of the Cli monolayers collecting almost the

same or more cells than the C1l3% monolayers is given in discussion



TABLE IX
Monolayer collection of the different cell types. Collection measured

as the percentage of the collected cells,

Monolayer collected ecells collection (%) sd n
Ci3 39.8 7.0 6

c1i 2543 4.8 6

NR HP 42,6 4.2 6
T2 40.8 6.9 6

NR 2145 3.0 6

C13 ' 39,0 11.8 6

Ccii 26.1 5e5 6

c13 HP 3945 4T 6
T2 3541 8.3 6

NR 13.1 1e4 6

.C13 44,8 8.6 5

C1i : 28.6 6.8 5

c1i HP 46,0 8.3 5
P2 . 46.8 3l 5

NR 9.6 2.6 5

€13 3345 4.6 4

Cii 12.5 -~ 345 4

HP HP 27.2 8.4 4
T2 28.5 6.0 4

NR - 5T 0.9. 4

C13 32,6 6.4 5

C1i 20.4 4.1 5

T2 HP 3602 4,6 5
T2 26,6 5¢5 5

NR 14.8 . 443 5.
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Grouped analysis of the monolayer collectlon results.

TABLE X

Collected cells corresp.monol. compar.monol. t af P
¢13 509 10 { 0,05
o c1i 6.8 9 { 0,05
NR NR
HP 9.7 .8 { 0.05
12 3,0 9 <0.05
c1i 0.9 9 > 0,05 -
' HP 0.8 8 20.05
1% c13 - -
72 1.0 g 50.05
NR 0.1 10 %0.05
C13 0.6 g9 $0.05
HP 4,2 7 {0.05
c1i c14
) 2.2 8 0,05
NR 0.9 9 »0.05
¢13 2.9 8 { 0,05
Cti ZeH 7 { 0,05
HP HP
T2 2.0 7 % 0,05
NR 3.8 8 {0.05
€13 1.9 9 % 0.05
c1i 740 8 £ 0.5
T2 P2 .
HP 0.4 7 > 0,05
NR 3T 9 £ 0.05



TABLE XI

Monolayer collection. Nuwmbers representing

the percentage of collected cells.

Suspensions in HH

Monolayers
NR 2145 39.8 | 25.3 | 42.6 | 40.8
c13 1341 39,0 | 2641 | 39,5 3541
C1i 9.6 44.8 26.8 46.0 46.8
HP 547 33,5 | 12.5 | 27.2 28.2
T2 14.8 32,6 | 2044 | 36.2 2646
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TABLE  XII

Grouped analysis of the different monolayers collecting the different

cell suspensions.

Coll.cells comp.monol. t : af P
Cl1i = C13 0.90 9 »0.05
C1i = HP 2433 7 0.1>1>0.05
C1i - T2 2.52 8 {0.05
C13 (1% - HP 0.87 8 0,05
C13 = T2 1.07 9 $0.05
HP = T2 0.23 7 »0.05
G153 = 013 0.65 9 $0.05
i - HP 4,26 7 {0.05
¢l - T2 2429 8 0.1 p>0.05
¢1i ¢1% - HP 4.43 8 {0.05
C13 —~ T2 1.91 9 0.1) p>0.05
P - T2 3,02 7 (0,05
C1i = €13 1.62 9 0,05
C{i - HP 3433 7 {0.05
Cii - T2 2,29 8 0,05
HP ¢1% - HP 2,97 8 {0.05
Ci3 = T2 1.15 9 »0.05
HP - D2 2.03 7 "0.17pY0.05
C1i - C13 2.52 9 {0.05
Cii = HP 6,02 7 €0.05
¢is - T2 7409 8 £0.05
2 ¢1% - HP 1.41 8 $0.05
€13 - 12 1.95 9 0.1)p0.05
HP - T2 0.42 7 $0.05
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These.experiments were carried out hecause of the results of the
earlier monolayer experiments testing for conditioning, where it was
found that the collection of the T2 cells by the NR monolayers is wdF
dependent on medium conditioning. The effect of EFT, ECT or HH on the
other cell types (C13, Cli and T2) has not been tested.

For the rest of this work the collection of the NR cells will be
taken into account as the following comparisons were made between the
NR cells and other cell types.

Cell ﬁositioning.

The sorting cut of the NR cells and the C1%, Cli, HP and T2 cells
was studied in two and’three dimensional cultures. The' two dimensional
sorting out was studied in mixed cultures prepared in 60mm diameter
falconilsed plas%ic petri dishes. The three dimensional sorting out was
studied in sections of aggregates.

Two dimensional sorting out.

Mixed cultures of NR and of Cl13%, Cli, HP and T2 cells were
preparsd and observed after 24 and 48 hours. Cells were plated on the
following proportions: 60/1 for the combinations of NR/Cli or NR/TZ,
30/1 for the combination of NR/C13 and 20/1 for the combination NR/EP,
The reason for using these proportions is first that the NR cells have
not been observed to divide in culture while the other cell types
diride so that more NR cells must be present initially to establish a
large number at the time of the fixation, and second that the NR cells
and the other cell types differ in size resulting in the requirement of
a larger mumber of NR cells than of the other cell types for the
preparaticn of the seme area size of monolayers. The cultures were
- studied for possible patterns of cell arrangement developed after 24
hours culture. Fig. 6 to 9 show the pattern de;eloped after 24 héurs
in esulture for the combinations NR/C13, NR/C1i, NR/HP and NR/T2

respectively. All cultures appear with isolated NR islands surrounded



Pig* 6. NR/C13 mixed culture after 24 hours. Magn. 1500

Fig. 7. NR/Cli mixed culture after 24 hours* Magn. 1500
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Fig. 8. NR/HP mixed culture after 24 hours. Magn. 1500

