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SUMMARY.

1. Endothelial - like cells from murine lung cultures were shown
to possess many endothelial - like properties. They appeared
similar morphologically to Pig aortic endothelia, had similar
intermediate filament proteins, stained positive for Factor VIII
antigen, released large amounts of angiotensin converting enzyme,
and transmission electron microscopy showed that the cells

contained intracellular organelles indicative of an endothelial

lineage.

k
2. Endothelial - like cells showed heterogeneity of H-2K
expression. This was detected using complement - mediated

cytotoxicty techniques in repeated exposure experiments and also
. k

by immunofluorescence staining of cell surface H-2K . This finding

supports other work which demonstrated heterogeneity of H-2

expression in other tissue types. (Eskinazi et al, 1981).

4. Cells obtained from the peritoneal cavity adhere with greater
spread areas but in reduced numbers when added to allogeneic H-2D
fragment - coated substrates as compared to synaeneic H-2D coated

substrates.

5. Peritoneal exudate cells spread out more and in increased
numbers when pre-incubated in allogeneic, as oppesed to syngeneic,
conditioned medium. This effect was shown to be attributable to
differences within the H-2K and / or I-A reion of the H-2 complex,
since matchinag at these loci alone has no effect on spread area

and counts as compared to fully synageneic counterparts.



Mismatching of PEC's and conditioned media at H-2 K and / or I-A
leads to increased counts and spread areas as compared to the
effects of syngeneic conditioned media. These increases are

significant at the P = 0.05% level of the standard t Test.

6. PEC's adsorb allogeneic I-A fragments from PEC or spleen cell
conditioned medium onto their surfaces in an antigenically -
recognisable form. Syngeneic I-A fragment binding was not detected
by this technique. These results support a new model of cell

interactions which has recently been proposed by Curtis (1983a).

7. Preliminary experiments have suggested that when endothelial -~
like cells of different H-2 types are mixed in aggregation
cultures, they may sort out according to H-2 type such that one
type surrounds the other in a typical "sphere - within - a sphere"
arrangement synonymous with that seen in histotypic sorting out
(Steinberg, 1964). This requires further investigation. It is
unlikely that H-2 is directly involved in the cell interactions
which occur during aggregation since aggqregates of  similar
diameter were obtained with various mixtures of H-2 matched /
mismatched cells present in the aggrecating mixture. This finding
supports previous observations on the collection of H-2 disparate

cells to preformed aaareqates (McClay and Gooding, 1978).

VI



CHAPTER 1., INTRODUCTION.



1.INTRODUCTION

1.1. General.

One of the most fascinating aspects of animal
development is the movement of cell types from one reqgion in the
embryo to another. Examples of this are seen during gastrulation,
migration of cells from the neural crest andlin the movement of
precursor T lymphocytes into the thymus. Experimental systems
which attempt to mimic the conditions within the embryo, in order
to study these movements, have been difficult to devise. For this
reason many workers tended to investigate the effects of
transplanting parts of the embryo to differing positions or in
differing orientations, an example of this being Twitty and Nui's
work (1954). They investigated the repulsion between propigment
cells by both transplantation and cell culturing techniques. In
the former, they transplanted neural crest (from which pigment
cells originate) to an area of the flank méﬁe pigment free.
Propigment cells emerged radially from such a graft, but did not
invade any areas already occupied by pigment cells. The cell
culture methods involved the introduction of one or more
propigment cells into fine capillary tubes. When a single cell was
added, it rtemained more or less stationary in the tube, whereas
two or more cells added together tended to move apart. Diffusible
substance(s) produced by the cells appeared to be responsible for
this "negative chemotaxis", though these were not identified. It
is likely that negative chemotaxis plays an important role in some
positioning systems, but other mechanisms must also be involved in

both  morphogenetic interactions and positioning mechanisms



operating throughout adult 1life, since it 1is unlikely that
negative chemotaxis alone provides all the positional information
required in these systems. We may ask the question: how does a
lymphocyte leave the circulation and position itself within a
lymph node containing many different cell types ? An answer to
this question has been difficult to obtain, as the different cell
types within the one tissue may interact with the lymphocyte in
various ways. Attempts to study these interactions have therefore
utilized simplified systems, i.e., interactions between two cell
types only. These were facilitated by the development of in vitro
reaggregation systems, though how closely these represent such
interactions in vivo is questionable. A variety of different
embryonic  tissues can be dissociated to give single cell
suspensions and if they are persuaded to reaggregate in
appropriate conditions, they will often organise themselves so
that the cells from different organs occupy different positions
within the aggregate (Townes and Holtfreter, 1955; Moscona and
Moscona, 1952). In a series of experiments using amphibian
material (Townes and Holtfreter, 1955), the cell seqregation and
positioning was documented for various combinations of tissue
slices as well as for the same combinations of disagaregated
cells. Particular patterns emeroed, which Townes and Holtfreter
claimed, represented positioning and patterning arrangements which
occur in the embryc. Further investigations extended to the
segregation and positioning of agaregated cells of chick and
mouse tissues. In 1964, Steinberog demonstrated a hierarchy of
sorting out in combinations of chick tissues. For instance, cell

type B was shown to seqrecate externally to A, whereas C would



seqregate external to both A and B and so on. Many techniques
were subsequently developed to study this sorting out phenomenon
and despite their limitations, were interpreted as model systems
of morphogenetic movement. However, cell combinations wused in
aggregation experiments were sometimes taken from tissues widely
separated in vivo. Any sorting out abilities of these tissues seen
in vitro may thus have limited, or no, morphogenetic relevance.
The sorting out of one cell type with respect to another, such
that one always segregates external to the other, implies that
positional information is being generated within the aggregate.
Two main» hypotheses were put forward to explain the final
positions adopted by mixtures of two or more reaggregated tissues.
These were the Differential Adhesion Hypothesis (Steinberg, 1964)
and mediation by cell products (I.M.F.'s - see Curtis and De
Sousa, 1975). These theories will be dealt with more fully in the
discussion. |
Cell motility may be of importance in morphogenesis

and in some cases the motility may result from decreased
adhesiveness (Carter, 1965; Gail and Boone, 1972), though this
does not necessarily follow (Curtis and Buiiltjens, 1973). Cell
adhesion must frequently play a role in positioning both in the
embryo and in the movement of cells in adult tissues. During cell
movement, adhesive contacts must freguently be made and broken in
order for a cell to exert a force against its cellular
environment., Adhesion is thus likely to be regulated at the
cellular level and show quantitative variation in that
adhesiveness may be increased or decreased. Changes in adhesivity

are known to occur during morphogenesis (see Bellairs, Curtis and



Sanders, 1978). Clearly then, the molecular mechanisms controlling
cellular adhesive interactions form a central problem in these
considerations. The search for such mechanisms is made more
difficult by the fact that more than one adhesive mechanism is
likely to be operating at any one time. It is probably an over-
simplificafion to assume that a universal molecule will be found
which is responsible for all morphogenetic movements. Instead,
many mechanisms are likely to be interacting, to provide a fine
degree of regulation of this process. One approach to the study
of these is to identify the factors which block or enhance them.
As yet, very few molecules have been found which can disrupt a
morphogenetic interaction, if added or removed at the embryonic
level. Retinoic acid has however been shown to possess similar
properties to the polarizing region, which is involved in the
development of the limb bud (Tickle et al, 1982). The polarizing
region comprises a small group of cells which acts as a signalling
region to specify the pattern of structures which develop across
the anterior - posterior axis of the limb. The signal itself has
been suggested to be a diffusible morphogen and can be mimicked
by the application of retinoic acid bound to implanted inert beads
(see Tickle et al, 1982). This was the first example of a well-
defined spatial pattern of cellular differentiation being created
by a chemical. It was concluded that the chemical probably changes
positional wvalues in a manner that closely mimics that of the
normal signalling tissue. Evidence for similar chemical mimicry of
pattern formation in other tissues has yet to be obtained.

In this thesis, consideration has been given to the

role of the Major Histocompatibilty Complex products in cellular



interactions. Interest in the M.H.C. has grown such that it
occupies a central position in immunobiology. The concepts
developing in this area of research extend in their relevance
beyond the immune system. It has now been established that M.H.C.
encoded proteins are involved in cell-cell interactions in the
immune reéponse. The recognition of target cells by cytotoxic T
cells, co-operation between T and B lymphocytes in antibody
production and antigen presentation by macrophages to T
lymphocytes are all regqulated by M.H.C. encoded cell surface
molecules. Evidence is accumulating that the M.H.C. may also play
a role in non-immunological interactions as previously suggested
by Bodmer (1972) and Edelman (1976) (see page 25). An appreciation
of the nature and extent of M.H.C. involvement in these processes
may be reguired for our further understanding of the mechanisms

operating during morphogenesis.

1.2. Historical Aspects 0Of The Mouse H-2 Complex.

During the early years of this century, it was
discovered that successful skin transplants could not be made
between outbred mice. Similarly, passaqging of tumour cells was
only successful between genetically inbred individuals (see
Little (1941), Snell (1953) ). Rejection of transplants was
subsequently shown to be an immunological phenomenon (Medawar,
1944). The serological demonstration of alloantibodies by P. A.
Gorer (1938) were wunified with histogenetical studies on the
tissue antigens respaonsible for rapid graft rejection (Snell,
1948; Counce et al, 1956) and this resulted in the first

descriptions of the Major Histocompatibility Complex (M.H.C.)



