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Targeted chemotherapy, a potentially clinically relevant method of
increasing the selective delivery of cytotoxic agents to -tumor cell
populations has been evaluited. . - f

The model used in these studies comprised a target, t.he tumor

) assocléted camﬁloetb:yomc anu;;m., which is e‘xpxuud by a wide range

of human solid tumors, and conjugates of vindesine, a potent vinca

alkaloid, covalently linked to a anti-CEA ody
¥ .. Y %
Characterisation of human tumor cell lines by immunocytochemistry

and radiobinding assays established a range of CEA expression enabling

selected cell.lines to be used for the assessment’ of conjugate eff;cu.y

in vitro, and to be grown as xenografts in nude mice enabling a relevant-

pre—clinical model to be developed. The' effect of conjugate treatment
upon the growth of xenografts with a range of CEA expi:esﬂg was then

assessed., =" .
These  studies demonstrated the efitcacy and Belectivity of

immunochemotherapy both in vitro and in vivo using this model, confftming

In longed survival of mice treated

with conjugate and reduced toxicity of conjugated compared to free drug

was in one protocol. \
Further investigations and the clinical potential of. this approach
are discussed.
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I 7.0 IRTRODOCTION ~-—--- —-——
I 1.1 Concepts
ne of the major 1imifations of present day cancer chemotherapy is
the 1nck‘of selecti\.rit:y of cytotoxic drugs for malignant cells. Conse-
quently,‘_ in therapeutic doses.' toxic side eéfecés are often ‘seen,
especially wi_th raéidly.diviéhxg cells of "the bone marrow, gonads and §ut

mucosa.

Targeted chi!wf;herapy offers a method of inprwh;gE:v.g delivery

to the tunor, while sparing the host-toxicity, and has potential applic-
ation in the clinical setting. The &oncept of linking cytotoxic agents
to antibodies directed against cancer cells as tumor specific delivery
agents has appealing theoretical simplicity. \'l‘he inter-relationship of
“these factors may be represented in the following scheme, and these will
' be discussed in Chapter 1.

CARRIER CYTOTCOXIC AGENT
(armoy) (DRUGH
ANTIBODY-DRUG -
. CONJUGATE
TARGET

(MALIGNANT  CELL)

s



I 1.2 Paul Enrlich : Evolution of the Concept

: The research of Paul Ehrlich (1854-1915) (plate 1), provided many

of ‘the foundations upon which modern immunology, pharmacology and

haematology could be based. By — he for
and 'y We may the concept of targeted

chemotherapy to this great scientist. Ehrlich is” also of interest for

his early work in oncology And these aspects of his research viu be

discussed. |
|

‘
Paul Ehrlich was born in l'azch‘ 1854 at Strehlen, -Upper Silesia

(Garrison, 1929; Baldry, 1976; Lechevalier & Solotorovsky, 1974), now
known as Strzelin, Poland.. an student" ((

1929) he demonstrated a natural aptitude for certain subjects, while
showing little talent for others such a's German Literature (Baldry, 197%6;
Lechevalier et al, 1974). During h;.s medical training at the Univer-
sities of Breslau, Y _and- Leipzig, he developed a

interest in histology and indeed his doctoral thesis of 1878 was entitled
"Contributions to the Theory and Practice of Hutolog'ical Staining”
(Lechevalier et al, 1974).

Dale has suggested that Ehrlich's research career be divided into
three phases (‘DaXe, 1957a). During the first, 1877-1891, Ehrlich's work
followed his early histolpgical interest, relating to the staining of
cells and mtnro—orgunin}n with the newly synthesised dyes of the German
chemical A;ﬂustzy. He made several contributions to this area, mclodinlq

B

the of the bacillus ied by Koch in 1882.




Plate 1. Paul Ehrlich (1854-1915)



Following a two year sojourn in Egypt to recover from tubercu-
losis, Ehrlich retumed to Berlin in 1889. The discovery of the dipth-
eria”toxin by Foux and Yersin in 1886 and the toxin and anti-toxin of
tetanus by vonhBéhring and Kitasato in 1890 stimilated the next phase of

Ehrlich’s research. Thus, between 1891 and 1903 the central theme of his
research became the study of immunity, the nature of the toxin-anti-
toxin. reaction, and the practical aspects of treatment of infectious

diseases.

The famous "side-chain® theory, ‘wei'dn attdipt to explaiil the
toxi.n-antitc:an interaction, and altfmugh many of his early papers
hinted. at this concept it was first fully published in IBQi (Ehrlich,
1897) and presented at the opening of the new Institute for the Invest-
igation and O':nt_fol of Sera, in Frankfurt (Baldry, 1976) and as the
Croonian Lecture to the myal Society of London in 1900 (Dale,1957b).‘

4 .

‘E 'éﬂmﬁaﬂy, Ehrlich proposed that each cell of the body exhibited
'several p ide chains, with the specific function of "....attaching to
theselves certain food-stuffs” . During active infection, a toxin would
bind to the side chain and rendér the cell susceptible to damage infl-
ictdd by the toxin, either directly, or by the pzwenuvonvtf uptake of

He d the nature of the toxin-"side-chain®
reaction, and used thia‘ to explain the origin and action of the anti-

toxin. . =

"Antitoxins represent nothing more than the side c/halnu. reprod-
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6
uced in excess during regeneration, and therefore pushed off from the

protoplasm - thus coming to exist in a free state" ‘(Dale,1957b).

i Therefore, binding of .the antitoxin, o5 the secreted "sxd;-

chain", ‘to the toxin in the serum would represent a specific reaction and

tender‘the toxin harmless to the cells of the host. Ehrlich later

referred to these am:it:oxlns as' antibodies, or 'magic buh*eba' "These
{

are exg ly o » and so it is not sutpnsing
J

that seek, out their turgets 1like ‘magic bullets. In this way I can,

upluln the miraculous cures that are sometimes cbtaj.ned“ (Bmck, 1961).

If such substances could be made with the body, reasoned Ehrlich,

_it should be possible to produce similar—specific substances’in the-

laboratory (Baldry, 1976; Lechevalier et al, 19M; Brock, 1961).
"Such substances would then be able to exert their full action exclus-

ively on the with the. org n and would

80 to speak, magicbullets, which seek their targets of their own accord"
(Lechevalier et al, 1974).
. A}

The' search for such substances stimulated the final phase, of
Eh:l;.ch's research between 1903 and 1915. This era of chamt{':erq)y led
to the teétirvg of organic arsénicals developed by the German Chemical
Industry, in the treatment of syphilib. Iv 1909, substance 605, Later
cnlied’salvazun, was found to be act:ive-igus:nst trypanosanes‘ and was

first given to a patient in 1910, marking the beginning of modern )

chemt.l'ﬂrapy



. 7
It was also’during this ﬂ@ phne that Ehrlich and his covwcxkez
N)olant, conducted expexinencs on transplantable murine tumors (Dale, .
1957a). They found that prc_hmoculagian of mice with certain types,of

tumor to nt inoculatidn and in some cases led -

to tumor xegzession. y'lwee early experhm;,nt;s led to interest 1ﬁ the’

‘applicatiéh of immunology {o oncology, wh:lch declined in later yea:u

when,it was found that these results wezg zelat.ed to allaqenic responsea
to histocanpatibuity antigens present’ in nemal -and tumor tlssues P

. . - h R

Just as ﬁlrlici;;:(apolated the *concepts of 's,l'de:chn'l.;\s' £rom

Kekule's Benzene Ring Hypothesis, it 'is justified ‘to credit- Bhrlich‘/

with the f£irst concept of . c the T T

antibody-drug. conjugates as the magic I:ullets he often referred to, the

_‘farasitotrophic' ‘effect would be sausﬂed if one considersﬂhg,.'puras—‘
ite' to be the neoplasm to which the antibody is directed, while sparing
the host cells any ‘organotrophic' consequenced. a

)

po



I 1.3 Present of Chemotherapy for Solid Tumors
Estimates of the incidence of cancer in 1980 from the National
Institutes of Health (USA) suggest that of the 785,000 patients with
newly diagxio«ecl maligr!anc for that year, approximately 60 percent are
tential for py (Devita, 1983). This figure

. excludes the 445,000 localised 'skin, or "in situ” tunors that are cured

¥ : l:py7 local surgical excision alone. Of the patients receiving chemo- ———
! _g:herapy., an estimated 46,000 would expect to becured either by drug

N treatment alone or as an adjuvant to\‘locnl control .of disease by’ either

LB ;uzqew ‘or ‘radioth‘etapy, with a ft;zther 20,000 patients expecting

( significant prolonged disease-free survival, while the remainder would
receive ch;mtherapy for pélliutim. cure in this context refers to
life expéctana/ of a tyeated cancer patient to -be similar to that of a
'normal’ _mu;.ched cohort of the population.

Although chemothetapy has had lfs_rqreatest impact upon the
ptognoala of dismeninated haenar.ological nuligm.ncxes, swh as acute
/ * lymphocytic leukaenia, where a 50 percent longterm disease-free sirvival
- “ is expected compa:ed to 30 percent in 1973, other tumors, too, are
. potentially curable such as.Hodgkin's Disegse, testicular cancer,
Burkitt's lymphoma, =1 and diffuse ic- lymphoma
(Chabner, Fine, Allegra, Yeh & Qurt, 1984). The percentage of patients
A wlth ovarian and head aml neck’ cancers showing a zesponse or even cure

. ‘ appears to be increusing nlao.
. wtor

However, the uael;of drugs in the treatment of many solid tumors,

>

g ™ M 1
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) .
especially in the adjuvant setting, is génerally aisappointing, {llm'auggh
there are a few notable &xceptions. Of the pediatric aélid tumors, cure
rate for Wilm's tumor increased significantly following the addition of
actinomycin p 80 suzgerynndl {ﬁiutherapy (D'Angio, Evans, Breslow,
Beckwith, Bishop, -Feigl, Goodw\h( Leape, Sinks, Sutow, Tefft & wol;‘f.
1976), and similarly adjuvant vincristine, actinomycin D and cyclo-
phosphamide have been shown to improve survival for embryonal rhabdo-
wosaxcuma (Maurer, Dm’aldson, Gehan, Hammond, Hays, Lawrence, Lincbetg‘,
Moon,, New’tonh Ragab, Raney, Ruymannj Soule, Sutton & Teft, 1978).
Adjuvant’ chami:he{apy for ?.\dng"s sarcoma has also been shown to siéniﬂ-
cantly increase 1e|gth.of_ survival ( Rosen; (hp:ai_ms, Mogende, McCorm~
‘ick, Huvos & Marcove, 1978) althcugh this has not yet clearly been,
- demnstxated for osteosarcoma (Roseh,. Huvos, Mosende, Beattie, Exelby,
. Camaros & Marcove, 1978). The current status of chemotherapy in” “the
treatment of ea‘rly Eréaéé jcancer has recently been reviewed following an
. attempt to assess the results of over 80 prospective randomised studies
N . addressing this question (Exiitorial, 1984a, 1984b). Although it xa
suggested that adjuvam: chemotherapy prolongs disease-free survival of,
p:t.hne\opausa!.rpatients with ataqe II disease with one to three positive -
nodes, inconsistent published results and®the need to further optimise
drug and tion of | t ' currently preclude ang definite

statement as to its exact role in the :reaurent of breast cancer. (Bona-

" donna & Valagussa, 1985).

o N\
\ = e

By contrast, chemothetapy has not resultedin significant benefit

for“patients with gaétric, colorectal or non-small.cell lung cancers,*

For small cell lung cancers, ten to fifteen percent of patients are now

¥ - “
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apected to achieve J.Qngterm survival, despite a reported increase in
response rate of patients fmn .'m.gercent in 1973 to 90 percent in 1983

(Chabrer et al, 1984).

A number of v:;;s of improving chemot.hetapy have been proposed,
including- optimisation of dosages and schedules of curxently available
agents, the developmgnt of new analogues with reduced toxicity, and. a
proper v of regional » which although bas’ed on

sound pharmacological principles has received inadequate evaluation
Jthrough poorly designed studies lacking adequate controls (Chabner et
al, 1984). In add it is that as the nisms of action

of drugs and of drug resistance are better understood, that this too
will influence the of The recent establish—

ment of a panel of murine so0lid tumors and human t\mn: xenografts in nude

mice at l'.he Cancer (usn), for drugs will’

allow better evaluation of new drugs wl may also indirectly improve

results. Screening previously u‘t_il ed the single P388 murine leukemia
model whose relevance to human neop! a’sia was debatable. In adéition,lﬁ is
likely that biologic cmpomids' in\the form of lymphokines,monoclonal
antibodies, and others will £ind an j.nc;easingr role in cancer treatment
over the next ten years and may eventually displace convéntional cancer
chenotherapy (Qldhan, 1983b; Baldwin, 1984; Chabner et al, 1984):

~ Although it is not e that will, or
‘should, displace currently used dr\xgs; it may well provide a useful

methad of inoreasing selectivity of arug delivery, or reducsif tcxscity.
and thntetonrrequhes pmpez and adequate evaluation.

>



I 2.0 TARGETS
I 2.1 Introduction

The ability to identify and ly exploit that
exist between tumor cells and normal cells would be of value both for

the d:lagnasis of malignancy and for where ‘such di ion
is a necessary prerequisite of selgctivity. However, many clah]s for

"tumor specific n\arkeré:\ have 1y ated in
the iight of flur_ther 1nve‘.§t1gatim, ,although~these biological substances
may ;well eventually provide further insight into the nature of malignant
change and the control of cellular d}fﬁerenti;ti%n.

Such aquest'er; tgmo: markers, which I;ng be detected in the sera of
cancer patients or as a ceilulaz component of the tumor itself, have
included tumor antigensz C alpha-

fetoprotein, human cborimﬁ: and onic antigen;

humnoglbbu!ins, as markers for multiple.myeloma and malignant lymphoma;

. . ly calcitonin, insulin, glucagon
"and catecholamines; and yseveral non-specific enzymes such as lactate

T dehydrogenasé and acid phosphatase, whiere clrculatitg levels may be
elevated in a variety of nanqnaxicies. It is apparent that many of‘these
proposed cancer maxkefs are too ubiquitous and nm-specifid to act as
polential targets, and attention has focused upon,the use of immuno-
"1091!:;1 and oncodevelopmental ‘markets for this role.

~ -




\'I 2.2 Tumor Antigens " . i

An immunological basis of tumor specificity was proposed by
Ehrlich in the 1900's, following the denr;nstxatlon that serum obtained
from mice inoculated with tumor could inhibit the growth of similar
tumors !:n other mice. This was thought to be a result of an immine
response to tumor aﬁtigens and although similar results encouraged
further studies into cancer i and (] data

was l'e,s'u;\ convincing and it is now apparent that such results were

d from all i 8 to lity Ppresent
in the tumor. Interest in tﬂig field ’:ggxdly declined until the 1940's,
when a number of g.nv_estigato:s were able to demonstrate the presence of

tumor specific antigens in /méthylrh‘ * induced in
syngeneic mice and other tumor were also 1y

demonstrated in a variety of chemically induced experimental animal
tumors (Gross, 1943; Prehn .& Main, 1957; Klein, Sjogren, Klein & Hell-
strom, 1960). ’

The distinction betuéen tumor specific and tumor associated
,antigens is hrpdn:ant as no tumor specific antigens have so far been
demonstrated for human tumors with the possible exception of the human

B-cell Elliot & 1977; Q)d, 1981). There

are, however, a wide range of tumor asscciated antigens; this distipction‘

arising from the fact that although elevated levels were initially

identified in the circulation of cancer patients, h‘zpwvad assay tech-

: niques later dmt:ited elevated levels in healthy controls and

patients with benign disease, as well as in normal tissues also.
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Although the origin of these antigens is of fundamental importance ta»the’
cancer or cellular biologist, it has not been settled as to whether they
represent; for example, differentiation structures arising as a result of
dexq:xssim‘of fetal genes or whether r.hey are new mlaclhu arising as
a result of neoplasia itself. No attempt will be made to address these
questions, rathe}, to accept their existence and examine their nature and
distribution as potential antigens for targeting.

'The application of monoclonal antibodies (see later) to this area
of tumor immunology has enabled ;:ell surface nnti?gens to be probed
' . with' a high degree of specificity and has almost cmi-:letely replaced
the use of absorbed polyclonal antisera. Their'use has allowed various

aspects of antigenic to be investigated in to
quantitation of cell surface antigen density in tumor and mml cells.
With the nirrow range of epitope d;ﬁmtla: by monoclonals, many normal
tissues must be screened not only for the distribution of the target
antigen, but also to detect any additional and unexpected cross—
reactions. :

Although heumq‘mexty of antigen expression has been described
using polyclonal antibodies (Sloane & Omerod, 1981) its occurrence has
been confirmed following the use of monoclonal antibodies to define
cell st_zrfac; antigens of breast tumors (Arklie, .1ox-PapadM:mu,
Bcdne:,. Egan & Millis, 1981), colonic tumors (Arends, Yexatynen, Bosman,
Hilgers & Steplewski, 1983), lung tumors (wiagenur, Hilgers, Moulin,
Schol, Verstijnen, Hilkens, Osanto & Vanderschueren, 1983), melanoma
foarel, schreyer, Schmidt-Kessen & Hach, 1982) and betveen prinary and

Ve
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autologous metascaéic gastric tumors (Rockey, Stokes, Thompson, Wood-
houge, MacDonald, Fielding & Ford, 1984).- Many questions remain as to
the cause of heterogeneity, whether it reflects neoplastic cellular
differentiation or whether it occurs as a resu]:t of variation in anti-

genic structure alone. The implications of heterogeneity upon the

" localisation of monoclonal antibodies am}mnar;y debated.

Difficulties with immunohistochemical studies upon tumor sections

. o
have already been.encountered in the studies referred to, which has led
to the use of panels of 1onal bodies: to more | define

the range of antigens expressed (Gatter, Abdulaziz, Bevezley, Cotvalan,

“Ford, Lane, Mota, Nash, Pulford, Stein, Taylor- s
) Mason, 1982; Hand. Nutiy Colcher & Schlom, 1983). Similarly, if .as

appears to limit the overall e.fficugy_

‘of antibody mediated t.he‘rapyf the use of "cocktails™ comprising several

monoclonals directed against the range of expressed antigenic deter-

_Junants may prove useful. It has also been suggested however that the

hgterogeneity of antigen expression is not an ali or none phénomenon, and
in fact a range of antigen expression is present (Butchiel,‘ Mfz}:iﬂ. "
Imai, Ferrone' & Waarner, 1962). If such a differential Aexptesaion
'exista. compared to expression in normal tissues, sufficient selectivity
may already exist within such a system. '

cell surface antigem have now

been described for a variety of tumors including melanoma (Brown,
Woodbury, Hart, Hellscrnm & Hellstrom, 1981), lung (Cuttita, Rosen,
Gazdar & Minna, . 198l), prostate (Frankel, -Rouse & Herzenberg, 1982),



'Takayasu & Matsuoka, 1985).
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colon (Herlyn & Koprowski, 198l), pancreas (Metzgar, Gaanzd‘, Levine,
Tuck, Bossen & Borowitz, 1982), acute lymphoblastic leukemia (Ritz,
Pesando, Notis-McConarty, Lazarus & Schlossman, 1980), and kidney (Ueda,
Ogata, Morrissey, Finstad, Szkudlarek, Whitmore, Oettgen, Lloyd & Qld,
1981). Others may also show reactivity not only with the cells of the
hmun’iz;.nq tumor, but also with a variety of other malignant cells
(Enbleton, Gunn, Byers & Baldwin, 1981), which may limit their
usefulness in certain si i In ak al antibodies

with ditfere;xt epil;’ope specificities may be used to further deﬂng
complex macromolecules such as carcinoembryonic. antigen (CEA) and its
related glycdproteins (Prinus,- Newell, Blue &.Goidenberg, 19!}?1 waq/egar, ®
Petzold, Kohler & Totovic, 1984; Koga, Kuroki, Matsunaga,-Shinoda,

v

Further consideration will be §$ven to carcinoembryonic antlge'n as
it represents the model target of this thesis, applicable to a variety

of solid tumors, making it potentially clinically relevant. - —

/‘

FS

I 2.3 Carcincesbryonic Astigen (CEA) °
L
'Carcinoarbzyonia" antigens of the hqmnn digestive system were
descubed in 1965 as specific cancer ant:igens of \the gastrointestinal
tract and 1r}ozder to explain their presence “in fetal tissues and
gastrointestinal tumors, it was that they réprese ) cellular

nents which were repressed during normal'cellular differentiation,
becoming derepressed during neoplasia (Gold & Freedman, 1965a). Initial
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hopes of using CEA as a tumor marker for the diagnosis ;Jf gastro-
® intestinal tumors were by the devel of
\ radioimnt capable of ing quantities of GEA in

se:;u (Thomson, Krupey, Freedman & Gold, 1969).

However, using increasingly sophisticated immunological techniques -

. it soon became that CEA lecular hetero-

geneity {Coligan, Hemkart, Todd & Terry, 1973; Vrba, Alpert & Issel-
,bacher,‘ 197%) and with accumulation of data from cl‘inica,l studies,
it was found that elevated plasma. le\/rels of CEA or CEA-like substances
were detected ih- a variety'of other malignancies including k}reast
(Laurence, Stevens, Bettelheim, Darcy, Lees, Turberville, ‘Alexander, )
Johns & Neville, 1972), ‘Mfig—{Laurence et al, 1972), pa:ncrea.s (Rhoo & )
Mackay, 1973), medullary carcinoma of the.thyroid (Ishikawa‘ & Hamada,
1976), gmi‘touxinaxy tract including blédder (mimn,'aohn, Saﬂoughi',
Ablin & Bush, 1974), uterus and ce':le (pisaia, Morrow,- Haverback &
Dyce, 1976), as well as for a,variety of benign diseases. Theése included
rectal polyps (Doos, Wolff, Shin&a’, DeChabon, Stenger, Gottliéb &
Zamcheck, 1975), inflamatory bowel disease (Moore,Kantrowitz & Zamchek,
11972), hepatic cirrhosis (Moore, Dhar, Zamcheck, Keeley, Gottlieb & .
Kupchik, 1972), chtonié bronchitis V(Laurence et al, ]‘.972;), and in the

serum of heavy cigarette smokers (Stevens & Mackay, }973) .
@ % g 2 -
Subsequent identification of molecules antigeneically cross
« ~zgactive with CEA stimulated further research into determining more

precisely the nature of the molecule, obtaining a satisfactory CEA
x . )
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standard, developing a reliable method of assay re-evaluating its
Clinical potential, and these questions have been addressed at
international meetings (Alpert, 1978; Burtin, Gold, *thu, Hammarstrom,
Hansen, Johansson, von Kleist, Mach, Neville, Shivelef, Stroebel,

i a & 1978). The use of highly specific

¢ has ly been of value in helping to

understand the origin, and of this

lecul ' many remain twenty years following
its discovery.

¢

5 -

v A .
CEA was originally identified by immunoprecipitation techniques

using highly r (Gold & F 1965b), and shown to be

“a glycoprotein of .molecular weight 200,000 (Krupey, Gold & Freeman,

1965), confirmed by SDS-polyacrylamide gel electrophoresis to be a
single diffuse band (Banjo, Shuatex & Gold, 1974). Its method of

extraction mec mtasm.of colonic tufors using peﬁ:lhlo:ic

. .acid followed by gel filtration §ravxdd a CEA standard for many studies

'(mpey et al, 1967) and an immunogen for the pmducuon of anti- CEA

antibodies for use in CGEA 1 ‘studies d

" rated the molecule to have a range of parent molecular weights (Slaytei ]

Cougan, 1975) and its carbohydraté content, whi.ch woxmtes to
between 50 .and 75 percent of the molecule by weight is cunpriad largely

of chains of ylgl mannose , galactose. fucose and
sialic acid residues (Terry, Henk;:t, Coligan & Todd, 1972; Terry,
Henkart, Coligan & Todd, 1974; Banjo et al, 1974). The variability of
these residues, especially sialic acid, ‘has been proposed to partially
account for the heterogeneity displayed by the molecule. By oont?alt,

el




each single polypeptide chain, stabilised by six disulphide bridges
(Westwood &.Thomas, 1975), appdars to have a relatively constant amino

. acid composition, with aspartic ‘acid or asparagine, glutamic acid or

glutamine, threonine and serine as pfedaninant xesidues (Terry et al,

©1972).

s o

. \ \\
Sequencing' of amino acid :eeidues\‘at\ ﬂ\ie N-terminal end of the

peptide backbone has been perfomed usi.ng Bdman degradations (Terry et

al, -1972; Chu, Bha:gava & Harvey, 1974), confirming the t:erminal amino

acid residue bc be lysine. The region also. contains a sequence of

residqes»compxising leucine-leucine-leucine-valine (residues 18, 19,

20, 21) which is to a of an immuno—
globulin précursor & s thought to be involved in membrane attachment
and of the molecul zeémell, Kantor & Schechter,

1977). Interestingly, other areas of homology in the N-terminal region

have also been betveen CEA and other CEA-like
molecules. ’
: -
. The need to define the unique antigenic detemipants specific for
@A is essentilal in order to improve the specificity of its assay,
alf.hough it is not clear whether these determinants reside in E
carbohydrate or protein component of the molecule, or, possibly b::h\

(Rania, Wintzer & Uhlenbruck, 13978). Recent studies employing tunica-
\

mycin to inhibit glycosylation of the molecule in vitro by cultured

cells, leaving only its protein backbone, followed by immunoprecip-
itation using monoclonal antibodies, suggest that the main antigenic

. determinants reside in the protein portion, whose molecular weight was
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determined to be 80,000 & 2,000 (Ruroki, Kuroki, Ichiki & Matsuoka, "

1984). &s antisera react with several deter-

minants, it is in this area that highly specific monoclonal antibodies
will find increasing application (Bedin, Hammarstrom & Larsson, 1982;
Prinus, Newell, Blue & Goldenberg, 1983).

Consideration must now be given to the cmFuke‘glycobmtetns

ly cross with CEA, although it must be stated. at
the outset that it is still not known with certainty. whether. they repres-
ent precursors, cleavage products or indeed‘individual molecules (Primis
Newell et al, 1983). '

The first of these to ble described was "normal glyuopm&in‘ (NGP)
(Mach & Pusztaszeri, 1972), found in perchloric acid extracts of lung
and spleen and was of lower mlef:ular weight at 60,000. A similar
% "non-specifi¢ cross reacting antigen'r_r(mfl) was also described with
widespread distribution in —;i;.gnant @and normal tissues including
myeloid cells and s,fbut a1t its and physio-

chemical properties were similar to CEA, it could be distinguished by
virtue of its lower molecular weight (Von Kleist, Chavanel & Burtin,
1972) . Subsequenuy' described antigens, including NGP have now been
shown to be identical to NCA-1, and these were originally termed CEX
(Darcly, Turberwjlle & James, 1%73) or CCEA-2 (Turbervi’ue, Darcy,
Laurence, Johns & Neville, 1973). Similarly, the cross reacting antigen
TEX appeé}s to be similar, if n&t identical, to NCA-1 (Kee.sle:,_shmﬂ.yv-
Pritchard & Todd, 1978). N .

A further family of cross reacting antigens extracted.from ~ o
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meconium and feces have been described which appear to be more closely
related to CEA, and have been designated NCA-2 (Burtin, Chavanel &
Hirsch-Marie, 1973), normal fecal antigens, (NFA-2) (Hata\ioka, Kuroki,
Roga, KRuriyama, Mori & Rosaki, 1982) and meconium antigen (Primus,
Freeman & Goldenberg, 1983). ° '

. ~

The .(I:A-like antigen CELIA iéeanied in‘the gastric juice of.
nommal individuals app‘eazs to reserble'curcloset than NCA,. although
. further- studies are requ:tied to'characterise this “molecule (V\;ento:
_Rioslahti, Pihko, s:erberq,’ Ihemeki & Siukala, 1976). Biliary glyco~
protein-1 (BGP-1), found in h@utkc bile of normal individuals q)pea’zs
distinct from both CEA and NCA although it is more hlosely'relate;i to the
latter (sve{pezg, 1976; Hammarstrom, Svenberg, Hedin & Sunibla_q, 1978).

Although anti-CEA monoclonal antibodies are discussed in a later
e . section they are of considerable importance in characterisation of this '

lecule both in lar tems and in determining its distribut-

ion in tissues and tumors, in addition to being used in CEA assay
system8. Patterns of binding reactivity of panels of 'anti-(ia l;nnoclonnl s

5 antibodies with differing epitope specificities are belnq’ used Eo

e the ir loai of CEA, and determinants

comon to CEA-like glycoproteins (Primus, Newell ‘et al, 1983; Wagener,
Petzold, Kohler & Totovic, 1984). Immunohistochemical studies, i.e.

! A

immunoperoxidase, employing specific anti-CEA monoclonal antibodies

. with minlml or no NCA cross-reactivity, remain essential for the
:;/ evaluation of the distribution of CEA jn tumors and normal tissues.
Ly‘cnﬂaaﬂon of the antigen has been assessed in human tumor cell lines
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in culture, grown &5 xenografts in nude mice and in fresh. surgically
resected specimens (Primus, Kuhns & Goldenberg, 1983; Motoyama & ‘Watan-
sbe, 1983; Wolf, Thompson & Von Kleist, 1984; Wagenér et al, 1984). A °
consistent finding of these studies is .r.'he hetfrogeneity of antiqer;
expression by tumors, which has in itself stimulated further studies ir;to
the syntheis, distribution and expression of CEA. Vari‘atien. in menbrane,
associated 'CEA content is described for colonic cancer-cell lines,
depending vn the degree of tumor differentiation, and appeu‘s to be k}igh
for well differentiated lines (LS174T, SRCOLl) and low for poquj d‘!.ffer‘-‘
entiated cells (SW620, HRT18) (Shi, Tsad & l(hn, 1983). while 1mmnocyto—
chenh:gl studies have shown that up to eighty pexcent‘t:f Cvm is mbrane
associated (Shi et al. 1983), further data on its subcellular localisat—
ion is scarce and attempts to investigate this using immunoelectron
microscopy have met uifh a number of technical difficulties (Wolf et _al,
1984) . The rate of synthesis and ‘release ‘of CEA al'so appears to be
defpendent on the growth phase of these cells, decxeasxng with leﬂ'l‘_ar_ui

SRCOL as c?ll density increases. st:udies havé qlso beeh' extended to
xenograft models ‘in vivo, and it has been ahmm trat while cm pxoductfon
per gxam of T-380 xenograft (huuhn colonic ‘tumor) temaind. constant,
serum CEA levels increased as tumor growth occuzred (Martip & Halpern,
1954) . Differences were also found Eor the cleaxame\of,.chcudating ‘CEA
obtained from patients seta (half-nfe, two- and a half hours) and that
extracted £mm tumors (xapid), suggesr.mg a difference in’ the, merbrane
expressed and cixculuting forms qf the molecule. Othe: ar.udlen have also

a rapid of CEA by I'.he liver, whlch appears to

represent the major clearance pathway, anolving receptor mediated
S

endocytosis by hepatic Kipffer cellsy followindthd removal of sialic
T llougng et o

s

..
#
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acid L the molecule is to the for further

metaboliem (Toth, Thomas, Broitman & Zamcheck, 1985). Such atudies
attempting to Lrwestlgate the kinetics of CEA are still somewhat prenm-
_inary in nature although they represent the first attarpts to answer such
fundanmffl questions. §1m11a:1y, stlﬂiﬁ"atfezpting to map the gene
*~ceding for CEA using somatic cell hybridization in order to investigate
the) genetic control of malignancy are also in thelir‘infancy (sheer,
Brown & Bobsour 1982). ' ) ) , & 3 )
~ . a7
There is 1ittle doubt that the messurement of serim CEA levels-is
of llttie vqiue in the diagnosis or s’creéning‘ of gastro’intestinal
. mal{gnancy (Swmary of NIH s 1se1) although it has
been sm;gastad that predpefative levels correlate well with prognosis

E ufte( for 1 cancers (Wanebo,

__po, Pinsky, Roffwn, Stearms, Sciwarbz & Octtgen, 1978; Staab, nderer,
P:ummdorg, Stutpf & Fischer, 1981), and for patients undergoing radical
surgery for 1un§ cancers (Ford, bétokes & Newman, 1981). The role of
mmito:mg. CEA_levels postoperatively in order ‘to detect pxé—clinical
recurrence of tumor following curative surgical resection has been sl
to be of value in colorectal carcinoma (Boey, Cheing, Lai & Wong, 1984)
athough the pattern of rise of CEA 15 of no practical value in distingu-

N

ishing between local and distant recurrence of these tumors (Hine & ...

\
Dykes, 1984a). Indeed, postoperative elevated serum C_E?\ levels have been

proposed as a guide to further n in the selecti

of patients for second look 1 in gast Al mal
(Attiyeh & steamz. 1981; Stasb, Anderer, Stumpf, Homung. Nscher & -
Kieninger, 1985) or for chemotherapy (Hine % Dykes, 1984b). However
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this is still subject to criticism and a more rewarding approach would be
an attenp[:‘to corzelnt.'e anmohlstoc}gn\ical grading of tumors based on
localisation _of CEA. This has been performed fst lw cancer, where 82 .
percent of specimens showed localisation of anti-CEA antibody by immuno-
Pe:oxidase, which although correlating with pre and toperative serum
CEA levels, was of little prog;mstlc value (Ford et al, 198l). Similar

cor:elqtions betweén immunchistochemical @& grading of colorectal tumors
with seru;z CE‘A levg}s vhave been reported, although prognoatig signif-
icance has not been a3 3 (Hanada, Hioki, Nagura
| & Watanabe, 1985). - e




I3.0 ARIERS | : .
1 3.1 Introdiction

Although a wide variety of carrier systems for delivery of

therapeutic agents to target cell y have been the
theoretical prerequisites of each should be similar. That is, the
carrier should guide the warhead to its target. and allow it to -exert
its effect at that site with minimal or no intezfetence, while protecting
the host from any possible toxic effects of the agent. Additionally,

on of the ic agent from the host's natural defence
N
mechanisms would be-a desirable property, thereby preventing premature

inactivation of the warhead, and reduction in efficacy.