Pig. 9. NR/T2 mixed culture after 24 hours. Magn. 1500



by the fibroblastic cell types. These obéervations agree with the
results of the NR collection, where NR <cells appear to stick better
to themselves thén to the other cell types. The low association of
the NR cells with the other cell types studied, as seen from the
monolayer collection results, leads to the formation of the NR cell
| islands. - The ability of the other cell types to divide in culture
and their mobility may lead to the isolation of the NR islands in the
location at which they were formed. In these mixed cultures the
fibroblastic cells, C13 and HP retain their fibroblastic orientation.
The Cli and T2 cells also retain their‘culture appearance in thesge
mixed cultares. The felevance of the unaltiered appearance of these
cell types is that maintenance of orientetion may cause the NR cells
to separate into islands. This tendency to cross underneathvthc NR
cell islands is also obvious'in the figures. After a further culture
for 24 hours, that is after 48 hours from plating the cells, the
cultures were again observed foé the progression of the sorting out
pattern. = At this stage the cultures consisted mainly of a fibroblustic
subgtrate with & very limited number of the NR cell islands still
attached on the plastic petri dishes and with most of the islands
floating in the medium and a lot of NR oélls floating in the medium.
I+ has been observed that the islands detach from the substrate, as some
of the islands still attached on the plastic surface were partially
detached.
Three dimensional sorting out.
Mixed aggregates of NR and C13%, Cli, HP and T2 cells were prepared

in shaking cultures for 48 hours. Cells were mixed at the following

concentrations: 2/1 for the combinations of NR/C13 and NR/HP and 10/1
for the combinations of NR/Cli and NR/T?, according to their ability to
divide in suspension cultures. The Py Cli and T2 cells can be grown

in suspension cultures. If these cells had been mixed with the NR
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cells at higher concentrations this could lead to such dense
populations of Py Cli and T2 cells, judged by their ability to grow
in suspension, that the pattern formed éould possibly be altered,

| After 48 hours of aggregation the flasks contained aggregates
and multilayered cell sheets attached to the glass walls (which have
’been giliconed). This was found fqr the combinationg of NR/013 and
NR/HP and also for NR/C1li and NR/T2; in addition, the latter also
hed single cells and cell clumps floating in the medium which were
exclusively of Py Cli and T2 cells respectively.

The aggregates had the following general structure: The C13
and HP aggregates were mainly of large size, ranging between 0.5 and
1.0mm in diameter, and fairly compact. The Cli and T2 aggregates
were smaller, ranging from large clumps up to O.5mm in diameter, and
very loose. It was very easy to disrupt these aggregates while
removing the aggregates from the culture flaské into test tubes for
fixation.

Thé'multilayered sheets on the flask walls could have arisen
either from small aggregates which were stuck onto the glass and from
which cells had spread,'or from single cells which adhered to the
glass surfsace and which then trapped small aggregates. Such cases
where aggregates were trapped onto spread cells on the glass surface
were observed many times. I attempted to eliminate the number of
cells forming sheets onto the glass surface by reducing the total
number of cells plated per flask, and by siliconing the flasks more
than once. I have observed that when the total number of cells was
reduced the cell sheets on the glass were not very extensive.

These aggregstes were treated as described earlier and then were
observed under the appropriate illumination. Fig.10 to 13 give the
appearance of the aggregate sections under fluorescent excitation.

Fig.10a to 1l%a give the appearance of the aggregate sections under
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normal illumination,

After staining with the sheep NR antibody and counterstaininé
with the rabbit anti sheep fluorescent immunoglobulin the different
‘cell types had the following appearance under fluorescent excitation
illumination. The C13, Cli, HP and T2 cells were stained faintly
because the antibody was not completely specific, while the NR cells
were much more brightly stained. The sorting out patterning in the
mixed aggregates was studied using this criterion for the identifi-
cation of the cells.

Fig.lO0 and 10a give the appearance of the NR/C1% mixed
aggregates. Under flﬁorescence excitation illumination among the
faint C1l3 cells the bright NR cells are distinguished, either in very
small clumps or singly distributed throughout the Cl3% network. The
C1l3% cells appeared spread in the aggregates. This is more clear in
less compact aggregate sections or in aggregate sections damaged
during sectioning.

Fig.1ll and lla give the appearance of the NR/C1i mixed aggregates.
Under fluorescence excitation illuminstion the sections appeared
faintly stained. No sign of bright fluorescence, that is of NR cells,
appeared in ali sections studied. The Cii cells were spread in the
ageregates as clearly seen in the normal illumination photograph.

FPig.12 and 12a give the appearance cf the NR/HP mixed aggregates.
Under fluorescenfrexcitation illumination among the faintly stained HP
cells NR cells are distinguished. The NR cells are distributed
throughout the HP network. The HP cells are also spread in the
ageregates.

Fig.1% and l3%a give the appearance df the NR/T? mixed aggregates.
Under fluorescence excitation illumination the sections appeared faintly
stained., Occasionally in several aggregate sections scattered bright

spots were seen, which because they were very few can not be



"Pig. 10. NR/C13 mixed aggregate after 48 hours. Magn, 1500

Fluorescence excitation illumination. NR cells (arrows).

Pig. 10a. NR/C13 mixed aggregate after 48 hours. Magn. 1500

Bright field illumination.



Pig. 11. NR/Cli mixed aggregate after 48 hours. Magn. 1500

Fluorescence excitation illumination. Possible NR cells (arrows).

Fig. 1la. NR/CH mixed aggregate after 48 hours. Magn. 1500

Bright field illumination.



Pig. 12. NR/HP mixed aggregate after 48 hours. Magn. 1500

Fluorescence excitation illumination. NR cells (arrows).

Fig. 12a. NR/HP mixed aggregate after 48 hours. Magn. 1500

Bright field illumination.
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Pig. 13. NR/T2 mixed aggregate after 48 hours. Magn. 1500

Fluorescence excitation illumination. Possible NR cells (arrows).