(Gorer et al, 1948, Counce et al, 1956, Mitchison 1954). All
vertebrate species studied to date have an M.H.C. which dominates
transplantation reactivity to foreign tissues (Klein 1975). Within
some invertebrates, similar systems have also been identified
(e.g. Schofield et al, 1982, Du Pasquier, 1974) though the
genetics ‘remains to be clarified in others (Curtis, Kerr and

Knowlton, 1981).

1.3. Murine H-2 System: Structure and Function.

By far the most extensively characterised M.H.C.'s are
those of the mouse, the H-2 Complex and man, the HL-A Complex.
Both consist of several loci which are divided into three classes
(Murphy, 1981). Within H-2, the K, D and L loci are named Class
1 proteins, originally defined by the serological activity of
their respective products. The Class 2 (H-21) loci lie between the
K and D loci. Although these were originally defined by their
presence and function on lymphocytes, sé%e Class 2 proteins have
subsequently been described on many tissues, where they may or may
not play an immunological role (Nixon et al, 1982, Pober and
Gimbrone, 1982). The Class 3 loci encode certain components of the
complement system (Alper, 1981) and are generally considered non-
H-2. (See fig 1).

Class 1 antigens are found in association with beta-2
microglobulin at the cell surface. They have a molecular weight of
about 44,000 Daltons and are glycoproteins, having one or two
carbohydrate sidechains. Studies using glycosidases (Nathenson and
Muramatsu, 1971, Parham et al, 1977) and tunicamycin, an inhibitor

of glycosylation (Ploegh et al, 1981) to generate
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histocompatibility antigens lacking carbohydrate showed that the
absence of carbohydrate had no effect on the antibody antigenicity
or cytotoxic function of Class 1 antigens. Thus the alloantigenic
determinants very likely reside in the polypeptide backbone of the
heavy chain. Most of the Class 1 molecular complex- is located
extracellularly and this can be cleaved just exterior to the
membrane by the use of the enzyme papain (Nathenson and Shimada,
1968). This technique has been crucial in the detailed structural
analysis of these products, which bhave revealed structural
analogies between H-2 and HL-A Class 1 heavy chains and
immunoglobulin constant domains, as was suggested by Burnet
(1970), Bodmer (1972), and Gally and Edelman (1972). Other work
has shown that the Class 1 M.H.C. products may have a tetrameric
structure and compact domains, which are strikingly similar to
those in immunoglobulin molecules (Peterson et al, 1975: for
discussion, see  Greaves, 1975). Furthermore, beta - 2
microglobulin, which is associated with Class 1 products on the
cell surface, has been shown to have considerable sequence
homology with immunoglobulins (Cunningham et al, 1973: Raff,
1975). This may imply that a phylogenetic relationship exists
between immunglobulin and products of the M.H.C. although in man
there is no genetic linkage between the genes coding for HL-A,
beta - 2 microglobulin and immunoglobulin. If such a phylogenetic
relationship did exist, one could perhaps speculate on the
involvement of M.H.C. products in antigen recognition. This issue
has previously been raised with respect to the antigen - specific
receptors employed by T cells. Whether M.H.C. products are

involved 1in the recognition of antigen by T cells has still not



been resolved. In fact, recent evidence from anti - allotype and
anti - idiotype studies has supported earlier speculation (eq.
Gally and Edelman, 1972: Binz and Wigzell, 1976) that the antigen
receptor on T cells may have a similar structure to immunoglobulin
(Reinherz, 1983). Further evidence on the nature of the T cell
receptor will be discussed elsewhere. Here, it is relevant to
point out that M.H.C. products are known to play a central role in
self - recognition in the immune system. Other workers have
demonstrated that the M.H.C. may also be important in self -
recognition between non - immune cells (see later section). The
work presented in this thesis was partly designed to investigate
these phenomena further.

As previously statea, the Class 2 products are encoded
in the H-2I region. Structural analysis aof this region is
difficult as it exists at a high level of genetic complexity. With
the use of recombinant strains of congenic mice, the region has
been divided into at least five subregions; I1-A, I-B, I-J, I-E,
and I-C (Klein, 1979). The I-J region codes for products found on
suppressor (Murphy et al, 1976) and some helper cells (Tada et al,
1978a, 1978b). (Interestingly, these products are also involved in
the contact inhibition of movement seen in fibroblasts (Curtis and
Rooney, 1979 - see paage 29). It is as yet unclear whether I-E and
I-C code for separate molecules, or indeed whether the I-B region
exists at a%l. To date, only I-A and I-E/C encoded antigens have
been structurally identified (see Murphy, 1981). In the mouse, the
ability to respond to certain antigens is under the control of the
Immune respose (Ir) genes which map to the I region {(Moller,

1977). 1In fact, the vast majority of Ir genes have been localised



within the I-A subregion, as reviewed by Benacerraf and Katz
(1975b) and Klein (1975). A small number of "complementing Ir
genes" map in both the I-A and I-E/C subregions (Dorf, 1978). and
finally, a few Ir gene - controlling reponses to selected antigens
map in the I-B subregion (Lieberman et al, 1974: Ando and Fachet,
1977). Products of the I-A and I-E/C loci are thus implicated in
the control of the immune response, which appears to involve cell
- cell interactions as will be discussed later in the text. The I-
E/C antigens are composed of two polypeptide chains of 33,000 and
25,000 Daltons, whereas I-A antigens form a complex of 58,000
Daltons. (For structural details, see Murphy, 1981; Orr, 1982).
Determinants on I-A and I-E/C molecules manifest several important
immunolegical properties, for instance CTL recognition (Simpson
and Gordon, 1977; von Boehmer et al, 1977), serological activity,
(Lafuse et al, 1980), CML stimulation (Peck et al, 1980) and Ir
gene control. Clearly, the existence of several immunological
properties or determinants does not necessitate that each be under
the control of a separate locus (Fathman et al, 1981). It is
possible that different subregions of the 1locus products are
expressed on different cell types. For instance, T cells express
a unique I-A subregion not found on B cells (Hayes and Hullett,
1982: Hiramatsu et al, 1982) and Jones et al (1978) have reported
the expression of new 1Ia molecules as a consequence of co-
operative activity of distinct 1 subregions. This  implied
heterogeneity of expression of Class 2 products on different
subpopulations 1is interesting in the light of other experiments
showing heterogeneity of Class 1 products, reported in this thesis

and by others (Eskinazi et al, 1981). This will be discussed more




fully later.

In contrast to Class 1 antigens, the Class 2 antigens
may have a more limited tissue distribution. Their function on
macrophages seems to involve antigenic presentation, as will be
discussed shortly. The larger alpha subunits (heavy chains) and
the'smallef beta subunits (light chains) associate non-covalently
to form dimers, and these are displayed on the cell surface. Alpha
and beta chains between species show a certain degree of homology,
but in the mouse there is no homology between the alpha and beta
chains from different subregions. Neither is it likely that the
alpha chain is a proteolytic product of the beta chain.
Furthermore, it is improbable that within a species the individual
Class 2 loci developed from one another. The beta chain has been
shown to be highly polymerphic, whereas the alpha chain is
considerably less so. Thus, the beta chain is 1likely to be
domimant in the determination of Class 2 alloantigenic
specificity. As with the Class 1 antigens, it seems likely that
the Class 2 antigens consist of a variable chain associated with a
relatively invariant chain to form an alloantigenic complex. The
protein portion of the I region products has been shown to contain
the allodeterminants (Orr, 1982) and not the carbohydrates,
although Higgins and Parish (1980) have reported that 1Ia
determinants are also present on the carbohydrate portion of the
glycolipids. For both classes of M.H.C. antigens the difficult
task will be to determine which of the polymorphic residues
contributes to the alloantigenic site and how the invariant chain
is involved in determining alloantigenicity. (For further

discussion, see Orr, 1982).

10



Having introduced the H-2 products it is now relevant
to consider their involvement in cellular interactions. Most of
this work has been performed using immunological systems, which

are now well established. These will be considered here in detail.

1.4. Role Of H-2 In Immunological Interactions.

Both (Class 1 and Class 2 products play a central role
in immunological interactions. Although they are considered
separately here, both types of product may be involved in the
control of a particular event:- and similar restrictions are

encountered in their control.

1.4.1. Immune Response (Ir) Genes And Restriction Phenomena.

McDevitt et al (1972) were the first to demonstrate that
histocompatibility - linked Ir genes mapped to the H-2 I region,
Since these initial observations, both cellular and humoral
responses to many types of antigens in several different species
have been shown to be under antigen - specific Histocompatibility
Complex - linked Ir gene control (Benacerraf and McDevitt, 1972).
Immune responses that are regulated by H-2 -linked Ir genes
require the presence of thymus - derived lymphocytes. These T
cells, which bear the Ly-1 antigen, recognise thymus - dependant
antigens in conjunction with autologous I region products. Once
this interaction has occured, the T cells can provide the
essential helper signal for differentiation of B cells into
antibody - producing cells (Katz and Benacerraf, 1972). (It may be
important to note that to date, M.H.C. - linked Ir gene control of
a thymus - independant response has never been cbserved.) In many

of the systems investigated, it was speculated that the

11




interactions of helper T lymphocytes with B lymphocytes were
governed by genes that map in the same I-A and I-C subregions that
control macrophage - T cell interactions (Benacerraf and Katz,
1974). These observations were originally made by Kindred and
Shreffer (1972) and by Katz et al (1973) close to the time when
the roler of I ~ region products in macrophage - T cell
interactions were discovered. However, other workers have recently
reported that T - B cell and macrophage - T cell interactions may
not be controlled by the same I region genes (Nagy and Klein).
This work will be discussed below.