I 3.2 Carrier Systeis

Although not specifically the bl of
anti-neoplastic agents to tumors, a recent review listed several carriers
of potential use in drug targeting, ranging from naturally occurring
cellular components to a variety of synthetic compounds (Gregoriadis,
1981). Present experience relates to.a limited number of carrier‘
systa:e, in particular antibodies and liposomes, and apart from isolated
case reports and preliminary in vivo studies, the role of oﬁel carriers

" has nof; yet been defined fully. It is Nikely, howevd, that few will
have application'in practical drug targeting, and even fewer in the
delivery of anti-cAncer agents, although they provide .models for the
evaluation of the col eg&of drug targeting. ’

¢

LY
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As the use of will be idered in detail in sub-

sequent sections, these alternative carriers will be reviewed first.
Interest in the use of liposomes for selective drug delivery has para-
lleled that of their antibody counterparts and their potential as
targeting agents is based upon a number of their characteristic .pmper—
ties (Gregoriadis, 1976a,b). M small spheres consisting of one or

more V(r-ﬂd bilayers by an agueous phase, a
variety of substances, including drugs, enzymes and hormones, may readily
be incorporated within either phase depending upon their relative water
or 1ipid solubility, while the.final size of the organelle may also be
determined by sonication during the process of their preparation in ‘the
_laboratory (Gregoriadis, 1980). Manipulation of membrane 'polarity may
" result in vazi.;ale deqxee‘s of membrane "porosity" allowing drug lgakage
to pmceed’ at a set rate which m?.also be..dependent upon the local
milieu of a target tissue, organ or timor _(an./in. Kreutz, Horowitz &
Shinitzky, 1980). However, despite these seemingly advantageous proper-
ties, thg range of cells that associate and fuse with liposomes is
small uﬂ'w to be related to the cells' intrinsic endocytli:
potential. It appears therefore, as if cells of the reticulo-endothelial
mm are chiefly zeau\s‘ible for liposome t;lenrance in vivo (Gregoriad-
is, 1976a), although this may be advantageous for. the selective delivery
of agents to cells of the Y series in disease

(Schroit, Hart, Madsen & Fidler, 1983). In order to improve the selective

of these of fes into their

outer layers has been performed and improvement of uptake of 1liposomal
bleomycin by cultured HeLa cells has demonstrated when anti-HeLa

i oglobulin G (IgG) is into the liposome, compared to a

»
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non-specific IgG (Gregoriadis, 1976b). Targeting of lipssomes to cellsy
expressing in _h‘u also been achieved by incorporating an anti-CEA

i 1 ant: ly into 1 af dye, carboxy-
fluorescein, which could then be € be withif
the cell by fluorescence microscopy (Guidoni, O'Bara, Price, Shuster &
Fuks, 1984).- . )

k‘ -

Problems with : oadhs ‘to targeting in vivo arise at the
capillary level, where . rt of these relatively.large structures
to target cells is pirﬂered by the capillary membrane, and also by a
uptake Of the liposomes by the liver and spleen. It has also

never been gly that true -mediated target-
ing occurs using this model in vivo, and the local release of h\c_orpor-
ated drugs ipy may be one of action
“thnt would produce a " of true e delivery,, as
would their capacity to act as 3 circulating drug depot providing a slow,
even release of the drug over a prolonged period. x “studies
using the anti-neoplastic drug cy into
.1 longed survival -of mice with the L1210 leuk-

o o4
aemia (Kobayashi, 'mykz(ashi & Sakurai, 1975). The overall reduction in
s -
drug toxicity may be a reffection of its possible mechanism of'a’ction, if
acting as a circulating drug depot. . . .

In addition to cytosine arabinoside, other nnti—neoplgstic agents

suwch as Y D, 5-f 1 and bleomycin have
been .incorporacod into liposomes (Gregoriadis, 1976a,b), and also a

nurber of it or t: et al, 1983).

-

! o



«ar However, the efficacy of these 1i drug )1 in the

of cancer still remains to be defined.
A
A variety of cellular carriers have also been proposed for drug
tazget?ing although it is difficult to e‘visage their use in the specific

targeting of anti-gancer drug—s\go turors at the present time. These

”_:systens include erythrocytes, or their ghosts, which have the advantages

‘of availability and non-immunogenicity although they generally lack true

targeting ability, unless ‘specific C _can_be : into
L) R -

theiY plasma membranes as has been described with liposomes. It is

* certainly possible that these drug containing erythrocyte ghosts may act
as a circulating store of drug as has also been proposed as one mechanism
of liposome action, and it is conceivable that toxicity would also be

reduced.

The localisation of 1s in infl lesions p a
model for the use of these cells in drug targeting, and it has been
demonstrated that cells containing In-111.oxine will selgctively image
+ inflammatory lesions in dogs (McAfee, Gagne, Subramanian, Grossman,
Thomas, Roskopf, Femandez & Lygns, 1980) and a similar model has been
used to image patients with acute pancreatitis (Anderson, Spence,
Laird, Ferguson & Kennedy, 1983). However, it is unlikely that such
systems will be of value in tumor targeted chemothetap; or imaging
unless a significant inflammatory component is a.ésmiated with the

tumor.

similarly, a model for ‘the selective delivery of vinblastine to

P has been in vitro and in the treatment of patients
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with idiopathic thrombocytopenic purpura (Ahnj Byrnes, Baz:’llngtnn. Cayer,
Smith, Brunskill & Pall, 1978; Agnelli, DeCunto, Gresele, Nenci, Fedeli &

Moretti, 1984). It is also u’ﬂikely that this model jwould find any,
§ N < N
! application the targeting of these cellular compon-

ents to timors, it an sting applic¢ation of drug

targeting in haematology. . L.

The targeting pc;f:‘ential of other proteins, enzymes or synthetic
suwch as has been even less than those
systems mentioned. A model i1l the ial of

'hompngs utilized a conjugate of dam'xinm:in and melanotropin,‘ a tropic
hormone binding surface receptors of mouse myeloma ce'u.a'; to dmmstr#te
seiective cell kiuiné (\‘Iarqa, Asato, Lande & Lesmer, 1977). Fluorescen—
ce microscopy demonstrated that the conjug"ate was :lnten{;lised preferent—
ially by melanona cells conpared to control fibreblasts lacking melanc-
tropin :eceptors‘and could be blocked by free melanotropin. Free
dainwn&cm'dmmstraued less toxicity to control melanoma ‘cells and
nurine fibroblasts &t similar cqncentratiohs to those used in the
conjugate, although both cells were -equally su;ceptjble to the free drué
at much“higher concentrations. This study also postulated the importance
of mediated isation of the conjugate for the specific

n;tute of targeting, as demonstrated indirectly by the absence of effect
upon the receptor deficient fibroblasts and the capacity of free homone
to block the response to the conjugate. It is conceivable that advantage
could be made of the presence of hommone receptors in certaifggl\id
tumors, notebly breast, in an effort to target antineoplastic(drugs to

selected timors. ”



I 3.3 Antibodies as Carriers
'

'mf use of antibodies directed against tumor associated antigens

to target che_mthegapeutic agents has great theoretical appeal. Although

a. number of criticisms of this approach were raised following their _

early use, these are becoming less valid as work in this field expands.

Criticism ‘regazding the nature of the target to which they are directed
has been discussed in the section on tumor markers, and criticisms
regarding the n:;:ure of the conjugation process itself and iu sequelae

in vivo will be addressed ).n the latex section on conjugates.

Until the mid-19707s, another major criticism related to the
techniques used to produce anti.b.od'les of required specificity. Convent-
ional methods of antibody production essentially often involved the
immunization of unrelated‘ species with a preparation of the antigen

in question, followed by collection of the animals' sera after an approp~

iate period during which in was being ed by +the process

of active immunization. Refinements of this basic technique include the

administration of a suitable adjuvant and determination of the optimum

period following antigenic challange at Which to collect the greatest
-~

yield of ly, in with 1 i logic

The immunoglobulins present within these sera were of a variety of
classes, predominantly IgG subclasses with a proportion of IgM, resulung
in & heteroqmeous antisemm, of vadab].e specif!city and’ affinity. In
additjon, the porportion of specific immunoglobulin could noc_ bé guar-
anteed when the process was repeated. In order to improve specificity of



these polyclonal antisera, extensive absorption of the sera was xequirgg,
although it is -essgnt¥al/that. the absorption proc’t-.;s\ itself is not
excessive and is stopped prio: to'the non-specific loss of the t‘umor
specific antibody (Davies & O'Neill, 1973).

!

The development of hybridoma hy » with the pr of .

monoclonal antibodies, has largely aumeg several of 'the .umhatione
imposed by polyclonal antibodies to be w&ome, in addition to pxwidi.ng
tools with which to further probe thelstructure of complex molecules such

aa the tumor antigens. 5 %

These biotechnology products-have also led .to further interest in
the use of antibodies as therapeutic tools in théir own right (immuno-
. therapy), in addition to their use as carriers by linkage to cytotoxic
agents suwch as toxins (immunotoxlns), drugs (1munochemothe:apy)»

radionuclides ( c and 5). and other

potentially biologically useful agents.

N

]
. I 3.4 mnoclonal Antibodies

In 1975, Kohler and Milstein reported a method of p:loducing
monoclonal antibodies in large quantities following the fusion of
spleen éens. from an immunized donor with cells from a murine ny‘elm
cell ﬁne (1975). Their method essentially involved the. fusion, oé
immune n;urine spleen cells with cells of the murine myeloma cell line
P3-)('§3-Pq8, utilising inactivated s‘endai virus as a fusing agent,

creating hybridomas that contain génetlc material from both parent cell
. P )
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lines. The parent myeloma cell line lacks the 'emyme hypoa{am:hine
phosphoribosyl transferase (HPRT) and therefore glies when grown in

selective medium containing hy in and

(HAT) while the unfused spleen cells die spontaneously in culture. This
enables the hybridoma cells, which are not HPRT deficient (as these
obtain the HPRT.from the spleen" fusion partner) to grow in culture, in
which they may be detected 'screened for antibody production. It
has been estimated that only z\)ne myeloma cell in 1000 fuses with a
spleen cell to produce 'a viable hybrid and that an average fusion will
yield up to 500 hybrids if the donor is well immunized (Secher, 1980). It
has also been estimated that only half will produce immunoglobulin and
of these, one to ten percent will produce specific antibody that reacts
with the immmizing antigen. This underlies he rationale for using high °
ratios (10:1) of spleen to myeloma cells in later fusions, in comparison

. to the original fusions uﬁich used equal cell numbers.

Screening hybrids for antibody activity is usually performed by

' either’ radioimmmnoassay (RIA) or enzyme linked immmoabsorbant assay

(ELISA). hybrids o, i

of required specific-
ity are cloned and maintained in tissue culture, or injected intra-
peritoneally into mice to produce an ‘ascitea wit‘h greater antibody
yield. Altematively, clones may be frozen and stored for ;ubsequenl:
use. The mer.hm‘i of fusion has changed little in brh\ciple allr.hough a
number of ons to the have becomz established, for

example, the replacement of the inactivated Sendai virus with poly-
ethylene glycol (P!i;) as the fusion promoting agent. Although the basic
technique is successful for the majority of applications, addihfo:\nl

4

O\
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problems have arisen.’

» In general, viral or PEG induced fusions exhibit some degree of
TN

randomness and poor yield of specific high affinity antibody is not

uncommon. Attempts to improve the yield of high afﬂnity"a\dbody have,

the use of el lly induwced cell fusion, which promotes
cell alignment and lity prior to fusion,
and promising hulu have been ed when this

cell surface to in&) fusion y (Lo, Tsqpg, Conrad,

. Strittmatter, Hester & Snyder, 1984).

Yie;.d of monoclonal antibodies to weak antigens :ena.\ns a persist—
ent problem and a ) is the ion of such
into highly species by coupling them to adgluvam:

or foflowing (Sakato & EiSen, 1975).

¢

More recently a further application of DNA technology has been
described in, the of oclonal (Roth, S(mded,

Westin & Gallo, 1984). A transfomlng oncogene, N-ras, from hnan
acute lymphoblastic leukaemia ALL 1-69, was shown' to transform NIH 31'3
fibroblasts which then a td to which a

murine monoclondl antibody @IgM) was raised. Studies then reluted'

. ahtlbo@ binding specificity and pattern to the distribution of the

oncogene—-irduced cell surface molecule among the parent cell' lines,
transtected fibroblasts and a range of nomal and malignant tissues,

using EI.FA and d It was that
bh‘w«xuud to the pa:ent: ALL 1-69 and the secondary transfectant,
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but not to the parent fibroblasts, and additionally, the antigen was
also demonstrated to be present in a variety of tumors and some nommal
tissues. The importance of this study relates to the potential use of
DNA technology in the generation of selective monoclonal antibodies to %
oncogene products and” the use of these monoclonals as probes ‘for the
t’@p:her elucidation of the'nature of oncogenes.

Most hybridomas are the result of murine or rat cell £q51mé ‘and a
-

.nurber of app ha;e been for the *of human

monoclonal antibodies. A number of human myeloma cell lines h'u/:;m
been established in culture although rate of immunoglobulin production

is poor compared to their murine counterparts and loss of human genetic / I

material is a probleni following fusion (Olsson & Kaplan, 1980;
Pickering & Gelder, 1982). It is not generally feasible to immmize

normal human subjects with the antigeris in questjon. Approaches that have
.4 !

been*explored include the use of the Epstein Barr virus to transform the-

i of 1 to produce monoclonal antibodies,
although the yield of clories pfoducing ‘sufficient}antxbody is low
(Steinetz, Klein, Koskimies & Makela,1977), as well as fusion of periph-
eral blood, intra-tumoral or lymph node lymphocytes from patients with
cancer with a human myeloma derived line (Sikora, Alderson, Ellis,
Philips & Watson, 1983). e B

. '
I 3.5 Anti-CEA Monoclonal Antibodies

Using the hnol in the section,

a nutber of investigators have attempted to produce monoclonal antibodies

’
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against carcinoembryonic antigen.. The reasons for this illustrate

clearly the potential application of monoclonal antibodies, and are
essentially two-£old. Using these highly specific antibodies, the
molecular and immumnological complexity of CEA, or indeed other hetero-
geneous macromolecules may be probed, which in addition to the character-
isation of this antigen, offers the o} a

CEA assay which may -eventually prove to be of value in the c(linical )

evaluation of malignancy. Secondly, they offer great potential as
specific carriers in a number 3f targeting systals\x

,

’ The. first successful fusions yielding monoclonal anti-CEA anti-
bodies were reported by Acolla, apparentdy following a long series
of negative results (Acolla, Carrel & Mach, 1980). Using s!:amia,xﬂ fusion
technique, spleen cells from mice immnised with 15 ug of purified CEA
.and Freund's adjuvant were fused with myeloma cells, to obtain some 400

“hybrids from 7 different fusions. A radioimmmoassay was used to screen
for anti-CEA activity and of ; positive hybrids, only 2 retained activity
after subculture and were subsequently cloned. These IgGl and IgG2
monoclonals were shown to recognise aiffetent a n‘n—gi;‘a‘nic determinants
of CEA following a competitive inhibition binding.assay. !misame group
has subsequently utilised the IgGlL monoclonal antibody in an enzyme
immmnoassay and delmatrated good correlation of CEA quantitation un:h
conventional zadxohmxwasaay, for 330 _serum samples from both patients
and normal hidlvi.dlhls (Buchegger, Phan, Rivier, Carrel, Acolla & Mach,
1382).

Using »modltifd immunisation schedules, otfler groups have also

’
3 L}
e - %
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1y pr anti-CEA “antibodies, each recoghising 3

differdnt epitopes of €EA and .exhibiting a range of cross reactivity
with NCA or other related antigens (Rogers, Rawlins & Bagshawe, 1981;
Min‘et al, 1982; Primus, Newell et al, 1983; Rogers, Rawlins, Rardana,
Gibbons & Bagshawe, 1984).

. As amesult of a collaborative project between the. Surgicdl .
Immunology Unit, Birmingham, England and the Lilly Research Centre ‘
Windlesham, Bngland, a number of mirine monoclonal anti-CEA antibodies ~
were i by in the_ early 1980's (Rowland, .

Corvalan, Marsden, Johnson, Ford & Newinan, 19827

Corvalan, ‘Axton, Brandon, Smith & Woodhouse, 1984). BALB/c mice were

immunised using purified CEA with Freund's adjuvant, .or as an alum

with la adjuvant or using the CEA producing
cell Jline HT 29. Spleen cells were harvested and fused with the P3—
NSI-1-Pg4-1 mouse myeloma cell line in the Brand.azg lz’anhe: described. =
Hybridomas were screenéd for anti-CEA activity using an enzyme~Linked
Woasaay (Woodhouse, Ford & Newman, 1982), and interesting hybrids
were cloned-and-inVestigated further for CEA or NCA binding,” and against E

a number of tumors and nommal tissués using histochemical methods. Of
the 14 or so anti-CEA lonals three, 11-285-14
(Ig@l), 11-35-75 (IgGl), 14-95-55 (IgG2a), demonstrated binding to

colorectal carcinoma tissue sections but no reactivity with spleen cells,

-and competitive inhibition binding studies performed using ELISA have h

dgmnstrn. that different epitopes \o‘tl CEA are recognised b’y each of
these antibodies (Corvalan‘et al, 1984). Further histochemical charact- 3

erisation of 11-28514 and the distribution of its target antigen, Cf,
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demonstrated positive .reaction in nomal land malignant gastric and

) colt‘nh: epithelium, and interestingly also in the superficial mnon-~
kézaﬁlnlaing crypt epithelium of the tonsil (Gatter et al, 1982).
No binding was seen for a range of other normal tissues such as brain,
8kin, spleen, kidney, pancreas, bile duct, liver, lung etc. 'l;hi.s

. Paper also auggests the patential _use of panels of specific monoclonal
antibodies as h adjunct to the diagnosis of neqnma when histological

exmrqticn appem mhe.lpful, in addition to thei: potential use for the -

and’ ion of potential target ant'igens. sbet.-

vquenf. sections unl dlscuss the potential of 11-2&5—14 for tazgeting

utuiies. . ‘

v,

I'3.6 in Cancer and

} “ S . 7. . '
& It is therefqre apparent thatathese highly specific antibodies
have-: found a w:lde range of a@lk:aﬁiene, fulfilling Kohler alu Milstein' s

closinq _that *such could- be valuable for medical and

.uae'rA(197S). Several such qppllcati&s) exist within the
o"f"éincez. diagnosis and therapy in addition to helping answer

1 ng cellular differentiation and control,
and the’ stnx:ture of'a variety of cell surface molecules including

tal g y " These™ appl will now be discussed

thh the exceptio(: of thelr application to hmunochemothezapy which
wul be conaidered in a later section.
4 Lo

s

.
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I 4.0 IMMONOTHERAPY ~

L1
e mi§ of the {mmme system in the development of cancer and crL
" use of anubea{e'gs in its treatment may be traced back to the turn ofe
€he century when the' first attempts at passive and active immunisation
to tumors were malfle ‘by Hericourt .and Coley respectively (Newman, 1978;
Mastrangelo, Berd & Maguire, 1984). Since then, interest in this area
has been cycl.ical, although with the advent of moncclonal antibodies, a

better ion of tumor i and the h mor  relation-

ship, the pessimism that was present in the 1960's and early 1970's has
been replaced with a renewed interest in this area.
]

Until theé\ highly specific monoclonal antibodies become available,
only heterogeriequs antisera were available to hvlmmm:herapistsl and
early results, h\:h often inappropriate aftimal models, were frequently
disappointing. In addition, the use of polyclonal antibodies in the
clinical setting led to a variety of toxic reactions along with similarly
consistent poor overall results. Other factors that contributed to the

’Tejg-;t"ivimn"!hat shrouded this approach u;udéd ‘the often premature and
incorrect extrapolation of gaﬂy preclinical s'tu:lies and case reports
which oftén failed to show‘ any significant improvement using antibodies.

% Some degre® of conce‘risus: regarding the present status of immuno-
therapy is found in a number of recent ‘reviews dea.un; with this Lst.bject
(Levy & Miller, 1983; Oldham, 1983a; Mastrangelo et al, 1984; Dillman &
Royston, 1984; Baldwin, 1984). The role of antibody in tumor cell
destruction was initially focused upon a.dlrect mtl@y mediated
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reaction although it is now being appreciated that antibodies may exert

their effects in other ways, in particular in the regulation of the
immune response and thzou‘gh their interaction with the various cellular
components of the immune system. Indeed there has been a greater recent
emphasis on the. effect of these cellular corfponents upon tumor growth,
‘thxough both epéci'f;c and non-specific mechanisms, although much is

P — i
still speculative. 3t i difi agents or

approaches used directly, to augman&:, or to modify the host's blélogical

response to its tumor, are also being ‘re-evaluated in the light of recent .

biotechnological advances, and this term has now come to include the use
of agents such as Bacillus Calmette-Guerin (BOG), effecﬁ'ir cells suwch as
macrophages or natural killer cells, !m}nkines and interferons (Oldham,
1983b). S

As mentioned, the results of .early studies using polyclonal
were di ] both in the 1 and clinical settings
(Rosenberg & Terry, 1977). With the exception of tumors induced by the

Moloney sarcoma virus and the polyoma virus, margl’nal therapeutic -

benefits were seen only when laboratory animals were treated prior to
‘mr inoculation (immunoprophylaxis) or just following tumor challenge,
usually within 24 hours. Another factor ‘that appeared to be important in

to was the tumor burden, which appeared to
exhibit an almost inverse relationship to outcome and the subsequent
expimatipn offered was that immunotherapy ca:l}‘ only deal with a
critical tumor burden. In the mouse, this was estimated to be 106 cells,
and therefore mick with émors of greater cell numbers would not be

to show a se to i . There are also additional
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implications arising from this concept regarding the host-tumor relation-
ship and the theory of immune surveillance, which proposes that spontan-
eously appearing tumor cells are destroyed by the host's immune system,
provided tumor burden is below a similar critical value. The role of the
immme system in neoplasia in man'is at best circumstantial. Several
well documented observations are often quoted in support, for example the

of tumor: ion of

following surgical resection of the primary lesion, the increased
incidence of tumors with age, in immune deficiency states, and in “
immunosuppressed renal transplant patients, aftlmnxgh the precise number
of cases in which such phencmena have been recorded -is actually quite
emall and inconsistent, The question of whether or not patieénts with
cancer are immunosuppressed is als:) open to speculation. Several studies
have reported this to be the case although others have failed to demon-
strate any significant suppression. following critical analysis of
peripheral lymphocyte levels in cancer patients (Baldein, 1984).

Antibody destruction of tumor cells may occur in a number of
different v-;ys, altkn\.:\"gfh_the actual mechanism operating in vivo is not
known with cer ty. Complement- i;edhted .cytotaxicity, involving
binding t;f antibody to the cell surface target antigens, followed by
fixatiop of complement through the Fc portion of‘k the antibody with
subsequent—cell—lysis 1‘5 thought to play a minor rc;le in tumor cell
killing and animal stulies have failed to demonstrate that compiement
fixation is essential (Dillman et al, 1984). The role of antibody
dependent cell mediatéd cytt_:toxiclty however has. assumed a greater
importance and this necha.nim’l;\as also been supported by early studies
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using mnoclonal ant!.bodies, which have indicated the nﬁn:ance of
mtibodyisotype The Tg@a isotype has been found to be most
effective in vivo (Bernstein, Tam & Nowinski, 1979; Herlyn & Koprowski,
1982) whereas IgM, a strong complement fixer, has been ‘shown to be
practically ineffectlve in tumor cell killing. Other Ig6 isotypes
(G2b, G, G3) were shown to have a range of efficacy, although all
required the binding of mononuclear éffector cells to their Fc portions
in order to produce cell lysis. , ', .
Clinical trials involving treatment with monoclonal antibodies
have only become esubluhéd within recent years and -although patient
numbers are small, ‘some landmark :wponses; have been reported. Baemato-

logical mali ies such as and are more to
chlsmuﬂnughithuadsobeelusedtot(eatalm!tednm‘berof
\Eathnts with solid tumors (Sears, Atkinson, Mattis, Ernst, Berlyn,
%teplmkx, Bayry & Koprowski, 1982; Levy & Miller, 198}; Goodman,
Beaunier, Rellstrom, Fermyhough & Fellstrom, “1985).° tne particularly
‘meouxaging report is from Miller who used a murine IgG2b nrnoclonall
anti-idiotype antibody to treat a patient with advanced B-cell lymphoma .
(Miller, Maloney, Warnke & Levy, 1982). Complete remission for over four
yeau has been obtained, uth:xx_;h there is still a'peculatﬁ regarding
the mechanism by which r.hla response was obtained, through either direct
cytotoxicity or as a regulatory response. Other investigators have
ut.i‘J,;sed monoclonal antibodies directed against the common acute lympho-
blastic leukaemia antigen (Ritz, Pekando, Sallan, Clavell, Notis-McCona~
rty, Fosenthal & Schlossman, 1981). Following administration, of fuc:h

A

to 4 with leukaemia, a fall in
% ©
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cell levels was noted, ut.hnuq’h the result was often of a transient

nature and kaemic cells without of the antigen.
This has been to a initial cl of

cells from the blood, followed by a number of secondary responses
including antigenic modulation (likely), antibody ‘blocking by cln:l_q,qung
free antigen or as a result of the patient's immune response to r.h’e
murine monoclonal antibody. ! ’ v

. - Similar brief therapeutic responses have also been se’l in
patients with T-cell leukaemias treated with monoclonal antibodies

»
reacting with malignant T-cell surface antigens (Miller, Maloney,

McKillop & Levy, 1981). A response to antibody has been shown in the

skin plaques and lymph nodes of a patient with T-cell lymphoma (Miller &
Levy, 1981). The lesponse to other solid tumors generally aéeam to be
less encouraging (Sears et -al, 1982; Goodman et al 1985) and adequate
evaluation is still awaited (Dillman et al, 1984), although the presence
of antibody in tumor has béen demonstrated after antibody infusion
(Oldham, Foon, Ibigm, Woodhouse, schm‘fi. Mbrams, Fer, Schoenberger,
Farrell, Kimball & Sherwin, 1984).

-~

Early cligical studies}h as these have re-e:vhnsﬁed a number

of N antibody in
vivo., It is most likely that antigenic modulation is the reason for

the reappearance of leukemic cells not expreusing target antigens

following eerou)enpy and it appears as if this may ba‘\a more frequently

to t than was initially antigipnted
(Mastrangelo et al, 1984). The ‘daculsed ex[’)ression of Tl surface

-
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nm:i'gen following antibody treatment occurs rapidly but antigen will
reappear when antibody is removed from the system with no apparent
permanent cellular sequelae. It has been demonstrated that following
antigen antibody interaction, the complex localises to one portion of the
cell surface ("capping") followed by a process whereby the complex is
internalised by‘ the cell (Pesando, RS}:z, Lazarus, Tomasell & Schlossman,
1981). This property is also dependent on the nature of the cell surface
antigen itself (rgvy et al, 1983). This phenomenon also sttessesA the
importance of antibody bin"ling in. order to produce an effect u[;on the
tﬁmor cell, and several studies have- : vta relate

' peutic response to'antigen saturation.

Cbviously many (‘:ther facﬁors will influence this in- addition to
antigenic modulation. The tumor cells themselves wiu»geneza'ny exhibit
a heterogeneous population of target antigens and therefore therapy with

)

one i one particular determinant may in

itself be suboptimal, and this may be by using a on of .

monoclonals each identifying sepant{ determinants or different surface
antigens. The use of murine mono‘:ﬂdmls in this regard may offe;
therupeut’ic, benefit if ‘the determinants recognised by antibodies of
another apef:ies are unrecognised by species specific .;ntibodies, or the
host's own immune system (Oldham, 1983a).

It is generally agreed that in order to achieve antigen saturation
of a critical level, and hence ‘therapeutic effect, large quantities of
antibody must be given. This was quantified to be in the ogde: of

. milligrams for the of murine leukaemias ( et al, 1979)
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and indeed doses used in clinical studies have ranged from microgram

quantities ty'/;:am (Newman, 1978).

Theoretically many problems arise in the treatment of solid tumors
using this approach, where target cell populations are much more inacce-
ssible than for the ical mali This may

be overcome by using much latger doses of antj.boay to achieve saturation
o: by the use of two:or mnre antibodies, as has been suggested by animal
studies (Capone, 'Papsidero & Chu, 1984). Not only would such cehs\be
relatively Inaccessible to antibody, the infiltration of tunor’bulk by

“-effector ‘¢ells may also prove to be a problem. However despite these

theoretical objections, indirect evidence of antibody localisation is
available from selﬂies‘usmg this appfoach in the di 8 of tumors
(immumoscintigrapty), both in animals and in patients. Further optimis-
ation of this approach in the treatment of solid tumors may be achieved
if it is used in an adjuvant settm‘fonmnij‘izmz debulking or in the
tzéament of subclinical metastatic deposits. Although the use of

in these in not d'efined, it

may well prove to be a most rxewa:.ding approach.

° -
The shedding of tumor antigens-into the circulation may affect the
in vivo response in two ways. Antigen antibody complexes free within

.
the circulation may account for di as

antibody b;ill effectively be blocked, and in order to oveicome this,
larger infusions of antibody would be required. The circulating conplex‘r
es also present a potentially toxic threat as they'will be removed from
the circulation by reti 3 a1 celia, the 1iver and if

“~

e
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renal excretion also occurs, it is possible that a glomerulonephritis may

also result, although these side effects have not been seen in the
limited l)lmbers ipﬂtiﬂntsj&l\ﬂlai to date (Dillman et al, 1984).
# N .

..The potential toxicity of ﬂninistering monoclonal antibodies
received much attention .1n early studies. True hypezsensitivity has
been noted in ten to fifteen percent.of patients who have received this

N mode of therapy so far, ranging from fever and chills to urticaria,
bronchospasm and anaphylactic shock. Other toxic‘si'de effec!:s noted
appear to relate to the nature of the treatment itself, and possibly
occur as a result of the xa_mva.l of target cells.from the blood. When
given as a rapid infusion in the pxessn:’e of a large circulating tumor
load, respiratory distress has been seen in mice (Dillman et al, 1984).
This may be explained by the ‘trappj.ng of cell antibody complexes by the
lung which would then react characteristically producing a :espimtorya
distress type picture and ultimately respiratory insufficiency. Similar

2 *‘\ave been r «in patients inyolved in some

clinical trials (Dillman et al, 1984), but not in others (Oldham et al,
*1084). !
The regulatory effect that antibodies may exert upon the immune

i in icular through 2 ti-idi has
been better appreciated since monoclonals became available and these
concepts have also been applied to the field“of tunor /meology. An
ideal target would be the B-cell tuor idiotypes, the only humen tmﬁzf L
speciﬂc marker presently known, and l;he use of anti-; 1ohype antibodies
in the regulation of proliferation of malignant: B—ce‘lg clones has been «

proposed (Dillman .et al, 1984). Indeed, this mechanism of action has
v



been as an lanation of the of a patient
with B—cell lymphoma (Miller et al, 1982). Monoclonals may also act as
immne requlators if directed against a number of growth factors or their
receptors, such as the transferrin receptor og, that of epidermal growth
factors, but full evaluation of this mechanism of ‘action is still
adaitved. L]

The antibody independent cell mediated response to tumors has also
received increased attention recently and this approach broadly encom—
pases adoptive—cellular mmunotherapyj utilising specific cytotoxic ) n

ymphocytes, ot of ‘the cytotoxic cells, the
macrophage or natural killer cell (Mastrangelo et al, 1984; Rosenberg,
1984) .

Early experiments transfusing large numbers of immume lymphocytes
into tumor-bearing r'ats 'wer'e able to demonstrate tumor regression T
(Delorme & Alexander, 1964) but the unavailability of suitable cells
for' human use largely prevented clinical studies. ,Tumor-immune pig
‘Iymphocytes have been used for the i c of 24 patient

with recurrent bladder cancer, with, for 11 fents ¥

(Symes, Mitchell, Eckert, Roberts, Feneley,*Tribe & Lai, 1978). Recent

ptr , that _T-cells
%

could inhibit a cytotoxic, T-cell response in ‘a tumor bearjhg host and

work has been by the

therefore by eom:‘rouing the suppressor T-cell population, immuno-

therapeutic response would be facilitated (Mills & North, 1983). .Xn

addition, exposure of T-cells to interleukin 2 in vitro could produce

large numbers of cytotoxic T-cells (Morgan, Ruscetti & Galllg,)lsn) that
|
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would be required for pti » and using this

has that lymphocytes obtained from

paticpts with cancer have antitumor activity in vitro following expansion

of cytotoxic T-cell clones by exposure to interleukin 2 (1982). Although
*

it is still too early to assess the practical use of such findings, it is

quite possible that such techniques would enable the production of large

nunbers of cytotoxic T-cells to be ¢ from

" which could then be used as adoptive hunmwtheszé\o\t:éat the donor

patient's tumor.

The role of the non-specific cell nedguted immumne response is even
more speculative and there is ;-zo generally ,accepted view regarding
importance °§ each cell line proposed in this capacity. The macrophage
however appears to have sevejal roles, including an antigen presentation

as the cell mediated specifically through
the IgG2a monoclonal antibody (Herlyn et al, 1982) and apparently also a
non-specific cytotoxic function (Mastrangelo et al, 19!‘!4). Its activ-
atiof t':y Bacillus thtte—cuexin (BCG) and Corynebacterium Parvum
(C.Parvum) has led to trials of these agents being used in cancer
therapy. In sumary it appears as if systemic BOG administration is

in sy ! i i and this translates into
no overall effect upon tmm; growth in experimental animal models.
However, although its local application has been demonstrated to produce
tumor regression in’ some settings, such as in the treatment of malignant
melanoma (Morton, Eilber, Holmes, Hunt, Ketcham, Silverstein & Sparks,
1974) and inttf-pleurally for lmagf';:a,\cet (McKneally, Maver & Kausel,
1976) , 1‘: has never convi{x:i.ngly been gmﬁtrated that this is a result

N




of specific macrophage activation. . ?

Natural killer cells have been proposed as one of the principle

““ cell types responsible for host resistance to tumors Or metastases in a

normal individual, although there is sfill no conclusive supporting

evidence of this (Baldwin, 1984). In vitro they appear to exhibit

cytotoxicity but to what extent this is important in vivo is not known.

Present research is directed at ways of augmenting natural killer cell

activity, including the role of .interfexom, in an attempt to suppréss
tumor growth. =4

.
In summary, the role of immmotherapy in the treatment of cancer
.remains controversial and is to a great extent unproven. The availabil-

ity of 1 ant has not only p a reneved in
this approach but has also helped to answer fundamental questions
regarding tumor immunology and regulation of the immme system, although
this too is far from 1y, is also being

focused upon the role of the cellular components of the immune system in
tumor cell killing but this area of imminotherapy is even more speculat-

ive at present.



Radiolabelled monoclonal antibodies have also been used for
imaging which, in addition to immmnohistochémical and’binding studies,
provides indirect supportive evidence of antibody, localisation at target
tumor sites, and also offers potential as a new diagnoetlic modality in
its own right. As this targeting system has now seen'use in patients,
» it is hoped that 1 o of admini ing such ly

conjugates may well define pioblans that may arige when antibody drug

are for therapy. For example,

of dmini 4 an ly that actually localises

this approach haa\/’already’ provided inteéresting information on the

in tumors, which may Me great tele:ance to drug targeting systems.
. ~ A

As with ler antibody targeting systems, early investigators
utilised polyclonal antibodies raised against twmors. In 1953, Pressman
reported that radiolabelled rabbit antibodies to the mo#ine Wagner
osteogenic sarcoma localised in mice bearing these implanted tumors,
although localisation in several of the normal tissues such as liver and @
kidney was also noted (Pressman & Korngold, ¥953). Such early studies
elphuslsed the requirements of high specificity of the antibody carrier .
and the presence Of tumor associated target antigens. Despite the

similar llmiutic‘na of p’clycloml antibodies referred to in pteceedingi.

5, _they have ly been used to localise tundfsboth in
laboratory animal models and in patients, with over 80 percent: aocTrucy
being reported (Goldenberg, .DeLand, Kim, Bennett, Primus, van Naqell,\
Estes, DeSinone & Rayburn, 1978 Mach, Carrel, Forni, Ritschard, Donath & ‘

s i ‘ )

»
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- ~EStimates of the porportion of injected antibody that actually
o
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~-"lberto, 1980; Dykes, Hine, Bradwell, Blackburn, Reeder, Drolc & Booth,

1980). Althdlgh CEA was the target antigen for these studies, other
groupe have utilised antibodies raised against alpha-fetoprotein (Kim,

DeLand, Nelson, Bennett, Simmons, Alpert & Geldenberq, 1950), human
; S

(Goldenkx Kim, DeLand, van Naqeu & Javm&
1980) and fo: imaging metastases of renal cell cancer (Ee.\ir.a.ky, Ghose,
l’quim) Tai & MacDonald, 1978).

localises in tumors range from 0.01 to 2.6%  (Mach, Carrel, Forni, .
Ritschard, Donati\& Alberto, 1980; Epenetés, Britton, Mather, Shepherd,

y triou, Nimmon, Durbin, Hawkins, Malpas &

Bodmer, 1982). This, in addition to antigen present within the cin:\':la!:-

ion and in normal- tissues, u for hiéh: Tevels of |

radiatxon detected when conventional scnnninq ptocedutes ate ueed to

image the distribution of labelled antibody. :\‘hin has luqe&y pzevmt—

~ed its widespread clinical evaluation a diagnostic tool and rapid

developments in the other dlaqms:tc modelit. of (.'A' acanning and
ultrasound at the same time have diminished same nvestiqatuta' enl:hus—
iasm to.pursue this diagnostic. approach.