Fig. 13a. NR/T2 mixed aggregate after 48 hours. Magn. 1500

Bright field illumination.
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considered of eny importance. In these aggregates also there was a
lack of NR cells, and the T2 cells were also spréad.

In general it is seen that the noimal origin cells, that is the
Cl3 and HP cells, associated with the NR cells in mixed aggregates
while the neoplastic cells, Py Cli and "2 cells, did not associate
with the YR cells in mixed aggregates.

From the ebove it is seen that while the normal cells failed to
segregate, the neoplastic cells were found not to associate with the
NR cells in mixed aggregates. In the cases of the Py Cli and T2‘cells
where no NR cells were found in the aggregates, the medium of the .
cultures was observed énd found not to contain any NR cells, while the
cell sheets on the flask walls contained salmost exclusively NR cells.
In the cases of C13 and HP cells the cell sheets on the flask walls

contained both NR C1l3 or HP cells mixed respectively.
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DISCUSSION

In the investigations presented here three aspects of cell
interactions have been studied on normal and neoplastic cells and in
interacting mixtures of normal and neoplastic cells; first the
efféét of the cell products on cell adhesion, second the adhesive
relationships and +third the positional relationships of the different
cell'types used.

Conditioning Effect.

(a) Serum effect

The control tests for conditioning uvsing ffesh growth medis
showed that the adhesiveness of NR cells was affected by the presence
of the sera used. Comparing the adhesiveness of the NR cells inithe
presence of H+199, ECT and EFT (see table I) and the collection of the
NR cells by the NR mqnolayers in the presence of HH and EFT (see table
VII) we observe that in the culture media containing sera there appear
_to be factors diminishing the adhesiveness and the rate of collection
of the NR cells.

There have been contrasting reports on the effect of sera on
the adhesiveness and the attachment of different cell types onto
plastic and glass surfaces. Unhjem and Prydsz ( 1974 ) observed thet
HelLa 71 cells attached rapidly on plastic culture vessels in the
presence or absence of serum but in the presence of serum the attach-
ment was tenmperature dependent. Curtie and Greaves ( 196% ) separated
a serum protein that inhibited the aggregation of embryonic chick and
quail 1imb bud, heart and liver cells at low temperatures. Curtis
et al ( 1975 ) reported that the aggregation inhibiting factor found
in horse serum, (Curtis and Greaves 1965), is in fact phospholipase A?.

Witkowski and Brighton ( 1972 ) reported that serum retarded the rate
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of spreading of MRC-5 cells on‘é glass surface. Martin and Rubin
( 1974 ) reperted that differences obser?ed on the rate of adhesion
of chick embryonic fibroblasts onto bacteriological dishes were due
:to serum. These différences were not detectable on tissue culture
dishes. Gail and Boone ( 1972 ) reported that BALB/3T3 fibroblasts
adhered to pyrex and cellulose acetate better than did BALB/SV5T3
transformants in the presence of foetal calf serun. Keppel et al
( 1974 ) found that trypsin bound on s?rum coated plastic inhibited
the adhesion of BHK cells onto the coated plastic. Revel et _al
( 1974 ) observed that calf serum absorbed to culture dishes formed a
coating to which cells attached. It is possible that they were
looking at cell spreading rather than cell adhesion. The above
indicate that not only serum plays an important role on cell attach-
ment to different surfaces but also the cell surface plays a'very
important role.
(b) Factors effect

The variance anaiysis of table I showed that the unconditioned
and the conditioned media, and different types of conditioning
(none-normal-malignant) had different effects on NR cell adhesiveness.
From table I we see that the primarily transformed cells, (PyCl and
HSV2), condition their growth medium with inhibiting factor(s) activity
more than the secondary transformed cells, {(Py Cli and Tz), which heve
been selected from the primarily transformed ones. From the secondary
transformed cells the Py Cli appear to condition their growth medium
w;th detectable inhibiting factor, while the T2 cells appear not to
condition their growth medium with any detectable factor with respect
to NR ¢ell adhesiveness. Meanwhile tableZVi indicates that the T2
cells condition their medium with inhibiting factor activity with
respect to liver cell adhesiveness. This means that either T2 cells

condition‘their growth medium with respect to NR cell adhesiveness with
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some factor which I failéd to detect with the system I used or that
the conditioning was ineffective to NR and only effective to liver
cell adhesiveness. Meanwhile T% cells appear to condition their
growth medium with inhibitory factor with respect to liver cell -
adhesiveness and with mainly promoting factor, but cccasionally with
inhibitory factor with respect‘to NR cell adhesiveness. For the
normal cells, Cl3% and HP; table I indicates that Cl3 conditioned
medium appears inactive while the HP medium appears to be conditioned
with promoting factor with respect to NR cell adhesiveness. The
variance analysis showed that the normal conditioning, (€13 and HP)
has a different effect from the fresh growth media, (ECT'énd EF?).
From the regression analysis it is also obvious that Cl3 conditioned
medium and ECT growth medium affect the time course of NR cell
adhesiveness differently, which means that the Cl3 cells condition
their growth medium but the conditioning was not detectable with the
system used.

Frém the above it is seen that different cell lines condition
‘their growth media with respect to the adhesiveness of other cell
types. It is also seen that the normal.cells either did not
condition their medium with respect to NR cell adhesiveness or, if
they did, condition it with promoting factor(s), while the neoplastic
cells usually produce inhibiting factors with respect to NR and liver
cell adhesiveness. Another consideration is that the neoplastic
cells instead of conditioning their media with inhibitory factors they
may have removed promoting factors if present in the growth media.
The negative value of the regression coefficient, of the value of
collision efficiency with increase in time supports the above.