The first demonstration that T cell - mediated immune
responses were also requlated by Ir genes involved the
demonstration that Dinitrophenyl -~ Poly-L-Lysine (DNP-PLL)
nonresponder guinea pigs failed to produce delayed - type -~
hypersensitivity (DTH) responses to this antigen (Green et al,
1966, 1967). In many Ir gene systems, nonresponder animals were
proved to lack carrier - specific helper activity (Benacerraf and
McDevitt, 1972). M.H.C. - linked Ir genes specific for minor
histocompatibility antigens such as H-Y were subsequently shown to
contrel additional cell - mediated immune responses, including
graft rejection and the generation of cytotoxic T cells (Simpson
and Gordon, 1977; von Boehmer et al, 1977). Furthermore, T cell
proliferation has been shown to be under the control of H-2 linked
Ir genes, the responder / nonresponder pattern being very similar
to that described for antibody - forming capacity (Bluestein et
al, 1971: Shevach et al, 1972). Since helper T cells participate
in both these types of interaction, the simplest explanation to

relate these two phenomena is that Ir gene control operates at the
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level of stimulation of T cells. The evidence in support of this
explanation will now be considered in detail.

Eafly work by Shevach and Rosenthal (1973) and Schwartz
et al (1979), demonstrated the expression of Ir genes on
macrophages. Their role is to produce, together with antigen, an
immunogenié stimulus capable 'of activating T cell —clones
specifically. In this respect, this model assigns to the Ir gene
product the same role in the generation of specific helper T cells
that 1is played by the K and D gene products in the generation of
the cytotoxic T cell response (see next section). Furthermore, it
is now widely believed that certain Ir genes are, in fact,
equivalent to Ia antigens on macrophages and some workers have
suggested that the lack of appropriate Ia prevents antigenic
presentation and the stimulation of "positive" effector T cells
such as  helper, proliferative, or DTH - inducing cells
(Benacerraf, 1978). Furthermore; Schwartz et al have demonstrated
that in vitro antigen - induced proliferative responses of T cells
from primed (responder x nonresponder) F can be inhibited only by
specific anti - Ja antisera against thelalleles of the responder
parent.

This 1leads us to a subject of recent debate, namely,
whether Ir genes function at the level of the macrophage or the T
cell. One group have produced results which suggest that animals
of nonresponder strains have an intrinsic defect in Ir gene
product function on their macrophages (Shevach and Rosenthal,
1973, Shevach et al, 1973, Shevach, 1976, Rosenthal et al, 1977,
Rosenthal, 1978). However, Nagy and Klein (1981) have arqued that

controlling Ir genes are expressed at the level of the T cell and
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those Ir genes which are expressed on macrophages do not control
the interaction. Furthermore, these workers showed that
macrophages are able to present antigen to M.H.C. disparate T
cells if the two are cultured in vitro. They concluded that there
is no evidence for the same restriction as is seen in cytotoxic T
"cell - T ﬁelper cell interactions. This seems to be at variance
with earlier work (Rosenthal and Shevach, 1978). They arqued that
the combination of Ir genes and antigen on the macrophage surface
in nonresponder strains may look too similar to self M.H.C. and
therefore not be recognised due to depletion of T cell clones
during self education (Schwartz, 1976, 1978, 1979). Further work
is being done to resolve the discrepancies (see Nagy and Klein,
1981, Shevach, 1982, Rosenthal, 1982). However, one point raised
by Nagy and Klein is the suggestion that macrophages can
collaborate with allogeneic T cells. Earlier work by Sprent (1978)
thas demonstrated that macrophages are unable to activate H-2 1
allogeneic T cells. and similarly, both primed and unprimed T
cells failed to collaborate with allogeneic B cells (see
Benacerraf, 1981 for full discussion). The work of Kappler and
Marrack (1977) demonstrated that antigen - specific primed helper
F T cells could be functionally selected on antigen - pulsed
p;rental macrophage monolayers so as to provide helper activity to
the helper B cells of the same haplotype as the macrophage
monolayer used in the selection. This implies that the same
restriction is operating in the M.H.C - restriction of macrophage
- T cell interactions and T.- B cell interactions. However, Singer
et al (1979) have recently investigated the anti - hapten response

to Trinitrophenyl - Keyhole Limpet Haemocyanin (TNP-KLH) and have
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assessed the helper T cell recognition of H-2 determinants on
macrophages and B cells independantly. Although they confirmed the
requirement for helper T cell recognition of MHC.determinants on
macrophages proposed by Rosenthal and Shevach (see above), they
failed to find corresponding restriction in the interaction of T
cells with~B cells. Other groups have similarly reported that T -
B interactions are not always M.H.C. restricted, whereas T cell -
macrophage interactions are (Hodes et al, 1983; Julius et al,
1982; Ratcliffe et al, 1982). Discrepancies in results on the
roles of M.H.C. in B - T interactions may depend on the source of
the macrophages used to activate the helper T cells and work is
in progress to resolve these differences.

Other models exist which are not entirely consistent
with a defect in antigenic presentation in nonreponder animals.
For instance, ' ‘work doqe on GAT, (a synthetic polymer of glutamic
acid, alanine, and tyrosine) has shown that a) cyclophosphamide -
treated (Germain and Benacerraf, 1979) or anti I-J antiserum
treated (Pierres et al, 1978) nonresponder mice give primary GAT
responses in vivo and b) nonresbonder macrophages can present GAT
for primary in vitro responses by responder strain lymphocytes
(Pierce et al, 1976). Thus, for GAT, reduced ability of
nonresponder macrophages to trigger appropriate helper cells may
result in the predominance of an in vivo suppressor T cell
response. This may occur because of direct recognition of soluble
antigen by suppressor cells (Pierres and Germain, 1978) or by
presentation of GAT on cell membranes, perhaps without the
involvement of M.H.C. gene products. However, there is 1little

evidence  that suppressor T cell responses account for
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nonresponsiveness to other.antigens under Ir gene control, but
whether the nonresponsive status results from a defect in
macrophage presentation or in a lack of appropriate T cells is “as
yet unresolved.

Having discussed T - B and macrophage - T cell
interactions, it is now relevant to discuss a T - T interaction
system, namely cell - mediated cytotoxicity. Although a great deal
of work has been done on this interaction mechanism, the events
taking place at the molecular level during CTL killing are still
open to speculation. The various hypotheses which attempt to
explain the interaction mechanism will be discussed in some

detail.

1.4.2. Cytotoxic T Lymphocytes And Restriction Phenomena.

Model systems to study cell - mediated cytotoxicity
in vitro were developed during the late l9éDs (Perlmann and Holm,
1969). Lysis of allogeneic target cells in vitro was found “to be
directed at prodhcts of either the H-2K, -D, or ~L region (Abassi
et al, 1973, Nabholz et al, 1974) since targets must be matched at
these 1loci with stimulator cells if lysis is to occur. Studies
have shown that alloantibodies directed at target cell H-2
(Moller, 1965; Brunner et al, 1968; Canty and Winderlich, 1970;
Nabholz et al, 1974; Faanes and Choi, 1974) and monoclonal
antibodies against H-2K or -D region products (Lindahl and Lemke,
1979; Epstein et al, 1980) block 1lysis of target cells
specifically. These studies could not rule out completely a role
for molecules controlled by loci very closely linked to H-2K or -

D. However, results from studies of H-2 mutant mice also provide
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very strong evidence to support the idea‘of H-2K or -D involvement
in recognition. Mutations in H-2 (particularly H—ZKb) have been
found and CTL recognition of these mutants mimics allorecognition
(Klein, 1978; Nairn et al, 1980). The finding that H-2K, -D, and -
L products are the major target cell antigens recogniséd by
allogeneic- CTLs is in agreement with in vivo results (Cerottini
and Brunner, 1974; Shreffler and David, 1975). The presence of
specific receptors on CTl's was inferred by the finding that
cytolytic activity could be absorbed out on monolayers of
allogeneic cells (Brendz, 1968; Golstein et al, 1971; Berke and
Levey,1972). Martz has extensively described the sequence of
events which lead to cytolysis of specific target cells (Martz,
1977, 1980; Martz and Benacerraf, 1973, 1976). Briefly, responder
cells bind specifically to a target cell via a magnesium ion -
dependent process which 1is then followed by the calcium ion -
dependent programming of the target cell for 1lysis. The CTL
remains unaffected by this encounter and can then move away in
search of another target cell. However, as a result of this lethal
hit, the target cell lyses even though it may not have maintained
contact with the CTL effector cell. There have been numerous
attempts to dissect this sequence of events, particularly with the
use of blocking agents. These experiments have been discussed
elsewhere (see for instance Todd et al, 1975; Linna et al, 1978;
Martz, 1980).

