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SUMMARY

Conditions previously established for the growth in culture of
cells isolated from early postnatal rat cerebella, have been adapted
for the growth of similarly isolated cells from mice cerebella, in the
belief that such cultures may provide a useful model for studying a
number of aspects of neural development. Theée cultures have been shown
to be reproducible, both in terms of plating efficiency and cell-type
composition, and survive and dévelop for at least thfee weeks in vitrof

In an effort to identify cell-type specific antigens, some of which
have been implicated in the process of neural'recognition, techniques
have been developed for the production and detecﬁion of monoclonal anti-

-

bodies to cerebellar cells in culture. The successful production of

~such antibodies may provide both new cell type specific markers and new

experimental tools.
Preliminary efforts to characterise one antibody, produced by the
methods described, indicate that it recognises an antigen present on

filaments in both astrocytes and fibroblastic cells present in cultures

of rat cerebellar cells.
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CHAPTER 1

1.1 - INTRODUCTION

The processes by which the mamma]ian nervous system is formed
are varied and complex, many are common to histogenesis and organo-
genesis in general; yet neurogenesis is unique in that the final
product is a diverse array of cell types, arranged in a high]y ordered
manner, with specific ihterconnections which form the basis for
neuronal function. No other organ épproaches the Tevel of comp]éxity
found within the mammalian brain.

The first glimpses of this complexity were provided by edr]y
embryologists ‘such as Ramon-y-Cajal (1960); who produced wonderfuly

descriptive accounts of neurogenesis as revealed to him using classical

histological techniques. Two important innovations during the 1950's

served to increase the resolution possible in studying developmental
events and to reveal the dynamic aspects of the processes involved.
One was the application of electron microscopy to the field of neuro-
biology, the other the use of 3H thymidine autdradiography by which
patterns'of cell proliferation and‘migration could be revealed rather
than inferred (eg. Uzman, 1960).'

Such studies indicated that the period of neurogenesis following
the final round of neuronal cell division; cduld usefully be divided
into three phases which, while haviﬁg no clear dividing line between
the end df one phase and the beginning of the next, do seem to be.

distinct. Recognition'of their existence has helped to‘simplify.the

‘study of an extremely complex process. The first phase is marked by

the migration of neurons from the proliferative zone in which they

were formeﬁ, to their mature funCtiona]vpositions. This is followed by
the aggregation of Tike cell types, or those which are functionally
linked, to form the anlages of future neural centres, or into laminar

layers such as those found in the hippocampus or cerebellum (for a



review see Cowan, 1979). The final phase is perhaps the most brecise
and involves the establishment of specific interneuronal connections.

What these studies could not reveal hbweve% were the underlying
méchani#ms at work in producing thé final structure. The earliest
attempts to elucidate these mechanisms were concernéd primarily with
the later stages of deVe]opment, i.e. the éstab]ishmenf of specific
connections.l The reasons for this seem to have been twofold. Oné was
that it is this phase which seems to be the most intriguing in terms of
the degree of specificity invo]ved.vahe second was concerned with the
much more fundamenfa] queStion of whether the patterning of synaptic
connections between senSory,vcentral and motor neurons was indeed _
specific at all. During fhe ear]y'1930's Holt (1931) and several others
were maintaining fhat the nervous system deve]oped.aévan unorganised
network, capab?e of nothing but diffuse random reaction and that neural -
organisation was evehtua]]y,achieved through fhe supposed neurobioactic
outgrowth of dendrites to axons excited in the course of the animals
early activity. |

Most of the knowledge gained_in studies of this later stage of
development has formed the background for studies on the preceding
stages and it»isvnot therefore for purely historical reasons that I
intend to begin_with a brief survey of the evidence relating to this

phase. o

With no experimental evidence to draw upon, the most obvious
explanation to account for the manner in which gfowing neurites
established specific connections, was to propose that the cell with
"which’the neuron was destined to synapse acted as some form of beacon
towards which it was attracted. The nature of the attracting signal
was thought to be either chemical or electrical. |

Ramon-y-Cajal was an early proponenf of the chemical éigna] or
"aT]uring substance" as he termed it. For example 1ﬁ his explanation

for the establishment of connections of the horizontal cells of the



‘mouse retina, he suggested that "In the struggle with mechanical obstacles
they merely project the growing expansions in the direction of least
resistance; as if to explore the terrain whilst awaiting the appearance
of sources of attractive substances or orienting enzymes" (Ramon-y-
Cajal, 1960). | \
| Prominent among the electrical theories to'exp1a1n the structuring
of integrative patterns was that of Kappers "Law of Neurobiotaxis"_,
(1917) 1in which he ﬁroposed that the'neuroh was electrically polarised
and that axons grew a]ong'the‘dikection of a current and dendrites
against it. A related hypbthesis by Bok (1915) deserves a mention if
only for its name of "sfimu]ogenoUs fibrillation." He too had
suggested that growing neurites were djrected by currents emanating
from stimulated fibre tracts. Such theories were originally based on
| rather tenuous assumptions and with the accumulation of experimental
evidence during the 1930's and 1940's and the failure to detect any
chemica] or electrical sensitivity, they were almost entirely distredited,
It was Paul Weiss, one of the critics of the neurotrophic theories,
who first proposed the theory of "contact guidance" (Weiss, 1939), the
basic premise of which was that rather than being guided by some force
acting at a distance, fibres were guided by interactions with their
immediate contact envirohment. ‘The original theory was confined to
‘mechanica] conta;t'guidahce and suggested that growing nerve fibres
were directed by the orienting effeéts of'mechanica] guidelines formed
in the surrounding tissue matrix by stresses on tissue ultrastructures.
For example, in ah irregular network of ground cells (as Weiss proposed
was present in the neuropil of the central nervous system); at each
intersection the growing neurite encounters it will split, but through a
process of competition, all but one of the branches will be eliminated,
the survivor.being determined by "essentially an accident of the local

situation" (Weiss, 1939). The result is a nerve course which is

irregular and tortuous. The dpbosite extreme is one where the fibrous



matrix consists of a parallel arrangement of cells which leaves the
growing nerve fibre no alternative course.

Weiss' theory is well supported by experimental evidence and it is
now universally accépted that mechanical 1nf]uences are ubiquitous in
the grosser aspects df nervous system development. However further
studies revealed examples of nervous organisation which ‘could not be
explained in these passive mechanical terms. |

It was left for Roger Sperry to combine the specific aspects of the
neurotrophic theories, with the local contact guidance aspects of Weiss'
work, to achieve the theory of "chemical contact guidance" (Sperry,
1963). In brief the'theory suggests that synaptic connections are
established via highly specific cytochemical affinities amongst the
different types of neuronal and non-neuronal cells with which they
come finto contact. Once guided to the correct target cell, such
cytochemical affinities form the basis}for the recognition process and
lead to synaptic‘stabi]isation,

Evidence for this came originally from a series of expériments
during the 1940'5 on regenerating optic nérves in a number of species
(Sperry, 1945). It was found that if the fibre system was-disconnectéd
“and transplanted, or just scrambled, in all cases fuﬁctiona] order was
re—estab]ished. Stronger support for the theory came in 1963 wheh the
retino-tectal connections of goldfish were manipulated in such a way
that the regenerating fibres passed over a whole array of vacant tectal
neurons, only to synapse with the "correct" neurons in the proper
segment of the tectum (Attardi and Sperry, 1963). The volume of work
relating to the establishment of retino-tectal connections is now
enormous and extremely complicated, and while Sperry's original hypo- |
theéis has been shown to be less than perfect, the evidence suggests that
the type of cytochemical affinities he proposed do indeed‘exist (for a

recent review see Gaze, 1978).



The experimental evidence discussed so far has been related to the
establishment of connections amongst distantly projecting neurons, not
the locally projecting neurons found within the cerebral cortices, and
it is reasonable to ask whether they have much in common. It would
seem that any differences which do exist are quantitative rather than
qualitative. Simply because neurons within the cortices do not sHow
the same topographic organisation, it cannot be assumed that the
connections which theyvestablish are any less specific. Indeed the
evfdence indicates that the known connections of cell types within the
cortices are, under normal circumstances, remarkably invariant and are
even specific as to the region on the target neuron with which they
synapse (see for example Palay and Chan Palay, 1974). Nevertheless
“this difference should be borne in mind.

If, as the evidence seemed to indicate, growing neurites ére guided
to and "recognise" their correct targets as a resu]tAof interactions of .
specific cell surface molecules, it seemed possfble that such a mechanism
-could also be involved in guiding migrating neurons to their definitive
positions. |

A1l the neuronal cell types studied to date (with the exception of
certain granu]é cells in the dentate gyrus) undergo at least one phase
of migration. As yet there is no direct evidence to support any
chemical contact guidance theories, largely due to the difficu]ties in
deve]oping'suitab]e experimental models. Indirect evidence has come
from detailed histological studies which, in at least two well documented
studies, have shown an intimate relationship between migrating neurons
and radially oriented glial fibres. This re]atioﬁship was first
described by Rakic (1971,1972) in studies on the developing cerebellum
and- neocortex of the Rhesus monkey. A similar relationship has been
shown to exist in the developing mouse cerebellum. Evidence that it
is not coincidental and appears to be essential for normal development

has come from studies of two neurological mutations which affect



.~ cerebellar development in mice. Tne "weaver" mutation is characterised
by the degeneration of granule cells orior to miQratiOn (Sidman, 1968).
'It has been suggested that cell death is secondary to a failure to
migrate and that this is 1nlturn due to abnormalities in the Bergmann
glia (Rakic and Sidman, 1973). |

In the ' ree]er“ mutation, the Bergmann glia appear to be structura]]y
normal, but are arranged obliquely rather than rad1a]1y Despite this
abnormal orientation, granule cells are sti]] seen in close apposition
and, apoarently as a result of this association, become malpositioned
(Rakic, 1976). If this relationship is functionally significant, then
the specificity of neurons.for'radia] g]ia] fibres, rather than other
similarly oriented structures such as‘axons or- blood vessels, oou]d be
explained by cell surface mediated interactions.

That such orientiné structures are not howéverressentia] for the
sorting out of cell types, which is aohieved by migration, has been
denonstrated igigjgrg_using cell reaggregation techniques. It has been
found that cells isolated from the isocortex, hippocampus and cerebellum
will, if isolated during a critical period, reaggregate to forn histo-
typic patterns similar to those found in vivo (Garber et al., 1980;
-De]ong.and Sidman, 1970). How relevant soch observations are to normal
development is however unknown. |

As with the other phases of deve]opmentnalready discussed, the
~process of cell aggregafion to form the characteristic lamellae found
within the cortices, has been unyie]ding to jg_gi!g_expérimentaﬁion.

It has however proved re]ativeTy simp]evto deve]op model systems to
study the aggregat1on of isolated cells in vitro. As early as 1943 1t
had been shown that cells isolated from amph1b1an embryos, would
reaggregate to form patterns of organisation similar to those found

in vivo (Holtfeter, 1943). By refining and modifying this basic

system'many workers have used the technique in attempts to determine -

the basis of the observed sorting out and, more recently, to identify



some of the macromolecules invoived.

The moSt wide]y'used approach has been to dissociate the tissue, ,v
or tissues, into a sing]e ce]] susﬁension and then a1]6w them to
reaggregate’whi]st measdring the rafe,of adhesion. The "rate" of
adhesion has been‘measured in'a'variety of ways, but in all cases it.
has beén taken as a ref]ection'of the number and type§ of adhesive sites
pfesént on the two cell surfaces_(for a review of the methods employed
see Lillien et al., 1978, o

Prdminent'amongst thé workers using these techniques has been
Moscona who, between 1961-1968, conducted a serieé of experimehts with

cells isolated from chick retina and tecta. The_findings of these
expefiments led to the .proposal of thek"ce]] ligand hypothesis"

(Hosconé, 1968).. In what-was bésiéa]]y a modification of Sperry's
chemical contact guidance theory; it was proposed that cells from
different tissues (tissue specificity) and different cell-types within
tissues (ce]]-type specificity) sortedfout and adhered due to differences
" in cell surface macromolecules. Cells with a high number of comp]ihentary
]igands‘wou]d adhere, whereas thpse with'fewer‘complimentary sites

would adhere Tess effectively or not at all. |

Moscona's,origina]‘hypothesisihas undergone refinément since its
‘proposal and it now seehs’]ike]y that there are quahtitative, qualitative
‘and topogkaphicéi differences in the cell surfacé-mo]ecu]es jnvo]Vedv'
in sorting. out and adhesion. . | ,‘

The success of reaggregation assays in demonstrating the existénce
of adhesive differences prompted'a seérch for the'mbiecu1es mediéting |
therprocess. Within the last few years a numberrof‘such molecules have
. been isolated from neufa] cell types. The best characterizéd are the
retinal cell aggregating factor iso]ated,by Lillien and Moscona (1967),

which promotés adhesion amdngst embryonic chick retina.ce1ls, and

the cell adhesion molecule (CAM)(Thiery, J-P. et al. 1977). The use-of

an antiserum against CAM has however provided the only evidence for a

- possible role of such MOlecules during_the histogenesis of an intact tissue.



~ In order to achunt for the large number of specific cell surface
1htefactions, whiéh it has been postulated occur dufing development,
itbis necessary fhat the molecules involved exist in a wide variety of
structural‘variants., One such group of md]ecu]es, which appears to be
well su1£ed for the role, 1s that of the glycomacromolecules. They are
present in large amounts on the ceT] surface (between 3-10% of brain
proteins are glycoproteins [Brunngraber, 1969]) and have the potential
for great strﬁctura] variability (for a review see Barondes, 1970).
‘Recognition between cell types could occur by a g]ycoproteinvpr'g]yco-
lipia, present oh the surface of one cell, binding to a complimentary
protein present on the surface of another cell. Edwards (1978) has
proposed that differences in cell surface g]ycoproteiné could account
for differential adhesion purely due to non-specific interactions
‘which could explain many but not all fecognitionrand adHesion
pHenomena. o |

The success in demonstrating the éxistence of such nefvous

system specific macromolecules, has closely paralleled the development
of new techniques, and the refinement of old ones, necessary to detect
them in, and u]timaté1y isolate thém from, an heterogenous mixture of
cell surface components;'»These techniques can be divided into three
groups: thebfractionation of cell surface comppnehts using ion exchange
and/of molecular sieve chromatography, sodium dodecyl sulphate poly-

acrylamide gel electrophoresis and other "traditional" biochemical

o téchniques; the use of lectins as labels for glycoproteins and glyco-

Tipids and the use of immunological techniques.

‘It was using the more traditional biochemical techniques'that
Moore iSd]ated the first brain-specific protein known as $-100 (Moore,
1965)% S-100 js not located at the cell surface, and its function is
still unknown, but its isolation paved the way for future attempts to
isolate brain specific, cell'sufface macromolecules. There are now

several well characterised nervous system specific membrane proteins
. ¥ .