Further experiﬁents which might have been done leading to
further information on the ﬂature of these faétors are the followings

A thorough purification of the different factors for hetter comparison
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of thelr effect. Mixed factors or mixed factors with the reference
medium Couette runs or monolayer asssys Tor the differentiation of
promotingzinhibitory factors. Tests for the effect of these factors
onto other cell typeé studying their gpecificity. Biochemical
assays for comparison of their nature with other known factors.
Invivo assays for studying their invivo effect. Complex monolayer
assays for studying their diffusibility. Such experiments could
have been to distinguish if the above-mentioned factors were
inhibitors of cell aggregation or if promoters have been removed
from the growth media leading to the decreased adhesiveness. To
find out their nature and their molecular weight and to test for
possible effect on other cell types.

Using the collecting cell lawn system different results were
obtained with the tumour conditioned media. Both T2 and T3 media
promoted the extent of attachment of trypsin treated NR cells in
comparison with the extent of attachment in the presence of fresh
growth medium. The extent of attachment of EDTA treated NR cells
was promoted in the presence of T2 medium but in the presence of T3
medium was slightly increased. Meanwhile T2 medium promoted the
collection ot the chick embryonic liver cells by the NR monolayers
but the T3 medium had no effect. However, both‘TQ and T3 media
either had no effect or, if they had, it appeared to be inhibiting
the collection of T2 cells by the NR monolayers. In general as seen
on table VII both T2 snd T3 media had inhibitory activity if they were
compared with Hanks Hepes.

Balsamo and Lilien ( 1974 ), Daday and Graeser ( 1970 ), Lilien
( 1968 ) and Lilien and Moscona { 1967 ) studied the NR aggregation
factor derived from NR cell cultures. Pakahashi and Okada ( 1970;

1971 ) described an aggregation promoting factor from leg muscle, lung,
kidney and dorsal skin cells of 11 day old chick embryos. Kuroda ( 1968b
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described a promoting factor qu chick liver cells.

Inhibiting factors have also been described for NR and liver
cells of 7 day 0ld chick embryos by Curfis ( 1974 ) and for 1ymphoid
cells by Curtis and De Sousa ( 197%, 1975 ). These inhibiting
factors were ineffective on the cell types from which they derived but
were effective'on at least a range of other tissues.

Daniel ( 1967 ) studied a conditioned medium from L-M mouse cells
which were adapted to grow in serum free mediun. He found that not
only did it enhance the attachment of these cells onto glass bottles
(French), but it also increased the viability of these cells after
mechanical removal froﬁ plastic surfaces which were treated with this
conditioned medium. Pesgsac and Defendi ( 1972% ) and Pessac and
Mayet { 1968 ) studied factors enhancing the aggregation of several
malignant cell lines. Modjanova and Malenkov ( 1973 ) gstudied a
factor which could restore the adhesive stability of hepatic cells
during the progression of hepatomas. Oppenheimer and Humphreys ( 1971 )
isolated a macromolecule which was required for the adhesion of mouse
tumour cells. Maslow and Weiss ( 1972 ) studied the adhesiveness of
Ehrlich ascites cells to different substrata in relation to cell
exudation. From the above it is obvious that neoplastic cells like
embryonic cells secrete factors which affect their adhesion and are aliso
éffected by factors from different sera. The existence of the factors
studied in this work seems indubitable. The factors studied are of the
type that Curtis and Van de Vyver ( 1971 ) and Curtis and De Sousa
( 1973, 1975 ) have described. Their effect as described here can
vary according to which method one uses.for the tests. Whether the
above factors were derived from the different cell lines, or existed in
the sera used in the culture media and were unmasked by the cultured
cells, is difficult to certify. Experiments carried out at the

earlier stages of this work treating the different media in different
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ways, (temperature inactivation; positive pressure filtration,
incubation without any cells at the appropriate temperature, etc.),
showed that these factors were probably secreted by the different

;cell types and were molecules of high molecular weight and were
probably contained protein. No effect of these media could be
detected upon the aggregation kinetics of their own cell types. The
inability to detect any effect of these factors on their own cell types
might be dependent on the system used for their study.

The cell types used for the preparation of the conditioned media
can be classified depending on the developmental stage they were at
when isolated as eithef neonatal, or embryonic cell types. Neoplastic
cells are subjected to a degree of differentiation and as differentiated
cells have the appearance of an embryonic or quasi-embryonic state,

( Brown and Bertke 1969 ), the classification of the neoplastic cells
next to the embryonic is not far from & real developmental position.
Thus the cells tested for conditioning are as follows: Neonatal cells
BHK 21 C13%, embryonic cells HP and neopléstic cells BHK Py Cl, BHK Py
cli, HSV2, T2 snd T3. From the results obtained during thesge
experiments one can see that neonatal cells, BHK Cl13, do not secrete
any detectable factor, while embryonic and neoplastic cells do secrete
detectable Tactors.

Monolayer Collection.

An important observation is that the collection of T2 cells by
the NR monolayers (see table VII) is not affected by the presence of
the conditioned medis, while in suspension. This may indicate that
the collection of the different cell itypes by the different monolayers
is probably not equivalent to collecting édhesion in suspension.

Thus the adhesive relationship the cell may develop may be dependent
only on the ability of the one cell %type ©to make contacts with the

others.
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From the results of table.IX it is ob&ious that the NR cells
appear to develop a preference towards their own type cells as they
are collected at a higher rate by the NR monolayers than by the other
monolayers. Roth and Weston ( 1967 ) and Roth et _al ( 1971 ) with
the collecting aggregate system observed a specificlty of chick

Iem’oryonic NR cells towgrds other chick embryonic cell types.
Similarly Walther m_; ( 1973 ) using the collecting cell l;wn éssay
observed the specificity of NR cells towards heart cells. These
studies were comparing NR cells with homospecific fibroblastic cells.
My results show that NR cells exhibit a specificity towards hetéro-
specific fibroblastic cells. It is possible 40 generalise that the
NR cells exhibit a specificity towards fibroblastic cells.