0f more relevance here is the work reported by
Zinkernagel and Doherty, (1974a, 1974b). They showed that after
viral modification of tarqets, CTL effectors are only able to

recognise foreign antigen when it is presented in the context of
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self H-2K,-D, or -L moleculés. Independently, Shearer (1974) found
that CTL's can only lyse TNP - modified targets which carry the
same K,. D, or L products as the responder population. Analogous
results have also been obtained for CTL's generated against minor
histocompatibility loci (Bevan, 1975a; Gordon et al, 1975). These
phenomena ‘became known as the M.H.C. Restriction of CTL killing.
Furthermore, it was discovered that the antigen (or modified-self
protein) must be expressed on the same cell membrane as the self -
K, -D, or -L molecule for CTL - mediated lysis to take place

(Bevan, 1975b; Swierkosz et al, 1977; Watt and Gooding, 1980). The
restriction of peripheral CTL's to self K, D, or L products is
imposed during their intrathymic maturation phase independent of
the presence of the extraneous antigen. It has been pointed out
that other T cells which are non-restricted are not necessarily
removed in the intrathymic maturation phase. Their presence is
still detectable in the periphery, which led to the conclusion
that many but not all T cells show restriction (Stockinger et al,
1981). However, H-2 restriction in CTL - mediated lysis has now
been demonstrated in a large number of systems (Zinkernagel and
Doherty, 1979). A number of workers have shown that this
restriction of CTL's against virally-or chemically-altered targets
is not dependent on the H-2 type of the CTL precursors themselves.
Instead, it is determined by the H-2 type of the thymic
environment in which they mature. (eg. see Zinkernagel et al, 1978;
Fink and Bevan, 1981). Recent work has however suggested that CTLs
are capable of differentiation along both an intra-thymic and an
extra-thymic differentiation pathway, such that they may not be

fully restricted by the thymic environment (Singer, Hathcock and
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Hodes, 1982). This may provide supportive evidence for the
presence of non-restricted T cells described by Stockinger et al
(1981). The results of Singers group were in contradiction to
previous results (Zinkernagel et al, 1980; Kindred, 1978) though
Singers group used only those spleen cells which did not adhere to
nylon and used completely inbred strains (unlike Zinkernagel's
group). This may account for the discrepancies between results.
Several laboratories (Nabholz et al, 1975: Wagner et al,
1975: Klein et al, 1976) have recently reported that the I region
also codes for CTL target antigens. CTL's have been generated
after a primary in vitro culture between strains differing only at
the I region (eg; A.TH anti A.TL, or AQR anti B10.6R). Klein et al
(1976) have generated I region - specific CTL's by first priming
with skin grafts differing at the I region and then restimulating
in vitro with I region - different lymphoid cells. By stimulating
with a whole I region difference and then testing on targets that
share only certain I subregions with the stimulators, it appears
that the major I - region target antigens are encoded in the I-A
subregion (Wagner et al, 1975). Furthermore, Klein et al (1977)
demonstrated that I - region antigens did exist as independent
transplantation 1loci. They found that LPS - stimulated blast
targets (LPS is a B cell mitogen used to stimulate spleen
lymphoblasts) could be lysed only if they shared the I region with
the stimulator and there was no requirement for sharing of the H-
2K or H-2D antigens. Billings et al (1977) alsoc found that
antisera specific for the I region of the target could inhibit
lysis, but antisera to the H-2D region products had no effect on

target cell lysis. Clearly, the role of H-2{ region products in
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CTL systems requires further investigation.

At  this point, I must digress to examine the
explanations which have been put forward to account for H-2
restriction phenomena in CTL systems (Doherty et al, 1976).
Analysis of antigen recognition by cytotoxic T lymphocytes and

other H-2 restricted T cells has yielded results :-which are

generally explained by one of two models. These are-;

1.4.2.1. Altered Self Hypothesis.

According to this hypothesis, a single receptor on the
cytotoxic T cell binds to a complex on the target cell surface.
This complex is formed by the association between antigen x and
the appropriate H-2 molecule (K, D, or L - see page 18). The
complex recognised is generally thought to be a unique structure
formed by this association. Evidence in support of this theory has
been extensively reviewed elsewhere (see for eg. Matzinger,
(1981), Pasternack and Eisen, (1982)). Here a brief sammary of
this is relevant to the text. Hybridomas formed from two CTL's
recognising either antigen x + H~2a, or antigen y + H-2b, can
respond only to these combinations of antigen and specific H-2
(Kappler et al, 1981). No response is obtained against y + H-2a or
x + H-2b. The interpretation is that CTL's can only recognise the
same complex of H-2 and antigen with which they were stimulated
because these exist as a complex or ‘“neoantigen", with
specificities not found on either the H-2 or antigen singly
(Kappler et al, 1981). Co-precipitation of H-2 and tumour-
associated antigens in detergent extracts, (Callahan and Allison,

1978; Kvist et al, 1978; Honeycutt and Gooding, 1980) and co-
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capping of viral- or tumour-associated antigens with H-Z (Schrader
et al, 1975; Zarling et al, 1978; Senik and Néauport-Sauteés, 1979)
have also been reported. Friend leukaemia wvirus particles
selectively incorporate some host H-2 antigens. The antigens
incorporated correlate with the H-2K, or -D to which the virus
specific CTL'S are restricted (Bubbers and Lilly, 1977; Blank and
Lilly, 1977; Bubbers et al, 1978). CTL's against chemically-or
virally - modified self H-2K or -D targets sometimes cross-react
with modified allogeneic targets (see Pasternack and Eisen, 1982).
Explanations for all the above - mentioned results have utilised
the the Single Receptor (Modified or Altered Self, or Interaction

Antigen) model.

1.4.2.2. Dual Recognition Hypothesis.

This hypothesis proposes that the CTL's and their
precursors have one receptor for antigen and one for the
restricting self H-2 mofecule. Both of these receptors must be
bound to specific ligand on the target cell surface before
effective CTL and target cell conjugates can form. The failure of
H-Y antigens to co-cap with either H-2 (Geib et al, 1977) or HL-A
(Fellous et al, 1978) provides evidence in support of a Dual
Recognition model for CTL killing of H-Y targets. Recently, Miller
(1981) has shown that after CTL or antibody binding of H-Y
antigens, H-2D products are brought inte closer proximity. The
secondary binding of H-2D to the CTL receptor is of much higher
affinity and facilitates CTL-mediated lysis. If cytochalasin B is
added to effector CTL's before the assay, lysis is inhibited. This

treatment is known to disrupt actin filament organisation and it
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has been postulated that this may inhibit formation of bonds
between the H-Y receptor and the H-2D receptor (Simpson and
Goédon, 1977; Matsunga and Ohno, 1980). Further evidence for this
hypothesis was demonstrated by the failure of VSV antigen and H-2
to redistribute reciprocally (Geiger et al, 1979). Anti - VSV
antibody selectively redistributed the H-2 molecule to which
killing was restricted, but VSV antigen was not redistributed by
anti H-2. This argues strongly against the Altered Self
hypothesis, unless the association of H-2 and antigen is of a
dynamic nature as proposed by Matzinger (1981).

Jo date, neither the Altered Self nor the Dual
Recognition hypothesis has been eliminated, and some lines of
evidence favour very strongly one or the other as shown above.
The relationship between the H-2 restricted and the allogeneic
CTL's remains to be clarified. Supporters of the Dual Recognition
hypothesis view allogeneic killing as a special case (see
Matzinger, (1981) for comments). It has been suggested that the
CTL's responsible for these two types of interaction arise as a
result of different selection processes (Droge, 1981). In humans,
two different CTL sub-populations have been recognised on the
basis of different cell surface molecules. One carries the T3 and
T4 glycoproteins and is directed against antigen in the cantext of
Class 2 molecules. The other carries T8 and T3 glycoproteins and
recognises antigen in the context of Class 1 molecules. Antibody
blocking studies have suggested that T4 and T8 bind the Class 2 or
Class 1 M.H.C. respectively on the target cells, whereas T3 in
association with another receptor (Ti ) binds the ' antigen
(Reinherz et al, 1983). The Ti receptgr is thought to be of

n
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constant binding specificity within a CTL clone but variable
between clones. and thus is responsible for a wide range of
antigenic specificities within the CTL repertoire (see Reinherz et
al, 1983 for review). A similar glycoprotein distribution on
murine CTL's has not yet been categorised. Considering the
similaritiés between M.H.C. and immune systems of mice and humans,
it seems likely that an analogous system will be identified.