In order to &vercome these problens, a numbe!
3

»
of further approacty,

es weré explored including the use of

combinations or/antibodma to increase specificity, roved computerised

the f second antibodies
-~

to promote clearance of the primary labelled anl ies, and the use of

dionuclides with inp imaging eristics -such as Indiun-111 or
< ¢ =

1 antidodi or .

e



- Iodine-123.

In vivo expezimnts uging radiolabelled mtznoclonal antibodies have
Genonstrated Localisatidn of hunan tumor xenografts in several model
syaqlems (qustnn, l‘nski & Bernstein, 1980; Moshakis, chlr;imey

"~mq)wvm & Nevilf®, 198): Stuhlmiller, Sullivan, Verlaert, Croker, °

Harris § Seigler, 1081 Epenetos et al, 1382; Colcher, Zalutsky, Kaplan,
£ Rufe, Austin & Schlom 1983; mtﬁéy, Finan, Lennox, Ritsons Takei,

Wraight & slkora, 1983] and manmg of these studies have now seen ‘hdcal

evuluation. Fonwinq the demonstration. of mmclonal antibody lqcal-

isation in H'l'29 (culoreccal) xenog:afbs in. mice, 500 miczograns of
labelled mnoclmal antibody (Xodinmﬁ) was admh\istezed to patients
x) . with colotectal cancers with gond correlation between extent of .
clinical disease and scanning ‘after Wghours (Smedley et al, 1983). [
Similarly, a monoclonal antibody raised against un osteogenic sarconla
'oeu una has ‘also been shown to localise in a nu‘nber of tumors Lntillxiing
JR— ’ co!orectul primaries, and has been inyestigated in 60 patiehts of whun 4
had beniqn colorectallesions and 1z non-oolonic gutro!nteatinal canceza
(Parrands, Perkins, Hm, Hardy, mblecon,-BdMn & Hardcastle, 1982; ,
X _ hrmitage, Perkins, Pimm,: Fuxanda, Bdéwhﬂb‘ﬂaxdcastle. 1984). In this :
3 sﬂ% 200 miotogtm of ' I-131 labelled antiboiy was adniniste:ed and _
imaging pertemed bétween 48 and 72 hours post Anjection, " Correlation
o was attqnp:ed bet\veen qesults obtained from scanning and counts obtained

from :eee‘ctea specimena of patients who were treated su:élcafl}. &

Localisation’ uu shown fox all 29 patient.s witt™ primary cclbrec!:al

¥ chr:« in aﬂdition to suoceseful imaging of metastatic de'posita in 13 .
uhlS* patlents \dth d&ssemxnated disease. ~ No positive scans were
D . . T s

.
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obtained for the patients with benign disease or for 10 of the patients

with. non-colonic mal 1 Although ng
results have been obtainedfrom such studiés, little is known about the
actual mechanism of localisation of such antibodies, and further inves-
tigation hm? the Jature, extent, and distribution of the target antigen
is warranted. ) . L

. By a studies " j tumors Si latively well

chancterised anthens suwch as CEA may ptwide more mfomnory of

particula: interest are studies utiuaing the highly specific anti-CEA.
monoclonal angibody 11—25-1‘. I-131 labelled 11-285-14 has been m.

to localise in nude mice bearing CEA & \g human tumor

(MacDonald, Lazenby, Alim & Nelqi.r\gl 1985) i dﬂltiw‘s%to current
evaluation in 'patimts as a guide to second look laparotomf ‘and in the

. staqing o£ gastrointestinal and pancreatic tumara‘(ulun, Arderam,

HacDonald & Fi&ldiﬂ;' 1985a, 1985b).
A number of anesl:igd’tiona have utilised rnﬂio).ubelled F(ab')y
fn‘qn;ntg to enhance localisation in tumor tissue, and this has been

i . »
confirmed in studies with mice xenografted with human tumor cells

(Herlyn, Pove, Alavl, Mattis, Herlyn, Emst, Vam & Koprowski, 1983),
qmough it has been suggested that such fragments may “show greater
intrinsic selective apd spec!fic binding compared to the intact anpibody,

.other factors such as increased clearance from the blood may alsomscwnt

for the be;.ter Lmingh\g as then appears 'to' be less cinplexinq'ot these \

F(nb')z conjugatea with citculathq antigen, with subsequently less

uptake by reticul 11al ceui ingiver, 1ong, and spleen. »

x n ; »

f.'~ B
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Localisation of a, I-131 labelled monoclonal antibody, which was
raised against a ‘colonic tumor antigen, in a study of 52 patients with

1 1 yielded scans 'Ln 51 percent of

. cases, with localisation confirmed from assessment of ”radina:tivity in
resected specimens where the average antibody concentration varied from
3.6 to 6.3 times higher than in nommal tissue (Mach, Chatal, Lumbroso,
Buchegger, _Pomi, Ritschard, Berche, Douillard, Carrel, Herlyn, Steple-
weki & Km;waki, 1983). Althougli only one third of patients received
labelled F(ab')y the yield of , scans d was only
marginally’ increased to_ §_1__’perce|t, ummh it was not stated whether

this was a 1y

‘

In order to overcome the pzoblén of nonspecific uptake of "is0~
topes, vhich c:‘entu the high background radiocactivity in the cimula‘tlon
and ial tissues, utilised a second labelled
antibody to- image r.he blood pool and using a cmpm.ex;sed subtraction
technique, improved the ratio of tumor detection (Golder:berg, Kim,

Deland, Bennett & Primus, 1980). However, further evaluation of this
technique has suggested that precise backgroind correlation is required
to privent false negative or false pdsitive results and thatiwith a low
tumor/background count ratio, the uc}niquevls qui'te‘ \m':elhbx'e (Otf.
- Grey, zivanovic, Flower, Trott, Moshakis, Coombes, Neville, Omerdd,
Westwood ‘& McCready, 1963). Despite 'these"\mitationa, some variation

of this d ? hniqud has been adopted by most
investigators in this field. \
o |- q
otfer methods aimed at d y have

.

/
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included the use of second antibodies directed against the primary
ndiold;eue’d antibody in order to accelerate its clearance from the
circulation. Thede may be administered in the form of liposomally
entrapped second antibodies (I g t, Keep, Green, Searle, Bagshawe,
Jenkes, Jones, Barratt & Ryman, 1982) or directly as free antibodies

into the circulation (Sharkey, Primus & Goldenbergy 1984). The latter

was i in bearing -human colonic xenografts

and was found +o enhznce the clearance of the primary antibody without

’ ; on of in the liver and spleeh, as
was noted using ly second The clea:a‘r\ég.

‘of the labe;'l.led antibody Eronzé'e t_‘ff," was not seen until' 24 hours
after injection of the second a;trbody, alt.hourg‘h maximum association of
/the primary antibody with the tumor may not have occurred as a result
of its rapid cl from the ci ]

< -
‘The studies outlined in this section have attm{xa:l to demonstrate

antnx;iy lotalisation at target t\m;, sites, which as indicated—earlier,

provides onlx_ indirect evidence that other mtm conjugateg will
similarly localise. However, studies have also directly addressed
the problem of antibody deqg oonjl’.\gate localisation by labelling either
_the antibody or drug dirfetly with 'radlohmtope. -

Using a I-131 labelled polyclonal anti-CEA antibodyd vindesine -

conjugate, 8 with ad avnrhn and 1 tal
‘cancers were investigated for conjugate lct;alisation (Pord, Newman,
v
Johnson, Woodhouse, Reeder, Rowland & Simmonds, 1983).  Positive scans,
i

using were for 5 patients up-to 48
’ . ' t

-~ .
e \ 3
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hours followying the administration of the labelled cunjuga\‘s suggesting
that drug conjugation does not impair the ability of antibodies to
localise in vivo, and compiementary in vitro studies using ELISA confirm-
ed the anti—CEA binding _of the

ly following con:

. 4
odi i

an area of research im~

its own right, it is hoped that information obtained from studies similar .

to those described j.n this section may heve relevance to the targeting
of antibody"d(m conjugaf.es vhen used for therapy.




55
I 6.0 WARHEADS

I6.1

.From the previous section, it appears as if antibodies, especially
mm'nélunl antibodies, offer the greatest poténtial as target specific
A

" delivery agents in order to uu:’ue the selectivity of the number of

cytotoxic agents, including toxins; rail.n‘mudea, which may “be used

for is in to ; anti-cancer

drugs, and a variety of ob;er cytotoxic agents such as venom and phospho-
lipases. Such warheads will be discussed in the following section, with
the "exception of anti-cancer drugs which will be.considered under
immunochemotherapy, section I 7.0.

I 6.2 Immmotoxins

The d upon a ing system TJy the use of
toxins as vaxmu'ls result (m their extreme potency, which theoretically

offers the greatest chance of a cell kill of malignant tumor cell
populations that are either ible to oonvmumal drugs or lack
sufficimt cell surface antigen density for Lulnotherupy or immnochemo-
thetapy to be expected to be beneficial ('morpe, muazda, Davjes & Ross,
1982; Raso, 1982; Sikora, Smedley & Thorpe, 1984). However, the p)tlnt-
1al for Aon-specific toxicity also exists using sich molecules, emphasis-

b 0
- ing ;he need for highly specific delivery agents. Although such -

have ive cell killing in in vitfo models,

r.heze have been telatively few in vivo studies Amrﬂ.ﬂ; this to date,

and fears of j have also €Peir use in the
. ¥ .-

2 T
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clinical setting to date. _____ y

~

A relatively limited number;of toxins have been investigated for
potential conjugation to untibuixes in targeting eystms, and these
include diptheria toxin, and the plmt toxins abrin and t!cin, in
addition to other plant-derived polypeptides which although lackinq in
pof.ency‘ appear to exhibit some degree of "toxin-like" effect in vitro
(Thorpe et al, 1982; Sikora et al, 1984).

The atructu:‘e of the wxins/ of dipth:ria, abrin and ricin. is
essentially sinilar, consisting’ of two polypeptide chains, A and B,
each having specific functions, and linked through a disulphide bond.
T0kin interaction with cells is mediated through the B chain, which
binds to lbiqultm- cellular receptors, which for arin and ricin have
been identified o be any surface ¢ chain ting in a
galactose residue (aunigez' & Fiete, 1979). This receptor mediated
interaction is responsible for entry of the A chain into the cell,

the precise is still unclear. It is thought that
cytotaxicity arising fron the A chain entry occurs from its interaction ..
with ribosome thereby protein s and it
has been estimated that the- entry of one molecile into a cell is-suffici-
ent to kill it (Yamaizumi, Mekada, Uchida & Ckada, 1978). A similar A

chain effect has been seen with the polypeptide gelonin isolated from the
seeds of Gelondun multiflorum,- vhich inhibits isolated erythrocyte
ribosomes with dimilar potency to other plant toxins, although its low
~ overall in vivo potency arises from the absence of a B chain (Stirpe,
Olsnes & Pihl, 1980). - B =
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The properties of antibody toxin conjugates are essentially

similar to those required of any conjugates used for pargeting purposes,
namely retention of antibody target antigen binding ability, stability of
the linkage in vivo, maintenance of warhead potency and the ability of
the conjugate to allow the warhead to exert its action at the target-site
without interference. Early conjugates using couplir}g agents suwch as
glutnralddxyde resulted in polyﬁe:isatlm of the 2onjugate with conseq-
uent loss of toxin pétency, thought to be due to the formation of
irreducible bonds between the toxin A ‘and B chain. Subsequent. hrpmved
methods of conjugaticn using coupling agents such as the anhydride or
este:'dedvativea of chlorambucil, "SPDP" reagent (N-succinimidyl
3—(2—pyzidyldithio_) propionate), or following oxidation of B chain
residues into aldehydes( capable of reacting with amino groups o the
antlbody molecule, have praved to be euccessful ~for the production
of active immunotoxin conjugates ((hrleson, Drevin & Axen, 1978; Thdrpe,
Ross, C!mbe:_, Hinson, mwazﬂs & Davies, 1978; Thorpe et al, 1982). These
methods have now auwed a number of available toxins to be unked to
polfclon«_al and mnoclena}‘ antibodies and even to hormones (Chang, Dazord
& Neville, 1977). ' ¥
1{ ixnitinl studies performed in the' early 1970's using mnlx;otoxina
_demnst;atad selective cytotoxicity of cells bearing viral or chémically-
induced antigens in vitro, when treated with a conjugate of intact
diptheria toxin mlantibor]y raiged against these induced antigens
(Moolten & Oooperband, 19707 Philpott, Bower & Parker, 1973a). Encour-
aélpg results from early ahimal studies were also “obtained as it was
demonstrate:i that survival of hamsters bearing 'subcutaneous sarcoma

tumwrs expressing chemically-induced antigens, could be prolonged by

N
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treatment with similar conjugates comprising intact diptheria toxin and
_antibody directed to tumor antigens (Moolten, Capparell &, Coopegband,
1972). However there is presently little evidence that such conjugates
can act upon human t\l;nm (Mdolten, Schreiber & Zajdel, 1982).
.

\ Immunotoxin conjugates utilising intact toxins inevitably show

e ific i in vivo as’ a result of binding to’

normal cells through intact B chains, in addition to exhibiting a high
degree of paténcy. Attempts to reduce these undesirable toxic properties
of abrin and ricin conjugates in vitro, have uti_].iéed free galactose or
lactose in culture to block non-specific binding, by competition with
cellular receptors for the available B chains (Thorpe, Oumber, Williams,
Bivards, Foss & Davies, 1981; Sikora et al, 1984). Altematively, By
use of monoclonal antibodes directed at‘ the binding site on the B chain
would also prevent non-specific .toxicity without affecting efficacy

(sikora et al, 1984). LI

Direct conjugation of the effector m;dn A cha; to antibodies or
their fragments, has also been pex-fo.rﬁad in order to increase selectiv-
ity,, é’lthough in general potency of such conjugates iggmuch less than
that ‘seen using the intact toxin. formed £rom co the

A chains of diptheria or ricin toxin to raBbit Fab fragments directed
against the L1210 mfnlne leukemia have beenfamnstrated to show select-
ive cytotoxicity of target L1210 cells in'vitro arthough potency was
dimln’shed ‘(Masuho & Hara, 1980). Selective cyioloxicity of immunotoxins
comprising ricin A chain and a polyclonal goat antibody raised against
the human tunor associated antigen, CBX, has also been demonstrated for

’
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colonic cell lines this antigen (Griffin,
P

Haynes & DeMartino, 1982). In vivo studies using ricin A chain and
intact anti-tumor antibodies have also convincingly been shown to reduce

tumor growth in mice (Janséa, Blythman, Carriere, Casellas, Gros, Gros,

Laurent, Paolucci, Pau, Poncelet, Richer, Vidal & Voisin, 1982).
- = !

BN

. i 8

The use of conjugates of gelonin have been 1nvest\igated in
attempts to reduce toxicity while maintaining selective actim,\ar\d it
has been demonstrated, in éunwn with A chain conjugates, that potency of
such inmunotoxins is also reduced (Thorpe ef al, 1982).

. 5 -

Vitetta has demonstrated that separate delivery of .ricin A and B
chain antibody lco‘njugates confers advantage in cell killing, even when

A chain conjugates have been demonstrated to be ineffective alone

(Vitetta, ozshleg & Uhr, 1983)., It renatus, hovever, to be seer whether
tlﬁ)x synergism seen between conjugates m vxtro, can be reproduced “in the

in’vivo animal model. A further approach to hvprove efficacy of ricin A
chain immunotoxins has utilised the addition of standard chemotherapeutic

agents and to the treatment :egime of mice

with L1210 leukemi Combined otoxin and was shown to

be more effective in prolonging’ survival of mice than “with either
treatment modality alone (Sironi, Canegrati, Romano, Vecchi & Spreaf-
ico, 1984).

In y: the y of

strated in vitro, although problems related to the intrinsic potency ¥

intact toxins have emerged from the ‘relatively limited numbers of animal

bhas been well demon- -
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studies Methods of ng sel which have been

considered include increasing the specificity of the carrie‘ in aéditmn
to reducing nmr‘speciiic binding of toxins to normal cells through their
B chains, or diréct couplé.nq of the A chain to a carrier. The .';att:er,
however, has in general also resulted in reduction of potency and
selectivity of these conjugates must further be delined In experinental
models prior to clinical application.

I 6.3 Ralionuclides
Althougn radiation therapy is a vell established treatment

mdality for certain cancers, the Aysben!c admlnlstzation of/ radio-
isotopes has found limited application. ne pnrticulat exception is in

the treatment of thyroid cancer where the uptake of !

iodide by thyroid tissve, both malig’nant and normal, is exploited. 'The
concept of conjugating radionuclides to antibodies directed against
tumor associated antigens haa\{he potential for increaamg the range of
tumors that may be treated using radioisotopes in addition to the
selective Ya:g‘etmg of these agents to radicsensitive tumor cell populat-
ions. In to this h ( )

rarﬁmmlidm'have also been conjugated to antibodies for the purpose’ of
Iq . y

b ( as has been discussed in other secti%'\s.

As with all potential targeting systems, there are a number of

and © in using high energy radio-
isotopes as the warhead. alpha folod S0l as
Biamuth-212 and Lead-212, have been used infrequently ‘ow: to\their

B
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general instability, although Astatine-211, an almost pure'alpha emitter,
has successfully been conjugai:ed to a monoclonal antibody (Bloomex,

, Lipsztein & Dalton, 1985), and therefore attention has been Eocusﬁ'upon

such beta emitters as Iodine-131 or Phosphorus-32 (Sikora et al, 1984).
The ability of beta radiation to penetrate several cell layers is of
advantage in treating tumors with poor vasgularity and generally inacces-
sible targer; cell§. The antigenic heterogeneity of a tumor cell populat- v
ion is ‘r.heozetically 1ess‘ of a problem using this approach as it would
require relatively few cells expressing antigen to target the radio- °
isotope conjugate to the tumor where a cytotoxic effect would be exerted

upon surrounding cells regardless -of antigen exp:es;;ion. The major

of this is that of non-specific irradiation 9£

normal tissues during the distribution of the conjugate throughout

the body, an intrinsic property of the warhead independent of the

specificity of the carrier. //\\ 4

Preliminary studies ihvatigatihg the potential of nmmo:a‘dhr L
ﬂ’\etapj in treating human colonic tumor xenografts in an animal mnde!.
have been encouraging, _the target antigen being CEA (Goldenberg, Guffat.
Bennett & Beach, 1981). Polyclonal goat anti CEA immunoglobulin,
conjugated to I-131, still retaining CEA binding activity, was used -to
treat hamsters bearing CEA expressing tumor xenografts and a sLngIe
injection of ImCi I-131 was shown to I.nh:n?!t tumor growth in addition to

3

increasing survival of hamter;}eeiving conjugate.

Such an approach has also been applied tq,txea: ‘a 1imited number
of for whom tiona has failed (Order, Klein,
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Ettinger, Alderson, Siegelman & Leichner, 1980). Based on the abllit:y of
:adiolabelled antibodies to localise in antigen expressing tumors bor.h in
" animls and in patients, conjugates Of »anti~CEA o anti-ferritin anti-
bodies and I-131 were administered to 9 patients. Significant tumor

regression (CT analysis) was seen 1n 3 of 4 patients with hepatic

cancers within_one month of whereas no 2 effect was ‘

seen in 5 patients vwith non-h@uuc tumors (oo).on, lung, floor of mouth),

when uwp to 100bmcl of led waa in addition
to converitional cancer treathent (combined irradiation and chemotherapy)
. Only one patient t!éated with rad’!&immoglobulih developed fever,
suggestlng relutlve lack of “toxicity aasociaud with this £reatment
administered at ‘thest doses. :

In oﬁér to prevent potential systemic toxicity, a 131 labelled *
monoclonal antibody dlrected against af’tmt;::’ associated antigedy has
been administered by the irttzacavllty ‘rcute (intkwleurally, intra-

ardlally and 1ly) in three y ’

Oncology Group, 1984). Selective delivery of radiation to mu_gmm:

tissues was with of d.

al tumor regression

on CT scan seen in one patient, and ahsence of tumor cells from
or peritoneal fluid being Eound fouwing treatnent Ln
patients. Absence of toxicity was also mt? following this trea

sx:h studies suggeat the potential of tarqey.ng :adionuclides to
tumr cells for dmepyp ad emouuging xmultn are gpparent fxm the
ll.mited numbers of patients treated using this apptoat_:h. A further

to has been ir dted by Golderberg who




, “of suwch approach in t.her animal models are teo be arpected as this tech-,

- i -

: Ty e B °? .
used an anti~CEA antibody to -target. Boron-10 to Cen expressing b -
colonic in hamsters where 1uca.usu;:xon was '» .

demonstrated in these tumors. The rationale for using Boron-10 lies in
its Sbuu:y to absorb uzemal neutrons with the subsequent release of
alpha particles, profiding a practical application of neutron capture
therapy suggested by Bale ovéx 30 years ago (Goldenbérg, Sharkey, "' °
Prims, Mizusawa & Hawthorne, 1984). “Further reports of the efnc'nq'y

nlque is mveetigated further. ey N . ~ . S
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I6.4Drugs | - = ¥ . -

»in conpaxxsé to the range of altémative i a,

relatively large nu:bez» of "anti~ cancer d:ugs have been utilised Ln a
variety of tugeting systems, 1m:1udxng addamyci.n, methot:exate,
chloranbucil, vindesirie, dauiomyein,. bleomyein, cisplatin, néo'cazzmo-
stadn, phenylme diamene-mustard; and the range is- expecr.ed :o inczause
as new are This may well® reflect ‘the

opinion of séveral lnvaugar.ors that dxugs currently represent the most

g cunicauy relevant wathgad} as they have’ generally ah'eady aeen wide-

spread clinical use and, ,much on the -
and ‘toxicity®f the free’drugs is available proyiding a hsen}buenne
for the assessment of oonjugute efficacy. By éontrut, the limited

Lniogntinn available on the in vivo.effect cf toxing -has delayed . the ¥ L

of to p ; lbuevez. whereas
the potency of ‘toxins and ndlgnuc“.des mgk3 these ageiits uppamf.g for -~
it has,bear': X that a xelatively 1urqe: nunber of drug




molecules would :eq'ulre delivery to ta it ‘cells in order to produce a
. . Comparsble effect. Although the }tqma}m of antibody drug conjugates
i s

: R » I i Bl ooy
T will be disqussed in following se t is that the use of
’ thi .moet highly potem.\of these a tL would be advantageous. ’rhis
t i S *
& 5 underlies tHe rationale for ua( of the vinca alkaloids in tha
- “studies in this thesis, which on § molar basig are the most  poteiit’
v . ® A' . anticancer drugs in clinical use. Aspects of the vinca alkaloid! will'
<+ ‘now be discussed. ¥ . *
et i .
.. N -
: P .
\_xssvmumomq ) SRR A
K % . S
. . T <ﬂ" . *

. ’ Vinca rosea or common. perivinkle, has ‘seen widespread use by

e " herba.luts for- several yeam, especlally for the healing of chronic

wnu:ﬂs, in scuzvy, and for thé relief of toot.hnche, although its anti—

neoplutic potential was not discovered until the 1960'5, when J.nvestig-

., ations into its a.lleqegmypoquceqic pr@e:txas veie undertaken by Lilly
(Berde:, 1981). Of 70 1oids ly actex £tom this plant, - ,

'. nipa are cytotoxic and of these, vinblastine and vincristine have been
uud widaly in the drug i:eatmnt of " cancer. They have been found to be
be pu:ticularly useful in the of h i mali

,Alrhp‘ugh activity against many ao‘l’lﬁtumok has also been reported, !
including breast cancer, testicular cancer, renal cencer, malignant
Al melanoma ,and nmnn;. '

g . N e .
X ¢ ., . The molecular structure of these alkaloids is essentially similar,
’ :
consisting (of two linked multi-ringed compounds, vindoline and %

* catharanthine, which' in uoimii_ plepam:lw"appaarl' “to have no anti-
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- \cumz activity (sepder, 1981). inblastine amide),

" one of two semi-synthetdic derivatives of v(nhluatine, appears to have a

different spectrum of anti-tumor activity and on a milligram per
 kilogram basis, exhibits less t?ﬂcity than the other alkaloids, making.

. « .
it an attractive agent fdutelhrdmty clinical tun.\s (Creasey, 1981).

) n-. has been _shown ‘to be’active “in patients .previougly . un:esponnve to.
vinc:istine, suggesting lack of cross resistance between these agents
(valdivieso, Richman, Buxgess, Bodey & Freheich. 1981).

- i N . oy

*

¥ At the molecular level, it haa been demnstrated that these agents

require an gy nctive { X system in order to cross
the cell membrane to enter the cell (Bleyer, Frisby & Oliverid®97s),
.and it;. has been suggested r. re::eptcxs for the vinca alku;ids, in
particulat v\sestne, may be present on certux.n human l!ukaunin cell
 Nines (Totsuka,\cahind & Wizoguehd, 19621, W within the cyto-
plasm, these afmm are thought to, exen: their effect upon t\buun,
inhibiting its polymerisation, and ¥

* ¥ the 1on of

=~ microtubules, essentiél‘ for several cenlular functions includirg mitoeis,
structural integrity and transport of uolutgs (Bender & Hamel, 1984). A
notable feature is that very low concentration olf drugs are required-to
" inhibit microtubule formation and henck’ produce cytotoxicity (Jackson &
Bender, 1979) and it is now appaxent that cells may be killed at any
phase of the cell cycle, Although they appear to be most susceptible
dun.ng the late S phase (Stohr &-Fischinger, 1978). In’ addition to thla
direct cytotoxic action the alkaloids also cause delay of proliferating
cell populations at Gy .and it has been suggested that they may be ,

.

into apy for sy ing tumor cell™
7] . -

N
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~ i s
populations, with. additional agents being used to achieve maximm cell

kill at the phase preceeding the block (Hill & Whelan, 1980). Within the _

class II (cell cycle phase-specific) agents.

The toxicity of tté'»“\}imaa appears to vary between individual *
* agents, with neurotoxicity occurdng in greater than 30 peu:enl: of
patients rece!.v!ng wp to 2 muugmrs of vincristine as a single’dose,
but belnq urely seen with vinblastine or vindesine (Creasey, 1981“\..
Although, dose dependent., these neuropathies (motor, sensory, autonomic) .

¥ _are often irmexsime. By contraat, it is myelosuppresion that is the

limiting toxicity of vipblastine, with a xevexsib‘l‘leukwmia and '
thrombocytopenia seen in greater than 30 percent of patients within-10
days of treatment. - ’

The small doses in which these dx!'ugs are used, ~largel:y pregluded
phammokinetic studies oé these agents until a Senaitive“ radio— :_ .
irmmoassay was developed (Owellin, Foot & Haids, 1977 Sethi, Burton &
ka!,a\, 1960). The phammacokinetic patterns” forfjthe alkaloids appears

‘essentially similar, with rapid drug dietributim‘into extracellular

calpuxtmentg from plasma and biliary excretion following heputié metab—
g v X

- olism of these drugs. Extensive reversible binding to blood elements has

also been noted, in the order of greatest binding to plasma proteins,
platelets, ‘ed and whxte blood cells (Bender et al, 1984). The relatively‘
short plasmu half-1ife of these agents has stimulated several atuiies to
investigate the value of long term infusion of these drugs, especially
for vinblastine and vi i which as are less nmitzd by

. neurotoxicity (Bender et al, 1984), and encouraging responses have been

in _with breast cancer (Yap, Blumenschein,

¢ °

A

Iklnetic- clyiﬂcntxon ‘of anti-tumor drugs, the vincas are regarded as ,
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Wortobagyi, Tashima & Loo, 1979). . Studies by Mathe similarly sugdésted

the value of -infusion of vindesine over bolus h\jection'fnr haematolog-
ical malignancies (Mathe, Misset, DeVassal, Gouvela, Bayat, Machover,
]

v g, Ribovo, Musset, Jasmin § Delixa, 1978),

A

' pi

and similar ul.thoughb:‘e!.indmr’y studies have also .confirmed tl\ value
’ et
and mnt;ve safety of this approach (Bodey, Yap, Yap & Valdivieso, 1980;

Gllby, 1980) . ~ .
. .
The use of yindesine in the treatment of solid tdwors is being
evaluated further by ‘many phase II studies, and encouraging results of

its efficacy in the treatment of naugnant melanoma (Carmichael, Atkin—(

son, Calman, .Mackie, Naysmith & Snyth, 1982), advanced breast cancer
(walkér, Raich, Plonl:ana, aﬂi‘ramunian, Rdgers, Knost & Dennin?, i982) nd
non-small cenvlung cancer (}umas,. Huli_ans, Einhorn & Cobleigh, 1982)
have been reported, nlth;)ugh its use in the treatment of ‘renal cancer has

not been recommended (Fossa, Denis, van Oosterom, DePauw & Stoter,

1983). Although these ‘studies have utilised the drug as a single agent ’

given weekly by Lnt:avenous bolus injection, it has also -been success-
fully used in several multi-drug regimens, and even pre-operatively, with
isplatin and bleomycin, for the ment of of the

(Balns, Relsen, Beattie & Martini, 1982). |

1 6.6 Miscellaneous Vazheads r
in

Alqhough the major c asges of
uyntens have included tokind, drugs and r ; ionuclides, a limited number
of other cytotdxic agents hnvev:lso been repozt'ed for use in this
setting.
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A covalent cu’qalm( comprising a murine Emy_clonal antibody, raised
against a human melanoma a‘ssoclatai' antigen, and the C3b-like’' glyco-
i -
protein of cgb:a venom, -was shown by Vogel to exhibit selective cyto—
toxigty against nfm{ma Gells vhen mixed with Gther cell lines.in

ence of serum, del by a 5lCr-rele: Y ‘_as‘uy

- (v&gel & Boerhard, 1981). m active vengm'factor, itself ncn—l/:m:ic,

16 thought to ‘be . to_cells &

which ln the presence of ccmplenent faltors of the alternative pathvay
within the serum, cause cell ly!us. an ndvantaqe of this. approach is
that the' conjugate is active at the surface of target cells and does
not require mtemali.sation. Reports regarding the efficacy of this p
approach in the animal model are awaited however. |

s 7 - {

The targeting af the enzyme gllx:oee oxidase co,tlmr cell
pt;;pulntxona has also been performed, the :nt!.onale of ,\ﬂt approach
being chat free ndica}s formed from reaction pmdu:ts between
mmuu and compounds such as iodide, n:sphenmne or luminol wul
caus‘rngl:c{tiv« cell killing (Philpott, Bower & Parker, 1973b; Phupott,
Bower, Pn;kar, Shearer & Pnika:, 1974; Parker, Aachb pott, 1975).
similarly the tazqetlnq of the enzyme ‘phospholipase C in vitro been
utnq to lyse target 1eukaan1c cells wn:hout killing normal spleen cells

L N
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I 7.0 DeNOCHROTERAPY £ ¢

-
.

The criteria alluded to throughout this chapfer regarding target=
mg systems and thelr camponents ‘are equally appncnble to the t@eung
of drugs'to tumrax immumochemotherapy.

’

-’meee,:equlrmts nay e summarised as follows: one, that stable

éonjugatea can be prepared, using covalent linkage between the cytotoxic‘

drug and its antibody carrier. Two, that the propett}ea of each conpon=
ent a‘rb-r(uined/fonuuinq &njugatim‘. Three, that specificity of the
conjugate relates to the specificity of the antibody carrier. Four, that
the cytotoxic drug must be' sufficiently ms,uﬂ must retain activity
at the target site. o~
1imuaxly, suggeetxi limtationa of other targeting systems are
and many remain
ed. These include the ability of such conjugates to reach target cell

also relevant, to

populations by virtue of vascula:u:y of tumors or .their ability to
escape E;an .the‘ blood \!\easelsy the mechanism of action of these conjugat-
es, whether vt'.hey dissociate in the region, ‘of the. tun.\or or require

¥tiom the

internalisation of the conjl’xgnbe in ordes® to exert their

effect of circulating antigens in reducdng conjugate efficacy, the_

role of antigenic heterogeneity and the possibility of the host develop- -

ingh an immune 8q,€6 such conjugates.
¢ v

With the widespread use of monoclonal entibodies, targeting With'

drugs may well prove to be a practical additional mode of cancer chemo-

N
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J
therapy and the present status of immuncchemotherapy will now be discuss-

Ced

The modern era of targeted chemotherapy began with a report by "
‘Mathe in 1958 (Plate 2 ), of the effect(of an antibody drug- conjugate
“of a murine leskemia (Mathe, Loc & Bemard, 1958). Antibodies. specific
for the L1210 leukemia were coupled by diazotigption to nef.hotrexa?e
and the "?es_ulting: conjugate used to treat mice inoculated with the .

“ kaemi A 1 of guzvival"wa‘s found in the group
—~of r}:ice t:eatedl with a single bolus injection of conjugate compared “to
those treated with drug or antibody alone. These encouraging results

were followed by other repoits of drug targeting in the 1970's. T

% Ghose utilised a conjugate .oE chlorambucil and antibody aga.inst
Ethrlich Ascites Tumor to ‘dsmnst:ate sﬁpprepslon of " tumor- growth and
survival of mice treated with the conjugate, é?'m@::ed to mice treated
with free anubody.or with chlorambucil bound to ‘a non-specific pmce{ﬁ
* (Ghose & Nigam, 1972). The method of conjugation involved adsorbing
the drug physically to the antm?; i.n the cold,‘redylting in the

ormation of a non-covalent emplex. Using this method, the alkylating
propettlw of chlorambucil were i and ody 5 de

:ated by hmunofluoresceme on smears of Ehrlich Ascites Carcinoma

Cells. However, despite the convincing anti-tumor effect seen in these
experiments, the use of non-covalent bound antibody drug conjugates as a
drug u:geting uyatun has been criticised following the demonstration of‘
" -complex dlaaocht_ion in vivo (Davies & O'Neill, 1973; Rubens & “Dulbecco,
1974)«  ‘Therefore, despite lack of ‘t:rue "homing" or targeting of such



EDEC

E EXPERIMENTALE. — FEffet sur la leucémie V210 de la Souris d'um
combinaison par diazotation & A-méthoptérine et de -globulines de hamster:
porteurs de cette leucémic par hétérogreffe. Note de MM. Geoners Marui:
Taax Ba Loc et Jeas Beusawo, présentée par M. Léon Binet.

d'un i bolite tel que
rs porte

1210 par
210 pettem ire i \-smethop-
térine ou aux s-globulines scules ou & Paddition des deas (non combi

Plate 2. Photograph of Title and Abstract of Mathe's
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conjugates in these studies, it was suggested that the ad;i‘tive o:.
syng:gi‘stxé effects of drug and angib:dy demnatrateé, likely resulted
from ly drug affectedgells (Davies et al, 1973).

Using a similar 1 hloranbucil -
condigite, e ales demcdatEated suppression of growth of EL4 lynphoma
in mice compared to groupe treated with the antibody’alune '(um;une rabbit
g@nm), chlorambucil alone, or 11 bound to 1 rabbit
globulin (Ghose, Norvell, Guclu, Cameron, Bodurtha & MacDonald, 1972).

However, ‘these éxperiments did not include a group of mice treated with-a
mixture of unbound drug or antibody, an important control if the dissoci-

ation of non-covalent Ca'l-plues d::eq indeed occur in vivo.