From the results of tables IX and XI it is obvious that the
BHK C13% and Py Cli afe more adhesive than the HP and T2 monolayers as
the C13% and Cli monolayers collect higher percentages of all cell types
than the HP and T2 monolayers. For a more systematic study of the
monolayef collection results, there will be a comparison first between
groups of cells with similar origins end then within different groups.
Under this grouping the cells are classified to the baby hamster and te
the embryo hamster derived cells.

Both €13 and Cli monolayers seem tc be more adhesive towards the
C1% 4han Cli cells as they collect more C13% than Cli cells. Because
of the time 1imit of the assay, the collected cells do not have time
to spread on the monolayer, or possibly the upper cell surface of the
monolayer does not support the spreading of the cells (DiPasquale and
Bell 1974 ) and so the reaction of the cells with the monolayer will
be mainly by adhesive sites projected towards the monolayer. The
above means that the C1l3 cells in suspension (rounded cells) are more
adhesive than the Cli cells may bhe by exposing to the surrounding

environment a larger adhesive surface. Meanwhile the slightly
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higher collection of the Cl) cells by the Cli monolayers than by the
Cl3 monclayers indicates that the Cli monolayers are more adhesive
than the C¢13 monolayers towards the Cl3 cells, This maybe means
that if the C1l3 cells project adhesive sites towards the monolayers,
then the C1i monolayers either might support the spreading and the
adhqsion of the other cells, suggestion contrast in the findings of
DePésquale and Bell 1974, or that the Cli monolayer is not a real
monolayer but either a multilayer or a monolayer leaving empty
spaces between its cells that trap the suspended cells,

In contrast.to the Cl3 and Cli monoleyers, being very adhesive :
towards the Cl3 cells, the HP and T2 monolayers appear not to be s=o
adhésive towards the HP cells. HP monolayers do not express ahy
preference towards the HP or T2 celis but the T2 monolayers collect
more HP than T2 cells. Since the heterotyplic collection of the HP
cells by the T2 monolayers is higher than the other combinations of
homotypic or heterotypic collection, this means that the Hf cells in
gsuspension (rounded cells) are more adhesive than either HP cells
spread (monolayer) or T2 cells in their spread and suspension states.

It is obvious from the results that all monolayers collect
neoplastic cells at a very low level as both Cl3 and Cli monolayers
collect less Cli than Cl1l3 cells and both HP and T2 monolayers collect
very low percentages of T2 cells. The collection of the HF cells by
the HP monolayers is lower than by the T2 monolayers. This might be
dvue to differential adhesiveness of the different cell types but also
of possible conditioning of the collecting medium with inhibitory
factors.

Using a classification of the different cell types in the order
neonatal, embryoAand neoplastic, we see that neonatal cells'and their
neoplastic derivatives collect more neonatal than neoplastic cells,

while embryonic cells collect very low levels of embryonio cells and
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their neoplastic derivatives, and that the embryonic derived
neoplastic cells collect higher levels of embryonic dbut lower levels
of neoplastic cells.

From the study of the collection among the two groups as earlier
defined we see that: The Cli monolayers collect to the same extent
HP qnﬁ T2 oells\without distinguishing the two cell types, that is
the embryoﬂic from the neoplasfic. The same happens with the C13
monolayers. The difference between the two types of monolayers is
that the Cl3 monolayers collect lower percentages of both HP and T2
cells than the Cli monolayers do. .Méanwhile the HP and T2 monolayeré
exhibit a preference for the Cl3 cells as they collect more C1l3 than
Cli cells. It is remarkable that the Cli monolayers collect mére Tz
cells than the Cl3 monolayers and the T2 monolayers collect more Cli
cells than the HP monolayers.

The above results could also be explained if we consider as
earlier that the different cell types have different adhesive
properties. That the Cli monolayers collect more cells than the
‘other monolayers give rise to the questions how a monolayer is
constructed and do added cells penetrate gaps if they exist? Light
microscopy does not provide any great information on the structure of
g monolayer. From Fig. 4 and 5 it is clearly distinguished that the
€13 and Cli cultures differ in structure and that the Cli cultures
leave large gaps between their cells. If added cells can penetrate
gaps in {the monolayer only electron microscopy could provide reasonable
data. That the Cli monolayers collect more cells than the Cl13%
monolayers could support the idea of the cells penetrating gaps in the
monolayers. From the above rises the problem if the added cells
penetrating the gaps in the monolayer make contacts only with the cells
of the monolayer or and with the substratum. To this point also

electron microscopy can only give an explanation. If cells make
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contacts wi?h the cells of the monolayers then in the gaps do they
make contacts with the sides of the cells or with the upper cell
surface? Then is collection controlled by adhesion or by spreading?
DePasquale and Bell ( 1974 ) demonstrated that the upper cell surface
of cells does not support cell spreading. However, Middleton ( 1973 )
repqrfed that the dorsal surface of pilgmented retina epithelial cells
does not provide a suitable substrate for cell locomotion but he
observed that pigmented epithelial cells formed aggregates on top of
plgmented epithelial mon&layers. The above also raises the question
if cell collection is a property of the cells by itself or a
phenomenon controlled by different cell properties. The sbove
questions require very long study to be solved.

Gail and Boomne ( 1972 ) reported that BALB/3T3 fibroblasts
adhered to pyrex and collulose acetate better than BALB/SV3T3
transformantsg did. - Similarly, in my results we see that BHK Cl3%
fibroblasts adhered better to all monolayers than BHK Py Cli
transformants did. Walther et al ( 1973 ) reported that BHK C13,
polyoma transformed BHK and 3T3 cells do not show any specificity es
they attach to homologous and heterologous monolayers st the same rate.
My results are consistent with those of Walther et al ( 1975% ) for the
€13 snd Cli cells collected by the C13% and Cli monolayers but it differs
on the comﬁinations of C1l3 and Cli cells collected by the HF and T2
monolayers. Walther et al measured the rate of collection and I
meagured the extent of collection, that could account for the
difference of my results and Walther et al results.