In conclusion, it is possible that CTL, T - B, and
macrophage -~ T cell systems reflect similar control systems, as
previously proposed by Zinkernagel (1976). The mechanism whereby
H-2 restriction operates is still open to speculation. Katz has
suggested that cell interaction (C.I.) molecules interact on the
surface membranes between communicating cells, either by homology
or complementarity. Homologous interactions require that the C.I.
molecules on the respective cells are products of identical genes,
whereas complementarity implies the reaction of a T cell receptor
entity with a C.I. molecule on the corresponding B cell, T cell or
macrophage, the respective molecules (i.e. the receptor and C.I.
site) being products of distinct genes. These two interaction
mechanisms could occur in different situations, for instance,
syngeneic interactions occur via homology while  allogeneic
interactions could occur via complementarity. (For full
discussion, see Katz, 1977a, 1977b, 1978). The importance of H-2
restriction in CTL systems is particularly evident in defence
mechanisms. The specificity for antigen + self H-2 rather than
antigen alone means that a CTL will obliterate those cells which
are producing virions. Obviously, this is a more efficient way of

controlling viral infections than by ipactivating individual
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extracellular virions. H—é restriction may also provide one
explanation for the extraordinary polymorphism of the Major
Histocompatibility Complex genes (Snell et al, 1976). Although the
molecular mechanisms operating remain obscure, the implications of
H-2 yrestriction and polymorphism have already led to a great deal
of speculétion on the role of these products in cellular
interactions reaching beyond the immune system, into the realms of
cellular and developmental biology. An outline of these theories,

together with evidence in support of them, will now be considered.
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1.5. Role Of H-2 In Non-Immunological Interactions.

In 1972, Bodmer suggested that the prime function of the
M.H.C. might be to control cell-cell interactions within an
organism. Although he did not present any experimental evidence to
support this theory, his arguments were based on three main
observatioﬁs. Firstly, cell positioning within organisms is
probably a result of various types of intercellular recognition.
Clearly, this requires a system with multiple instructions which
could be provided by the M.H.C. due to its highly polymorphic
nature. Secondly, as we have just seen, many immunological
interactions are M.H.C. or multilocular controlled. Finally,
Bodmer argued that other explanations for the major role of the
M.H.C., ie. in the recognition of self and non - self, appear
somewhat inadequate. In subsequent years, it has become clear that
the M.H.C. does play a major role in determining whether a range
of cell interactions would take place. The ewidence for this

statement will now be considered.

1.5.1. Evidence That H-2 Systems May Affect Cell Interactions.

A series of experiments investigating the role of H-2
products in cellular interactions have employed the technique of
monolayer collection, developed for rather different purposes by
Walther et al (1973). Cell suspensions are usually prepared by
dissociation with trypsin and are allowed to settle ontoc a
monolayer of living cells. After a short period (usually up to 30
minutes) non-adhering cells are washed off and the proportion of
cells bound from the suspension is measured. Other workers have

reported that cells may take up to several hours to recover their
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‘specificity of adhesion after trypsinisation, but results on
specific adhesiveness have nevertheless been obtained by this
method. For instance, in 1978, Bartlett and Edidin examined the
adhesion of syngeneic and allogeneic fibroblasts and found
evidence for H-2 restriction of adhesion. They investigated
several sirain - combinations and found that allogeneic cells
sometimes  show slightly reduced adhesion when compared to
syngeneic combinations. Their interpretation of these results was
to suggest that the monolayer controlled the selectivity of
adhesion, rather than both the suspended cells and the monolayer.
In their results, the differences between syngeneic and allogeneic
combinations were not very marked, though combinations extensively
mismatched at H-2 tended to have the lowest adhesion rates. Zeleny
et al (1978) used the same method to demonstrate H-2 restricted
adhesion in bone marrow and lymph node cells. However, the cell
types involved were not precisely identified and the effect on
adhesion was a small diminution between strains B10.A{2R) and
B10.A(5R) which have the haplotypes kkkkkdddb and bbbkkdddd
respectively. Although they could not identify which loci were
involved in the restriction, their results suggested that 13, IE,
IC, S and G loci were not involved. Similarly, Bartlett and Edidin
did not identify the loci involved in fibroblast restriction,
though it would have been of interest to compare these systems.

It is of importance to consider here that the
restriction phenomenon is not confined to the vertebrates. Indeed,
a great deal of work has been performed on freshwater and marine
sponges, which both demonstrate restriction for strain types.

Curtis and Van de Vyver (1971) investigated the non-coalescence
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between different strains of Ephydatia fluviatilis. They found

that each strain type produced diffusible molecules which
specifically reduced the adhesion of cells of other strains and
pointed out that this was an example of natural
histocompatibility. They concluded that although the factors were
themselves specific, the effect of a reduction in adhesion was
non-specific in that the cells now had their adhesiveness to any
other surface lowered. This was the first demonstration of
involvement of diffusible molecules in the reduction of adhesion
of another cell type and subsequently these factors became known
as Interaction-Modulation Factors (I.M.F.'s). Later, using the

marine sponge Hymeniacidon, Curtis (1979a, 1979b) managed to

demonstrate that production of and reaction to I.M.F.' correlated
precisely with graft rejection and non-coalescence between strains
of this species. It is reasonable to assume that I1.M.F.'s play an
important role in the maintenance of integrity within a strain
type and it is interesting that similar methods exist for
maintaining the integrity of tissue types within both embryonic
and adult tissues of higher organisms, which are discussed below.
These experiments pose some interesting points on the maintenance
of such mechanisms through evolution.

In 1974, Curtis found evidence that similar factors to
those described in sponge systems were released by embryonic liver
and neural retinal cells. Low molecular weight I.M.F.'s were
secreted into the culture supernatant by actively - growing cells
and decreased the adhesiveness of the opposite cell type. Addition
of I.M.F.'s to a 1:1 mixture of cell types biased aggregation such

that in the presence of neural retinal I.M.F., aggregates became
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rich in neural retinal célls, while in the presence of liver
I.M.F., they became rich in liver cells. In the presence of both
factors, aggregates, though small, became random in composition.
I.M.F.'s could also alter the positioning of cells if added to the
aggregating mixture during sorting out. The evaluation of a
molecule in cell positioning mechanisms requires that it is
capable of such a function. In later work, Curtis and de Sousa
(1975) discovered a system, identical in many respects to that in
sponges and embryonic cells, operating in lymphocyte behaviour
both in vitro and in vivo. They prepared B and T lymphocyte
suspensions from congenic mouse strains and looked at the
specificity of adhesion of these cells. If mixed B and T cell
suspensions were well washed, no specificity of adhesion was seen
either in the composition of aggregates formed, or in the kinetic
‘assay of specificity of adhesion. However, if the medium was
preconditioned with one or both cell types, apparent specificity
of adhesion was seen. As in the embryonic and sponge systems,
conditioned media reduced adhesiveness of the other type of cell
(see Curtis, 1982 for full review). Additionally, they found that
I.M.F.'s could reduce the adhesiveness of the same cell type when
they differed at particular H-2 loci. They demonstrated that H-2D
was involved in the restriction of T-I.M.F. and H-2K or -I-A were
involved in the restriction of B-I.M.F. in that they could only
act on target cells matched at these loci. Furthermore, T-I.M.F.'s
were shown to be identical in nature to the papain-cleaved
fraction of the H-2D product (Curtis and Davies, 1981). The
guestions which arise from this work relate to the ability of

these factors to disrupt or promote in vivo functions. Some work
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was carried out to investigate such properties. The ability of
I.M.F.'s to alter lymphocyte homing mechanisms if preincubated
with injected lymphocytes, and to radically alter in vivo cell
positioning if injected into mice, do in fact suggest that
1.M.F.'s could play a major role in lymphocyte interactions and
positioning mechanisms in vivo. Further implications of these
findings will be discussed later.

The evidence discussed above implies that there is
allogeneic inhibition of cell adhesion. It is relevant here to ask
whether or not cell spreading is similarly affected by the
proximity of allogeneic cells or factors. Medawar (1978) was
probably the first to suggest that the M.H.C. may be involved in
the contact inhibition of movement shown by fibroblasts and
epithelia. This theory was tested in 1979 by Curtis and Rooney. By
confronting kidney epithelial cell outgrowths from different
aggregates, they showed that contact inhibition, as assessed by
the overlap index, was more marked between allogeneic than between
syngeneic combinations and most particularly when the genetic
mismatch was at K, or I-A and D. The idea that contact inhibition
of movement is involved in organogenesis and is itself shown here
to be under M.H.C. control, places the M.H.C. in a central role in
this process.

Although the above investigations have all indicated a
reduction in adhesiveness between allogeneic cell types, not all
combinations of tissue types fall into this classification. For
instance, it has been shown that lymphocytes adhere more readily
to allogeneic capillary endothelial cell monolayers (Curtis and

Renshaw, 1982), in a classical collecting lawn - type assay
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described previously (Walther et al, 1973). Considering the
function of lymphocytes in immunological responses, it is perhaps
not suprising that such cells would adhere more readily to
allogeneic rather than syngeneic cell types. Discrepancies in such
results have however appeared in the literature. Haston (1979)
added lymphocytes or thymocytes to cultures of lymph node cells
(which include lymphocytes, reticular cells, endothelial cells
etc) but found no evidence for differences in the binding of
syngeneic or allogeneic combinations. Explanations for these
discepancies may be found in the differences due to cell types
used in the monolayer. and also in the fact that Haston's cultures
were well washed, a procedure known to reduce specificity (Curtis,
1974). Furthermore, other experimental evidence has been produced
which arques against H-2 involvement in some cellular
interactions. McClay and Gooding (1978) used embryonic liver and
brain from C3H and B10 strains to compare tissue type specificity
with strain type specificity. By labelling one cell suspension
with  H leucine and another with C leucine, they compared the
collection of cells to aggregates using various tissue and strain
combinations. Quantitative comparisons  were made  between
collections by calculating the Recognition Index for all
combinations used. They concluded that although the cells showed
tissue specificity, no allogeneic effect was seen in these
in vitro models. They argued that the M.H.C. is unlikely to be
involved in tissue interactions in vivo for two main reasons.
Firstly, the highly polymorphic nature of the complex suggests
that a heterozyaotic outbred individual would express two alleles

of a given locus. They argued that if H-2 alleles were used for
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recognition, the genetically variable portion of the molecues must
not be important in recognition events. Otherwise, morphogenetic
events would be further complicated by a need to recognise
individual differences. Secondly, they investigated the
differences in H-2 expression of liver cells after dissociation
either by' mechanical methods or with trypsin wusing polyclonal
anti-H-2 antibodies and complement. They found that trypsipised
and non-trypsinsied cells showed no differences in their ability
to be lysed by these methods. They interpreted these findings in
that H-2 specificity is relatively insensitive to trypsin, whereas
adhesion events are highly trypsin sensitive and thus H-2
products cannot be directly responsible for the molecular
interactions taking place during cell adhesion. However, this work
does not rule out an indirect role for these products.