Despite these criticisms, the paper does also report the use of a
conjugate in the tre:tment of a patient with metastatic malignant
melanoma, who, despite surgery, chemthexapj and direct BOG injection
of metastatic cutaneous nodules, showed no evidence of tumor regression
nEil treated with _the intravenous chlpznmbucll-goat _anti;elan‘ma‘
antibody. conjugate. -

— -

Tha method oE coupling drugs to anti.bodies to form cwuent

" lexes s therbfore ,of : and although Mathe's or!qlnal

paper (1958) zefe:red only fleetingly to the process of dmzot:isntlon, ony;

vrepo:th as early Mlsst actmpted to define the chenl.cal problens of

coupling such nqenta a5, met! o to in mojecules (DeCarv-"

uho, Rand n uviA. 1960« -me rangu o! chemical reachiona has been
um-md to include, in ion to.d  carbodi inide ¢
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ion between carboxyl and amino groups, glutaraldehyde coupling between
amino groups, ion of sugar and ester of carboxyl

groups (Rowland, In Press). It was thought that direct conjugation of
dzugs to immunoglobulin molecules would limit the efficacy of such
conjugates as a regult of physicéchemical changes 1nduced in the antibody
and the inabillty to link sufficient drug moleculgs (Rowland, O'Neill &
Davies, 1975). Therefore in order to minimise interference with the
antibody, and increase the number of associatéd drug.moleculesti.e. con—

jugation ratio), inert, ediat were suwch as

polyglutanic acid. oy {amine mustard omple d via .po‘xyg}umuc
acid to rabbit immmnoglobulin against murine EL4 lymphoma cells was shown
to pzolong the median survival tim of mice anculatgd wir.h the EL4
lymphoma (Mlalﬂ et al, 1975). i

. - Oonjugates obtained from the direct coupling of desacetyl vinblas-
tine hydrazide, ‘a of vi to polyclonal anti-CEA anti-

bodies have been evaluated for targeting efficacy fn vn,'.ga, in a 72 hour
.exposure microcytostasis assay, using Calu-6, a human tumor lung cell
line as the tafget {(Johnson, Ford, Newman, woodhota, Rowland and
Shm;nds. 1981). The results clearly denonstrated the efficacy of such
conjugates over free antibody, drug, cr a mixture of both in thu

Uy syaten. This_radiolgbelled conjugate has also been administeced co

Patiem:s ﬁm-.h‘vamed canc’e/zyehd locanutl.on has-been confirmed with
2 of the 8 patients studied (Ford, Newman, dohnson, Woodhouse, Reeder,

Rowland & 1983).. In no cbvious toxicity was seen
. b

even witt\the‘ Mstf&tian of up to '42:my of a single dose of conjug-
ated antibody, ]au;geeung the feasibility of this approach. :

|

i
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Such studies stimulated further work -jnto the coupling of the
_—
vinca alkaloids to monoclonal antibodies, ?:wulent complexes were
1A% ANk g
plepared between the drug enﬂhe anti-CEA’ monoclonal 11-285-14;
anti-melanoma antibody, 96.5 (Brown, woodbuzy, Hart; Hellstrom & Hellstr-

om, 1981); anti Blastoma ».-BI13A i Fritschy,

+ Asser, Sutherland & Greaves, 1982); and anti—osteo;;enic sarcoma mono-
clonal, 791T/36 (Embleton, Gunn, Byers & Balgwin, 1981).In general two
methods of conjugation have been employed; azide cmjugation and active
ester cunjugntion, the latter being more efficient in addition to
achieving thhet cnn)ugation ram (mwla:d, In Press).

The efficacy of these conjugates in suppressing tumor growth has

. been investig‘ated in i.n vivo systems utiusmg the antibodies mentioned
above. Of particular interest are targeting studies ‘using the C:'A
m:p:eesing colorectal tumor MAWI, maintained by se:ial passage asl
xenografts in nude mice (Rowland, Corvalan, Axton, Gore, Harsden, Smith
' & Simmonds, 1984). Mice bearing these xenografts were trear.er}, on the
day of tumor inoculation,. with free antibody (175 mgkg-l twice weekly
for five wéeks) and conjugntu; of 11-285-14 and vindesine (6 mgkg-l with
respect to vindesine concentration using a similar schedule), the
latter 'resulting .ln_ suppression of tumor growth forAthe\ 90 days of the
experiment, whereas free uﬁtibbdy had only slight e;fgct. Parallel .
éxperiments using the md—m nx;}\oclmal 14-95-55 (an IgG2a) and its
v!.ndulne'conjugate\, also confirmed conjugate afficacy, although'suppres-

"¢ slon of tumor g:wﬁh was also l:bEained with free antibody.

1
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Drug targeting studies have also been pursued by other investigat-—

ors along similar lines, and a recent review
experience in .vitro and in vivo with conjugates of polyclonal and
monockonal -antibodigs dirgcted/Bgainst rat tumor antigens, and alpha—

P n, using 1y and its hydroxy-derivative ndxia!rycin
(Amon & Sela, 1982). Targeting of daunomycin with anti-CEA polyclonal‘
antibody conjugates has also been dgmonstrated in vitro using human tumor
cell lines, where _conjugate efficacy-was also found to be greater than
that of free drug, antibody, or a ure of both (Belles-Iles & Page,
1981).

Ariamycin conjugated to anti-Sp 4 monoclonal antibodies, shown -

to localise in vivo in tumor bexing rats, has"alsc beé#n shown to retard
tumor growth compared to free drug, a conjugate of adriamycin and a
non-specific immunoglobulin, or a mikture of fgpe drug and anti-sp 4
monoclonal (Pimm, Jones, Price, Middf®, Enbleton & Baldwin, 1982). <
R

CQlinical studies utilising antibody-drug conjugates are Eew and
have generally mvolved limited number of patiencs, oftedl with advarked’
disease, In addition to demonstrating clinicauy the ‘aynexgistlc
effect between d'rug Ia.nd 'antibodx_j.n_fbl-e patients with me‘tastqtim
malignant melanoma, prolonged median survival time of a patient treated
intermittently over a’year with a covalent melphalan-immunoglobulin

conjugate »has also .been reported . (Everall, Dowd, pavies, ' O'Neiil ﬂ‘
" ‘ A

‘Rowland, 1977). Using d, o 1 lexes of 11

survival times in \Sihnu with joma, cfmpare/d,h.éhose :ecs’aivmg

£

w
P
”
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conventional chemotherapy (Ghose, Norvell, Guclu, Bodurtha, Tai &

Machonald, 1977). .

However, further clinical Btudie“s‘ using covalent complexes of drug .
and antibody are scarce, and none have beenp‘\flished to date where
" monoclonal antibodies have been used & carriers.
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I 8.0 ADNS OF THESE STWIES

studies were as follows:

Prom the iﬁgoing sec‘tluu!flt'fpeup as 'if targeted chemo-
therapy offers potential as a method of improving the selective delivery
of drugs to tunors, which may be clinically relevant.¥ ° .

/‘

1. Ds(ng CEA as a model, to chuacterise a range of human tumor cell
£y e, : ,.

2.

3.

_ xenograt model (3,above) y 2 s
In addition to these aims, the tion B¢ additi
anti-CEA  nonocl ty ising Hinblogy
attempted, ¢ n .
. » t
- - " -y .
‘ o T (
- N i
A i
f g &

' ‘\{
N NE)
Mpartafﬂ\ewaluationofdusapp:oach. r.hgahncfthuo

/’.

@

lines for the expression of.this target ént.ig‘en with an anti~EA «
a4} radiolabelling

monoclon&l

studies.

ly, using

Y

-

To evaluat® targeting efficacy and selectivity of anti-CEA

\

I

monoclonal a.nt.ibody vindesine conjugates in vitzo'u‘lng uelecud
" cell lines (fm 1) ina Ihmmil assay.

To establuh a xenograft p{e—clln.{cal model Eor the in vivo.

assessment of targeting using the lines®selected t:_ulabove
= \

To assess the efficacy and selectivity of anti-CEA -nn\u:lmu‘ oo

antibody vindesine conjugates on the growth of human tumor .
-
x}ngraft.s‘tt.h a range of urget(muqen A expression; in the ¢ ~

P







1110 EONAN TOWR CRLL CULTORE ' a5
IT 11 Introduction
. . .
_Just as a progress in n;icmiology was slow until 1881, when Koch
proposed a method of ulec.uve bacterial culture, suitable methods of
» culture of human tumrs have allowed rapid progress.to be made in the
£1e1d of oncology (sykes, 1975). ‘

Since* the first pemment cell cul:u:e was. prepared ag:am a

cezvlcal nevplasm in 1952 (Gey, -Coffman & Kubieck, 19\52), otﬂer human -

s01id - tumors have been grown in vitro as monolayers on—glaas and plaétic

: surfaces.

/

'!hls-has not been without prcblan hwevet, and atta:pts are stul ¥

being: made to’ ove swch £ ai fes as initfating the

culture, selective w;xowm of tumor cells free of E,(bn:b.l&t.s and other
‘contaminant cells', suitable nutritional corrlitions_ for optimal cell
growth and characterization of the cells. Against these difficulties,
the threat of infecuo‘ remains a potential hazard and techniques of
haidling these cultures under sterile conditions, with judicious use of
antibotics, have also required development.

12 een Lines
Human tumor cell lines utilised in this study are listed in Table
1 along with the type of tumor, and were already established in culture
in the Oncology Research Laboratory, where thcy wete undergoing characte-
riaavuon. They were obtained initially from the American Type Culture
Coliectlon, Ha:yland., U.S.A., with the ceptlon of‘ BENN which was
obtained from Dr. M. Ellison at the Ludwig Cancer Institute, London; U.K.



TABLE 1. Human Tumor Cell Lines used at Oncology ne'séarch, with source

CELL LINE

‘isiar -

.

SOURCE
Adenocarcinoma,
2Adenocarcinoma,
Adenccarcinoma,
Adenccarcinoma,
Adenocézc{.nar;év
Adenoc{arcinama:

-~ Adenocarcinoma,
Lung .carcinoma
Lung carcinoma

Lung carcinoma

Cimil

80

-

colon
colon
colon
colon
* e g .
colon .
colon

rectum .

Fay
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The cell lines were grown as monolayers in 75 cm? perspex tissue

culturé flasks (Falcon, Becton-Dickinson), and mmtained at 37 degree-s-

A Celsius. Selected cell lines i.e. BENN required inctbation in a 5%

canx;n dioxide atmosphere and were kepr; in a separate gassed hu;nidified
incubator.

Cell growth was checked dagy by viewing the monolayer undery an

inverted viewing phase méc:oscope (Diavert, »Léitz). Characteristic

of cellular hol were seen, ie. 'epit’heloid, plemn’)'rphic,

fibroblastic, and ,._;&" tion of the laye ng the surface

of the flask was » in iti to:other 2 stics’ such

B S
= as clumping or piling-up of cells. Plate 3 illustrates growth of a tumor *

cell line in culture.

II 1.3 Media
L4

‘ 5 .
Table 2 lists the media and supplenents required by ‘each cé%}; .
line. The addition of the supplements to the basic stosk solution was
performed in the laboratory uxﬂér sterile conditions. '
“Media was added to the culture flasks or replaced as r;ecess'ary.
but, on average, 30 - 50 ml of qad;mn was ’changedu bi;weekly, depending
on cell growth. This was pezfomed”unde: sterile conditions, using a
laminar air flow enclosure (Contamination Gintrol Inc.), sterile equip-

ment and " micro-biol 1 es such as flaming the open

mouth of a container prior to pouring. g .



Plate 3. Growth of cell Tine SKCO1 monolayer eight days

post-trypsinization, as seen under an inverted
viewing phase microscope (Diavert, Leitz)

(Eyepiece, x10 ; Objective, 10/0.25)

82
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% «
‘ TABLE 2. Media reguired for Cell Culture, including sl{pplenenrs

('Au materials auml‘;?‘by Flow Laboratories )
. oo

. F N '

QLD . . MW ' SUPRLBMENTS
5 ‘.-( . ’ v, e
HT29 - MeCoy's 100 ml fetal calf secm
S seom (15.68)
" . 6 ni qutamine

6 ml non-essential amino acids
12 ml penicillin-streptomycin
.{ 60000 U penicillin,
-
60 mg' streptomycin)
15 ml IH Hepes Buffer %

LoVo HAM'S F-10. 100 ml fetal calf serum(16.18%)

(00 m) 6 ml glutamine

12 m penicilli;x—étreptolb}cin

(OOLO320DM RPMI-1640 50 ml fetal calf serum (8.8%)
"(500 m) 6'ml glutariine ° .
12 ml penicillin-streptomycin
. SW116 / 5’837 15 . } 50 ml fetal calf serum (8.8%)
(500m1) 6 m glutamine
e 12 ml penicillin-streptomycin



Table 2 —continued

Dulbecco's

(500 m1) .,

L 4

M199. (250 m) -

+ Dulbecco's (250 ml)

«?Dulbecco's 500 ml

Calu 6 /
BENN
549
° *
_____ Y
LS174T / SKCOL

)
Minimum essential

" medium (500, 1)

84

. -
\ ) .
100 m2 fetal calf serum (16.02%)
6 ml glutamine < -

6 ml non-essential amino acids
D

C2m penicﬂlin—s%reptowcin

. \
\

50 ml fetal calf sedum(8.8%)

6 ml glutamine i
121 :p'eniciu,in-sueptawcﬂ}

50 ml fetal calf serum(8.8%)
.

6 ml glutamine

12-ml penicillin-streptomycin

50 ml fetal calf serum(8.8%)

6 nl glutamire .

. 6 ml non-essential amino acidsg

12 ml.penicillin-streptomycin

~
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II 1.4 Trypsinization

M cell growth in the.tissue culture flask reached confluence,.
a cell was by H irg the cell monolayer. ,This
enabled a cell count to be performed and based on the number of viable

cells pr’es‘m& in suspensioh, aliquots of known cell number were prepared
for use in 'suasequent experiments.
B

- | X

II 1.4 (a) Materials )

Phosphate. bufered saline (PBS) i 7.2; 0.15M, prepared Erom\PBS tabTets

(Oxgid ltd.',-mélaxﬂ)_; éiss’élvedii:‘l distilled water as per man ‘Qtuzgr‘s

instructions, .and’

terilized by autoclaving.
Trypsin-EDTA 10x (Gibco)  1/10 dilution in PBS

> .
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. II1.4 (b) Method | < -

‘Unde! sterile conditions, the medium in the culture flasks was
poured off and dxsca.rded.

2. The cell mnylayer was washed twice witﬁ 20 m), sterile PBS at room

" temperature, and the'PBS discnrded.

Cs5.0m t:ypsin—MA solution (1. 1q Qiiution § PBS| was added to
" the flask, which vas then 1.nc1bat

mmutes 3
4. .’l‘ne txypsin solunon containing the\cells wL.s then poured into a
stexi.le cenmfuge tiibe end 2.3 m1 ms added tb the flask to wash
any refraining ceu.s/ 'rms was then pou:ed ln the centrifuge
t\be also. a
5. The cells were then centrifuged for 5 minutes at 200g.
6. The supernatant was ;:a:‘efully poured off the v;‘.ell pellet and the
cells re-suspended by tapping the tip of the :Eentcltuge tuba.
7..10.0 ml of medium was then added to the cells and a cell count
performed.. )

|
II 1.5 Cell Count . \
. :

The concentration of cells in sua-pJTnsion‘wFs calculated using a
haemocytometer. Cell viability was aasé‘ssed by using a solution of
acridine orange (which stains viable cellL brilljant green) and ethidium
bromide (which stains r;on-viable cells orange or|dull g(e;r\) when viewed

with a Fluorescence microscope,

i t 37 degrees Celsius (0 C) for S
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prepared.
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II 1.5 (a) Materials - '
~_
Haemocytameter (Neubauer), with coverslip
Acridine Orange (Sigma chemicals, USA) *
Ethidium Bromide (mu; London, U.K.) *
*used as a 0.001% solution AG/EB
Fluorescence Microscope (Ortholux II, Leitz), with a 50 watt

_mercury vapour lamp. = i

II 1.5 (b) Method

One drop of the cell suspéusian, at appropriate dilution, was
;pixed with‘one drop AO/EB solution and the mixture placed, beneath the
éove:s]:ip of the haemocytometer,. which was then viewed under the fluor-
escence microscope. , Viable and non-viable cells were counted and

the percentage of viable cellé calculated.

II 1.6 Cell Dispensing

At every trypsinization, cell smears were routinely prepared for

Y + A cell of 106 cells in 1

of ﬂftean; alcohol cleaned, microscope slides. These were allowed. to
air dry for 24 hours prior to fixation in methanol for 20 /minutes.
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New flasks were established using a minimum of 106 viable cells,
which were mxtiany placed in 10—20 m of medium prior to incubation.
S\bsequent maintenance of these cell cultures has been described.

Extra cells were frozen in order to obtain a stock supply for the

laboratory. For this purpose, a 108 solution of Bixrer_hyl'mmmide

(BOH Chemicals) in fetal calf serum (Flow LAboratories) was: sterilized '

by passage through a 22 um micropore filter, and 1.0 ml of this solution
S i 5 3

added to™ - 6 x 106 viable cellg, .prior to, transfer to a Munc vial
(Intermed). These vials were cooled .for 24 hours in.a -700C’ Revco

freezer (Rheem Manufacturing Co., Asheville, -N.C.) prior to storage in

liquid (Liquid

APQLLO SX 35; MVE).
Cells were retrieved by rapidly thawing the vial in a 370 C water-

.
bath unti]l a little ice remained and then adding the cells, under sterile

conditions, to 9.0 ml of medium in a steruercentrifuge tu;.we.

suspension was then centrifuged at 200g Eor‘ 5 minutes,

The
the super-
natant discarded, 5.0 .mlI' of fresh medium added, arﬁxﬁ?uowing a cell’
count, the suspension was added to a tissue culture flask.

The concentrations of cells used in .individual expexinents,

uridine assay, fusions, xenograft inoculation, etc. will be described in
t-:lm appropriate section. '
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II 2.1 Introkwtion .

The method of fusion outlined for the generation of anti-CEA mono-
Clonal antibodies followed that of Kohler (1975) and Woodhouse (1982):

II 2.2 Mouse Myelcma Cell Line, KS-1

The NS-1 mouse myeloma cell line was obtained from the'Hunan -
Genetic Mutant Cell Respository' (Camden, !{-J.) It was grown in
guapenaion-in 75crni tissue culture flasks (Falcon, Bectm—niékinnon) at
370 C in a 5% carbon dioxide humidified-atmosphere. I;.s mediux‘n, RPMI-
1640 (500 ml) was supplemented with 50 ml fetal calf serum (‘P(S), 6.0 mb
glutamine, 2.0 ml penicillin/streptomycin ( 10000 U genicilun. 19~nq
streptonycin), 10.0 ml glucose (4.5 gl-1) arli 1.25 @l thioguanine. (All
materials supplied by Flow L ). To cell
growth, medium was decanted from the flask under sterile conditions and
replaced with fresh medium at approximately 2 day intervals.

One day prior to Euaim, cells were diluted 1:10 following a oeu
order to maintain afpms\th!\’
growth at time of fusion. A cell count was repeated on the day of

unmt and assessment of vl&uity.

fusion and * ollowing a sterile PBS wash, a suspenaiun of 107 viable

cells m~1 was prepared.

-
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II 2.3 Spleen Cell Donor
. t

Table 3 ind the i i hed

donors.

for spleen cell

‘,

To ha:vest the spleen cells, mice were sacxinced usfng ca!bon

dmnde and the spleen removed under sterile conditions. 3-celd suspens-~
ion was prepared by pushing tﬁ spleen thrcuqh a fine stegile sieve *
using a rubber ¥ipped syringe plmé‘z. The spim cells were coliected
in sterilé PBS; and the suspension alloved to stand 1n order to allow

ldrge clumé th settle. “A pipette was used to remove the supernatant,’

consisting of spleen ce&ls in suspension. o
B , .



(pfomﬂ by members’ of the Oncology Research Laboratory)

FUSION DAy !

2% ©oo
52

R

1

AGENT

LoVo
. Lovo

-

QUANTITY ADJUVAI\:I‘ ROUTE

LoVo . 4.58x106

\
~ Lovo  3.45x106

(ug, cells)
200 ALUW/B.P.
»  aum
20 ALUM/B.P.
20 . ALUW/B.P.
26.6 ALUW/B.P.
20 ALom
- 20 ALUM/B.B.
20 ALUW/B.P.
L2 ALUM
2%’ ALUM
FUSTON :
107 B.P.
107 PBS
EBS
BS
30 ALUM
PUSTON

. Table’ 3. Immunisation Schedule for Spleen Cell Donors

®
P
®
®

~
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II 2.4 Pusion
II 2.4 (a) Materials

SPLEEN CELL SUSPENSION 107 cells mi-1 -

MOUSE MYELOMA CELL SUSPENSION (NS-1) 107 cells mi-1

RPMI~GLN: RPMI 1640 100 ml
* GLUTAMINE (GLN) 1.0 m.

' ) PENICILLIN/STREPTMYCIN 1.0 ml

PEG-DMSO-RPMI (44% PBG): POLYETHYLENE GLYOXL 8.0g
R ‘Dmx.stmmmé ‘1.5 ml
| s 8.5 ml

FPMI-GLN-FCS:  RBMI-GLN. 100 ml

FCs J1m
RPMI-GLN-HAT: ~RPMI-GLN . 100 ml —
HAT x 50 2.0 ml
RPMI-GLN-HAT-FCS: RPMI-GLN-FCS 100 ml
HAT x 50 2.0 ml

RPMIGLNHT-FCS:  RPMI-GLN-FCS 100 ml
HT x 50 20m
TISSUE CULTURE PLATES, 96 and 24 WELL (Linbro, Flow)
All mteri_al'z from Flow Iabo‘mtories, except PEG (, BDH, Poole,

England ) and DMSO ( BDH, Toronto ).

HAT : Hypoxanthine Aminopterin Thymidine
HT : Hypoxanthine Thymidine .



/'.A/ II 2.4 (b) Method,
D

3.

Spleen cells and myeloma cells were mixed in a ratio of 10:1
and centrifuged at 500g for 5 minutes.

Fcﬁlcﬂing removal of the supernatant, the cell pellet was
warmed in a beaker containing water at 370 C which in turn was
placed within a,largé: beaker containing water a\__iﬂil)vr
temperature. S )

1.0 ml PEG-DMSO-RPMI was ‘added to the cell pellet dropwise
over ong minute, stirring gently with a pipette tip. This was
continued for a further minute and 1.0 ml RPMI-GLN-EAT added
over one minute in a similar nj_nner, followed by ‘one further
minute of gentle stirring. '8.0 ml of RPMI-GLN-HAT was added
over 3 minutes and cells then centrifuged for 5 minutes at
200g. ’

Following removal of cells were in

25.0 ml RPMI-GLN-HAT-FCS and plated out into five, 96 well
plates which were incubated at 370 C in a humidified 5% c;rbcn
dioxide atmosphere.

The placéé were undisturbed for 5 days. The medium was then
changed by using a 19 gauge sterile hypodermic needle (Yale,
Becton-Dickinson) attached to a vacuur line “eo remove half,
\r{hlch was replaced by fresh RPMI-GLN-HAT-FCS. The medium was
changed every 3 days and after two weeks, the hybridoma
selective medium (RPMI-GLN-HAT-FCS) was ze‘laced by amino-
pt‘erir\ depleted medium, RPMI-GLN-HI-FCS, for a minimum of



.three changes. This was then replaced by RPMI-GLN-FCS.
Microscopy using an inverted viewing phase microscope was
performed on a_daily basis after the first medium change in
order to detect growth of c?lonies. Supernatants from
promising wells were removed under sterile conditions and

tested for anti-CEA'activity by ELISA.

. Positive hybrids were either expanded‘by transfer into 24 well

culthre plates or cloned immediately by limiting dilution

(10 and 5 cells ml-1) followed by dispensing 100ul aliquots
into the wells of 96 well culture plates.



II 3.0 ENZYME _INKED IMMUNOSORBENT ASSAY (EJSl
II 3.1 Introduction : = -

The detection and quantitat}ion of small amounts of biologically '
active substances, even within the nanogram Yer millilitre range, with
a high degree of specificity, 3 and | d ility has been

achieved using methods-that utilize the unique nature of the a'ntigen-
antibody wesponse. Radioimmunoassay has been wldel} ‘used for such

5 since its ion over years ago (Yalow & Berson,

1959). The use of radioisotopes hwéve: has several disadvmtageg,
related to the handling and safety of these reagents, their cost,
availability and limited shelf life (0'Sullivan, Bridges & Marks,
1979; Ekins, 1980). )

These have been by using enzymes as
alternative labels to radioisotopes in an enzyme immuscassay. Horse-
radish pemxizfase and alkaline phosphatase are widely used enzyme
labels, although others such as glucose oxidase, B-D galacto-oxidase

and glucqamylase have also been used (O'Sullivan et al, 1979).

Enzyme activity may then be assessed in a quantitative or semi-
quantitative manner following catal_ysis of a simple reaction, which 'may
invqlve a color change or thermal response. Several techniques of
enzyme immuricassay Have been described with reaction sequences related
to labelling of antigen or antibody, phase of reaction ‘ar'ad the numb'e:
of .staqes involved.

The antibody ‘ELISA used in hybrid in
this study was essentially a modification of the aandw.lch essay. . Excess
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antigen wﬁ bound to a solid phase and reacted with antibody, which in
turn was detected by an anti-mouse immunoglobulin” enzyme labelled
antibody. The color reaétion was then quantitated spectroscopically,
and it has been shown that 50 pg per cuvette of anti-CEA monoclonal
antibody may be detected using this assay (Woodhouse et al, 1982).

_IX 3.2 Antibody Assay , °

1 3.2 (a) Materials .

Carbonate Buffer (O.XM,. pH 9.8)
Sodium Chloride 5.76 g1
~\ Sedium Carbonate 10.6‘ g
Sodium Bicarbonate 8:4 g
1% BSA Carbonate Buffer
BSA (Sigma, USA) =
Carbonate Buffer, 0.1M, pH 9.8
Citrate Phosphaf:e Buffer (0.1M, pH 4) |
Citric Acid * 0.906g . |
Disodiun Hydrogen Phosphate 1.017g
Dissolve in 100 ml distilled water
BSA-PBS-Tween Diluent
BSA, 1%
_PBS pH 7,2
Tween 20 (BDH, Toronto) 0.1%

Hydrogen Peroxide, 0.0024%
Saline Tween
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Sddium Chloride 0.15M
R . Tween 20 0.1t
) CEA - Each cuvette requires 250 ul of a 2.5 ug ml-1
- concentration. - 2
2,2' azino-01 [3ethyl-Benzthiazoline sulphonic acidl (ABTS)’
ABTS Stock, 27.8 ng mi-L (Sigma, _St:muis) )
. i Peroxidase canjugated rabbit anti-mouse immunoglobulins
(Dako, Dermark) ‘ ; . ‘
Gilford ELAS0 processor, with Reader and Thermal Pri.nter‘
Cuvettes (ELA Cuvettes, Gilford) - -

II 3.2 (b) Method
. 1. To coat cuvettes, 250 ul of a 2.5 ug ml-l solution of
CEA in carbonate buffer was ’dispensed using the Gilford
. w ol ElA _50 at appropriate setting into each well of cuvette
strips. ’mea; were incubated for 3 hours in a water bath
at 370 ¢, followed by storage at 4°C. The supernatant
was decanted prior to use. . B i

2. To blotk non-specific binding, 300 ul of 18 BSA-

v " carbonate bugfer was dlsp'é;iaed Vi.nto each cuvette followed

by an incubation period of 1 hour at 370 C,
s or W : . 3. Test reagents were prepared in appropriate dilution in
BSA-PBSTWEEN, and folloving removal of the 1% BSA-
cgtbolﬁte buffer, 200 ul was pipetted into each labelled
cuvette, with appropriateé controls. A .further '
incu_aaﬂon period of z‘~ 3 hours at 370 C followed.

A




£

4. Rebbit anti-mouse i in horse-radish

98

at 1:1000 dilution was prepared and 250 ul added to each
cuvette after removal of the test reagents and controls.
The cuvettes were incubated for 3 hours in a water bath

at 370 C. The substrate was piepured to provide a

concentration of 0.44 gl-1 ABTS 'in citrate-phosphate °

buffer, with 0.0024% hydrogen peroxide.

5. The Gilford E1AS0 was set to produce ah absorbance

reading of zero and stabilized. Conjugate was removed
£rom the cuvettes ,followed by 6 wahes with saline-tween
and the substrate dispensed. into each cuvette (250 ul).

The time of reaction was noted, and the absorbance read ’

spe'ctrosoopica‘lly using a 405 nm filter and displayed by
the pxlntex.‘\

6. For calculation of results, the blank absorbance value

" obtained when ABTS was initially dispensed was:sub~
tracted from the final absorbance reading for each

cuve{te.
II 3.3 Antibody Assay for Testing Conjugates
The assay outlined above was used to tes€ antibody activity of

iodinated and vindesine conjugated 11-285-14, with 11-285-14 as a
control.Concentrations tested were 1000, 100, ‘10, 1 ng ml-l and tests

were performed in -triplicate. curves of (

with ly i were



II 3.|Ant.llgm Assay

For quantitation of CEA, the initial sequence of the assay was
modified. Cuvettes were coated using 250 ul of a 1/1000 dilution of
rabbit immunoglobulins to human CEA (Dako, Dermmark) .in carbonate/
bicarbonate buffer,and incubated at 370 C for 3 hours.

Following the :anubqtion with 1% BSA/carbonate, 200 ul of test
sample duutxone were adéed to the cuvettes in txiplicar.e, with CEA

as and i fm: 2 hours at 370 C.

11°265-14' at a concentration of 2.5 ug ml-1 was dispensed into
each cuvette (250ul) as the next stage, and following a 2 hour incubation

" at 370C, the assay was as for stage 4 of the antibody assay, outlined

above.

curves of [¢ ) against CEA cpmentrétion

(ordinate) were constructed to quantitate CEA.
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1I 4.0 IMMUNOPERCKIDASE
II 4.1 Ihtln‘hx:tim

The immmnoperoxidase technique utilizes a specific immunological
rgaction to detect a variety of cell products i‘ncl‘udin;'; onco-
developmental antigens such as CEA. Although sevelral methods have been
described (Heyderman, 1979), the essential feature|of the test involves

the polymerisation of a e.g. diami z at the site of

: 3 - : <
antigen-antibody i A in t\he of and
peroxide. - :

The test used in this thesis was an indua(t method (Heydermar? &
Neville, 1977) with modification (Ford, Stokes & Newman, 1981). The

‘first antibody (11-285-14).was a monoclonal anti-CEA antibody while the'
second antibody was a :_ghbié anti-mouse immunoélobuuns (heavy and
light chain) horseradish peroxidase conjugate. ‘ ’

with appropriate com::ols and highly specific antibodies, the test
is extremely reliable, with the additional advantl.age of its permenance

-and preservation of cellular and tissue hol i (DeLellis,
er, Mann, Banks & Nakane, 1979). ¢ |

II 4.2 Materials

SPECIMEN * either methanol fixed smeﬁ:s of human tumor
cells prepaxed following tzypsinizauon, or
formaun-ﬂxed, parufﬁn‘ embedded tissue

sections.
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XYLENE Stock solution.
ETHYL ALCOHOL N Absolute; 75!, 608, 30%; stock solution.
HYDROGEN PERCKIDE 7.5% in distilled water s lied as 50\

solution tHthemia 1td., Ontario).

BOVINE SERUM ALBUMIN 1% in PBS (Sigma, USA)

PERICDIC ACID 2.28% in distilled water Supplied as 95%
solution (BUH, Tm;onto).

POTASSIUM BORCHYDRIDE ~ 0.02% In distilled water (BDH, U.K.)-

;- . prepared fresh.

' .PH@HATE BUFFERED SALINE pH 7.2 1

* stock reagents
sodium chloride (NaCl) 36.0g
di sodium hydrogen phosphate ( M) 7.4
ai b (KH;P0g)

2.15g
Dissolve in distilled water and make up to
5.0 litres; adjust pH to 7.4 as required.

BRIJ‘I!S 0.001% solution in PBS pH 7.2 supplied as

) 308 solution (Technicon, New York).

NORMAL RABBIT SERUM 1:25 dilution in 1% BSA in "'

TEST ANTISERUM 11-285-14, 10, 1 ug ml-1

RABBIT ANTI-MOUSE IMMUNOGLCBULINS,

CONJUGATED TO HORSERADISH meg (Dako, Denmark)

* CONTROL ASCITES (BRL MOLECULAR DIAGNOSTICS) 10, 1 ug mi-l

3'3' DIAMINBENZIDINE (Sigma, U.S.A.) prepared fresh
10 mg Diamincbenzidine (DAB) .
20 ml g8S



102
20 ul 308 hydrogen peroxide .

Mayer's Baemalun (Harleco Diagnostics, BDH)
One litre contains: L
1 0 haematoxylin
20 ml 1% sodfay fodate
50g ammonium a!tﬁ
Lithium = ted Aqueous
Permomnt (Fisher, NJ)

\
IX 4.3 Method- Cell Smears.

1. ' Mefhanol fixed cell g ar‘s were bleached by céveung the slide
with 7.5% hydrogen peroxide for 5 minutes, followed by a tap water
wash. “ - LT A TR P

2. Endogenous peroxidase was blocked .using 2.28% periodic acid for 5.
sinites, followed by @ tap water wash.

3. Aldehyde groups were bltL:keﬂ with 0.02% potassium borohydride for
2 minutes, . sljdes were then washed with tap water followed by
PBS pH 7.4. Jd T :

4. 3 bu-nng was by application of

50wl of & Ne¥sdution of nomal rabbit serum, in a moist
chanber, for 10 minutes, since the second antibody was a rabbit
anti—;muse re;gent.‘ i

5. .The slides were washed in 0.001% BRIJ for 5 minutes.

6. Incubation with 50 ul of. the first antibody (anti-CEA) at test
concentrations following app:&gia:e dilution in 1% BSA in PBS,
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within the moist chamber for 30 minutes. !hgattve controls
included were 1% BSA and, when available, control ascites at the
same concentration as the first antibody. Positive controls
included a known CEA expressing cell line or liver metastases from
a 1 1

7. Wash in BRLJ 0.0018 for 15 minutes.

8. Incubation with 50 ul of the second antibody (rabbit anti-mouse
immunoglobulins peroxidase conjugate) for 30 minutes. A 1:50 or
1:100 dijution in 18 BSA in PBS wah prepared depending on the
batch.

e

Wash in BRLJ o\pu for 15 ml.rmtes. h w i

10. DAB solution was prepared and imediately appned to the slides
for 5 minutes, then gently vashed with PBS to clear the slide.

11. 2 drops of Mayer's Haemalum were added for 5 minutes to counterstain,
then rinsed with distilled vater. .

12. Slides were placed in r_he saturated agueous solution of lithium
carbonate for 5 minutes.

13. The slides were then dehydrated ‘through alcohols to xylene. &

14. A coverslip was mounted in permount prior to msessnmlt of the
5;“‘“' N

II 4.4 Modifications

A number of modifications to the technique were used when tissue

or xenograft sections were studied. i .

1. Any paraffin embedded section was 1n1r.1auy dewaxed in xylene and

rehydrated by passage through alcohols to water, prior to stage i
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of t&e method. . L. =
2. 'Xenograft sections were also washed in 0.001% BRLI solution for 10
minutes at this point to reduce miyine serum components. 8
3. The volume of reagents used at each stage was 100 ul.
4. Handling of sections required extra care during each stage,

especially during washing or rinsing to prevent the section
1ifting off the slide.

5. . Appropridte contfols for xenograft sections inaluded a segtion of
liver with

colorectal

e CGEA
as a positive control, and the use of a mouse ascites at correspond=

ing protein concentration to the first antibody as a negative ‘
control.