The preference of the Cl% and Cli cells is expressed between the
two groups, the cells of neonatal and the embryonic origin cells. 'Tha
term specificity of adhesion applies to cells or tissue types with
higher affinity for one t&pe.of adhesion than another where this canndt

be explained in terms of a quantitative property graded over a range of
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(_:e':Llsn In the present experiments in the combination of C13-Cli
cell susp@néions against the C13-Cli and HP-T2 monolayers specificity
might explain the results. In the combination of HP-T2 cell
suspensions against the HP~TZ and C13-C11 moﬁolayers any specificity
that exists is reversed. The HP-T2 cell suspensions prefer the C1l3-
Clifménolayers than their homologous HP-T2 monolayers. All +this
argﬁes that specificity of adhesion does not exist.

. As a result of these experiments it isobvious that in this case
of hamster cells we must speak of higher or lower adhesivity between
the different devélopmental stages and not of specificity. So from
these results it is ob#ious that the earlier the developmental stage
the lower the adhesivity of the cells. The previously stated
hierarchy of developmental stages from neonatal to embryo to-neoplastic
also corresponds with the adhesivity of the tissues at the different
stages.

From aggregation kinetic experiments it was shown thét the C13
cells were highly adhesive while the other cell types were not.
Similar results were obtained from the monolayer collection experiments.

The collection of the C13 cells onto the Cl3 monolayers is higher than

He
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monolayers respectively. So within this small samplg ornbyv? l973a Y‘“%—

the collection of the Cli, HP and T2 cells onto the 011, HP and TQ

has shown that between chick embryonic tissues of different develcp
mental stage the adhesiveness of the tissues changes greatly.
Therefore the proposed hierarchy has to be interpreted carefully bearing
in mind that adhesiveness of permanent cell lines can vary depending on
the culture density, ( Bdwards and Campbell 1971 for BHK cells ).
Two Dimensional Sorting Out.

" Barlier inlthis text it was stated that NR cells express a

greater preference for NR cells than for the other types. The results

‘from mixed cultures of NR and of the other cell types in falconised
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-petrl dishes show that the NR Qélls really express this preference.
The formation of the NR cell islands has two possible explanations.
First the cells expressing higher adheéivity tovards themselves
gather together leading to the formation of a main NR éell mase.

The presénce of the fibroblastic cells wh :h are considered as highly
motile, and of considerably high growth rate and their tendency to
develop their characteristic appearance separate the initially formed
NR masses at their locations and prevent them from forming a central
NR cell mass. In ggneral if NR cells are plated on a plastic petri
dish in a lower concentration than that of confluency thén they form :
a discontinuous monolayer of NRH cell iglandsg. If this is what
happened in this case then what was considered ag sorting out is jJjust
an artefact of the inability of the NR cells to move in culture.

A second explanation is suggested by the contact inhibition of
cell movement. Garrod and Steinberg ( 1973 ) and Steinberg and
Garrod ( 1975 ) explained the formation of chick embryo liver islands
surrounded by limb bud cells in monolayer cultures ss a result of
discouragement of overlappingbdue to adhesive phenomena. Chick embryo
liver c¢ells are a population of two different types of cells. The one
type is epithelial and the other is fibroblastic. It is doubtful how
Garrod and Steinberg could distinguish the liver fibroblasts from the
limd bud onec. When liver cells are plated in culbture bottles then
they form a network of fibroblastic cells surrounding the epitheiial
cells. However, if contact inhibition directs the formation of %he
NR islands in these mixed cultures then it is difficult to explain the
tendency of the fibroblastic cells %o cross underneath the NR islands
as is clearly seen in Fig.6 to 9. In the work of Garrod and
Steinberg ( 197% ) and Steinberg and Garrod ( 1975 ) it is possible
the sorting out pattern, if the distinction of the cell types is

A

undoubtful, peswdd be due to contact inhibition or discouragement of
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overlapping as they observed np~crossing of the two cell types.

The crossing of the fibroblastic cells underneath the ¥R cell
islands shows that there is some inter&ction between the NR cells and
tﬁe fibroblastic cell types which is not as strong as the one between
the NR cells. DiPasquale and Bell ( 1974 ) described a case where
fibroblastic cells can not move over the upper surface of epithelial
cells but they can move underneath the epithelial sheet in a concave
region of the epithelial margin not in contact with the substratum.
They do not report if contacts were made between the epithelial and
the fibrobvlastic cells crossing underneath the epithelial cells. It 
is very important to know about the existence of such contacts. In my
cultures the fibroblastic cells crossing underneath the NR islands seem
not to make any important contacts as the NR islands can be detached
from the underlying fibroblasts by a gentle shaking.

The observation that the islands after a further 24 hours in
culture spontaneously come off the plastic surface, could be explained
by the movement of the fibroblastic cells into the gaps the NR islands
leave. This means that the NR cells do not make with the substrate
very strong contacts and that the NR cells leave large spaces between
their contacts with the substratum. The fibroblastic cells may take
advantage of theée spaces so they do not cease their locomotion and
cross underncath the NR islands. If we consider that the upper surface
of the fibroblastic cells is not active as stated by DiPasquale and
Bell ( 1974 ), then the progressing fibroblastic cells could remove
the NR cells from their substrate. Steinberg and Garrod ( 1975 ) have
shown that the liver islands move throughout the culture to form larger
islands in their mixed cultures with 1imb bud cells. However, in my
gsystem NR islands in their attempt to increase their size by joining
two or more islands together after active or passive movement, come off

the plastic because of weak contacts with the substrate and the
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movement of the fibroblastic ceilso

Another possible explanation is that the NR cells can be
subjected to factors diminishing their édhesiveness which are secreted
fby the fibroblastic cells and vice wversa. This explanation is not
in contragt to the results of the secretion effects on NR cell
adhesiveness. If we consider the treatment of the Nvaells for the
gsecretion effects tests and the tfeatment of the NR cells for these
mixed cultures and during the culture period, it is vossible for the
above explanation to be correct. By such an agsumption the presence
of the single cells in the medium is explained by reduced adhesivenesé
of the NR cells and by'disruption of their contscts. Edelstein { 1970 )
studied‘theoretically the sorting out of mixed celi aggregates and
suggested that the final pattern will be dependent on the €ffect of
specific chemicals secreted by the cells involved. Curtis ( 1974 )
produced some evidence for the theory of Edelstein by testing the effect
of conditioned NR and liver culturea media, onto presorted mixed NR and
liver aggregates from 7 day old chick embryo.