" Recently detected in human chondrocytes. Stefanson, K., Wollman
R. L., Moore, B. W. and Aranson, B.G.W. (1981) S-100 protein in
numan chodrocytes. Nature, 295, 63-64. : .




and g1ycoproteins‘which were originally isolated by fractionation
techniques (for a review see Bock, 1978). o

Several workers have chosen to study the membrahe composition of-
cells isolated from normal and neurologically mutant mice cerebe]]é in
- .attempts to correlate any changes, with observed anatomical a]terat{oné.
Such studies have revealed membrane proteins which are specific for
Purkinje and granu]e cells (Stuh]fauth, 1976), a pfotein whi;ﬁ is
ébsent,from Purkinje ce]]s-whithvére anatomically abnormal (Mal]et'gﬁ_.
al., 1975) and chénges in the concentrations of synaptosomal'prqteins' |
in three cerebellar mutants. (Jgrgensen, 1978). whiiét these techniques
have been successful in.confirming the existence of both tissue and
cell-type specifié macromo]ecules;'used,in isolation they offer little
hope forvéstab1ishing their functiona]Aro]e.‘

Lectins are a group of protéins, origina]]yhiso]ated from b]ants;
which bind non-covalently to.specif1c carb0hydrate grqubé‘(for a review
see Lis, 1972) and as such,'wheh’coupled to a suitable tag can be used
to study the glycoprotein and glycolipid compositidn'of tissues. Using
radio]abé]ed ]ectihs several groups have-keported quantitative dnd
qua]itative changes in these'macromo]ecules in neural tissues,bwhich
appear% to be devé]opmenta]]y~regu]ated.._Hiha] g;ngl,_(1979) have
‘shown such'changes in synaptic membranes isolated ffom the forebrain
_ 6f rats of 1ncreasing‘pos£nata1 age and lintz and Glaser (1978)
demonstrdted similar changes in the chick retina. The latter group
also found differences between the dorsal and ventral half of 8 day old
‘retinaA(Mintz et al., 1981). By coupling the lectin to a marker such
as horseradish peroxidase or fluorescein, the distribution of glyco-
proteins and glycolipids can be localised using light of e]éétron
microscopy. Using this approach Zanetta et al. (1978) found that. the
parallel fibres in the rat cerébe]}um only bound the 1ectin
Concanavalin-A while they were growing or newly formed. Upon maturation

: ahd‘synapse_formation the binding disappeared.
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The use of lTectins has:added further support to the'thebry that .
g]ycoproteins are 1nvo]ved in neurogenesis. However, because they
are specific for groups of carbohydrates rather than individual
determinants their resolving power is ]ihited. As such they are unlikely
to Be capable of detecting many of the subf]e changes‘or differences
in g]ycoconjugéte composition during devé]opment, nor ]oéaiise thémv‘
to srecific cell typés. | | |
An immunological approach to‘studying the cell surface can »
theoretically overcdme the problems associated with other techhiques;
A summary of their potentié] uses is given below. | |
| i) Antibodies permit the identification of specific and sometimes
minor, cell surface constituents which are expressed in the
developing and mature nervous system.
1) Antibodies may serve as dssay reagents to analyse the molecular
nature of the corresponding antigens, which can be isolated
and pufified using antibody affinity chromatography. :
iii1) When coup]éd to labels which can be visualised at the light
and electron microscopic level (fluorescein, ferrifin, horse-
radish peroXidasé, etc.), antibodies can be used to probe the
cellular and sub§e11u1ar distribution of antigens.
iv) Cell type specific antibodies can bé used fo 1sd]ate antigeh

positive and antigen negative cells from a mixed suspension

using antibody affinity chkomatograbhy or fluorescence activated:

cell sorting.
V) Antibodﬁes may serve as modifiers of the functional roles of.
| the molecules with which they combine.
(Summarised from Schachner and Willinger, 1980).
Antibodies have been produced against a large number of neural
~antigens by immunisatfon with whole ce115‘(Schachner,'1974;
Mallet et al., 1979), cell homogenates (Wallenfels and Schachner, 1978)
and purified proteins (Mikoshiba et al., 1979). |



| ’.v.Such éonventiona]]y produced'antisera,twh11e having the potential
to recognisé specificvmo1ecu1es; are‘in fact unlikely ever to do so.
Even if it were possible fo'iso}ate to purity a‘component of the cell
“surface'which would serve as an immunogen (a'process‘fraughtAwith
technica]'difficuities); the resQ]ting antiserum_wou1d~bé a mixture of
antibodies against the different determinants on the same molecule and
of different antibodies against the same deterﬁinant, all with differing‘
affinities. When cells or Cell'membranesfare used as an immunogen,

~as is usually the case, the antiserum produced will contain antibodiés
against the many immunogenic molecules present and attempts must then

be made. to purify the desired-antibddy. One.approach which has béen
successfu11y used to overcome some'of these problems is that of allo-
‘1mmun1sat1on in which the ant1serum is ra1sed w1th1n a species. 'The
-advantage being that only a.few determinants are recognised. The dis-
‘advantages are that well conserved and poss1b1y 1mportant ant1gens are
Tikely to go undetected and that the ant1sera produced are usua]]y of

a low titre (See for examp]e Reiff andvA11en,v1964). Fortunately, the
lymphocyte hybridoma technidue'deVe1oped kecent]y by Kohler and Milstein
(1975) has revolutionised the production of specific antibodies and is
now p]ay1ng an 1mportant role in the study of neural ce]] surfaces.

The success of the techn1que is based in the fact that any B 1ympho—
cytes from the spleen, or other lymphoid t1ssue, syntheSjses only a
~Sjng1é immunog1obu11n’species. If‘such a.ce]1»cou]d be isolated and

- grown under conditioﬁs such that it will multiply and maintain its anfi—
‘body productioh, it would be a séurce of a genuine1y pure antibody - a
mohoc]ona] antibody. Unfortunately such piaéma cells are shoft Tived
énd have yet to be cultured in vitro. |

The solution to this_prbbiem had its beéinnings in an exberimentA

-performed in 1973 by Cotton and Milstein. . Their area of study at that

time was related to certain aspects of the genetic control of antibody



-synthesis and involved the use of cé]]s originally derivedAfrom
méiignant tumoUrs of the immune systém."Su;h myelomas, as they are. '
known,‘produce large amounts of abnofmal immunoglobulins. (myeloma
proteins) and have been successfully adapted to grow in culture. What
they succeeded in doing waébfusiﬁg two lines of myeloma with the -
result that the hybrid;synthesised.immunog]obu1in coded for by genes
from both parents, i.e. expression of antibody.synthesis was co—dbminant.
Their success in fusing two abnormal antibody producing cells led them
- to an attempt to fuse myeloma cells with normal antibody producing
| cells from the spleens of immunised miée. The result was the.same,
i.e. the hybrid cells. produced antibody.coded for by both parents and
survived and oréw in culture (KBh]er and Mi]stein, 1975). ‘
-The first specific monoclonal ant1body was produced aga1nst

‘sheep red blood cells, but the potent1a1 of the technique for studying
the cell surfaces of neural tissues was qu1ck1y realised. The results
thaihed'so far have further demonstrated that certain neural cell
types can be dfstinguished by the presence of unique antigenic deter-
minants (Lagenaur g}_gl,; 1980; Eisenbarth et al., 1979; Bartlett
et al., 1981). 1In one case a monoclonal antibody produéed agaihst chick
retinal Ce11s.hés revealed a gradient of antigen from:anteriodorsal fO'
posterio—ventra];retina and fheée changes in concentration can be used -
to identify cell position (Trisler et al., 1981). The ekquisite
-‘sensitivfty of monoclonal antibodies for détecting sucﬁ‘diffefences,
,has perhaps been besf demonétrated in a study of the leech nerVous
system where a series of antibodies were produced, some of which were
spec1f1c for pairs of neurons (Zipser and McKay, 1981).

- While the production and application of'monocfona] ahtibodies
was opening up new approaches to studying the.deve]opment of the
~ nervous system, work was cbntinuing in our laboratory with an alterna-

tive and somewhat older approach - the use of tissue cultures as



models for brain deve]opment Interesting]y thé very'fikst tissue
cu]ture exper1ment estab11shed one of the fundamenta] propert1es of the
development of the neuron that the neurite was indeed an extension of
the neuronal cell body (Harrison, 1907).

The brain region sé]ected for investigation was the rodent.
_cerebe]]um; an area pérticularly well suited for devé]opmentd] studies
for a number of reasons, some of whidh are discussed below. B

The éerebel]um contains only five‘neuronal-ce11 types which,‘in .
‘ the mature cortex, are organised in d well defined geometic arrange-
ment -(Palay and ChanFPalay, 1974) conéisting of threellaminae. .The
' mo]ecu]ar Tayer consists largely of the T- shaped axons from the granule
neurons and dendr1t1c arbor1sat1ons, interspersed with 1nh1b1tory inter-
neurons (the stellate and basket cells). The underlying 1amjna is
formed by a monolayer okaurkinje neurons with both ascending and
" descending axons, and the ascending dendrites of the Golgi cells. The
granule neurons areAby far the mosf numerous cell type in the cerebellum )
and constitute the remaining laminae. Also withjn,fhisllayer'are |
members of a third type of inhibitory interneuron, the Golgi cell.
This re]atiygipaucity of neurona1.6e11 types, coupTed with their simple
arrangement Has made it possible to elucidate the'cirtuitry within
the cerébe]]um such that a large body of inforﬁation has accumulated
on the manner in Which'ft functions.ksee for example Eccies, 1967).

| For fheSe same reasons the déve1opment of the cerebellum is also
. extreme1y well documentedT Many of tHe early observations made by
Ramon-y-Cajal have been confirmed and elaborated upon by the application
of e]ectron microscopy and 3H thymidine autoradiography. It is not my '
w1ntent1on to review the process here, suffice to say that the b1rth |
date and migration patterns of the cells types found within the cere-
bellum are well established (Miale and Sidman, 1961; Altman, 1972, a,b,
¢; Eccles, 1970; Llinas, 1961). |



Brief mentionvwas made earlier of sever?] neurologically mutant
mice, the study of which has given new ﬁnsights as to the possib]e;
mechanismsvoperatihg during deve]opmenf. There is now a list bf over
12 such mutations which affect the cerebellum, all of which are single

gene mutations ahd produce major, yet precise alterations of'the normal
‘cytoarchitecture (fof reviews see Mallet, 1980;_Cavines-and Sidman;
1978). |

The three most wide]y‘studied‘mutations are the “Weaver"‘(Rezai
and Yoon, 1972),.the ”ree]er”.(Fa1coner, 1951) and the "staggerer"
(Sidman and Lane, 1962). | |

| As mentibned,ear]ier, the-"weaver“ mutation is chéracterised'py

the degeneration of the vast majority of ce]Ts in the external granu]ar
layer prior to migration and that this may be related to a defécf in

fhe Bergmann g15a1 fibres. This theory- has not hoWever gone uncha11enged%
Sotelo and Changeux (1974) héve suggested that thé primary target of the
mutétion is the granule cell ahd Trenkner et al. (1978) have shown thaf
the effect may be mediated by the indirect aﬁtjon of toxic metabolites
onvg1ia1 and/or granule cells. | | |

| The "staggerer" mutation is marked by a small reduction in the réte
B of’grénu]e ce]T pro]iferation and.the death of those formed, either
during or after migration (Y0on, 1972). As in the case of ther"weaver“
the primary target of the mutation is unknown since grany1e ceT] death
is_precedéd by the-appearéﬁce o% abnormalities of thé'Purkinjelneurons
(Sidman, 1978) and it has been suggested that granule cells dégenerate
‘due to the failure to establish normal SynaﬁtiC'chtacts with Purkinje -
cell dendrites (Sidman; 1972). |

The_"ree1ef" mutati@n differs from the "weaver" and "staggerer"v
in that it affects all cortical structures with the exception of the
olfactory bulb which is cytoarchitecturally nbrmaTL These widespread

disturbances are possibly the result of a failure in the basic cell-
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cei1 recognition process (Sidmén, 1968). Whilst the cyt@archite;ture
of the "reeler" cerebé]]um is abnorma1,.it is nonetheless a systematic
and orderly rearrangement andall classes of synapse are still found
(Mariani et al., 1977). | -

" One of the 1nterprétatiqns of these findings is that although
the primary target of the mutations is unknown, there is evidence to
suggest thaf thé‘effects are mediated via changes in cell sufface inter-
actions as a fesult of a]terationébih the composition of surféce macro-
mo]ecu]és. This béfng the case monoclonal antibodies may'prove to be
ideally suited to tésting this hypotheéis[

: The-productiph of monoclonal antibodies and their use in tissué
cu1ture‘has a anber pfrﬂniqueyadvantages;' Specific antibodies can be
used not only to idehtify cell typeskin culture, but also to isolate -
an ‘homogeneous cell population from an heterogeneous suspension by the
use of antibody affinfty co]umns'orrf]uorescence activatéd'ce11’sort1hg.
Such pure preparations can then be grownkjn culture and Studjéd bio- |
- chemically "and morphologically in the absence of "contaminating" cell
types. An alternative approach to producing suéh homogenous cultures
is that of .negative seiection'whereﬁy the unwanted cells are killed
'byvthe actioh of $pec1Fic antibodies used in cqnjunction with Comp]ement;
- The accessibility of mono]ayek cu]tqres also allows for the study of
the effects of‘antibodies égainst cell surface«antigens, on the "normal"
'ig_xizré_development inc]udjng’cé11 aggregation, migration and -the
fofmafion and dutgrowth of neurites.

‘The primary aihsof this project were then two;fold. The first
was to déve]op~a_sys£em for the growth in culture of cells isolated from
early postnatal normal and mutant mice cerebella and the second and.
major aim was to establish the techniqﬁes necessary for the production

and identification of monoclonal antibodies to cerebellar antigens.
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CHAPTER 2

THE CULTURE OF CELLS FROM POSTNATAL MICE CEREBELLA
2.1 INTRODUCTION |

Procedures for the 1so]ation and growth in monolayer cU]ture of

~cell perikarya -isolated from ear]yvpostnaté] rat cerebella have been

developed by workersAin this andjother-]aboratbries and are routinely

used (Cohen et al., 1974; Currie et al., 1979; Dutton et al., 1981).