II 4.5 Assessuent

i
Slides were viewed under a microscope (x16 objective) and
of t

sub; by two
who is experiencet

one
. & A a

4 at the technique. The results were expressgd &5 a
percentage of celd

f stained in comparison tb the negative controls.
inj was also

T ﬁ;
II 4.6 Cautionary Note

Many of the reagents used in the test are toxic, or have even been
demonstrated to be powerful

such as di

The investigator is at particular risk when the reagent is in powdaz

form and therefore the preparation of its solution and -application to
slides was performed with’mask and gloves at a sink.’ '

& -
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II 5.0 IMMUROPLOORESCENCE
II 5.1 Introduction ° %

The technique of imnmof’luoresceme has been used extensively to
detect cell surface’ antigenic determinants since its introduction over

» ) 40 years ago (Coons, Creech, Jones & Berliner, 1942). Its use in the
i a o method

detection of cell surfate A

S 0L mest antiserum (1-285-14) .

PBS pH 7.2

Goat énti-muse i lobulins f£1 i na
(FITC) conjugate (Ki & Perry L ies) 1:30
. dilution in PBS ' d

Fluorescence Microscope
v

Mounting solution - 508 Glycerol in PBS

II 5.3 Method

e i 1. Cell smears were incubated with 50 ul of the first
mtm at various concentrations in a moist chamber for

° ‘15 minites. Appropriate controls were included and no
blocking s!’:age was reéuired. ’

2. WasH for 15 minutes in PBS pH 7.2 -
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50 ul of a 1:50 dilution in PBS of a goat anti-mouse -
immunoglobulins fluorescein conjugate, in appropriate
dilution was applied to the slide.for 20 minutes and
incubated in the chamber. g
PBS wash for 15 minutes.

Slides were then mounted and assessed immediately by two’

under the f1 i (x 25
objective) .
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IX 6.0 ANTIBODY RADICLABELLING
II 6.1 Introduction

The following method of iodination of the monoclonal antibody
11-285-14 is based upon oxidation of the immmoglobulin with Iodine-125
using the oxidising agent Chloramine T (McConahey & Dixon, 1966).

" This method protein ion, while maximum
efficient iodination of the antibody.

II 6.2 Materials

Phosphate buffered saline (PBS) pH 7.4
1% Bovine serum albimin in PBS
Potassium fodide lng ml-1 in PBS
Sodium bisulphite 10 mg m-1 in PBS - fresh
Sodium phosphate buffer (pH 7.5, 0.54)
Trichloracetic acid (TCA) (Baker, N.J.) 20% w/v
Chloramine T (Sigma, St.Louis) 4 nq)\l“l in' sodium phosphate
buffer, prePazed at the time of use.

G25-medium (| Upsala, Sweden)
2g in 20 ml PBS

I-125 (Amersham) 250uCi/2.5a1
11-285-14 (Anti-CEA monoclonal antibody) 100ug (Stock:
1.149mg mi-1) X

Gamma counter, Gamma 7000 (Beckman -Scientific Instruments,
Irvine, Ca)’ :
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Eppendorf tubes 1.5ml \

Glass test tubes marked at 0.5ml (12 x 75mm)
II 6.3 Method

1. A disposable 10ml glass pipette was plugged loosely with
glass wool and sephadex, after standing overnight in ‘PBS,

poured into the colum enspdng homogeneous distribution.
20 ml of 1% BSA in PBS was used to_equilibrate the

column. The yere d in'a fume

! cupboard designated ‘fo; the use of radioisotopes, exwuri::q
appropriate precautions.

2. 100ug.of antibody was pipetted into ‘an eppendorf tube and
250uCi of 1251 added. Chloramine T solution was prepared
fresh by adding 1.0 ml of sodium phosphar.e buffer to
4.0 ml of the powder, and 50ul of chloramine T solution
added to the eppendorf tube which was shaken gently for -
one minute. 50ul of sodium bisulphite, 100ul of potassium
iodide and 200u1 of 1% in PBS were then added in sequence,
and the resultu\g solution applied directly to the column.

3. Elution was performed using 1% BSA in PBS, and 0 5 ml
fractions were collected to a total of 20 ml. Radnr
aétivity present in each tube was determined using a gamma
counter, ensuring that two peaks were present, the first

 representing iodinated proteih and the secord, free icdide.

4. Total C{‘unts obtained from tubes aover the first peak were

, expressed as a percentage of total overall counts (i.e. from
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the start of the first peak to the start of the seéol;d) to
lobtain the percentage of protein iodinated (Amersham).

5. The fractions that comprise the. first peak of 'xadioactivity
were pooled and 5.0ul added to 1.0 ml o§ 1% BSA/PBS, mixing
well. 250ul of the resulting solution was removed and
placed in an eppendorf tube labelled "A".

’ ' 250ul of TCA was added to the initial solution, and
following adequate mixing using a vortex, was allowed to .
stand for 15 minutes. The tube was centrifuged at 4000g
for 5 minutes and 250ul Vof supernatant removed and placed
into.an eppendorf lahglled "B". Both 'Al.and 'B" were
place',dv in the gamma counter for counting. C -

To calculate the percentage boshd cpm (counts per
minute), the followin’q Eomﬁxa was mpﬁyed.

Percentage Bound =100 - 2B x 100
(cpm) A
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II 7.0 BINDING ASSAY
II 7.1 Materials
4 -
Todinated anti- CEA monoclonal antibody (11-285-14)
~ see previous-section

- calculated antibody concentration: 0.041 mg ml-1

TEST CELL LINES A positive LS174T ; BENN
CEA negative OOLO320DM
CELL CONCENTRATTON 2.5 x 106 viable cells m~1 .in 18 F.C.5./PBS

18 foetal calf serum (FCS) in PBS pH 7.4 ~ Fresh ~

MM 7000 (Becknan Scientific Initruments, Irvine, Ca)
Centrifuge, Beckman TJ6 with refrigeration unit, and TH4 rotor
Eppendorf tubes 1.5 ml ' )

12x 75.|m\ glass test tubes _

II 7.2 Method
1. The saturation assay employed  seven test antibody concentrations, at

200, 1000, 1400, 1600,‘ 1800, 2000 and 2400 ng/tube, in duplicate.
8
100ul of the cell was .di d into tubes, to

which the calculated volume of iodinated antibody, together with 1%
FCS/PBS diluent to cbtain a total volume of 100ul, was added. This
was performed for each cell line except BENN, where mt%mmem
trations used were 200, 400, 1400, 1800, 2400 ng/tube. Controls
comprised blank tubes to which 200ul of 1% FCS/PBS was added.
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2. Tubes were then incubated at 40 C for 30 minutes. 1.0 ml
of 1% FCS/PBS was then added vo each of the tubes, which
were then vortexed to ensure adequate mixing, and._then
centrifuged at 1520g, 40C for 10 minutes.
.’:\Jpematants were then removed and 1.0ml 1% FCS/PBS added,
tubes vortexed and centrifuged for a further 10 minutes.
Following centrifugation, supernatants we):e removed,
|.~1.0 ml of 1% FCS/PBS added, and after mixing, the contents
- of the ¢ tubes were individually to

glass test tubes. Further centrifugation was performed
for 10 minutes” and follwiné removal of the 'supematant, .
0.5 ml of 1% FCS/PBS added prior to comting with the
gamma ;:omter.

4. Mean counts were obtained for each cell line at each
antibody concentration, following the subtraction of

control counts from test counts. Results were then

hically; i i (ng)/tube

1{;19 the abscissa and cpm along the ordinate.
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II 8.0 IN VITRO EFFICACY
II 8.1 Introduction -

Chemosensitivity of cell lines to vindesine or the monoclonal {‘

antibody-vindesine conjugate was usirg a microcyl
assay (Smith & Nicklin, 1979) with modification (Johnson, Ford, Newman,
Woodhouse, Rowlahd & Simmonds, 1981).
Essentially the test involves application of the test resgent to
cell monolayers growing within wells of microtitre pl{tes and following a
.period of recovery, radidlabelling surviving cells determining inhibit-
ion of cell protein synthesis. It has been shown that uptake of 3
‘uridine into-the RNA precursor pools of surviving cells correlates well
with cell adherence and survival (Smith et al, 1979; Gadiot, Hoedemaeker
‘& The, 1982).
The method also has the additional advantage that the cell
monolayer is not ’d’estroyed on completion of the assay, permitting

3diti histological

II 8.2 myﬁ‘

Cell Suspension 105 cells ml-l in appropriate medium
following trypsinization -

Medium - sterile /

Tisde culture multivell plates, 96 wells (Li.né)m,:mou

Labor;t’ozies) " s )

Trichloroacetic Acyid (JT Baker Chemicals, New York) .

Scintillation Vials, 20 ml (Fisher Scientific)
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Aquasol 2 scintillation fluid (New Research Products, Boston,
Mass.)
3g,Uridine (New England Muclear, Maine) supplied 1 uCi = 1 ul’
Vindesine Sulphate (Lilly, Indianapolis, USA) supplied 1 mg ml-1
n-zs?—lé Vindesine conjugate (Lilly Research Centre,
Windleshagy U.K.) Specific Vindesine ccrc'ent;ation and
immunoglobulin concentration varied in different batches
(Se€¢ Appendix A).

II 8.3 Method

-

. Under sterile conditions, 100 ul of the cell suspension vas
dispensed into wells of \che microtitre plate, such that
each well contained 104 cells.

2. The plate vas incubated for 24 hours at 370C in a

<4 hunidified atmosphere of 5% carbon dioxide.

3. Under sterile conditions, a sterile Pasteur pipette was
used to remove medium from the wells and doubling dilutions
of drug or conjugate were added in-a volume of '100 ul to
each well. The test was performed in quadruplicate for
each dilution, with appropriate control wells that received
100 ul of medium only.. The plate was incubated for 24 -«
hours at 370C as before. . 7

4. The supernatants were discarded in a.similar manmgr to

previously and each well washed three times with sterile

PBS at 370C. 100 ul of med{um was then added to each well

ar;d a2 “hour recovery ;)erlod followed.

N
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Following removal of the medium under sterile condjtions
after recovery, 50 ul of medium containing 1 uci(df 3n
uridine vas added to each well.
A 3 hour incubation period in the gassed humified incubator
at 376C followed.

The was then and the wells washed with

PBS. 150 ul of 5% trichloracetic acid was added to each

well and the plate incubated on ice frx 20 minutes. This
stomed the reaction. s

125 ul of the solution’ within each veLl was added to 7.0 ml-

of scintillation fluid, and each vialtmixed tho:oﬁg}dy and
labelled. .

- Il
The vials were placed in a Beckman Ls?loo counter for

counting.

Results from the counter were expressed as follows:

Percentage Cell Survival = Hean Count gt Each Dilftion x 100

at Each Dilution Fean Control Count

A dose response curve of percentage cell sur(vival (ordinate)
against drug concentration (abscissa) v+as thgp constructed.

t
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II 9.0 BOMAN TUMOR XENOGRAFTING
II 9.1 Introduction
' .

The growth of hunan tumor xenografts in immunodeficient laboratory
animals provides a model for assessment of in vivo drug efficacy.

Animals used in such experiments may be rendered immmodeficient
by thymectomy and irradiation prior to xenografting or imunodeficiency
may be a consequence of:an innedted immunological defect. Such
animals in ‘their. own ught have p:wided the immunologist with inform-
ation on the role of the thymus and 'D—lynphocytes in the immune response
in addition to their use in grafting experiments (Davies, 1980).

The nude mouse was first mentioned in 1962 and it was subsequently
8hown that the normally recessive "Nu" gene was expressed by the
homozygote (Helson, 1980). These mice were also shown to be athymic
(Pantelouris, 1968), to accoun‘t for their congenital immunodeficiency.

The first report of xenografting appeared in 1969 when a colonic
adenocarcinoma was maintained in the nude mouse model by ‘Serial passage
for four years (Rygaard & Povlsen, 1969). '

II 9.2 The Nude Mouse Colony
The nude mouse colony at Memorial University was established in

May 1984 by .Dr. C.H.J.i_!‘qxd, operating under the regulations of the
Memorial ty : «

Mice were supplied by Charles River (U.S.A.) and were obtained
via the University of Toronto Hospital for Sick Children. All were
homozygous nu/nu upon a BALB/c background. !
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The mice were kept under sterile condi‘tions in an animal enclosu-
re (Canadian Cabinets Co) fitted with high efficiency particulate air
(HEPA) filters. All cages and bedding was autoclaved, and changed ona
weekly basis. Food and water was also autoclaved and supplied ad
libitum. Multivitamins (MVI 1000) were added to water bottles undér
sterile conditions following autoclaving in a dosage of 1.0 ml/litre
water. Antibiotics were not added.

Breeding cages consisting of two -females and one male were
encouraged vto maintain stocks of mice. Offspring were weaned at 28
days following sexing. ; .

Gowns, masks and footwear were worn‘upon entering the room, and
sterile suxgical‘ gloves worn for any procedure requiring- handling of
the mice. Work surfaces were sterilize@ using ‘a solution of 8%

formaldehyde, and 70% alcohol, in PBS.

II 9.3 Inoculation !
5 ™ .
Preliminary experiments demonstrated that.mice inoculated with 106
viable tumor cells failed to exhibit tumdr growth (Ford, 1‘954,
pe:son_al communication). Subsequently inoculation of 107 viable,
washed tumor cells were used in all experiments in order to establish
tumor growth. ' .

. Following trypsinization of a cell line and cell count, the volume
of»cgu syspension containing 107 viable cells, or multiples thereof,
.was centrifuged at 200g and the cell pellet’ washed in sterile PBS,
‘This was re—centrifuged and following re-suspension of the cell pellet
in sterile PBS (200ul - 107 viable cells), the cell inoculum was
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transferred‘to a sterile 1.0 ml syringe with a 26 gauge 3/8" needle
(Becton Dickinson, Ontario).

Mice were to be inoculated following anaesthesia with ether
(BDH Chemicals), at a subcutaneous site on either flank or bilaterally.

II 9.4 Mensuration

Calipers were used to measure the tumor dimensions of maximum
length and maximum width in order to quanul.tate' tumo-r growth. In
order to determine tumr)volune, the fornula for an dblate spheroid
was used in view of the predicted irxecjularity of tumor growth. "

»
.
v =af L (D)2

6 {(Evans, Smith & Millar, 1983)

where V represents tumor ‘volume (mm)3 j
L represents maximal tumor length (mm)
D represents maximal tumor width (mm)

II 9.5 Characterisation

The following human tumor cell lines were inoculated for
acterisation ﬁemqtaﬁts‘m the nude mouse model:CQOLO320DM, LoVo,
37, ms, LSIT4T, CALU 6, SHL116, AS49,SKCOL. d

Iﬁce beadng these tumors-were sacrificed according to the
following critéria. -

1. ' Mumber of days post inoculation. Following tumor growth,
4

-/
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-sacrifices were performed at various time intervals:”
2. Tumor size. When tumor gﬂ{dth reached the point where it was felt
-~ that the animal would be disabled, or the tumor would ulcerate,
the mice were sacrificed. X

3. Overall host status. If a tumor bearing animal appeared .

debilitated as a 'consequenoe of the tumor, or exhibited pathogenic
= infection, the mouse would be sactificed.

- \ \

| b Following the sacrifice of any animal, the dimensions of the tumor
were taken and it was then dissected noting any obvious morphological
features such as necrosis or ana,sion of deep st:’u‘c‘turea.( 'ﬂ&vev tumor

was then weighed {g) and preserved in 10%formalin in PBS. {\t a .l.a-ter

Ay stage, tumors were washed in PBS prior to formalin pr‘e‘aérvaéton, to
- &
remove murine serum components. . ' '
- Characterisation of selected tumors was by:
1. Volume weight correlation, ) 7
. .
2. Hi by toxilin and éosin
-
3. & by ) ¢
© 4 @& and i ( d cell lines).
N (2N f
L "\ -
» s 3 .
II 9.6 CBA Extraction (Xenografts) -
11 9.6 (a) Materials = . .
. e
y x ¥
. Xenograft specimen P 7
v
Phosphate buffgr (0.05M phosphate in 0.15M sodium chlofide
. PH 5.5) ¢
, Polytron (Brinkmann Instruments, N.Y.)
» - » .
' S0 /s
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Centrifuge, Sorval RC2B with SS34 rotor (Sorval, Newtown,
Conn. )
Centrifuge tubes (50 ml), 'Osk Ridge' (Nalgene Labware,
Rochester, N.Y.) _— )
GE/A qlass fibre Whatman filter, 25 mm (Balston, England)
Filter holder, 25 mm (Millex, Bedford, Ma.)
Ultrﬂfiltra‘ti.an-- Cell (modeY 12), with PMIO membrane

(Amicon, Lexington, Mass).
—

{.5 (b) Method i E A
A known weig’ht of xenograft tumor was mincéd with phosphate
bufﬂ (I?ml buffer to 1.0g tumor) -using the polytron
(setting 11) for 2 minutes. ~
The ha‘mgenate was stirred on ice for 30 minutes and then

= éenérifuged aE"zoooug for 30 minutes at 40C, using the Sorval

centrifuge. ) )
The supernatant was then filtered through the glass fibre sheet
and its CEA quantitated by ELISA. ” '

The solution may be concentrated using the ultrafiltration ce_ll

prior t: ELISA. B\bth the pellet and supernatant were stored at

f

-200¢;, ;- T -
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9.7 lin and Eosin
11 9.7 (a) Materials (ALl Stock Reagents)
-
Hematoxilin: Haematoxilin 24.0g
958 alcohol * 150 ml }

, Amoniun Alum Sulphate 360g
Dissolve in 2400’ ml distilled water and e!pose to air and
light fér one month. Then add,
. " aycerin 600 ml
I 95% alcohol 600 m. \
' Allow to stand until the cplor is sufficiently dark o
Eosin:
' Eosin (Water solwble) 9.0g
‘Distilled vater 450 mb. -
turation Solution Picric Acid 45 ml

95% alcohol . 60 ml
— Scotts Tap w’ater Substitute:
Sodium Bicarbonate 14.0g9
N\ Magnesium Sulpha_!e 80g.
Tap Water 4000 mL
Acid Mecohol: , 708 alcohol 1000 m1
Hydrochloric acid (M) ©10.0 ml -

Graded Alcohols: _ Absolute, 80%, 708, 50%
e

Xylene

Acetone
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IL 9.7 (b) Method
e q
- ™ » x
The standard method used for haematoxilin and eosin staining

included the following stages.

1. Xylene (5 minutes)
2. RAbsolute alcohol (5 minutes)
80% alcohol (2 minutes) -
708 alcohol (2 minutes)
508 alcohol (2 minutes)
3. Tap w;ter rinse
4. Haematoxilin ¢ . (5 minutes)
5. Tap water rinse ¥
6. Acid alcohol (4 dips)
7. Tap water rinse
8. Scotts Tap Water Sustitufe (1 minute)
9. 'I‘uylate( rinse
10. Eosin (3 minutes)
11. 508 alcohol (3 dips)
708 alcohol . (3 dips) ~
80% alcohol L (3 dips)
Absolute alcohol (1 minute)
12, Acé:one (2 minutes)
13. Xylene (1 minute)
14. Slides were then mounted with a coverslip and r¥ad.

)
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£)10.0 PRELDMARY EPRROEETS
II 10.1 Introduction
i
Initial experiments using the model of the nude mouse bearing
" human tumor xenografts were performed with limited numbers of animals in
order to: :
1. '!-xtablish the system for later use in assessment of efficacy of -
antibody-drug conjl;gates and,
2. To assess the effect of free vindesine upon xenograft growth.

II 10.2 Experiment A

Imwl!’lcxl Four nude mice (4-8 weeks) received an inoculation of
. 107 vianfe BT 29 ceils in each flank, bilaterally.
RADICMISATION ~ Eléven days post inoculation, the mice were randomly
allocated into two groups, weighed and idividual
“ tumors measured. One Ag:oup w;s to ;eceive treatment
with free vindesine (Lilly, Indianapolis) while the
remaining group acted as control.

'TREATMENT The two mice randomised to receive free. drug were
injected with 2mmg kg-l of Vindesine, given as a 1.0 ml
intraperitoneal inj;ction after d‘iluuon in sterile
PBS. The injections were initiated on day eleven post
inoculation, and conti;lued on a twice wegkly basis, for
5 weeks. Thevindesine dosage was adjusted onthe ba’s_la
of weekly weights obtained for each mouse. Mice

n randomised as the control group were injected with 1.0
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L
ml sterile PBS ly on a similar schedul
. 2
MENSURATION | Tumor dimensions were obtained twice weekly by using

calipers to measure the faximum tumor length and maximum

D width. The tumor volume was calculated from these
measurements as described, and was used t& assess tumor
growth. Upo’n temination of the experiment, final tumor
/ measurements were obtained and the tumor was dissected,
/ weighed, and char: ;ised as px‘eviou‘sly described.

i
II 10.3 Experiment B \/

In this-Second prszy e.xpedmnt, the above protocol was
followed, using a different cell line and numbers of mice.

Eight nude mice (4 - 8 weeks) received bilateral flank inoculat-
ions of 107 viable cellsgﬂazlk o'£ the cell line LS174T.

Five days post ‘unculationl mice were randomised into two groups,

ing®of four /group, and weighed. The mice were maintained

as two animals/cage in order to facilitate individual identification.
One group received free vindesine, 2 mg kg-l on a twice weekly
basis while the control group received 1.0 ml sterile PBS on a similar
e X
schedule. - >
. Mensuration of tumors vﬂﬁ—pexfomed twice a week as described. -~
i v

. : -

IT 10.4 Toxicity Study

This preliminary study was performed to assess the toxicity Of
free vindesine at higher doses to those used in uperﬁmm A and B,

7
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using a limited number of mice.
«wFive nude mice (6-12 weeks) were included in this experiment,

weighed and randomized into two groups. The group of three mice

:eceivaa individual 1.0 ml intraperitoneal injection of vindesine at a

dose of 10 my kd-1, diluted in sterile PBS. 7

The group of two mice r/eceived vindesine at-a dose of 6 mg kg-1.

Each 9tol&> was inspected daily, ﬁuth\g any morbidity or mortality.
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II 11.0 TARGETING STUDIES
II 11.1 Introduction

These expet’inents‘we:e designed to assess the effect of the mono-

clonal anti-CEA vindesine conjugate (11—285—14—VDS)’ on_growth of hL‘\man‘» .
tumor xenografts in nude mice. Cell lines stiﬁied da;?étrated a

- range of CEA as by i and immuno—

fluorescent techniques, and in vitro efficacy for each cell line had.

previously beefi asséssed (Se€ results).

II 11.2 Experiment 1

, INOCULATION: * Fourteen nude mice (4-8 veeks) vere ' inoculated with
107 viable cells from the cell line (ILCG’ZODM into
right and left flanks. One mouse lecexved a unilateral
inoculation (right £lank) , makmg a'total of fifteen
mice used in the experiment.

RANDCMISATION: Three days post inoculation, the mice were randomly
énocatgd into one of three groups, consisting of five
mice each. The mice were weighed and individual tumors
neasured, using the dimensions of maximum length and
maxinun width of the tumor. .,

One group was to receive treatment vi;'.h the«free drug,
vindesine, one to receive the antibody drug conjugate
(code #8 - see appendix A) while the third group acted as
a control.

<3,
'TREATMENT : The regimen for treatment with vindesine was a
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2 nq kg-l intraperitoneal injection of free druy in
PBS, given at two-weekly intervals for three doses.‘
The vreginen for treatment with conjugate yds an intra-
peritoneal injection of 10 mg kg-1, with respect to the
vindesine concentration, of the conjugate, given every
two weeks for three doses. Mice in the control group
received a 1.0 ml intraperitoneal injection of sterile
PBS at similar intervals. Treatment was initiated at
the time of randomisation and the mice weighed at
appropriate intervals in order to calculate thé correcé
drug dosaq€
Twice weekly, tumor dimensions of maximum length and ®
maximum width were obtained .using calipers, and the
tumor volumes calculated. Upon termination of .the
experiment, the tumors wére characterised as described
ptevious‘ly. Serum from selected mice was also ébtalned

at sacrifice.

II 11.3 Bxperiments 2,3,4 and 5

The protocol for the following experiments differed in the

following ways.

al

b!

Mice were inoculated unillaterany {right flank) in all cases.

Cell lines used were: LSL74T, 2; SWL116; 3

BENN, experiment 4; SKCOl,.experiment 5.

c) Conjugates used,were: 8, experiment 2; # 10, experiment 3;

4 8, experiment 4; # 8, experiment 5.
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IIT 1.0 IMMONOCYTOCHEMISTRY .

III 1.1 Immmoperoxidase

Immunoperoxidase assays were performed routinely on human tumor
cell lines, using cell smears pmp&red at the time of trypsinizing the
cell cultures. . ' |

Plates 4 to 9 illustrate results obtained with these assays.

For the cell lines LS174T, plate 4 and BENN, plate 6 , the

intense brown staining, which is predominantly membrane associated with
only minimal cytoplasmic } of CEA by these
tumor cells, as detected using the monoclonal anti-CEA antibody -

11-285-14 at a concentration of 10 ug ml-l. Control slides,-using an
.

equivalent concentration of control ascitic fluid are shown for both
cell lines (LS174T, plate 5 ; BENN, plate 7). :

At this no is seen for COLO320DM

plates 8 and 9 , indicating that this cell line is a non-CEA exprgssor,
within the

y of the sase assay.
The range of CEA expression .of the cell lines used in these
studies is shown by the histogram in figure 1 , where the mean percentage

of cells exp CEA is ‘along the Two antibody
concentrations were used to test each cell line, 10 ug m-l and 1.0 ug
ml-1, and these are represented .along the absk:issa by the left and
right bars for each cell line respectively. Also indicted are the
number of se:;'ial passages, or trypsinizations each cell line had under-

gone to calculate their average CEA expression.



Plates 4 (above) & 5 (below). Immunoperoxidase of LS174T cell

smears using 11-285-14 at 10 ug m1'1 (above), and control ascites

at corresponding concentration (below).




Plates 6 (above) & 7 (below). Immunoperoxidase of BENN cell

smears using 11-285-14 at 10 ug ml =1 (above), and control

ascites at corresponding concentration (below).




Plates 8 (above) & 9 (below). Immunoperoxidase of COL0320DM
cell smears using 11-285-14 at 10 ug ml ~* (above), and

control ascites at corresponding concentration (below).
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Figure 1. Histogram showing range of CEA expression by

ce1‘1 lines tested by immunoperoxidase, Aptibody concentration

o 10 ug m 1, (right bar , 1.0 ug m 1),
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Co\_sistenuy high CEA expressors :were SW1116, SKCOl, BENN and
LS174T, whereas OOLO320DM was four‘d to ,be a non-CEA expressing cell
line. Although not included on this chart', the lung tumor cell line A549
was qx_tg? found to be a consistent non-CEA éxpressor.

|
I 1.2 I-mﬂmm

C ~

Immunofluorescence Lsays were also roucingly performed following
trypeinization of¥cell lines using the test antibody (11-285-i4) at the
‘same ,concentrations (10,1 vg mi-1), N

Figure 2 1‘5 a histogram with similar format' to that described in
the preceedlng section, dem‘n.st’rahin;.cm expression of cell. lines
'.nsessed usmq this- technique. )

A ahnilar range of antigen exp:essmn to that described for the
hmmoperoxxdse assay~{s Been, with BENN, SKOOl, mus and L51'74T as
consistently hish CEA express&pg‘ c’eﬁ lines, wbéxeas HT29, OCLO320DM
and A549 (not sm‘.»m) were consistent non-bxpressors using this assay. Y

‘,_ cal tion of CEA of cell lines

3

utilized 'for the individual experiments refsxx;ed to %n. sdbsequent

sections is summarized in agpropriate s ons of-this chapter.
J

.
N

-\
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III 2.0 ANTIBODY RADIQLABELLING
IIx 2.1 of Protein

III 2.1 (a) Eluted Protein

Total overall counts of the protein peak compriSing the sixteen
t.\bacollected\ptomebe'qmmofr.hese::ordpeak—seeuG.J-
were 364587215 cpm.

’ . ’

Four of these tubes comprised the major peak of radioactivity

eluted Erom thew colum and the: total counts of these pooled tubes,

volume 2080 ul, was. 324736115 cpm. N

Therefore, the percentage of total protein recovered from the
column a@ present in the four pooled tubes was calculated as:

Counts in 4 pooled tubes = 324736115 x 100 = 89.1% -

Counts in protein peak 364587215

. -

From the 100ug protein (antibody) used at the start of the exper-
iment, a yjeld of 89.1 ug was obtained.

III 2.1 (b) Percentage Bound Radioisotope

4
The percentage bound isotope (cpm) was detemine‘d\ullowing
J0.C.A. precipitation (see II 6.3, stage 5)
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Counts in tube 'A' : 194183 cpm
Counts in tube 'B' : 1370 cpm

% bound cpm = 100 - (2 x 1370 x 100) = 98.5%
194183
[} .
Therefore, 98.5% of the 89.1 ug antibody elhm:ed from the column
followinq iodination was iodide bound. -—

IIT 2.2 Confimmation of Anti—CEA Binding

To lCOl'\fim that radiolabelled 11-285-14 retained anti-CEA Blndiné
activity, an antibody ELISA was pe‘rfomed as ;uuined in Section IT 3.3
Figure 3 compares standard curves obtained for the iodinated
antibody and 11-285-14, confiming anti-CEA binding had been retained.
.
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IIT 3.0 QUANTTTATIVE RADICLABELIFD ARTIBODY BINDING ASSAY
IIX 3.1 Binding to Cell Lines

The range of antibody binding fo cell lines of varying CEA
expression is illustrated in figure 4 , for two ‘®A expressors LS174T
and BENN, and the non-expressor O:I.OBZODH.,

IIX 3.2 Estimate of Nmber of Binding Antibodies

. Of the 100 ug’of antibody used for the iodm;:ion, 89.1% or 89:1 ug
was recovered from the colum, and of this, 98.5% was iodide associated
or 87.8 ug. ’ .

To calculate the number of antibody molecules this represents,
Avogadro's number (6.053 %'1023), the anount of antibody in grams
(87.8 x 10-6g) and the molecular weight of mouse immunoglobulin Gl
(1.5 x 105) vas used. ‘ ¥

Number of iodinated antibody molecules = -(87.8 x 106) x (6.023 x 1023)
B ¢ e e e e
1.5 x 105

-
=~ 3.53x 1014

. : 4
This equated to a count of 324736115 cpm, section III 2.1(a), or

3.25 x 108 cpm corrected to two decimal places.
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Figure 4. Antibody binding curves for LS174T ~————
BENN == — = and COLO320DM — = —* —
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Therefore, the number of antibody molecules associated with 1 cpm

umber of antibody molecules

total cpm 4

3.53 x 1014
—_—
3.25 x 108

1.09 x 106 antibody molecules

As the binding assay.was performed 4 days following mdinutiqr!. |
the decay of ,0955 was‘accounted for, 8o that on the day of assay

. 1 cpm= 1.14 x 106 T .

N P

L The number of antibody molecules is then calculated by multiplying
the cpm obtained at saturation (start of the plateau portion of the
binding curve) by this figure (antibody molecules associated with 1
cpm)

For example, for the cell line BENN, this was 12%,628 x 1.14 x 105'
9 = 1.432 x 1011 antibody molecules
The number of antibody molecules binding to each cell ‘(aeauminq
?;ual antigen density)
" - number of antibody molecules =  1.433 x 1011

nunber of cells 2.5 x'105

. = 5.73 x 105
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Using similar calculations the number of antibody molecules

binding to the two other cell lines were:

LS174T: 5.5 x 105

200k, 1.31 % 104 T
; . .
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III 4.0 IN VITRO EFPICACY
III 4.1 Cell Lines

Of the ten cell 11ne§ available, eight were tested in vitro (CALU
6 andyLoVo wére excluded), and efficacy of monoclonal anedi-CEA vindebine
conjugates is illustrated in figures 5 to 10 , where dosé—'nsponse curves
are presented.fo: six target cell lines, four c&qrecta} and two lung.
Percentage su:viva;\ of cells'’is shown along the Qtdinate and drug and
antibody concentration of conjugates, using a logarithmic scale, along

the abscissa.
-

The assays presented in this sec'tion are| shown to illustrate
xesultg using selected cell lines, and represent approximately one
fifth of the total performed. The me.an counts for each assay with one
standard deviation are also included, tables 4 to 9.

An effect of conjugate was seen for the high CEA expressing lines
LS174T, figure 5 : SKCOl, figure 6 ; BENN, figure 7 ; and the intermed-
iate expx;esso:, HI29, figure 8 , wh‘erem no effect was seen upon the
non-expressors COLO320DM, figure 9 , or A549, figure 10 .

An effect of free drug, vindesine, upon these cell 1ine$ is also
seen, and is represented by the broken line. » .
Inmunocytochemical evaluation of individual cell lines used in

.
these assays is shown in table 10. Cell smears were prepared at passaqé,

N

‘
of cell lines used in microcytostasis assays, blf those"lfxom R549 we;g/
not available. & {

i In addition, SW1116 and SWB37 were also assayed three times each,

noting no effect of free drug or conjugate (data not shown).
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Teble 4. COUNTS CBTAINED PROM MICROCYTOSATSIS ASSAY POLLOWING 24 HOUR EXPOSURE CF LSITAT CELLS T0 VINDESINE
ARD 11-285-14-V] C ) s.0.) g
VINDESINE . CONJUGATE
VINDESINE 'MEAN COUNTS™ PE;NE!ME oF . . MEAN COUNTS PERCENTAGE OF “CONTRCL (S.D.)
- B 4
mﬂl - (s.n.) CONTROL, (S.D.) (s.0.) 5 :
ng m—l * 3 .
v -
24,000 9,234 1.1 27,810 33.4
. .
(1,150) B (1.4) " (3,423) . (4.1) " ¥
4,800 1,232 .1 C 52,002 62.5
: (3,498) (4.2) (12,231) (14.7)
™ 17,00  oa 20.5 61,394 73.8
(4,259) (5.1) (7,405) (8.9)
o %6 37.0 78,249 94.0
(3,950) @wn " (18,930) < @2
4 - 'x\
CONTROL COUNTS: 83,236 + 23587
. . -
~ 3 * ¢

6b1



~Table 5. @m@mmvmmmummﬂmna@wmmsmmm

£

VINDESINE AND 11-285-14 - VINDESINE CONJUGATE \(SI‘ANEAR) DEVIATION, S.D.)

'VINDESINE

'CONCENTRATION

ng m-1

24,000

4,800

480

* VINDESINE CONJUGATE

MEAN COUNTS PERCENTAGE CF CONTROL MEAN COUNTS PERCENTAGE CF CONTRCL

(s.D.) - (s.D.) (s.0.) | (s.D.)
/

v 9,79 g £ 20,514 14.8
(2,334) ' a.mn (4,006) (2.9)
9,193 6.6 29,352 21.2,‘
(1,967) “(1.4) (11,938)" (8.6)
1i,631 * ;.9 123,966 89.6
G \2.9) (35,313) (25.5)

| 16.1 T omsow 9
®dos) T T (5.9 (23,963) - (7.3)

CONTRCL. OCUNTS: 138,374 + 37,135

0st
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Table 10. IMMUNOCYTOCHEMICAL EVALUATION CF INDIVIDUAL CELL LINES USED
. P
IN IN VITRO ASSAYS, USING 11-285-14 AT 10ug ml-1

N

CELL LINE ‘ASSAGE $ POSITIVITY
‘ » NUMBER IMMUNCPEROX IDASE IMMUNCFLUORESCENCE
N j
SKCoL 50 8 o
LS174T ‘108 35 . 25
HT29 22 o . 0
COLOB20DM  © 90 [ 0 -
BENN 63 > 70 20
A549 & [ M
s

-

M denot'_es missing cell smears for 9( assay, although this cell line
had consistently been a non-CEA expressor.