Moscona ( 1957, 196la ) reported experiments using mixed
agegregates of chondrogenic and hepatic cells with $91 melanoma cells.
After pfﬁonged culture the melanoma cells infiltrated the cartilage and
hepatic parenchyma. If we accept that neoplastic cells in general
secrete factors affecting the adhesiveness of embryonic cells as it was
reported earlier in this work then the observations of Moscona could be
explained by reduced sdhegiveness of the embryonic cells which enables
the infiltration of the neoplastic cells. Meanwhile Kuroda ( 1968a )
failed to observe infiltration of the embryonic cells by the neoplastic
possibly because he studied the aggregates at early stages up to 48
hours. The cases of chick limb bud and dermal cells which he observed
to have formed intermixed associations with the Hela cells can not be

explained by the assumption of reduced adhesiveness because they have
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been studied only 24 hours aftef the start of aggregation, whereas
the combination of liver and epidermal cells with the Hela cells at
the same time have not formed intermixed associations.

In my results it is possible that up to 24 hours in culture the

/cells in the monolayers keep their positions but possibly after this
time the neoplastic cells appear to remove the NR cells from the
plastic surface.

However, it is well known from the work that Wolff and her
agsociates carried out that embryonic cells associate with the
neoplastic ones. Wolff and Wolff ( 1961 ) studied the association
of chick mescnephros aﬁd human tumours. Wolff and Schneider ( 1957 )
studied the associations of 5180 cells and the following chick embryo
organs: mesonephros, metanephros, dermis of the skin, intestinal
teguments, liver, lungs and conjunctive tissues of the limbs. Sigot-
Luizard { 1974 ) and Lakshmi and Sherbet { 1974 ) also studied +the
associations of embryonic and neoplastic cells and they found that the
neoplastic cells invaded the embryonic tissues. Sigot-Luizard ( 1974 )
indicated that the neoplasitic cells csn not penetrate the intestinal
epithelium and the epidermis as was shown by Leighton et al ( 1965 ).

From the above we see that the embryonic tissues and the
neoplastic cells associate together after the latter ones penetrate the
fo;mer ones. To my knowledge the assgociation of the NR cells and the
neoplastic cells has not been studied previously.

¥From what has been said above the gquestion still remainss VWhat
is the structure of the sorting out pattern of the NR and the fibro-
blastic celis in mixed cultures in two dimensions? The pattern
observed after 24 hours in cvlture could zasily be an ertefact snd not
a real pattern.

1t

Three Dimension™ Sorting Out.

From the mixed aggregate results it is seen that the normal
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cells (C13 and HP) show a degree of asscciation with the NR cells by
forming intermixed aggregates. After thaﬁ time, 48 hours
reaggregation, if the cells could Ztgifi§ﬁ%tin the aggregates they

would have‘done 80, considering that the Cl3 and the HP cells appeared
spread in the aggregates, that is active cell movement could be in
Progress. The observation that in the monolayer cultures the NR

cells camée off the plastic surface as the Cl3 and HP cells increased

in number, gives some support to the hypothesis that in the mixed
aggregates the intermingled appearance of the cells is a result of the
medium being conditioned by factors diminishing the NR cell adhesivenéés.

The neoplastic cells do not associate with the NR cells and
possibly segregate completeiy. These neoplastic cells made loose
aggregates or remained in single cell suspension or small clumps form
and the NR cells collected on the formed cell sheets on the glass
surface of the flasks. This complete separation of the neoplastic and
NR cells can also be explained by the factors hypothesis assuming that
the neopiastic cells do not support at all the'adhesiveness of the NR
cells onto themselves. If we consider that the neoplastic cells,
that is Cli and T2, do not support their own aggregation, (an
observation from the short term aggregation experiments), because they
form easily disrupted contacts, then the non-stickiness of the NR cells
to the neoplastic ié eagily understood.

The results indicate that cell to cell and cell to substrate
adhesions are different since NR cells do not adhere to the neoplastic
cells but do adhere to the glass surface of the flasks even in the
presence cf the neoplastic cells. We can conclude from this that if
factors are involved they affect the different types of adhesion in
different ways. The surface of the flasks was siliconised and
therefore should not support the formation of adhesion between the

glass and the cells.
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Moscona ( 1957, 1961a ) demonstrated that the S91 melanoma
cells sorted out to a concentric pattern in mixed aggrégates with
1imb bud and liver cells from chick embryos but later the melanoma
cells infiltrated the surrounding or surrounded tissues resulting in
an intermingled association. Kuroda ( 1968a ) demonstrated that
HeLg_éells associated with limb bud mesoblasts and skin cells, but
formed separate aggregates when mixed with liver cells. He reported
that when Hela cells were cultured hj rotation for 24 hours they
produced aggregates. He did not report whether the cells divided or
not during the cuiture period. The Py Cli and T2 cells since they
grow in suspension and.do not form any aggregates can easily condition
their culture medium and affect the ability of the NR cells to form
aggreéates or to associate with them, resulting in the complete
absence of NR aggregates in these mixed cultures.

The work of Moscona's group and of Burdick and Stéinberg reported
earlier in the introduction, (see page 10), shows that in several cases
embryonic chick and mouse tissues in mixed aggregates of dissociated
‘cells sorted out and in several other cases failed to sort out accrrding
to the two species.