_ Attempts to culture cells isolated from mice cerebella under similar |
conditions had howevef Ted to the death of the vast majority df cells ;
within the first week in culture. We were thus deprived of a possibly
important tool for studying the development of cells isolated from

‘normal and mutant mice cerebella . -

Other workers have described methods for the isolation and culture
of cells from mice cerebella but, for a number of reasons, they seemed
unsatisfactory. Messer (1977) has succéssfu]]y cultured cells which _
developed over a period of several days but the culture conditions and
feeding séhedu]e were comp]icated. In addition the cultures were
extremely variable:with only 30% shbwing excellent morphology and
survival for three or more weeks. Trenkner and‘Sidman (1977)'have
described a method for producing reaggregéte cultures of cells from
mice_cerebe]]a. While the method appeérs to be reproducible and the
cultures survive fof periods of up to four‘weeks, the vast majorfty of
the cells are not accessible to identification using cell type spec%fic
labels, nor does the system allow for obsérvation of anything more than
gross developmental changes. | |

Using the established culture conditions for‘rat cerebellar cells,
1t.was my intention to adapt them for the culture of simi]ar]y jsolated .
mouse cerebellar cells. Once estab]fshed, the conditions should be such

- that cultures could be routinely produced which have a high plating



efficiency, show surviva] and development ofineurons’for a peridd of
three or more weeks in culture and be repkoducib1e.
~ The reproducibi}ity of the cell isolation was monitored using a
" Coulter COun@er to measure the total‘ce11 number and their distribution
within five size classes, seTected-because théy correspond to breaks in
the'spectrum of cell .sizes fandiwithin the intacf cerebé11um (Cohen
et al., 1978). | B
~ In order to determine the'réproducibi]ity of the cell cﬁ1tures,fthe
'p1ating efficiency was measured at various time points 1n>cu1ture and
convéntiona11y produced antibodiés against ce11-type-spetificvmarker§
- were used to 1dent1fy and quantify the predominant cell types believed
- to be'present - neurons, astrocyfes;and o]igodendrocytes{ Tetanus toxin |
has been shown to pind spééifica]]y to neurons in cultures of cells.
1so]a£éd from central and periphéra] nervous tissues and this binding
would seém to be a general property of neurons (Dimpfel et al., 1975;
Mirsky et al., 1978; Raff et al., 1979). .Glial fibrilary acidic protein
(GFAP) 1is an extensively studied pkotein originally isoiated by Eng
g}_gi, (1971) which has been shown to be an intracellular proteih asso-
ciated specifically with astrocyfes, both in vivo (Bignami and Dahl,
1974) and in vitro (Manthorpe et al., 1979; Kozak et al., 1978).
O]jjodendrocytes were 1dentif1ed with'an‘antiserum agaﬁnst galacto-
cerebroside (Gal C) which is preSenfjon the surface>of onTy these cei]s _
in cultures derived from central nervous systeﬁ tissue (Réff et al.,
1979). o R
Cultures of cerebella cell perikarya, iso]atéd from 5vday old rats,
“were prépared as a standard against which the growth and plating
efficiehcy of mice cerebellar cultures could be comparedﬂ, Similarly
'_prepared’culturés were also established with'ce]1s isolated from 5 day
old rat 61factory.bu1b, hypothalamus, hippocampus and cerebral cortex,
in order to determine the applicability of the technique to brain

-regions other than the cerebellum.



2.2 METHODS

MICE CEREBELLAR CELL CULTURES .

Cell Isolation. Bb/CBA mice maintained in colonies at the Open

University in England and The University of Iowa in America, were used
as a source of cerebella (breeding pairs from the Open University were
used to establish the colony at The University of Iowa). The method

for the preparation of a single cell suspension was essentially as

10

- described by Dutton et al. (1981) which is a modification of the original

procedure of Cohen et al. (1974) and Wilkin et al. (1976).

Mice between the ages of 4 and 8 days of agé (where the date of
birth was day 0) were decapitated and the cerebella removed. ATl
subsequent operations. were performéd‘under sterile conditions. All
solutions were sterilised by passage through a 0.22 um filter
(Millipore). The cerebella were placed on a ground glass plate, where

the meninges were removed with forceps, and then transferred, in groups

of four to six into a few drops of nominally calcium free Earles balanced

salt solution (EBSS) containing 1.5 mM MgSO4, 1.9 mM glucose and 3 mg/ml
bovine serum albumin (BSA Fraction V, Sigma) (CFEBSS). This, and all
other solutions used during the preparation of the cell suspension

were gassed, using a mixture of 5% C02/95% 0,, to a pH of 7.4 and

22
origina]}y used at room temperature. Each group of cerebellar were
chopped into blocks using a tissue chopper (Mickie Lab. Indust.) set

at 400 ym and making two series of cuts, the second at right angles to
the first. Tissue blocks were transferred into 50 ml siliconised
conical glass centrifuge tubes containing 10 ml of CFEBSS with 250 pg/ml
bovine frypsin (Type III Sigma). They were then dispersed with a
spatula and the suspension quickly transferred to a 25 ml conical flask.
‘The flasks were gassed with COZ/O2 and sealed prior to incubation, with

~gentle shaking, at 37°C. After 15 minutes the flasks were removed from

the water bath and the trypsin digestion terminated by the addition of



10'ml of CFEBSS containing 1.8 mM MgSO4, 80 ug/ml soybean trypsin
inhibitor (SBTI Sigma) and 6.4 pg/ml deoxyribonuclease (bNgse ID 4763
Sigma).' The suspension was transferred back to the confca] tube and

the tissue pelleted by cenﬁrifuging to 260 g over a périod of 10
seconds. The supernatant was diécarded, 1 ml okaFEBSS containing 31 mM
MgSO4, 500 pg/ml SBTI and 40 ug/ml DNase, was added and the tissue
disrupted by sucking the suspension in and out of a siliconised glass
pasteur pipette between 10 and 12 times. The larger tiésue fragments |
were allowed to settle out over a 10 minute period and the supernatant
transferred to a plastic 12 ml conical tube (Corning 25310). This
process was repeated a second time and the supernatants combined. In
order to remove some of the cell fragments the cell suspension was ,
under]ain with 2 ml of a solution of CFEBSS with 400 pg/ml BSA and

the cells pelleted through this by centr1fugat1on for 5 minutes at 200 g
The supernatant was discarded and the cells resuspended in Minimum
Essential Medium (Eagle) (MEM) prior to counting using a Coulter

‘Counter ZBI (Coulter Electronics).

Cell Culture. The culture medium used throughout these experiments was
MEM Supp]emented with a number of additional components.‘wThése which
were added as standard, to give the final concentrations shown in
parentheses wérei potassium chloride (23 mM), glutamine (2 mM), glucose
(37 mM) and gentamycin (180 uM). The variables which were examined
during the course of selecting the optimum culture conditions are set
out in Table 2.1. |

Cells were plated into multi-well dishes (Falcon 3008) precoated
‘with poly-L-lysine (Sigma) using the following procedure. 400 ul of
poly-L-lysine at a concentration of 15 ug/ml, was added to each well
and incubated for 1 hour at 37°C.’ The poly-L-lysine was then removed
using suction and the wells allowed to dry for at least 1 hour. All

cultures were incubated at 35.5°C with an atmosphere of 100% humidity
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and 6% COZ' Medium was changed every 3 or 4 days.

Plating Efficiency. The_p]ating efficiency under the culture conditions

!

adopted as»standard was determﬁnedvusihg a total deoxyribonucleic acid
(DNA) assay. DNA was extracted using a modification of the method of
Schmidt and Thannhéuser (1945) and assayed as described by Zamenhoff
et al. (1964) which is a modification of the method developed by Burton
(1956). | | |
Single cell suspénsiohs were prepared from 5 day old mice cerebellar
as previously described. After counting, cells were resuspended in
- medium at a density of 1.25 x 106Vcells/m]. ~Two ml aliquots were then
either transferred to conical centrifuge tubes for immediate DNA assay,
or plated into 35 mm diameter plastic tissue culture dishes (Falcon),
precoated with po]y-L—]ysiné and cultured for 1 or 7 days before assaying.
Freshly iso]éted cells were pelleted at 800 g for 10 minutes, the
supernatant discarded and the process repeated with 10 ml of Krebs
Ringer buffer (KRB) to wash the cells. Protein, DNA and RNA were
precipitated by adding 1 ml of a cold solution of 5% (w/v) trichloroacetic
acid. The precipitate was centrifuged at 800 g for 10 minutes and
alkaline hydrolysis carried out on the pellet by adding 1 ml of 1.0 M
potassium hydroxide and incubating for-Z hours at 37°C. DNA was
precipitated by the addition of 1 ml of 1.0 M perchloric acid (PCA),
and then pelleted by centrifugatidn at 800 g for 10 minutes. Final
extraction of DNA was achieved by resuspending the pellet in 500 ul of
1.0 M PCA and heating for 20 minufés at 70°C. The extracted DNA was
separated from the precipitate by further centrifugation for 15
minutés’at 800 g. DNA content was determined by removing 400 ul of the
sqmp]e supernatant, and adding 1 m]Al.O M PCA and 1 ml of diphenylamine
reagént (1.5.-gm diphenylamine in 100 ml glacial acetic acid and 1.5 m1
 concentrated sulphuric acid) containing 5 pllof a 16 mg/ml solution of

acetaldehyde. Colour was allowed to develop overnight and the



adsorption measured at 610 and 650 nm using a spectrophotometer. DNA
values were determined by subtraction of the two values and comparison
~ with calf thymus DNA (Sigma) used as a standard.

Cu]tufed cells were washed twice with 2 m1 KRB and then incubated

with 2 m1 of a 1 mg/ml solution of trypsin for 15 minutes at 37°C. The

Toosened cell sheet was then scraped off the dish using a Teflon
“policeman" and transferred to a conical centrifuge tube. The assay

then proceeded as for freshly isolated cells.

Cell Type Specific Labeling. Cell cultures to be labeled with ahtisera
4

to cell type specific.markers were groWn at a density of 2.5 x 10
ceHs/mm2 on 12 mm diameter glass coverslips precoated with poly-L-
‘lysine. Cultures growing on coverslips were washed before labeling by
immersing them in three successive beakers containing 50 m1 of Hanks
salts solution of the following composition: 1.3 mM CaC]Z, 5.4 mM KC1,
4.4 mM KH2P04, 4.9 mM MgC]z, 4.1 mM MgSO4,"110 mM NaCl, 4.2 mM NaHCO
3.3 mM NaZHP04, 5.6 mM glucose and additionally buffered with 25 ml

35

‘N—2—hydroxyethy]enépiperazine-N'—Z ethane sulphonic acid (HEPES). To
this was added 5% (V/v) of normal Tamb serum (NLS GIBCO Bjocult). Anti-
sera were diluted in MEM buffered with HEPES (GIBCO Biocult) containing
20% (v/v) NLS. By placing the covers]ip; on 10 mm diameter 'O' rings
as little as 40 ul of antiserum could be used. A1l incubations were
at room temperature. The details for each of the labels used are'given
below.

Cultures to be labeled with tetanus toxin were incubated with 40 ul
of a 10 ug/ml solution of tetanus toxin (gift of Dr. R.O. Thompson,
Wellcombe Labs.) in MEM-HEPES 20% NLS. After 20 minutes cultures were

washed and incubated for a further 20 minutes with a 1:25 dilution of

an antiserum against tetanus toxoid produced in a rabbit’by the following

method. 100 ng of tetanus toxoid (Wellcombe Labs.) emulsified in

comp]éte Freund's adjuvant was injected subcutanéous]y_into each of



four sites a]ond only one flank. One month Tater the injections were
repeated along the other flank. After a further month 400 ug of toxoid
was injected intravenously followed by a secoﬁd boost two weeks later.
Serum was co]]ected two weeks after the final injection. Immunog]obu]iné
which may react with neural tissue to yield false positives were |
absorbed by 1ncubating aliquots of immune sera overnight at 4°C with

an homogenate of‘9 day old rat cerebellum.

After removal of the primary antiserum by washing, cultures were
incubated for 20 minutes in a 1:40 diTution of an antiserum to rabbit
gammaglobulin produced in goats and conjugated to rhodamine (GAM TRITC,
Nordic Labs.). Cultures were then washed and fixed for 10 minutes in
0.2% glutaraldehyde in phosphate buffefed saline (PBS) foj]owed by
rinsing in water and dehydration'in 50% and 95% ethaho]. Cultures
were mounted in a 1:3 dilution of glycerol 1ﬁ PBS.

Cultures to be ]abe]ed'with an antiserum to galactocerebroside
were washed and incubated for 20 minutes with a 1:20 dilution of an
antiserum produced in rabbits (gift of Dr. M. Raff). The labeling and
fixation then proceeded as described fof tetanus toxin.

GFAP is an internal protein and it was therefore necessafy to fix
the cultures in a solution of 5% acetic acid in 100% ethanol (v/v) for
5 minutes at -20°C to allow penetration of antisera. Aftgr washing
thoroughly cultures were incubated for 20 minutés in a 1:40 dilution of
anti-GFAP antiserum produced in a rabbit (gift of Dr. R. Pruss).
Labelling then proceeded as described for tetanus toxin.

Labeling was visua]ised‘using a Leitz Laborlux 12 microscope'
equipped with a mercury vapour lamp and optics for viewing rhodamine
f]uorescence. Photographs were taken using a Leitz Vario-Orthomat

camera system.

Cell Counts. Cell counts were performed with the aid of a counting grid

fitted into the eyepiece of thevmicroscope. Fields were selected by
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- manipulating the x and y axes of the micrometer stage while not Tooking
down the eyepieces. The only occasions when a field so se]ected‘was
not counted was if it was obvious that large areas of the cell sheet had

been removed during the washing procedures.

Isolation of Culture of Cells from Postnatal Rat Brain Regions. Wistar

(CHFB) rats maintained in colonies at the Open University were used
at 5 days. Following the removal of the olfactory bu]Bs, hypdtha]ahus; ‘
hippocampus and a small pdrtion of the frontal lobe of the cerebral
cortex, the preparation of a single cell suspension proceeded as described
for the mouse cerebellum. | |

Cell cultures were prepared as for mice cerebellar cu]tures; The
~media was that of Currie et al. (1979) fn'which the conéentrations of
the standard components were as given earlier. To this was addéd 10%
(y/v) foetal calf éerum (FCS), 2% (v/v) chick embryo extract (CEE,
FGIBCO) and 80 uM 5-fluorodeoxyuridine_(FUDR, Sigma) as a mitotic

inhibitor. Plating efficiencies were measured as described previously.

2.3 . RESULTS
'MICE CEREBELLAR CULTURES

Cell IéoZation. The cell yield/cerebellum and the percentage of cells

found in the five size rangesvare shown in Table 2.2. The average cell
yield/cerebellum froh a 5 day mouse was 8.31 ill;23 X 106 .Thé size
-raﬁges chosen for analysis were those originally used td.tentatfve]y :
classify cei]s isolated ffom the developing rat cerebe]]uh'(COhen g;_gl;,
1978).. The composition of these classes waé determined by Tight and
electron microscopy of freshly isolated cells is: A.’Debris (nuclei
aﬁd»ce]] membranes); B. 70% external granule cells. C. 80% external
granule cells. D. A mixture of large interneurons and:glia] cells.

E. Up to 80% Purkinje cells.
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Cell preparations from 5 day old mice cerebella contained iess than

4% debris. Using cerebella from older animals resu]ted in this figure
being as high as 8.1% for a 9 day old animal, but the Qse'of animals
younger than 5 days did not significant]j 10wer.the value. Five days.
appeared to be the‘optimum ége;for‘ceil isolation, since 1tby1e1ded‘
the highest number of‘intact cells Without é significant increase in
cell debri#. This agé was therefore selected f;f ;l{ f;;£her séudies.

~ The striking feature about the cell size distribution is the
remarkable reproducibility frgmllftter to litter. In the three size
classes containing the vast majority of cells the SEM is less than 5%.
- The seemingly large variability in the E fréction'is probably a

reflection of the inaccuracy of the Coulter Counter at low cell

‘densities rather than a real variation in the number of large cells.

Cell Culture. The effects of a number of variations in the composition

of the culture medium for the culture of cells isolated from 5 day q]d

b

mice cerebella were examined in order to determine the optimal conditions:

for their growth and survival. The effects of variation in cell density

was also examined.

Cell Density. In general it appeared that.for any given medium compo--

sition those cultures originally plated at the higher densities
- (between 1 and 1;5 x'105/mm2) survived longer and showed greatgr growth
than those at lower densities (between 2.5 and 5.0 x 104/mm2). This
effect was most apparent when the medium composition was obviously
'sub-optimal under which conditions cells at the lower densities showed
little or no growth after‘24 hours in vitro. Although increasing the -
cell density did increase cell viability in culture, this did not seem
to be a satisfactory solution to the problem of finding the correct
growth conditions since, at higher densities it became impossible to
4

define individual cells. For this reason 2.5 x 10 ceHs/mm2 was

adopted as the standard density (a density at which similarly prepared
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cells from rat cerebella survive well in culture) and a solution to the

problem sought by varyingbthe_composition of the medium.