%




156

III 4.2 Assay Reproducibility *

Figure 11 illustrates the reproducibility of this assay. Dose
" response curves for conjugate # 7 upon two different target cell lines
SKCOl and’ QOLO320DM were %bteu'.ned by two different investigators using
the same gssay technique, at different times. The interval between the
assays using COLO320DM (passages 86 &°90) was 81 days and for SKQOl,
(passages 44 & 50), 42 days. ’

III 4.3 Efficacy of (h;ju;m:zs
-

The dose response ‘curves illustrated in figure 12 we:e_ob’talned
from assays in which each conjugate, # 7, # 8, # 9 and # 10 was tested
individually against a standard CEA expressing cell line, LS174T, in
order to contrast efficacy.

III 4.4 Conjugate Anti-CEA Binding Activity (ELISA)

Retention of anti-CEA binding activity is illustrated for
conjugates # 8, ¢+ 9, # 10 in figure 13 , as determined by ELISA.

~
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III 5.1 Tumor Growth .

Using an inoculum of 107 viable cells, it was possible, to grow

human tuwnor cell lines as xeridgrafts in nude mice, either bilaterally’

.or unilntefally

Cell lines grown as xenografts for the purpose of charncterlsatinn 2
pnor to performing uny in vivo ‘experiments, are listed in table 11 . “
Mice bearmg these initial tumors were *sacrificed between 18 nnd 13 )

days following moculation of the various cell lines, and’ umr ‘dimen-

sions were available for ll of a possible 44 tumors. o * 3 -
Figure 14,is a scittez graph relating t:umoz votume to ‘weight for'*

these initial Eﬁ‘mrs, with linear xegz&ssion analysis. 'me correlation R

coefficient of wexght Ec volime for all Eumors was 0.85, with - .. .

. coefficients for uﬂ.widual tumor lines as Eollws. ms,}u.es *

(fourteen tumors); LoVo, 0.65 (su tumorsh le'H'r, 0.98 (51;} tumors)
and BENN, 0.95 (five tumors). "o =
The weight-volume correlation coefficient for all tumors in t'h'uie

studies, including those for characterisation purposes only and/€umor

obtained Erom targeting expe}ine;nts vas 0,96 (154 tumors).
Three tunors did not exhibit growth at sixty days post in

doring the characterdation of these tumors, two fmlz\me;/cel

‘59837 and one’ from the céu line (LCB20DM, and thetef g:e the overall ‘.
pexcentage of-stumor "take" was 93.6 percent, usx.ng th;g tumor ce}l '
mocumn : - ; N L
£ . ¢ - . /9 .. ) (/A - .
. % _ i
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III 5.2 Morphology

7 7 )

The tumors grew as discrete suc :utaneous nodules that could eaéuy

be and v the ilum became established. Until
¢+ this pofnt, which was of a variable interval (2-10 days), the inoculum
appeared diffuse and plaque-like with ill-defined borders. “;Gr’ow_th

p_roqreased irregularly in thrge pun:s, often giving the impression of \

) individual lobes within the tumor bulk. Satellite nodules were not

* seenﬁor any tumor, it was not to see tumor

- extending partially along the"need;e track used for, the moclmhon.
- When-this was present, the tumor was noted to be in contm:.\lty with the

‘main tumor mass, and was not exist‘ing, as a discrete hodule.
) Upon dissection,- the tumors appeared well defin q although there —
was no evidence of a discrete tumor capsule. Tumor sirface ap‘peare;i

iny &nd smooth, the 'lobed‘. gave giaé to overall
irreqularity of;é;upe. ' p X
: ‘The degree of vascularity of .the tumor was extremely vuﬁabhle and
inconsistent. Overall, the tumors appeared grossly avascular, with :
occasional visible blood vessels hoted over the tumor surface, but h
rarely invading the bulk of the tumor itself. One’ tumor however, COLO \
3200M excised 42 dfp post inoculation, oppe;red‘}laamxrhagic and gelat-

. inous with no of or cavita¥ making N

dissection difficult.
o Tethering to sk&n was a finding that was also varisble and - 13
appeared to be unrelated to tulﬁr type. This mc&mn finding occurred
: .
AN v\
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. in two or three early tumors ‘(Lovo) and was probably related to the

method o'f}nocu!ation. -— . 8 7 )

Frank ulceration of the wezlyu_ag skin occurred with one tumor,
LoVo, after- 49 days lnoculat{ion. Mice exhibiting any suggestion of
impending skin'ﬁ:eakmmuld generally be sac;iﬁced prioryto its
occurrence however. This parﬂqular tumor also appeared quite nﬁrotic
within the cemte of the tumor mass, and cavitation also been
established m centinuity with the skin breakdown; - Varyj.ng degrees of
central tumor necrosis were not_‘ed with all LoVo tumors, although no
others had cavitated at the time of dissection.

Spread to deeper layers, in pan:iculaz» of the abdominal wall
musculature and the proximal muscles of }:he ;:ind—lhrbe was noted on two
occasions only,, with the tumors myo, after 28 days inoculation and
HT29, S{ter 30 days xn(;ct;lation. ththe latter case, spread had occurred
throyigh the proximal muscle bulk of the right hind limb down to the right
femur, resulting in an incomplete dissec-tion, as the lower limit of the
tumor could not be adequately defined.

\ 'Generally, all tumor bearing mice a{)peafed to retain good general
health, with no deaths pr‘io: to termination of the experiment. One
notable exception however, related to mice" inoculated with the cell
line BENN. Of the three mice inoculated, two bilaterally.and:one
uniliterally, two mice appeared extremely cachectic at the time of

secfifice 53 days post inoculation. Bo;h mice carried bilateral tumors

"and total tumor burden for each mouse was 1.359¢-and 1.140g, compaged

ta the unilaterally inoculated mouse, with a tumor mass of 1,138
Limited" autopey performed on selectéd mice bearing representative

tunors from each cell line 'consistently failed to demonstrate

D ‘ '
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i metastatic tumor deposits, with partitular reference to the peritoneum
and lung. T
III 5.3 Histology
) {1in and eosin of
that tmm;ﬁtectu:e had been maxntained, and this was conﬁmed by

two ‘inde] nt staff pathologists Histological in\:erpretation is

summarised 1n table 12, and iuus:rated in plate 10 by 15174'1', a moderat-
ley vell differentiated adgnocarcinama. -

The histology of xenografts from mice in the Eargeting experiments
i.e. those treated with vindesine or antibody-drug conjugate was
contrasted to ‘their controls and this is referred to in suhséquent
sections.
111 5.4 Dmmroperdxidsse 7 i

i

.

N G
Immumnoperoxidase staininq of a section of S4lll6 xenog;af_i,\uftﬁ

.

its control slide, is illustrated by plates 11 and 12.

The distribution of CEA, similarly represented by the brown
staining was\t‘bcmq _to be predominantly peri-luminal, although.in “Sther

sections studied stromal staining was also- prominent.

"Table 13 sumarises resilts obtained with —
x'emgrntts,{t::prrelauon to the' CEA expressloﬁ of the inoculating
cell liné. e

< . R
tochentntry Bg £ron studes is '
in 4

-

’

-4

v



Table 12.

SWe37

HT29

LS174T

Calu 6

A549

S1116

<

SUMMARY CF XAH}RAFT HISTOLOGY

P
nisrarocy

Carcinoma, undifferentiated, widespread necrosis.

v
. Menccarcinoma, podr&y—dﬂfezenuated; non-

infiltrating; patchy necrosis.
.

poorly ated; non—*
infiltrating; moderwte necrosis.
Adenoca;cinana, moderate differentiation;
non—infiltrating; little necrosis; cribriform pattem

from large amounts of fibrosis.

dif
“® necrosis. P . :

, *
Adenocarcinoma, moderately well diffezgptiated;
widespread necrosis; large amount of lumingl mucin ¢
and debris. | 0 —
Menocarcinoma, poorly diffeYentiated; ‘little

Adenocarcinoma, moderate diffexe#at:on; moderate\
£ibrosis. :

£ibrosts.
v

\ ~
Pdenocurcinuu, moderate differentiation.

) f '
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Plate 10. Haematoxilin and Eosin stain of LS174T

Xenograft section ( x25 objective ; x10 eyepiece)
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Plates 11 (above) & 12 (below). Immunoperoxidase of SW1116
Xenograft sections, using 11-285-14 at 10 ugm]'1 (above) and

Control Ascites at corresponding concentration (below).



j

Table 13. CORRELATION CF CELL LINE ‘AND XENOGRAFT IMMUNOCYTOCHEMISTRY-
. IMMUNCPEROXIDASE ASSAY USING 11-285-14 at 10ug ml-1

CELL LINE/XENOGRAFT % POSITIVITY

HT29 ) 5 o
LoVo  ° I 30 <10
LS174T 0 . 30 -
BEw -} 30
COLO320DM 0 0
SH837 20 .20
SH1116 595 - :
calu 6 0 <
2549 : 0 10
B\ S
' 5o
~

. v
T ; ) 5 .

f - d ! T

.. o . . i
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IIT 5.5 CEA Quantitation

To establish the range of CEA content of xenografts, five tumors
undervent CEA _extractia‘n: LS174T (CEA positive), three tumors; BENN
(CEA positivel, one tumor; eAS49 (CEA negative); one 'tum’or. Xenografts
of COLC320DM (CEA nei;ativg) were not available for processing.
Tumors were se%gct’:ed from control groups of targeting experin uts
‘ or from initial characterisation studies, with the exception of one e
LS174T Renograft (indicated by *“‘élw) which was obtained from a nude g .\/
mouse treased with 11-285-14 vindesine conjugate in the second
targeting expeximem::
CEA content, quar;tiﬁ’ed by ELISA, is summarised below. A 1:50

dilution of extract was used and results corrected for ]:‘his dilution.

" XENOSRAFT CONTENT (nq_g-1)
LS 15634.5
LS17474 141070
N Lsizar* 11427.6
u e BENN I 9574.5 2
A549 4083.3 "
. »'_‘ % :
'Y a:r_gactgq;‘by S.BuFt, “mer stmeni,}ulty of Medicine )
» v -
~ .




* 1T 6.0. PRELIMINARY EXPERIMENTS |

Figures 15 and 16 illustrate the growth of uﬂi*&hal “tumors and

mean tmnor_v&l\mnes of each treatment groym’for :he‘ prelimfnary

A ’and B . Tumor volumes and their means arye;
presented in tables 14 tq 17 for both experiments.

. { .

III 6.1 Experiment A

From figure 15 it is seen that, ly, there is a di
in growth between control group tmr;“d thqs! treated with free
vindesine. In view of the limited numbers of tumors used in this
experiment, no attempt was made to interpret this data further, although
in terms of the time required to reach a fixed tumor volume (500 mm3),
the group receiving vindesine‘);ad a growth delay of 8 days c‘cn@ared to
the control group.

One vindesine treated mouse, bearing bilateral tumors, d;ed betwen
35 and 38 days post inoculation from unknown reasons, and the
experiment was terminated at this point. No toxicity was Zeen in mice
treated with w‘l‘u'r]esi.ne dur;:xg ﬂtne expefiment. g

Loss of this mouse made it difficult to meaningfully contrast
gum: weights of dissected xenografts at the termination of the ekper-;
iment, and individual xenoér&t weights are listed in table 18 . '

L
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Abbreviations used in tables 14-48 )
- .
R Right flank /7 /
) L Left flank ’ ' i
: - . .
* Day of injection e .
M Missing data ot i
v MV Mean tumor volume 58 ) i . /
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Tablé 16. MEAN TUMOR VCLUMES, EXPERIMENT A (HT29 XENOGRAFTS)

.

15.8
3.7
70.8
54.9
81.0 -

{0‘.2
'99.7

210.5

628.0

8.0
6.2
1153.9
177.2
7.6
408.8
1156.4
1323.3
1795.0



o
Table 17. MEAN TUMOR VOLUMES, EXPERIMENT B (LS174T XENOGRAFTS)

.

TREATMENT GROUP MEAN TUMOR VOLUES (neid)

DAY POST INOGILATICN . VINDESINE  CoNTROL
5 67.0 731
8% 8.1 190.4
Do 99.7 +° . 7249
14 S o189 un’.s
: “
. .



Table 18, TUMOR WEIGHTS (g) AT TERMINATION (F EXPERIMENT A
. /> (HT29 XENOGRAFTS)
( .
s
VINDESINE GROUP ey
MQUSE 2
FLANK L . R L i
R
WEIGHT [ 0.59 0 ¢
’ .
’ CONTRQL GROUP
MoUsE | . g B
FLANK . L R L
| .
m:n;wT 0.12  0.084 .02 1.34
| §
P |
!

- 179
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111 6.2 Experiment B

&L B = )
The duration of the second preliminary experiment was much
ahn‘:r‘tex:, lasting only 14 days, reflecting the rapid growth of LS174T ‘
x.enogtuf'tx.. Superficial -tumor- ulceration was noted at this time,
afd e the was. i -Although mice received only
thzee injections of free drug, a difference betvm the two g;o;xpn is

uen in Eiguxe 16 , both for the tate of g:wt.h oE individual tumors
and for mean tumor volumes of each group. -

‘%o vindesine toxicity was seen in- this experiment, and the death )
of one mouse in the control group at 14 days was anaesthetically reluted.
Individual and mean tumor volumes are recorded in tables 15 and 1"1 '
and tumor weights at the completion of the experiment, in table 19 .

" III 6.3 Toxicity Study *

Mean tumor weight for the control group was 0.533g 4 tumors) -and for
the vindesine treated group 0.055g (8 tumors).

- Following the bolus of free at
6 mg kg1 (2 mice) and 10 mg kgl (3 mice), all nice appeared '
amjectiveiy cachecti¢ by day 2 post-injection. At day 3, onme death
had occurred in each group and the L mice more

than on the previous day, especially those receiving the higher concen-
tration of free drug.. This preliminary experiment was terminated at this
point. ‘Mice were not veighed duri.ng this experiment. . i ™~
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J

. III 7.0 TARGETING EXPERIMEATS IN VIVO

XX 7.1 Experiment 1 — COLO320DM

o

Individual tumor volumes of COLCB20DM xenografts Are listed in

b tables 20 , 21 and 22 and figuxen_l'7 contrasts growth of these xenogmfg.s %

in control, conjuqate and vindesine. treated groups. It was found that'*
one tumor Eaued to gzw at a11 thzoughont the experiment - mouse nunber’ '
‘B, left flank, vindesine treated group.- Although fcut tumors: were not
present in the contzol group at the start of - treatment (riqht and left -
flanks of mice 5 and 6 of control gmup), all tumors ‘were subsequantly
present 10 days post inoculation. One tumor (mouse iy :igh‘t flank,
cméro]:, grofip) became undetectable by day 21 .post. inoculation.

When mean tumor volume, table 23 , éxpxessed on a l”ogarittmdc
scale along the o:dinate, of xenogzaft tumors Ln each g:oup is plotted
against ‘time post- ation, along the S 1t can be seen’ that

little difference exists graphically between the control and conjugat!
treated group, figure.18 . Despite no conjugate effect upcn‘ these non
CEA up:essing xenografta, a margind!” effect of ﬁ-xee dzug s
represented on this graph by the broken line.

The siﬁd}g;gty .of these‘ human tumor xenografts at the termination

of the experiment is illustrated by plate 13 , which shows

representative nude mice from each of these treatment groups bearing
tumors, and plate 14 shwing dissected tllmora from each group. ‘I;he
wexgkitaﬁof individual tumors are :ecoxde«"l in table 24 , and ‘mean clnmoz
weights for each group are sumaris'e@ in table 25 . Histological'

: examim;l:lon of xenograft seéctions from each group revealed little
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MOUSE
- FLAK R
Days Post
Inoculation
* 1319
7 3.5
10 1109
14 ®u0.4
17 ads.
2 508.8
24 654.4
28 680.6
nr 785.3
35 1107.7
38 1356.9

58.3
50.3
74.2y
160.2
301.6
575.6
402.8
628.2
855.1
1017.7
1431.1

78.5
78.5
104.7
269.3

385.3 "7

779.2
1055.4
1130.8
2389.6
4260.0

3607.2

74.2

32.1,

32.1
65.4

‘47.7

78.5
53.0
28.9
41.9
65.4
53.0

23.6
25.7
95.0
131.9
160.2
309.2
466.4

654.4 -

1055.4
” 1526.5
1898.2

18.8

54.4 . -
1413
351,8
680.6
759.1
1206.1

18711

2680.3
3477.1
4157.6

131.9
110.9
230.9
654.4
950.2
1846.9
2636.7
3762.5
4606.8
45356
5830.0

41.9
78.5
91.6
1.2
294.5
692.6

-934.6

1766.8
1016.5
2345.3
2296.9

37.7
62.8
58.6
150.8
230.9
466.4
823.5
823.5
1766.8
2422.9
2805.6

84.8
78.5
62.8
91.6
104.7
335.0
385.3
551.2

1145.2 -

1526.5
1816.1

+81



. Table 22,

31+

INDIVIDUAL TUMOR VOLUMES (mm3) EXPERIMENT 1

63.6
91.6
122.5
98.2
118.8
192.4
58.6
37.7
8.4

37.7
78.5
58.6
41.9
72.0
53.0
33.5
14.1

R L
Y
N\,
18.8 851
14.1 3.5
047, 785
188.5 179.6
265.4 131.9
732.9  368.5
1013.5 6282
u3l4 6020
1769.4  680.6
2355.8  667.0
732.9

5574.2

72.0
18.8
18.8
53.0

65.4

T122.5

1i3.1

.131.9

122.5
179.6
279.7

(COLO320DM)

65.4
6.3
72.0
98,2
188.0
732.9
837.6
1246.2
1545.4
1453.9

2591.3

8.4
50.3
150.8
424.0
79.2
1459.8
2002.4
2680.3
3404.1
3916.3

6049.7

72.0
25.7
50.3
33.5
41.9
85.1
143.8
179.6
154.8
179.6

268.0

-1
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Tumor Volume mm’ (logarithmic scale)

i
-
" .
o000
-
-
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tome tepal

Figure 7. Graphs of individual COLO320DM xenograft tumor

\volumes. contrasting treatment groups in Exderiment 1.




Table 23.

N
35
38

~a

MEAN TUMORAVCLIMES (MIV) EXPERIMENT 1 (COLCB20DM)
5 .

52.9
39.9
82:0
139.6

v'\ 468.4
603.8
790.4
960.7
10815
1937.0.

A\l
\

TREATVENT GROUP MIV (mm3)

CONJUGATE

-
682

" 60.5°

002

22.7

Ly 3605
635.1
- 8618
1189.9
m7.3
2264:5
2525.3

st



Mean, Tumor Volume 3
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1000

100

o

' ) ’ ' Injection

1 28 42

Days Post Inoculation
.‘. i - .
Figure 18. Mean Tumor Volumes of COLO3200M Xenografts,
Experiment 1, tréated with Vindesine — — —_—

» ang

)1-2@5-14:V1ndeslne Conjugate
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COLO P

C-u-9%

(y-13-8%

Plates 13 (above) & 14 (.below). Nude mice bearing COL0320DM
Xenografts, Experiment 1, from .Control (]eft), Conjugate
(mid}lle).»and Vindesine treated groups (right) : plate 13.

Dissected tumors, in corresponding order, plate 14.

<« X



Table 24. TUMOR WEIGHTS (g) AT TERMINATION CF EXPERIMENT 1 (CCLO320DM XENOGRAFTS)
VINDESINE GROUP .
MOUSE 1 2 3 4 5 &
FLANK _ R L R L R L = L R
WEIGHT o 0 1.655 0.305 0.156 0 1.478 2.44 0.164
CONJUGATE: GROUP
MouSE S 2 3 4 5
PLAK R L R 7 R L R L AL
WEIGHT 0.74 0.566  2.175 0.005 3.07 1387 0.83 158 1.38 0.86
'CONTROL GROUP
MoUse 1 2 3 4 5 6
\ 4
FLANK R L R L R L R L R L R L

WEIGHT 0 0.0 0.51 0.63 0.884 1.244 0.75 2.42  5.03 4.68 1.167 2.264

061
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Table 25. MEAN TUMOR WEIGHTS AT TERMINATION OF EXPERIMENT 1 (OQOLO320DM)

0 A\
TREATMENT GROUP MEAN TUMOR NUMBER OF TUMORS ~ PERCENTAGE COF
WEIGHT CONTROL, WEIGHT |
. . —
Vindesine 0.689 9 . 2
Conjugate 1.260 10 n
control 1.639 n : 100,
' ¢
/
./



192
difference between groups, all were u;ilfferenuatad carcinomas, although
generally greater was seen in of conjugate treated
tumors. ' -

No toxicity was exiribited-by mice in these groups throughout the
course of the experiment.

Table 26 , the immmnocytoc of
xenografts used in each i £, and these to

the CBEA expression of individual inoculating cell lines used in each of

. these uper\imnu.
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Table 26. CORRELATION OF XENOGRAFT SECTIONS WITH INOCULATING CELL )
LINE BY IMMUNCPERXXIDASE ASSAY (11-285-14 at 10ug mi-1)

TARGETING. EXPERIMENT/ ' 4 ROSITIVITY s

"TREATMENT GROUP. XENOGRAET . CEL SEARS )

# 1 - COL0320DM : ¥ oa e .0
Control -0 s .
Conjugate 0
Vindesine s

+2 - LUt L 70
Control 30
Conjugate 40

. Vindesine 45

43 - RNy ’ . 0
control 30 o " :
Conjugate ' 65 : /
Vindesine 20

+ 4 - skooL . ’ ; %
Control 5 o ) /
Conjugate < /
vindeaine ) /

5 - SN6 N /é
Control) :
Conjugate) oNGOTNG ./

Vindesine)
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III 7.2 Experiment 2 - LS174T -

"“Individual tumor volumes of LSL74T xenografts dre listed in tables-

27 to 29 and contrasted graphically in figure 19 , Mean tumor volumes

- of xenografts in each treatment group are-listed in table 30 and repres-

ented? graphically in fi;gure 20 . Two mice in the"‘ gréup receiving

" vindesine died early: in.the experiment as a consequence of anaesthesia,

and no drig.or conjugate toxicity was. seen during the experiment.

Itlcm be seen from figul;e ‘20 that a difference exists between the
vindesine and the conju;ute treated groups cavpared to contzols, sxgnxfy-
mg an effect of both conjugate and vindesine upon xenograft qzwth The
effect of vhﬂesine appears to begin ‘to diminish towards the end of the
experiment however. :

Plates 15 and 16 illustrate the difference in tumor growth between

groups. at the i of ‘the. iy for mice bearing tumors

and dissected t\mor‘s. .
Weights of individual tumors are recorded in table 31 -, and mean
tuor weights are contrasted in table 37 .

ly, § was seen in sections of

_xenogtafta from the cmju;ate treated g(oup, with otherwise uttle

difference between xenognft sections fmn control and vindesine treuted

groups, representing moderately well differentiated adenocarcinomas.

3



6160.0

4'1'&19 27. © ° TNDIVIDUAL TUMOR VOLUMES (mm3) EXPERIMENT 2 (LS174T): CONTROL GROUP

MOUSE 1 2 3 4 5 6 7

Days Bost )

Inoculation -
4*  _ 169.6 113.1 210.1 .63.6 141.3 85.8 131.9
7 169.6 144.0 279.7 448.8 210.1 4‘65.4 219.7

) n 811.4 263.8 602.0 602.0 368.5  1641.7 980.0
14 2814.3 331.8 1022.5 1194.4 823.5 3366.8 2002.4
18* 7236.9 699.7 1846.9 3177.1 2814.3 6233.3 1606..8
2 9426.9 1384.7 3631-.0’ 5720.0 4120.9 9112.7. 8850.6
25 13439.5 2257.3 6291.7 9498.4 4976.5 i 12032.1 11324.4
28 19479.1 3782.3 " 7615.6 13547.9 7892.5 15596.1 “13502.2
32 18813.0 4724.6 6841.1 15440.0 9112.7 17610.5 12499.4
35 19906.1 6002.5 6579.6 !7510.5 11396.5 16417.0 15596.1
38 28216.7 7950.7 25719.6 11396.5 23318.8 " - 19788.3

©111.2
210.1
469.1
890.0
2146.7
3563.1
6233.3
~B744.5
8584.9
9950.7
12867.0

9.6
368.5
1206.1
2473
5967.3
8962.2
11573.8
14969.0
14528.7
15849.5
17903.7

S61



Table 28.

MOUSE
Days Post
Inoculation

'INDIVIDUAL TUMOR VOLUMES (mi3) EXPERIMENT 2 (LS174T): CONJUGATE TREATED GROUP

160.;
179.6
131.9
131.9
179.6

2516

179.6

235.6,

268.0
268.0

301.5

126.7
17.8
508.8
732.9

1908.2
2109.1
3933.6
8584.9

14252.3

17903.7

20123.3

" 165.9
265.0

" 750.3
1168.5
2546.3
5540.7
8443.0
;11324 -4
17%03.7
23373 .‘B

22076.3

230.9
192.4
424.0
523.5
696.8

785.3 -

1459.8
1981.2
2680.3
3561.9
2993.0

179.6
243.7

230.9

320.6
1013.5
1725.2
2881.3
4120.4
4920.9
6334.4
7839.9

192.4
230.9

141.3°¢

19_9 .1
243.7

294.5

466.4
654.4
1235.2

1168.5

1431.4

141.3

340.4
445.2
628.2
-1621.9
2238.0
4479.2
8798.5

- 10262.7

10142.8

-14088.4

141.3
165.9
207.3
245.0
624.1
826.8
1125.5
1635.9
2473.5

2079.1

3121.4 .

961

.



Table 29.7

Days Post
Inoculation

INDIVIDUAL TUMOR VOLUMES (mm3) EXPERIMENT 2 (LS174T) VINDESINE TREATED GROUP

179.0
207.3
427.0
8l1.4
1013.5
890.0
1432.3
1769.4
2257.3
2709.1

2650.2

N
335.0
169.6
268.0

335.0°

791.8
1055.4
1884.6
2345.3
3025.8
3177.1
3206.4

402.8
230.9

®E ® X ® ® = =

- 179.0

X X X ® X X X X X

158.4

207.3
282.2
593.6
2355.8
2355.8

. 3328.4

47711.5
7805.8
8433.0
874.5

Al
150.8
150.8
,230.9
_\-;63'.5
614.2
969.3
13271
1590.4
2278.3
2211.3
2002.4

131.9
98.2
169.6
282.2
785.3
1076.8
1681.0
2355.8
3816.3
4816.2

5025.6

188.5
142.5
256.5
'l&é.l
980.0
1130.8
1356.9
1096.6
1813.7
2003.6
2308.6

161



(logarithmic scale)

Tumor Volume mm®

Figure 19. Graphs of individual LS174T xenograft tumor

volumes ,’contrasting treatment groups in Experiment 2.

198
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Table 30. MEAN TUMOR ‘REUHE (MIV) EXPERIMENT 2 (ﬁ

e

]

DAYS POST TREATMENT GROUP MIV (mm3)

INOCULATION  * VINDESINE CONJUGATE CONTROL
“ Tasag 167.3 - 1241
7 C172.4 217.0 286.3

Ju . mma ©s5.0 776
u 476.2 493,7 1608.1
1w 1090.1 ugds v 73588 .
2 . 1246.4 144 . . 6085.8
% - o1ms.a 2871.1 ) 8625.2
2 2322.5 4667.0 11692.1
2 '5 3499.5 6749.6 12017.2
3 { 3891.7 8104.0 13256.5
38 8996.9 17035.7

\’] 3989.6



10000

\moo

100

Mean Tumor Volume mm®

' ' Injection

14 28 42
Days Post Inoculation

Figure 20. . Mean Tumor Volumes of LS174T Xenografts,

A}

Exper_iment 2, treated with Vindesinef— -— —, 11-285-14

Vindesine Conjugate

12Nd CONtrolS dmmm—
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LSIT4T pwo

3-55) 29-85

Conroe

Comsucare

Plates 15 (above) & 16 (below). Nude mice bearing LS174T

Control groups (left - right) : plate 15. Dissected tumors

\
Xenografts, Experiment 2, from Vindesine, Conjugate and
shown in plate 16, below.
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Table 32. "MEAN TUMOR WEIGHTS AT TERMINATION OF EXPERIMENT 2 (LS174T)

TREATMENT GROUP ~ MEAN TUMOR NOMBER CF
WEIGHT (g) S TR
Vindesine” 2.50 3
Conjugate 5.66 B 8
Control 12.19. 9
£ Y

PERCENTAGE OF

CONTROL, WEIGHT

21

100
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II1 7.3 Experiment 3 - BEWN

Individual tumor volumes of BENN xenografts are recorded: in tables
3i » 34 .and 35 , and contrasted graphically in figure 21 . Mean tumor
volumgs of xenografts from each treatment group are recorded in .t:able
JGZ presented graphlcnlly_ ‘in figure 22 .

An effect of conjugate is seen upon xenograft gtowﬂl throughout

the within the initial 25 days but

until the of the n The free drig also

had an effec!‘: upon tumor é:owth and the growth curve of these
xenografts is seen to lie between that of the control and‘co:njugate
treated groups. . :

At 20 days post-inoculation, one mouse in the control group
(number 1) ed extremely ‘and vas sacrificed. At

30 days post-inoculation, a further mouse (number 4) also appeared

cachectic and by 44 days, all mice init.he control group exhibited this
state, and a further death had occurred (mouse number 7).

CGachexia and mortality was also seen in the q:ou‘pl treated with

one mouse i1l at 6 days post inoculation (number

4, _vindesine treated group) and by the tennin.!‘tion of the experiment at
61 days, only two mice remained alive. One death, however, was a
Tconsequence of anaesthesia, and this was accounted for in the survival
chart of—;ﬁce in these groups,’ figure 23 ., Ail miceq receiving
conjugate appeared well until 44 days, at which time, mouse number q
appeared to become ;:gchec‘tic. although even at 58 days, the degxee. of
cachexia ahmﬂ;ed by three .mk:e in this gr:aups (nurbers 3, 4, and 5)

! ‘

was bmgjectively‘much less qhun that seen in the other two groups. An
) ) e ~

5 .



Teble 33.
mA
Days Post
Inoculation

P

6

9

13

16*

"
JJ .

%

INDIVIDUAL TUMOR VOLUMES (mm3) EXPERIMENT 3 (BENN): CONTROL GROUP
"

28.3

ud

137.4
551.2
69.8
796.2

® x ® X ®E X

2

150.8
78.5
41.9

"33.5
41.9
58.6
72.0

205.2

378.2

680.6

823.5

1243.8
1281.5

3

91.6
95.0
91.6
46.1
41.9
50.3
110.9
110.9
256.5
487.6
614.2

1130.8

126.7
63.6
72.0
65.4
87.%

235.6

321.5

424.0

549.7

855.1

823.5

1327.1
1539.1

5

4.9
4.9
98.2
35'.;:

28.3

58.6
74.2

‘112.2 i

188.5
256.5
333.5
359.1

110.9
85.1
78.5
65.4

4.9

78.5
131.9
131.9
230.9
530.0
680.6

1055.4
1055.4

.. 502
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Table 35.

Days Post
Inoculatior
2*

4

INDIVIDUAL TUMOR VCLUMES (mm3) EXPERIMENT 3 (BENN): VINDESINE TREATED GROUP

1

131.9
98.2

" 3603

46.1
4.9’
23.6
65.4
113.1

2

110.9
67.0
5.9
41.9
46.1
13'.5
9.6
98.2
.2
282.2

5936

1076.8

755.9

.4

I >

154.8

"91.6

‘65.4
6.1

*38.5

18.8
104.7
117.8
169.6
150.8
294.5
416.1

466.4

6

91.6
2.6
13.1
K

4.1
18.8

41.9.

65.4°

104.7
221.2

.3

323,9

307.8

41.9
67.0
28.3
91.6
95.0
T 131.9
9.6

359.3

"606.0

523.5
1055.4
934.6

1327.1

602
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(Togarithmic scale) ~

3

F

Figure 21.

Tumor Volume

-
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-

[ R ——

[y

Time Caare)

Graphs of individual BENN xenograft tumor

volumes, contrasting treatment groups in Experiment 3.



212
.
Table 36 MEAN TUMOR VCLUMES (MIV) EXPERIMENT 3 (BENN XENOGRAFTS)
N
TREATMENT GROUP MIV' (mm)

DAYS POST INOCULATION ~ VINDESINE CONTUGATE . CONTREL
2 109.8 139.9 94.0
6 62.5 761 67.5
9 3.2 34.8 84.5

13 52.0 36.8 ® 124.1
16+ 9.8 29.5 144.8
20 46.7 5 42.4 191.3
23 103.7 54.2 134.7
2% 155.1 a3 " 202.4
30 251.1 140.5 318.0
1 276.4 199.8 553.0
3 494.9 270.6 629.0
a 617.2 372.6° 945.0
m 579.0 4324 1073.2
] 952.1 501.2 1513.0
51 . 119.5 611.8 ) 1ss04
‘55 1329.6 601.1 o 1meas
58 “ama 701.3 1913.6

© 6l ' 2175.2 786.6 2161.6
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i attélpt to quantitate cachexia was made, using body weight as an index,'

* and this is summarised below, contrasting mean body wéights of mice. in
each treatment group at the start and termination of the experiment.

Treatment Day 2 Post-inoculation Day 61 Post-inoculation
Group Mea‘n Body Mumber * " mean Bo‘w Number
' Weight (g) of mice Weight (g) of mice ',
. - - - T
Control 25 7 . 18 s v,
Conjugate . . 25 7 3 .

Vindesine . 25 R 21 Zi‘

I

Plate 17 * illustrates ,representative mice’ from eaéh group bearinq'

tumors and plate 18 illustrates the dissected tmmrs. *
Individual tumst weights, are recorded Ln table 37 , and mean tumor

weights contrasteéd between groups in tablg 38

Histological i of sections, from each grdup

revealed greater tumor necrosis in sections from the conjugated treahed

group, compared to control or v‘indes'me' treated groups. - Plates L9 ! /
20 and 21 ulustrate histolggical sections from " thev three groups,
the tumor being-a poorly dxfferen;iated adenocarcinama. =

v

.




INDESINE : Conrror

Vinoesine ONTRoL

Benn PGS Creevs]

[-4-35

Plates 17 (above) & 18 (below). Nude mice bearing BENN
Xenografts, Experiment 3, from Vindesine, Conjugate and
Control groups (left - right) : plate 17. Dissected tumors

shown in plate 18, below.
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Table 38. MEAN TUMOR WEIGHTS AT TERMINATION CF EXPERIMENT 3 (BENN)

TREATMENT GROUP MEAN TUMOR NUMBER OF PERCENTAGE OF
WEIGHT (g) , TUMORS CONTROL WEIGHT
Vindesine 1.01 2 94
Conjugate 0.4 77— 37
Control - ©1.08 5 . 100
~

218



Plates 19 (above) & 20 (below). Haematox]in and Eosin stain of

BENN Xenograft sections from Control (above) and Conjugate (below)

treated mice in Experiment 3. ( x16 objective; x10 eyepiece).
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Plate 21. Haematoxilin and Eosin stain of BENN Xenograft

section from Vindesine treated mouse in Experiment 3.

( x16 objective; x10 eyepiece)
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III .4 Experiment 4 - SKCOL
A .

Tables 39 ,40 and 41 list tumor volumes from the three treatment
g:oups.in this experiment, ahd these are cont‘:xaated graphically in
figure 24 . Mean tumor volumes are listed in table 42 , and
represented graphically in figuré 5. . .

It can be seen that although a steady né—qrm state was reached
by all tum;r:s in each of the treatment groups,. a conjugate effect was
also seen throughout‘the course of the experiment. ks

Only one mouse died during this experiment, number 6 of the
conjugate group, between 20 and 24 days, with no apparent explanation.