Moscona ( 1961c ) reported for mouse and chick embryonic neural
retina cells that failed to sort out according to species. The same
happened when mesonephros cells were mixed, ( Moscona 1962 .

Burdick ( 1972 ) reported that mouse liver cells sorted out from chick
neural retina cells but he did not report their pattern. From my
results it is seen that chick neural retina cells and hamster fibro-
blasts, (BHK €1% and Hamster embryo primary cells), failed to sort out
in miied aggregates. |

From chick embryo liver cell cultures it is known that liver
fibroblastic cells surround‘liver epitheliai cells in two dimensional'

cultures. If mouse embryo liver cell cultures have the same structure,
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then it is possible the chick embryo neufal retina cells have
agsociated better with the mouse liver epithelial cells than the
fibroblastic ones, so sorted out in the aggregates referred by
Burdick ( 1972). If it is so then, in my experiments as I have
pure fibroblastic cells would not sort out in the mixed.aggregates;

In general it is seen that the embryonic cells (NR) associated
‘ with the normal cells (013 and HP) in mixed aggregates, while they
did not associate with the transformed and the tumour cells (C1i and
T2 resPéctively).

These results of mine contrast with those of Moscona ( 1957,
1961a ) and of Kuroda ( 1968a ) for neoplastic cells. The most
obvious difference in these experiments is that fheir experiments
were carried out with only fibroblastic cells and mine with fibro-
blagtic and neural cells which pregumably have different adhesive
properties.

Conclusions.

From %+he work I carried out on the assoclation of the embryonic
and neoplastic cells I can conclude that this association might be
governed by factors secreted by the different cell types. The
proposed classification of the different cell types to neonatal,
embryonic and neoplastic fits with all the results obiained during this
woirke

The neonatal cells, (C13), do not secrete any detectable factor
promoting or inhibiting the sdhesiveness of the NR cells from 7 day old
chick embryos.

The embryonic cells, {HP), appeared to secrete a factor with
~promoting activity with respect to NR cell adhesiveness. This finding
agrees with the results of other scientists that embryonic cells
secrete factors affecting the adhesiveness of other cell types and

not of their own.
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The neoplastic cells, (Pyél, PyCli, HSV2, T2 and T3) appeared
to secrete factors with inhibitory activity with respect to NR cell
adhesiveness. This also agrees with the work of other scientists
that different cell types have been found to secrete factors
affecting the adhesiveness of other cell types and not of their own.
The activity of these factors is dependent on whether the factor has
been ﬁrepared from primarily transformed cells, (PyCl and HSV2), or
from secondarily transformed cells, (Py Cli, T2 and T3).

The ability to detect the activity of these factors is dependent
on the system used for the study. S0 it is seen that according to tﬁe
developmental stage at which the cells have been classified the effect
of the factor either is inhibitory, promotory or there is no factor.

Phe cells of embryonic and neoplastic origin, (HP, Py Cli and T2),
are not aggregating while the neonatal ones, (C1%), are. However, the
collecting monolayers of neoplastic crigin appear collecting cells to
8 larger extent than the corresponding monolayers of normel origin,
but the collected cells responded in the same way as the aggregating
cells. So aggregation and collection are two different cell
properties related to adhesion but controled by possibly different
mechanisms. A posgsible mechanism is the structure and configuration
of the cell membrane. These seem to differ not only between normal
and neoplastic cells but also between rounded and spread cells of
either normal or neoplastic origin.

The embryonic cells segregated from the C13, Cli, HP and T2
cells in two dimensional cultures forming a multiisland appearance
in & fibrohlastic network, possibly as a result of weak contacts with
the substratum and the. locomotion of the fibroblastic cells, while the
diéruption pattern after 48 hours in culture appeared to be dependent
on the locomotion of the fibroblastic cells in combination of the

possible conditioning of the culture medium by the fibroblastic cells
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with factors_diminishing the adhesiveness of the NR cells.

Whether the multilsland appearance in these cultures is a type
of Segregation equivalent to that in three dimensions or not is not
well known. This appearance could be a result of possible
preaggregation of the NR cells in suspension and then of the
sethlément of these aggregates or of the fast rate of multiplication
of the fibroblastic cells. In three dimensional cultures, l.e.
formation of aggregates, the NR cells associated with the normal cells,
(C13 and HP), and did not associate with the neoplastic cells, (c11

and T2). The non segregation of the normal cells from the NR and

the non association of the neoplastic cells with the NR cells might
possibly be controlled by factors secreted by the normal and
neoplastic cells.

Experiments with antibodies against the possible factors
involved in these sorting out experiments and the effect of the
conditioned media onto presorted aggregates could give further
support to the idea that factors may control the above types of
‘sorting out. Two dimensional sorting out experiments where the
cells would be plated onto filters and the conditioned media would
flow underneath the filters (or above the plated cells separated from
the flowing medium by another filter), may give some ldea on the
diffusibility of the factors.

¥From the above work it is obvious that the normal and neoplastic
cells differ from each other, possibly in the structure and
configuration of their membranes as the normal cells aggregate more
extensively than the neoplastic ones but collect less cells than the
neoplastic.

My work also gives support to the morphogen theory for the control
of cell positioning in aggreéates. - |

It will be very useful to find out if the effect of the studied
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factors does not apply only to the studied system but also to other
systems in vitro. If the factors act in in vitro situations then

it may be important to find out whether they act in in-vivo situations.
Such tests in vivo can be carried out in animals where tumours may
have already grown or during tumourogenesis. In such cases it is
possiﬁle to sort out whether such factors control malignancy or not.

It will also be useful to study whether such factors can control not
only malignant tumours but also bhenign ones. A preparation of
antibodies against_the tumour cell factors and the study of their
effect onto the tumour cell development in vitro and in vivo might

lead to new methods for the control of tumour metastasis.
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