Serum Concentration. Serum concentrations of 10, 20 and 30% were tested.

It was found that increasing the serﬁm concentration could imprbve

the viability of otherwise unhealthy cu]tures, but since the serum is
the major source of vdriability in the medium I felt that other more
controllable means of improving cell survival should be sought. For

this reason a serum concentration of 10% was adopted as standard.

Serum Source. No obvious differences were apparent when cells were

grown in medium supplemented with horse or foetal calf serum but since
-the Tatter is considerably more expensive and at times in short supply,

horse serum was selected as the serum of choice.

Chick Embryo Extract. Certain batches of extract appearedvto be

detrimental to cell survival and in no case did its addition enhance
cell viability. For ﬁhis reason and the fact that its inclusion in
the medium introduces more uncontrolled variab1es, chick embryo extract

was Qmitted from the medium.

Mitotic Inhibitors. Dramatic variations in the growth and survival of

cell cu1tures were‘found when cytosine arabinoside (AraC) was added

, td the medium as a mitotic ihhibitof instead of FudR. As early as 4

5 DIV (days in vitro), cultures with FudR included in thelmedium'were
Aunderdeve]oped~compared to those grown in the presence of‘AraC. There
‘were large numbers of dead and dying cel]s and the fibre bundles,

which form between cell aggregates;'were flimsy and thin. By 10 DIV
few if any neurons were surviving in these cultures (Fig. 2.1). AraC
was thus selected as the inhibitor for all future culture preparations,

since it was not only less toxic to neurons than FudR but was also more

effective at limiting overgrowth by non-neuronal cell types.
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Fig.2.1 Cell cultures produced from 5 day old rat
cerebej]a. Cultures were‘grown under
1dent1;a1 conditions fo those shown in

- Fig.2.2 except FudR was used as the mitotic

inhibitor in place of Ara C. Scale bars =20um:



5DIV

10 DIV

29



Drawing on the results of these'experimeﬁts the culture medium
addpted as'standard for the growth of cell perikarya isolated from young
mice cerebellar was: Minimal Essential Medium (Eag]é Modification)
containing 23 mM KC1, 180 uM gentamyciﬁ, 37 mM glucose, 10%‘(v/v) horse

serum and 2 X 10"5 M Arac(édded after 24 hours in culture). Under
these conditions cell cultures can berroutine1y maintained for a period
of three weeks during which time they show a characteristic pattern of
déve]opment. The neurons develop from cell perikarya with small or
non-existent projections through the étages of neurite elongation and

eventualiy to a 'mature' stage where they form aggregates which are

Tinked by large fibre bundles. These stages are shown‘in Fig. 2.2.

Plating Efficiency. Using a total DNA assay the plating efficiency

of cells isolated in four cell preparations and grown Under the
conditions described above.was measured. The results are shown in

Table 2.3.

The largest numbér of cells are Tost during the first 24 hours

.

in vitro, at which time 63.4 + 5.3% of the cells originally p]ated‘areb

firmly attached to the surface of the culture dish. After one week
in-culture this value had fallen to 45.6 + 6.0% but all cultures

appeared healthy and in no case was there a sudden unexplained death of

~cells.

Cell Type Specific Labélling. Cell cultures f}om fqur cell preparations -
were Tabe]ed at i and 7 DIV with antisera agafnst tetanus toxin,
galactocerebroside and glial fibrillary acidib protein, to identify
neurons, oligodendrocytes and astfocytes_respective]y. A fourth set of
cultures were stained with cresyl violet to aid the counting of totai
cell numbers. The results are shown in Table 2.4.

The total cell counts show considerab]e variability after 24 hours

in vitro (1508 i_211/mmd) but by 7 DIV they are very similar



'_ Fig.2.2 Ce]i cultures produced from 5 day old mice
cerebella grown in Minimal Essential Medium
(Eagle Modification)containing, 23mM KCL,

© 180pM gentamycin, 10% horse serum and 2xI0™M
Ara €. (A) Freshly iéo]ated cells. (B) IDIV.

(C) 7DIV. (D) I4DIV. (E) 2IDIV. Scale bars
= 20pm.
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(1215 jh82/mm2) sugéesting there may be an optimal dehsity, possibly
regu]afed by some form of contact inhibition amohgst the cells.

The majority of cells found in the cultures bound tetanus toxin
and can therefore be identified as neurbns (Mirsky et al., 1978; Raff
et al., 1979). After 1 DIV the neurons were spread evenly over the
coverslips and even at this early stage labeling revealed extensive
neurite outgrowth as well as Tabeling on cell soma. By 7 DIV the neurons
have aggregated into clusters which are linked by a fine network of
neurites.(Fig. 2.3). This sometimes made positive identification of
some cells impossible, since it could not be determined whether the
apparent labeling was due to a labeled neuron or a neurite growing
around a non-neuronal cell. However using tetanus toxin in conjunction
with morphological features, the number of errors due to this effect
are probably extremely small.

The survival of neurons in these cultures was very high after 7
DIV (89 + 5%), the oVera]] percentage actﬁa]]y increasing slightly
- from day one - presumably a reflection of the death of non-neuronal
cell types.

Astrocytes were identified in culture using an antiserum against
_ GFAP. After 1 DIV GFAP positive cells constitutéd 5.1 + 0.7% of the
cé]]s present and by 7 DIV this had only risen to 6.4 + 1.1%. The
vast majority of labelled cei]s were process bearing astrocytes with a
small number of fibrob]astic cells (Fig. 2.4).

O]igodendrocytes were labeled with an antiserum against Gal. C.
and constituted 0.8 + 0.1% of the cells present. After only 1 DIV
these cells showed extensive divergént processes (Fig. 2.5) but by 7
- DIV the only Gal. C. positive cells were extremely necrotic and
~ constituted less fhan 0.1% of the total cells. Since AraC was not added
until 24»hours in culture, it seehed likely that as well as preventing
oligodendrocyte proliferation, it wa§ also preventing oligodendrocyte

survival. Experimentsbin which AraC was added at 1 DIV and the medium



Fig.2.3 Tetanus toxin labelling of neurons.
Cells in cultures produced from 5 day
old mice cerebella, were labelled with
tetanus toxin followed by a rabbit anti-
tetanus toxin and then by goat anti-
rabbit IGg conjugated to rhodamine.
Photographs on the left Show the image
when vieWed with phase contrast optics,

those on the right when viewed with

fluorescence optics. Scale bars =20um.
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Fig.2.4 GFAP labelling of astrocytes. Cells in

cultures produced from 5 day old mice
cerebella were labelled with rabbit anti-
GFAP followed by goat anti-rabbit IgG
conjugated to rhodamine. Photographs on

the left show the image when viewed with

 phase contrast optics, those on the right

when viewed with fluorescence optics.

Scale bars = 20pm.
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ng.2.5 Gal.C.']abe11ing_of oligodendrocytes.
Cells in cultures produced’from 5 day
~old mice cerebe}]a, were labelled after
IDIV with a rabbit antfserum against
Ga].C.fo]]owed by goat anti-mouse IgG
cohjugated to rhodamine, and viewed
with (A) phase contrast and (B)

fluorescence optics. Scale bars = 20um.
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changed at 4 DIV, to be replaced with medium without AraC resulted in
the survival of oligodendrocytes in numbers similar to those found

after 1 DIV.
RAT BRAIN REGION CULTURES

Cell Isolation. The percentages of isolated rat cerebellar cell

perikarya in the five size classes defined previously are shown

in Table 2.5.

PZa%inngfficiency. The results of total DNA assays to determine the
plating efficiencies of cells isolated from the‘five brain regions are
shown in Table 2.6.' While no studies of the cell type composition

of these cultures has been made the plating efficiencies obtained
demonstrate the success of the isolation and culture techniques as
applied to regions other than the cerebellum. Cultures of the brain

regions after 7 DIV are shown in Figure.2.6,
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CELL ISOLATION NUMBER OF PARTICLES IN SIZE RANGE
EXPERIMENT (% OF .B+ C+D+E)

A B C D E

I 5.4 [ 27.7 | 43.3 | 31.8 | 1.4

2 4.8 | 28.2 | k1.5 | 30.7 | 0.8

3 4.5 32,4 {.42.8 | 26.3 | .2

4 b6 | 25.6 | 42.7 | 25.2 | 1.4

5 7.9 | 29.4 | 4o.4 | 27.7 | 1.4

6 b.o | 30.4 | 43.2 32.8 | 1.4

MEAN 5.2 | 28.9 | 42.3 | 29.1 | 1.2

+ S.E.M. 0.4 1.0 0.5 1.2 | 0.1

Table 2.5. Cell size distribution data obtained from five

day old rat cerebella.
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Fig. 2.6 Cell cultures produced from four regions
of 5 day old rat brain after 7DIV. (A)
Olfactory bulb. "(B) Cérebra] cortex.
(C) Hypothalamus. (D) Hippocampus.
- Scale bar = 20pm. -
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2.4 DISCUSSION

Cell Isolation. The cell isolation procedure used in these studies

was as described by Dutton et al. (1981). This method was originally
developed for the isolation of cell perikarya from young rat cerebella.
| but a comparison of Table 2.3 and Table 2.5 indicates, that when
applied to young mice cerebella, the methodAyie]ds a ce]] suspension
which is directly comparable in terms of cell size distribution. The
similarity found between the two sets of data is particu]&r]y |
reassuring as to the reproducibi]jty of the technique, since they were

obtained from cell preparations in different laboratories.

Cell Culture. A number of modifications to the medium originally

developed for the culture of cell perikarya from rat cerebella
(Currie et al., 1979) has led to the successful long term culture
of similarly isolated cells from young mice.

The modification which produced the most dramatic improvement in
cell viability was a switch from the use of FudR as the mitotic
inhibitor to AraC (a mitotic inhibitor is necessary to preQenf over-
growth of neurons - which no longer divide in culture - by non-neuronal
cell types). Messer (1977) had noted that AraC appeared to be less
toxic and more effective at inhibiting glial growth than FudR, but
found that unless added»as late as 6 or 7 days in culture, large
numbers of cells, or even the entire culture, would die. Under the
growth conditions déscribed here nd detrimental effects were noticed
when AraC was added after 24 hours in vitro thus keeping glial
pro]ifération'to a minimum.

Why FudR 1is selectively toxic for mouse cerebella ce]]s;but not
rat cells,is unknown. Its mode of action as a mitotic inhibitor is
via inhibition of thymidilate synthetase (Hiedelberger, 1965) but it
seems likely that it may have other anti-metabolite actions to which

mouse cells are more sensitive.
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- Few studies have been pUb]ished on the possih]e anti-metabolite
effects of AraC. At concentrations between 5 and 1074'M, AraC has been.
shown to inhibit poth RNA Synthesis in- chick neural retina cells (Jones |
' and Moscona; 1974) and}the incorporation of N-acetyl neuraminic acid

into giyeoproteins and‘g]}co]ipids of hamster embryo cells (Hawtry
et al., 1973). Whi]st the concentrations used in fhese-studiee were
25-50 times that used in the culture medium the 1at£er:report.cou]d
prore relevant considerihg the possible role of g]}coproteins and
glycolipids in cell-cell recognition phenomena. For this reason
AraC was added after -24 hours ig_yigrg_and the medium changed after
4 DIV to be rep]aced with.AraC free medium. This had no apparent
effect on either the overall morphology of the cultures or on glial
’proliferation. An additional advantage was thatvoligodendrocyte
survival was aTsernéured (see Results). |

The use of horse serum, instead of foetalkcaif serum, as a
medium supplement was éuggested.by Messer (1977) but sheufoqnd that
»cells'initiaily plated in horse serum fai]édvto attach to the culture
wells and showed little process outgrowth In order to overcome this.
prob]em a complicated feed1ng schedu]e was adopted whereby cells were
_gradua]]y weaned off" foetal ca]f serum and onto horse serum. N1th
the culture conditions developed 1n this laboratory this prob]em was
not apparent - a]most certa1n]y due to the use of a poly-L-lysine
coated.substrateAto promote cell adhesion (Yav1n and Yavin, 1974;

Currie et al., 1979).

Plating Efficiency. The plating efficiencies of cells derived from -
~young mice cerebe]Ta compare satfsfactori]y with the va]Ues'obtaihed

- for rat cerebeila‘cultures prepared using well established techniqueé;
The percentages of mice cerebella cells originally p]ated.which were
firm]y attached to the surface of the culture dish were 63.4% and

45.6% after 1 and'7 DIV respeetive]y. The corresponding values for rat



cerebellar cultures were 89.3% and 34.1%. It would thus seem that
although the initial attachment of mice cerebella ce]]é is Tower than
for rat cell perikarya, subsequent survival is improved. -

The DNA values obtained for freshly 1so]ated-cé]1s'y1e]d a DNA

12

content per cell of 7.08 + 0.09 x 10™-“ g for mouse cells and 6.77 +

12

0.12 x 107 "¢ g for rat cerebella cells. These va]ues fall between;

12

the 7.6 x 10 °° g obtained from a purified pkeparation'ofvmouse'

- cerebella Purkinje cells (Cohen et al., 1973) and the 6.28 x 10712 g

12

(Zagon -and MCLaughTin, 1979) and. 6.73 x 10~ g (McEwen g;_gl,; 1972)

fof isolated rat cerebella nuclei.

Culture Gompositioﬁ; The predbminant cell type present in the cultures
was the granule neuron. These were identified by théir presence in
]arge.numbers,-sma11 size and ability to bind tetanus toxin. The
granule neuron was also the most numerous cell type presént in the
culture systems deééribed by Messer (1979) and Trenkner and Sidman
(1977) as shown‘by’morphological characteristics at both the Iighf
and e]ectron microscopic ]eve].v | |

In the studies to determine the reproducibility of.thelcultufé
system only neurons, astrocytes'and oligodendrocytes were distinguished
by cell type specific labeling, sihce similar studies With rat
cerebellar cultures had $hown these to bé the three major cell c]asse§
present. Also preéent in rat cerebella cultures in small numbers are
fibroblasts [1.8% at 6 DIV (Beale, 1980)]. It seemsiprobable that |
these too are present in mice cerebellar cultures and ac¢ount for any

discrepanciés in the tota] percentages of cells counted.



CHAPTER 3

AN ENZYME IMMUNOASSAY FOR THE‘DETECTION.OF ANTIBODIES AGAINST
CELL SURFACE ANTIGENS OF CEREBELLAR CELLS IN CULTURE

3.1 INTRODUCTION

Since the first monocloha] antibodies were produced (Kohler and
Milstein, 1975), the methodo]ogy‘assdciated with their production has
‘deveTopedvrap1d1y and is continuing to do so. The basic principies |
have however remained the same and are 11]u$tratedschemati¢é11y in
Fig. 3.1. The fjrst stage involves tHe fusioh df cells 1sd]ated from
the spleen of an ‘immunised mouse (or raf) with_hye10ma}ce1ls to produce
’hybrids. Selection for these "hybridomas" 1sAachieved by culturing the
V:ce11s'1n a suitable medium such that_on]y the spleen ce]]-myeloma cell
fusions survive and then, using a suitable assay system, the spper-
natants from the hybridbmas are screened fdr'antibody of the desired
' specificfty. | |
| -The deve]opmenf of the assay syStem ﬁs one of'the major method--
ological prob]ems_aésdciated-wfth the production of monoclonal antj--
~ bodies. 'Because each fusion may requife the initial screening of
between 100 and 300 supernatantskandﬁthis number»may increase
"exponentially as antibody pfoducing,hybridomas_are sﬂbc]oned, the assay.
selected should be simple, ihexpensivevand relatively fast. There are
'_three baﬁic a]ternétives which are current1y Being emp]oyed to detect -
antibodies'against'ce11 surface antigens - radfoimmunoaéséys;~immuno-

- fluorescence assays and enzyme immunoasséys. | |
Radioimmunoassay is currently the most widely used technique.