To summarise the evidence mentioned above, it may be
that H-2 products affect cell interactions by altering the level
of adhesion of their target cells but are not themselves the
molecules taking part in the adhesive mechanisms. Within the CTL
system, it is possible that H-2 requlates the binding of viral or
allogeneic antigen without being as directly involved as predicted
by the Altered Self and Dual Receptor hypotheses. The central
question arising from these considerations is; how do syngeneic
tissues within one organism differ sufficiently to separate and
position themselves in different places? One explanation of this
phenomenon is that the display of M.H.C. antigens varies between
different tissues such that pairs of cell types, one lacking and
one expressing the products of a certain locus will interact in a

different manner from those sharing its expression. In other

31



words, differential expression of H-2 antigens may occur. Perhaps
cells express only some of the H-2 antigen set present in the
genome. Within the immune system, evidence for this has already
been obtained (see Hayes and Hullett, 1982). Evidence for
differential expression of H-2 products in embryonic tissues has
been obtained by the following observations. Jenkinson and Searle
(1979) looked at Ia expression on the embryo and placenta using
immunoperoxidase techniques and a mixed haemabsorption assay. They
found that Ia antigens were absent from preselected pre- and post-
implantation embryonic and trophoblastic tissues and from the
trophoblast of the definitive placenta. In contrast, cells derived
from the peri-placental maternal tissues were Ia '~ positive.
Ostrand-Rosenberg et al (1977) looked at the expression of H-2
antigens on cell lines‘from four day old mousé blastocysts. These
were derived from H--2S X H-2q crosses. Using H-2 typing sera with
direct microcytotoxicity and indirect absorption studies, they
demonstrated that at least one public or private specificity of
each D , Kq, DS and KS region was present on these cells. However,
they concluded that they could only detect partial expression of
H-2 specificities and discussed the possibility that incomplete H-
2 molecules could be present on the cell surface, which could have
effects on cell positioning during ontogenesis. Three theories .
were put forward to explain these results-:

1.Incomplete synthesis of H#-2 products at the stage of

development.
2.Portions of the H-2 molecules could be masked.
3.Synthesis or expression of H-2 antigens other than those

q s
specified by the H-2 or H-2 haplotypes could occur.
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The last théory was based upon earlier ideas that H-2
antigens which can vary epigenetically are involved in specifying
position during development (Edelman 1976). In this view,
quantitative variations between different lines derived from four
day old mouse blastocysts represent differences in the modified H-
2 antigens expressed by the cell lines. More experimental evidence
will be required to substantiate these ideas which remain only
speculative at present.

Whatever the underlying mechanisms may be, it is
apparent that changes in adhesiveness do occur during
differentiation from the work of Bellairs (see Bellairs et al,
1978). This showed that cells from ectoderm, neural plate and
somites become more adhesive with differentiation. Cells from the
segmented mesoderm are more adhesive to substrates and to other
cells, than those from the unsegmented mesoderm. Cells from the
ectoderm are more adhesive to each other and to substrates than
neural cells. These results support the idea that an increase in
cell-cell adhesiveness of the mesoderm plays a role in the process
of segmentation. There may even be regions of high and low
adhesiveness which could be important in somite formation. In
conclusion, it may be that the differential expression of H-2
products throughout development is responsible for changes in

adhesivity but much remains to be done to substantiate this theory.

l1.6. Experimental Format.

From the previous, H-2 is implicated in many roles
involving cellular interactions and although this has been

investigated using many different techniques, no clear answer has
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emerged from their results. In the work presented in this thesis,
1 applied variations of standard methods to try to further
elucidate the role of H-2 in cellular interactions. The variations
used were as follows. Plastic surfaces were chemically modified
following the methods of Aplin and Hughes (1981) in order to
attach ‘H—? fragments to them. Experiments were carried out to
investigate the wvariability in cell adhesion and spreading of
cells to these syngeneic and allogeneic  fragment - coated
substrates. It has been previously shown that cells shed H-2
fragments into the medium (see for instance Emerson et al, 1980).
Alternatively, they can be prepared from crude membrane
preparations (Turner et al, 1955) and these can be purified by
similar methods used by Parham et al (1979) for HL-A purification.
After studying the interactions of cells with substrate bound H-2
fragments, the next logical step was to examine the effect of
preincubation of cells with these fragments on their ability to
adhere to plain glass substrates. These results are presented in
the text. Both the number of cells adhering and their spread area
was calculated since 1little work appears to have been done
comparing allogeneic effects on cell spreading abilities. The
limitations of these studies is observed in the fact that H-2
antigens may play an indirect role in adhesion and such
techniques would. not distinguish direct effects from indirect
ones.

I decided to reinvestigate the problems raised in this
discussion by mixing cells of the same tissue type but which
differed in H-2 haplotype. Similar experiments have been reported

by McClay and Gooding (1978) as previously discussed. Their
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failure to obtain evidence for sorting out may be attributable to
the limited number of loci examined in their system. Cell adhesive
interactions have often been studied by the ability of unlike
cells to form aggregates in gyratory cultures. These methods were
first employed by Moscona and Moscona (1952), Moscona (1960) and
Steinberg (1964), although aggregation diameter assays such as
these present certain disadvantages for the quantitative study of
strengths of adhesion (Curtis, 1973). Here however, quantitative
results were obtained from aggregates formed from suspensions of
two different histocompatibility types of cells obtained from
murine lung. These cells possessed many endothelial-like qualities
(Barnhart and Baechler, 1978) and one of the two H-2 types used
were pre-labelled with tritiated thymidine that they may be
envisaged in the sectioned aggregate. Finally, H-2 antigens were
detected on the surface of cells using monoclonal antibodies in
immunofluorescence techniques, or by complement-mediated
cytotoxiecity tests. These results were interesting in relation to
current ideas on H-2 expression both on homozygous  and
heterozygous cell types (Eskinazi et al, 1981; Robertson, 1982;
Nakano et al, 1981: 0'Neill and Blanden, 1979; etc.). Furthermore,
the demonstration of adsorption of allogeneic Io molecules, in an
antigenically recognisable form, on the surface of peritoneal
exudate cells could have important implications in the evaluation
of the present models of cell interaction in the immune response,
and for studies on the mechanisms of antigenic presentation and

graft rejection.
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CHAPTER 2. MATERIALS AND METHODS.



MATERIALS AND METHODS

All chemicals used were of ‘'Analar' grade where
possible. Media were sterilised by autoclaving and were stored at
4°C except those which contained serum, which were stored at -

20°C. Penicillin / Streptomycin was obtained from Flow Labs.

Hepes Saline (HS).

NaCl 40g
KC1 2g
D{+) Glucose 5g
0.5% Phenol Red 10mls
*Hepes 11.92g

The above were made up to 5 litres with distilled water
and the pH was adjusted to 7.5. (*Hepes is N -2 -
hydroxyethylpiperazine - N' - 2 - ethane sulphonic acid and was

obtained from Cambridge Research Biochemicals).

Hanks-Hepes Saline.(HHS)

Hepes Saline 5 litres
2.H 0.CaCl . 0.93qg

2 2
6.H,0.MaCl,. 1.0qg

The pH was adjusted to 7.5.

Hams F10 +1TS + 3% HIFCS.

Hams F10 x10 concentrate (Flow Labs). 10mls
L-Glutamine 200mM (Flow Labs). iml

Penicillin / Streptomycin 5,000 units / ml 2mls
Hepes Saline 90mls

*Insulin / Transferrin./ Selenium 0.25mls.
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Heat inactivated foetal calf serum 3mls

The above were mixed in sterile conditions and then
stored at -20°C. Sterility checks were performed on these media,
by incubating 10Omls of the final solution at 37°C, for 48 hours,
then observing the bottles for bacteriological or fungal

contamination. (* See page 39)

Eagles Medium + F.C.S.

*Glasgow Modification of Eagles MEM. (Flow) 180mls

Heat- Inactivated F.C.S. 20mls
L-Glutamine Iml

Penicillin / Streptomycin 5,000 units/ml 4mls
$Tryptose Phosphate Broth (Difco) ~ 20mls

$Tryptose Phosphate Broth was obtained from the
departmental stocks and was made by dissolving 29.5g in 1 litre of
distilled water. *Glasgow Modified Eagles medium is given in

Stoker and MacPherson (1964).

Versene. (EDTA-~Saline).