Plates 22 apd 23 illustrate the size of the xenografts at the

of the and the tumor weights are recorded in
table 43 . Mean tumor weights at the termination of the experiment may
be contrasted between groups, table 44 .

Histology failed' to demonstrate any tumor ~cells in: any gslide

studied, the only tissue present being of a calcified, necrotic, amorphus

. nature. As this was the only cell ].%ne previously not grown as a
xenograft in the preliminary characterization experiments, no further
histological details were available.

In a smséquent experhleﬁt aimed at establishing growth' of (.'.hls
cell line as xenografts, nude mice were inoculated in the usual manner
with 2.5 x 107, 5 x 107 and 7.4 x 107 viable SKOOL tumor cells. No
xenograft growth was seen at 21 days post inoculation and indeed there
was no detectable nodule at all on the flank of the mouse that had

the largest i lati these results were also confimmed at
31 days post inoculation., These mice had also previously been
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Table 41.

Inoculation
2 w.8
,_J’ € 67.0
10 57.7
13 8.8
17* 4.7
20 62.8
24 58.6
zn 67.0
3 6.1
3, 58.6
38 -38.5
4 58.6

& -~
INDIVIDUAL TUMOR VOLUMES (ll’lﬂ‘j__.@ﬂﬂm 4 (SKODl): VINDESINE TREATED GROUP

T3
Post. q
=

78.5
25.7
16.5
14.1
4.2
1.8
1.8

83.8
83.8
54.4

- 62.8

23.6
67.0
38.5
58.6
23.6
44.9
35.3
54.4

132.0°

50.3
41.9
63.6
28.9
a1.9
38.5
50.3

37.7.

23.6
33.5

41.9

ey

58.6 ¢

84.8
74.2
58.6
41.9
54.4
32.1
58.6
50.3
41.7
35.3
* 50.3

58.6

65.4
141.9
74.2
41.9
50.3

35.3 .

58.6
41.9
18.8

23.6

Zﬂ_.3

——

78.5
72.0
25.7
21.2

4.2

9.8
141
23.6

4.2

2.4 .

7.3
6.3

922
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(logarithmic scale)

Tumar. Volume m

sKcor

- 100]

Individual Tumor Valumes i

Vindesine

.
& =
N 11-285-14 VOS
100
10
s
. Control
100|
1of
" 28 2 56

Days PoSt Inoculation

Figure 24, Graplj; of individual sKgOl'x'énograft tumor

volumes, contrasting treatment groups in Experiment 4.

|
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Table 42.  MEAN TUMOR VOLUMES (MIV) EXPERIMENT 4 (SRQOL)

DAYS POST |
INOCULATION .» VINDESINE
> " X
6 4 64.1
10 4.6
N B . o542
7% 26.6
20 7!
2% 31.3
7 5.2
s 20.1
o 27.1
38 f, 24.8
a . w3
& 315
. @ 26.9
52 34.6
L5 ' 28.1
e 59 3.8
62 29.4°
66 t 27.4
69 » 2.7
: <
-~ :
o i

TUMOR GROUP MIV (mm3)
CONJUGATE

81.3
47.2
28.3

" 25.0

23.7
10.3
1.9

RO

9.4
6.6
7.0
9.6
10.4
9.3
10.5
12.4

9.7

10.1
1.3
12.6

117.6

106, ; .¢ ¢

62.3

49.3 \
28,9

2.4
29.5
2.2
3.9
24.2
1901
73
23.0
2.5
20.7
19.4
2%.8
19.2
24.6
n.2

o
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Plates 22 (abeve) & 23 (below). Nude mice bearing SKCO1

Xenografts, Experiment 4, from Vindesine, Conjugate and
Control groups (left - right) : plate 22. Dissected tumors

shown in plate 23, below.
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Table 44. MEAN TUMOR WEIGHT AT TERMINATION OF EXPERIMENT 4 (SKCOl)

TREATMENT GROUP

Vindesine
Conjugate
Control

MEAN TUMOR
WEIGHT (g)

0.014
0.009
0.020

NUMBER CF
TUMORS

PERCENTAGE COF
(CONTROL WEIGHT

233
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234‘
inoculated with 107 viable SRCO1 tumor cells (opposite flank) 100 days
previously, which had failed to grow.
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III 7.5 Experiment 5 - SW1116

This final targeting experiment is ongoing, and therefore data has
v

been assembled up to 71 days post inoculation of SW1116 tumor cel].s..

Individual tumor volumes are recorded’ in tables 45 v 46 and 47 , and
mean tumor volumes of each treatment group in table 48' . This is
lepresentéi‘ graphically in figure 26 , where it is seen that there is
little twsor groyth for control and conjugate treated groups, whereas

growth of xénogxaﬁ:s in the vindesine t:eute& group appears to be

- proceeding at a greater rate, shown by the broken line.

One mouse died as a consequence of anaesthesia (mouse number 5,
control group, 50 days post inoculation), whereas the two additiorfal
deaths, one in the control group and one‘in—t;:conjugate treated
group, occurred without explanation.

No toxicity has been seen in any treatment group to date.



Table 45.

Days Post

Inoculation

5%

254.4
170.1

117.3

192.4
188.0

4.2
131.9
130.9
169.6
158.4
243.7
256.5
256.5
307.8

368.5

150.8
150.8
54.8
78.5
98.2
102.9
142.5
98.2
117.8
m.2
158.4
160.2

- INDIVIDUAL TUMOR VOLUMES (mm3) EXPERIMENT 5 (SW1116): ‘me

S

117.8
169.6
98.2
53.0

78.5 .

113.1
150.8
122.5
205.2
188.0
176.9

301.5

144.0

2167

m.2
M

M
M

=T xz x =z = =

9€2
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‘Table 48.

DAYS POST

INOCULATION

+ VINDESINE

135.0
177.1
113.1

71.0

93.0
113.1
138.9

8.1

242,6
244.7
319.7
429.2
523.5
708.6
‘825.9
1006.5
1177.5
1436.5
1484.8
1921.4

MEAN TUMOR VOLUMES (MIV) EXPERIMENT 5 (SW1116)

106.8
129.3
116.6

86.9

86.8

92.1
110.7
104.7
139.8
114.2
1.77.2
199.3

g
199.9

187.4

213.2

197.6

2843

301.9
321.3
341.5

242

TREATMENT GROUP MIV (mm3)

154.0

“1m.2

97.8

97.0

97.5
107.2
IIQ\.S
123.0
164.8
.6
175.4
194.2
179.2
197.2
173.4
216.2
266.6
229.9
284.7
243.4
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m a.pmmamm—mamm
o & R

o Growth of co}unies was notad in éevul wells following both

fusions, and vhen supernd mitants fron these wells vere tested by ELISA,

anti-CEA y ‘was This is illust; in figure 27 ,
2 histogram showing results; w2 ELISA of selected
wells from both fusfons. A ' 1S

* In this exu.aple, screening of Eusl&l 1 slpematmés was performed
;t 27 days post fusion, .a'nd was the last screening of: wells from the
o:lglnal phtd No am:i—m activityy ted ih these rema:
wells, as illustrated by the histogram, ' yhereas selected wellu
fusion’ 2, where supernatants were tested‘ £o~ first time at, 10 days

post. tusion, were generally I ar ly P
results were nbtnh\d from wells designated Al0, Gl1, Am, B6, D12, B6,

-Hll and A3. mntroll the apti-CEA ly 11-285-14
et

(positive); PBS-BSA (negative) and REAI-HT.medium (negative) .

When the 'upe'mannt.s. yere ‘re-tested in ELISA after gubsequent
¢loning of theu,pout:xve wells by 1mdnq‘ﬂ'1uuon, all anti-CEA
qcuvny mep--d. despite growth of several’ col.enies. 5

In sumary, both susiém 314 not yield nonoclonal anti-CEA
antibodies. .- . .
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III 9.0 STMTISTICAL BANDLING CP RESULTS

IIX 9.1 Introduction
.

Statistical advice the ion of data

from the in vivo targeting experiments was cbtained from a number of
sources (see acknowledgenents), and the widely differing opinions offered
reflected the complexity of the problem, which also was apparent in the
literature. ’ ° . .

An nt‘tenpt was therefore made to interpret the data using. statist-

ical methods of increasing icuvplexity, and such results will be consider-
o

ed in this section. A full di ion of the bl of i 1

will be | in Chapter IV. "

III 9.2 Growth Delay

Forva group of mice bearing tumors and i a ’
particular t:eamm;, growth delay corresponds to the time taken for that
pu(ticul‘ groups mean tumor volume to reach a pre—determined fixéd tumor
volume in comparison.to controls. v % ]

This growth delay may be represented as follows for cell unes‘ ’
OLB20DM, LSI74T and BENN, where: the fixed tunor volume was taken as 500.

XENOGRAFTS : DAY 500 mm3 REACHED GROWTH DELAY
. N R covua | (avs) v
CCLO320DM 18 . 19 - 1
LSL74T <9 14 5
BENN ’ 3 TR o 15
.
. 5 -~
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It can be seen from figure 25 that in experiment 4 (SRCQl), the
no-growth state reached did not allt".\ meaningful comparison to be made
between groups. »

III 9.3 Comparison of Qurves

Direct vlnuai assessment of the form of the growth curves for e;cl:
treatment group gg}mice bearing xenégraftu, compared to controls,
obtained in each experiment was a reliable lniti%l method ,of assessing ~
the’ efficacy of txe;mep}:. 4

Growth curves are illustrated in section ‘xn 7.0 by figures 18,
20, 24 and 26, where mean tumor volume is expre;sed in m3 on a loga-

rithnic scale along the ordinate, with days,post tumot 1noﬁulatson along
.the abscissa.

An al e method of ng these results would have been

to plot the mm’ tumor  volume directly along the abscissa without

logarithmic transformation. The fom Of the curves is visually quite

different, although U\e\-&:\a&y of each treatment modality, too, is
\.‘_atdki'n;ly apparent. Growth curves plotted in this :nm‘ner are contrasted

in figures 28, 29 and 30 for COLO320DM, LS174T and BENN, (espetz*uvely.

‘sundazd error has been included -in these curves, although it would not

be mea‘ningful to include such values on the logarithmic 'plot;s.

.

¢ III 9.4 Mean 'l\'npr Volume a8 a Percentage of Control

r '

-~ :
The mean tumor voiumes of mice treated with the antM dn’ng
oor'lju;at'e (conjugat@ MIV) was expressed as a percentage of their or;o—
= 5 5

’
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Y 5 = Control
H —— 11-285-14 vOS
— = - Vindesne
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Time (days)
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'
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Figure 28. Comparison of format of growth curves for COLO320DM.

Mean tumor volume expressed along ordinate in e’ below; on a

logarithmic scale in m3 above. Groups receiving Vindesine — — —
CONEIO| commmmmne® N

Conjugate
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Figutg 29. Comparison of Qﬂmnat of growth curves fov: Ls17a1.
Mean- tumor volume expressed along ordinat_e in cms_ below; on a
logarithmilc scale in m° above. Groups recefving Vindesing~— — —
Conjugate Control o
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BENN

= = = Vindesine

%
Jul s o

N L1 1 i
. = [ 28 @ 56
Time (days) ¢
a
BENN *
30,
- H
3 Controt
NEEL)
I
§ 71/ Vindesine
10) : |
/“,/_i/"hzus-u vos
% Y
28 56
4 Time (days)

Figure.f/JO. Comparison of format of growth curves for BENN.

_ Mean tumor volume expressed along ordinate in en® below; on'a

Togari thmic scale in nm3 above. Groups receiving Vindesine — — —

Conjugate wm—m— oo CONtrol commmm—
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sponding control mean tumor volumes (control MIV), at various times
throughout each experiment, viz. at the start of treatment, weekly for
fqur weeks and at 'the termination "of the experiment; experiments 1 and 2
terminated at 5 weeks, experiment 3 at 9 weeks, experiment 4 at 10 weeks,

experiment 5 is ongoing.

This is shown as follows for each cell line. ™ .
.

WEEKS POST. COLOB20DH LS174T  BENN KoL Sa116
TREATMENT _

0 ¥ 203 135 ° 149 6 - 69

1 "oue 29 30 51 9%

2 8l 30 22 38 86

3 - 81 0 37 w 8

4 84 61 . 36 2 68
TERMINATION ; 36 59 140
(see tegt) i : )

. Lo

III 9.5 Student's t test "

I'I'he student's t test was used to compare the tumor volume means. oé
cet‘n::ol and conjugate treated groups of mice in each targeting exiaeri-
ment, as these were .normal pcpmatgms. Calculations were performed
using a Tl programmable 59 calculator (Texas Instruments). —

The ft_:]lowing lists the days post inoculation of eacl:u cell line
used in gxpezhnents 1-5 and t'.he‘aigniﬂcame_ level as determined from
'ta.ples of significance levels of the Student Distribution (2 tailed test)
(Documenta Geigy, Scientific Tables).

P
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- DAYS 3 14 21 28 35 '
OOLO320DM \
\ P(l 0.01 0.7 0.7 0.7 0.7
~ b4 )

DAYS 4 14 21 28 35

LS174T
< 0.8 0.1 0.005  0.01 0.2
DAYS 2 13 20 26‘ 34 61

BENN : ) . .

B¢ 0.05 0.3 0.2 0.1 0.02 . 0.02 ~

DAYS 2 13 20 2 34 69 "
SKCOL v
t - E .
PC*. 0.3 - 0.1 0.1 0.2 0.1 0.8
i \
DAYS 5 15 2 % % —u
s [/ .
e 7, 4
TR 0,08 0.8 0.7 0.6 . 0.2 0.5

11},9.6 Analysis of Variance
,

In order to assess the contribution of a variety of different

i :
factors upon the variation of data ie. inter and intra subject variation,
time etc. an attempt was made to apply the statistical teghnique of

analysis of vacdance, using the 'MANOVA. command (repeated measures
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multivariate analysis of vaxiance’), as outlined in Chapter 28 of the
SPSSX (Statistical Package for the Social Sciences - extended) data
analysis system manual (SPSS Inc, Chicago). ~

Accordingly, data files were constructed for each experiment
1i;tmg individual wmor volumes, in the format of tables 20-22 (COLO320-
DM; experiment 1); tables 27-29 (LS174T, experiment 2); tables 33-35
(BENN, experinent 3) and tables 39-41 (SKOOL, experiment 4), using a
VT100 temg'nal (Digital Bquiiment'(‘nrp., Mass) , connected to the central
University Computer, VAX-11/760 VMS V3.7.

An example of the format of the oouputé: prograime designed for
the data of experiment (COLO61184.DAT), as designed by ; Cornish (see

: acknowledgements) is- listed in appendix B , and was, referred to a8
PROG.DAT. ' -
This modified ingly when other data files were

used. { S B

To run the SPSSX MANOVA, programme the following command was typed
into the VT100 terminal when the dollar sign was showing:

$ SPSSX/CUT = PRINT  PROG.DAT.
A printed copy of the results could be obtained with t{yemwrd:
N . ¥ PRINT.DAT

Interpretation of these results (referred to as PRINT.DAT) was
performed at the Statistical Consulting Laboratory (see acknowledge-
ments), and following a further Manova 3 way analysis,’ the following

- .
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results were obtained for experiment 1.
1. There was no difference among the means of the three groups
(Treatnent groups: vikdesine, Conjugate, Control). %
2. There was a;;gniﬂcmt difference among the means of the thle
periods ie. this was a time-dependent process.\

a4

Attempts were made to apply this programe to other data files of
the but the was unable to take account

of missing data in the analysis, following the death of a mouse.

» The Statisticians proposed that in order to overcome uus,’mme
dying during the cdurse of-an experiment should_either be totally
excluded (as the programme did) or that an ext:apqlat‘ed mean tuﬂx;z
volume, based on the last value obtained, should be

As neither option was biologically valid, and in the absence of
.

p! this was aborted.

A full discussion of,the problems with the i 1

interpretation of results is found in Chapter IV.




CHAPTER IV : DISCUSSION

s



IV 1.0 INTRODUCTION

. ¥ N
Prior to attempting to assess the effigacy of targeted chemo- |

therapy, it was necessary to evaluate certain aspecm of the various

of the {‘ system Y m these studies. Thxs

underlies the rationale for r.he inclusion of the initial expeziments
aimed at characr.eusation of the target, human tumor cell lines express-
ing the antigen G‘A,‘afd the carrier, the mnoclcnn‘l anti~CEA antibody
11-285-14. Although not a principle aim of e studies, an, attempt was
also made to genente Eurther anti-GA nmcj:a.l antibodies for addi;-
ional characteriaatmn. . ' : A
Evaluation oE the warhead alnne, it must be staterl at the-outset,

was not attempted by these stuﬂes for several reasons. The vinca

alkaloids, as discussed in section I 6.5, have already received extensive

7 g .
‘characterisation and clinical trial and in additiod; there is no exact
' -analogue of the vmca alkaloid (& precursor of vmdesmé) conjugated to
. this anttbody that exists in free state, although vmdesme represents

the nea:est chemical relative of any practical value. Therefore vindes-
ine hes been included in .many of these stulies as an ‘interesting and
relevant parallel rather than as a strict gontré). in view of the diff-

iculty-correlating efficacy of free dgug to that of Aconjhgat’ad drug.

i ¢

i
The studies outlined above enabled logical progresston to evalu-
ation of conjugate efﬂcacy proper, which was perfomtd mitlally in
vitro ueinq selected cell Iines in an established micxocytostasis assay.
However, prior to assessment of in vivo efficacy it was necessary '
to establish a suitable and relevant pre—clinical model. Mcordlnély,

5
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cell lines selecred oh the basis of CEA expxessmn £mm initial stidies

we}e grown as xenografts in nude mice, and A:ha:ac:eusancn uf thesge
xenograft tumors performed confirming the suitability of-the model for
later studies, ie. that tumor histology and immunocytochemical chnricter~
istics. had been maintaineg, Preliminary experiments usind this model
were designed to ensure that the systeém would work for later targeting
experimnts. - T R

¢

" Although it is somewhat artificial to divide the preceeding

: studies into stages as above, this has been done for com'lenien‘ce and A

clarity of éiscﬁasi‘on. In fact; these st@ies formed a co&iive w‘hole
whigh eventually led to ‘an evaluation of ‘conjugate effi&ucyA in 'vi.vo;‘
where the ggowth of Hmah, tumor xenografts with.a r.ange of Q‘A expression
uas assessed followi.ng treatment of the host. with monoclonal an:i-cm
antibody vindesine conjugates.’ .

" The results obtained at:‘each of these stages willbe the ;ubjgcc—
of dx;cussidn in this chapter. i o A

There is little doubt that this to cancer is

appealing in view of the nmi:atiqns imposed by many present. day cy:tr
toxic agents, and - thnt it offers potential “improvement ovér t:adit.imal
immrotherapy. The current status of. immunochemotherapy was outlined x)
,section b & 0, uhe:e enccuraging :esults were presented from a nurber of

studies a range of E syatens, it is atlu

hat surprising that a%netle mfcmation uisls on thxs approach
twenty-seven years Eollwinq Hathe 8 uxiqtnal put);)icaticn 41958)

.
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.

. ' P .. .88
hese stidies are endbaraging 4" thelr support of'this therapeutic
approach, where efzfcacy and selectivity of monoclonal anti-CEA antibody
drug has b_eql in vitro m:Lin a relevant pre-

clinical in vivo model. However, - several questions have also been za!ted

"from f.hese studies and these will be addressed ln this chapter. :

w‘;‘.o.mmmmma-:mmmm . o
. e i b . R »

ﬂw avaunbluty of ‘ten hunan tumor cell 1i.nes p:avided suﬁﬂcient

mutexial upon uhich to base these studies, and to selegt key cell lineﬂ

for fumaer eva.luhtion. By mum:aininq these cell lines in culture as

- described in Section II 1. 0, sufﬂcient cells were generally availzable

, for experiments to be performed, prov,tded “that care was taken in their--

handlimy, ly in the p of i
cnltumd cenl (0L3200M) were discarded during these studies following
mfeetlon with staphylococds aureus, which most 1ikely occly’;ed follow-

a breakdown in sterile technit s N
ing . que. . o I f*}

nly: two flasks of

~

2 Imunocytochemlcal studies of the uvauable cen Unes mingj
11-285-] ll enabled simultaneous evaluation of Both taxge£ and antibody, nt
both conwnent.s were essentially 1ntex-depehdent.ﬂ'l‘he specificity of thc

monaclonal nht}body (11-285<14) for CEA opitope(s), with 1little 'NCA ‘or

* 'normal’, cron-rencﬂyny wag qualified in Segtion I 3.5, making it *

potentlnlly a sun.mlo carcler for nu:h .an approach. Its use as & tool
to chumterlu t.hc distribution of the target muqen. u:n, is therefore
justified, Moo | N
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e : The e L i was » bt se more

. information regarding the cellular dintribuuon of G'A (cytoplasmic or
-

purface) could be gained wer ‘the hlmcumre-cence tecmique, which

.only exhibited surface - zea:uan. 'me latm mumtly gave a lower

' mean of cells ing the anttgm for each oormpurdlnq

cell line testad, as is w[mt from Eiqura 1 and 2. In addition,

.subjective g of immunof! r slides wis more dl.fﬂcult.

and the permanent nature of the immunoperoxidase reaction, enabung
slides to be stored for later review, was a dijs‘ur-\ct advantage.

Figures 1 and 2 illustrate the range of CEA expression by cel Wf

e > ﬂ, 2
each cell line, and igh (by either

) ; . 3
t.herefm"e include 16, SKCOl, BENN and LS174T; intermediate’ to low

" expressors, LoVo, HT29, SJBB‘I; and non expressors, COLO320DM and AS49.

il ~
$ In the evaluation of the selectity of targeting)’ it would b
to results using cell Yines of quite differ-

7 ent CEA expressivity, such as any of the high expressors (SW1116, SKCOl,
BENN, LS174T), with ncn—exp:usots (COLO320DM, AS49). A further refine-

Pl ment would be to later evaluate the xesponle using a cell une of
"J-

te antigen g \

Binding studies, using udiolnb‘eua( 11-285-14, were aléo perform

v ed tg.cmﬂm the binding of antibody to & range of cell unen/ expressing
- CEA, a8 selegted from immunocytochemical assesament, and 6166 to attempt
*  tojguantitate the nurber of antibody mleculen binding. '
Several attempts were made at rndlolabelﬂnq, and folloving the
successful iodination of one batch of 11-285-14, with contirmation of its
F R Ex 2 ) ‘

>
. P

RN
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.

biraffl y by ELISA n III 2.2), this was employed

_in a binding study |:1ng selected cell links to illustrate the prin-

L

ciple. Figure 4 clearly llustrates the difference in binding of the
to two CEA cell lines, LS174T and BENN, compared to

the non-expressor, QOLO320DM. - These results were consistent with'those
ubuined previously by the Oncology Research Laboratory. \'
Quantitation of the number. of antibody binding molecules revgals a
similar number binding {po the CEA expressing cell lines Wﬂ’ and BENN, «
and a forty fold reduction ‘of binding to ccxmzopu. This result may

\ appear euxpdsing at first n!ghc, as it Would be expected that antibody

}mding would not be detected with t.h\non— pressor. This may be

" explained, however, by the relative ivil ~o£ the

chemical assay, chh may not detect binding at athis level of antibody
'l‘he,’ 1 feature 111 yu is that a range of

binding e'x!sts ovez this concentratim n.nqe used. . _evidemje from

. other work in Oncology indi the\ ' level of
‘

binding of a non-specific IgG ( from the Ag8 mouse myeloma line ) is,at
Ehe level of 3x104 molecules per cell, which is consistent with the
OOLO320DM xv\lu.
. r 3 .
It should also be noted at this point that such s't‘més aseune
that antigen density is equal for ench ceu. It may be denomtuhd thﬂt
this is not the case houevo:. and antigen&c heterogeneity may be " demon-

stnted by immunocytochemidal atudies, see plates 4 and 6, where it is
geen that not every cell on the slide has been stained, and that this is

even heterogeneous within the cell iuelf. ‘
4 ' I
. B » .

.
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2 61
. d g o4 o
¢
Iv 2. lmzt.qt mmnu mrther m—m‘n‘nx:lual Antibodies
' formed, ln an attempt to qene(}te additional

Two fusions were
2 o

.
ar’n-.i-m for as potential carri\

!
els. «

- .
It can’be seen from t;e hﬁtwrm of a rép:esentative screering.
ELISA, figure 27, that several wells tested exhibited anti-CEA Activity,
although this disappeared on subsequent cloning and uhtestin;. '}he
non-viability of these clones was also sapparent on miCroscopy.
.No f£irm conclusions can be drawn from these attempts at monoclonal
antibody p:cduct.ion'm view df the ll.n\it;d numbers of fusions performed.
. The demonstration of anti-CEA activity at an early stage suggests that at
least initially the fusions had been successful, and it appears as if the
problem arose at a later stage, in maintaining viable hybrid clones.
‘arly t;.luning was performed to prevent overcrowding of cells, but

appeared to have 1ittle influence on outcome. !

These two fusjons ulum::ur.e the difficulties that arise in the

qeneration of monoclohals using hybridoma technology, and indeed several

investignto:s reported many initial attempts prior to obtaining a

’{auccesaful fusion. The ressons for this, too, are unclesr as many 8

factors may influence outcome. No furthez fusions were attemted as r.hts

was ‘not a‘central theme of this thesis. {"
[
& : ‘
IV 3.0 TARGETING IN VITRO |
N )

' ‘- . o
\ In keeping with the th i ¥ of geting, conju-
\ ;

gate efficacy in vitro'is clearly demonstrated in figures 5, 6, 7 and 8,

P
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where dose-response curves show a F duction in ntage of

g cells to : ibody-drug when each of

the high CEA expressing cell 1£ﬁes LS174T, SRQOL, BENN and the intermed-
% .
1at or HT29 afe evaluated. ) . ¢

-~
» .

Selectivity is confirmed by the absence of conjugate response upon -

the »on-exi:xessmg cell lines COLO320DM and AS49, over a similar concen-
P .

tration range, figures 9 and 10.

,

Table 10 shows the CEA of -the of

cell lines used in each of. these experiments, although cell smears of

AS549 were not availabl/a."‘ ;
HT29, an te / low' CEA ‘expressor (.17%,
>

fiqure 1) (passage number 22) used in this 'particular ass?!?vy\ il_lugt:atcd/
in figure 8, was not demonstrated to .express. CEA, within t‘:e se{xsitivity
of either unmmocytochuﬁgul assay, (table 10), although a convinaing
respones\ to c?njxxgate was still ebtaif\ed. The reason for t‘hii is unclesr

as previo?m experience showed that on average up to 20% gz? cells on
ce}l smears were antigen expresso:s‘when tested using 11-

m-1 by in It is possible that for this particurff cell

14 at 10 ug

. ‘passagi\Cells “were 'stripped' of antigen by excessive trypsinisation

»

5 during preparation of wus for assay and that afiter 24 hours recovery 'in
culture medium, suf&icient target sites had been regenerated for a
conjugate effect. )

. ! "

® . ? !
Another feature of interest indicated by these .resultd is that
regarding the effect of free drug. Although the ‘Hmitﬂtlons of 'its use
5 i
.y + L

. ] - ¢
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as a contxol or for a direct qawism to conjugate were addressed in
the introduction to this chapter, section IV 1.0, it can be seeeron
each 'of‘ the dosé—:esponse curves obtained that vindesine used alone

. "caused cytostasis with six cell lines showingthat the vinca alkaloid was

effé,ctive- upon a range "of hume® tumor cell lines despite their source

* (colorectal or lung) and that effects were seen in qeneral at lower

concentrations than for conjugated drug. Therefore, when a cell line was
sensitive to free drug, a con;ugate effeqgt was only seen with cen lines
expressing theé target antigen. This is in contrast to results wtained
with SW1116 (high expressor) mq_,s,vm (low expressor) which were both

. insensitive to free drug and c‘nsequenr_ly also to conjugated ci?ug. ‘The

.

explanatign of the observation \:bat, vindesine is effective at a lower

cmcpntracian range is specuntive although it may be that the smaller
vindesine molecule is intemallsed faster by the cells in this assay
system, pompa_(ed to its conjugated counterpart. This hypothesis assumes
that inter‘nalisation‘ is required 'for the drug to exert ft: effect, which
is likely but not provan ‘

The vaile of.a mic:ocyéos\:asis uaay’imﬂar to the dpe used in
these experiments) as a predictive test: of hunan tumor chemosensitivity,
in comparison to other avnilnbla assays such as the’ clonogenic assay
(salmm 1984), has b;e;ﬁsseﬂ&ed (wuaon, Ford, Newman & Howell, 1984).

Both the clono*nic monolayer assays were found to be comparable,

ﬁa\:'ncn 1 ¢ assays have value.in in vitro predictive
testing. In order to improve the conslstenc‘y of resﬁlts, tests included
in this thesls were perfomed throughout in qundrupncato rather than
tzipllcat:e. .

Other groups, too, have répozted similar results of conjugate \"
.

¢ . i
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efficacy in vitro,.and the efficacy cf.polyclonal anti-CEA antibody
vl.ndesme conjugates has been well documented using a similar nucmcytz;—
stasla assay to. that used in these sr.uﬂeﬁ (Johnson. et al, 1981; Réwland
et: al, 1982). With mnoc].onal antibody car:ie&, in vitro efficacy has

been reported for con)ugates comprising adriamycin and an anti-Sp4 (ra{\

mammary carcinoma) monoclonal antibody (Pimm et a¥, 1982) and usxng'

colony inhibition assays and 75Se-sel h ion assays,
Rowland has recently reported the efficacy of vindesine conjugated to

monoclonal anti-melanond, anti ostesgenic sarcoma and anti-CEA antibodies
(Rowland, Axton, Baldwin, Brown, Corvalan, Embleton, Gore, Hellstrom,
Hellstrom,  Jacobs, Marsden, Pimm, Simmonds & Smith, 1985). By employing'

cell lines of both positive and negative target antigen expression, the

in vitro sl:udles outlined in this thesis have also confirmed selectivity
of the smmomnjugates Ln addition to efficacy.

- '
’ . it
/ -~

I?sp{cducibuity of this assay was reported in section III 4.2, and
|

. i\
figu:e 11 clearly shows that the assay was reproducible not only when
3 ¢

@bmﬁd at different - times, but also, when performed by t% different
investigators. Results have been included for two different CEA express-

- ing cell 1’lnes; SKO0L, a high expressor, where c’:unjléate efﬂcacy is

L]

again and C a non ressor, | d ing no

conjugate effect and hence the selective nature of targeting.

.

'Aa<uu in vitro assays were perfommed at dlfferent times through-
out the year, different batches of 11—265-!.4 vindesine conjuqute were
employed. ziqura 12 illustrates the compantive atficacy o£ four

different qnn]uqn\)tgg,\ tested against LS174T, a CEA expressor. The
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in the dos curves likely represents the individual

variation of CEA expression by the cell line, as these assays were not
performed simultaneously. Ideauy/, this experiment would be repeated
using a cell line of the same passage number, performed on the same date,
and testing each of the ccnjuqaﬁes together. However, the similarity of
each curve demonstrates the efficacy of each of these conjugates, as does
‘tk demonstration of their anti-CEA binding actlvity cunpxed to the
parent antibody 11-285-14, when tested by ELISA, figure 13.

These studies Have also demonstrated that conjugat-e efficacy is
maintained for at least several months following their preparation, when
stofed as outlined in uppe;'\dix A. Periodic evaluation of the conjugates
in vitro has confirmed the efficacy of these n\moclmal anti-CEA antibody-
vi.ndsxne conjugates for up to seven mmr.hs post-conjugation, and thT&
had nevex pxeviolsly been addressed.

VA0 THE INVIOMDEL .

.

As alluded to in section I 1.3, the testing of pnten&u'ly new
ant!.-canc_er drugs has been su‘zject to criticism in vlt_y 6{ the estab-
lished practice of screening these agents against. rodent tumors of
debatable relevance to the human. Although an acceptably tunor model muy
{\eve':' be completely agreed upon, the use of xenografted human tumors in’ v
'minmosumressed mice or rats is becoming increasingly uaed"lfci; such
purposgs’ (Lancet Bditorial, 1978) and has also received further recent
support (Atassi, 1984). .
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thymic aplasia, as in the nude mouse (Pantelouris, 1968), or following

je measufes suwch as , the administration of

anti-lymphocyte serum, cyEotoxié drug treatment and whole body irradiat-

" fon (Castro, 1972; Steel, Courtenay & Rostom, 1978). The increasing use

of the nude mouse in such a role is evident by the establishment of

International Workshops on Nude Mice, although the immunosuppressed mouse

is favoured by many in view of its ease’ of handling and cost (Steel,
Courtenay & Peckham, 1983). }

The method _oE xenografting, too, may vary from the subcutaneous

. -
inoculation of tumor cell suspensions as performed in these studies and
of others (Fogh, Fogh & Orfeo, 1977), to the direct subcutaneous anl‘an—'

.
tation of fresh surgically resected specimens, which may then be main-
tained by transplantation Between mice when the tumor reaches suitable
proportions, a process of serial passage (Houghtdn & Taylor, 1978a).

‘Uai.ng these methods, a wide variety of t’umrs‘ have been xeno-
% \‘g;gﬁged into immuncdeficient hosts including colorectal tumors (Pigkard,
Cobb &‘ Steel, 1975; Houghton et al,1978a)," bladder tumors (r\;

Kyriazis, McCombs & Peterson, 1984), lung tumors (Hattem, myss, Haag,

Toomes & Volm, 1980), breast"tumbres (Bailey, Gazet, smith/é Steel, 1980), -

rhabdotryoaamoﬁus (Houghtm, wunm. Torrancé & Houﬁk\ten, 1984)° and
' /Iem)“‘m addition 1.0 a variety of cell
White, &

ntlanams (Fodstad, Aass & |

unes u\cluqing !n\Lv/ ,-
1990) snns (Ki6g, Sahmun, Quinn, -Melincoff, Sedmk  Tubbs & Zutawski:
1984), ms, LS174T m:i 5549 (Fogh et al, 1977). i

huch attention has been given to the cha!actedsation o£ these
\_@

mted tlnozn, eapeciau.y with regard to, the mnlntenmce of

-
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original tumor histology (Houghton & Taylor, 1978b; Kyriazis et al,
1984), tumor markers ('maR Neville, Phelan, Scanzano & Vandevoorde,

+1981) including CEA (Lewis, Smith, Reep & Boxer, 953) and tumor kinetics
-(sprang-’nmsen,melserf & Visfeldt, 1980; Sgtang-’i’homsen & Vindelov,

1984). The extent to which these characteristics are faintained :eﬂects
the usefulness of the tumor model, and this has been addressed in most of
the studies referred to in addition to reviews (Steel & Peckham, I980).