It is well suited‘to large scale operation,'sincé it can be readily

- automated and-is éxtreme1y sensitive (Skelly gz'él,, 1973). The

disadvantages are that the detectfon of bound radioéctivity requiréé

sdphisticated equipment and -that radio-labelled ligands are expensive,

have a short ha]f—]jfe and require special hénd]ing procedures. The



Fig.3.1 A schematic outline of the stages involved

in the production of a monoclonal antibody.
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-technique has nonetheless been used by a large number.of workers to
detect monoclonal antibodies (Eisenbarth et al., 1980; Scheinder and
Eisenbarth, 1980). |

Immunofluorescence assays have also been successfu]]y used to
detect monoclonal ‘antibodies (Zipser and McKay, 1981; Lagénaur g;!gl,,
11980) but they are not éuited to large scale'operations and are therej

vfore tedious and time consuming.

Enzyme immunoassays are a relatively new addition to the methods
available for the detection and quantification of antigen and antibody
(Van Weemen and Schuurs, 1971). The technique as applied to the
detection of antibodies against cell surface antigens, is basically
an adaptation of a solid phase radioimmunoassay, and is dependent on
the ability of an enzyme to act as a label by catalysing a reaction,
the prbducts of which can be detected and quantified. Target cells
are first incubated with the brimary antibody , as may be present in
a hybridoma supernatant, and unbbund antibbdy removed by washing. The
enzyme is then added in a form in which it is conjugated to an antibody
speCific for the immunoglobulin of the species 1in which the primary |
antibody was produced. Thé amount of enzyme bound is quantified by
the addition of a suitable substrate. The substrate is normally |
‘selected so that the reaction yields a product which can be measured
colourimetrically orvf]uorimetrically, although thefma] méasurements
have also been used (Mattiason, 1978).

Eﬁzyme immunoassays éan.be at least as sensitive as rédioimmuno-
assays (Douillard g}!gl,, 1980; Suter et al., 1980) and in one
instance a "High Sensitivity" enzyme 1inked‘immunosorbent assay was
used to detect antigen present in a concentration of 3-10 attog/m]
(Shaleu et al., 1980).

It thus seemed that an eniyme immunoassay would be sensitive -

“enough to detect antibody present in hybridoma supernatants. As well

as having the required Tevel of sensitivity the reagents used are
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stable for long periods of time, are relatively “inexpensive and in most,
but not all cases, their use requires nd special handling or pfecautions.
vEnzyme 1mmun6assays can also be readi]y automated-and if the enzyme-
substrate reaction produces a product which can be measured colouri-
metrically, no expensive deteétion equipment is heCessary.
For these reasons a decision was made to develop an enzyme immuno-
assay suitable for screening for monoé]ona] antibodies against
antigens pfesent on the surfaces of ce]is in primary monolayer cultures
and establish the optimum conditions for detectfng such bindfng. |
The development of the assay wés performed using the following
antisera as a §ourcé of primary antibody: a monoclonal antibody
produced against rat brain Thy 1.1 (MRC 0X, Gift of Dr. A.F. Williams),
a commercially available monoc]ona1 antibody agéinst'rat T-cells,
w3/13 (Sera Labs), which served as a control, and a conventional
polyclonal antiserum produced in this 1aborat0fy which reacted with
vg]ia] cell surfaces. |
Thy.l'l was originally détected on the surface of mouse thymus derived
lymphocytes, but was also shown to be present’invsma]]‘amounts in
‘neonatal mouse brain (Reif and Allen, 1964). It has been shown to
‘bind to the cell surface of fibroblasts in.cerebella cultures and
to a small (<10%) population of neurons (Currie et al., 1977; Raff
et al., 1979). o | |
W3/13 was originally described by w1]11am5»g§_gl,, (1977) and
is a monoclonal antibody directed against a sub-population of rat
Iymbhocytes. It hés also been shown to bind to whole brain homogenate
but, unlike Thy 1.1 no aétivity has been shown against rat cerebella
cultures (Dr. G.R. Dutton, personal communication).
The antiserum pkoddced against mouse glial cells was shown to be
directed against cell surface determinants using indirect 1mmuno-h

fluorescence as described previously (2.2).
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3.2 METHODS

Production of Anti-glial Cell Antiserum. Cell cultures were prepared

from the cerebella of 5 day old mice as previously described (2.2).
except AraC was omitted fromlthe medium and the potassium'concentfationv
]owered‘to 5.1 mM. Under these conditions survival of non-neuronal
ée]]vtypes is selected for énd by 14 DIV few neurons remain,(<5%) as
shown by tetanus toxin ]abé]ihg. Cu]tufes wérergrbwn on 60 mm diameter
plastic dishes (Falcon) coated with po]y-L-]ysiné and seeded at a density

of 2 x 10°

éells/mm?. After 14 UIV.cu]tures were washed 3x in KRB

dnd the ée]]s rehoved by scraping with a Tef]oni"policeman." Following
centrifugation at 100 g for 5 minutés the cell pellet waé resuspended in -

'200 ul of KRB and 100 pl injected intraperitoneally into a BALB/C '

mouse (JackSon Labs.). The same dose via the same route was adminis-

tered 3 weeks later and the mouse sacrificed 3 days post injection.

"~ Serum was obtained by cardiac puncture.

Immunisations With Rat Céfebel'laz’ Cells: Suspensions of 'Cve]_‘]'s
from 5 day old rat cérebe]]a were prepared as described previously
(2.5). 'Cells were then suspended at a density of 106/m]‘1n 10 m1 of |
medium fn a sterile plastic confca] tube and incubated overnight, This
“incubation was in the hope that the cell surface molecules cleaved off
by the action of trypsin dqring the isolation procedure Wou]d be
_1regenerated. The next day the cell suspensiqn was centrifdged at 100 g'
for 5 minutes and'the pellet washed twice in KRB. Following the\second
wash the cell pellet was resuspended in 200 1 of KRB and the suspension
injected intraperitoneally into an»aduTt BALB/C mbuse (Jackson Labs.).
The same dbse via the same route was adminisfered 3‘week$']ater and the

mouse sacrificed 3 days later and the spleen removed for fusion.



Enzyme_Immnoassay. Cell cultures to be used as targets for antibodyl

were grown at a density.oflbetween 1 and 2 X 105.ce115/we1].1n 96 well
flat bottomed microtitre dishes (Linbro) precoated with poly-L-lysine.
Media and growth conditions for mouse and rat cerebella cu]tufes were
~as previously described (2.2). |

At the time cultures were to be used for an assay the plate
containing the cultures Was washed in phosphate buffered saline (PBS-Me)

HPO

of the following comppsition: 137 mM NaCl, 8.2 mM Na 7 H

oHPO, 5 20, 1.5 mM
KH2PO4, 15 mM KCT, 1.5 mM MgC]Z, 3.0 mM NaN3, 2.0 mM 2-mercaptoethanol.
Each well was washed 4 times with 200 ul of PBS-Me using an 8lchannelv
multipipette (Flow Labs) and the cells were then either fixed in PBS-Me
containing 0.25% glutaraldehyde or left unfixed. foed cells were
washed 4 times in PBS-Me before incubation for 1 hour or overnight in
é solution of PBS-Me containing 1% (w/v) BSA and 100 mM glycine.
Unfixed cells were incubated in PBS-Me containing 1% BSA. The addition
of the glycine was a precaution taken to block any unreacted sites
presentvon the glutaraldehyde which may not have been removed by the
washing procedure. BSA served fo.b]ock non-specific binding of the
antisera to the wells. | |

| Antisera were diluted in PBS-Me and after removal of thé blocking
buffer, 50 ul was incubated with the target cells for 2 hours at room
temperature. After a further 4 washes, 50 u1 of the enzyme-anti-
immunoglobulin conjugate, diluted 1:200 in PBS—Me was added to each
well énd incubated- for 2 hours at room temperature. The enzyme-
anti-immunoglobulin conjugate used was g-galactosidase (E. coli) coupled
to F(ab/)2 fragments of sheep anti-mouse IQG, specific for both heavy
and light chains (Bethesda Research Labs.). A final series of washes
was followed by the addition of 50 nul of substrate - in this case
1 mg/ml of para-nitropheny]lgé]actoside (PNPG) diluted in a 50 mM
-phosphate buffer containing: 137 mM NaCl, 30 mM Na,PO,, 7 H20 20 mM

2 74
KH2P04, 15 mM KCT, 1.5 mM MgC]Z, 3.0 mM NaN3, 2.0 mM 2-mercaptoethanol.

o6
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After 1 hour at room temperature a yellow colour developed in those‘we1]s
positive for antibody and at this point the reaction was quenched by
addition of 50 ul of 0.5 M Na2C03 to ‘each well. The optical density

of the reaction mixture was measured by reading the absorbance at

410 nm on a microtitre plate reader (Dynatech Corp.). Readings were
blanked on wells containing cells fincubated without'the primary

antibody or the enzyme anti-immunoglobulin conjugate. Background

values were obtaihed_ffom wells incubated without primary antiserum,

or with a pre-immune serum.

3.3 RESULTS

Effects of Cell Density. Before the enzyme immunoassay could be used

to detect those wells positive for antibody, it was essehtial to
estab]ish whether a false reading would be obtained simply due to 1oca1
changes in cell density at the point‘in the well through which the
abéorbtion was measured. In all the microtitre dishes cdntaining
cultures which were tested, the variability between wells did not exceed
j_O.bl absorbance units. Thisvwés the case even in we]]s where large
clumps of cells were evident and this has therefore been discounted

as a possible source of error.

Assays Using a Mouse Anti-glial Cell Antibody. An immunoassay was

developed which was capable of detecting a conventionally produced
antiserum against mouse glial cultures. This not only demonstrated
the success of the Short immunisation schedule in producing an immune
responsé, but also the feasibility of using the approach to detedt
monoclonal antibodies directed against ce]]vsurface antigens of mice
cerebella cells in culture.

The results of an aésay using this antiserum are shown in Fig. 3.2.
Specific antibody binding can bé readily detected at a dilution of

1/1000 and is still just above background levels at 1/5000, The



Fig.3.2.Enzme immunoassay showing binding of an-antiserum

against glial cells, to cerebellar cells in culture.

Cells from 7 day old mice were plated at a density
of 1x10°/microtitre well and fixed after 10 DIV.

Open circles show binding of the pre-immune sera.
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absorbance values for binding of the preimmune seré were 0.16 + 0.02
(n=4) at a di]ﬁtion:of 1/5 and 0.14 + 0.01 (n=4) at a dilution of 1/10.
The absorbance measured when the primary antibody was omitted was 0.07 *+
0.01 (n=4).

The results of an assay to determine the effects of fixétion are
shown in Fig. 3.3. As in the previous assay specific antibody binding
can be detected at a dilution of 1/1000 for both fixed and unfixed
cells. It would thus seem that fixation does not disrupt antibody
binding as measured by the assay. it does however increase what is
apparently non-specific binding with the average absorbance values
obtained with the control antibody W3/13 being 0.31 *+ 0.02 (n=8) and
0.15 + 0.01 (n=8) for fixed and unfixed cells. At the time these éssays
were performed glycine was not added to the blocking buffer to bind
to any exposed glutaraldehyde sites still present and this probab]y
accounts for much of the differencé observed.

Despite the higher non—spécific binding of antibody, fixation was
chosen as the preferred method since it did not reduce the Sensitivity
of the assay and produced less variable results. The large variability
between the duplicates 6f unfixed cells is almost certainly due to. |
portioné of the cell sheet being removed'dufing the washing procedures.

Fixation with glutaraldehyde greatly reduced this possibility.

Assays Using A Monoclonal Antibody. Having demonstrated that an enzyme

immunoassay could be used‘to detect a polyclonal antiserum it was
important to determine how sensitive it would be in detecting a mono-
clonal antibody = in this case an antibody against rat brain Thyﬂl-l.‘
The results of two assays using this antibddy are shown in Fig.
3.4. Both assays were performed on cultures from rat cerebella
prepared at the same time, thé only difference being that the results
shown in Fig. 3.4A were from cultures which had been stored in ihe

b]ocking buffer for 10 days before being used in the assay. In both
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Fig.3.3. Enzyme immunoassay'éhowing binding of an antiserum
against glial cells to cerebellar cells in culture.
Cells from 7 day old mice were plated at a density
of 2x105/m1crotitre'we11 and USed'in the assay after

10 DIV.
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Fig.3.4.Enzyme immunoassays showing binding of a monoc]oha]
antibody against Thy 1.1 and of w3/13,‘to cerebellar
cells in cu]ture.v Cells from 4 day old rats were
plated at é density of 2x105/microt1tre well and
fixed after 10 DIV.

Binding when cultures were incubated in the blocking

buffer for 10 days before the assay.

Binding when cultures were incubated in the blocking

buffer for 1 hour.
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cases specifjc binding was detectable at dilutions of 1/5002 The
difference between the two is in the appafént levels of non-specific
binding. Cultures which had been incubated 1in thé blocking buffer fbr
only 1 hour and were not incubated with imnune sera showed absorbance
values of 0.22 + 0.01 (h=23) whereas those cultures left in the blocking
buffer for 10 days had corresponding'values of 0.09 + 0.007 (n=20).
Because of this reduction iﬁ the 1eve1 of non-specific binding cultures

are now routinely incubated for at least 24 hours in the blocking

buffer.
3.4 DISCUSSION

An enzyme immunoassay has been developed for the detection of a
conventidna]iy produced antibody and a monoclonal antibody, both
directed agafnsf antigens present oh the surface of cU]tured cerebella
cells. However before the experimental work could begin two important
decisions concerning the methodologica1'approach had to be made -
which enzyme anti—immunog]obu]ih conjugate to use,_and what shou]d be
the source of target antigen.

At least eight commercially available enzyme labels have been
successfully used in enzyme—immunoassays (see O'Sullivan et al., 1979).
Of these only three are available linked to an anti-immunoglobulin -
alkaline phosphatase,horseradish pefoxidase»(HRP)_and g-galactosidase.
The first enzyme immunoassays were performed using a]ka]ine phosphatase
(Voller and'Bidwell, 1975) but were found to be lacking in sensitivity.