NaCl 40q
KC1 1g
Disodium Hydrogen Orthophosphate 5.75g
Potassium Dihydrogen Orthophosphate 1g
Phenol Red 0.5% 15ml
E.D.T.A. ig

The above were made up to 5 litres with distilled water

and the pH was adjusted to 7.4.
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Trypsin

0.25% Trypsin (Difco, 1:250) was made up in Tris saline.
This solution was obtained from the Virology Department,

University of Glasgow. For use , it was diluted 1 in 5 in Versene.

Calcium And Magnesium Free Salt Solution. (CMF).

NaCl 70g

KC1 3.7g

Na HPO .12H O 3.0q
2 4 2 |

KH PO 2.4g
2 4

D(+) Glucose 10g

*TRIS 30g

Phenol Red (0.5%) ‘ 40mls

The above were made up to 1 litre with distilled water
and the pH was adjusted to 7.85. Before use, it was diluted 1 in
10 with sterile distilled water. (*TRIS is hydroxymethyl amino

methane).

Ammonium Chloride.

This solution was prepared in saline and used according

to the method given in Mishell and Shiigi (1980).

Trypan Blue.

This was prepared using the method given in Mishell and

Shiigi (1980). Trypan Blue was obtained from BDH.

Dulbecco's Phosphate Buffered Saline (PBS).

Solution A.
NaCl 8q

KC1 v 0.2g
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Na HPD 1.15g
KH PO 0.2qg

The above were made up to 800mls with distilled water.
The pH was adjusted to 7.4 using 1 or 2 drops of 5M NaOH.
Solution B. '

100mls of 0.1% CaCl .2H O

2 2

Solution C.

100mls of 0.1% MgCl .6H O

2 2
Working Solution.

800mls of A were asceptically mixed with 100mls each of

B and C. (N.B. for Calecium and Magnesium free, solution A alone

was used).

Fluorescein Diacetate (F.D.A.).

Solutions were made and used as given in Mishell and

Shiigi (1980).

I1.7.5. Medium (Insulin / Transferrin / Selenium)..

250 wmg bovine Insulin (Sigma) was dissolved in 10mls of
0.01M Sodium Acetate buffer (pHM 3), then run through a calibrated
30ml P6 Biogel (Biorad) column using the same buffer. The
concentration of Insulin was estimated then chelated with EDTA to
remove ionic zinc and other heavy metals. The mixture was dialyzed
overnight against acetate buffer to remove the EDTA which had
bound Zinc contaminants, and the amount of Insulin remaining was
estimated again. The same amount of human Transferrin (Sigma) was
added, and saturated by adding a stochiometric quantity of ferric

Nitrilotriacetate. From the known concentration of Insulin /
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Transferrin in this mixture, one thousandth the concentration of
Selenium was added in the form of Sodium Selenite. This was then
set to an Insulin concentration of 0.5mg / ml and 0.5mls was added

to 200mls Of medium.

Protein Estimations - Reagents.

See Bradford (1976) for details of methods.

Siliconised Flasks.

10ml conical flasks were cleaned and dried then rinsed
three times with 1% silicone DC1107 at a 1% concentration in ethyl
acetate and dried in a stream of Nitrogen. They were then baked in

an oven at 150°C for 2 hours and oven sterilised before use.

Formol Saline..:

40% Formaldehyde 100mls
NaH PO (anhydrous) 6.59
Na SPOA {anhydrous) ) 4.0q
Digtil?ed Water 900mis
Mg, CO3 (excess)

The above were mixed together and the precipitate was

allowed to settle before use.

Monoclonal Antibodies.

The appropriate cell 1lines were obtained from the
American Type Tissue Collection (Maryland, USA), and also as qifts
from Dr. B. Askonas, Dept of Immunology, NIMR, Mill Hill, London.
The following clones were used;
11.4.1.

k
This antibody is directed against the K allele and was
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originally separated by 0i et al, (1978). It was used at a
dilution of 1 in 1000 in PBS.
15.5.5.
. k

This monoclonal reacts with the D allele. For further
information, see Ozato (1980). Used at 1 in 1000 in PBS.
141.34.

k

This also reacts with the D allele and was used at 1 in
1000 in PBS.

Cell cultures were maintained in Hams F10 + 3% HIFCS +
ITS. Culture supernatants were collected and stored at -20°C until

at least 1 litre had been obtained. Antibodies were recovered by

the method outlined in Mishell and Shiigi (1980).

Staining Procedures.

Preparations to be stained were rehydrated and were
stained by one of the following methods:

1.Kenacid Stain.

The receipe for this stain is given elsewhere (see for
instance bLaemmli, 1970).Coomassie Brilliant Blue R250 (0.1%) was
obtained from BDH. 1lml was added to the preparation and left for
10 minutes. It was then washed off with water and preparations
were allowed to dry in air. They were then mounted using
Clearmount.

2.Iron-Alum Haematoxylin.

3.Masson's Trichrome Stain.

Details of these stains and procedures are given in
Silverton and Anderson (1961) and the fifth edition of Bioloagical

Stains and Stainina Methods (1972). After staining, they were
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dehydrated in alcohol (orrleft to dry if the stain was alcohol

soluble) and mounted in Clearmount.

Standard Histological Techniques.

Tissues were fixed in Formol Saline overnight. These
were then dehydrated through a graded series of alcohols and
cleared in two changes of xylene then placed in paraffin wax at
562C. After four changes of wax, they were finally embedded in the
same, and sectioned on a Jung Rotary Microtome in the Histology
Department of Glasgow Royal Infirmary. Sections of 5um were

obtained which were rehydrated and stained as required.

Animals

Animals were obtained from OLAC, animal suppliers
(Bicester) and were maintained in the Departmental stocks in the
Animal House, Dept of Neurology, Southern General Hospital,
Glasgow. Within an experiment, all animals used were of the same
sex, since it was necessary to exclude any effects on the results
due to H-Y antigen interactions. Immediately prior to use, the
animals were killed by neck dislocation unless peritoneal cells
were required. In this case, animals were lethally etherised. This
resulted in samples of peritoneal exudate cells which were not
contaminated with blood.

All experiments were conducted within the restrictions
of the 1876 Cruelty To Animals Act, covered by the licence to
experiment on living animals and certificates A and B.

Haplotypes of congenic strains are those quoted by Klein

et al (1978).
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Fluorescence MIcroscope.

Fluorescence microscopy was done wusing a 50x oil
immersion objective on a Vickers M4l microscope fitted with epi-
illumination from a HBO 200W mercury arc lamp and appropriate

excitation and barrier filters for the fluorochrome used.

Polyacrylamide Gel Electrophoresis (SDS.PAGE).

SDS-PAGE reagents and techniques used were as described
by Laemmli (1970). All reagents were electrophoretically pure and
were obtained from the following sources: acrylamide and bis-
acrylamide from Koch-Light; sodium dodecyl sulphate (SDS) and
Coomassie Brilliant Blue R (C.I.42660) from BDH; ammonium
persulphate, bromophenol blue, and NyN,N'",N', -
tetramethylethylenediamine (TEMED) from Bio-Rad; Tris

(hydroxymethyl) aminomethane (tris) and glycine from Sigma.

Silver Staining Of Gels.

~

Details of the reagents and procedure were followed as

given in Oakley et al (1980).

Electron Microscopy.

Endothelial cell monolayers were fixed in situ in 4%
glutaraldehyde in Sorensen's Buffer at pH 7.35, for several hours
prior to secondary fixation in 1% Osmium Tetroxide. The coverslips
were then subjected te dehydration through alcohol to propylene
oxide. Several changes of embedding resin were applied and they
were then inverted onto a qelatin capsule filled to the top with
embedding medium thus making three layers, ie.coverslip, cells,

and capsule. The preparation was then polymerised at 70°C
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overnight. Embedding resin was Emix (Emscope Ltd, Kent, England).
The capsule and its coverslip top were placed in a flask of liquid
nitrogen, and the coverslip immediately detached itself 1leaving
the cell monolayer firmly embedded in the top of the polymerised
capsule. The block was then mounted in an LKB ultramicrotome IV
and ultra - thin sections (50nm) were obtained using a diamond
knife. The sections were mounted on copper grids and stained
conventionally with orange acetate and lead citrate. They were
examined in a Phillips EM 200 transmission electron microscope and
recorded on Kodak electron image film wusing an accelerating
voltage of 60KV. Printing was achieved ﬁsing a Besler enlarger in
conjunction with the Ilfospeed printing system. Standard EM

techniques are outlined in Hayat, 1972.
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General Tissue Culture Methods.

All manipulations in tissue culture were carried out
under sterile conditions, in a laminar flow hood. Foetal calf
serums were heat inactivated (HIFCS) at 56°C for 1 hour in a water
bath to destroy complement activity and sterilised by passage
through a millepore filter (Millepore Corporation, USA) of pore
size 0.22pm. Glassware was washed in decon and distilled water
then sterilised by heating at 160°C for 2 hours. Instruments were
sterilised in 70% ethanol then flamed. Millipore filters and
univerals were autoclaved. All autoclaving was carried out at
151bs / sq. in. for 15 mins.