Consensus is that sl}c{ ts do ‘the « i

tumor® characteristics, for at least up to 10 serial passages if trans-

pl ion is loyed ( et al, 1978a; Steel et al, 1983) and
this the of histol » tumor markers, isoenzyme and L~
1 Host ' to the t is essentially

minimal and infrequent, with tumor infiltration by host - tissue and
. -

being: m Steel on reports of host
"response to tumor occuring in mice, p S y following
in et and the wm 7 of this phenom-'

’ eux; in the nude mouse (1983). 7

IV 4.1 Xehograft Characterisation

'.1 ‘ .
. »

“Despite g}‘initiu.l problems,of establishing & nude mouse colony

and ‘the precautions necessary'fo’:/t:e handling of these mice, it was felt

that' it vas more convenient to work with the nude mouse model rather than

" attempt at this ih 4

Preliminary experiments- (Ford, personal communicauon). had
eftablished that ah inoculum of 106 viable tumor cells aid not result in
established tymor growth and therefore 107 cells were used as the

L g
. & . ¢ L

T
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inoculum size in future experiments. The overall " " af 93.6% for the

initial 44 tumors grown for isation was to that of
908 achieved by Fogh establishing xemografts from 127 twor cell lines
(1977). The range of tumor "take" of serially tnm;lanted tumors is
-reported quite variable but ave‘rages at less than 50% (Steel et al, 1983)
- a. further reason for direct inoculation of tumor cell lines in this
model, <

Of the ten cell lines available for characterisation, njne were
grown as xenografts for chaxaci:eri‘l"on priot to experimentation, with
4he exception of SKCOl. The cell line SKCOL was inoculated initially at

t:hg ‘outset of experiment -4,-and-as_the results from this experiment

indicate, these tumors failed to grow. The growth curves of individual

SKCOL tumors are shown in figure 24. Following this'experiment an
attempt. was made to grow these tumors by using inocula of j.n;reasing
cell number, up to 7.5 x 107 vizble cells, and this ‘too, failed to
achieve tumor "take". A criticism of this latter experiment relates to

the prior lmculation‘ of mice with 107 SRCOl tumor cells , and ideally -

inocula of increasing ce;l nmbér should be injected mgo 'fresh' nude
mice. It is, however, unlikely that prior inoculation 'would be respons-
n;le for apy tumor su;:pxesaim t_ollw!nq a later challenge, and. it is
possible that g:eaterthan' 108 Aviable cells will eventually be required
to-establish growth of this cell line as xen‘o‘grafts in the future.

Altematively it may bé.a cell line that is ‘resistant' to growth in the

nude mouse, . : +

Serial masur'qmt/oﬂumr volume wanét documentéd during the
cm:tu of " these chn_w:termﬂo studies and the otly men‘ﬁure’mnta

S : ‘e .
o »
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recorded were that of tumor volumé and weight at the time of sacrifice.
The neeessity. of following the growth of tumors in preliminary and
targeting experiments enabled gro rves to be constructed for the
c;ll lines used in these e‘per ts. Therefore for HT29, LS174T,
COLO320DM, BENN and SKOOl, the growth curves of control tumors from
experiments utilising these cell lines.are represented in figures 15, 20,

18, 22 and 25 respectively.

. Particularly striking was the simua_nty between growth curves
obtained for the HT29 ¥enografts in experiment A (figure 15) and those

reported for the cell }ine HT29R (Warenius, Freedman & Bleehen, 1980). -
f Tumor growth approximated well with the Gompertzian function, and in
ddition, the of tumors cor

vith piblished findings (Wareniudet al, 1980; Sprang-Thmsen et al,
1980). The explanation of the latter phenomenon is not known, although ~
‘vascularity at the sité of inoculation and the rolevf local trauma have
been proposed as co}t.dbuting factors. '

Figure 14 correlated tumor volume to weight at the termination of
the characterisation’studies, where a correlation coefficient of 0.85 was «
cbtained for 41 of a possible 44 tumors grown. The poor correlation of

weight to volume for the six LoVo xenografts studied (correlation \

_ooefﬂclent 0.65) was most likely a reflection of the high proportion of N\
tumor necrosis.exhibited by these’mrs, as has/been reported by others «
. (Stragand gt al, 19&}).' The overall correlation of these two'tumor .

N
paraneters obtained for a total of 154 tumors, including those used in
.

X ; _targeting experiments, was good, with a corgsfation coefficient of 0.96.
“ ‘\ ~ volume is a:nAtgb!.e ‘guide to
i s

o .

These results support the view that ti
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tumor growth in such a model.

The m‘surenentl of tumor vol;.me uéédlln these studies '£ollou&i
r.hat of Evans (1983), who used the Eormula fo: an oblate spheroxd to
eonpensate for the fact that twrors did not gxow as trfie spheres. Meaeur-
ing the naxhnum tumor 1ength (L) and mathm tumox width (W) at right
angles. 1&4&5 possihle to calculate tumor volume (V) using the formula:

's

. Vaalx Lx (W2 ? ' ’ &

b 6 ~ . A ¥ . ~

//' Several other formulaé have been reported._in the literature, and

* L]
) although the final volumes derived by each are all of similar megnitude,

they assume that growth is equal in all dimensions. sx:kl examples are
listed below, where D represents tumor diameter, and ﬂ‘.tm\or height.

Ve (D)3 x T/6- (Warenius et al, 1980)

VaLx (W2x0.4 (Ryriazis et al, 1984)°

V=LxWxH/2 (Rowland et al, 1983) .
.

V=Lx (W2x1/2 - MPodstadt et al, 1980)
‘ ?

The irregularity of gross tmm;' morphology has been mentioned, and
it was felt that the site and depth of tumor cell inoculation was
important in detem\ininq final tumor mrpholoqy Intraﬂémal inocula-
tion, either abcidentul or_from the le -track, appeared to account for
!;he skin tethering occasiohally ae And poggibly for skin .ulceration,
ulthough this may Also have resulted, in th)e case of large t:umors, from a
preasure necrosis effect upon an area o£ eredy diminished x‘luscul?):i:y".,

’
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In only one case wiS there of :he wall !

musculature, most hkely related to depth of tumor cell imculatlon, and |

" in no cases were metastas demqgtrats!. " ) '_ e .
-~ e ’ . ’ e
Haenato)dun and eosfn sltaining of xenograft tumorq;ections e .-
! that “the histological had been ‘ained, ‘and * S

this is summarised ip table 12. Plate 10 clea:ly ulust:ates “the preser-
vation of glandular architecture seen with 15174’1‘, a modefately “well /

diffexgn:'xated adenocarcinama of colorectal origin. 2
(-}

of CEA, illustr | by plate 11,,was evaluated for -

each cell line, and table 13 contrasts the results of, imunopemx-

idase assays 1 on’ o £ )yith their-
’ ir;oculati.ng cell lines. This indicatesv that expression of, the antigen by

the xenograft is generally reduced, in keeping u;tn_pmmhed‘:g{um\

o

(Lewis et al, 1983), with the excéption of AS49 where 108 of cells .

appeared to express (EA on tugpor to_no : by

the inoculating cell Tine. There is as yét no explanation to acount for . . , .-

this observation. LU
A further observation of ihtezest_is that of the pattern of CEA

' by these : (cellular, gtromal, glahdular); and rhe ‘
-considerable hateroginelty/ that existed among the§e sections.
- L4
G s
. \ I ' . N
of CEA was from a limited number of t.)mdrs s

only to illustrate r.be range of CEA “content of xenogzaﬂ:a vith dﬂEera\F.
v

CEA expression., High,K CEA content: was “found for the hiqhﬁexpreshors
L.sl“’r and BENN, Snd,raduced cantent for ‘A449. It appears thezefote that

o unug of A exptesslon and production cxla(:s mng cell unzs and(
. v
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~their xenografts, and that even though CEA may not be detected in ¢ertain

; cell lines by immmocytochemical techniques, the antigen may be produced J
in vivo, as evidinced by the extraction data.™Serum CEA was not evaluated
in cheé st\xﬂesf 4 -

IV 4.2 Preliminary Exeriments- l

Results obtainled from preliminary g(permnts are summarised by
figures 15 and l._S, where it is clear that gr;wth of HT29 éhd\'xsm'c
xenografts was suppressed by ‘free vindesine at.this dosage and schedule.

In view of the limited nunbezs of mice used in these expeziments, no

further conclusions, are made. These experhnmts confirmed the ‘feasi-

bility of this model system to assess therapeutic response.

IV 5.0 TARGETING STUDIES

o Having esta_l?ushed a suitable model wi'th which to évuuate the
efﬁcacy of targeted chemtheral;y, lhuman tumor cell lines, on the basis
of their Q\arl&r. cha:actexisation{ were selected for assessment: irf
individual experi.nen‘fs. . y

Statistical advice had suggested that treatment groups, each
containing no less than six mlce, would be an adequate population size
£rom which conclus!ons :ega:ding therapeutic efficacy could confidently
be pade. TheteEore, for each expeldment, sufficient mice were inoculated

shmltaneously 80 thnt not lese than six tumors would be included into

In expexh»mt 1, mice were inoculated bilaterally, vmerens in the

\'\each of three treatment groups at the start of the exper!ment.

unuateral 1nocu1atien was . performed.

AR , "y
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It wag initxa.uy pmposed that the use of two tumors per animal wouldz 7ge
advantageoue. in that a savx.nq of animals could be made, and thjs was
based on the experience of others (Rowland, personal commnicatmn) and
fxcm the uternture (l?reniu.s et al, 1980). The latter proposed that
statxstical results were similar regardless of whether the animal
s\ppotted one n: two tumors, if each tumor was assessed mdividuauy.

Upon the completion of experiment 1 it was apparent that the use

of two tumors per animul had several disadvantages, includinq eatl;er -
disnbuity of the host: as. a \esult of two tumar masses, srequiring

sacdfice earlier than if only one tumor had been preeent. Pun:hemo:e,
the intezpretanen of ‘results posed add.\tional questions, as willl be
discussed As a result of exLedence gained £rom expetinent 1, uni-

lateral inoculation’of mice was for all

_ Three treatment groups were included in each, experiment. Control
mice received an intraperitoneal (ip) injection of 1.0 ml sterile
phosphate buffered saline, every two weeks for three doses. Mice treated
with conjugates of 11-285~14 VDS, were treated on a s;nn‘ilaz schedule, at
doses of 10 mg kg1 with reepe;:t to drug concentration. The volume of

conjugate injected varied between 0.5 and 3.0 ml, depending on the weight
of the mouse and the batch of conjugate used.

This regimen was selected on the advice of Rowland ‘ (personal

communication) who had used a similar regimen to treat mice bearing the

MAWT by serial passag;. However, the
only published regimen in the literature was that of a dosevof 6 mg kg-1

(with respect to drug concentration) given twice weekly for 5 weeks
7]

Y ' . dh
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wland et al, 1985). An unportant difference regarding scheduling
used in these stkiies related to the time of the 1mt1a1 injection. It
wu{alected for these gt\.ﬂxes, to wait until tumors were visible (t@r
volumes between 75 and 150 mm3) -before staxtirxg treatment to ensure 100%

"take" on t\xmxs, whereas Rowland began treatment at the time of tumor

initiat&on, when tumor burden was lowest. The only exception to thls~r

being three mice ir experiment lq where trear.ment was mitiated with
impalpable tumors, two of which subsequently gxew see sectxon IV 5. 1)
. Mice :ecei‘{ing free vinde§ine_ were tréated wn:h 1.0 nl of the drug

.at conée;ntration of 2 mg kg-}, given on a similar schedule. e

The intraperitoneal route was ch;sen over the intravenous route
for its ease-of access and reliability, and no adverse physical effects
were noted wi’r,h this volume of solution. Repeated iniectlons of up to 3.0
ml of a solution, via the small tail vein of the mouse was not a suitable

alternative, although in general the intravenous routé is to be preferr-

" ed. The toxicity study, section II 10.4, with results I 6.3, was

be 1}|jected, with respect to vindesine concentration. It confirmed that
using doses of free drug ?t 10 and 6 mg kg-1 toxicity and mortality was
exhliblted within days of injection, and was not tolergted by the mice.

8 W d -

At the termination of each experiment, the xenograft i’umors were
characterised in the usual manner te confirm that the model was still
relevant and Wo attempt to detect any differences betwecn‘ the treatment
groups of each experiment. Table 26 correlates' the inmunocytochemical

characteristics of xenografts from each targeting experiment with antigen

performed in view of the much higher doses of conjugate over free drug to
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expression of the inoculating cell: ).h\é. Consistent with preyfous. N
f-hdings are the ruulta_ that expression of CEA by the xerografts, from

whatever treatment group studied, is less than that of the cells used for

inoculation, The absence of antigen by the’ SRCOL
, (experiment 4) reflects the absence of sufficiént material available for

wsa npen-nt 1
) No conjugate effect upon the gxouth ‘of a;mzom Xenogr: was ¥
seen in this expériment, as shown by the similarity of growth curves in
£ Lguie 18. Figure 25 algo contrasts the format in which these curves may
be presented and this, too, shows no conjugate e‘ff‘e_ct. / \
This would be the predicted result for a non-CEA expressing tunor, L*_
and of S prepated following :

- of the experiment confirmed the lack of antigen expression.
bl

When mean tumor volume of conjugate treated mice was expressed as
a percentage of control, section III 9.4, it can be seen that although
these* tumors reached about so{ of control values, this was not statist-
ically significant when evaluated with a Student's t test. These
£indings were also reflected by the tumor weights at sacrifice, table 25,

where the uight of conjugate treated tumors reached 77% of control. .

An effect of vindesine was seen in this expezl.m;nt, and this is
most clearly seen 1n~ the lower graph of figure 28. The tumor weights _of
the vindesine treated tumors were also noted to be less than 508 of
control tumors, although no hlstologicu differences between the 3roupe
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were noted. As no deaths of mice occurr ring this experlhw_nt,
" analysis of variance could be applied to l:hesi;:slrs ,? outlined in III
9.6, revealing no statistically significant @ifference between groups.
' R
¥ Several questions arose as a result of the bilateral inoculation
of micein this experiment, and' in the séati;ticm interpretation of
these results. For calculation of mean timor volumes, each tumor was

considered as a discrete entity anf was inclided in the calculation,

unless of course the tumor was physically missi.ng as may have occucred .

for example t,hzough the death of an animal. -Sych tumors were denoted by

™' in thé tables of results, whereas tumors that becave \measuuble .

during an experinent, sut':h as that on the right f£lank of mouse 1 in the
control group of experiment 1, table 20, were still subject to the same

experimental conditions' as the measurable ‘tumors and wgre therefcte 3

included in calculations This reasoning was also applied to the tumors
(’oﬁ mice 5 and 6 of the same group, whose tumors, although not measurable
at day 3 post-indtulation at the start of treatment, were included in the
) calcu}m:i’on of mean tumor volume because they \;ere still subject to
k;t‘xﬁeab‘lant (die. an injection of sterile PBS) and indeed all did eveqtually
grow by 10 days.

One exception to this was a tumor that did not establish itself at
all,‘ the left tumr of mouse number 3 of -the group receiving vind e in
experiment 1, table 22. This tumor volume of 0 was not included in the
estimation of mean tumor volumes for this group as it never ~appeared
during the course of the experiment and must be assumed (reasongbly) to
have not "taken". Hmever,. the tumor volumes of 0 that were recorded at

days 31, 35 and 38 for mouse number 1 were included in calculations, as



previoucly explained. “

These ens were not e .in as
all tumors were present at t;he start of . treatment and were included in

the calculation of mean tumor volume, unless death of 2 mouse occurred.
- b \

J m'e criticism of using one animal' to support two tumors’ was
}eqarding the exposure of each tumor to the same amount of drug or
tonjugate. It mund that at such concentrations, both tumors we‘xe
-eqi:ally ‘exposed to either drug or conjugate, and'to gvaluéte t.his{ curves
ue}e eonstr.\x:t:d of tumor, burden of mice in each group, ie. the sum of )
" the two tumor volumes carried by each mouse. When graphsaf mean tumor
‘burden of mice in each group were constructed, they w;xe seen~to be
almost identical to'that of figure 18. In addition, further graphs

__were constructed comparing mu’n twn&: volumes ‘of all right-sided tumors

. (excluding the leit.ttmrs totally) between groups, and vice versa.
Essentially thg final ?:qﬂu‘cal form was similar to ﬁ.quxe 18 : that
the absence of conjugate effect was found no matter how the results were
presented. . =

However, ideally it :nuld be necessary to repeat this experiment
using *a unilateral omar, inoculume to maintain omsistency_vi::h the
other 'experi.n:nt.s.

IV 5.2 Bxperixent 2 .
The graphical representation of the results obtained from experi- v
ment 2, figures 20 and 29, convincingly shob} that the conjuguée is
producing a, reduction in the growth of LS174T xenografts when compared to
controls. It is personal preference as to which method of graphlt;x\
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presentation is the better for prwénting such results, and these are “
- contrasted in figure 29. Bowever, the latter~method of presentation has !
. the acyantage of enabling standard errors £o be plottﬁl.
. v
Ay 5 .
Mean tumor volume of mice treated with conjugate reached 30%.of *
.- control during tke second week: of treatment. (ie. 21 days. post-inoculat-
¥ \
X, wn), which was significant (p<0. 005) when _evaluated by Student's t test.

.\.

P Charactezisation of tunms from each treament group confimed

@A ex h by these xeno tahle 26, and the only bfference
between groups when i hi ically was that of ﬁumor

'[: necrosis in the sections of tumor obtained from mice treated with )
conjugate. , . ~ v ) ) !

e e

anéeri.nent 2 confirmed the predicted efficacy of targeted chemo~
therapy using this in vivo model. ‘When taken with experiment 1, selec-

. i . N,
tivity of this approach may be concluded also.

IV 5.3 Experizent 3 .

’ The results obtai:’xed‘when' experinents ‘were performed using the
high CEA expressor Raw also confimed the efFicacy—of this approach,
_figures 22 and 30.

* However, it was also demonstrated that ;L\WXVBl of mice bearing
this particular tumor was prolonged following treatment with conjugate,
as shown by the survival charc‘, figure 23. The observation that mice
bearing this tumor generally became .cachectic was initially made durh';q
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s
the course of the xenograft‘characterisation studies,. and was confirmed

by this The 3 survival from conjugate

is likely a effect, as mice in this growp too, at the

‘termination of the experiment were beginning to show early signs of

cachexia.
1 . 5

When growth delay was compared between Ehe first three experi-
ments, it appeared to corxelate to- the degree«of. utget antigen expres-
sion, as outlined in section III 9.2, Te
V5.4 npum 4

The SKDL GEM Line was the only cell line not previouslyfcharac-
terised by earlier in vivo studies.’ Des'pite. ‘a’ no growth state ha-ving
been established, comparison of gzwt.h curves between different tzeatment
groups suggested that there was stxll a conjugate effect operatlnq in
this system, figure 25, which présumably would have occured early after
the start of r.h'e experiment b;a_fore the tumor 'died' as happened in the
control groyp. . . - -

~
L

Histology of tumor remnants.obtained following sacrifice of_ these
mice :evealed‘only non-specific t:uﬂng‘s‘and was unhelpful in attempting
to determine the reasons for this "growth pattern”.
IV 5.5 h‘-perhnlt 5 b

This experiment is ongoing and it can be seen from figure 26 that
a different trend of tun‘\.or growth is of:cur;ing. Minimal tumor growth_ of

the control and conjugate treated tumors is.occurring, whereas a steady
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.progressive increase in growth is seen for the .xenografts of the vinde—

sine tredted group.

This é@etinmt is particulharly interesting as SWlll6 is a high
CER expréssor (90%, figure 1) and one might have expected a targeting
effect. However, in vitro results (n'ot' shown in this thesis),clearly
indicated that there was no effect ofr_free drug on this cell line, ie. it
was 'resistant' to ‘{i.ndesi.ne in the uridine assay. In view of this," it
was ot surprising thats conjugated drug was il;effective in vitro. With
the in vivo mrperhgn&thed@t of con]l.\gate effect could be pzedic@
from the in vxtm assay, confiming its value as a pre—i.n vivo targeting
sys;an. However, while Iack of response to free drug would similarly have
bee‘l:\ predicted from the J.n vitro data, the increased rate of growth in
the -vindesine treated animals was surprising. There is no ocbvious

explanation to,account for this, other than retardation of growth in the

control and conjugate groups, or possibly, a stimulatory effect of free’

drug on the resistant SW11l6 cell 1ine when grown in vivo. *

The relative efficacy of free drug upon three or.her cell lines
-(COLC320DH, tsl74T, BENN) in vxvo is also quite different as seen by
contrasting fiqu:es 28, 29 and 30. Vindesine efficacy in vivo is noted to

be greater than that of the conjugate against cell lines COLO320DM :

(figure 28) and LS174T (Figure 29) whei:'eas for BENN (figure 30), it has
intermediate efficacy between control ar‘td conjugate treated groups. These
obse’zvatmns illustrate that there is a "relative sensitivity” of cell
lines to vindesine, ard although’ not the ideal control, allows results
obtained with conjugates to be interpreted on the basis of sensitivity to
the vinca alkaloids. , . i

In vivo efficacy has also been reported for confugates comprising
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warheads of daunomycin (Armon et al, 1982), adriamycin (Pimm et .al,
1982), and for vindesine cupjugated to n::ncclonal anti-CEA, anti-melanoma
and anti sarcoma dies (Rowland et al, 1985). Important

différences in methodology employed in testing the latter have been
addressed in section IV 5.0, and the studies outlined in this thesis have
not only demonstrated efficacy using a different model CEA targeting

system, but’in conjugate el jvity by employing cell lines of
" different target antigen expression.’ . ;

IV 6.0 TMMONOCHEMOTHERAPY . : PROSPECTS

The' testing of any new e aimed at

clinical use should logically progress through several stages designed

to assess its efficacy, toxicity etc., and include tésting in vitro and’

in vivo using animal models, proceeding through Phase I, II and IIT
Clinical Trials. )
\

The studies in th;s thesis report preliminary results confim'dnqv

the efficacy and ivity of i , in vitro and in vivo
using a relevant pre-clinical model, i.n:keepinq with the theoretical

dicti this h. Although these results support the

hypcthesis of a targeting mechanism, they do not prove it.

The use of CEA as a target in this targeting system underlies the
belief that this approach has potential clinical application, and this is
supported by parallel studies where CEA-has been used as artazget for
immunodiagnosis (Ooldenberq et al, 1978; Mach et al, 1980). Indeed such
studies have progressed well beyond the level reached by immunochemo~
therapy and the . ‘of i conjugates to

“
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. patients is wefl documented for both diagnosis dnd therapy (International

Symposium on Labélled and Unlabelled Antibody in Cancer Diagnosis and
Therapy, Baltimore, 1985). "

In addition, collaborative studies, performed in Birmingham, U.K.,
evaluabing the use of the moncclonal anti-CEA antibody 11-285-14, as a

carrier of radi ides for i odi 18 have confimed the feasibjl-

ity of administering such conjugates to patients (Allum et al, 1985a, b,
and are proceeding with further clinical evaluation.

" . Such 'studies, in addition to being of importance in thelr own

right di tically, provide

of the rationale for using
£

such an’ as by the selective uptake of antibody-
isotope conjugates at target sites, and provide additional confidence

with the administration of other immunoconjugates to patients.

. The use of anti-neoplastic drugs as warheads underlies the
conviction that this approach has clinical applicabil. as most drugs
have already been administered to patients and have received extensive
clinical ‘evaluation. Although toxins have not seen use clinically, it has
recently been reported that approval has been granted for clinical trials
of immunotoxins to proceed (Internatignal Symposium on Labelled and
Unlabelled Antibodies in Cancer Diag;mels and ’I‘her‘apy, Baltimore, 1985),
and preliminary results are to be expected in the following year. Howev-
er, the use of vinca alkaloids as warheads may receive criticism if these
antibody drug conjugates are used clinically, for example, to treat
colorectal cancers, which have been shown to be unresponsive to this
c,‘lass of iagent (or indeed any other), deapu:1 convincing efficacy aqalnsé
colorectal cell lines demonstrated in this model. It should be emphasis-
ed however that the conjugaéed form of these agents may well eventually

«
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be shown to be effective against a range of hitherto unlikely tumors (by
today's standards) in view of the selective nature-of this therapy. The
coupling of many other anti—cancex; dxt)g§ to a variety of antit;ody
carriers (section I 6.4) is encouraging in this expanding area.

Several fundamental questions regarding this appxo,aciz are: out—

and g further igati j.s ‘requitgd.‘ it
_dbes not necesaaril} preclude ‘the' initiation. of clinical tri‘.al‘s. Indeed,
approval for theé administration of a[\tibody drug c,‘o’njligates to patients
has recently been granted to some workers in this area by the Food and
Drug Administration (F.D.A.) and preliminary re;ult.‘s are to be expected .
in coming years (International Symposium on Labelled and ‘Unlabellegi_
Aqtibody in_Cance: Diagnosis and Therapy, Balthnoz_e, 1985). in this
regard, it is worth noting that a pte.\imimxy‘feasmility and toxicity
» clinical study with,polyclonal anti-CEA antipody vindesine éon:'iugat;_-e.
demonstrated that such 4ccnjugates. @ould be administered to patients with
colorectal and ovarian cancers without, ar.;)verse effects ('x-‘otci‘ etvial,
e, Lt
RS’I“&ively little is known of t}w‘physico—chﬁ\'ica‘l characterist£05
of the antibody-drug conjugates tested in this thesis, even though much
‘lnfomat:i‘cn has been generaf:ed on théﬁ; two components, the monoclonal v
anti.bgdy carrier and éhe drug warhead. The 'exa_ct details of pt_eparation
of these conjugate; have beén retained by the drug company invovled in

~ their }mufacture (simmonds, personal commurrication), for reasons

regarding patents etc. although the method has been outlined in recent
publications (Rowland et al, 1985). Studies to fully document the

{oo-chemical

physico: tics of these conjugates are underway. It
. .
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* has 'been’ suspected however that stability of the conjugate is- n‘:—
dependent (thzough an effect upon the vmca axkalold ﬂQmponent) and {t”
is for this reason that conjudates are stored.in the dark at 4°C (append—
“IicA). Bs little is known about -the long-tem stability of congpgates,,
every effort was made to use thel as soon ‘a8 possible after éréparatim,

although these studies have shown that ‘ﬁxeir- effica;:yv and anti-CEA .

‘binding activity is maintained for ‘at least’ sevéral months, folldwing
- preparation (Appendix a). .
The early cnticisn of conjugdte dissociawion in vivo (Davies et’

al, 1973) a[.pears to be 1ess valid with the use of covalent linkage,
althoughithe fate of these ccmrplexes following systemic admimstzatian is

Still not known with certainty. Localisation studies, for example; .
indirectly support athe assumption that the complex :eaches its~ !:arget *

site mtact, although- this is not proven and in addition, e«udence of
monoclonhl antibody localisation in- solid tumor has. now been recmtly
documented (Oldham et al; 1984). “The fate cf th& cauplat fonowing- its
 arrival at the target sxte is also open to specu.lanon and hcm su‘:h‘
complexes achieve their therapeutic 'effe‘ct requir’es uzgent investlgat‘—-
“ion. It is still not known with -pertaint);_whetm;\the complexvis‘
. internalised xnéact by the cancer cell , or whether dissociation ocours

following antigen-antibody interactdoms with subs#ent local release a‘nd’

- ¢ .
build up of the warhead, followed by local cell kilw. Also,- the

amount of conjugated-drug required for cell kill id, o; known ‘with

P B
certainty as the. effect of conjugation upon the érug cemparient requires

further study. HowevEr; E:oyn the in vitro udies of this thesis,
estimates suggest that“a 50 % cell kill is achieved ghef the conjugate is
in the 1-10 ug ml-l concentration range (with respect tn vindesine



", “‘é&)centration). "
- ’*’ The ‘fate. of the conjugate following systemic administgation, too,
. ' 1‘9 uncertain. * The cgmplexing of conjugates with circulating CEA en route
to the target site was a problem encountered in early attempts at tumor
hnaginq usi.ng antibody radioisotope gonjugates. and may have relevance to

% . ‘ therapy also. The concurrent administration of free, -blocking antibody '
may becl.xne a necessary manceuwvre in patients with high circulating target
> ’ unl:igen levels. In addition, the threat of renal toxicity exists 1f such
- cavplexes become deposimd in the glomerulus, and such aspects will'
require’ eva;datien. simuarly the extent of the host's own immune

" response to thesé_ nurine antibodies also xeqUires conslidexatj.on, but

currently available:evidence suggests that t:_his may be of less import-

iy * ance than previously supposed (Newman, 1978; Oldham et al, 1984; Dillman

et a1, 1984).
v

“~

One key area of further investigationeis that of the effect
of antigenic heterogenéity of the tumor upon the efficacy of the conju-

gate. Such. ty of CEA ion was in these

s;udies by immunocytochemistry and is a widely reported phenomenon, being
'dependent on the é‘pitupe recognised by the antigen and possibly on thé
& » tq:br Gell cycle. The selecuve killing of target cells within the tumor
o~ may well account for the 1n1tial response seen to conjugate therapy,
S E whiA continued.gzom:h of cells not expressing the antigen may be

. = gy o responsjble for continued tuvor growth and relapse.

v . 5 .

Althoug;l the h‘xghly spécific monoclonal an&:jbodies offer f:he

’ greatest pdvantages as carriers, it is conceivable that the use of
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mixtures of conjugates may offer further therapeutic advantage, especial-
> *
ly 1(7they are capable of additional .'of the target

antigen (therefore denvezinq more warhead), or recognising other
antigens expressed by the tumor (therefore theoretically recqgnising a
greater proportion of cells). The latter approach has been explored in

agnosis, where mugan of tumors expressing CFA and

S
colon specific antigen-p (CSAp) has been obtained (taffar, Pant, Shochat,
Bennett & Goldenberg, 1981; Nelson, DeLand, Shochat, Bennett & Golden-

% bezg, 1983): The use of conjugates with other types of warhead, includ-

ing dlfferen: drugs, may allow a 'con\binaunn 1munochemotherapy

approach to be developed

Antibody on its own has also been demonstrated to inhibit the

growth of colorectal cancer (Herlyn, i, Herlyn &
Koprowski, 1980) ! However, the evaluation of antibody alone was not an

objective of this thesis, as with MAWI

had indicated that ‘while some suppression of tumor growth could occur
late in the experiment with 11-285-14 alone, it was in contrast to the
statistically significant suppression obtained with 11-285-14 vindesine

conjugate (Rowland et al, 1985). As noted previously, the major aims'of

this thesis were to evaluate conjugate efficacy’ and seélectivity in
relation to target antigen density. Further study will have to be
undertaken to evaluate the role, if any, of antibody a.\one in vitro and

in vivo with the cell lines used in this thesis.

Of equal importance is the requirement of a proper evaluation of
the setting in which immunoconjugates should be used. It is pdesiblc
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that with ou:‘er’tumr targets immunochemotherapy may achieve the status
as a primary thera;‘aeutic modality in the treatment of selected haematol-
o‘gical malignancies, where access to disseminated target tumor cell
populations would allow a pmportiolnany greater cell kill. An important
potential application may be in the ex vivo elimination of leukaemic of

cancer cells from human bone marrow prior to autologous marrow rescue in

. Studies leading to such a goal include
the in vitro elimination of cancer cells from human bone marrow with a
pokeweed anti-viral protein (Uckun, & Houston,.

1985) and the,ex-vivo treatment of human bone marrow with anti-T cell

- for the ] ion of g:uft-ve;sus-lwst diseaae'follo.dng
bone mriw re-infusion "(Filipovich, Vallera, Youle, Quimneg,‘ Neville &
Rersey, 1984). Its role in the treatment of solid tumors (addressed
principally by these studies), and in the systemic treatment of metastas-
es (especially micrometastases) ;equires an even more careful evaluation,

as indeed does conventional chemotherapy.

Using a relevant model-system it is felt that the results present-
ed in this thesis have contributed as part of the. international evaluat-
ion of mﬁmochemtherapy. At present, it is unlikely that immunochemo—
therapy will replace current conventional chemotherapeutic approaches to
cancer treatment, but may offer advantage as an aiitional thex’apeutic‘
option to the oncologist. It is important that unrealistic claims as tq
its p&mt!u are not made early in its evaluation and that careful,
systematic evaluation in vitro, in vivo in erlﬁlicd models and in
carefully cemducted clinical studies is performed if this innovative

to is to be maximally.
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IV 7.0 FUIURE STUDIES

Rlthough all of the aspécts discussed in the previcus section ( IV
6.0) require evaluation, immediate future studies, which are presently
being ‘pussued in the oncology' Research Laboratory, using the model
developed in this thesis, include the following. .
1. Further evaluation of a range of cell lines;, including those of
intermediate CEA expression and of different tissue origin. .
2. An evalbation of the optimum schedule and dose for the administration |
of these conjugates, including the time that treatment is beqlm’. In this. |
regard, schedules utilising smaller doses of conjugate given twice weekly
are being investigated with encouraging preliminary results.
3. A full assessmem‘: of conjugate toxicity with détemﬁnatig of iDSO.
4. Evaluation of the efficacy of nqxtures of different conjugates, each
récognisir;g different antigens or their epitopes both in vitro and in
vivo. .
5. The use of additional controls for in vitro and in vivo experimenlts,
when available, including conjugates comprising vindes‘ine and a non
specific imunoglobulin, and wnconjugated anti-CEA antibody. '
6. Studies to 1nd‘icate_ the fate of conjugated vindesine, For example, on
a cellulgr level, is the conjugate internalised into the cell or is the
drug ‘'split off' o‘utside the cancer cell?, and in vivo, what is the
elimihation of conjugated radiolebelled vindesine when administered to
mice ?
7. Development of a computer programme specifically to handle the
pre—clinical in vivo data.
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11;285—14 Vindesine Conjugates
The monoclonal anti-CEA antibody vindesine conjugates were
prepared and supplied by the Lilly Research Centre, wir\dles}lm, Surrey,
England. .
Details oEvconjulgates used in targetind experiments are shown
below. The cmju&ates were stored in sterile centrifuge tubes wrapped in
) aluminum foil and refzige:atéd at 4 degreeév Celsius. .
, Conjugate #9, although® pfepnze\.i from tk> same batch as ccn’jy;éa\te".
#8 at the Lilly Research Centre,; was sent separateley. Upon arrival
however, it appeared turbid in contrast to the usually cieax solution ‘of
conjugate. It was therefore filterd under sterile conditions using a
sterile 0.22 um Millex - GV filter (Millipore, .Bedfoxd,MA) and its
conjugation ratio (mol n@esine to moles. immunoglobulin) recalculated,
following the detemuna/ ion of its optical absorbance using a dual beam
spectrophotometer' and use of simultaneous equations (Lilly Research-
\O:n:te) Anti-CEA binding activity was confirmed by ELISA and shwn to be
greater ‘than 90% of unccnjugated antibody activity. In addition assesc-
ment of its efficacy in vitro using a standard cell line LS174T in

a 24 hour exposu‘re uridine assay was performed.

Age of con]ugnté at the time of use was also noted and varied from
tyo weeks (experuwn:s 1 and 4 in vivo) to three months (experiment 3),
at which time ef{icacy was also demonstrated. Similar results from the in
vitro assays confirmed efficacy Jof conjugates at five menths following

preparation (data not shown).
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\
Conjugate Antibody Vindesine Conjugation Date of
Code ‘Concentration Concentration Ratio. Conjugation
+ , mg mi-l ug m-1
7 3.862 151 6.9 19-7-84
8 5.980 190 5.6 24-10-84
9 6.210 141 4.0. 24-10-84
10 4.810 T 4.5 22-1-85

7

’

o -
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APPERDIX B
Computer programme (PROG.DAT) for data from Experiment 1 (COLO61184.DAT)

designed for Manova miltivariate analysis of variance (SPSSX)

title 'repeated measures‘analysis of colo 6-11-84 data'
file handle mice/name="'colo61184.dat"
data list filesmice records=5
/1 group 1 id 3 sex 5 strtwt'.»finalwt 6-11 tvoll to tvoll9 12-74 ‘
/2 tvoll0 to tvolll 1-13 "
var‘ble labels group 'treatment group’ »
‘stxtwt 'st»artmg‘weiqht' X
finalwt 'final tumor weight'
value labels Y
group 1 'wds' 2 'conjugate' 3'control'/
missing values strt\it to tvolll (-1)
manova tvoll to tvolll by group (1,3)/
‘ _wsfactor=time(11)/

wsdesign=time/
S o SR
te
noprint=parameters(estim) signif(multiv,eigen,dimenr,univ)/

print=signif (averf)/

analysis(repeated)/-

method=sstype (unique)/

design L
finish
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