'The.searchvfor’enzymes'which would enhance the sensitivity of the
technique led to the development of HRP conjugated:anti-immunoglobulins
and they are,current1y the.most wfde1y employed labels. They are not
however without disadvantages. HRP activity is present in a wide
variety of tissues which éan lead to difficulties in 1nterpfeting
results and many of its éubstrates are: potentially Carcfnogenic

(Sellakuma et al., 1969). Since one of the reasons for opting for an

0o
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enzyme immunoassay in preference io a radioimmunoassay, was to avoid
some of the potential hazards involved, a safer alternative was sought.

g-Galactosidase is rarelyvpresent in serum or cells in detectable
quantities (0'Sullivan et al., 1979) and its aéfivity can be measured
precisgly and rapidly with a variety of non-hazardous substrates
(Craven et al., 1965). It is commerciaT]y available coupled to F(ab/)2
fragments of sheep anti-mquse IgG'(Bethesda Reéearch Labs.). The use
of F(ab/)z’fragments is probably responsible for a reduction in non-
specific binding to the target cells via the Fc portion of the immuno-
globulin molecule. At least one groupkof workers has however shown
that the use of whole IgG will still produce the necessary level of
specificity to detect monoclonal antibodies present in supernatants
(Douillard et al., 1980).

whiie both freshly isolated ce]]svand cell membranes have been
§uccessfu1]y used as targets for;antibodiés against cell surface
antigens (Stocker and Heusser, 1979; Howard et al., 1980) cell cultures
were selected as the most appropriate targets‘for these studies for a
number of reasons which are listed below.

i) The procedures for the Tsofation and culture of ce]] perikarya
from young rats and mice are relatively fast, straightforward and
are routinely performéd jn this ]abdratory. ii) By culturing the
jsolated cells for at least 24 hours, any exﬁosed cell surface profeiné
which are cleaved by the action of trypsin during the isolation procedure
are allowed to regenerate. 1iii) During growth in culture the ce]Ts
appear to undergo, at least to some degree, a recapitulation of normal

in vivo development with the presumed expression of cell surface

macromd]ecules‘invo]ved in the processes of cell-cell recognition and
synapse formation. Such molecules would almost certainly be absent
or present in very small amounts on freshly isolated cells. iv) The

“use of cell cultures allows for developmental studies of antigen
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expression over periods of at 1east three weeks.

For cell cultures to be a practical target for screening for
monoc]onai antibody production it was important that they couid, if
necessary, be stored before use. ‘In this manner the probiems of co-
ordinating the avaiiabiiity,of animals, from which cerebella cu]tnres
could be produced such that they would be of a usable age at the time
~ the supernatants‘were ready for screening,'couid.be ]argeiy'overcome.
.Successfui storage was obviously dependent on fixation but the possi-
biiity then exists of modifying antibody binding sites by disruption
- or crosslinking. Previous work by two groups had however shown that
mild giutaraidehyde fixation produced no Significant changes in anti—
body binding. Stocker and Heusser. (1979) found that 1ymphocytes and
' erythrocytes, fixed in 0.25% giutaraidehyde, bound a series of mono-
clonal antibodies at 1eveis indistinQUishabie from that shown by unfixed
cel]s. Simiiar resuitsswere shown by Suter_gt;gl, (1980) using mono-
c]onai antibodies against human meianoma cells in cuitures and fixed.in_
0.1% giutareidehyde. In both cases the antibody binding capacity of
the cells was unaffected for up to 6 weeks when stored at 4°C5 While

the risk .cannot be avoided that some antibody binding sites may be
| disrupted - even with miid firation -1 feit that the convenience of
vhaVing cells ready for use when needed wouid greatiyiincrease the
~number of hybridoma supernetants which could be screened which would
outweigh any possible disadyantages; As mentioned earlier (see,
Resu]ts) fixation also decreased the veriabiiity of the assay by |
reducing the possibi]itykof washing cells off the culture wells.

While the absolute sensitivity of the assay has yet‘to be deter-
mined, there are several factors which indicated- that it would be~
sufficiently high to detect monoclonal antibodies present in hybridoma
’suoernatants; The most direct indiCation was that the monocionei

antibody used in these studies was present in a supernatant and specific
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binding was detectab]e at a d11utjon bf 1/500. A]though:the éntibody _

| titre in this sample was certainly higher than would be expecfed at
thé‘first screening for positive clones, the result was-honethe]ess
encouraging. The amount of antibody presentvjs in fact unlikely to.be

_ @ major problem since the best clones yié]d as much as 100 ug of anti-
body for,each ml of supernatant (Ye1tonband Scharff, 1980), the Timiting
factor is most 1ikely to be the amount of'antigen.present.‘ATony Gard
bworking iﬁ this laboratory and uSing‘a éimi]ér assay system has éhbwn
that specific binding of an antiserumvtovtetanus toxoid bound to
microtitre.wei1s; is detectable at Tevels below 2.33‘x 10"]5vg'of'

toxoid.
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CHAPTER 4

THE PRODUCTION OF MONOCLONAL ANTIBODIES AGAINST CEREBELLAR CELLS IN
CULTURE

4.1 INTRODUCTION

The methods used to produce monoclonal antibodies vary considerably
between 1aboratories. In many instances the exact reasoning behind
certain techniques is unknown but the successful production of antibodies
justifies their continued use. The techniques currently emﬁ]oyed in
this laboratory have béen developed over a period of 18 months and
while no fundamental changes have been made a large number of.details
havé undergone revision. These changes and the reasbning behind them
will be covered in the discussion.

The results reported here were from fusions using sp]een cells
from two groups of mice exposed to different immunogens. Since the
primary goal of the project was.to produce monoclonal antibodies
against cell surface component; of cells from normal and mutant mice
cerebella, one group was immunised with a cell suspension prepared
from glial enriched cultures of ce]]svisolatéd from mice. Monoclonal
antibodies produced against astrocytes (the predominant cell type
pkesent in these cu]tureS) would then be used in two ways. The first
would be to examine the occurrence and distribution during develop-
ment of cell surface antigens on both normal astrocytes and on astro-
cytes of the "weaver" mutant cerebellum. The second would be to attempt
to isolate astrocytes from normal and mutant cerebelia cell suspensions
uéing an antibody affinity column. A second group of mice was
immunized with a suspension of cells isolated from 5 day old rat
cerebella in the hope of producing monoclonal antibodies against
antigens that were either cell type specific or developmentaly

kegu]ated, or both.
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4.2 METHODS

Cell Fusion. The method of ée11~fUSion and subsequent growth. of

hybridomas are a combination of the methods of Fazekas de St. Groth
and Scheidiggar (1980) and Kennett (1979).
On the day brior to the cell fusion a éuspension of mouse peri-

toneal maCrophages was prepared'to use as a "feeder 1ayer". Five ml

~of sterile 0.34 M sucrose was 1njeéted via a 16 gaugé needle into the

A

péritonea]~cav1ty of an adult BALB/C mouse previously killed by«CerVica]

dis]ocatioh.‘ After gently massaging the abdomen, approximately 4.5 ml

»of'fluid could be withdrawn, which was trénsferred‘to.a sterile

plastic 10 m1 tube and’centrifuged for 5 minutes at 100 g. The

resulting pellet, containing the macrophages and some red blood ce]is,-

was washed once in Dulbecco's Modified Eagles Medium (DMEM) and after
centrifugation resuspended in 1 ml of DMEM and the cells counted in a

haemocytometer. They were then diluted to a density of 2.5 x 104/m1_

in selective medium (DMEM HAT) of the following composition: DMEM

with high g1ucose (4.5 gm/L'GIBCO)’to which was added 10% (v/v) heat
inactivated foetal calf serum (GIBCO), 10% (v/v) NCTC 109 (Micro- .
biological Assocﬁates), 0.15 mg/ml 02a1oacetic acid (Sigma), 0.05 mg/ml

sodium pyruvate (Sigma), 0.2 units/ml bovine insulin (Collaborative

- Research), 0.1 mg/ml gentamycin (Sigma),-ZmM‘g]utamine; 13.6 ug/ml

hypoxahthine (Sigmé), 0.18 ug/ml aminopterin (Sigma) and 7.6 ug/ml
thymidine (Sigma). The last three components were combined in a 1OOX
concéntrate whfch was stbréd'frozen. Two hundred ul a]iquots:of the  :
médium containing the macrophages were distributed fnto §6 well micro-

titre dishes (Linbro) and incubated overnight at 379C in anyatmosphere

of 7% C0 and 100% humidity.

Three days after the second injection an immunised mouse was

anaesthetised with ether and a sample of serum was obtained via



cardiac puncture after which the sp]een'was aseptically removed and v'
placed in a 35 mm_diameter plastic 6u]ture dish containfng 2 ml of
fusion buffer (FB).of_the following composition: 8 g NaCI,'O.4 g KC1,
1.77 g Na2P04, 0.69 nga H2P04 H20, 2 g g]dcose, 0.01 g Phenol red.

The cells were removed by creating a longitudinal split in the spleen
and ieasing out fhe contents with a pair of forceps. The solution
‘containing the cells was transferred to a sterile p1astic'10.m1 tube

and the larger tissue fragments allowed to settle out over 5 minutes.
The supernatant was_transfefred to avsecond tube and diluted to 10 ml in
" FB. After centrifugation for 5 minuteé at 100 g,'the'cell pe]let'was

| resuspended in 1 ml of FB. 1In order to determine cell number and
'viabi1ity a sample was di]utedvin a 1 part per million éo]ution of
ethidium brbmide and ‘acridine orange (Parks et al., 1979) and counted in
a haemoéyiometer. When viewed on a microscope equipped with epif]uorés-‘
cence i]]uminatibh, viable cells (whiéh take up acridine oraﬁge) appear
bright green, and nOn;viab]e cells (which take up ethidium brom{de)
orange. Red b]ood cells being anucleate do.notbfluoresc. A spleen

6 cells.

would norma]]y yield between 70-100 x 10
The myeloma used in these experiments was P3-X63.Ag8»(Gift of
Dr. G. Eisénbarth) which is an IgGl myeloma which secretes a k Tight
chain and is resistant to 8-azaguanine. Cells were grown in 75 cm2
plastic f]asks‘(Falcon) containing 25 ml of DMEM with 10% FCS, 2 mM
glutamine and 0.1 mg/ml gentamycin (DMEM FCS). Cell density was.
maintained bétween 1x 105 and'l X 106.ce1]s/m1. ‘With a generation
time of 18 hours thié necessitated sp1itting once evefy 3 days; .If
the cell density was a]]owed to exceed 1 x 106/m], growth is no longer
exponential and When cells ih'this phase are used a dramatic reduction
in the number of fusions is seen.
At the time of fusion the contents of a f]askbwere transferred

to a sterile 50 ml conical tube (Corning) and centrifuged for 5 minutes

at 100 g. This step was normally performed in parallel with the



‘preparétion of the sp]een cell suspension. The myeloma pellet was
resuspended in 1'm] of FB and the number of viable cells determined as
described for spleen cells. Myeloma and spleen cells were then combined
“ina 10 h] round bottomed tube at-a ratio of 10:1 respectively and the
volume adjusted to 10 ml with FB. |

_After centrifugation for 5 minutes at 100 g, the subernatant was
decanted and the pe]]et disrupted by gentle shaking. The fusing agent
used'was a 50% solution of poTyethy]ene glycol 4000 (PEG, Mertk)_
prepared by mixing 1 gm of PEG with 1 ml of water to which was added
100 ul of dimethy]sulphoxfde (DMSO).. The solution was sterilised by
‘passage throughAd 0.22 um filter (Mi]iipore) and brewarmed to 37°C.
One ml of this solution was then added dfbpwise from a Pastuer pipette
over a period of 1 minute. This mixture was maintained at 37°¢ for a
further 90 seconds with continuous gént]e shaking.  To stop the fusion
1‘m1 of.FB was added over the next 30 second period, 2 ml over the
following 30 seconds and a further 6 mls over 3 minutes. Thé contents
of the:tube were then left to stand at room temperature for 5 minutes.
Centrifugation yielded a pellet which, after the supernatant was
discarded, was very geht]y resuspended in sufficient DMEM HAT to give
a density of 2 x 10° spleen cells/ml. Fifty Qlla]iquots were then:
added to the wells containing the macrophages prepared the previous
day and the microtitre diéhes returned to the incubator.

Clones normally becamebvisib]e after 4-5 DIV when viewed under
phase contrast optics and were readily distinguished frbm dead cells
by their smooth surfaces and translucent appearance. After 7 DIV 100 wl
of medium was removed from each well to bé replaced with 100 p1 of fresh
DMEM HAT medium. By 14 DIV wells showing growth of hybridomas normally
.contained enough cells for screening (anywhere between 5 x 102 and
5 x 105). For the screening assay 100 ul samples of supernatant were
transferred to wells containing cell cultures as targets, prepargd as

previously described. The cultures used in these assays were

/2
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routinely left in the blocking buffer for at least 24 hours and ‘stored
in the same buffer until used. The assay then proceeded as described
for anti Thy 1.1 (3.2).

Control values were obtained from wells incubated with supernatant
from.unfused myeloma. Wells were designated positive for specific
antibody production if the opticé] density was three standard deviations
above the mean of the control values. The contents of those wells
positive for specific antibody production were transferréd to 2 mls of
DMEMHT 1in a 24 well tissue culture plate (Linbro). (The aminopterin
is no longer necessary at this stage since selection is complete;
however hypoxanthine and thymidine are supp]ied to ensure that any
residual aminoptérin'is metabolised.) When fhe hybridomas had expanded
to form a monolayer of cells in theserwells,‘they were once again
transferred, this time into 5 ml of DMEM FCS in a tissue culture
flask. Supernatants were normally monitored for ant{body_production

once a week using the enzyme immunoassay described previously.

Localisation of Monoclonal Antibody Binding. Indirect immunofluorescence
was used essentially as described preQious]y (2.2), in-an attempt to
]oca]ise binding of antibodies to cerebella cells in culture. Cultures
were incubated for 1 hour with clone supernatantsvand after washing,

for 20 minutes with a 1:40 dilution of an antiserum produced in rabbits

- against Fab fragments of mouse IgG (RAM Fab TRITC.Nordic). The use

of an anti-Fab fragment was necessary because the immunoglobulin class
of the monoclonal antibodies was unknown. Although an antiserum
against whole IgG would cross react with all immunoglobulins via the
1ight chains; the degree of cross reactivity is 1ikely to be small

because most of the reactivity in an anti—IgG antiserum is directed

~against the class-specific Fc rather than the Fab portion of the

immunoglobulin (Sternberger, 1979).



4.3 - RESULTS

Figure 4.1 shows the binding of antibody present in the super-
~ natants from a fusion; fo rat cerebellar cells in cu]tufe. The .immunogen
in this case was a suspénsion of rat cerebellar cells. After the fusion
the cells were distfibuted over. two microtitre dishes at a density of
2.5'x105 spleen cells/well and the supernatants tested ]4.days after the
fusibn. One dish contained 5 x103 macrophages/well, the other 2.5 x104
noh-immune'sp1een cells. As can be seen in Fig. 4.1A only 6 wells were
- positive for specific antibody production when non-immune spleen cells
were used as a "feeder-iayer",‘whereas the corresponding value for the
dish containing macrophages was 40 wells from abtota1 of 96. Examination
~of the wells using phase}confrast microscopy, showed that the number of
clones present in the two dishes was similar, but those in the dfsh
containing non-immune spleen cells were mUch smaller. It thus seems
Tikely that the level of antibody present in these wells may have been
below the Tevel of detection of the enzyme immunoassay and that séreening
at a later ‘stage may have shown a larger number of wells to be positive.
In both dishes the number of clones presentvin’each well was between
3 and 5 and therefore any antibody binding detected may not have been the
product of a single clone. |

Figufe 4.2 shows the binding of antibody, preséntvin the super-
natant from a fusion, fo mice cerebellar cells in culture. The immunogen
in this case was mice cerebellar glial cell cultures and the number of
spleen cells was lowered to 1.25 x10%/well. A "feeder layer" of 5 x103
macrophages was used. Almost one third of the wells showed specific
antfbody binding when the supernatants were tested 14 days after the
fusion but the number of spleen cells/well was still too high, with
between 2 and 3 clones being present in each well.