Cultures were maintained in 25 cm2 tissue culture flasks
(Sterilin or Nunclon). Wherever possible, low serum medium (2.5%)
was used as it has been shown that serum affects the adhesiveness
of cell types differentially (Curtis, 1965). This could be of
particular importance when cell suspensions contained mixed cell

types and the ability of these to adhere to substrata was being

observed.

Preparation of Lung Explants.

Lungs were obtained from two mice under sterile
conditions and were cut into fragments approx lmm2 in Hanks-Hepes.
After two washes with CMF, they were transferred by pasteur
pipette to a conical flask containing trypsin/versene, and were
mixed at 37°C for approximately one hour, until the mixture

appeared opaque. It was then transferred to a sterile universal,

washed twice in Hams F10 + 10% HIFCS and resuspended in 5mls of
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fresh medium containing 20% HIFCS. The suspension was transferred
into two 25ml culture flasks and incubated at 37°C for 24 hours to
allow the cells to adhere. Unattached cells and tissue fragments
ﬁere carefully removed with a pasteur pipette and 10mls of fresh
medium containing 3% serum + ITS were added.

When primary cultures reached confluence, they were
washed twice with CMF then with trypsin/versene. This was poured
off, and cultures were examined at 37°C over the next few minutes.
Fibroblasts tended to detach from the substrate first, and
approximately 70% pure cultures of these could be obtained by
stopping the trypsinisation after two minutes, transferring the
suspended cells to another flask. The next cell type to detach
from the flasks with trypsin treatment were endothelial-like
cells. These detached after 2-7 minutes. Some cells seemed to be
fairly trypsin - resistant and remained on the flask after 20
minutes trypsinisation. These probably included the macrophages,
and were usually discarded. Endothelial - like cells and
fibroblasts were cultured separately and purified by repeating the
trypsinisation procedure discussed above. Trypsinisation was
stopped in all cases by adding HIFCS dropwise then washing twice
in Hams F10 with 10% HIFCS. The cultures were resuspended in Hams
F10 + ITS + 3% HIFCS and were maintained at 37°C until required.
Fibroblast and endothelial - like cultures were obtained which

were more than 90% pure on the basis of morphological criteria.

Preparation Of Coverslip Cultures.

Cell suspensions were prepared by trypsinisation with 1

: 4 trypsin / versene and were diluted in Hams F10 + 10% HIFCS at
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a concentration of 3 x 1UA'cells per ml. 1lml was then added to a
well containing a sterile glass coverslip and the containers

sealed and incubated at 37°C as required.

Categorisation Of Endothelial - Like Fraction.

The endothelial - like cells were examined under
transmission electron microscopy by Mr. C. Muéci (Department of
Cell Biology) and by Dr. J. Anderson and Dr. P. Toner (E. M. Unit
of Glasgow Royal Infirmary) to determine whether the internal
organisation was typical of endothelial cells, fibroblasts or
epithelial cells. To determine whether the endothelial - like
cells were in fact of epithelial lineage, an examination of the
intermediate filament proteins present in these cells was made by
Dr J. G. Edwards and Mr. A. Hart (Department of Cell Biology)
using SDS- PAGE techniques. Endothelial and fibroblastic cells
have vimentin intermediate filament proteins whereas epithelial
cells have cytokeratins (Franke et al, 1979). ?he morphological
appearance of the cells were compared to pig acrtic endothelium
since endothelial cells tend to have a typical pavement - like
morpholoqgy (Barnhart et al, 1978). Since endothelial cells are
known to contain Factor VIII antigen and angiotensin - converting
enzyme (Barnhart et al 1978) the cells were examined for the
presence of these proteins using immunofluorescence and
spectrophotometry techniques respectively. Professor A.S.G. Curtis
performed the work on angiotensin converting enzyme according to

the method of Cushman and Cheung (1971).

Preparation Of Pig Aortic Endothelium.

Pig aortas were obtained freshly from the animals
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immediately after killing in a local abertoire. A cannula was
inserted in one end and tied in place. The other end was sealed
completely and the morta filled with HHS. In a sterile environment
the intercostal arteries were sealed with crocodile clips and the
aorta was washed in HHS. It was then filled with 0.5mg/ml
collagenasé (Sigma) and left for 20 minutes at 37°C. After
carefully rinsing in Hanks Hepes the aorta was filled with Eagles
medium + 10% HIFCS and was rubbed gently between finger and thumb
to dislodge the endothelial cell lining. This solution was then
transferred to sterile culture flasks, gased in a 5% CO
atmosphere and cultured at 37°C. The medium was changed after ZZ
hours and cells were allowed to grow to confluence (3 - 7 days).

These were then used for comparison to the endothelial - like

cells separated from murine lung cultures.

Cellular Microfilament Preparation For SD5-PAGE.

Intermédiate filament preparations were made according
to the method given in Brown et al (1976). High salt treatment for
removal of actin, histones and DNA was applied according to
previously published methods (see for instance Franke et al,
1979b). Phenyl - Methyl Sulphonyl Fluoride and Tosyl - Argenine
Methyl Ester were obtained from Sigma. 200ul of samples were

diluted with boiling mix and were added to the SDS gels.

Immunofluorescent Staining Of Factor ViII Antigen.

Confluent coverslip cultures of lung endothelial - like
cells were fixed for 30 seconds in cold Methanol (at ~20°C) and
washed in PBS. Rabbit anti - Human Faetor VIII =~ (Nordic

Immunologicals) diluted with PBS was added to the cells and was
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incubated at 4°C for two hours. This was then washed off wusing
four changes of PBS, and Sheep anti - rabbit (Nordic
Immunological) Ig was added at a dilution of 1 in 40 in PBS. This
second antibody was conjugated to FITC and after a further hour at
4°C, excess was washed off to prevent high background staining.
After four.washes in PBS, coverslips were placed on glass slides
and a secona clean coverslip was added. These preparations were
examined under green excitation on the fluorescence microscope.
Only those cells showing perinuclear staining were counted as

positive. Results were expressed as % labelling of the total.

Labelling Of H-2 Antigens Using Monoclonal Antibodies.

Subconfluent coverslip cultures of endothelial - like
cells were obtained and washed in PBS. They were then placed in
1.5cm wells containing 1lml of the 1 in 1000 dilution of 11.4.1
anti Kk and placed at 4°C for two hours. It was unlikely that the
cells could ingest antibody by phagocytosis at this temperature

and consequently any antibody detected on the cell surface was

likely to be bound to K products.

Immunofluorescent Double Staining Techniques.

Coverslip cultures were incubated with  monoclonal
antibody as above, and were washed three times in PBS to remove
unbound antibody. The were then incubated with 0.5mls Rabbit anti
- mouse Fab' (Nordic Immunologicals) bound to  Fluorescein
Isothiocyanate (FITC) at a dilution of 1 in 40 in PBS for one
hour at 4°C. After four washes in PBS, the coverslips were

examined using green excitation under the fluorescence microscope.
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Complement Fixation Tests.

These tests were carried out on the monoclonal
antibodies, purified as above, to check that they could bind
complement for use in complement - mediated cytotoxicity studies.

The technique used was as follows.

Sensitisation Of Sheep Red Blood Cells.

0.1lmls of washed 4% sheep red blood cells (SRBC) were
added to various dilutions (1/125 - 1/8000) of rabbit anti - sheep

haemolysin (Flow Labs) and incubated at 37°C for 15 minutes.

Preparation Of Endothelial-Like Cell-Monoclaonal Antibody Complex.

Sub - confluent coverslip cultures of Bl0OA cells were
washed three times in Tris Saline, and were added to dishes
containing a range of dilutions of the monoclonal antibody 11.4.1.
(anti K ). These were incubated overnight at 4°C, then 50ul1 of
guinea pig complement was added to each. After incubating for 40
minutes at 37°C the culture supernatant was removed for use in the

complement fixation test.

Haemolysin Assay.

0.1lmls of sensitised SRBC was added to 0.1lml of 1/20
complement (50p1 / ml) in a small round - bottomed well in a
"World Health Organisation" (WHO) tray obtained from the
Immunology Dept, Western Infirmary, Glasgow. After 30 minutes
incubation at 37°C the wells were scored. for haemolysis. Where no
haemolysis (ie. negative result) had occured, a button of cells
were seen.The results of this assay provided the correct dilution

of haemolysin for use in the fixation test.
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Complement Fixation Test.

Either a single optimal dilution of haemolysin (obtained
from the above) assay was used, or a range around this dilution.
0.lmls of each dilution of sensitised SRBC and 0O.lmls of the
supernatant  from the endothelial cell cultures containing
monoclonal antibody and complement was added toc a WHO tray. The
mixtures were incubated at 37°C for 30 minutes with regular

mixing, then each well was scored for % lysis.

Complement-Mediated Cytotoxicity.

Guinea Pig Complement (Wellcome) was reconstituted using
sterile water. Preliminary experiments were performed to find the
optimal dilutions of antibody and complement which ' gave the
greatest % specific lysis of targets during the incubation time,
and also to find the optimal incubation time. Both 11.4.1 and
15.5.5s antibodies were found to have an optimal dilution of 1 in
1000 with an optimal incubation time of 2 hours at 4°C, and 501l
of complement was used for 40 minutes at 37°C. Controls were
included to check that neither antibody nor complement alone
caused non-specific cytotoxicity. To check that contaminants were
not pré;ent in the medium, a control of medium alone was also
included and in expe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>