Unfortunately due to a combination of 1nexperiencé; contamination

and failure to establish hybridomas in larger wells, all the contents of

/4
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Fig.4.1

Binding of monoclonal antibodies to
cerebellar cells in culture. Spleen
cells were from a mouse immunised with

a suspension .of cerebellar cells isol-

ated  from 5 day old rats. Cultures

to be used as targets were prepared by

plating 1.5x10° cells, from 5 day old

rats, into microtitre wells and fixing

them after 5DIV. Dotted line indicates

" three standard deviations above the.

mean value of the controls.

/9
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Fig.4.2 Binding of monoclonal antibodies to

cerebellar cells in culture. Spleen

cells were from a mouse immunised with

glial cell cultures produced from 5 -
day old mice. Targetvcu]tures were

prepéred by plating 2.OxIO5

cells,
from 5_day old mice, into,mfcrotitre
wells and fixing them after 2DIV.
Dotted Tine indicates three standard

deviations abve the mean value of

' the controls.
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those wells or1g1na11y positive for spec1f1c ant1body were lost. The
vencourag1ng outcome of both these experiments was that hybr1ds were
'vbejng produced_wh1ch synthesised ant1body specific for antigens of cere-
3be11ar ce]]s in culture and that the enzyme immunoassay seemed well

. su1ted to detect1ng them | v | |

The results shown in F1gure 4 3 are from a second fus10n in wh1ch

the sp]een cells were der1ved from a mouse immunised. w1th a rat.

o _cerebe]lar cell suspension. F1gure 4.3A shows the b1nd1ng to cu]tures

obtained in the original streen1ng_14 days after the‘fus1on. ~For some
‘reasonhthe optical densities obtained;with_the control supernatants were -
~ the same as the b1anks 1ncubatedefth buffer only, hence a’value'had to
be selected, above which we11s were assumedtto be positive for specifiC'
:'antibody'production This was set at 0. 05 absorbance un1ts (AU) |
7'F1gure 4.3B shows the binding 20 days post -fusion . after the contents of
 those wells originally shown‘to be positive had been transferred to 2ml
of'DMEM HAT. At this stage binding of the control supernatants were
| 10.102 * 0.01 AU, setting a va]ue,iabove'which.binding-was taken to be
spec1f1c, of 0.13 AU.. Figure 4.3 shows the results Of a'third assay
}: performed 23 days post fus1on and at this point only we]]s 2F5 and 1F2
ytwere st111vshow1ng specific antibody production. At the t1me of wr1t1ng
only 2F5 was maintaining'antibody'production and has ‘been successfu]]y '
' estab11shed in 75 cm3 tissue culture flasks. As yet no attempts have
‘been made at subc]on1ng but th1s 1s an 1mportant next step.

Very 11m1ted attempts have been made to 1oca11se the distribution of
“ant1body binding on rat cerebe]]ar cells in culture u51ng 1nd1rect 1mmuno—
f1uorescence. The first 1abe111ng exper1ments were performed on. unf1xed
“cu]turesvand,showed the 1abe111ng to be confined to a small number of
ce]]s‘_ EXamination of the IabéTling‘patternthowever suggested that thej
antibody was d1rected aga1nst an 1nterna1 ant1gen and was only enter1ng

dead or dying ce]]s, This was conf1rmed by f1x1ng the cu]tures prior to



vV

Fig}4;3 ‘Binding of monoéioha] antibodies to
~cerebellar cells in culture. Sp]eén'
cells were from a mouse 5mmunised
with a suspension of cells isolated
from 5 day old rat cerebella. Target
‘ '_culturés were prepared by p]atiﬁg 

2.0x10°

cells, from 5 day old rats,
into'microtitfe wells and fixing them
after 5DIV. (A) Binding I4 days post-

- fusion. (B) 20 dayé post-fusion. (C)
23 days post-fusion. Dotted line

indicates three standard deviations

above the.mean value of_the controls.



81

— 8oz R , |
542 . _ “ 24 1 '
— a2 | - — 1 p3z
— V3 _, , Llwl.vn_m - “
— gaz @ - L1 ¢iz @ -
— ¢az 3 | S—— wDN,W :
— tve w —L— g9z w |
— pHI E |T.I.8~ = “ |
- .
— gHI 5 — &¥¢ 3§ _
¢dl « | 1 yoi = b -
slal £ | a2 . 241
Lar , —— 001 T , | — eae _
—jotor Lt AR RRRE U P
— 1 | ]...“lll RTINS l"ul 42
wugly ‘g'0 - - wugwyao - uwugwao

MICROTITRE WELL



e

| ‘Fig.4.4 Labe]]ing of cells in,cu]ture'by,antibody

preséht in hybfidoma supernatant 2F5.

,,Cellslfrom-S'déyvold rat cerebe]]a were -
~1abe11ed, after 2 DIV, withVSUpefnatant

fb]]oWed‘by gbét ahti-rabbit IgG éonju-
 gated to rhodaﬁfne.and viewed wifh (A);
vvphase cbntrasf‘and (B), f]udrescenée;_

~optics. Scale bars = 20yn.
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Fig 4.5 Labelling of cells in culture by antibody

present in hybridoma subernatént-ZFS.

Cejls from 5 day old rat cerebella, were
1abe11ed.after 2DIV, initialy with an anti-
seer against Thy I.I followed by goat anti-
mouse IgG tonjugated to fluorescein. The
cells were then fixed and ]abe]]ed’wifh
hybridoma supernatant followed goat anti-
mousé IgG conjugated to rhodamine. (A) Phase
contrast image. (B) Image produced under
optics for viewing rhodamine fiuorescence._
The fine speckled labelling is surface lab-
elling and is a combination of rhodamine and

fluorescein fluorescence, since both second

antibodies were against mouse immunoglobulins.

The fibrous pattern of labelling is internal,

and is solely rhodamine fluorescence. Scale

bars = 20ym.
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labelling under which conditions a Targe;population of cells is seen to
~ be labeTTed |
The genera] pattern of 1abe]l1ng produced by ant1body present in

}‘supernatant 2F5, is shown in F1gure 4.4 dn wh1ch it appears to be binding

“to two cell types which are morpho]og1ca11y d1st1ngu1shab1e The most
numerous type have e]ongated progect1ons a]ong which fibres appear to-

run. The second type are spread over the surface of the covers]1p to a

86

greater degree and do not have such clearly def1ned prOJect1ons ~ In this

case the pattern of labelling is much more d1spersed with 1nd1cat1ons of
a network of fibres radiating from a central area within the ce]]

Exper1ments in wh1ch cu]tures were TabeTTed with both an ant1serum to

GFAP followed by an ant1 1mmunog]obu11n conJugated to fluorescein and 2F5

fo]]owed by an anti- 1mmunog1obu]1n conjugated to rhodam1ne, 1nd1cated
that the former type are astrocytes Slm11ar doub]e labe] exper1ments A
,w1th an antiserum to Thy 1 1 1nd1cate that. the second popu]at1on of cells

is f1brob1ast1c

Figure 4.5 shows one such cell in'whichrthe'antibody to Thy 1.1 was 7

- added pr1or to f1xat1on and the resu1t1ng 1abe111ng pattern is v1s1b1e

as a finely d1spersed array of dots over the cell surface. The f1Tamentou5'

Tabelllng is the resu]t of 1ncubat1ng the same. culture with 2F5 after

~fixation.
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4.4 DISCUSSION

As mentioned'ear1ier the approaches adopted in the production of
honoc]ona] antibodies vary consideréb]y between 1aboratqries and a
sUrvey ofbthe éurrént']iterature revea]ed'nd particular method’whiéh
appeared to utilise the most recent advances in the techno]ogy.' The
best approach‘therefore seemed to be to select and combine the most
approprﬁate parts of a number of fechn{ques. The reasoningé behind

these selections are discussed below.

Immunisations.The deSign»of an immunisation schedule for the

Nproductfon of a convehtiona] polyclonal antiserum should be such that
a-high_titre of circulating antibody is produced. .This 1sbtraditiona11y
achieved by an initial injection of antigen; usually ih comp1ete
Freunds adjuvant, which gives rise to the primary immune response.

The secondary response is as a result of a later administration of
éntigen, usually 3 to 6 weeks aftef the first ihject1on; This secondary
response.is characterised by a'rapﬁd.fise in the total serum immuno-
g]dbu]in lTevels over that obtaﬁned'in the pfimaky response (see for
example, Uhr et al., 1962). The animal can theh be hypefimmunised by"

"~ repeated "booéter" injections.F.Such schedules hayg been usedfto
produce mqnoc]ona] antibodies (Sommer and Schachner;'1980;'Lagenaur
et al., 1980), but they would seem to be unnecessary -and may eveh.be
deieterfou$ to achieving the desired effect. |

| There is now good, 1f‘1hdirect evidence, to suggest that én »
immunisation schedule for the prdduction of monoclonal antibodies should
be designed, not to prodﬁce high ciréu]ating levels of éntibody, but
to produce Targe numbers of activated B lymphocytes. Such activation
involves the binding of ahtigen to the surface of thé 1ymphocyte,
which induces blast formation and leads to clonal expansion of these

cells. There are two advantages if this can be achieved. One is that |
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“the larger the number of cells in a clone stimulated by the specific
antigen, the greater the chance of obtatning a relevant hybrid uhen‘_
the cells are fused. Of more importance however is the evidence to
;, suggest that those'ceils which fuse to form active hyorids are
recently act1vated B Iymphocytes undergoing ce]] division. Andersson
and Me]chers (1978) have shown that by separat1ng the 1arge cells from
a suspension of spleen ce]]s by ve10c1ty sed1mentat1on and using these
cells in a fusion, the number of hybr1ds produced is h1gher than wou]d
normally be expected They suggest that the reason for th1s is that -
the large ce]ls are undergo1ng ce]] d1v1s1on and are in some way
better suited to producing viable hybr1ds. vStah11 et al. (1980) have
drawn similar conclusions from1immunisationgscheduies us1ng a solub]e |
antigen Ain Which the level of circu]ating antigen was maintained at‘a
h1gh Tevel pr1or to fusion to ensure blast cell pro]1ferat1on. The’ﬁ'
:'ev1dence that trad1t1ona]1y hyperimmunised animals may y1e]d a popu]at1on
of spleen cells 111 suited for fusions has come from a study by 0i
et a] (1978) in which the frequency of hybrxd production was shown to |
be s1gn1f1cant]y higher where an1mals had been given.only two 1n3ect1ons
prior to fus1on, as opposed to a ]engthy 1mmun1sat1on schedu]e.,‘

A number of 1mmunlsat1on schedules have been- used in this |
'.]aboratory in the past but the one which has been adopted as standard
for who]e cells in an 1n1t1a1 1nJect1on of 5 x 106 ce]]s in 100 ul of L
- PBS 1ntraper1tonea1]y followed by a second 1n3ect1on of the same dose
via the same route 3 weeks Tater. Fus1ons were then performed 3 to 4'v
days later. Even this short schedu]e may be longer than is necessary.
Vu11iamy et al. (1981) and Cohen and Se]vendran (1981)'successfu1]y
used a schedule with two injections on]y one week apart and Trucco et
al. (1978) obtained hybr1ds with a s1ng]e 1nJect1on of 3.5 x 107

cells.



Althdugh this immunisatjon schedule was successful in producing

a population of spiéén cel]sjwhich_formed viable hybrids secreting
spec%fic antibody a recent paper by Fox g;!gl, (1981) suggests that
the number of/potential_fﬁsioﬁ pértners’can be greatly increased. This
can be'achievéd by Ejther cu1turing the sp]een cells from a previously
Limmuhised.mOUSé in thevpresence of antigen 6r-by’tran$férriﬁg them to
an;x-ifradfated mouse. Under these“conditions,those c]oneslcommitted
~to éntibbdyrproductidn multiply to a much greatervextent than"in-the'

' norma] situation, poss1b1y due to the remova] of 1nh1b1tory circuits.

Such an 1ncrease in the number of .cells actively d1v1d1ng and secret1ng ‘

'.spec1f1c antlbody should Tead,to,a decrease in the_techn1cal effort

vihyo]ved‘to produce a given number of hybrids.

. Myeloma Cell Line. From a theoretical standpoint theiideal myeloma

cell to fuse with an antibody forming cel] from the spleen of an '
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‘”1mmun1sed mouse, should be one which has 1ost the ab111ty to synthes1se -

| 1mmunog]obu]1n. Such a hybr1d would then secrete only 1mmunog1obu]1n
coded for by the spleen cel]. If the myeloma parent produces either .
a heavy or a Iight'chain,,orvworse,'both chains, then only a fraction
of the immundglbbu]in molecules secreted will haﬁe the desiredvchain

" combination specific for the imfnunpgeh° Currently three'suéh ideal
mouse myeloma‘éell 1iﬁes are avéilab]e. P3-X63.Ag8. 653 (Kearney

et al., 1979) is non- 1mmunog1obu]1n or sub un1t produc1ng var1ant of

- the IgG, mye]oma P3-X63.Ag8 (MOPC21) used by Koh]er and M1]ste1n »“
(1975) 1in the or1g1na1 fusion experiments, which produces a kK 11ght

cha1n ' SP2/0-A914 (Shu]man et al., 1978) is 1t<e]f a hybrid between

P3-X63 Ag8 (MOPCZl) and BALB/C mouse spleen ce]ls and FO (Fazekas de‘

St. Groth and Scheidegger, 1980) wh1ch is a fast grow1ng variant of

SP2/O-Agl4; Another variant of P3-X63.Ag8 (MOPCZl) which has been -
widely used to form hybrids is designated NS-1 (K8hler and'Mi]étein,
1976). NS-1 has lost the ability to synthesise a heaVy chain and

the 1light chain is degradéd internally.
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Unfortunately there are other considerations when selecting a
myeloma line - it should also be one which can;be readily fused with
spleen cells to yield hybrids producing specific antibody énd such
hybrids should be stable in terms of antibody production. A1l of the
above mentioned cell Tines have been used as fusion partners in this
laboratory. A1l of them formed viable hybrids which pfoduced specific
antibody és detected by an enzyme immunoassay but only P3-X63.Ag8 (MOPC21)

produced hybrids which were stable and maintained antibody production

beyond two or three weeks,

Fusing Agent. The fusing agent used in the or1g1na1 hybridoma exper1-

ments by Kohler and M1]stg1n (1975) was Sendai virus wh1ch wh1]st
producing satisfactory resu]t;,.requ1res special know]edge for the
"~ growth and assay of the virus. For this reason its use has been

- Targely abandoned and PEG is now the ageﬁt of choice (Gelter g;_gl,,
1977). The mechanism of action of PEG has-not been extensively:
studiéd but its affects on cell membranes afe 1ikely to be complex
(see Lucy, 1978). The particu]ar PEG used in these studies was
"PEG 4000 For Gas Chromatography" (Merck) Fazekas de St. Groth
et al. (1980) have shown that the use of this PEG produced high numbers
of hybridomas, appeared to be non-toxic and different batphes produced
similar résQ]ts. Lower molecular weights seem to be less effective
(Fazekas de St. Groth and Scheidegger,}l980)Aahd higher molecular
weights are difficult to work with becauée of their high viscosity.
The percentage PEG used in the fusfon mixture was 50. At higher
percentages the toxic effects become bverwhe]mingly and below 30% the

fusion frequency is low (Davidson et al., 1976).

Cell Input. The ratio of spleen to myeloma cell does not seem to be
a critical factor with ratios between 1:1 (0i and Herzenberg, 1979)
and 10:1 (Eisenbarth et al., 1980) being used successfu]]y O0f more

importance is that when the combined cell suspension is plated into
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wells/after the fusion, those<wel]s which show growth of hybrids

'have on everage only one o]one.per'we11. ~The reasons behind attempting
to aohieve this are two fold. ' First, with more than one o10ne present
in any well it 1is necesSary to separate them to ensure that any
specific antibody present in the supernatant is truly of monoc]onal
or1g1n° Second, and much more of a problem, is that ear]y on after a B
: .fusion the heterokaryons arekextremeiy unstable and rapid]y:lose |
‘echromosomes. ~Those cells which lose the chromosomes coding for antiony
production will, in a]]'probabi]ity,_growaaster than fhose whioh reta%n
: them;'since‘the burden of producing immbnoglobu]in can account for 50%

| of the total protein eynthesis (Goding, 1980).' This danoer of‘orer—

~growth by non—producing cells is probab]y the major prob]em'conneCted

w1th monoc]onal antibody product1on against which there is no guaranteed"

- protection. Even if there is only one hybr1doma present in each
. well, it is st1]]pposs1b1e for non-produc1ng var1ants to arise at any

~ time and overgrow the producere. The only precautionsvwhich can be
taken are to ensure that wells do not become ovércroWded (which'favors |
the growth of ‘non- producers), and to keep a check on antibody 1eve1s
in hybr1doma supernatants. A fa111ng t1tre can a]most certa1n1y be
~attributed to overgrowth, in which case attempts to save the produc1ng

cells can be made by sub-c10n1ng.

Assum1ng that the distribution of hybrids is random once the cells ‘/

b»are p]ated out, then the number of c]ones in. each well shou]d fo]]ow
the Po1sson d1str1but1on. Fazekas de St. Groth and Sche1degger (1980)
- have calculated that if 60% of the wells show no growth then 1in 4
of the‘we]1s can be expected to have two clones, 1 in 24 three and
: only 1 in 173 more than three. Such multip]icities Seemed accepbab]e
since any attempt to further reduce the poSsibility.of.muTtip]e'c]onee
wou]d'increase the number of non—prdductiye wells with an associated‘
increase in the amount of time, effort and tissue culture supp]ies'A‘

necessary to culture a similar number of clones.
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. There are two means by which th1s s1tuat1on can be achieved. One
1s to alter the rat1o of myeloma to sp]een cells such that the number A
s ‘of fusions between cell types also a]ters, and ma1nta1n a constant
'vnumber of cells per well. Such an.approach would be valid if the |
initial cet] density was a critical factor. Fazekas de St. Groth and
Scheldegger (1980) suggest that the myeloma cell den51ty shou]d not
exceed 5 x 10° /ml of medlum whereas Oi and Herzenberg (1979) ma1nta1n :
that the 1n1t1a] dens1ty shou]d be 10 /m] If selection for hybr1ds
-is begun 1mmed1ate1y it is difficult to see why the initial. cell den51ty
is important since overgrowth w1]1 not occur even at high mye]oma
dens1t1es and a minimum essent1a1 density suggests that there is some
~.sort of "feeder" or co- operat1ve effect between cells for wh1ch I -have
found no ev1dence. » o A
For this reason‘the approaeh I adopted was tolmaintain-a conetant"
ratio of 10 spleen cells to 1 myeloma cell and Vary the number’of ’
cells plated into each‘we]1 wﬁht the tihe.of writing the 1owest
dens1ty used was 1 25 x 10 sp]een cells per m1crot1tre well at which
there were an average two or three clones in each wel] _ As ment1oned
“earlier for there to be a reasonab]e chance of wells show1ng hybr1doma
. growth containing only one c]one BOA of the ‘wells shou]d be negat1ve
This situation can hopefu]]y be ach1eved S1mp]y by decreas1ng the |
cell density per well. The.number of hybr1ds producedowas usually one

& spleen cells, which compares favorably with‘ .

the value of one for every 2 x 10°

. for every 4 to 6 x 10
spleen. cells obtained by Gefter et
~al. (1977). Thislincrease in.the number of hybrids‘is'a1wost‘ B
certainly due'to-the highly immunogenic natnre of who]e‘ce11s.. For .'.
examp]e when us1ng sheep red blood ce]]s it is quite simple to
immunise an an1ma] such that one out of every one hundred sp]een ce1]s

is secreting antibody (Kennet et al., 1980). -



J3.

Cell Fusion. The fusion protocol is essentially as described by
Fazekasvde St. Groth and Scheidégger (1980). While many variations

in the technique have been successfuliy employed this particular method
was selected because the combined cell pe]]et is only in contact with

the PEG for a total of 90 séconds. Other workers have used incubafion
times as long as 8 minutes (Kennet and Gi]bert, 1979) but since PEG is
both potentially toxic and hypotonié the exposuré should be kept to the -
minimum which produces an acceptable number of hybrids. Interestingly
using this technique the cell viability as determined by acridine orange/
ethidium bromide is above 90% as.compared'to the 32% reported by Hogg
et al. (1981). |

Feeder Layer. A feeder layer of maCrophages was added because a number
of workers have noted an increase in the number and growth rate of
viable hybrids under these conditions. Andersson and Melchers (1981)
have shown a ten to thirty fold increase in the number of viable
hybrids when plated into medium containing thymus derived cells.
Fazékas'de St. Groth and Scheidegger (1980) showed that peritoneal
macrophages had a similar effect'and Hammerling et al. (1978) foundk_
that a layer of non-immune spleen cells enhanced the growtﬁ rate of
hybridomas. How these effects are mediated ﬁs unknown. Goding (1980)
has gqggested that a feeder layer in some way dgtoxifies the plastic
of the tissue culture.dishés and that the same,effeét can be achieved
simply by incubating the cells overnight in medium and then removing
it before‘adding the suspension containing fused cells. This cannotv‘
however explain the enhancement seen when feeder cells are added
immediately prior to plating. A layer of macrophages was adopted -

as standard because, as well as sfimUlating growth of hybrids, .
macrophages act as scavengers to c]eaf cell debris, the a;cumu]ation'

of which appears to be detrimental to hybrid growth.
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Hybrid Sélection. Because only a small percentage of the myeloma activeiy
fuse with spleen ce]]évit is necessary to select for those cells to
‘prevent overgrowth by non-fused cells. .The method which seems to have
.been universally adopted is that of Littlefield (1964){' The rationale
-behind the methdd is as follows. The mye]oma.used in the cell fusions
are lacking in the enzyme hypoxanthiné guanine_phosphoribosy] trans-
ferase (HGPRT) and.are‘therefore,resisfant to 8—azaguan1ne which would
normally bevincorporated into_DNA. HGPRT is essential for survival if
tHe normal biosynthetic pathway for purineﬁand pyrimidfnes is blocked by
aminopterin (a folic .acid ana]éghe), since it is required in one of the
DNA salvage pathways, via which nucleotides can be synthesisédfif the
cells are supplied with an exogenous source of hypoxanthine ahd:thymidine.
Thus in HAT selective médium, the on]y.cells which survive are those
" which are fused with spleen cells which provide the HGPRT. There is no
selection against either spleen cells or spleen-spleen cell fusions but,
since-they do not surviveilong in.culture, this is not necessary.
The time of addition Qf'the HAT se]ective.mgdium varies between

Taboratories. 'It can either be added immediate1y'post fusion,vone
day after the fusion, as originél]y suggeSted by Kohler and Mi]Stefn,’
or the concentratidn of aminopterin can Ee gradually increased over
a period of several days (01 and Herzenberg, 1980).7 The only reasdnvfor
delaying .the addition of HAT would be if both fused and anused cells
required the folic acid pathway during the early stagés of grthh.
The experimental evideHCe does not~supp6rt.this (see Fézekas de St. Gfoth.
and Scheidegger, 1980) and cells are therefore routinely plated direct1y
into HAT seiecﬁive medium.

| At the time of writing only two clones were still secreting antibody
‘of the desired specificity after a period of approximately one month.
The reasons for the loss of ahtibody prodUCfion from other clones Which

were original]y‘positfve can probably be attributed to i) the overgrowth |
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' ~of c]énes byvnon—seéreting clones or vafﬁahts, ii)'the.failure to
- establish clones in 2 ml wells and iii) the 1oss‘6f antibody production
due to chromosome loss. The problem of qvérgrowfh can hopefu]ly be
reduced by ensuring that those wells positive for antibody production
>ha9e»on1y one clone pfésent.: There is however no way tb prevent over-
growth by non—éecreting variants‘which»mayiarise. Greater success in
establishing viable clones in 2 m1 wells can possibiy be'qchievéd by
culturing the hybrids in the presénce of a feeder layer of thymocytes
(01 and Herzenberg, 1979): _Losé of antibody production due fo chrémoF
some loss is current]y a problem fo be Tived with,va1thqugh early |
'sub—c16ning can.providevsome defense. The generé] principle behind
sdb-c]oning is the same as used in attempts to obtain on]y one clone
per well, i.e; the cells shod]d be diluted to a density such that when
the suspension is p]ated into microtitre wells, there is a'reasondb]e
probability that those Wé11s showing growth originally contained only
one ceill. | o
Clones which are stable for antibody producﬁion can be expanded.
either by growing up in tissue cu]ture flasks or by inducing tumours
in mice by the intraperitonea] injection of hybrid cells. In the
latter case the ascites fluid produced may contain as much as 10 mg/mT
of spécific antibody (Ye]ton'énd‘ScharFf, 1980).V Whichever method is
empToyed it is important to fhée;e aliquots of cells known to be
secreting specific antibody such that they can be recovered if fof‘ L

some reason antibody production ceases in the cultured cells.

Enzyme Immunoassay.The enzyme immunoassay in its present form has

been successfully used to detect a monoc1ona11antibody againét an anti-
gen present in a population of cerebellar cells in culture. The fact
.that the antibody is however directed against.én internal determinanf,
highlights one of the problems with the assay when used as the sole

means of detection, in that it gives no indication of the distribution
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of antigen. It is therefore important that once.those clones which
are producing antfbody against neural ce]]s'have been detetted using
- the enzymelimmunoéssay, the supernatants are screened using indirect
1mmunof1ubrescence; In this way unnecessary work;can‘be'avoided in
growing up and sub-cloning irrelevant hydridqmas.

There are two'aréaé'ih which the assay could be improved. The
first is related to the reproducibility of the technique. This can
hopefully be improved by standardising the age of the animals from
which the target cells were isolated, the Age at which the cultures
‘are used for an assay and the Ce11 density. Thefvariabi]ity of. the
‘non-specific binding, as determined by incubating‘cultures with superQ
natant from unfused hye]oma, can probably be reduced by using super-
natant from myeloma grown at the same'density-for’the same pefiodvof
‘timé, thué ensuring a similar cohcentratfon of myeloma IgG, present.

The second‘area for improvement.fé the time faken to comp]eté an
assay. Cufrent]y the 1nCubétion'times_tqta1 5 hours; added tb.wh1Ch
is the time taken for washing between'stéges. ~Salonen and Vaheri
(1981) have shown that the inclusion of 4% (w/v) PEG in the‘di1utent
bufférs greaf1y accé]erated.the reaction betweeh‘theAenzyme Tabelled -
anti-immunoglobulin and the primary'antibody such that the incubation
ﬁime could be reduéed.frdm‘overnight to‘2 houbs without'any 1ossv6f »
sehsitivity. Preliminary experiments with the asSayAempToyed in this
laboratory suggestvthat a similar effectldccurs and thdt the incubatibn

time could be significantly reduced.
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CHAPTER 5
CONCLUSION

The Culture of Mice Cerebellar Cells. In Chapter 2 a system was

'e deseribed for the'cuTture of.eells isolated from the'cefebe11a' of
l‘ear]y poStnata] mice.k The mpst impoftant change in the composition-of
“pthe medium, prévioué]y-deve1oped fo%,the'cu1tureddf ratlEerebe11a cells,{‘
was found to be.thevuse»of Ara C as a mitotic inhibitor ratherthaﬁ}FudR
' a]though,the reasons behind this difference are unknpwn. The use of
“cell-type specific labels showed the composition ot theee cultures to
be copsﬁstent between preparations, as was the plating efficiency. This
{reproducibi]ity{ combined with survival of cd]tdres in excess of three
weeks, confirmsbtheir.potentia] as a usefu].model_tdr\studyihg the 3
development of'ce]]s isoTated_from:both norma1land mptant miee cerebe]]a..
Tﬁe'culture of cells, isolated from the o]factpry bulb, cérebra]
cortex, hippocampus and hypothdTamus of 5 day‘o1d rats, under similar‘v
~cond1t1ons, showed the app11cab111ty of the techn1ques to brain reg1ons

other than the cerebe]]um

Enzyme Immmoassay. In Chapter 3 an enzymé immunoassay was described

for the detecttoh offahtigens againét cerebellar cells in cu]ture. The

assay offers a number of advantages over the more traditional radioimmuno- -

assay and"although'no absolute measurement of the sensitivity was
,obta1ned the resu]ts indicated that 1t wou]d be h1gh enough for the

'vdetect1on of ant1body present in hybr1doma supernatants

Eroddction'of Monoclonal Antibodies. In Chapter 4 the techniques used for_ '
| the production of monoclonal antibodies to neural cells were described
and preliminary results of attempts to localise the d1str1but1on of _
b,ant1gen detected by an ant1body produced were reported

~The fusion protoco] deve]oped by combining what appeared to be the

best parts of a number of prevwous]y pub11shed methods y1e]ds numbers
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of hybr1ds wh1ch compares well with other reported frequenc1es and the

enzyme 1mmunoassay proved to be well suited to detecting those clones

'secretjng specific ant1body. A]thoUgh ]arge numbers of wells had

originally been shown to contain specific antibody.the'vast'majority of

clones were lost - either due to failure to establish them iﬂ larger

o wells or due to prob]ems of overgrowth by non- produc1ng var1ants - or

ceased spec1f1c ant1body product1on due to chromosome 1oss - For these
reasons at the t1me of wr1t1ng only one clone is estab11shed which

continues to produce ant1body specific for an ant1gen present in neural

: ce]]s

While demonstrat1ng the success of the techniques in produc1ng a

monoc]ona] ant1body, the part1cu1ar one produced is directed aga1nst

an internal ant1gen and is therefore of no use either for study1ng the

possible role of cell surface antigens during deve1opment, or as a
"handle" for a specific cell type by which.they could be isolated on an
affinity column. However now that the techniques have been established

for their product1on it should prove re]at1ve1y s1mp1e to produce mono-

c]ona] antibodies with the des1red spec1f1c1ty Th1s work is current]y-'

in progress as is the cont1nu1ng ana]ys1s of the ant1body a]ready

~produced.
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